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Radio Frequency Identification ( Frequency 125 kHz )

Ms. Wanna Duangsuda ID. 47012227
Assoc.Prof. Prapakom 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 such as tag regulator

circuit , reader coil driver , tag’s circuit for test load modulation.
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299515 iU (resonance) 1Hu299s eI IWANsEN A UALLTEY (C) Fvvmaia

A
' ¥ [) T
mflund (L) vvaNe19EuneesIUUiinIo¥edu 19U 29933U (tune) 299suAeR (tank) 151U

1 ’
- 1 2 W

3 4 ° 4 ar o
fu evans Tuuudggmihanldlwasessuuainsesdeingiog i dredagilszasnldasens

q

ddo a &

t[ eﬂua o 1yﬂvo aly:ﬂua’a' a A
HHUUBLILUAUADNAITIUD LAY LHIUUAINIUUAADNIUDNDINUATYH IHIUUAINUAIIUDHID
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' L4
fing 2 uuufn 2995ts TUUUBUULDYNTN(series  resonance) HATIIVTIT TAUUUEE

HUVYUIY(parallel resonance) ﬁauﬁﬂﬂugﬂﬁ 2.6

3
/

/-I\ c
o
(M) W55 WU UTIU VYA (V) 29953 Tuuusiuuvuy

JUf 2.12 29955 Twuundanly Lo

= o W A P a2 A r -
535UAV099931s Isunugozson Idanuda mieiu14d Sondn aawd
- ¢ A 4 ¢ 3 o ' Y o
isTauuus Wedloundiudis Tounuguniess Touuudoynsy nszuaszriulauiniige
a @ ' o 3 ' o
Tavfiussduanasounesmifige Srffounnuiius Teuuudunteosis Tsuuudvu nszua
' ¥ a a o ' « a L ¢
vesu I eunga laofiussduanasoursesgaiiga Taotndraesis Tauuudezdnaluuus

a da T4 =] (9 4 -‘: o 1 &4
FasnivouIdnnuddrufvstunnudis Tsunudviadugaasdudiniu 1y 1dgranils

.
=3

a . o' 2 ot da o A P J '
ﬂ'n'llﬂliT‘Hlluu‘ﬁﬂﬁ‘r‘ln'1UﬂQﬂ'J'lllﬂ'ﬂN']u'Nﬂiﬂﬁﬂﬂll'ﬂuﬂiﬂﬁ ‘ﬁﬁﬂTﬂﬂZﬂ'g'Nﬂiﬂuﬂ‘U‘Uuﬂg

¥
fuguauiaveeess Tuuudiug

2.12.1 2099131 BUUUFUVUOYN33(Series Resonance)

Rs L C
]

Vs &9 VlO § RL

sUR 2.12.1 299515 Tuuusuuuoynsy

vinaseslugl 2.12.1 14
Vo(s)
V()

‘RL

= H(s) = (2.12-1)

R, +sL+—+R,
sC
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sCR, LC

TSLC+se(R, +R)+1| 1
LC
& R, +R,
B L | R +R,
32+S(R‘+RL)+—1—
L LC
R, S[RS+RLJ
Vo) _ R +R, L (2.122)
Vs(s) S2 + 5 Rs +RL +_i_
L LC
y ) R,
¢4 Passband gain: K=
R.+R,
o o 1
ANUOFUENON . @, = —— R/S
L} r ,LC
-3 dB Bandwidth :-BW = R+ R, R/S
uag Qp = l/—_b—= ! X L = I ‘/z (2.12-3)
a +IC R,+R, R +R,\C

d
2.12.2 23033 I BUHUBHUTVUIH ‘ﬂ?@ Nilﬂmdﬁ (Parallel Resonance or Tank circuit)
.

CD%gRs , l

L: C V0§RL
>

P o
5% 2,122 299503 TouuguuUvIIU M3 299TUNIR

] ) ¥
1n99T U 2.11.2 R, ssvwwegdy R, Aaiu
RTotal = RJ /" RL

aoa o 4 a1 g
DUNUAUNUDINIIUNEA : Z ‘awﬂuﬂu

tank

. .1
@Z.,) = —+—+SC
) R, SL
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_sL+R, +s’LR,C
sLR;

(2.12-4)

1
{H z sLR, LCR,
tank —
sL+R; +s’LR,C| 1
LCR;

R; .S[RIC}
z (2.12-4)

Y = o -
INUAANITUSITUATT Band pass filter AIOUNWUAUTVOINITYUIU RLC 92U

mgeqafinad o, 1w, ~1/vb

' 1
@ |7 nisiax = @, =‘\[7

uagAwassuuausanud 1/J6 =1/JIC ezlifnwiny K:K= R,
"358Z,,,~ R

4 1 v o - 1 =} )
lugen z,,  4MIQIge A19OIIIAN Vo NATOY Tank  AeyliAgage

WU ULAZA) -3 dB Bandwidth vziauily

hi-—l

C

o o ]

o o i <
ninumg gl vesHenTu Band pass filter AiBasINUEIw K h1 ezl

7
K—Ls
Kas Q,,

s‘+as+b

)

2
s +—is+mp
P
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Taoh
K = Passband gain

®, = ANUdEUINAIIYE BPF
2.13 NQYEWNHGIUYBINITOBNULYL antenna
2.13.1 nszusuazanuiman iWvh
¢ A W o Py v a @ g
vinngueaenudfiienszuaez Tvaludihvzifaauuutiman i seuqdani

I o o= @ Jd o i = © o 4
aunniman TWfhszwdannnszuatudagiasel Aalugdi 2.9 Aersanuudninmend

A7N1791AA
I
Bo = -21—7"[; (cosa, —cosa,) (Weber/m") (2.13-1)
Toun

1= nssud
' TRy Voo -7
Ho = AANNFUFUN NN ANYDI0INA = 47 x 107" (Henry/meter)
o @ o
I = ITUENNNFPUINANYDIAIAAIUT

[

¥ o e = ' v &g
fnﬂﬁmﬂajﬂﬂju‘IUﬂ’nuU'I'Jlﬂuﬂ']ﬂu‘Nﬂﬂzﬂﬂqu‘ﬂu
a, =—180°
a, =0"
o &
REUUINTUNITN 2.3

awnsaouiny1diduaunisy 2.4

By = ol (Weber/m’) (2.13-2)
2xr

Wire

P
QI_)B {into the page)

c; o t d d‘ o 1 AI d‘
314 2.13.1 mammdusimaniiduss P iilesninnszuad inaluaiadunss
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aumimangnadduninghmeina szdulawannisi 2.5
V, = 2afNSQOB,cosa

INa?
Bz = '#(]_3 for I‘2 >> 02 (2.13'3)
- 2r
Taoh
I=n32ud

a = $Ativoagyl
o«
r = JTULNNVINGUINA VDY

3

a 1y & 1 d [y 3 4 ¥ o
FUNITN 2.13-3 ADINITYIINNUTIVITUINNINYANAAAIAI8 1/r ‘ﬁﬁllﬁﬂﬁqﬂﬂﬂ
. o .

3U0 2,11 awnunaimanazll Amplijude  MINAgRluTe
9IUIUTOY

LT}

2 e 2
UIUVDULBSYUDYNUNINITSUTUDS

¥ [ N
UONIINUUANUNITN 2.13-3 gﬂ"l‘j’f“lumsﬁmmszuﬂmaiauwﬁ'mnwﬁmsmzuzms
21U

V= F,smw?

° 1 4 o 1
UM 2,132 MIfmhuamauIuusManindumue p

Wosnnszuai maluasaiiugy
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.—‘_‘-_"'—""*————..

o
= a a o ' 1 o o
JU# 2.13.3 AanuduiussenIauuimaniuszeema
W d' d' o v
2.13.2 usasunmienihlaoinuaalnmeaeinia
o ] ] 1 d o o ] d” o oA
11nNQUes T RN auuimanindsunlawminnal negrIuwuRINgn
¥ a P 0. q¥a
asouAqu lasidumaduassmiynivinaseua gy
1 [ 1 o' 4
91l 2.12.4 uamalnseadieetndwyeanisylszynd 14 RFID snnguearisuad e
o @ 1 1 o ] d o =
mummﬁ‘umnmﬂf‘fuaxmmuag‘luummﬂﬂ awmimanildeundasmunaignadi
2 @ 1 o o v L ' A - ' '
Vulne @188 INIAYDIAID TN LE IS IAU{TENT umﬂaau'lﬂﬁmiﬂ EMF 981941Y)
s od o @ i o 4 H o Q@ o
Tfsenwormevoumnd ussdumiloniigamilonirlumesimevesdaenuiluaungId
= P o- o o
anszuavieni lumna
@ P o " e o T o
LsadUmTenhuaIeoIMAveUing s uMsHIsNveuduLTILLMan
a
aun1sn 2.6

vo_N3Y (2.13-4)
dt

Taeh
N =i°]'lu'3115ﬂ'1.l‘llﬂﬂﬁ'lﬂﬂ'lﬂ']ﬁ
1 d v T
W =LﬁuummmaﬂﬂmqNmaluuﬂaz‘sau

o = : [ é = a o/ o 1 4
lﬂ?ﬂﬁﬂﬂ'l!lﬂ‘ﬂllﬂﬂQﬂﬂﬂ'lﬁﬂ'l'imﬁtlﬁu'l‘]i\n]ﬂﬁﬂ'N(”IﬁQﬂﬂ%’lﬁﬂﬂlﬁullﬁﬂmmaﬂﬁ

h

= J :l y &
fadu 1nnguenaud (Lenz’s  Law) Hunisérifamiams Ivavesnszualueesesd

4 a & o

= @ ' o o J o
femiudrfvauinudianindatiusinnismiieadivesnseuaudozasadufiy
rood 4 s =
Mnuimdnnganiuie
[} o a 1 o 4 v
Wunsaimanluaunisi 2.13-4 An waswvesaduuLNMAN (Brotal) FanzgeIn

} 4
Wl sWuRveeeImA

W= jB-dS (2.13-5)

=h.

1tV
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| o i
B = auuntimanvinaunisi 2.4
4 A=
S = AuNAIvDIUARIA
] o,
U= wagun1olum cos 38131 NNABS TBAINABST)
e n’:’ < o
Favis B une S WhulFunannines
o < ¥ d 1 ¥ rod @ =
nagumeluveIreuInmed uaumsi 2.7 uaaslvinun duusanimanianuah
$QAIU YARIATIEDINIA 1IA9INAITMIRUNUINYDIVAAIAA WO INIA WU IUYDS
Y 1 d 1w
gosnnessziiAntoogailony cos IEninABIINABIIIAL 90 e HiBABIINAGS
i 4 o > ! /
fnndatuuasi uagzuInhgaie yu cos An 0 BIMN

T
[] 24

o Y ] -] i @t
YA 2AYBANT IAsDnAaduLsuimangegaiinggilovaaIavodo AL

(]

d & v o ' a (Y 4 = = o = o = = J o
Lmﬂﬁﬂgiumuﬂmwmuﬂu YINHUIYDITULINAUHAHUIUIUINNTALNAVUNVADIAVDY
d o 1 el LY P [ o a
uinduazez 1Aszezemmniigadis waguaielufuansdsrunish 2.7 awisosiuiely
' @ 1 o o . 1
NW9v89 mutual coupling T¢HI1Y UYANIAVDIAIDIUUALUNAY mutual coupling TETHIN

1 4 ] »
yamanaaesssgege luaniziinauud adiosdy

Tag CQEL )_f V= Voun{ox)
T —ia.
Tag
B = Bgsinfr)}
I = Igsingoot)
Reader [ | . L ]
Electronics | Tuning Circuit Reader Cail

+ 14
117 2.13.4 Tnseardremuguvesdagmuazuind lun1syssynd 14 RFID

Vaun1Ih 2.13-4. uag 2.13-5 wwnuadluaumsn 2.13-6 w1d

dy d
v=-N,2¥2n__N % ([pus
2ot 2a!t(I )

=-N i __},,JO_I]MEHS
2 dr 2(a2+r2)3’2
u,N,N,a*(nb*) | di
=-[ 02(;2:’2)3/2 _c}tl (2.13-6)
ﬂ
dt

M= o N, N, (ab)*
2(02 +r2)3/2

=-M
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Taeh
o [~ o
V = u39au luuanaunnd
. 4 v
i, = nszuah naluvaaindiciu
a = $AlvB3UAnIARID Y
o A < o
b = sAuvDIvRRIAUNNT
¥
F o= STUSNNTEHINIAAIANIADS
] o o @ 1
M =mutual inductance SEINUAAIAUNATUAS VAR IAAIO I

Taodar M W ldauaunish .13-6)

4,mN,N, (ab)*
M =[ B (2.13-7)

9/ ] d a =t PR g} ] =1 'i!] 3/
Wugsasimanfanninszualuvaatalgugil Fauduusswimandugune 1
NALsIAURYAIRY)ABYL
1 o q4 J Vo T
Tuaunisf 2.13-7u5 s9uYARIAYOWNNG VL UUBYAY mutual inductance TTHIN

: J L") 1 ] :
YANIAVIADY  mutual inductance ﬁJNﬂgﬂUEﬂfN‘Uﬂﬁ‘Uﬂﬁ')ﬂllﬁﬁ53UZ“r‘f'NiS'H’J'N‘Uﬂﬁ’Jﬂ'VN

¥
Y

709 usenwmileniluvaninvesmndannsdusast r © a9y szozmseIuIzanal
Tumadeniu
PAuMSH 2.13-6  uaz 2137 agumsgia lddmSuussdumileani ¥, 1y
-
vanaagl fo
V, =27 fNSQB, cosa (2.13-8)
Tauh
- Y Ay
£ =anudvesdyanuiidng
N = urussuvesvaain lugll
» N
S = Wufivesgyl Smiudiu m’
Q= quality factor Y943393
B, = anuuveadgygnaiidiun
o = yuvesdggaiidiun

Aun1sh 8 quality factor (Q) Ao wmsmslumsidonauanauls
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i o ' o
z‘l_lﬁ 2.13,5 MUHUIVOITWDINIAY ﬂw‘lllﬁﬂﬁ

A ¥ o

HIIFUMUENIIMEQUARIAYBIMILaINIA TUTIAN YUY T YUY 11594

8/ o

4 L} { 4 o 1 o " A o o 4 <
milnhezunfigaiievanladigiuegludumisivuifudyaiuidun Wuffe a=o0

2.13.3 mmﬁ'mmunixuamwmﬁhmuawﬁmmmﬂ

4 v o LY} ay
American - Wire Gauge(AWG) Wumefinanuduiuguinarsvesaindnh avil

@ 1 o ¥ @ W s a a Yy o d d A ¥
lﬂuﬂﬂﬂQUﬂiﬂﬂu'd'mﬂU!ﬁuﬂ'luﬂuﬂﬂﬁ'lﬂ uaa’mumumuﬂwﬂmamﬂﬂilzuﬂ’.numumu

¥ ]
=l o o g o @

o @ @ @ 4 o
ATTUAASIZY ANAUMUAszuanssdmiuAnheijdunuiduiusfuiuidaeng 4
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aumsn 2.9
1 1
R = —— (2.13'9)
" 6S  onad
Taon

1 4
[ = ANULIININUAUDIAIN
o =anuih i wesain
A do
S = NUNAAYY
a = Selivnsnn
sanudumuanioss orwdluld1ddmivam Q fgen vesnesaene
™ ' ¢ d o .
wuwis anasadliiduriuguinaezdssgnienifitulyldfvases RFID  awesen
= 3/ 1 o o o aad ] 9 A = -4
2134 geesds Wuruguinandimivatanidvieduuazidies saudaaaidienny

FIUMUNTLLAAT
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2.13.4 ANUATIHMUNTZUTABUUDINIU

g ar @ o 1 ' 1 i A .;
MUTUNTTUTATI WINTAIUISATSNWBYTOUT TIUA YDIRIA 6’1mmﬁmmu

»
o o o o LYY

1 d “ &£ Y de s
'ﬂﬂ'uUﬂﬂ’]qmﬂ\']ﬂ']u'lﬁu']nulll'ﬁﬁﬂ‘lﬂﬂ'mzlwnﬂu AYUUANUATUNTULBIUAAINTIUABANIT
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L
(Y

o - o or ° ¥
iy szgezindouningaguinanvesadnnssluiweun vesadn Wuwariv

ﬂ'mmmmiuﬁqﬂﬁuﬁﬂmwma’maﬂaa;mxnﬁuﬁuﬁ‘u’?nm‘lﬂﬁ'ﬁmawamﬂ fifie “skin
effect’ AN TUIuan Anunuwduveanszuaanauiiu /e m3e 37% (= 0.3679) ¥04
AR Sufidfuiiiudnunsyos skin depth unz AoilaSvesnnuiunzmniudy
FULBZAIANVUIVDIAINGI HARAT9T] YOS skin effect 'ﬁgwmﬁaﬂmﬁui‘fuﬁluﬂ'smﬁ’mmu
ATLUATALYDININA

f1 skin depth s lAonaunsh 2.13-10

o= I (2.13-10)

Tai

f - A7

4= MANUFUGY

My = ANNNFUTUYDIDIMIA

g, =1 dmiu neswas, oxgiifioy , nos uazdue
= 4000 d MY mﬁﬂ‘u?fmf

o =mnnuih Iiiheestan

= 5.8x107(Q/m) dmsy nowuas

= 3.82x107(Q/ m) dhwiu pzgiition

= 4.1x10"(Q/m) §115U no3

= 6.1x107 (Q/ m)dmiu {u

A1 skin depth nBAY AAWD 125 kHz w28

1

= = (0.187 mm
Jm(125%10°) (47 x1077)(5.8x107)

é

63 % YoM manszua RF lunowesee Ivasgissuziviieninveuuenga 0.187

mm §IH5UAND 125 kHz
| I 4 ' 22 e
ANUATUMUAIARVTUAINAIND 1B ANNAWNIUATUDYAY skin  depth gn

= T ¥ LY ¥ as
Fund Anudumunssuaady  gas lavdssanmvesanuiumunszuaady Gy lda

qunIsn 2.11
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1 1
Re cA4,. 2madc € @213-11)
2a \ 7o
a
=(Rdc)56—, ()
44 4 . o o A
1A WU skin depth VuAIARNIAD
Aac.rive = 27[05
Y v o 4 g i ddgw
ANUAIUNTUNTYUATA VAN UAESTIANABBINNNEN 19
{AWG) | (bare) |(coated) | 1999t | “(mitgy (AWG) | (bare) |(coated) | 1000 | "(mijg)
1 289.3 — 0.126 82690 26 159 172 41.0 253
2 2876 - 0.156 66360 27 14.2 154 514 202
3 2294 — 0.197 | 52620 28 126 13.8 65.3 159
4 204.3 _ 0.249 41740 29 11.3 12.3 81.2 123
5 181.9 — 0.312 | 33000 30 10.0 11.0 106.0 100
6 162.0 —_ 0395 | 26240 31 8.9 89 121 78.2
7 | 1663 — 0.498 | 20820 a2 8.0 8.8 162 64.0
8 1285 131.6 0.628 16510 33 7.1 7.9 206 50.4
9 114.4 1163 | 0793 | 13000 34 63 70 261 397
10 101.9 1062 | 0.995 | 10380 35 5.6 6.3 331 314
11 90.7 935 1.26 £230 35 50 57 415 25.0
12 80.8 83.2 1.50 £530 37 45 5.1 £12 20.2
13 72.0 74.1 2.00 5180 28 4.0 4.5 £48 16.0
14 64.1 66.7 252 4110 39 35 4.0 847 12.2
15 57.1 59.5 3R 3260 40 a1 35 1080 9.81
16 508 529 4.02 2580 41 28 3.1 1320 7.84
17 453 47.2 £.05 2060 42 25 28 1660 6.25
18 40.3 42.4 8.39 1620 43 22 25 2140 4.84
19 359 arg 805 1290 44 20 23 2590 4.00
20 320 34.0 10.1 1020 45 1.76 1.9 3350 310
21 285 30.2 12.8 812 46 187 17 4210 246
22 253 28.0 16.2 £40 47 1.40 1.6 5290 1.96
23 226 24.2 20.3 511 48 1.24 14 6750 154
24 20.1 216 25.7 404 49 1.11 1.3 8420 1.23
25 | 179 19.3 324 320 50 0.99 1.1 10600 | 0.98
Note: 1 mil =254 x 102 ¢m Note: 1 mi =254 x 10 cm

f15199 2.13.4 AWG WIRE CHART
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v v o W a A
2.13.5 Anumumuvesiahdemsdszanadinnudsm
o skin depth @rulngaznfoudvunuiaivesdinh anudmumuanseldsy

Y So Y
msdszunudsanuddalé

1 1(aY
Rlawfreq NW 1+-4_8(_J (213'12)

‘Wi)‘i:l'l.l,iﬂ‘llﬂﬂﬁllﬂ'l'iﬁ 2.12 Ao mmﬁmmunizuﬁma ﬁ:’JNWi]‘I:l'ﬁﬁBQﬁﬂﬂ’J‘liJ

MuUMuUnIzLa g

s o ° = v 4‘ ﬂi 0‘.’1
2.13.6 ﬂ?l‘ﬂuﬂ'flu'l'nlli: NIUAIVAIATIHABNH AT

1 ] 1 ¥ ]
AMAMUNHIMIV0AR AT AVUNOTUR ININTUNITA 2.13

0.0276(CN)?
= (CN) HH (2.13-13)
1.908C +95+10h
Tnuh
N =1 1u7u500
C =x+y+2h
X = A71unA199D9UAnIA
Y = 714917984900 36
b = AMUATIIYDINIARAYING
h=ANUZIUINAARYIN
MU BY IHNUIY ITUALIAS
i x '
{alTop View
4
By
ET: }
{b} Cross Sectiona! View

[] ] [] »
JUR 2.13.6vn0 29U At Bouvanedu
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2.14 fhmﬁmﬂﬁw (Mutual Inductance)

Maumiehiw Ao anumusavesaalanisfiviisrhussiuliiAedud
yamadafies Taodmiuduand @
v ihannsoutnsidonTesld 2 uuufle
- sidenToamad i1 (Conductively Coupled) Hunwita guwilaluases lufinadedngalnils
Tursesunszud
- msitonToaneaumuiingn (Magneticaly Coupled) 11834 qﬂwﬁﬂmws‘lﬂﬁuaﬁiaﬁﬂ
aunilalunses il IR Soudesurumemnuitimdnudoulas  (Transformer) ({udn
detmiisildndnnsmaideudenemnuingn Fusgruelugiwdanuiidieman

4y je 4
199519 1189 n 1995l

+ . \

v 1Y Y
v N ]

. \\_// \‘_//

4 o o ] d & a ¥
11 2.14 WdnFeunaimaniufiaiy

INgLR 2.14 vaaIAwu N seueeil nszualva, iy Hium Ididandndauiman
4 a &
¢ N NavU

ot ]
seuquaan 1innguasisuagna 13

d
v= N-—¢
dt
Wand, ¢ Ainaandasnisilasunlasnssuadeiiaidniy
 dg.di
di dt
di & d
wio v=L— Tavh L=N—¢f
dt di

Tao# L 929ni5un71 Self-Inductance 1109910 HAvBSIAUADNAYINMSIVBouIlasnseua

sorar luvaalaReIny



L
L ¢, 2
+ q)ll P +
P
©) Vi V)
P
N, turns N, turns

511 2.14.1 vAnIARAI Self-Inductance 1ML L uag L,

¥A22A 2 YATIA Self-Inductance WA L, uaz L,u12131ndiudsgiUii 2.16 vaan
[y o o 4 ’ @ (u’: {
Lltag L2Wu N, uaz N, 50umudny essinvandn L2 lullnszue Tva Wanaianuah

a & i
fatuluannanhi 1 e 6, = ¢, + 4,

v da d d 4 del d¢, di di
uIRunINaIuNYARIAN 1: v, = N, a9l _ N, ag di _ L—+ (2.14-1)
dr di, dt dr
o da d d < d dé,, di di
USIAUNINAYUNYARIAN 2: v, = N, P _ N, ¢{2 —L=M,— (2.14-2)
dt di dt dt
Tagh M,;: mutual-Inductance VYOIV AQIA

1

lumeasetuday 11%vaan L1 iinssua Inaviuesioasy Wenawanua funaiy

uAaIAT 2 A0:8, = @,, + by,
, dg, _ dydiy _, diy

wsadufifeauluvanaad 2 v,=N,—~=N,‘2-2=[ -1 (2.14-3)
dt di, dt dt
4 o di
Fomld v, =2, 2L
dr
{ d dg,, di di
usafufidatuluyanad 1: v, =N, bu _ N, é” oy, 22 (2.14-4)
di, dt dt

9ENU M, = M,, = M Tagil M fiefi Mutual Inductance 55M 11990090 2 ¥4
amugaennlunisfmuaus s amumieniiay sunsofinsmn 181a1d Dot Convention
oty
- nszua Inadhgavesvaniaduusn usadumiloniimvesuaniafiaesiiva
wosgavziiuuan
.

- Snszualnovenvingavesuaadndunsn usadumiloniismvssvaaIniys

maaqmmﬂuau
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L=L+L,+2M L=L+L,-2M

4 - o 4a &
gﬂﬁ 2.14.2 NANNYBINTLUALASHS U NNA U TNUea 9

2.15 waanulursesnivoulaaiy (Energy in a Coupled Circuit)

> Y 1
wasnuazanludumioni [w = ELiz] (2.15-1)
[ P o 1 .2 1 .2 . .
wasuasayluvaaIamiuni W:EL’Z' o Lyiy’ £ Mid, (2.15-2)

o 4 < J ] L ar ﬂ»’: 1 . 1 . . .
wasuifindiuszAeInnms iy 0 feiu —2—le,2 +5L2122 +Mii, >0 (2.153)

@ o o ] U ]
anuduRussEuinea Muaza L Ae /L L, — M %58 M.JL L,
SRIIIUYDIAIA MM NI AofuRArveIR UM taniauaf e dulszans

»
AsaalUaCoefficient of coupling) k

k=—M 0ck<l (2.15-3)

JLL,

FIMTU k< 0.5 9wisunN Loosely Coupled

#1M51 k> 0.5 92150171 Tightly Coupled
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AITODALUUINTTUDN ms1aﬂ"lﬂmzmmmumaaﬂn.lu 297UnD

1. AIUYDARTDIDIU ( Reader )

2. dwpethonie uind (Tag)

3.1 n1saammmmwmﬁ’am?mdw

Tuauve929951R5099U 22UsEnoudY

1. 2995 00AFAUNDS { Oscilator and Reader Coil Driver)

2.

195 Demodulation

8258 §R&EE
FefPITES -
35573535 ;m;\- u::
NN NN % [ >
/L ’_{hlll: lw ‘l— " 20K oK J_ mr( { "
I’ E ;}*‘V\_‘[vb-lw T T I"”
rcn FW /Im. 77 777
[«
J1ll Rendt Col %0 3
KIaim . r:; -
F " =
Py ok ook ?7 1008
777
3
3.1 3UuER299559UUDIR AATDIDIY
» v
TudunoUMSBBNULIL 995 YBAUATBIBIU
1 A p X 9 ] 3
1) MIAWDY (NQ, ), R TF UM LIS (NI, , 11D
Ny, = 17 301
2.) AUIUMIAT (NI, 9INAT (NQ, ;.o 90UD 1 970aAN3
2V, rms(a’ +r*)"?
(NI) g rms = = s (3.1-1)

27ﬁCOSa#oa2 (NG, )Tag

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 (i25.8°)

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

»
adty (Vg rms= —
R x125x103 xx1073x0.9x4x10~ 7 x(38x1073)2x276.554

=1015.005 mAd

s

3.) WU Reader Coil Taold (3x6) T} Loop

»
o o

+ . L P )
184916 89N15WAVBY Load Modulation AU Ny, > Ny, Aatindeld

N = 10.83 91

Reader

3.1) 3af1 L 484 Reader Coil(L,, ) finnudd1 14 = 46.26 uH

3.2) #1611 Cs
1
21D Cs = '—2—“2'—’
4x o Ly
9wwld Cs = 3566 nF

4.) 11981 (NI),__, #82$112U5DUYDS Reader Coil 1214

i =i _ (NI)Read
drive — *Rd — N
Rd
1015.005
=—=93,73
10.83 MA,,,
5) MATR, 9D
R, = 2TIBwL,,

2x3.14x62.5x10°x46.26x 10 °

18.157 (]

(3.1-2)

(3.1-3)

(3.1-4)
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6.) MNP, 9N

Poive = Rlekd Rms
=159.51 mW

3.1.2 9495 Oscilator #ag Reader Coil Driver

(3.1-5)

L2
1K8 XTAL
1000F 3
! $iM
2pF 10PF
=i Ll it ) ~ — =
el 2f 2| 2 2| =] 2| & J; _;l;
2 2 23 5 2z g5 g
888 F=EE
> -4 23
CD4080
~ L) s “
— — — - bl Lod L
o o0 &o o
— ™~ (221 -t Lal b [}
l £ Vin = 12V
KTC3209 /;I;moﬂ
” — Y
G Reader Coil

K KTA1281

/77

a . Ty
;ﬂ'n 3.1.2 ueA3993 Oscilator 110 Reader Coil Driver

¥
ﬂ‘liﬂ?‘lﬂ’)x‘mi Oscilator 1A% Reader Coil Driver ﬁuﬂﬂ‘ff' IC CD

4060 1avii Crystal 4 MHz {JudnAnnD BOALT 125 KHz fiv15 veeIC 320D

NS HaeTueT KTC 3209 uay KTA 1281 Afinisaouvun Insiny Iwa iwedunssua 'y

hsfﬁu Reader Coil
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3.1.3 497 Demodulation

T 1o0oF
28
% Reader Coil
12K2 1000
500 = 2K 2
2.~ L3693
%2 10K 1
1K | 7._1' 3 l+/A
10K S
Rs xI815 ——= - 20K _I_ 10K
In9F InIF A M
T47uF
/77 /77
500
L]
0
/77 AN L3
5 +a >c——7 — D>
|t
-

100K 100K l 100K

31N 3.1.3 193995 Demodulation

. = o ot g w 4
1993 Demodulation Ai® 2993 NiFnoasHadoynfiegluuing  wdnmsooniuuiy

9214 Op-Amp 1wes LM393  Hudineasia dyanauiuinufing Riinisaeuuy

Adaptive Theshold Comparator
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3.2 MIPANULIINTIHAINVES Tag
Tudmveaindaztsznoudod e
1. 497 Regulator
2. N5 Modulaion

3. 2995 a4 Data

D1-D4 Ds E—

\+|
o

| ==} u T »
' ] Tag
P
Lrag TCR Regulator Vfo Tag CCT

\ Data

T

Lp

2F
2N5089

QIO -

Qn
Ql4
- Q8
Qs
Q7
Q4
. Vss

* DATAOUT

ufen AoziUNsNYD92993 Tag UAZIUITAINTTINYBY Tag
dasznpuueeieesi Tag  Tae Ly, Huvanadsimihfidumeoniaiu-de
Yoy usen 19 Reader uay Tag a9y Cp Hndhiidluneess launudsaudy Lo finnid
125kHz Woziiee9n Tag #19iTurila Passive iflundssiondsnuegmoly uaveldms

miynimasnu (eglugiveanszuaady) 990 Reader UM Ly, unu
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3.2.1 M999NULULI927 Tag Regulator

 § A

VleIN - L g IN5089 ;l Vo

Kums 32
v 4

‘nJ‘n 321 dIUV0999T Tag Regulator

a o

mﬁmwmummammmam Tag Regulator 3 fef)
1) fmuan v,

({}94910 Brown Out Detect 04 PIC fiftlszanu 4V daiu ussduie1riynuos
2ssNQIAADS amasiiaunnadi 4 v

fvuald V ~43V (3.2-1)

0

=

x ¥ ] ]
de AV, Whuseduiuillafifiae1nnis discharge ¥89 C, Tuvmzil Reader Coil

OFF

2.) M3NIAI R3
(999N szuad Inaru R, UA1 AseunTs
Ipy = deymin + 1 (3.2-2)

B1 max

4 : o - 4 o
Taott I, . Wunszuanldluda Lm 385-1.2 Wiamsiwusnand Feezdesdin

¥
TsiTeund1 20 pA faudatmuald 1. AN 40 pA (Double for margin 910N

2 min
ilan1R,)
v A o o 4 ar o
dawl,,  Sunszusaii i luda Q #elia iy
I ~ ]O MAX
Bl MAX ﬁl (32_3)

é E; a9 ! Ll
¥4 1,,,, NApenslinnlszyial 8.5 mA 1oz Datasheet Y83 BC 549B WA

¥
B dszanm 200 daiuszldnives I, Judii

1 max
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Ly wax = S5x10°/200 = 25 uA (3.2-4)
> P 1 N
mszRzuunszuad Inaru R, Seliawiiiy
Ips = 40425 = 65pA (3.2-5)

>
St mualdusaduanasen R, NAnlszanm 1 v Aulumives R, ezlimdsauns

R = 1V/65uA (3.2-6)
w218 R, = 15.384 k(2 (3.2-7)
suhSudenld

R, = 15k£2 (3.2-8)

3.) fiaui I, liiene R, Tasdedwssduannsen R, Sauviifiu 1V

1N I, = % = Jesmin T a1 n (3.2-9)
wla Loy o = L115x10°1- Iy (3.2-10)
UNuAl R, DINEUNTS 1-10 wazdl I, . vnauns 1-6 szl

Loy mn = [1/15x10°1-25 pA (3.2-11)

I, .. = A41.66pA (3.2-12)

veiulddm 1., . Sdunandinszuad LM 385-1.2 1 lunswisnend fis 20 pa
[} ¥
Wesninluduaeumsmear R Talimsdmuamivesl,, . 181 40 pA (2 whwed 20 pa)

» v v
fulunszud 1., .. fifaen R, Suvanonenisiusna1niued LM 385-1.2 1Wiies

4) MMM R, UAT R,

o 3

4 e { d Y r
ioenn Q, Wimthinilureesloundy (Feedback) ufU R, , R, uagdus

= 0

o v d 3 Vv w a‘:
fmuald 1, > 207, _ fezawnsodszanalda 7, Ssideeuin daiu

R
1.25+V,., = V, L . (3.2-13
BE2 O[Rl +R2J ( )
a R
N30 Vo = (1.25+V,,) 1+E (3.2-14)

tazdamusnrIaIues R2 1A

pro VatVe _ 1254V, (3.2-15)
? Iy 207

B2max

4 I. .
Taeh V.. =~ V, In|—C2min_ 3.2-16
BE2 T ]S (Qz) ( )

e V. = 26mV
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I:(Q,) 910 SPICE Model 489 MPSA 18 wudilifnlszana 5.911x 107 A
] ¥
nazawed I, . INAUNISA 1-13 YAUMAY 40.83 pA Aty

wnuaaaluaums 1-17

wla - Vg, = 0.589 (3.2-17)

I {
iHagaIn lppp, = S0 ~ B ([ <<, ) (3.2-18)

B2
B B,

o1 f M1gAYdY MPSA 18 910 Datasheet (111U 400

Wl Ioax = 166.6 nA (3.2-19)

g

Ed L]
vimiulamuem V,,, uaz 1,,  adluawnisii 1-16 fez'ldsves R, iy

B2max

R’ = 5520702 (3.2-20)

L4
[ |

IA'I FY LY [] Fet U d.l. Vv ¥ VoA
!lﬁl‘uEN‘i)'Iﬂﬂ')'IIJGI‘INVI‘Iuﬂ'Iﬂ\‘Iﬂﬁ'I’)VthI Aetiuvslan RzﬂQMﬂGl‘H'lﬁ Vo UINNTIN

9/ 2
ADINIT N

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

P o 3 or 1 R [ Y]
HagnN{EUNITH 1-15 ﬂi]a‘i‘lﬂf]ﬂ‘i'lﬂiu‘l]ﬂ\‘l lR MmNy
2

R V
Bk A/ AN (3.2-22)
R, Vy,+1.25
UNUAY V, 9INTUNIS 1-2 LUag V,, 9INauU1s 1-18 e
R/R, = 134375 (3.2-23)

UNUAT R, 9Inaums 1-22 9314

R, = 749.051 k{2 (3.2-24)
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¥
w o A o

T 4 1 s 1 ] T J v 1
usiiiesnnanudiunumana 1 il dwiudelas R, Yukeld1a v, winnif

v A
PO9INT AD

R, = 750 k{2 (3.2-25)
5.) MIMIN C,
VINAUANTAYDY C i, = C%I:- (3.2-26)
v ‘ic
w14 Cp = (3.2-27)
dt

Tavn i, fip NszudN C, discharge AILBAT d%t

1 4 =g ¥ . HAa (Y]
uasmﬁuum“lﬂm‘i discharge Y03 C, lﬂuﬂﬁzuﬁﬂ\iﬂﬂﬂ'llﬂ'lﬂﬁ I,

. av AV (p-—
92141 av _ AV(p-p) (3.2-28)
dt Aty
timuald AV. =1V (3.2-29)
ALY @ _ 1953 V/Sec (3.2-30)
dt
w2 lan , C, 2 1,/3333 2 5x10°/1953 (3.2-31)

R C, = 2560 uF (3.2-32)
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3.3.2 29939414 Data

IN4148

o /47 &ﬁ( 1 Tag OCT

12K

r 14

ol wn
1O A SN S T
00n! fu) (-3 ] -3 = E -~ } 060
= = e HC4060
E = o <o 4] 55 |
=3 [s s} I
© i
=3
~ ]
o]
=
~ -
— — — -] w ™~ - e
o o O O O QO O >

_DATA OUT

519 3.2.2 LARINITAI Data

a a4 o o
MIODNULUII9TAE1 Data 9219 HC 4060 nAmn D ¥ uslu Data $1004 19 uuAnd

3.2.3 2993 Modulation

-y VoD
$100
$300K
| DATA. 1 — he
‘ 1] ] BS170
100m 1K
$180K

317 3.2.3 u#AI2995 Modulation

R Y a ¢ A 1Y
A1500NLLVUIINS Modulation 9214 BS170 iHudaIndg Wounnd 1451 Data (93
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3.2.4 MIAMIUMIAT NQ Y03 Tag

g‘ﬂﬁ 3.2.4 TagCoil ¥iia Rectangular loop
o 4 =
Tag Coil i Rectangular loop Y418 = (5x8) cm’ $7UU 15-19 501 19020 No.36 il
#i1 Bare die (d,)~ 0.36 mm , Total die ~ 0.4 mm 14914 &1 A1wD1Fam 125 KHz Amuald

»
Voew=43V 1A% [ =5mA fuIemm (NI, 48339959 Reader coil 19Asil
Stepl HMINIWBY Lo,
Average width of coil = 5cm

Average Length of coil ~ 8 cm

coil height =~ 0.015 cm

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

X
Y
H
C
d, 0.36 mm ~ 0.4 mm
b

width of cross section #Nd,+ (N-1)0.1 mm
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M5197 3.2.4 HAAIADINFURUBTZHI SIMIUTOVUAZA b

N(301) 15 16 17 18 19 20
b(mm) 7.40 7.90 8.40 8.90 9.40 9.90
3.3 mMInaaedmivanlitl Voltage Regulator
&1 Vin = Vinmin = 7.75 V
RL Noload | 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.5V 4.5V 4.4V 4.4V 4.4V 4.4V
1in(100 £2) | 0.07A 0.07A 0.07A 0.07A 0.07A 0.07A
To 0 0.661 mA | 1.333mA | 2mA 244mA | 3.666mA
f1Vin=12V
RL Noload | 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.4V- 4.4V 4.4V 4.4V 4.4V 4.4V
Tin(100 ) | 0.12A 0.12A 0.12A 0.12A 0.12A 0.12A
To 0 0.647mA |1.333mA |2mA 244mA | 3.666mA
¥ .
M Vin=15V
RL Noload | 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.4V 4.4V 4.4V 4.4V 4.4V 44v
1in(100 £2) | 0.15A 0.15A 0.15A 0.15A 0.15A 0.15A
Io 0 0.647mA |1333mA | 2mA 244mA | 3.666mA
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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 Vdc

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

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

¢ |nput Common Mode Range to Ground Level
¢ Differential Input Voltage Range Equal to Power Supply Voltage
¢ Output 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
=] ? o Lo}
R2
2.1k
Q4
oLB . ™| o5 ¥ Q6 ot
20k | N N
ol
h 4 4
” Q10 ’_j— ’—G'ﬁ
ot Qs Q12 E
Q2 Q15
R1 Qn
45k
i e

Order this document by LM393/D

LM393, LM393A,
LM293, LM2903,
LM2903V

SINGLE SUPPLY, LOW POWER
DUAL COMPARATORS

SEMICORDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

S o

9

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SC-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Operating

Device |Temperature Range( Package
LM2g3D Ta = ~25° to +85°C SO-8
LM393D S0-8

TA =0°1t0+70°C
LM393ANN Plastic DIP
LM2303D Ta = —40° to +105°C S0-8
LM2903N Plastic DIP
LM2803VD SO-8
Ta =—40°to +105°C

LM2803VN Plastic DIP

© Motorola, Inc, 1996 Rev 1



LM393, LM393A, LM293, LM2903, LM2903V

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee +360r118 Vde
Input Differential Voltage Range VIDR 36 Vde
Input Common Mode Voltage Range VICR ~}.3to0 +36 Vde
Output Short Circuit-to~Ground Isc Continuous mA
Qutput Sink Current (Note 1) ISink 20
Power Dissipation @ Tp = 25°C Pp 570 mw
Derate above 25°C 1/RgyA 57 mWrC
Operating Ambient Temperature Range TA °C
LM293 —-25 fo +85
LM393, 393A 0to +70
LM2903 —40to+105
LM2803V —4010 +125
Maximum Cperating Junction Temperature TJ(max) °C
LM393, 393A, 2903, LM2903V 125
LM293 150
Storage Temperature Range Tstg —65 o +150 °C

ELECTRICAL CHARACTERISTICS (Vgc = 5.0 Vde, 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
TiowsTa< Thigh - - 4.0
Input Offset Gurrent o nA
Tp=25°C - 150 150
Tiow 2 TA S Thigh - - 1150
input Bias Current (Note 3) B nA
Ta=25C - 25 250
Tiow < TA S Thigh - - 400
Input Common Mode Voltage Range (Note 4) ViCR v
Ta=25°C 0 - Ve -1.5
Tiow S TA S Thigh 0 - Veco-20
Vollage Gain Ry_2 15 k2, Voo = 15 Vde, Ta = 25°C AvoL 50 200 - Vimv
Large Signal Response Time - - 300 - ns
Vin = TTL Logic Swing, Vref= 1.4 Vdc
VRL =5.0Vde, R = 6.1 kQ, T = 25°C
Response Time (Note 5) VR = 5.0 Vdc, R = 5.1 k1, Ta = 25°C tTLH - 1.3 - us
Input Differential Voltage (Note 6) Vip - - Vee A
All Vijn 2 Gnd or V- Supply (if used)
Output Sink Current ISink 6.0 16 - mA
Vin 2 1.0 Vdc, Vip+ =0 Vde, Vo s 1.5 Vde, T = 25°C
Output Saturation Voltage VoL mv
Vin 2 1.0 Vdc, Vip+ = 0 Vdc, ISjnk < 4.0 mA, Ty = 25°C - 150 400
TiowsTa S 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 to Ve can cause excessive

heating and eventual destruction.

2. At output switeh point, Vo =1.4 Vde, Rg = 0 Q with Vo from 5.0 Vde to 30 Vdce, and over the full input common mode range (0 Vio Veg=-1.5V).
3. Due to 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 loading changes will exist on the input lines.

4. Input common mode of elther input should not be permitted to go more than 0.3 V negative of ground or minus supply. The upper limit of common

mode range is Vo -1.5V.

5.Response time is specified with a 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainabie.
6. The comparator will exhibit proper output state if one of the inputs becomes greater than Vg, 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.
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LM393, LM393A, LM293, LM2903, LM2903V
ELECTRICAL CHARACTERISTICS (Vg =5.0Vdc, Tiow < TA < Thigh.” unless otherwise noted.)

. LM333A
Characteristic Symbol Min Typ Max Unit
Output Leakage Current loL pA
Vin- =0V, Vin+ 2 1.0 Vdc, Vo = 5.0 Vdc, Ta= 25°C ~ 0.1 -
Vin-=0V, Vijn+ 21.0 Vde, Vo = 30 Vde, Tigw < Tp < Thigh - - 1.0
Supply Current lcc mA
R = = Both Comparators, Ta = 25°C - 04 1.0
R| = = Both Comparators, Ve = 30V - 1.0 2.5
ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Vdc, Tiow < Ta < Thigh, unless otherwise noted.)
LM392, LM393 LM2903, LM2903V
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 2) Vio mv
Ta=25°C - 1.0 5.0 - 2.0 7.0
Tiow S TA < Thigh - - 9.0 - 9.0 15
Input Offset Current lio nA
Ta=25C - 5.0 150 - 15.0 +50
Tiow = TA < Thigh - - 1150 - +50 £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) VICR \
Ta=25C 0 - Veg-1.5 0 - Vee-1.5
Tiow =TA = Thigh 0 - Vee -2.0 0 - Vec-2.0
Voltage Gain AvoL 50 200 - 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 = 5.0Vde, R = 5.1 k@2, Ta = 25°C
Response Time (Note 5) TLH - 13 - - 1.5 - us
VRL = 5.0 Vde, R =5.1 k2, T, = 25°C
Input Differential Voltage (Note 6) ViD - - Ve - - vee v
All Vi 2 Gnd or V- Supply {if used)
Cutput Sink Current ISink 6.0 16 - 6.0 16 - mA
Vin 2 1.0 Vde, Vjp+ = 0 Vde, Vo < 1.5 Vde T = 25°C
Qutput Saturation Voltage VoL mvV
Vin 2 1.0 Vdc, Vip+ =0, ISink s 4.0 mA, Ta = 25°C - 150 400 - - 400
Tiow = TA < Thigh - - 700 - 200 700
Output Leakage Current loL nA
Vin- =0V, Vip+ 2 1.0 Vdc, Vo = 5.0 Vdc, Tp = 25°C - 0.1 - - 0.1 -
Vin—= 0V, Vip+ 2 1.0 Vdc,. Vg = 30 Vdc,
TiowSTA < Thigh - - 1000 - - 1000
Supply Current lcc mA
R = « Both Comparators, Tp = 25°C - 0.4 1.0 - 0.4 1.0
R| = « Both Comparators, Voo =30V - - 25 - - 25

*Tiow = 0°C, Thigh = +70°C for LM393/393A
LM203 Tiow = -%"C. Thigh = +85°C
LM2903 Tiow = —40°C, Thigh = +105°C
LM2903V Tigy =—40°C, Thigh = +125°C

NOTES: 2. At output switch point, Vo~ 1.4 Vdc, Rg = 0 Q with Vg from 5.0 Vide to 30 Vde, and over the full input common mode range (0 V to Veg=-15V)
3. Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output sate, there

fore, no loading changes will exist on the input lines,

5. Response time is specified with 8 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainable.
€. The comparator will exhibit proper output state if one of the inputs becomes greater than Vo, the other input must remain within the common mode
range. The low jnput state must not be less than —0.3 V of ground or minus supply.
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LM393, LM393A, LM293, LM2903, LM2903V

LM293/393,A

Figure 1. Input Bias Current versus
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)

+18V
i
R1 Rd % ng
8.2k 220k 220k 10k
Vo TR T ear
D1 R2

15k 10M
R3

D1 prevents input from going negative by more than 0.6 V.
R1+R2=R3

R3< ?—g for small error in zero crossing.

Figure 9. Free-Running Square~Wave Oscillator

The addition of positive feedback (<10mV) is also
recommended. 1t 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 B. Zero Crossing Detector
{Split Supply)
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Vin(min) = 0.4 V peak for 1% phase distortion (A©).

Figure 10. Time Delay Generator

1.0MQ
ANA vee
R
! - 10k
Vee T 0001 pF |Lm3sa Vo
+
% 51k
AN
51k ok vee "ON"fort = tp + at
Vo where: Vin Veot I | I
= 0 o= RO En( o Vo, F— '
= 7 o !
Vo Iy, ——
Co ref I ‘—‘
o e —1—>
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LM393, LM393A, LM293, LM2903, LM2303V

OUTLINE DIMENSIONS
'11 'Jll' J.L rll N SUFFIX NCKTE;‘JENSION 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
=
f

=-

A $.40 16 | 0370 | 0.400 |
B | 610 | 660 | 0240 | 0280
fe— A —+ C | 394 [ 445 0155 | 0475
NOTE 2 =A~] L D | 038 [ 051 0015 | 0.020
* * F | s | 178 | 0.049 | 0070
G 254 B5C 0,100 BSC
W 078 ] 127 | 0030 | 0050
4| 0201 030 0008 | 0012
K| 292 | 343 0115 | 0.135
L 1.62BSC 0.300BSC
M| — ] 0°] —T 10°
N

076 | 101 | 0030 [ 0.040

) LK M

G
[©]@ 0.1310.005®[T][A @[ @)

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(50-8)

NOTES:
D —= ISSUER 1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1954,
2. DIMENSIONS ARE IN MILLIMETERS,
s 5 c 3. DIMENSION D AND E DO NOT INCLUDE MOLD

{r PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

E H Em . DIMENSION B DOES NOT INCLUDE MOLD
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]
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-

PROTRUSION. ALLOWABLE DAMBAR
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1 CONDITION.
MLLIME TERS
B] —’ll‘— | DM MIN_ ] MAX
h xa5¢ A 135 1,75
_A AT 010 | 025
B | 035 | 049
SEATING c | 018 | 025
i | ﬁ PLANE b [ 4w | 500
—L—H E| 380 | 400

_-| Em . 51.275
T l H| 580 ] 62
A1 B L h | 025 | o0s0
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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 state

B Low power TTL
compatibility
m Mediumn speed operation

February 1988
ﬂNational Semiconductor
CD4020BM/CD4020BC
14-Stage Ripple Carry Binary Counters
CD4040BM/CD4040BC
12-Stage Ripple Carry Binary Counters
CD4060BM/CD4060BC
14-Stage Ripple Carry Binary Counters
General Description Features
The CD4020BM/CD4020BC, CD4060BM/CD40S0BC are M Wide supply voltage range 1.0V 1o 18V
14-stage ripple carry binary counters, and the CD4040BM/  m High noise immunity 0.45 Vpp (typ.)

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

by a logical "1” at the reset input independent of clock. m Schmitt tigger clock input

Connection Diagrams

DuaHin-Line Package
CD4020BM/CD4020BC
Vpp 013 Q0 Qg O3 RESET ¢ [}
[ O U O P e e

!

Order Number CD40208, CD4040B or CD4060B

vss
|| 2 3 a 5 [ 7 F
o2 Q3 G4 O 05 Q7 Q4 Vg
TL/F/5853-1
Top View
Duakin-Line Package Duakin-Line Package
CDA4040BM/CD4040BC CD4060BM/CD4060BC
vpp Oy Oyg Oy Oy RESET ¢ Oy Vop Dig O3 QOp RESET ¢ 98 o9
lw bs Ju bz ]z In Juw |s b s Ju [ bz Ju Ju s
VoD l vop l
Vsg V35
| 3 O O O G 10 | 2 O O G F
02 0 05 Q0 @™ G 02 Vs 017 053 G4 Q0 05 07 o Vs
TWF/Sa83-2 TL/F/SES3-2

Top View
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Absolute Maximum Ratings (Notes 1end2)
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)

—0.5Vio +18V
—0.5V1oVpp +0.5V
—65°C to +150°C

700mwW
500 mW

260°C

Recommended Operating
Conditions

Supply Voltage (Vpp) +3Vto + 15V
Input Voltage (Vin) OV 1o Vpp
Operating Temperature Range (Ta)
CD4OXXEM —-585°Cto +125°C
CD40XXBC —40°Cto +85°C

DC Electrical Characteristics cbsoxxem (Note 2)

Symbol Parameter Conditlons ~55°C t25°¢C +125°C Units
Min | Max | Min | Typ | Max | Min | Max
loo Quiescent Device Current ( Vpp = 5V, VN = Vpp or Vss 5 5 1650 | pA
Vpp = 1OV, ViN = Vpp or Vgs 10 10 300 | pA
. |Vop = 15V, Viy = Vpp or Vgg 20 20 600 [ pA
VoL Low Leve| Output Vohags | Vpp = 5V 0,05 4] 0.05 005 V
Vpop = 10V 0.05 o | 005 005 v
Vpp = 15V 0.05 0 0.05 005} V
VoH High Level Output Voltage | Vpp = 5V 4,95 4,95 5 4.95 v
Vpp = 10V 0.95 9.05 10 0.85 v
Vpp = 15V 14.05 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
Vop = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 30 Vv
Vpp = 15V, Vo = 1.5V or 13.5V 4.0 6 40 401 v
Vi High Level Input Voltage |Vpp = 5V, Vg = 0.5V or 4.5V 3.5 3.5 3 3.5 v
Vpp = 10V, Vg = 1.0Vor 8.0V | 7.0 7.0 6 7.0 v
Vpp = 15V, Vg = 1.5V or 13.5V| 11.0 11.0 9 11.0 v
loL Low Level Output Cumrent | Vpp = 5Y, Vg = 0.4Y 0.64 051 | 0.88 0.36 mA
(See Note 3) Vpp = 10V, Vp = 0.5V 1.6 1.3 2.25 0.8 mA
Vpp = 15V, Vg = 1.8V 4.2 34 | 88 2.4 mA
o High Level Output Gurrent | Vpp = 5V, Vo = 4.6V -0.64 -0.51| —0.88 —-0.36 mA
{See Note 3) Vpp = 10V, Vg = 0.5V -1.6 —-1.3| -2.25 -0.9 mA
Vop = 15V, Vg = 13.5V —4.2 -34| -88 —2.4 mA
'™ Input Current Vpp = 15V, Viy = OV -0.10 ~-10-5] -0.10 —1.0| pA
Vpp = 15V, VN = 15V 0.10 10-5 | 010 10| pA

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

should be operated at these lmits. The tables of “Recommended Operaling Conditions™ and “Elecirical G

operation. -

Nols 2: Vgg = OV unieas otherwise specifiad.
Nole 3: Data does not apply to oscillator points ¢g 8nd $g of COA060BM/CO4080BC. Iow Bnd lg &re tested one output at a time.

DC Electrical Characteristics «oxxac (Note 2)

provide for actual device

- o + o
Symbol Parameter Conditions dorc t25'¢ 85'c Units
Min | Max | Min | Typ | Max | MIn | Max

oo Ciescent Davice Current | Vpp = 5V, Vi = Vpp or Vgs 20 20 150 A
Vpp = 10V, ViN = Vpp or Vss 40 40 300 wA
Voo = 15V, Vin = Vpp or Vg 80 80 600 pA

VoL Low Leve! Output Voltage | Vpp = 5V 0.05 o | 005 0051 V
Vpp = 10V 0.0% 0 0.05 0.05 v
Vpp = 15V 0.05 o | cos 005 v




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

—_— 1° + ., L
Symbol Parameter Conditions 40c 25°C +85c Units
Min | Max | Min Typ Max | Min | Max
VoH High Level Output Voltage | Vpp = 5V 4,85 4.95 5 4.5 v
Vpp = 10V 9,95 8.85 10 9.85 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 8.0V 30 4 a.0 30| v
Vpp = 15V, Vp = 1.5V or 13,5V 4,0 6 4.0 40 | V
ViH High Level Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V a5 a5 3 35 v
Vpp = 10V, Vo = 1.0Vorpov | 7.0 7.0 6 7.0 v
Vop = 15V, Vo = 1.5V or 13,5v| 11.0 11.0 ) 11.0 v
oL Low Level Output Gurrent | Vpp = 5V, Vg = 0.4V 0.52 0.44 | 0.88 0.26 mA
(See Note 3) Vpp = 10V, Vg = 0.5V 1.3 14 | 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 36 30 | 88 2.4 mA
loH High Level Output Current | Vpp = 5V, Vg = 4.6V -0.52 —0.441 ~0.88 —-0.36 mA
(Ses Note 3) Vpp = 10V, Vp = 9.5V -1.3 -11| —2.25 -0.% mA
Vpp = 15V, Vg = 13.5V —3.6 —-3.0) -8.8 -2.4 mA
N Input Current Vop = 15V, Viy = OV —0.30 -10-5| —0.30 -1.0| pA
Vop = 15V, Viy = 15V 0.30 10-5 | 0.30 10 | pA
AC Electrical Characteristics* cp40208M/CD40208C, CD4040BM/CD4040BG
Ta = 25°C, G = B0 pF, R = 200k, t; = t; = 20 ns, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tPHL1. PLHY Propagation Delay Time to Qy Vpp = 5V 250 550 ns
Vpp = 10V 100 210 ns
Vpp = 15V 75 150 ns
tPHL. tPLH Interstage Propagation Delay Time Vpp = 5V 150 330 ns
from Qp to Qn 4 ¢ Vpp = 10V 60 125 ns
Vpp = 15V 45 20 ns
tTHL, tTLH Transition Time Vpp = &V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
twis twh Minimum Clock Pulse Width Vpp = 5V 125 335 ng
Voo = 10V 50 125 ns
Vpp = 15V 40 100 ns
oL el Maximum Glock Rise and Fall Time Vpp = 5V No Limit ns
Vpp = 10V No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp = 5V 1.5 4 MHz
Vpp = 10V 4 10 MHz
Voo = 15V 5 12 MHz
tPHL(A} Resat Propagation Delay Vpp = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
twH(R) Minimum Reset Pulse Width Vop = 5V 200 450 ns
VDD =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

*AC Paramaters are puaranteed by DC comelatad Llesiing.




AC Electrical Characteristics* cb4ososm/cha0s0BC

Ta = 25°C, C_ = 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
Vpp = 10V 250 525 ns
Vpp = 15V 200 400 ns
tPHL- tPLH Interstage Propagation Delay Time Vpp = 5V 150 330 ns
from Qnto Qn 44 Vpp = 10V 60 125 ns
Vop = 15V 45 90 ns
trHL tTLH Transition Time Voo = 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
Vpp = 10V 65 170 ns
Vpop = 15V 50 125 ns
oL ol Maximum Clock Rise and Fall Time Vpp = 5V No Limit ns
Vpp = 10V No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp = 5V 1 3 MHz
Vpp = 10V 3 8 MHz
Vpp = 15V 4 10 MHz
tPHL{R) Resét Propagation Delay Vpp = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 18V 80 170 ns
twH(R) Minimum Reset Pulse Width Vop = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
Ca Average Input Capacitance Any Input 5 75 pF
Cpd Powaer Dissipation Capacitance 50 pF
"AC P e g by DC tosting.
CD4060B Typical Oscillator Connections
RC Oscillator Crystal Osclllator
mndl-DOFDo_ _Do _Do_ 10 COUNTER n:sno‘i--Do—_Do__Do__Do__m COUNTER
[~ staces STAGES
11 10 3 1Y 15un j 10 90
R . 2
327634Hz S 330k
. cl 10pF 523 39pr
TLIF/5953-4
TL/F/5083-5




Schematic Diagrams
CD4020BM/CD4020BC Schematic Diagram

g . —+ —1s +
H 1 4 5 L] 7
7 ¥ ¥ 13
B R L] R A
| i | é | é
1 1 ) i h f 1
E.u L0 S ot A ot N ot Bt S et I .
1L 2 1 il 1] ] ]
. é ¥ ] B) H [ ¥
E = ¥ob
3 1
TL/F/5053-6
CD4040BM/CD4040BC Schematic Diagram
¢ L_le - 44
H 1 4 ] [}
0 7 d [
] ) R [
é =TT i T
1 1 1T T
[7-v "y ¢ "y Py Ry ¢
17 " 10 ] ] 7
3 ¥ B ¥ i ¢
E ) i i i
TL/F/5953-7
CD4060BM/CD4060BC Schematic Diagram
—» [t > f=t'o ¥
1 _‘ 2 ) a [ 1 [
P = T e I i
i i i ol
1 q_ 1 )| | 1
El"“ o ! Polad Wb d F o LI S L S
L] 12 1 n 18 ] 1] 7
s ¥ [ o 7 4 4+ # e
[]-vm
TL/F/5953-8




Counters

inary

ipp

nary Counters/CD4040BM/BC 12-Stage
leCarry B
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Ceramic Dual-In-Line Package {J)
Order Number CD4020BMJ, CD4020BCJ,

CD4040BMJ, CD4040BCJ,

CD4060BMJ or CD4060BCJ

NS Package Number J16A
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Molded Dusk-in-Line Package (N)
Order Number CD4020BMN, CD4020BCN,

CD4040BNIN, CD4040BCN,

CD4060BMN or CD4060BCN

NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS 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. Lilte support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to pertorm, 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 expacied to cause the failure of the life
support device or system, or to affect its safety or
effectivenoss.,

Mational Semiconductor
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Tet: 1(800) 272-0959
Fax: 1(800) 737-T018
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Deutsch Tek: (+49) 0-180-530 85 85
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Hong Kong Lid.
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Teimshaisui, Kowloon

Hong Kong

Tel: {852) 2737-1600

Fax: {852) 2735-8060

National Semliconducior
Japan Lid

Tel: B1-043-209-2208
Fax: 81-043-208-2408
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BS170/D

TMOS FET Switching

N-Channel — Enhancement

BS170

1 DRAIN
|_
e
, %
GATE
®
T™OS 3 SOURCE
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain~Source Voltage VDps 60 vdc
Gate—Source Voltage CI.\%E-:: I‘?g-szgki 30
— Continuous VGs 120 Vdc )
— Non-repetitive (tp < 50 us) VGsSM 140 Vpk
Drain Current(1) 5 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 — 0.01 10 nAdc
Vgg =15Vde, Vpg = 0)
Drain-Source Breakdown Voltage V(BR)DSS 60 90 — Vdc
(VGs =0, Ip = 100 pAdc)
ON CHARACTERISTICS(2)
Gate Threshold Voltage VGS(Th) 0.8 20 3.0 Vdc
(Vps = V@s. Ip = 1.0 mAdc)
Static Drain-Source On Resistance 'DS(on) — 1.8 5.0 Q
(V@s = 10 Vdc, Ip = 200 mAdc)
Drain Cutoff Current iD(offy — — 0.5 pA
(VDs = 25 Vde, 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, Vgs = 0, f= 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 tan Lot
In 1250 TO SAMPLING SCOPE
50 Q2 INPUT
2048 Ea v Y
| u 50 02 ATTENUATOR ul
= = OUTPUT Vout 10%
10Ma INVERTED
- 90%
L L 10% 50%
= = Voo
y INPUT  Vin PULSE
(Vin Amplititude 10 Volts) < WIDTH
Figure 1. Switching Test Circuit Figure 2. Switching Waveforms
20 I 20
w VDs =Vgs . Vgg =10V
9 16 Ip=10mA ‘%’2 16 =T o]
= )
[=] = A
> = 80V
9 12 — EJ 1.2 /:/ _‘—m'_'
] |
w
£ 08 —~] 3 =
£ a I, oot ]
& < 2 o 50V
>8 04 -5_ 04 ‘/
4.0V
0
50 0 50 100 150 0 1.0 20 30 40
T, JUNCTION TEMPERATURE (°C) Vps, DRAIN-TO-SCURCE VOLTAGE (VOLTS)
Figure 3. Vgs(th) Normalized versus Temperature Figure 4. On-Region Characteristics
20 100
Vg =10V
& 16 / 9.0V 80 Veg =0V
g 8OV 5
E 12 ' 8 60 \
: 2 "I\
= 7.0V g \\
g 08 g 09
=] / 60V ] R
= 5] ~ Ciss —
5 . — |
204 5.0V 20
- 4.0V A\ Coss
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. Gapacitance versus

Drain-To-Source Voltage
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PACKAGE DIMENSIONS

BS170

1
-

SECTION X=X

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

NOTES:

1

z
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

4,

DIMENSIONING AND TOLERANCING PER ANSI
Y44,5M, 1982.
CONTROLLING DIMENSION. INCH,

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
DIM[ MIN | MAX | MIN | MAX
P A | 0175 [0205 | 445 | 620
B | 0170 [ 0210 432 | 533
C | 012 [0185 | 318 | 419 ]
D | 0016 [ 0022 | 041 | 055
F | 001 [ootg | 041 | 048
G | 6045 [ 0055 [ 115 | 139
W {0095 | 0105 | 242 | 266
J | 0015 | 0020 ] 039 | 050
K 0500 [ — [ 4270 [ —
L0250 — | 636 [
N | 0080 {0105 | 204 | 266
Pl — Jowo| — | 25
R|ons | — | sea | —
v ows | —[ sea| —
STYLE 30:
PIN1. DRAIN
2. GATE
3 SOURCE

Motorola Small-Signal Transistors, FETs and Diodes Device Data
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Matorola reserves the right to make changes without further notice to any products herein. Motoroia makes no warranty, representation or guaraniee regarding
the sultabiltty of its products for any particuler purpose, nor does Molorola assume any liabillty arising out of the application or use of any product or circult, and
specifically disclaims any and all liabllity, including withoud limitation consequential or incidental damages. “Typical® parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operating parameters, including “Typicals”
must be valideted for each customer application by customer’s technical experts. Mctorola does nol convey any license under 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 of sustain life, or for any other application in which the failure of the Motoroia product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any 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 attomey fees
arising out of, directly or indirectly, any ciaim of personat injury or death associated with such unintendec or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi~SPD-JLDC, 6F Seibu-Butsury—Center,
P.O. Box 5405, Denver, Colorado 80217, 303—675-2140 or 1-800—441-2447 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan, 81-3-3521-8315

Mfax™: RMFAX0@email.sps.mot.com - TOUCHTCONE 602-244-6609 ASIA/PACIFIC: Molorola Semiconductors H.K. Ltd.; 8B Tal Ping Industrial Park,
- US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 85226629298
INTERNET. http://matorola.comy/sps
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KEL

SEMICONDUCTOR

TECHNICAL DATA

KTC3209

EPITAXIAL PLANAR NPN TRANSISTOR

POWER AMPLFIER APPLICATION.
POWER SWITCHING APPLICATION.
FEATURE
+ Low Saturation Volitage.
! Verea=05VIMAX) (Ic=1A)
+ High Speed Switching Time : tuz=1.0 4 S(TYP.) DM | MILLIMETERS
+ Complementary to KTA1281. ; :";2 m
c 0.80 MAX
MAXIMUM RATINGS (Ta=25T) e R
F .27
CHARACTERISTIC SYMBOL | RATING | UNIT ] 1.110 U
H 0.55 MAK
Collector-Base Voltage Veso 50 v ; 1:::?&?
L 0.7540.10
Collector-Emitter Voltage Vceo 50 \% [ .
¥ 25
Emitter-Base Voltage Veso 5 v :: .:f::
Q 0.10 MAX
Coliector Current Ic 2 A R | 12502050
s 1.00
Emitter Current Ie -2 A
Collector Power Dissipation Pc 1 W
Junction Temperature T 150 T
Storage Temperature Range Tog -55~150 T
ELECTRICAL CHARACTERISTICS (Ta=25T)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector Cut—off Current Icro V=50V, Ig=0 ~ - 0.1 UA
Emitter Cut-off Current Igro Ves=5V, Ic=0 - - 0.1 LA
Collector-Emitter _ - - -
Breakdown Voltage Visrcro | Ic=10mA, 1p=0 50
Emitter-Base _ - - -
Breakdown Voltage Veneo | Ie=ImA, Ic=0 5
b)) Vepmav, 1054 70 - | 20
DC Current Gain hee(2)
(NF!(-:)te) VCE:ZV, IC=15A 40 - -
Coliector-Emitter _ _ - -
Saturation Voltage VeEsa) Ic=1.04, 1g=0.05A 05 v
Base-Emitter Satiratopm Voltage VhrsaT Ic=1.0A, Iz=0.05A - - 1.2 v
Transition Frequency fr Vce=2V, Ic=0.5A - 100 - MHz
Collector Output Capacitance Cab V=10V, Ig=0, f=1MHz - 30 - pF
Output
Turn on Time fon s e P -
lﬂlf lnput 200
Switching Time Storage Time tug lgz - 1.0 - us
ov
. lg,=—1g2=0.054
Fall Time ts D‘L‘U C";C]es o - 0.1 -
Note : hpe Classification 0:70~140, Y:120~240

1996. 11. 11 Revision No :

: KEC
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KTC3209

STATIC CHARACTERISTICS & Ve - Ic
[ ]
E 1 o 1.0
& 2.4 11 | COMMON
- 2550 o EMITTER
a 5 2 0 LN N 18 15 -« 08 FTa=25C
2 1.6 - 112 E g
o © 10 1 > 0.6 =
67 1.2 ?’\& 8 . E &
J o8 % 8 E b
5 k{ 4 0.4 - 9
O 0.4 Ig=2mA g / }
] = 40
QE: 0 é 0.2 / 4
HE’IE 0.4 g
Z=_ 08 COMMON 0
= gl 2 Vep=2V EMITTER E 0 04 08 12 168 20 24
mss T 1 Ta=25*C [=]
= 1 Lt © COLLECTOR CURRENT I (A)

302010 0 2 4 6 8 10
BASE CURRENT COLLECTOR-EMITTER

Ig (mA) VOLTAGE Vcg (V)
z Vee - ¢
— N —
2 Veg - Ic > L0 COMMON
[ = Mlllsﬁl:li
S 1o S 0.4 Ta=-
- R gonnog g _
MITTE! [~ [~4
2 0.8 Ta=100°C S eI Q 2
= "7
=1 T = = ] L
g 0.6 - [ E 0.4 £ I j 40—
fa - 0 / E l Vi
E  ou % / 3 A
& 7 401 2
L 02 A 2 0
e E 0 04 08 1.2 16 20 2.4
13 Q
g 0 o COLLECTOR CURRENT lc (A)
0 04 08 1.2 16 20 24
o
0

COLLECTOR CURRENT I¢ (A)

VcE(sat) = Ic

z
hgg — Ic E {
300 3 COMMON EMITTER
E 0 Ee' 0.5 IC/]B=20
2 Ta=100°C < 0.3
”l M 7y
& Ta=25°C =N v 8
& 100 : =1 ‘_/
E Ta=-55°C E;’ 0.1
50 = =
B g &3 0.05 Ta=100
& =& 0.03 —ra=25°
e COMMON EMITTER e a=—55°C
13} Veg =2V %2
e 10 R ‘5} 0.01
0.01 0.03 0.1 0.3 1 2 8 001 003 0.1 0.3 1 2
COLLECTOR CURRENT I¢ (A) COLLECTOR CURRENT Ic (A)
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KTC3209

Veg(sat) — Ic Ic — Ve
2z 5 < 2.0
S~ 5[ COMMON EMITTER = COMMON
B Ic/1p=20 o | EMITTER
E = 1.5 Veg =2V [ ’
= g
5 1 Ta=~-55C & &l .u’
5] & 1.0 SLeLyn
o @ & S/ers/
i i \ 8 gl
E;ﬂ 0.5 _ [ Ta=2 & &fle
52 03 Ta=100°C & 0.5 =
e © : A
(]
1
M oy 8 0 0.4 0.8 1.2 1.6
001 003 0.1 0.3 12 BASE~EMITTER VOLTAGE Vgg (V)
COLLECTOR CURRENT Ic (A)
SAFE OPERATING AREA
5
p T ~ 3l MAX.(PULSED)* HHHi—
¢ a < ¢ MAX(CONTINUOUSN{ON &
Z 1200 N 1 A f‘
s CI 20 LN | L[
o 1000 = \opé (J Y
7 z 05 \ @?’ A
24 N \
2 _. 0. N
E*E' 800 N\ - N
o o AN & 0l SiNerE N\
o 400 £ 0.05F NONREPETITIVE N E i
& g 0.03 - PULSE Ta=25°C j
B 200 A ‘031" curves MusT BE DERaTED [T N o
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8 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
TECHNICAL DATA

KTA1281

EPITAXIAL PLANAR PNP TRANSISTOR

—

'OWER AMPLIFIER APPLICATIONS.
'OWER SWITCHING APPLICATIONS.
B D
=]
‘EATURES ! !
» Low Collector Saturation Voltage by ' <
. = = | |
: Vepay=-0.5V(Max) (Ic=1A) Yo D] W WETES
- High Speed Switching Time : t,;=1.0xS(Typ.) L B | 320MAX
- Complementary to KTC3205. 0 aﬂ el el e
LL - 5 l.I.';)l:;AX
= G LI MAX
¥ L_F H 0.55 MAX
!_ L__ ] 14,00+ 0.50
MAXIMUM RATING (Ta=257T) SO | O T (B B S
CHARACTERISTIC SYMBOL | RATING | UNIT L el = S % -
L c::ll a 0 128
Collector-Base Voltage Veso -50 \% of P8 b y @150
- T B Q 10 MAX
Collector-Emitter Voltage Veeo -50 v - T:wmsa R l(;.;(:)tﬂ.iﬂ
: s 160
;. Emitter-Base Voltage VeBo -5 v 2. COLLECTOR
Collector Current Ie -2 A 3 BASE
Collector Power Dissipation P 1 w

rTower s c TO-92L
Junction Temperature T; 150 T
Storage Temperature Range Tag -55~150 T

ELECTRICAL CHARACTERISTICS (Ta=257T)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. | MAX. | UNIT
Collector Cut-off Current Icro Vep=-50V, [;=0 - - 0.1 HA
Emitter Cut-off Current Iepo Vgg=-5V, 1c=0 - - 0.1 uA
Collector-Emitter Breakdown Voltage V@riceo le=-10mA, 15=0 -50 - - A

hee (1) Veg=-2V, Ie=-0.5A (Note) 70 - 240
DC Current Gain
heg (2) V=2V, Ic=-1.5A 40 - .
Collector-Emitter Saturation Voltage V CEsat) I=-1A, 15=-0.05A - - -0.5 v
Base-Emitter Saturation Voltage VBE(sal) Ic=-1A, 15=-0.05A - . .12 v
Transition Frequency fr Veg=-2V, [=0.5A - 100 - MHz
Collector Qutput Capacitance Ca Vep=-10V, 1;=0, f=IMHz - 40 - pF
Turn-on Time ton OUTPUT - 0.1 -
20us In2
Switching Ini INpUT B2
) Storage Time tog W g - 1.0 . uS
Time Igi
-IBI=132=0‘05A
Fall Time t DUTY CYCLES 1% Vec=-30v - 0.1 -

Note : hgg Classification  0:70~140, Y:120-~240

1996.10. I1

Revision No : 0
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1/z



I\ G Ve B P20 ) |

Ic (A)

BASE-EMITTER  COLLECTOR CURRENT

VOLTAGE Vg (V)

COLLECTOR-EMITTER VOLTAGE
Veg (V)

DC CURRENT GAIN hgg

STATIC CHARACTERISTICS
-
- =20
=== as=c o
AN — s
-1.6 N Qk —— =
-1.2 <N gt = B E
0.8 N Ed
-0.4 B N = Tp=-2mA _
o 0
04
0.8 -t COMMON
== EMITTER
-1.2 Ta=25*C
} S S N | ]
30 20 -10 0 -2 -4 -6 -8
BASE CURRENT COLLECTOR EMITTER
fg (mA) VYOLTAGE Ve (V)
Vee -1c
-12
COMMON EMITTER
0 Ta=100°C
-1
gkr?-w? S ! :T{
h v A~
0.8 v i ; 7{\?
]
/ VA
'06 / $Q
AN
o UVIWVA IS
| DA
/
0
0 -04 08 -12 -6 -20 -24 -238
COLLECTOR CURRENT I {A)
hee ~lc
1k
COMMON EMITTER
500 Yeg =2V
300
Ta=100°C
Ta=25°C T
T RS
100 o -
Ta=-55*C
50
30
10
0.0t 003 0.1 -0.3 -1 -3

COLLECTOR CURRENT I¢ (A)

COLLECTOR-EMITTER VOLTAGE

COLLECTOR-EMITTER VOLTAGE

Vee (V)

Ve (V)

Vee-1 ¢
COMMON EMITTER
Ta=25°C
l
s 18 lsls
= L]
E ?_ f'T/ Y
k / "
i/ P4 )
/ o
Pz
A
0 -04 -08 -12 -6 20 24 -28
COLLECTOR CURRENT I¢ (A)
ved C
COMMON EMITTER
Ta=-55*C
[]

g AVl 8/
2T il
i HAAALT S
- / // A A0
I L AAXAA
7 e

- |
0 04 08 -12 -16 -20 -24 -28

COLLECTOR CURRENT I ¢ (A)

——

1996. 10. 11

RevisionNo : 0

KELC



KTA1281
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X Texas
INSTRUMENTS

-Jata sheet acquired from RHarris Semiconductor
3CHS207

February 1998

CD74HC4060,
CD74HCT4060

High Speed CMOS Logic

14-Stage Binary Counter with Oscillator

Features

*

Onboard Oscillator

Common Reset

Negative Edge Clocking

Typical fiyax = 50MHz at Ve = 5V, C = 15pF,
Ta =25°C

Fanout (Over Temperature Range)

- Standard Outputs.......... «e...10LSTTL Loads
~ BusDriverQutputs ............. 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 Oparation

~ High Noise Immunity: Nj_= 30%, Njy = 30% of V¢e
atVeg =5V

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

Pinout
CD74HC4060, CD74HCT4060
(PDIP, SOIC)
TOP VIEW
———_——
Q2 E E Vee
Q13 [2] 15] ato
Q14 [3] 14] Q8
as [4] 13] Qs
as [5 2] MR
a7 [6] | 1] o
a4 [7] 10] 30
GND |8 5] ¢0
CAUTION: These devices are sensitive 1o electrostatic discharge. Users shoutd follow proper IC Handling Procedures. File Number 1 654_ 1

Copyright © Harris Corporation 1898

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 crder 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 -55t0 125 16 LdPDIP {E16.3
CD74HC4060M =5510 125 16 Ld 8OIC [M16.,15
CD74HCT4060M -55to 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
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%0 GND= 3
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Absolute Maximum Ratings

DC Supply Voltage, Voo
DC Input Diode Current, lix
ForVi<-05VorV(>Vec+08V...............oee +20mA
DC Output Diode Current, lgk
For Vg <-0.5V or Vo > Voo + 0.5V
DC Drain Current, per Output, lo
For-0.5V<Vo<Voo+05V.............ooiiiinas. +25mA
DC V¢ or Ground Current, icc A

Operating Conditions

Temperature Range, T ...............
Supply Voltage Range, Ve

R -55°C to 125°C

HCTypes ........coovviiiiinienes PN 2V to BV

[ e 7 = PR 4.5V to 5.5V
DC Input or Output Voltage, V|, Vg ..ot OVtoVee
Input Rise and Fall Time

AV e e e e 1000ns (Max)

A8V, e 500ns (Max)

BV . e 400ns (Max)

Thermal Information

Thermal Resistance (Typical, Note 3) 8,4 (°C/W)
PDIPPackage................0o0viiinnnn. 90
SOICPackage. .......oviiiiviinn e, 160

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

Maximum Storage Temperature Range .......... -65°C to 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 lo the device. This is a stress only raling and operation
of the device at these or any other conditions above those indicated in the operational sections of this speclfication is not implied.

NOTE:

3. 9, is measured with the component mounted on an evaluation PC board in fres air.

DC Electrical Specifications

TEST
CONDITIONS Vee 25°C -40°C TO 85°C |-55°C TO 125°C
PARAMETER SYMBOL| Vj(V) I 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 4.5 3.15 - - 3.15 - 3.15 - \%
4.2 - - 4.2 - 4.2 - v
Low Level Input ViL - - - - 0.5 - 0.5 - 0.5 A
Voltage 4.5 - - 1.35 - 1.35 - 1.35 v
- - 1.8 - 1.8 - 1.8 Vv
High Level Output VoH [ViRorVL| -0.02 1.9 - - 1.9 - 1.9 - \
Voltage G Qutputs i 24 ; N 24 N 4.4 ; v
CMOS Loads 0.02 45 : ' i
-0.02 6 5.9 - - 59 - 5.9 - \
High Level Cutput - - - - - - - - - v
Voltage Q Outputs N N N 37 " v
TTL Loads -4 4.5 3.98 3.84 .
-5.2 5.48 - - 5.34 - 5.2 - v
Low Level Qutput VoL [Viqorv | 0.02 2 - - 0.1 - 0.1 - 0.1 A
Voltage Q Cutputs > N i 1 N 1 N 01 y
CMOS Loads 0.0 4.5 0. 0. .
0.02 ] - - 0.1 - 0.1 - 0.1 A
Low Level Output - - - - - - - - - )
Voltage Q Outputs - N ~ 33 N 0.4 Y
TTL Loads 4 4.5 0.26 0. .
52 - - 0.26 - 0.33 - 0.4 v
High-Level Output VoH Vecor | -0.02 1.9 - - 1.9 - 1.9 - v
Voltage $O Output GND 0.02 a5 a4 " " 24 - 44 - v
(Pin 10) - ) . .
CMOS Loads -0.02 6 5.9 - - 5.9 - 5.9 - Vv
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DC Electrical Specifications (Continued)

TEST
CONDITIONS Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | V|(V) |lo(mA) \] MIN | TYP | MAX | MIN MAX MIN MAX | UNITS
High-Level Output Vonr Ve or -2.8 4.5 3.98 - - 3.84 - 3.7 - v
Voltage ¢O Output GND ™33 | 6 {548 - | - |53 | - | 52 | - | V
(Pin 10)
TTL Loads
Note 6
Low-Leve! Output VoL Vegor 0.02 2 - - 0.1 - 0.1 - 0.1 v
Voltage $O Output GND 0.02 a5 . " 01 " 01 _ 01 v
{Pin 10) i i ) ) i
CMOS Loads 0.02 6 - - 0.1 - 0.1 - 0.1 Y
Low-Level Output VoL Veeor 2.6 4.5 - - 0.26 - 0.33 - 04 Y
Veltage ¢O Output GND  [T33 6 - - oz { - [o033| - |04 [ V
{Pin 10) ’ ’
TTL Loads
High-Level Output VoH [|Viorviy| -3.2 4.5 3.98 - - 3.84 - 37 - v
Voltage ¢O Output 42 6 | 548 | - ~ | 534 | - 5.2 ; v
{Pin 9)
TTL Loads
Low-Level Output Voo |vieorviy| -26 45 - - | o028 - 0.33 - 0.4 Vv
Voltage ¢O Output 33 6 - - o2 | - |03 - 04 | v
(Pin 8)
TTL Loads
Input Leakage Iy Vee or - 6 - - 0.1 - 11 - 11 HA
Current GND
Quiescent Device icc Vee or 0 6 - - 8 - 80 - 160 pA
Current GND
HCT TYPES
High Level Input VIH - - 45to 2 - - 2 - 2 - Vv
Voltage 5.5
Low Level Input ViL - - 4510 - - 0.8 - 0.8 - 0.8 v
Voltage 55
High Level Output Von [Vinorvy} -0.02 45 4.4 - - 44 - 44 - Vv
Voitage Q Outputs Note 5
CMOS Loads
High Level Output -4 4.5 3.98 - - 3.84 - 3.7 - Vv
Voltage Q Outputs
TTL Loads
Low Level Output VoL |Vmorvy| 0.02 45 - - 0.1 - 0.1 - 0.1 Vv
Voltage Q Outputs Note &
CMOS Loads
Low Leve! Output 4 45 - - 0.26 - 0.33 - 0.4 Vv
Voltage Q Outputs
TTL Loads
High-Level Output VoH Vecor | -0.02 45 44 - - 44 - 44 - v
Voltage O Cutput GND
(Pin 10)
CMOS Loads
High-Level Output VoH Vee or 2.8 45 3.98 - - 3.84 - 37 - A
Voltage $O Cutput GND
(Pin 10)
TTL Loads Note 6
Low-Level Output VoL Veg or 0.02 4.5 - - 0.1 - 0.4 - 0.1 v
Voltage $O Cutput GND
(Pin 10)
CMOS Loads
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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) ™ MIN | TYP | MAX | MIN MAX MIN MAX | UNITS

Low-Level Output VoL Vg or 28 4.5 - - 0.26 - 0.33 - 0.4 v
Voltage $O Output GND

{Pin 10}

TTL Loads

High-Level Output Von [ViLorviy| -32 4.5 3.98 - - 3.84 - 3.7 - v
Voitage ¢O Output

(Pin 9)

TTL Loads

Low-Level Qutput VoL ViorViL| 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 55 - +0.1 - 11 - 11 pA
Current Voltage

Between
Ve and
GND

Quiescent Device Icc Ve or 0 5.5 - - 8 - 80 - 160 HA
Current GND

Additional Quiescent Alce Vee - 4510 - 100 | 360 - 450 - 490 pA
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, V¢ = 5.5V) specification is 1.8mA.
5. Forpin 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 0.35

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

Prerequisite for Switching Specifications

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

Maximum input Puise tmAX 2 6 - - 5 - - 4 - - MHz
Frequency a5 | 30 | - - | 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 2 100 - - 125 - - 150 - - ns

4.5 20 - - 25 - - 30 - - ns

6 17 - - 21 - - 26 - - ns
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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 tw 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 trEM 4.5 26 - - 33 - - 39 - - ns
Reset Pulse Width tw 4.5 25 - - K - - 38 - - ns
Switching Specifications inputt,, t; = 6ns
-40°C TO -55°C TO
TEST 25°c 85°C 125°C
PARAMETER SYMBOL | CONDITIONS | Ve (Vi | MIN | TYP | MAX | MIN | MAX | MIN | MAX {UNITS
HC TYPES
Propagation Delay 'PLH IPHL| ¢y = 50pF 2 - - | 300 - 375 - 450 | ns
ol to Q4 45 - - 60 - 75 - 90 ns
C = 15pF 5 - 25 - - - - - ns
CL = 50pF 6 - - 51 - 64 - 78 ns
Qn to Qneq toH tpHL | CL = 50pF 2 - - 80 - 100 - 120 | ns
4.5 - - 16 - 20 - 24 ns
CL = 15pF 5 - 6 - - - - - ns
C_ = 50pF 6 - - 14 - 17 - 20 ns
MR to Q;, tPHL CL =50pF 2 - - s - 220 - 265 | ns
4.5 - - 35 - 44 - 53 ns
C = 15pF 5 - | 14 - - - - - ns
Cy = 50pF 6 - . 30 - a7 - 45 ns
Output Transition Time tTHL tTLH | CL = 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 C_ = 50pF 2 - - - - - - - -ns
¢l to Q4 4,5 - - 66 - 83 - 100 ns
C = 15pF 5 - 25 - - - - - -ns
C = 50pF 6 - - - - - - - -ns
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Switching Specifications Inputt, ;= 6ns (Continued)

-40°C TO ~55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Ve (V)| MIN | TYP | MAX | MIN | MAX | MIN | MAX |UNITS
Qn t0 Qnw1 LA tPHL(  CL = 50pF - - - - - - - ns
4.5 - - 16 - 20 - 24 ns
C, = 15pF “ 6 - - - - - ns
Cr = 50pF - - - - - - - ns
MR 10 Qp tPHL Cy = 50pF - - - - - - - ns
4.5 - - 44 - 55 - 66 ns
Cy = 15pF - 17 - - - - - ns
CL = 50pF - - - - - - - ns
Output Transition Time tTHL ttii | G = 50pF - - - - - - - ns
4.5 - - 15 - 19 - 22 ns
- - - - - - - ns
Input Capacitance C
(TBD)
Propagation Dissipation Cep - - 40 - - - - pF
Capacitance
NOTES:
7. Cpp is used to determine the dynamic power consumption, per package.
8. Pp=Cpp Vccz fi Z(Cy Vc<32 fi/M) where M = 21,2228 214 f; = input frequency, C = output load capacitance.
TYPICAL LIMIT VALUES FOR Ry AND Cy
TYPICAL
TEST MAXIMUM 102 <S Tz 25%
PARAMETER | CONDITIONS | VOLTAGE LIMITS 1 \ R‘:( = 1KQ
Ry Minimum Cy > 1000pF 2 1KQ 10 NN N [~ 10ka
100KQ
Cy > 10pF 4.5 \ \ \ N, L~ im0 .
X 1 e
Cx > 10pF 6 1 N )//WMQ
- T 107 ]
Ry Maximum Cy > 10pF 2 20MQ = NN / N
e
Cyx > 10pF 4,5 & 02 \\\\../3/ ™, \
Cx > 10pF 6
Cx Minimum Ry > 10KQ 2 10pF 1073 \’é AR \\\ AN
Rx > 10KQ 45 4 NN\ \ N
10 ™ N
Rx > 10KQ 6 \\\ \\
RX = 1KQ 2 1000pF 405 . 6
Ry = 1K a5 T0pF 10 10° 10 102 100 g0t 100 10
OSCILLATOR FREQUENCY {Hz)
Ry = 1KQ 6 10pF
Maximum Cx = 1000pF, 2 0.5MHz
Astable Oscillator | Ry = 1KQ (Note 8) NOTE: OSC Frequency = 1/2.2 RxCx
Frequency Cx = 100pF, 4.5 3MHz For 1MQ > Rx > 1K(}, Cx > 10pF, f < 1MHz
Ry = 1KQ (Note 9) FIGURE 2. FREQUENCY OF ON-BOARD OSCILLATOR AS A
Cx = 100pF, 3 aMHz FUNCTION OF Cy AND Ry
Rx = 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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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 techniques are utilized to the extent
Tl 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. INCLUSION OF Tt PRODUCTS IN SUCH APPLICATIONS 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 to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, 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.
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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 Vos 60 Vde
Gate-Source Voltage

- Continuous Vas 20 Vdc

= Non-repetitive (t, < 50 ps) VasM 140 Vpk
Drain Current (Note) Ip 0.5 Adc
Total Device Dissipation @ Ty = 25°C Po 350 mw
Operating and Storage Junction T, Tstg -55to °C

Temperature Range +150

Maximum ratings are those values beyond which device damage can occur.
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 Components Industries, LLC, 2005 1
August, 2005 - Rev. 5

ON Semiconductor®
http:/lonsemi.com

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

N-Channel
D

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

MARKING DIAGRAM
& PIN ASSIGNMENT

7N
] BS170
AYWW»

m

Drain Gate Source

=

BS170 = Device Code

A = Assembly Location
Y = Year

wWw = Work Week

- = Pb-Free Package

(Note: Microdot may be in either location)

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

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

Publica('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
(Vs = 15 Vdc, Vpg = 0)
Drain-Source Breakdown Voltage ViBRIDSS 60 90 - Vdc
(Vgs =0, Ip = 100 pAdc)
ON CHARACTERISTICS (Note 1}
Gate Threshold Voltage Vas(Th) 0.8 2.0 3.0 Vde
(Vbs = Vas, Ip = 1.0 mAdc)
Static Drain-Source On Resistance TDS(on) - 1.8 5.0 Q
(Vgs = 10 Vde, Ip = 200 mAdc)
Drain Cutoff Current Ity - - 0.5 #A
(Vps = 25 Vdc, Vgg = 0 Vdc)
Forward Transconductance Ofs - 200 - mmhos
(Vps = 10 Vdg, Ip = 250 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Input Capacitance Ciss - - 60 pF
(Vpbs = 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
Turmn~Off Time tot - 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
B8S170G TO-92 (TO-226) 1000 Unit/Tube
{Pb~Free)
BS170RLRA TO-92 (TO-226) 2000 Tape & Reel
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 TO-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 Reei Packaging

Specifications Brochure, BRD8011/D.

2
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RESISTIVE SWITCHING
+25V
ton ton
125Q TO SAMPLING SCOPE > -
50 0B 50 € INPUT
rem——
{50 ATTENUATOR [ Vou %0% \
= = OUTPUT v 10%
LM INVERTED o4 =] —
L 90%
= = 10% 50%
INPUT Vi —ﬁ PULSE
{(Vin Amplitude 10 Volts) " WDTH
Figure 1. Switching Test Circuit Figure 2. Switching Waveforms
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Figure 3. Vggth) Normalized versus Temperature Figure 4. On—-Region Characteristics
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Figure 5, Output Characteristics Figure 6. Capacitance versus

Drain-To-Source Voltage
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PACKAGE DIMENSIONS
TO-92 (TO-226)
CASE 29-11
ISSUE AL
' NOTES:
A I B 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1882,
1 I 2. CONTROLLING DIMENSION: INCH,
R 1 4. CONTOUR OF PACKAGE BEYOND CIMENSION R
y 1S UNCONTROLLED.
u 4, LEAD DIMENSION 1S UNCONTROLLED IN P AND
P BEYOND DIMENSION K MINIMUM.

- T L
SEATING i K INCHES. MILLIMETERS

PLANE - - o[ MIN | W MIN | MAX

(AL 0475 [ 0205 ] a5 | s
l B o7 To20 | 432 | 533
0125 [ 0185 | 3 419 |
D pOi§ | 0. Q0.
0.
G l D
G

= [
=

X 115
0.085 | 0105 3 242 | 266 |

=1l =]
2
£

H see | 1270 [ -
—'f L {050 [ {635 [ -
_.1vr¢—l rC N | 0080 | 0.1 204 | 2.66 |
_ P | --- 0100 | --- | 254
4 N! SECTION X-X AU o5 | 2 | o
V16185 { -—-| 349 [ ---
—-] N-—T STYLE 30
PIN1. DRAN
2. GATE
3. SOURGE

ON Semlconductor and Q 8re reglstered trademarks of Semiconductor Components 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 suitabifity of lis products for any particulsr purpose, nor does SCILLC assume any liebility
arising out of the application or use of eny product or clrcuit, and specifically disclaims any and all liability, including withoul limitation speciel, consequential or incidental damages.
“Typical’ parameters which may ba provided in SCILLC deis sheels and/ar specifications can and do vary in different epplicelions and 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 His 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 ather applications
intended to support or suslain 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 purchass or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnlify and hold SCILLC and its officers, employees, subsidiaries, affiliales,
and distributors harmiess ageinst all claims, costs, damages, and éxpenses, end 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 en Equal
Opperiunity/Affirmative Action Employer. This llerature is subject 1o all applicable copyright lews and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
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'E[C  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 JT_1 - BN DM| MILLIMETERS
gl N d 1 A 470 MAX
AAXIMUM RATING (Ta=25T) | ]l o B | 480MaX
D i { [ 370 MAX
CHARACTERISTIC SYMBOL | RATING | UNIT i B > n
_ BC549 30 ’ 5 oxe
Collector-Base Voltage Veso A ! H 245
BC550 50 ey 3 14.00£0,50
F ¥ K 0.55 MAX
BC549 30 L 2.30
Collector-Emitter Voltage Veeo \Y% M | 045 MAX
BC550 45 -0 8= N 100
= 1 2 3 o
- ] b
Emitter-Base Voltage VEBD 5 v “— | coLLEcTor
Collector Current le 100 mA 2 BASE
3. EMITTER
Collector Power Dissipation Pc 625 mw
Junction Temperatur: T, 150
unction perature j T TO-92
Storage Temperature Range Tug -55~150 T

ELECTRICAL CHARACTERISTICS (Ta=257)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector-Emitt BC549 30 - -

ollector-Emitter Verceo | le=10mA, 1;=0 v
Breakdown Voltage BC550 45 - -
Collector-Base BC549 v L =10uA. 1=0 30 - - v
Breakdown Voltage BCSS0 BRCeo | TR e 50 - .

i Emitter-Base Breakdown Voltage V{BR)EBO Ig=10uA, IC=0 5.0 - - v
Collector Cut-off Current Iepo Vep=30V, [=0 - - 15 nA
DC Current Gain hge(Note) | 1c=2mA, Veg=5V 110 - 800
Base-Emitter VOltﬂgC VBE(ON) Ic=2mA, VCE=SV 0.55 - 0.7
Collector-Emitter Saturation Voltage VeE(sat Ic=100mA, lg=5mA - - 0.6
Base-Emitter Saturation Voltage VEeay | lc=100mA, Ig=5mA - 0.9 - \Y

| Transition Frequency f Ic=10mA, V=5V, =100MHz - 300 - MHz
Collector Output Capacitance Cow V=10V, Ig=0, =IMHz - - 45 pF

BC549 1c=2004A, Veg=5V - . 4.0
Noise Figure NF ¢ ~ cE dB
BC550 Rg=10k2, f=1kHz - - 10

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

799.11. 30 Revision No : 2 KEE 1/1
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FAIRCHILD
e e
SEMICONDUCTOR ™

2N5088
2N5089

MMBTS5088
MMBT5089

SOT-23 B
Mark: 1Q/ 1R
NPN General Purpose Amplifier
This device is designed for low noise, high gain, general purpose
amplifier applications at collector currents from 1pA to 50 mA.
A bSOI ute MaXi mum Rati ngs* TA = 25*C uniess otharwise noted
Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 2N5088 30 Vv
2N5089 25 \'
Veso Collector-Base Voltage 2N5088 35 \Y
2N5089 30 \'
Veso Emitter-Base Voltage 45 v
ls Collector Current - Continuous 100 mA
Tu T Operating and Storage Junction Temperature Range -55 to +150 °C
*Thela ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:
1) Thess ratings are based on a maximum juhction temperature of 150 dagrees C.
2) These are steady state limits. The factory should be consutted an applications involving pulsed or iow duty cycle cperations.
Thermal CharacteriStics  7a=25:c uniess otnerwissnoted
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 Fakchild Semiconductor Corporation MMBT:! ABTS0BS, Rev A

680SLEWIN / 680SNZ / 880SLAWNIN / 880SNZ



NPN General Purpose Amplifier

(continued)
Electrical Characteristics  a=25:c uniess onerwise noted
Symbol Parameter Test Conditions Min | Max | Units
OFF CHARACTERISTICS
Visriceo Collector-Emitter Breakdown lc=1.0mA, lg=0 5088 30 \Y
Voltage* 5089 25 \'
Visrice0 Collector-Base Breakdown Voltage | Ic = 100 pA, ie=0 5088 35 \2
5089 30 v
leao Collector Cutoff Current Veg=20V,le=0 5088 50 nA
Veg =15V, le=0 5089 50 nA
leso Emitter Cutoff Current Vep=3.0V,ic=0 50 nA
Ve =45V ic=0 100 nA
ON CHARACTERISTICS
hre DC Current Gain lc =100 A, Vee=5.0V 5088 300 900
5089 400 1200
lc=1.0mA Vece=50V 5088 350
5089 450
lc=10mA, Ve =5.0V* 5088 300
5089 400
VeEsat Collector-Emitter Saturation Voltage | lc =10 mA, I = 1.0 mA 05 \")
VBE(@on) Base-Emitter On Voltage lc=10mA, Vce =560V 0.8 v
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc = 500 pA,Vce = 5.0 mA, 50 MHz
f =20 MHz
Ce Collector-Base Capacitance Vee =50V, g =0, f= 100 kHz 4.0 pF
Ceb Emitter-Base Capacitance Vee =05V, Ic =0, f=100 kHz 10 pF
hte Small-Signat Current Gain lc=1.0mA, Veg =5.0V, 5088 350 1400
f=1.0 kHz 5089 450 1800
NF Noise Figure ic =100 uA, Vee = 5.0V, 5088 3.0 dB
Rs = 10 kQ, 5089 2.0 dB
f=10 Hz to 15.7 kHz

* Puise Tast: Puise Width s 300 us, 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
Is¢=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
Itf=.35 Wif=4 Xtf=7 Rb=10)

680S19NIN / 680GNZ / 880SLENIN / 880SNZ



NPN General Purpose Amplifier

(continued)
Typical Characteristics
Typical Pulsed Current Gain Collector-Emitter Saturation
vs Collector Current 2 Voltage vs Collector Current
s 1200 H T T 7T 3 0.3
H— v CES 50V | ﬁ
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3 800 N B o2
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NPN General Purpose Amplifier

(continued)
Typical Characteristics (continued)
Input and Output Capacitance Contours of Constant Gain
vs Reverse Bias Voitage Bandwidth Product (fr)
5 1 i =10 1 ) N
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Normalized Collector-Cutoff Current Wideband Noise Frequency
s vs Amblent Temperature vs Source Resistance
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NPN General Purpose Amplifier

{continued)
Typical Characteristics (continued)
Contours of Constant Contours of Constant
Narrow Band Noise Figure Narrow Band Noise Figure
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NPN General Purpose Amplifier

(continued)

Typical Common Emitter Characteristics (r=1.0xHz)
ETypicaI Common Emitter Characteristics _Typical Common Emitter Characteristics
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