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Abstract

This project presents the Radio Frequency Identifications that use 13.56MHz carrier frequency. This
project wants to study about the basic and concept of RFID technology. The first part of the circuit
that be use in this project is Reader. It contains Modulator,Oscillator,Power Amplifier and Reader
Coil Antena. And the second is the part of Tag that contains Tag Coil Antena,Rectifier and Regulator. In
the part of tag,it has the data simulation circuit for test to modulation and send it to the Reader.

And uses the Amplitude Shift Keying Modulations.
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Wire Dia. in Dia. in Cross Wire Dia. in Dia. in Cross
Size Mils Mils 3‘;?::_ Section Size Mils Mils 3,%’:;’_ Section

(AWG) | (bare) |(coated) {mils) (AWG) | (bare} | (coated! (mils)
i 2893 — 2125 | 53690 26 159 17.2 41.0 253

7 28Th | — | 018 | 56340 27 4z | 184 | s14 g o

3 20U 4 —_ o147 52620 22 120 138 55.3 154
4 204.% — D249 21740 29 (R 122 g1.2 123
s 151.0 — 2313 | 330490 ap 10.0 1o 106.0 100
13 132.0 — 5,305 25240 a1 89 a3 131 76.2
7 156.3 — 2408 | 20820 32 8.0 8.& 152 54.0
3 1235 1314 0628 15510 aa 7.1 7% 206 504
4 1i4.4 112 0.743 13090 34 6.3 70 261 8.7
I 161.9 1062 | 2698 10280 a5 an 5.2 33 314
X 50.7 435 1.25 8230 36 590 57 418 250
12 €03 823 1.50 R530 a7 45 5.1 512 20.2
12 720 741 200 5180 a3 40 45 A543 15.0
14 5410 hE7 252 4110 ae KR 4.0 847 12.2
15 57.1 595 216 3260 40 3.1 3.5 1080 ¢.61
1 50.2 524 4.02 2580 11 2.8 £ 1320 7.84
17 252 472 505 2080 42 25 22 1560 525
12 40.2 424 £.20 1320 43 22 2% 2140 4.84
1% 5% 7.9 8.05 1260 44 20 2.2 2290 | 400
20 kheXs: 4.0 10.1 1020 At 1.75 1@ 3350 3.10
21 28 ¢E 0.2 12.6 812 45 1.57 V7 4210 248
22 2513 280 18.2 540 a7 1.40 1.6 5290 1.96
23 226 24.2 20.3 a1l 48 1.24 1.4 5750 1.54
249 20.1 218 25.7 404 49 1.4 13 8420 1.23
oc 174 16.3 124 320 50 Q.99 1.1 10600 098

Note. 1mil =254 %107 cm Note: 1mil=254x 103 cm

@159 2.5 AWG WIRE CHART
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2.14 AunHe119I4 (Mutual Inductance)
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4 ] 23 . =& & =t t o
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é a'. L & J o T v r=9
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¥9A2A 2 ¥ANA Self-Inductance Y L, wag L, u1e1ndAudsgii 2.16 vaain
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2.14.1 wasnulusesi¥ou A (Energy in a Coupled Circuit)

L Qr d' Q 1 2
wosuazanluamienin | w= 3 Li

v 4 | R | .
wasmazauluvaasamieni [w = 5[,,1,2 +5L2:22 + lezz)

. da 1 l
‘wﬂwmmﬂmmvﬂaamnﬂ31ﬂiam1ﬂ°u 0 ﬂauu 5 L,:l +— 5 L 12 +Mii, >0

ATUFUNUTTEH 1981 M Laza1 L Ap L, ~ M vio M LL,
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A

L,
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71M5U k < 0.5 921580731 Loosely Coupled

M7V k> 0.5 92580791 Tightly Coupled

Ar o ferie vy

— -
S

%—{— tightly coupled

loosely coupled

iy iy

WA 2.22 Fnlszansnisaduuas
2.14.2 videudasuuuudu (Linear Transformers)
- ypaegugil (primary coil) Huveainfidoudefuumdase
- ¥AnAY)ALnT (secondary coil) ifuvanInfioudedu Inas
- unu (core) Hudunuiivnataiusen TaondemlaszBuuuuSuduisode
- wowduTagduauniausivman (permeability) AafioIAITL BIMANAIARN WA

1oy a1y

2.15 29058mnnes AM

205AMNIADT AM (AM detector) M393995 AM AuDRAIRIABT(AM demodulator) 111
w35 195udenuisiAR) nisnssunedgaadismiodeyadnmsiveqnauuy
AM ogiudggru IF sen mIasiefudganudsenindggin AM wlflaleanuuge
A (point contact) ﬁmmsnﬁwu'lﬁﬁm'amﬁqmazﬁusqﬁuﬂﬂﬂi'am‘h Taovian 14 vy
Fundudn 1wesuiiiolalen(germanium diode) w31z s meesiivudiumsiadni
dotaivedTn Toafionld 9y IN34A,IN6O uaz 0A70 (Hudn

) msluealalen

ms Tuueaass (forward bias) Muwhan1azd laleminseuassiinszuaIuanlna

onue Tun Tdwalng  Taoms ez IMussdudive TuaiidndiduuanganiunIna uazlunsd
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3) MAANIINIBIAIND IF
Envelope detector output
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2.16 MSIBMYDUAUAUS (Impedamce Matching)
sa . . R = v & A o« -
293UUNTFS (Matching citcuit) Huag9s0 1 IunIswlo i BuRiuaude892995 nie
Insavumelages wioTassvie iz, woz m3e Z, awiisidoams Mo ldees nie
Tnsseie lRegeiia@osniw wazmie Mifamsawneamideggs

P sa Y o o ¥ o ¥ 4
awsw“l%"lummuwwamiﬂmwua AINITUATUNIU 5D menJaa NIDW9T L-C

2.16.1 19 3t@dion msuasszring Bafuaudeynsy uarBuRuaudviu
nanmsfidifguesmseeniuNsUINTBRuAuT AontsiasduRuaudiogi
il
Z,=R, I jX, =R, + X, =Z,

o a m o
(n) DuRUANTYUIY (v) BuRuaudoynsy

a a o o
319 2.26 2ospUBNRUAUY

mﬂzﬂﬁ 21mee1R Z, =R 1 jX,
- R, JX, .Rp_jXp
i Rp+_/'Xp R, - jX,
2. 2
:RP _jXp+XP RP
R +X,
X R R’X
ZP:R;:P Xp2+ijp \fz
p T4 p T,
nngld 2uwesld Z, =R+ X,
Z,=7, (2.15)
2 2
Xp RP N RP X
Ii’p2+Xp2 R*+X

P P

(2.14)

w4
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X 'R
Real part; Rse = —zp——p—z
Rp +Xp
Re{Z R %,
e{Z. =R, —W‘;
)
I : X RP2XP
maginary part; A  =——5——
RP+X )}
£
5 , X7PeR
VNTUMI 16 R+ X, = L2
R
o R
wnundluaumsh 18 el X =R 12X, e —=
X 'R,

Im{Z }=X, = Rﬂ[—pj

P

llﬁ&’ﬂWﬂﬁHﬂTﬁ‘ﬁ 2.15
R 2

RP = Rse[1+ X‘Dz ]
P

S Rp se
nnaunnii17; == Q,=—*=0,

P s€

P

X,

nnaunsh 2.15: Im{Z,} = X, =

. R -
UAUAT %( Tuaun13f 2.18 Aae X% wld
P 5€

2
X e
Re{Z,}=R, = R_“,[H(?J J

)/

(- . R - X = t v a o 4
AIDAIITIU ”X ne "’R BIIRALIBNNIAT Q YDIDUNLAUY
P se

(2.14)

(2.15)

(2.16)
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(2.19)

(2.20)

(2.21)
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(¥) NN R, <R : R =R, Waz R, =R,

1 by o v ] 3
3% 2.27 nesuundFBuRuaudeoieiwhige

ningUfi 2.22 umdsdiiiadynn i, Tl Bufnaud R, swfoumdiy R, el dns
monensidsInfion i T R, Wuindige
- undafuile i pasAedy naafifia R, = R,
- R msAefuumaatuiafifieon R, =R, n1stenensids il gudi 2.22 010

2
U8

14

+ a o [ = ] Ao o dt:i
- msawneamas i luoinunasswia lugasesvne lunstifiduRuausd

madwesesvew sedowdu R, w30 R, = R,,

' o < fd ﬂ:ldyﬁ Aﬁ. (ﬂ:‘
- mstieneadfiadininsesveellds R, lunsdifidufuaudiinieeen

=) =)
v8329959010 sziadowiiu R wSo R, =R uAZ Ry, = R,
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nngulfi 223 R, munof AudifisuRuauggandt lunsdidf
-R,>R, R,=R unz R =R, ﬁaluiﬂ'ﬁ 2.23 ()
“R<R, R, =R, unz R =R, #elugiii 2239
Taomahdufuaud z, Tdsvuniuififinnudumiugandi nie r, dend1ves
z, el
RNt jX, =R £ jX,,

Wude R, szgavh Idiaanudunmuedowdu R, ninaunish 2.15

R
R, =—~—};—2
1+(——"—J
XP
R
R = . 2 3
1+( '2 Xp)
wld X, = R, (2.22)
(%)
1
b
i Z,=tjX, ___E (2.23)
()
1
' - l-jXSEI-’-ijE

=i,
=N
=
=.
b=
\ /\‘ fI"'..
VAVANY,

R, grulauilu R, Taude z,
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(M R, guauilu R, £ ix,, Taomnh1 Z, =+,x, lsevuusur,

I

"jxse, +jxse +jxse1 ,'jxse1
R1

Z,, = WjiX,, QNABIHY

(W) £ /X, Minannnsi z, lddevuuiy R, gnidalasmsth Zy = WjX y, Wde
DYNTUINY

519 2.28 nsuundBuRueus T R, uaz R,

° . i_/Rz 1 o o EY ' Y
Taomaih Z, =+/X, = Tsovwuiy R, ¥ l¥ R, gunlaadiu R, doeynsuiu

P

=+/R [—2-1 (2.29)

Taonmanhduiueus Z, = uZ,, luseeynsuiu R, fa3Uii 2.23(v) 1 ldmvesdusiuaud

z,, mhldeoynsunu R, du

Z,=usR )%-4 (2.25)
|
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Taomaidenid z uoz z, iuduRuaudiiivaas sfudn Sufiuaud R, szruumd

fiu R, A19e4 Z, uaz Z,, ernsodowdiugaia 18y

IZp uuwﬁuR2=—R2—— ’ {2.26)
By
Rl
/R
g IZse oynsuiuRI =Rl Fz_l (2.27)
1
lav#l R, >R,
2.16.3 R r_Coil Matchin ing_Qu ve_Transformer

Transmission Line Theory
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Tx Line
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AN = |
(& ~
Z({() = R2

319 2.29 Nenerouvsamuds

. 4 . . 1 o1 .
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BBy Load Belldufiuaud z, monAuaudsmusziuegiuanuen 1 i z, uag z, :
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=
C¥ ]
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-
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27 !
910 ) = ) = gl
p A A
¥ o 9 1 L
divunld - = =
A A
ACER Bl = 272
_ L
v Z, +jZotan2m —
N zZ, = Z, é
Lo+ JZ, tan2fr—;:

dﬂ:i A. 4 r-:i |J o J
N2 M L = > wlain Z()= Z, Teoh lududuswes Z,

' 2
@Rl & L = & eeldh Z(h= Z, = 20y Z, = JZ,Z,
4 Z,

A Tueums Tx Line flunmuumafiuves Tx Line §1¥A7 A, Y99 Free Space

A o 4 . [ o & a0 o
LUBGﬂTﬂﬂ'JWHLi’JﬂE]QﬂﬁUIH Tx Line 13JWHﬂ‘]Jﬂ’3']3JLT'JLLﬂQ N AO UAAITUNTT
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~ |0

A A J =] A A 1ol 8
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wfimuald % = U = Velcity Coefficient $azifuninsfives T, Line

v
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PUAANY BU T8 RG 58 UAT1 U ~ 0.66 AUUMANNEIAAUYON T, Line 310D

31080

=

Quarter Wave Transformer

f% T, Line A1 Characteristic Impedance WAL Z, A 1115005 1997207493 LC
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Lc c = 20, %
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ird Lra

Teurrute LT e Cs
— : — f‘—vl
U ——

Series
Resonance

RL =R1

Ro§

—_—d
Vee, Vee sat

519 2.31 M5 IUMBURUAUTUINTIVDIT0AIA 07995 LC (AD)

INNIINAABINYT P, UD3 Class C Power Amp. #10¢14AN19E Overdrive tMD30351 ASK
2
. = t = o (I/('('_V\'AT)
Modulation 9ziANIszID 1.6 1N1WBI P, AMUIMIINAUMS P, = “ R
2

¥
LY

2
EARTS { ' 4o Ve =V o &
afudanasmun R, 3ulil 1.6 mives R, Asmannn R, =( co T %, JUUDY
a

1A

2 2
- (Vcc '"VCE(SA'I‘)) - (Vcc - VCE(SAT))
? 1.25I%R, 1.25P,

2.17 Class C Power Amplifier
2
(V(:c - VC.‘:‘(SAT))

P =
O(MAX ) 2Re { Z( . }
V.=V . 2
i}:"lﬁ” R(. — RC{Z(.,,} :( e (l_(.\AI))
2P()(MA,\’)

o lHe1130 Mod tiiu ASK 18910 Reader — Tag Base Drive 993 Power Amplifier: PA

Vee Vo, — ('I:'(‘S'AT))
RelZ,, |

< o [ Qo
luan22 Unmod 38 V,,p =0 M5 1uTaineivzoyluani1iz overdrive AmenTiaved Class

¥ 4 o gy,
vrABaINHERIE A J. =

c pA Tavwalilezidudszy
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P 31_6_: P e m————
[ 2R( IZSR( ///
v? @ Z o 2)
Py=—— /; ............. [V
2R, J
;
4
OE,MM.._;_K"; . , . o P

U 232 naumassvueama C

| 4
INNI N VIVOWARIT C LlUQﬂ’Iiﬁﬂ’]im’lﬂﬂﬂlﬂu 3 9729 99l
¥10 1: P, DAV, SViow P =0
$9N 2: i (t)L“ﬂ‘HU'Nﬁ’JN'UBQ sine wave 8, (180

I

________________________________

317 2.33 ASIMLEAAINT drive NSTUTVBITI9TVLIOABIA C
L] a‘ A' . . = d‘ J & a
¥29% 3: 15 over drive i.(¢) velgUndwitiu Rectangular pulse WA Aagih

¢ over drive . deudu pulse
- - L.
il A, dRntu

pt

JUN 234 nIMUARAING drive NTZHAVBIIVTVLIWARA C UMIAR overdrive
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UNA 3
N1598NUVYINWSTIUAIUYDI Reader 1AL Tag

3.1 P1398AUUU905 1UAIUYBI Reader

29951182199 Reader 11 YsznoyTdrudiudifga199fo aauvos  Carrier
Oscillator,PA Driver, Power Amplifier, Matching Circuit il Reader Coil ﬁﬂﬁ’ﬂmiﬁNmﬂi‘ﬂ‘]
Tavadadoyea Carrier A91WA 13.56 MHz ud 118y o 140 1H 112993 Power Amplifier
Lﬁ;muwﬁ'agagm"lﬁﬁmﬁanmwaﬁnzdadmmmﬁ"lﬂfj Tag Fmdennvorvdygaudafos
H112493 T Y99 Matching Circuit o 1iian s dariufidsa i 18 qeqa(Maximum Power
Transfer) 182999 URF1UHM Reader Coil Fembiiaiiowdumueinie dedoyariu

21 1Y Tag ndnh Wy I1uh Modulated 910 Tag 81%11013 Demodulate 1WDRAITeyau1o4

J0ya910 Tag a1/

. To Tag./\}‘ I\/
Moduhited Data Fran Tag

Carrier Osedlior —D PA Driver _{1 Powa Aunph fier —D Maxhug Cirenit =D} Peader Covl ——

l.\lodl.tlted Data From Tag

Data O

| I” | ¢ Couparater kb Low Pay Filwr o Demodulatr ———

3U7 3.1 Block diagram U@AIN15M197119032395 IUAIUYDA Reader

3.1.1 §I4UB32395 Carrier Oscillator,PA Driver,Power Amplifier,Matching Circuit
#714U992995 Carrier Oscillater,PA Driver,Power Amplifier,Matching Circuit fldau

uHAIRIZUNAI.2
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iy

21.]171 3.2 4IUYDI2995 Carrier Osciltator,PA Driver,Power Amplifier,Matching Circuit #lgau

1995 Tue U89 Carrier Oscillator,PA Driver,Power Amplifier,Matching Circuit N 1%

L4
i findnnsinaiuie 199995Colpits X-TAL Oscillatoritlu99sa1adeyey1iCarrier 1w
14 X-TAL 13.55MHz ud1i1Us 142995 PA Driver ud29ui11dvenuniidelas Power

Amplifier drdadyauruo1ne1yds Tag an 1y

3.1.2 AIUUD92993 Power Amplifier, Matching Circuit ita¥ Reader Coil

Q
nT
/—J7 5.0
i g Cs
L 345pF
[ - i 4.’“'\("\-;"\"\ THR! f"v‘m
A ; I Reader Coil
Fom PA Drver A I £23u
- J N G3 10
' ¢ e - -
% sToeny Lo _JA° Ac6 s in
( 56 7
( 1S0pF, ey 3
| |
77 S /77 77777 /77

U 3.3 @2UYB92995 Power Amplifier, Matching Circuit 1182 Reader Coil

Rowde: Tl
L SR
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» 1 4
ATODNLUUTIUUDI Matching Circuit JUUADUNMITOBALUUAIAB 111
1 4 [-] L} T A dl
L) MABI (NQ)p, B 1Flumsduamer (N, Tunmsmai (NQ),,, Fuilosnniiu
] »
ASK Continuous Mode LLagABIN1IHAUDI Load Modulation NYALIUAIUUTag Coildoatiuns
y 4 M ¥
Step Up31n#4 Reader 39td0n 1%
N = 3 501
IR (NQ,), . 91090 1 1INANNTS
2 2513
2V rms(a” +r°7) A
2
27#:5'(?05“#0(1 (NQL)Tag

fmunald  a:Read Radius ~38x107m

2.) fUIUHIAT (NI)

Reader

(NI) gy rms =

r: Read Range = 0 — 3cm

s : Read Surface~ (5x8)cm’® = 4x107" m’

Vl"ag ~ 6‘25 Vrm.r
NQ, ~10.413
cosa =09 (+25.8)
fanu
-332 1 S
(VD) s = 2x6.25%[(38x107)? +0.032]

27 x13.56x10° x4x107 x0.9x 47 x1077 x (38x107*)? x10.413
~24522 md,
3.) ¥ut Reader Coil 10014 (3x6) 111" Loop
1{19491NABIN13HAVD Load Modulation AFAIIU N, > Ny, Fhudald

N = 1.83 7oV

Reader

UANIBI910A7 L

Reader

P ' > ' o ae & o )

f91uA 18990 LCR Meter 1w 1um L Ainnuadisedlufanaves

Parasitic Capacitance 7989932A1A21U0 Resonance ¥4 L g cader (NOAIUIUNT  Parasitic
. A -] ] ' d' d’d‘ 3

Capacitance ¥391i1 ldd e L, Ainawainldau

N13.56 MHz AL, w'lden

Reader

3.1) AM L 83 Reader Coil(L,, ) finnwudd1 18 = 1.54 uH
3.2) A1 Self Resonant Y9 Reader Coil(fm) =77.8 MHz

3.3) 11191 Parasitic Capacitance (Cp)
1

21N Cp = —#-
47[ -f.;p LRd
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wld cp = 272 pF
3.4) MBUALAUFVBI Reader Coil (Z,, )# 13.56 MHz

21N Z ag = 43192 /7 +j131.21€2

— +j135.298 Q
3.5) 91091 Z,,, 9zva L, 18970
L, - |Z,za ()]
2nf
= 1.588 uH

4) iMua BW = 1.5 MHz

5.) 9IRAN (ND),_,, 1Az IUIBUUBY Reader Coil 9218

;’. _ l _ (N])Reau'
drive = *Rd T
N.Rd
M2
1.83 '

6.) MIVDNUVV NI MATCHING
M R, laueruud Perfect MATCH : R,= 7 BWL,,
» ]
ARSI, R,=7 x1.5%x10°x 1.588x 10°=7.48 Q

P, = iy, R =0.134"x 7.48 = 134.3 mW

]

2
V.-V,
R, = [ Vee- Vessar J°_ [7-0.5171.25x 0.1343 = 251.68 Q
1.25x P,

Z, i MATCH 551313 251.68 <>7.48

Z= [251.68x7.48]" =43390

R, =Z'2R=374Q
ﬁ1u‘]mﬂ%~1ﬁ2; R,,=3.74+7.48 = 11.22 Q

P, = ig, R, =0.134" x 11.22 = 201.47 mW

o

2

R = [ VCC'VCESAT ]
‘ 1.25% P,

Z, 1 MATCH 554313 167.77 <> 11.22

1/2

= [7-05]171.25%0.20147= 167.77 Q

Z~ (167.77x11.22]" = 43.39Q
R',, =72R,=5.61 O

¥
AUINTIN3; R, ~(7.48x2)-5.61 =935 Q
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P, = iy, R, =0.134"x 9.35 = 167.89 mW

o

R = [ Ve~ Vegsar ]2
‘ 1.25x P,

Z, I MATCH 5¢HI019 201.32 «<>9.35

=[7-0571/1.25x0.16789 =201.32 Q

172

Z= [201.32x9.351" =43.39Q
R, =Z1R=4675 Q
L]
fiuInsand, R ,=(7.48x2)-4.675=10.28 Q

P, = iy, R, =0.134" x 10.28 = 184.68 mW

0

R = [ vCC"VCESAT ]2
‘ 1.25x P,

Z, W MATCH 531709 183.02 <> 10.28

= [7-0.5171.25x 0.18468 = 183.02 Q

Z= [183.02x10.28]"" =43.38Q
R,, =Z'2R=5.14 Q
fnsais; R, =(7.48x2)-5.14 =9.82 Q
P, = iy, R, =0.134"x 9,82 = 176.33 mW

Q

2
V.-V
R, = [ TCZS CEPS” ] = [7-0.5171.25x0.17633 = 191.69 Q
. X o

Z, N MATCH 32¥219 191.69 ¢>9.82

Z= [191.69x9.82]" = 43.39Q
R, =Z'PR=491 Q
fuanfaiis;  R_~(7.48x2)-4.91= 10,05 Q
P, = ig, R, =0.134"x 10.05 = 180.46 mW

[+]

R = [ Vee Versar ]2
‘ 1.25x P,

Z, T MATCH 581719 187.30 <> 10.05

=[7-05 ]2/1.25 x 0.18046 = 187.30 Q

Z= [187.30x10.05]'"" =4339
R, =Z'2R=503Q
AMIATINT, R ,=(7.48x2)-5.03=9.935 Q

P, = ig, R, =0.134" x 9.935 = 178.39 mW

V]

R = [ VCC'VCESAT ]2
: 1.25x P,

= [7-0.5171.25x0.17839 = 189.47 Q
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Z, N MATCH 581719 189.47 >9.935
Z= [189.47x9.935]" = 43.39Q
R, =2/ 2R=497 Q
A

L-C —section ;
L =2Z /27f = 43.39/27x13.56x10° ) = 509.27 nH
C=1/2TfZ = 1/2Tx13.56x10°x43.39) = 270.5 pF
|Zs| = |Z1na| = 2TIx13.56x10°x1.588x 10 =135.298 Q2

Ci= —— =86.75
) 2ﬂf|zcs| PR

3.1.36"31&‘110&‘33%5 Demodulator Ua¥ Low Pass Filter

P
e

|j © LT
1.':.?[_ ticeF

[
ad

N F77 777 % 10
j n - 2Tl i"e To Caxperame
j ; pal o L
500 -—| — I I
F5P10 % 3
. | l = F 9% Tgnr Satps 200
166 3 10 |
2 | | |
/77 7 77 777 77 /77

311 3.4 7995 DemodulatoriiazLow Pass Filter 1 19311

s

1 b
2995 DemodulatorliazLow Pass Filter N1Fuiuiindnnisiinufe Miidygim

Modulated Data 1/1%11015 Demod 1#0N13HIU p-n Junction ¥83 Q, naz1 1Ud1u Low Pass

Filter N0 indmvsadyanunnudgs 1zi W 1Ad gy o Data nduAuu uanisasney

LY
=t o

Tuglues Common Emiteri il lddygiufindum e luainidn 180 e Tadesi lurw

u o

»
a & 4
907 Inversec Comparator BNATINUY
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3.1.40UVD92303 Comparator

WAy 'y 1:}12
ik | 10x 4
47pF
VIV _[>_
; 9 Dzta oc Dma Bar
A —«--.—J
ik +| 10%
T /77
5™

» Data By o Data

319 3.5 2993Comparatori 19411

= 1

vngd U1 ssiinmsnfTouisunsidunndygiundiuniinlow Pass Filter
a [y v & i P a a o o
FovFeuuds Suilun995Adaptive Threshold Comparator Favziinsilivunasssduusai
Referencet®d 1B uu10v0d e as Input tldouudaae IWausoiSoudouns aiuldud
ar ar = o | ° = o
sy dgyga Input sdvuulas Tunaw a9 U2 sz inIsNAY aa e Logic 910 High
& N L] = Qs -é o [
iy Low n59970 Low 11U High TaosimsSoufiouussduen Output ves Ul Gafiusavu
811929 0-5V ¥ 19U Inverting Input AULTIAU A Divider UL 18y 2.5v A

Non-Inverting Input il:ﬁ'lﬁlﬁblﬁﬁ'ﬂgmﬂm Outputudy U2 ai‘,lu Logic asatuduiy Output Y83U1
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3.2 MI0ONULYIIOTIUTINUBS Tag

Di-Ds Ds _—
- B /= Bt—e ~———>T
e l Tag
L.Tag 7‘ Cp TCR Regulator VfD Tag CCT
i< ————p
Y Data

11 3.6 vAonlAvzUnIuYDI2993 Tag

' Y > 4 o 4
nnguaadliiiudnalsznoundnuesiest Tag TaoL,, Auvaaindeimii
Hhaenoimsfu-dedygusening Reader ung Tag dau Cp Hiviifidiuagess Towund
1 Q i :l A ﬂ; = [r-1} 1 ) s
Ffu L, 1R 13.56 MHz uoziiieanin Tag fildlluaiia Passive lufiundesiondau
agnielu udezlonmsmiloniwmdsan (egluzivesnszuaadu) 910 Reader Anudiumia
o { o A o dl g :
L,,, SaduiufiezAesiineonsndind (0,0, WeimbiinasInadyldduldase sy
<4 o o o ' s A a 9 a a J [ LY
W wseaun I8 liwsessngame sieniunuus wu Idasiinntsiu dmiu c it
é -] i Qo ¥ d' = o =
wulszgoimihfiaaussiuiuidonifandsnnmasading

3.2.1 M99BNLUULIIDT Tag Regulator

R Set} " 560k
910 $

F-nur Q
zusossj—
< R2
‘L.-\Bsm.z T 90k
o l O

317 3.7 d21%0399995 Tag Regulator
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1njifuaees 1ouseAuni (Regulator) 19 AU995d21A 199 ¥09 Tag  Tanld

nssamand Q, \uresutienszua uaz Q, Mimriidhineestlound (Feedback) $audu
é o L L =~ H 1]

R, 482 R, #32astiounduszdremuguusenuuaznszumoniynliiidineg dou LM 385-

1 J A ur o Y Pt Y : o

1.2 devarmyuserudrasimelugiffounduldiiidwan dmsuduneumsosnuuiesi

¥
o

=
34U

1) fmuam v,

A o -4 z or

11184910 Brown Out Detect %94 PIC fifnlszunu 4V Aoy usesfuie1vignang
299515 NYIAADI AT HAWINAT 4 V

fmuald V, ~ 43V + AV,
we AV, duussiuFiidlaiifinenms discharge 493 C, Tuumzi Reader Coil

OFF
frdmuald AF, fasznm o5V

wld V, = 43 + 05 ~ 48V

2.) MIMA R Set
&4 A F 4 v
WBIINNSSLANABINITUA

I

C2 min + [

I

Ser Bl max

i d. Qr = A r
Taeh 1., . Hunszuaf 19 lude LM 385-1.2 Widamssnamd Farzdeaiien
¥
Titesndn 20 pa AvhuSsdmualy 7., . Hewiiy 40 pA (Double for margin )

a7

Bl max

{ o o é ) v o
Funszuenuaimilyuse Q, dalidwiniu

I ~ ]OAMX
B P
I MAX ﬁ]

b 4

é i o 1 1 U
WY 1) 400 NABIMIVANIZUIN 8.5 mA UOZ2IN Datasheet 404 BC 549B wuhidisn
¥

Y

B dszunm 200 aaiuez ldawes 7

Bl max

= 8.5x10°/200 = 42.5 uA

=i T o
WU

I

Bl MAX

o P Q4 A W
l“i‘I::ﬂzuUﬂﬁzuﬁﬂllﬁaﬂ\illﬂ‘ll‘n‘lﬂ'u
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I = 40+425 = 825uA

Set

fmualfussdiuv' - v fi811V uaz9inData Sheet Y99 LM334

I, = 22TuV/R,,
] R, ~ 83927 Q 7 T =305 earuAniu
Fohidufonld

R, = 91082

Set

3) AMIA I, NIV -V =1V

210 I = oz min + Ip) gex
wld Ty min = Lo = L) mex
unue 7, uazdr [, ozl

Ioy pin = 825 A~ 425 pA

Io min = 40HA

wiruldne 7, . Sewnndnszued LM 385-12 Wlumawsnad fe 20 ua
A 5 ¥ o 1 1
wesnnluduaeumamd R Wiinmsdmuaswesl,, . 189 40 pa 2 i1ves 20 pa)

»
@

d a =® 4 ] s o
Audunszue I, o NIARIN R, UNBINDADNI3LUTNATINU09 LM 385-1.2 HUIBe

4) MIMAR, UAZ R,
A ] 9 = o ¥ o
Woenin Q, imhidusessfloundu (Feedback) samfu R, , R, uazdus

v
] ¥ o V. SR 4 ¥ o
Amuald 7., = 207, . Aszewnsmlszanalah 7., Gandesann dadu

125+V,,, = VO( L ]
R+R

30 v, = (1.25+Vm)(1+%]

wazdamnnsavimues R2 18010

Ve +Vara 1.25+ Vg,

RQ ) ‘[RZ ) 2OIB'ZmaJ(

4 I
Taon Ve = V, In| —C2min_
BE2 T IS(Qz)

4
gie Vv, = 26mV
1;(Q,) 910 SPICE Model 489 MPSA 18 wudiiAnszinm 5.911x 10" A
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1
uazAIveY 1., . UAWIAY 40.83 pA it

unuaaaluauns

wld V,,, = 0.589

I !

B2 ad
- B B

4 r o Ty
Wwafl  F AAUDY MPSA 18 910 Datasheet iU 400

([Bl <« 1C2max)

P I = 20833 nA
b 4
nmivSaunue V., waz 7,, . Mzlddwes R whify
R’ = 441.36 k§2

) A Vo Q) J 13 3 Q’: r A . {
pAsisanIne A umumAIna bl duiuldled R aaNeW1d v, winndd

Y A
ADINT £

R, = 390 k€2
a9z lAdnI1dIuY0Y % Wfu

_ Yy
Viogs +1.25

R
R,
UNUST V, uag V,, iaauns 1-18 ol

R/R, = 134

unusIR, 9114
R, = 52191 k€2
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1 A t 1 ] o g ¥ J A ' 4
uaesnnANuA N IARIna1 il daiuiedlan R Buwe 18 v, unndii

¥ -
ABIMNT fD

R, = 560 k§2
5) NIme C,
wa dv
NNAUANUAYDS C i = C—
dt
Fat] Cp =

if_‘
W

Taefl i, Ao Aszuaf C, discharge A208A3T d%[

uazderuyAldinmg discharge 404 C, Wuntzuaashiiauiiu I,

v V V e
9218 & _ AVlp-p)
dt At

frimuald AV, =1V

»
Fanu @1 33

dt  3ms

9189 C, = 1,/3333 > 8.5x10°/333.3

¥

i C, = 2550 uF
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3.2.2 MIMUINNIAT NQ V3 Tag

:po'd:::::;: "
g‘ﬂﬁ 3.8 Tag Coil ¥UA Rectangular loop
Tag Coil i Rectangular loop Y419 ~(5x8) cm’ U 1,2,3,4 unz 5 70U 1¥an
No.36 #4i)f1 Bare die (d)~ 0.36 mm , Total die ~ 0.4 mm 19311 Aua 1997 13.56

MHzAMMUAIA V=48V U0z I = 6.75 mA MUIUNIAT (NI, UD9299391 Reader

v
Vo A

coil 1Aaradl

Stepl MIMUOIL

TAG

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

cotl height ~ 0.015 ¢cm

X
Y
H
C = x+y+2h = 5+8+(2x0.015) = 13.03 cm
d. = 036mm =~ 0.4mm

b

width of cross section ~Nd,+ (N-1)0.1 mm

N(39D) 1 2 3 4 5

b(em) 0.04 0.09 0.14 0.19 0.24
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0.0276(CN)*

1N =
¥ 1.908C +9b +10h

¥
d

4 - é 1 1
(00 N fi9 91U4IUTDUUBIVARIA FIUAAUA 1 — 5 501

0.0276(13.03x1)?

vz 1A L, = =0.185 uH
" (1.908x13.03) + (9% 0.04) + (10x 0.015)
2
- 0.0276(13.03x 2) 0726 "
2 (1.908x13.03) + (9% 0.09) + (10x 0.015)
2
0.0276(13.03x 3) 605 e

L = 1908 x13.03) 4 (9x0.12)+ (10x0.015)
L 0.0276(13.03x 4)* _,
4 = 1.908x13.03)+ (9x0.19)+ (10x0.015)
L 0.0276(13.03x 5)? .
T (1.908x13.03)+(9x0.24) + (10x0.015)

806 uH

312 uH

Step2 MR Ry, A Ry, YOS Tag coil

pl,
1A R.\'(A(.') = T
A
w ~ 2
Las R."(A(:) ~ RS(A(.‘)(I + Qu )

Tatf  p: Copper Resistivity = 1.7x10° Q—m
. 1 . -1
o : Copper Conductivity =— = 5.8x10 (Q—m)
yo)

Jfruo

—

MNHAYDI Skin effect o=

1
3
o J13.56%10° x m x4 x 107 x5.8%10

~ 17.9%10°m
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7[ 2
N AAC wam Z[drz - (d; - 25)‘]

~ %[(0.3@(10'-‘)2 —(0.36x107 —0.0358x107)*]

~ %[(1.296x 107)-(1.051x107)]

~1.924x107 m?

»
NN £, 0 ATINEINEIAIANINUA = 2N (x + )

£, =(@2x1)5+8)=026 m
0., =(2x2)(5+8)=0.52 m
., =(2x3)(5+8)=0.78 m
0., =(2x4)(5+8)=1.04 m
£r=(2x5)(5+8)=130 m

¥ -8
AU R\‘(A(') ~ pr _~ 1.7x10 xi’”‘" zO.SSXfW
' A, 1.924x10
92 1A R =0.88x0.26=0.228 Q

S1AC)

Rsyouc) =0.88x0.52=0.457 Q
Rysac) = 0.88x0.78 = 0.686 Q
Rysiac) = 0.88x1.04=0.915 Q
Rysiuy =0.88x1.30=1.144 Q

2mfL, 27 x13.56x10°x L, ~8.52x107 L,

HazN 2
) RS(A(T) Rx,‘s‘(A(,‘) RS(AC)
-6
11d 0, ~8.52x10’ O8I0 _ 69 13
0.228
0.726x10™

~852x10" x—2"~ -~ -135.35]
Qo 0.457

-6
0., ~8.52x10 x09X107 150 334
0.686
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-6
Q,, ~8.52x10" x 2:806x10 " _ 261.28
0.915
“ -6
0., ~8.52x10 x 21210 _ 55, 43
1.144
Y Rl’(AC) = RsN(A(.')(l + vaz)
1 1A R ey ~0.228(1+69.1327)=1089 Q

R ysey ~ 0.457(1+135.351)) = 8372 Q

R yscy ~ 0.686(1 +199.338%) = 27.26 kQ)
R yscy = 0.915(1+261.28°) = 62.47 kQ
R soncy = 1.144(14321.138) = 117.98k Q

§t_CL3 Him Cp(rcsonancc) * RL(AC) ’ RTOT ? QL ’NQL

1N Rypr = Rp MRy ey

-HIN R,
Vocaw
|
DC(INYPK
V ¢ (v ymin Vie-any = 0.1V

109 3.9 namuand ripple filter tio13d mSumsfiuam R,

Vl)('(lN)min = Vu +1.7
A - 9 ' A A
TﬂUVI VO fe uiﬂﬂutmm‘gﬂﬂ‘um’awﬁ Tag ‘ﬁ\'l'lJﬂTlJﬁZlJ'lm 448V
AaY
VI)(f(IN) = VI)(.‘(IN)min + O'SAVIX'(IN)
=448+17 = 6.18 V
y 2
. AC(rms) _
VN L= Py =Vicuny X Trag = 52.79 mW

R(A(')
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Vicex = Vocimmn T8V e +1.5=7.74 V.
VAC(!’K’)
VAcr(rm) = \/5 =547 Vv
I/vAC(rm.\'()2
Riacy = =567.75 Q
DC(IN)

1 1

C, =~ =~
"dxt L, Antx(13.56x10°) x L,

1

C . =
M 726x10° x0.185%107

=744.5 pF
1

C .=
" 726x10°x0.726x107°

=189.7 pF
1

C =
" T26%x10” x1.605x107

=85.82 pF
1

C =
M 726x10% x2.806x107°

=49.09 pF
1

C .=
P 726%x10°%x4.312x107°

BW =

=31.94 pF
1 1

BW, =
BW, =

BW, ~

Hz

22C, Ry 27xCy, xR

Pivar vy M TOT

1

27x7.445x107"°x308.275
1

27x1.897x107"°x408.993
I

27x8.582x107""' x423.322
I

27x4.909x107" x427.060
1

27x3.194x107'' x428.438

=~ 0.693 MHz

=~ 2.051 MHz

~ 4.380 MHz

~ 7.591 MHz

~ 11.63¢ MHz

Q.=

S _ 13.56x10°

~ BW

Q.=

BW

13.56x10°

0.693x10°

=19.567
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- 13.56x10° _ .
2 2051x10°
13.56x10°
= T =309
Qs 4.380x10°
13.56x10°
- S - 1.786
Qu 7.591x10°
0= 13.56x10° 1165
Y 11.630x10°

" L=L(+ Lz)
U

L, = 0.185x10'6(1+(69.1—32)2) =0.185 uH
L,,= 0.726x107(1 +(3SJT)2) =0.726 uH
L,,= 1.605x107(1 +m) = 1,605 uH
L,,= 2.806x107(1 +M) = 2.806 uH
L, = 4.312x10'6(1+m) =4312 uH
aglmmsiiinesaieg dmsumsniaI NQ 199291574 Tag 1AA3R1519
N(turn) | blem) | L{pd) | £7(m) | Rguo( Q)| Q | Ly(uH ) | CipF) | Ry 2) | NQ
1 0.04 | 0.185 0.26 0.228 69.132 | 0.185 | 7445 1089 | 19.56
2 0.09 | 0.726 0.52 0.457 135.351 | 0.726 | 189.7 8372 | 13.22
3 0.14 | 1305 0.78 0.686 | 199.338 | 1.605 | 8582 | 27.26k | 9.28
4 0.19 | 2.806 1.04 0.915 26128 | 2.806 | 49.09 | 6247k | 7.14
5 024 | 4312 1.30 1.144 | 321.138 | 4312 | 3194 | 11798k | 5.82

4 ' = /A o
A1319h 3.1 aglsmsiiinei idiuan 1Avea2995 Tag
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Y I T
4.1.3 MINAADIINMIHRHYIHINITUT A NH

¥
e 90lviaualiiun1993 Reader 5V

® JAuTIAUVEY Tag Circuit N Tag Coil infivatiudulasiaussdungaTP1uaz TP2N

FTUTNIAN

] [ ¥
¢ 1AuLoadi 19unz 320sNMI3EN T 1R eader U Tagitl U A 1A 199 /931 250,500,750, 1kiay

No Load @191l

Y

® JUNAHANINANDY

4.1.4 MInaasaneF ATy N sModulateios ey iafiDemodulateld
r n:ly v t
¢ 918 1WiGuelAun 1995 Reader 5V

® 719 Tag @9UU Reader Coil 1Moo NINA 11U 1VUA Tag

o o a

® 14 Oscilloscope TadtyaIufi R, 489 Reader Coil itodunaz1deyq10:fiModulate 14

@ o

o ¥ Oscilloscope 10 m,,nunmﬁ Output Y83Comparator Hﬁ'wmﬁDemodulateﬁmﬂpm

o

Y o { 3
Soufeuudunedunagidaanni Demodulate 1@

4.2 HOMINARDY

4.2.1HM3NABBIN T TAMIDUATLUTVEII 103 Tag AN
devimsTammstunszuavesTaglaomsSasus sduannsen R, minudisem

nszuafTagld rnemssduiisald Falufifils R,=10To¥y unzdamwseduannasonld

»
AU 16.9 mV AINUNIS 1¥NTTUAYDS Tag 3SIMIAY

16.9 mV/10 = 1.69 mA
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4.2.2 HANTNATOUIIDISABITLAVUIIAY

Vin (V) Vo@ R, = lin@R = | Vo@R=250§2 | Tin@ R,=250€2

V) (mA) (V) (mA)
4.5 3.5 0.02 3.07 12.2
5.0 3.95 0.02 3.54 14.07
6.0 4.32 0.08 4.385 17.46
7.0 4323 0.09 4.392 17.49
9.0 4.449 0.09 4.397 17.5
12.0 4.424 0.09 4.388 17.5
15.0 4.44 0.09 4.389 17.51
18.0 4.41 0.1 4377 17.41
21.0 4.429 0.1 4.385 17.5
24.0 4.394 0.12 4.365 17.76

P o o 1 Qs @ T
A15199 4.1 AT IWTAIANUTUNUT TS NIUTIAUUAEATELUT TﬂU')ﬂ'VI V in 1A149)




4.2.3 wamsnanediamsmienhiszazaagiu

® Vv =5V R, =250 £

5%8% (cm) I, (mA) Vop (V) Vi (V)
0.000 17.46 28.62 4.356
0.500 17.48 2538 4376
1.000 17.59 21.49 4.379
1.500 17.64 12,03 4.396
2.000 17.65 6.254 4392
2.500 13.86 4985 3.494
3.000 11.83 4.36 2997

® v, =5V R _=50082

' 3
A15197 4.2 M3 euaRIRan1sNAaeiin 1R Load = 250 O

J28% (cm) I, (mA) Vi (V) Vi (V)
0.000 8.76 37.39 4379
0.500 8.76 35.68 4371
1.000 8.76 33.38 4.369
1.500 8.79 25.61 4372
2.000 8.8 21.77 4370
2.500 8.83 14.83 4.382
3.000 8.86 11.37 4.386

A15199 4.3 M auaaInanINaanddla 1R Load = 500 £




e v =5V R =750 K

75

5%8% (cm) I, (mA) Vo (V) Vip (V)
0.000 5.92 39.59 4.407
0.500 5.92 38.07 4.406
1.000 5.92 34.46 4.410
1.500 5.92 28.84 4.409
2.000 5.93 24.21 4.411
2.500 5.93 18.11 4.411
3.000 5.93 13.52 4.414

M7 4.4 13 eLaRInan I NAABTe 1R Load = 750 O
® v, =5V R, =1k

5382 (cm) I, (mA) Vi (V) Vi, (V)
0.000 4.51 40.67 4.416
0.500 4.52 39.68 4.419
1.000 4.51 36.48 4.405
1.500 45 30.01 4.406
2.000 45 25.87 4.411
2.500 4.51 17.58 4.418
3.000 451 15.79 4.423

| A
A15 4% 4.5 FI'IS‘lﬂlﬁﬂﬂﬂﬁﬂ'l‘i‘ﬂﬂﬁﬂﬂlllﬂl%R Load = 1k£2
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MC74HC390A

-2
OLocKA Q1 16 Ve cLook A —15—a Gourer [ O
RESETa | 2 15 [] CLOCK A,
Qa0 3 14 h RESET b ,___[
CLOCKB, [ ¢ 13 Q\QM, 5 11 Qg
Qga q 5 12 ] CLOCK By, CLOCK B —E‘L‘AP «5 | 610 4
COUNTER 7.9
Qg [ 6 1) Qg —"= Qp
Qoa d 7 10 {1 Qgp
PIN 16 = Ve
GND [} 8 9 1] Qpy RESET 2 14 PIN 8 = GND
Figure 1. Pin Assignment Figure 2. Logic Diagram
FUNCTION TABLE
Clock
A B Reset Action
X X H Reset
+2and+5
~ X L Increment
+2
X L Increment
+5
ORDERING INFORMATION
Device Package Shippingt
MC74HC390AN PDIP-16 500 Units / Rail
MC74HC390ANG PDIP-16 500 Units / Rail
(Pb-Free)
MC74HC390AD SOIC-16 48 Units / Rail
MC74HC390ADG SQIC-16 48 Units / Rail
(Pb—-Free)
MC74HC390ADR2 SOIC-16 2500 Units / Reel
MC74HC390ADR2G SOIC-16 2500 Units / Reel
(Pb-Free)
MC74HC390ADTR2 TSSQP-16* 2500 Units / Reel
MC74HC390ADTR2G TSSOP-16* 2500 Units / Reel
MC74HC390AF SQEIAJ-16 50 Units / Rail
MC74HC390AFG SOEIAJ-16 50 Units / Rail
{Pb-Free)
MC74HC390AFEL SOEIAJ-16 2000 Units / Reel
MC74HC390AFELG SOEIAJ-16 2000 Units / 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.
*This package is inherently Pb-Free.

‘ 'http:IIonsemi.com
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MC74HC390A

MAXIMUM RATINGS

Symbol Parameter Value Unit This device contains protection
Vee | DC Supply Voltage (Referenced to GND) -05t0+70 v ;ircuim:'1 tg guard against damage
ue to high siatic voltages or electric
Via DC Input Voltage (Referenced to GND) -05toVee+0.5 Vv fields. However. precautions must
Vout DC Output Voitage (Referenced to GND) -051t Ve +0.5 \4 be taken to avoid applications of any
lin DC tnput Current, per Pin +20 mA voltage higher than maximum rated
- voltages to this high-impedance cir-
lout DC Qutput Current, per Pin +25 mA cuit. For proper operation, Vi, and
lee DC Supply Current, Ve and GND Pins + 50 mA Vout Should be constrained to the
Pg | Power Dissipation in Still Air, Plastic DIPt 750 mw range GND =< (Viq or Vou) < Vcc.
SOIC Packaget 500 Unused inputs must always be
TSSOP Packaget 450 tied to an appropriate logic voltage
level (e.g., either GND or V).

Tsg | Storage Temperature ~ 6510+ 150 °C Unused outputs must be left open.

TL Lead Temperature. 1 mm from Case for 10 Seconds °C
Plastic DIP, SOIC or TSSOP Package 260

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. f these fimits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.

tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C

S0IC Package: - 7 mW/°C from 65° to 125°C
TSSOP Package: - 6.1 mW/°C from 65° 10 125°C

For high frequency or heavy load considerations, see Chapter 2 of the ON Semiconductor High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin, Vour | DC Input Voltage, Output Vottage (Referenced to GND) 0 Vee v
Ta Operating Temperature, All Package Types -55 +125 °C
t Input Rise and Fall Time Veg=20V 0 1000 ns
(Figure 1) Vec =30V 0 600
Ve =45V 0 500
Vee =60V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vcc =55t
Symbol Parameter Test Conditions v 25°C s 85°C | < 125°C | uUnit
Vi Minimum High-Leve! Input Vor =01VorVee-01V 2.0 15 15 15 v
Voltage llowl = 20 pA 3.0 21 21 2.1
4.5 3.15 315 3.15
6.0 42 4.2 42
Vit Maximum Low-Level Input Vor=01VorVec~-01V 2.0 0.5 0.5 05 v
Voitage Jlout] = 20 pA 3.0 0.9 09 0.9
4.5 1.35 1.35 1.35
6.0 1.8 18 1.8
Vou Minimum High-Leve! Output Vin = Vig or Vi, 2.0 1.9 1.9 1.9 v
Voltage Houl = 20 pA 4.5 44 4.4 44
6.0 59 5.9 59
Vin=ViHor VL ligwl = 24 mA 3.0 2.48 2.34 2.20
lloutl = 4.0 mA 4.5 3.98 3.84 3.70
lloutl = 5.2 mA 6.0 5.48 5.34 5.20
Vol Maximum Low-Level Qutput Vin= Vigor v, 20 0.1 0.1 0.1 Vv
Voltage Houl = 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
VinsViHor VL llowl = 2.4 mA 3.0 0.26 0.33 0.40
Mol = 4.0mA | 45 0.26 0.33 0.40
llout] = 5.2 mA 6.0 0.26 0.33 0.40

ety

http:/fonsemi.com
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MC74HC390A

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vee | ~S5t0
Symbol Parameter Test Conditions v 25°C < 85°C | s 125°C [ unit
lin Maximum Input Leakage Vin = Ve or GND 6.0 0.1 1.0 +1.0 WA
Curent
lec Maximum Quiescent Supply Via = Ve or GND 6.0 4 40 160 1A
Current (per Package) lout = 0 pA

NOTE: Information on typical parametric values can be found in Chapter 2 of the ON
(DL129/D).

AC ELECTRICAL CHARACTERISTICS (C( = 50 pF, Input t; = t; = 6 ns)

Semiconductor High-Speed CMOS Data Book

Guaranteed Limit
Veg | —-55t0
Symbol Parameter v 25°C < B5°C | = 125°C | Unit
fnax Maximum Clock Frequency (50% Duty Cycle) 2.0 10 9 8 MHz
{Figures 1 and 3) 3.0 15 14 12
4.5 30 28 25
6.0 50 45 40
tPLH. Maximum Propagation Delay, Clock A to QA 20 70 30 90 ns
terL (Figures 1 and 3) 30 40 45 50
45 24 30 36
6.0 20 26 31
tPLH. Maximum Propagation Delay, Clock A to QC 2.0 200 250 300 ns
tPHL (QA connected to Clock B) 30 160 185 210
{Figures 1 and 3} 4.5 58 65 70
60 49 62 €8
toLH. Maximum Propagation Delay, Clock B to QB 20 70 80 90 ns
tPHL {Figures 1 and 3) 3.0 40 45 50
45 26 33 39
6.0 22 28 33
teLH, Maximum Propagation Delay, Clock B to QC 20 90 105 180 ns
tpHL (Figures 1 and 3) 3.0 56 70 100
4.5 37 46 56
6.0 31 39 48
tpLH. Maximum Propagation Delay, Clock B to QD 2.0 70 80 90 ns
tpHe (Figures 1 and 3) 3.0 40 45 50
4.5 26 33 39
6.0 22 28 33
tpHL Maxirmum Propagation Delay, Reset to any Q 2.0 80 95 10 ns
(Figures 2 and 3) 3.0 48 65 75
4.5 30 38 44
6.0 26 33 39
trLH, Maximum Output Transition Time, Any Qutput 20 75 95 110 ns
truL (Figures 1 and 3) 3.0 27 32 36
4.5 15 19 22
6.0 13 15 19
Cin Maximum Input Capacitance - 10 10 10 pF
1. For propagation delays with loads other than 50 pF, see Chapter 2 of the ON Semiconductor High~Speed CMOS Data Book (DL129/D).
2, Information on typical parametric values can be found in Chapter 2 of the ON Semiconductor High-Speed CMOS Data Book (DL129/D).
Typical @ 25°C, Vce = 5.0V
Cpp Power Dissipation Capacitance (Per Counter}* 35 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vec2f + lec V. Forload considerations, see Chapter 2 of the
ON Semiconductor High~Speed CMOS Data Book (DL 129/D).

ftp://onsemi.com
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MC74HC390A

TIMING REQUIREMENTS (Input t, = t; = 6 ns)

Guaranteed Limit
VCC -55to
Symbol Parameter v 25°C < 85°C | < 125°C | Unit
trec Minimum Recovery Time, Reset Inactive to Clock A or Clock B 20 25 30 40 ns
(Figure 2) 3.0 15 20 30
45 10 13 15
6.0 9 1" 13
tw Minimum Pulse Width, Clock A, Clock B 20 75 95 110 ns
(Figure 1) 30 27 32 36
45 15 19 22
6.0 13 15 19
ty Minimum Puise Width, Reset 20 75 95 110 ns
(Figure 2) 3.0 27 32 36
45 20 24 30
6.0 18 22 28
te, 1 Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 3.0 800 800 800
4.5 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 2 of the ON Semiconductor High-Speed CMOQOS Data Book

{DL129/D).

PIN DESCRIPTIONS

INPUTS
Clock A (Pins 1, 15) and Clock B {Pins 4, 15)

Clock A is the clock input to the + 2 counter; Clock B is
the clock input to the + 5 counter. The internal flip—flops are
toggled by high—to—low transitions of the clock input.

CONTROL INPUTS
Reset (Pins 2, 14)

Asynchronous reset. A high at the Reset input prevents
counting, resets the internal flip—flops, and forces Qa
through Qp low.

OUTPUTS
Q, (Pins 3, 13)

Output of the + 2 counter.

Qg, Qc, Qp (Pins 5, 6,7, 9,10, 11)

Outputs of the + 5 counter. Qp is the most significant bit.
Qa is the least significant bit when the counter is connected
for BCD output as in Figure 4. Qg is the least significant bit
when the counter is operating in the bi—quinary mode as in
Figure 5.

SWITCHING WAVEFORMS
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CLOCK
GND

80% | 4
Q 50%
10%
iy traL
Figure 3.
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— Voo
RESET 50%
\— GND
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— Vee
CLOCK 50%
GND
Figure 4.
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MC74HC390A

TEST CIRCUIT
TEST POINT
ouTeuT
DEVICE
UNDER
TEST I o

*Includes all probe and jig capacitance
Figure 5.

EXPANDED LOGIC DIAGRAM

clocka =2 . 0

clockp 212 $c  0l—
—dq 0 R Qp 511 Qp
B
—c Q
—CPD n OP {>6'1° Qc
iy
—q>C
—qp , op DT’Q Qp
RESET 2
TIMING DIAGRAM
(Qa Connected to Clock B)
Lo Il adal el sl el slelslol vl 2l ol ol s 6l

CLOCK A

reser [ |
o [ LT 1 0 LI LI LI 1J L
11 I
el r | [
o _| I L

ot - i

hﬁb:ﬂonsemi.coh
]



MC74HC3S0A

APPLICATIONS INFORMATION

Each half of the MC54/74HC390A has independent + 2 To obtain a bi—quinary count sequence, the input signals
and+ 5 sections (except for the Reset function). The + 2 and connected to the Clock B input, and output Qp is connected
+ 5 counters can be connected to give BCD or bi—quinary to the Clock A input (Figure 5). Qa provides a 50% duty
(2-5) count sequences. If Qutput Q4 is connected to the cycle output. The bi—quinary count sequence function table
Clock B input (Figure 4), a decade divider with BCD output is given in Table 2.

is obtained. The function table for the BCD count sequence
is given in Table 1.

Table 1, BCD Count Sequence* Table 2. Bi-Quinary Count Sequence**
Output Output

Count Qp Q¢ Qg Qa Count Qp Qp Qe Qp
[ L L L L [ L L L L

1 L L L H 1 L L L H

2 L L H L 2 L L H L

3 L L H H 3 L L H H

4 L H L L 4 L H L L

5 L H L H 8 H L L L

6 L H H L 9 H L L H

7 L H H H 10 H L H L

8 H L L L 11 H L H H

9 H L L H 12 H H L L

(24 connecled to Tlock B input. **Qp connected to Clock A input.

CONNECTION DIAGRAMS

1,15 3,13 1,15 3,13
CLOCKA —————> +2 0a CLOCKA [—— +2 |————
COUNTER COUNTER
— —
5,11 5, 11
CLOCK B a2 4 610 % clocks 212 L g5 5 6,10 %
CONTER 79 0 COUNTER—— 5~ @
f—l Qp : Qp
) nesey 24—

RESET

Figure 6. BCD Count Figure 7. Bi-Quinary Count
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Typical Electrical Characteristics (continued)

BS170 / MMBF170
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Figure 11. Switching Test Circuit.
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Electrical Characteristics (T, = 25°C unless otherwise noted)

Symbol IParameter Conditions Type I Min I Typ ] Max | Units
OFF CHARACTERISTICS
BVyqs Drain-Source Breakdown Voltage Vg =0V, 1,= 100 pA Al 60 v
loss Zero Gate Vottage Drain Current Vi =25V, V=0V Al 05 A
loeer Gate - Body Leakage, Forward Vos = 15V, V=0V All 10 nA
ON CHARACTERISTICS ot 1)
Vosay Gate Threshold Voltage Vs = Vo, Ip = TmA Al 08 | 21 3 \Y
Reson Static Drain-Source On-Resistance Vs = 10V, I, =200 mA All 1.2 5 (9]
Ges Forward Transconductance Voo =10V, |, =200 mA BS170 320 mS
Vos 2 2 Vpgo Ip =200 mA MMBF170 320
DYNAMIC CHARACTERISTICS
C. Input Capaditance Vs =10V, V=0V, All 24 40 pF
C. Output Capacitance f=10MHz Al 17 | 30 | pF
Cou Reverse Transfer Capacitance All 7 10 pF
SWITCHING CHARACTERISTICS wote 1)
t, Tum-On Time Vo =20V, |, =200mA, BS170 10 ns
Vs =10V Ry, =250)
Voo =25V, |, =500 mA, MMBF 170 10
Vee =10V, R, = 5002
bt Tum-Off Time Vpg T25V, |, =200m A, BS170 10 ns
Ves =10V, Ry, = 2502
Vo =25V, I, =500 mA, MMBF170 10
Vi = 10V. Ry, =500

Nota:
1. Pulse Test: Pulsa Width < 300ps, Duty Cycle < 2.0%.

BS170 Rev. C /MMBF170 Rev. D




Typical Electrical Characteristics

\-’G5 . GATE TO SOURCE VOLTAGE (v}

Figure 5. Transfer Characteristics.

BS170 / MMBF170
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Typical Electrical Characteristics (continued)
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KE E SEMICONDUCTOR KTD882

KOREA ELECTRONICS CO.LTD. TECHNICAL DATA EPITAXIAL PLANAR NPN TRANSISTOR

AUDIO FREQUENCY POWER AMPLIFIER )
LOW SPEED SWITCHING B
FEATURES
+ Complementary o KTB772,
DiM M{LIIMETERS
MAXIMUM RATINGS (Ta=257C) T e
T c 07
CHARACTERISTIC SYMBOL{ RATING | UNIT o 03.:;20.1
E X
F 11.0£0.3
Collector-Base Voltage Veso 40 vV c 25 MAX
H 1.0 MAX
Collector-Emitter Voltage Vero 30 v T oreis
L 140 MIN
Emitter-Base Voltage Vo 5 v 4 [ 2361
i N 0.75£0.15%
Collector De 3 LBt Ty
I A 3 BaSE
Current Pulse (Note) 7
Base Current (DC) 1 06 A
il - TO-126
Collector Power | 1a=25C 1.5
. e . Pc W
Dissipation Te=25T 10
Junction Temperature T, 150 T
Storage Temperature Range Ty -55~150| T
Note : Pulse Width =£10mS, Duty Cycle=50%.
ELECTRICAL CHARACTERISTICS (Ta=257T)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector Cut-off Current Teno Ve=30V, =0 - - 1 A
Emitter-Cut-off Current Ieno V=3V, I¢=0 - - 1 A

h|:1-;(]) \"U{:ZV, IL=2()rnA 3() ]50 -
DC Current Gain * hre(2)
’ V=2V, Ie=1A 160 160 400
(Note)
Collector-Emitter * .
S rrr e =9 = -
Saturation Voltage Vettsao le=2A, 1=02A 0.3 05 \Y
Base-Emitter ® . ,
. = =07 _
Saturation VO“ZHEC ‘VISI:(:"M IL A ' I]l OuA 10 20 A\
Current (zain Bandwidth Product f- Vee=aV, Ie=01A - a9a) - Mz
Collector Output Capacitance Cub V=10V, I1:=0, f=1MHz - 45 - pF
* Pulse Test : Pulse Width<350uS, Duty Cycle=2% Pulsed
Note: hee(2) Classification O100~200  ,  Y:160-320  ,  GR200~400

1998. 8. 17 Revision No @1 KEE 1/3



KTD882
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&7 LM193, LM193A, LM293,
Y/ LM293A, LM393, LM393A

Low Power Dual Voltage Comparators

m Wide single-supply voltage range or dual
supplies: +2V to +36V or £1V to +18V N
& Very low supply current {0.4mA) independent w 'DIPB
of supply voltage (1mW/comparator at +5V) H (Ptastic Package)
®m Low input bias current: 25nA typ.
. D
B Low input offset current: +5nA typ.
- P YP ﬁ SO-8
& Low input offset voltage: x1mV typ. (Plastic Micropackage)
@ Input common-mode voltage range includes
ground P
®m Lowoutput saturation voltage: 250mV typ. {lo= \ ) . TSSOP8 .
4mA) A (Thin Shrink Small Outline Package)
m Differential input voltage range equal to the S
ly volt
supply vollage -5 Mini SO-8
m TTL, DTL, ECL, MOS, CMOS compatible (Plastic Micropackage)
outputs
Description ‘ _ ,
Pin connections (top view)
These devices consist of two independent low
voltage comparators designed specifically to 1-Output 1
operate from a single supply over a wide range of 0 ~ P 2- !nverflng u?put"l
voltages. Operation from spiit power supplies is N 3 - Non-inverting input 1
also possible. L] =7 4-Vee
] 3[4{/’ ~HJe 5 - Non-inverting input 2
These comparators also have a unique L~ [ 6 - Inverting input 2
s . ]
characteristic in that the input common-mode ] THE 2l Output 2
voltage range includes ground even though 8-Veet
operated from a single power supply voitage.

February 2006 Rev. 6 1/15
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Order Codes

LM193, LM193A, LM293, LM293A, LM393, LM393A

1 Order Codes
Temperature . .
Part Number Range Package Packing Marking
LM193AD/LM193ADT SO-8 Tube or Tape & Reel
LM193AN DIP8 Tube
-55°C, +125°C

LM193D/LM183DT S0O-8 Tube or Tape & Reel
LM193N DIP8 Tube
LM293AD/LM293ADT S0-8 Tube or Tape & Ree!
LM293AN DIP8 Tube
LM293D/LM293DT S0-8 Tube or Tape & Reel
LM2S3N -40°C, +105°C DIP8 Tube

TSSOPS
LM293PT (Thin Shrink Cutline Tape & Reel

Package}
LM293ST Mini SO-8 Tape & Reel
LM393AD/LM393ADT S0O-8 Tube or Tape & Reel
LM393D/LM393DT SO-8 Tube or Tape & Reel
LM393N DiP8 Tube

(s} 70(}
0°C, +70°C TSSOP8

LM3S3PT (Thin Shrink Outline Tape & Reel

Package)
LM393ST Mini SC-8 Tape & Reel
LM383YDT/YD -40°C, +125°C SO-8 (automolive | 0 o Tape & Reel

grade level)
—
2/15 AYS




LM193, LM193A, LM293, LM293A, LM393, LM393A Schematic Diagram (1/2 LM193)

2 Schematic Diagram (1/2 LM193)

+
VCC

3.5nA i00u 3.5pA 65 100pA

L

—a
Non-inverting
Input
V
_ _ 0
Vee Vee !
Inverting
Input L I/

cc
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Absolute Maximum Ratings

LM193, LM193A, LM293, LM293A, LM393, LM393A

3

415

Absolute Maximum Ratings

Table 1.  Key parameters and their absolute maximum ratings
Symbol Parameter Value Unit
Vee Supply Voitage +18 or 36 A
Vig Differential Input Voltage +36 Vv
Vi Input Voltage -0.3 to +36 Vv
Output Short-circuit to Ground - note () Infinite
Power Dissipation @
DIP-8 1250
Pa SO-8 710 mw
TSSOP8 €625
Mini SO-8 580
Tstg Storage Temperature Range -65 to +150 °C
1. Short-circuits from the output to V" can cause excessive heating and eventual destruction. The
maximum output current is approximately 20mA independent of the magnitude of V"
2. Pdis calculated with T, = +25°C, T; = +150°C and
Rynja = 100°C/W for DIP8 package
Rinja = 175°C/W for SO-8 package
Rynja = 200°C/W for TSSOP8 package
Rinja = 215°C/W for Mini 80-8 package
Table 2. Operating conditions
Symbol Parameter Value Unit
Viem Common Mode Input Voltage Range OtoVget-1.5 v
Operating Free-Air Temperature range
T LM193, A -55to +125 oc
oper
LM293, A -40to0 +105
LM393, A Oto+70

7




LM193, LM193A, LM293, LM293A, LM393, LM393A Electrical Characteristics

4 Electrical Characteristics
Table 3. Vet = +5V, Ve = 0V, Tymp = +25°C (unless otherwise specified)
LM193A - LM293A LM$93- LM293
Symbol Parameter LM393A LM393 Unit

Min. | Typ. Max. Min | Typ. Max.

input Offset Voltage - note '/
Vie | Tamp = +25°C 1 2 1 5 mv
Tmin s Tamb < Tmax 4 9
Input Offset Gurrent
Tamb = +25°C 3 25 5 50 nA
Tmin S Tamb € Tmax 100 150
Input Bias Current (I* or I'} - note t2)
Tamp = +25°C 25 100 25 250 nA
Tmin € Tamb £ Tmax 300 400
Large Signal Voltage Gain VimV
Voo = 15V Ry = 15k .V, = 1V to 11V 50 200 50 200

Supply Current (ail comparators)
'CC VCC = +5V, no load 0.4 1 0.4 1 mA
Ve = +30V, no load 1 2.5 1 25

Input Common Mode Voltage Range - note @)

V. Vee = 30V v
€M Toamp = +25°C 0 Vect-151 0 Vet -15

Trmin € Tamb < Tmax 0 Vet -2 0 Veet -2

min =
Vg [Differential Input Voltage -note 4 Veo' Veet

Low Level Qutput Voltage
Vid = -1V, Isink = 4mA

VOU |1, = 425°C 250 | 400 250 | 400 | ™
Trmin € Tams < Tmax 700 700

High Level Output Current (Vg = 1V)
[ Vee = Vg = 30V

O | Tamp = +25°C 0.1 0.1 nA
Trin = Tamb € Trmax 1 1 pA
| Output Sink Current mA
SINK Tyi= 1V, V, = 1.5V 6 | 16 6 16

Response Time - note &
Ry = 5.1k connected to V' 1.3

Large Signal Response Time
trel |R = 5.1kQ connected to V¥, ¢, = TTL, ns
V(IE') = +1 .4\.’ 300 300

tre 1.3 18

1. At output switch point, Vj, = 1.4V, Ry = 0 with Voo* from 5V to 30V, and over the full common-mode range (OV to Vec* -
1.5V)

2. The direction of the input current is out of the IC due 1o the PNP input stage. This current is essentially constant,
independent of the state of the output, so no loading charge exists on the reference of input lines.

3. Theinput common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V, The
upper end of the common-mode voltage range is V' -1.5V, but either or both inputs can go to +30V without damage.

4. The response time specified is for a 100mV input step with 5SmV overdrive. For larger overdrive signals 300ns can be
obtained.

5. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the
common-mode range, the comparator will provide a proper output state. The low input voltage state must not be less than -
0.3V (or 0.3V bellow the negative power supply, if used).

br 515




Electrical Characteristics LM193, LM193A, LM293, LM293A, LM393, LM393A

Figure 1. Supply current vs. supply voltage  Figure 2. Input current vs. supply voltage
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MC74HC4060A

MAXIMUM RATINGS*

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vi, and
Vout should be constrained to the
range GND = (Vin of Vout) = Ve

Unused inputs must always be
tied to an appropriate togic voitage
level (e.g.. either GND or Vo)
Unused outputs must be left open.

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0510+70 v
Vin DC Input Voltage (Referenced to GND) -05toVee+05| V
Vout | DC Output Voltage {Referenced to GND) -05tovVep+05) V
lin DC Input Current, per Pin 20 mA
lout DC Output Current, per Pin +25 mA
Icc DC Supply Current, Vo and GND Pins 50 mA
Pp Power Dissipation in Still Air, Plastic DIPT 750 mw
SOIC Packaget 500
TSSOP Packaget 450
Tstg Storage Temperature Range -65to+ 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds *C
Piastic DIP, SOIC or TSSOP Package 260

*Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C

SOIC Package: - 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mwW/°C from 65° to 125°C

For high frequency or heavy load considerations, see Chapter 2 cf the ON Semiconductor High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 2.5* 6.0 \Y
Vin. Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 vee Vv
TA Operating Temperature Range, All Package Types -55 |+125 | °C
t i Input Rise/Fall Time Veo=20V ]| © 1000 | ns
(Figure 1) Voo =45V 0 500
Veg=6.0V 0 400

*The osciliator is guaranteed to function at 2.5 V minimum. However, parametrics are tested
at 2.0 V by driving Pin 11 with an external clock source.

DC CHARACTERISTICS (Voltages Referenced to GND)

Vee Guaranteed Limit
Symbot Parameter Condition v —55to 25°C } <85°C |} 5125°C | Unit
ViH Minimum High-Leve! Input Vout = 0.1V or Voo 0.1V 20 1.50 1.50 1.50 \
Voltage llout! s 20pA 30 210 210 210
45 315 3.15 3.15
6.0 4.20 4.20 4.20
VIL Maximum Low-Level Input Vout=0.1Vor Vo - 0.1V 20 0.50 0.50 0.50 v
Voltage Hout! < 20pA 3.0 0.90 090 { 0890
4.5 1.35 1.35 1.35
6.0 1.80 1.80 1.80
VoH Minimum High—Leve! Qutput Vin=V)H or Vi 20 1.9 1.9 1.9 v
Voltage (Q4-Q10, Q12-Q14) Hout! < 20uA 45 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorviL  lloutl <24mA | 3.0 2.48 234 2.20
lloutl s40mA | 45 3.98 3.84 3.70
llgutl <5.2mA | 6.0 5.48 534 520

' http://onsemi.com
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MC74HC4060A

DC CHARACTERISTICS (Voltages Referenced to GND)

Vee Guaranteed Limit
Symbol Parameter Condition v =55 t0 25°C | <BS°C | £125°C | Unit
VoL Maximum Low-Level Output Vin=V|H or ViL 2.0 0.1 0.1 0.1 v
Voltage (Q4-Q10, Q12-Q14) Houtl = 20uA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=V|HorViL floutl€24mA | 3.0 0.26 0.33 0.40
[loutl s4.0mA | 4.5 0.26 0.33 0.40
llouti £5.2mA | 6.0 0.26 0.33 0.40
VOH Minimum High-Leve! Output Vin = Vgg or GND 20 1.9 1.9 19 v
Voltage (Osc Out 1, Osc Out 2) lloutl < 20pA 45 4.4 4.4 44
6.0 59 59 59
Vin=Voc or GND  [lgytl<0.7mA | 3.0 2.48 234 220
lloutl < 1.0mA | 4.5 3.98 3.84 3.70
loutts 1.3mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = Veg or GND 2.0 0.1 0.1 01 v
Voltage (Osc Qut 1, Osc Qut 2) llout] < 20pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Vgg orGND  lguf s 0.7mA | 3.0 0.26 0.33 0.40
loutl < 1.0mA | 4.5 0.26 0.33 0.40
lloutl = 1.3mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi = Vo or GND 6.0 +0.1 +1.0 1.0 pA
Icc Maximum Quiescent Supply Vin=Vgg or GND 6.0 4 40 160 HA
Current (per Package) lout = OpA
NOTE: Information on typical parametric values can be found in Chapter 2 of the ON Semiconductor High—-Speed CMOS Data Book
(DL129/D).
AC CHARACTERISTICS (C| = 50 pF, Input t; = tf = 6 ns)
Guaranteed Limit
Vce
Symbol Parameter v -55to 25°C <85°C <125°C Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 20 6.0 9.0 8.0 MHz
(Figures 1 and 4) 3.0 10 14 12
45 30 28 25
6.0 50 45 40
tPLH. Maximum Propagation Delay, Osc In to Q4* 2.0 300 375 450 ns
tpHL | (Figures 1 and 4) 30 180 200 250
4.5 60 75 90
6.0 51 64 75
tPLH, Maximum Propagation Delay, Osc In fo Q14* 2.0 500 750 1000 ns
tPHL (Figures 1 and 4) 3.0 350 450 600
4.5 250 275 300
6.0 200 220 250
tPHL Maximum Propagation Delay, Reset to Any Q 2.0 195 245 300 ns
(Figures 2 and 4) 3.0 75 100 125
45 39 49 61
6.0 33 42 53
tPLH. Maximum Propagation Deiay, Qn to Qn+1 20 75 95 125 ns
IPHL (Figures 3.and 4) 3.0 60 75 95
4.5 15 19 24
6.0 13 16 20

http://onsemi.com
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AC CHARACTERISTICS (C|_ = 50 pF, Input t; = tf = 6 ns) - continued

MC74HC4060A

vee Guaranteed Limit
Symbol Parameter v -55to0 25°C <85°C £125°C Unit
tTLH, Maximum Qutput Transition Time, Any Output 2.0 75 a5 110 ns
tTHL (Figures 1 and 4) 30 27 32 36
45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance 10 10 10 pF

NOTE: For propagation delays with lpads other than 50 pF, and information on typical parametric values, see Chapter 2 of the ON

Semiconductor High-Speed CMOS Data Book (DL129/D).

* For Ta = 25°C and C|_ = 50 pF., typical propagation delay from Clock to other Q outputs may be calculated with the following equations:

Vee=2.0V:tp =[93.7 + 59.3 (n-1)] ns
Vee = 3.0 Vitp = [61.5+ 34.4 (n-1)] ns

VCC =45V tp= [30.25 + 14.6 (n—1)] ns
Vee =60V ip=(24.4+ 12 (n-1)] ns

Cprp

Power Dissipation Capacitance (Per Package)*

Typical @ 25°C, Ve =50V

35

pF

* Used to determine the no-load dynamic power consumption: Pp=Cpp veedi+ice V¢ . Forioad considerations, see Chapter 2 of the

ON Semiconductor High-Speed CMOS Data Book (DL.129/D).

TIMING REQUIREMENTS (Input t, = t = 6 ns)

Guaranteed Limit

vce
Symbol Parameter v -55to 25°C <85°C <125°C Unit
trec Minimum Recovery Time, Reset inactive to Clock 20 100 125 150 ns
(Figure 2) 30 75 100 120
45 20 25 30
6.0 17 21 25
tw Minimum Pulse Width, Clock 20 75 95 110 ns
(Figure 1) 3.0 27 32 36
45 15 19 23
6.0 13 16 19
by Minimum Pulse Width, Reset 20 75 95 110 ns
(Figure 2) 3.0 27 32 36
45 15 19 23
6.0 13 16 19
tr. tf Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 30 800 800 800
45 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 2 of the ON Semiconductor High-Speed CMOS Data Book
(DL129/D).
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MC74HC4060A

PIN DESCRIPTIONS

INPUTS
Osc In (Pin 11)

Negative—edge triggering clock input. A high—-to—low
transition on this input advances the state of the counter. Osc
In may be driven by an external clock source.

Reset (Pin 12}

Active-high reset. A high level applied to this input
asynchronously resets the counter to its zero state (forcing
all Q outputs low) and disables the oscillator.

QUTPUTS

Q4—Q10, Q12-Q14 ({Pins 7, 5,4, 6,13, 15,1, 2, 3)
Active—high outputs. Each Qn output divides the Clock

input frequency by 2N, The user should note the Q1, Q2, Q3

and Q11 are not available as outputs.

Osc Out 1, Osc Out 2 (Pins 9, 10}

Oscillator outputs. These pins are used in conjunction
with Osc In and the external components to form an
oscillator. When Osc In is being driven with an external
clock source, Osc Out 1 and Osc Out 2 must be left open
circuited. With the crystal oscillator configuration in Figure
6, Osc Out 2 must be left open circuited.

SWITCHING WAVEFORMS

———Vcc

GND

MMax "
1PLH IpHL —4

ITLH ITHL

Figure 1.

Qn 50%

On+t

Figure 3.

lw_b

R vee

; GND

Resel 50%

IPHL

Q 50%

0scin 50% *
GND

Figure 2.

TEST
POINT

OouTPUT
DEVICE
UNDER

“Includes all probe and jig capacitance

Figure 4. Test Circuit
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MC74HC4060A

Q4 Q5 012 Q13
7 5 1 2

ap--—P ¢ of—fc OF—---->C op—3PCc aep—pPc

R
Osc Out 2 | I _l l
Q6 =Pind Q10 = Pin 15
Q7=Pinb Ve = Pin 16
Osc Out 1 Q8 =Pin 14 GND = Pin8
Q9 =Pin 13

Figure 5. Expanded Logic Diagram

For 20V Vg 260V
10Rc > Rg > 2Ry¢
400Hz < f < 400Khz:

Reset

1 . . .
[ = ——— {f in Hz, Ry, in ohms, Ci. in farads)
3 RICCIC tc ic

The formula may vary for othes frequencies.

Figure 7. Pierce Crystal Oscillator Circuit

http:llonsemi.com
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MC74HC4060A

TABLE 1. CRYSTAL OSCILLATOR AMPLIFIER SPECIFICATIONS (T = 25°C; Input = Pin 11, Cutput = Pin 10)

Type Positive Reactance (Pierce)

Input Resistance, Rip 60MQ Minimum
Output Impedance, 2oyt (4.5V Supply) 20062 {See Text)
Input Capacitance, Cjp 5pF Typical
Output Capacitance, Cqt 7pF Typical
Series Capacitance, Cy 5pF Typical
Open Loop Voltage Gain with Qutput at Full Swing, « 3Vdc Supply | 5.0 Expected Minimum

4Vdc Supply | 4.0 Expected Minimum

5Vdc Supply | 3.3 Expected Minimum

6Vdc Supply | 3.1 Expected Minimum

PIERCE CRYSTAL OSCILLATOR DESIGN

Rg ls Cs

1 2 _ 1 2 — i Re Xe 2
o—ll—o = o = O—WA—C—0
I
it

Vaiue are supplied by crystal manufacturer {parallel resonant crystal).

Figure 8. Equivalent Crystal Networks

Rs

wf T

Uoad Xjoad ! !

—XCs ]— -iXc -i= Cin == Coul

NOTE: C = C1 + Cip and R = R1 + Ry Cg is considered as part of o
the load. Cz and Ry typically have minima effect below 2MHz. Values are listed in Table 1

Ripad

Figure 9. Series Equivalent Crystal Load Figure 10. Parasitic Capacitances of the Amplifier

http://onsemi.com
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MC74HC4060A

DESIGN PROCEDURES

The following procedure applies for oscillators operating below 2MHz where Z is a resistor R1. Above 2MHz, additional
impedance elements should be considered: Cgyyt and C, of the amp, feedback resistor Rt. and amplifier phase shift error from
180°C.

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation.

_ ~iXCo(Rs + jXLg - jXCg)
- —iXCo + Rs + XL — XCg
Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency.
The maximum Rg for the crystal should be used in the equation.

Step 2: Determine B, the attenuation, of the feedback network. For a closed-loop gain ot 2,Ayp = 2, = 2/Ay where Ay is
the gain of the HC4060A amplifier.

Step 3: Determine the manufacturer’s loading capacitance. For example: A manufacturer may specify an external load
capacitance of 32pF at the required frequency.

Step 4: Determing the required Q of the system, and calculate R|gad, For example, a manufacturer specifies a crystal Q of
100,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then Rjpad = (2nfoLs/Q) — Rg where Lg and R are
crystal parameters.

= Re + jXe

e

Step 5: Simultaneously solve, using a computer,

- XC - Xc2
R Re + XC2 (Xe — XC)

B (with feedback phase shift = 180°) (Eq1)

ReXC2
R

Xe = XCc2 + XC + = XClgaqg (where the loading capacitor is an external load, not including Cq) (Eq2)

. RXCoXC2 [(XC + XC2)(XC + XCg) = XCXC + XCg + XC2)] (Eq3)
load = q
o X202(XC + XCo)2 + RAXG + XCq + XC2)2

Here R = Royt + R1. Royt is amp output resistance, R1 is Z. The C corresponding to X is given by C = C1 + Cjp.
Alternately, pick a value for R1 (i.e, let Rl = Rg). Solve Equations | and 2 for C1 and C2. Use Equation 3 and the fact that
Q= 2rfoLs/(Rs + Ripad) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure.

CHOOSING R1 the tirst overtone. Rymust be large enough so as to not affect
Power is dissipated in the effective series resistance of the the phase of the feedback network in an appreciable manner.

crystal. The drive level specified by the crystal manufacturer ACKNOWLEDGEMENTS AND RECOMMENDED

is the maximum stress that a crystal can withstand without REFERENCES

damage or excessive shift in frequency. R1 limits the drive The following publications were used in preparing this

level. data sheet and are hereby acknowledged and recommended
To verify that the maximum dc supply voltage does not for reading:

overdrive the crystal, monitor the output frequency as a Technical Note TN-24, Statek Corp.

function of voltage at Osc Out 2 (Pin 9). The frequency Technical Note TN-7, Statek Corp.

should increase very slightly as the dc supply voltage is D. Babin, “Designing Crystal Oscillators”, Machine

increased. An overdriven crystal will decrease in frequency Design, March 7, 1985.

or become unstable with an increase in supply voltage. The D. Babin, “Guidelines for Crystal Oscillator Design™,

operating supply voltage must be reduced or R! must be Machine Design, April 25, 1985.

increased in value if the overdriven condition exists. The

user should note that the oscillator start-up time is ALSO RECOMMEND_ED FOR READING:

E. Halner. “The Piezoelectric Crystal Unit-Definitions

proportional to the value ot R1.
and Methed of Measurement™, Proc. IEEE, Vol. 57, No. 2,

SELECTING R¢ Feb., 1969,

The feedback resistor, Ry, typically ranges up 1o 20MQ Ry D. Kemper, L. Rosine. “Quartz Crystals for Frequency
determines the gain and bandwidth of the amplifier. Proper Control™, Electro-Technology, June, 1969,
bandwidth insures oscillation at the correct frequency plus P. J. Ouowitz, A Guide to Crystal Selection”, Electronic
roll-off to minimize gain at undesirable frequencies, such as Design, May, 1966.
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MC74HC4060A

16 64 128 256 512 1024 2048 4096 2192 16384
Clock WTTTTTTTTTTTTT
Resel ~ ]

o I I I I I e N EE A A I N B
05 M1 "1 """
Q6 rMme—-1rT.1r1T"1"1 "1 "1 "1_
a7 | Y " I I H F i A A A
08 | I ' I I I N N
9 M """ _"1 "1
Q10 [ L1 _"L_"1L_
a1z "1 _"1_
Q13 [ L1
a4 —1

Figure 11. Timing Diagram
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPSH10/D

VHF/UHF Transistors

NPN Silicon

MPSH10
MPSH11

Motorola Preferred Devices

CASE 29-04, STYLE 2
TO-92 (TO-226AA)

COLLECTOR
3
1
BASE
2
EMITTER
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector~Emitter Voltage VCEQ 25 Vdc
Collector—-Base Voltage VCBO 30 Vde
Emitter—Base Voltage VEBO 3.0 Vdc
Total Device Dissipation @ Ta = 25°C Pp 350 mw
Derate above 25°C 28 mw/eC
Total Device Dissipation @ T¢ = 25°C Pp 1.0 Watts
Derate above 25°C 8.0 mwreC
Operating and Storage Junction Ty Tstg -5510 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermat Resistance, Junction to Ambient RgJa 357 ‘CW
Thermal Resistance, Junction to Case Reuc 125 °CW

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic

T Symbol l

Min | Max |

UnltJ

OFF CHARACTERISTICS

Collector—Emitter Breakdown Voltage V(BR)CEO 25 — Vde
{lc=1.0mAdc,ig=0)

Collector-Base Breakdown Voltage V(BR)CBO 30 - vde
{ic = 100 pAdc, Ig = 0)

Emitter—Base Breakdown Voltage V(BR)EBO 3.0 — Vde
(lg = 10 pAde, Ic = 0)

Collector Cutoff Current lcBO — 100 nAdc
(VcB=25Vde, Ig=0)

Emitter Cutoff Current lEBO — 100 nAdc
(VeEB=2.0Vdc, I =0)

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

© Motorola, Inc. 1996
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MPSH10 MPSH11

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted} (Continued)

Characteristic Symbol Min i Max I Unit
ON CHARACTERISTICS
DC Current Gain hfe 60 — —_
{Ic = 4.0 mAdc, Vo = 10 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) — 05 Vdc
(Ic = 4.0 mAdc, Ig = 0.4 mAdc)
Base—Emitter On Voltage VBE(on) — 0.95 Vdc
(Ic = 4.0 mAdc, Vg = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr 650 — MHz
(Ic = 4.0 mAdc, Vo = 10 Vdc, f= 100 MHz)
Collector-Base Capacitance Ceb — 0.7 pF
(Vcp=10Vdc, [ =0, f= 1.0 MH2)
Common-Base Feedback Capacitance Crpy pF
(Vcp = 10 Vdc, Ig = 0, f= 1.0 MHz) MPSH10 0.35 0.65
MPSH11 0.6 09
Collector Base Time Constant m'Ce — 9.0 ps
(Ic = 4.0 mAde, Vop = 10 Vdc, f= 31.8 MHz)

Motorola Small-Signal Transistors, FETs and Diodes Device Data
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