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Abstract

This project is the design of a RFID Module (Radio Frequency Identification) which
include reader, tag and writer. Both reading and writing use contact less by 13.56 MHz magnetic
field with Frequency shift keying (FSK). This project has analog part and digital part. In analog
part which include Power Amplifier circuit, Lode Modulation circuit, Oscillator circuit and
Demodulation circuit etc. In digital part, We use C language to program in
Microprocessor , PIC.

This project about design circuit to drive the reader coil has power 2 Watt. at load = 10

Ohm. and about find the power for drive the reader coil for transfer DC voltage to tag
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2.12 ALHHYINI9IN (Mutual Inductance)

MANUINTENIITIN A0 ANUAMITIVeIVARIAHITINM He Ul RiAadunvaadn
thafies Taefinuratuews @) 2993me i easaudsmandeuTodld 2 uwude
A @ o . = & =t '
- maen Teamadni1 (Conductively Coupled) nuwda gunilalulaes lufinaredngul
= v
v luesHIunsZua
& 1 o . = & =1 '
- M5eN TeaNIaUIMAn (Magneticaly Coupled) Muona guvialuaaes luilinade
4 - [] 4 [] [ 1 [ o @ ]
Bnguniialunaesii i ldidena efudiuneaununimdnniouras (Transformer) ludnded1e
& AV o A ] ’ 4 4 o a1 =& P
nilan ldwanmasauasneTuulmanggaueslugindnuiaomanes e 1Udna9es

&
Hi

»
=

‘511 2.16 Wandanuuiv dnfinaty

= o = ' o ¥ a o o ] o
11n317 2.16 vaadaiu N seuswdl nszualva, ig Auilddeddngaumiman ¢

o

o d? o t ¥
# iatuseuquaaln nnnguesvhisuadne1a 13N

d
V= ¢
dt
Wand, ¢ AiRnonsasmsnsunlasnszuadenadaiy
d dr
V= ¢
di dt

N30 v=Lﬁ Taoh L=Nﬂ
dt di

Tagfi L 92gniundn Self-Inductance 1184910 HavaIIIAuTIAne NI Aountasnszuede

nar luvaaadeniu
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L
- L 0, 2
+ O, |,~ +
,’\
¢) vy v,
N
N, turns N, turns

517 2.17 ¥an1a#iA1 Self-Inductance MU L, waz L,
YAAIA 2 YANAT Self-Inductance 1AV L, uag L, w11191ndMudagh 2.17 vaaia L1
) ¥ . »
uaz L2 N, iaz N, 5oua1ud ey iosinvaadn L2 ilinszua Ina dndanuaninadiulu

wnnlaf 1 10 ¢, =@, + 4,
ﬂ:N dg, di, =L di

1

o da 4 d o
UIIAUNIDAVUNUAAIAN 1: v, = N,

dat ' di dt dt
o da 4 d 4 d d¢,, di di
wisAuINAIUNIAAIAN 2: v, = N, j;z =N, 2"_2 d_lt] =M, 7’;
i

Tao# M,,: mutual-Inductance UBUARIA
¥ | 4

Tuneasedudiy a1lruaade L1 lisinszua lvaviiueufeddu dangnavua mnaauluvaaie

°?I2'ﬁﬂ:¢2 :¢’2| +¢’22
dg, _ dby di _, di;

[ | 4 v
useduidaduluvaaini 2: v, = N, —2 = N, — )
dt di, dt dt

o, di
el v = L, —
dt
R P { 4 d de,, di di
ussuinadiuluvaaiai 1: v, = N, bu _ N, df“ —=-M,2
dt di, dt dt

senu M, - M,, — M Taofi M Ao Mutual Inductance 551131399239 2 ¥9
anugsnnluntifimuanseiu Anmilenisan awisaResu1dTaold Dot Convention
- t"hﬂsznm'lwan’f“lfgﬂmmmﬂmﬂﬁuuinu‘saﬁum‘fjmﬁﬁ’;mmwm'mﬁﬂmﬁifwm
yavziiluuan
- AInszud IMasenINYAYDIVARIASUNIN Ll.ﬂﬁ’umf'imﬁﬁ'mmawﬂmﬂﬁﬂfwmqﬂ

ﬂ:ﬁ‘luau
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¥

311 218 Miemsveanszuauazusruinaduluvaadn

2.12.1 N3 uluI393Fen]Baf (Energy in a Coupled Circuit)

ar o ~ -] 1 .2
wasnuazanludamieni | w= —2-L1

o = ] 1 .2 1 .2 ..
waanuazaulusaamniedi [ w= ELII, + ELzz2 + Miji,

@ da 4 i g ' -~ - v & 1 .2 1 .2 ..
NARNUNNATUITABININANNHUIBININY 0 AIUY ELlrl +515212 +Mii, >0
anuduNu s Muasm L Ao JL,L, - M v5e M.[L L,

AT 1EIUVRIAANUHTNIT I AaA R dsYImA NN usnomdulszand

n1snalaa(Coefficient of coupling).k

k=--A:I~—-;0<k<1

LILZ
#IM5U k < 0.5 92507 Loosely Coupled

#1151 k> 0.5 92150071 Tightly Coupled
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ol
B= cosa, —cosa 2.18
477.'?‘( 2 l) ( )

Taoh  1=nszud
r = 5302¥1391N3AUONA19Y89A IR
¥
' o= S = _
L, = AHBIUABEUARAYDITIWDINIANAY 47 x1077 (Henry/meter)

Tunsdifiaaiinnueeiiuah a, = -180° uaz o, = 0° Mnaumsi 2.18 ansodouadums

¥
=i

Tnulaaail

B=~‘”—°-— (2.19)

Y .
X ;B (into the page)

U7 2.20 msdavesaununimdn g figaduna P Tavnstleunszue (1) Aatadni

] 4 a4 a o [9 a
auuimanfiannmoemavandatuuglnas U N ey uaaslangili 3.6

vz 1daunmsaail
u, INa?
B:=—““——2( » Y (220)
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_ ‘UDINCIZ 1 2 2

Taof  a= Selvesqil
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4 ] o ¥ a i

(electromotive force) lumwaIMevanInvauniosgnue spi ldiianszualvaluvaalad
¥ ' o
muganldBonnnguesiisuad

Tumsmilonius swuvuaiensuaalnveunsesgnine Wusasmaddoundas

YO UFUUTURINAN (Magnetic flux : y ) do1Ia1 9z IRdsaun1s 2.21

v-_nN (2.21)

dt
Taon N = $1unusesuvesaeoInfuaalf

v g A ]
WV = !ﬁulﬁﬂl!ﬂlﬁﬁﬂﬂN'n‘lllﬂﬂzi'ﬂ‘u

as r

e o~ a A L] = A e ¥
nFaenuway Tuaumsmsmtioniug gy uaasdumsandon Iiaglunian a1

a 4 o o Yo ¥ T d AYe A o £
mﬂﬂizuﬁ'lﬁacnmHaﬂﬂmnmammuuman mﬂuiumangmmmucﬂ ( Lenz’s Law) "]Nl‘fluﬂﬁ

¥

WudInNus weanan19ns Imavoanszualunies uaaidiusisunienhii ¥ inaduns

1 =1 = ¥
wumanlunan 19859

)
[ h= v vsingeh

¢ Teg

Electronics Tuning Circurt

v » ) [
31 2.23 AuglasaadevesmseinmaseseuuazaeInmasoagnitolu
FTUUTLYADYULN WAAUINY

] b d ¥
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9 v d A - v g ¥ a A ot A aa
WunswmanTuaunisf 3.4 Avauuivan B NInUANAABURHIURUTRIN IMUA
YOIA WO INMAYARIALRZ AT oM TAnINTNNS
y = jﬁ.dE (2.22)
Taoii B Ao avaimani 1du0naunsf 2.20
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5 Ao AUNAIUDIUARIN
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¥ ]
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(NI) = —

(2.25)

[ b d . ¥
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d(NI) _x 3/2(02 +r2)”2 (203)—2a(a2 +r2)3/2

2.27
da a’
1/2
(a2 —2r )(a2 +r2)
=K S
a
[ Y A ¥ A
‘MﬂﬂllﬂTi‘iJNﬂu%3ﬂa1ﬂl‘ﬂuﬁllﬂﬁ‘ﬂllﬂ"luf]ﬂﬂf!ﬂlllﬂ
a-2r'= (2.28)

MINHATN TR IZUAAINNNFURUTTZ N9 202U0IN T8 UAVVL IR VBURTBIgND I A15AETT
¥
mInzauIz lann
a=2r (2.29)
Taofi  a= srlvoIvAnIn
r= 3305M5OIU
Poas A

naradnsnsduenln i slalnmuzauigavesgldmsumosinmaiessiu sxlin-

152310 1.414 ¥30 AMFIINNADIVDITTHLNITOIU

2.13.2 ¥ANAzANNMUMUNGTEUeIRIN
2.13.2.1 wiagazmMANu IumumMIand ilnszuans
v o as =

Wurugudnatsvsaarame iz nanidnavmuuiasguewin (American Wire

Gauge : AWG) mdnnveziludadfiasasudwiumveaduiuguinauasduiugud
L ] 2 4 EIE R o =]

Teodszanaszimviudiuasawimaqeruieatamn e arefiduruguinatsuuadne:
o ¥ Y = ' Y Y o o A
Imanudumuned Mnszuaasefigs danudumumaediuWnszuansevesdaniidlu

=} o d{ P 9 o v 3
meﬂmnumnwuwwmmmm%hu

(2.30)

T } 4
Taeh 1 = auenImManuauseaia
o =annuih
» v
S = NuURHUIAA

selivpanan
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Wire Dia. in Dia. in Cross Wire Dia. in Dia. in Cross
Size Mils Mils %:?:: Section Size Mils Mils 1%';?:: Section
{AWG) {bare) | (coated) ) (mils) [AWG) (bare) | (coated) {mils)

k] 28492 —_ 0.128 83690 28 159 17.2 41.0 253
2 2875 — Q158 56360 27 4.2 15.4 51.4 202
3 2234 — 0197 | 52620 28 12.6 13.8 65.3 159
4 204.3 — 0.249 41740 29 113 12.3 81.2 123
5 181.9 — 0313 | 33090 30 100 1.0 106.0 100
6 162.0 — 0.395 | 26240 31 8.9 9.9 131 79.2
7 165.3 - 0.498 | 20820 32 8.0 8.3 162 54.0
8 128.5 1313 0.628 | 16510 33 7.1 79 206 £0.4
9 114.4 116.3 0.793 13090 34 6.3 70 261 39.7
10 101.9 106.2 0.999 10380 as 5.6 6.3 334 314
1 a0.7 ¥3.5 126 8230 38 5.0 57 415 25.0
12 80.2 62,3 159 6530 37 4.5 5.1 512 20.2
12 720 74.1 2.00 5180 33 4.0 4.5 648 16.0
14 849 66.7 2.52 4110 39 35 4.0 B47 12.2
15 £7.1 £39.5 3.8 3260 40 3.1 35 1080 961
16 £0.8 52.9 4.02 2580 41 2.8 3.1 1320 7.84
17 453 a7.2 £.05 2060 42 2.5 2.8 1660 6.25
18 40.3 42.4 6.39 1620 43 22 25 2140 4.84
19 359 37.9 8.05 1290 44 20 23 2590 4.00
20 320 34.0 10.1 1020 45 1.78 18 3350 3.10
21 285 20.2 12.8 812 45 .57 1.7 4210 2.48
22 253 28.0 16.2 840 a7 1.40 1.6 5290 1.96
23 225 24.2 20.3 511 48 1.24 14 8750 1.54
24 201 2186 257 404 49 1.1 1.3 8420 1.23
25 173 19.3 32.4 320 50 0.99 1.1 10600 0.98

Note: 1 mil =254 x 103 cm Note: 1 mit = 2.54 x 103 cm
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Tavft £ =a2ud
¥
1 o= aaa [
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o

o =manui iWdhevesdan

. ) 1 4 .
ANIUAIUNIUVDIARAVANVAIZAVTY LazAIAINAIUNIUNAAIINAMILHUIVOY
»
vaatuAaTon 1 aud e umamu Idfinssuaady mstszusainnudiuniuve iy

ATEUAAAUHT MINANNIT

1 a
R = =(R,, . J)—
“ 2ond (”')25

(2.32)

Tash  a =Salvosvaaia

L) o =y = ¥ ' E 4 ¥
dmSuaranaauas sslimanugydedszuaia TasmanudiumunieaiuTdd
ATUEASIYDIAnalIn Mirlueaudualnlnainil 0.0s6/ 7 uAIAT N 125 kHz M13aliinga

= g ‘o o n’: a [y 1
A9 0.019 IuAWAs lunTlszmifuvuIAaALDS 26 INT1zRziud T UA Mg dutiooq
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wwesueaIadeslnaninues 26 Arsezguinanlsz@ninn (Q) vewamaniinigaga

2.13.3 AINIBURHEINIVLITIUB INAYARIN
] & o o ¥ o [ =1 [ g o -
nszua A9 Tnarudaninhiadaauwnuman aunusumannlasunilasauman
° a 1 LY = & = [ 3 o '
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» 14 ' v '
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Ao o
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L=—" (2.33)

Jag N = 3musen
I = nszu
9 1 o
w = IAULTININAN
dmsumoenavaaInfinnud 125 kHz veunseagniwazidenaindmnilenirogh
Uszana 2-3 (mH) uazmeomeavanianissuszdondmanumileheghyszuia 200-300
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2.13.3.1 Mamienhve uduaIn
snumilervsaduataiuaaslugli 2.20 sunsam ldainaums

L= 0.00ZI[loge 2—1 ——?1} (2.34)
a 4

Taufi  L=aanumioniveaduais dvimiulu Tnseus

WA g =AY IANY09879 IUHLIUUAILAT ATUAIAL

2.13.3.2 MnNHNE v YRaIA

Anmiehvevaaaduaaslugili 2.26 annsodmanldnnaunis

(aN)’
SR, Wk S (2.35)
229/ +25.4a
Taoh L= manumiisniwssuaaias Trdaoiuly Taseus
a = Setvesvanda Intoidumudues

I = anuemusdunaln Tnuisilumusmas

N = 910300

31N 2.26 31up99RaI0

wnewa ;. AmsuAnlszaninm (Q) naNgaveIvaala ATIzinNULIsTIBIF U

AUENA1IBIUARIA



49

2.133.3 MAwiignhvesmsemavaalauuugihanan

vingtuuy Mmmmieninesannunalngluvenaiisiia sxiidse@namuin
dleuvandanany seu iumamaveszduvulumsesnuunlnssadeasernmevaainyes
szumzuﬁnumzmmﬁu?wq tanadegUd 2.27 ﬂ'1mmmfjmﬁwmmummmmmmmugﬂ
2anay ansomus ldanmums

0.31(aN)’

= (2.36)
6a+9h+10h

Taofi L = manwmileniwesmveinmevaadauuuguaanay Smbedu Tulasiews
a = Sefimivveavanin dmioduauduas
N = 117us0U
b= anununlumsve Twihodusudues

h= 'J'l‘iJ'cNiLlﬂ'li“Uﬂ NHM?U!ﬂut“ﬁUﬂﬂJﬂﬁ

N-Tum Coil - - —

- —= center of coil

Bkpdol

31U 2.27 ;e imavaaiagienauunueines uIuseulag

1
L4

Snnuseviidesmsdmivamanumilsnihiuivey annsaduldnnmslszgnd

d‘ -& by s ;
AUNIA 4.54 B9 IATUNITAI

L, (6a+9h+10b)

N _
(0.31)a2

(2.37)

2.13.3.4 MmMmsntEivaIvaaInglamany
) M o ﬂ A w & a A = W
01N AsduIuseUar a (uaMueINianngaguonaIvesfivisudsuoudiuuen

voagy drududhevesgillufimAsuiuffifinawen b uazaimumin ¢ Aaueaslugzii 2.28

b+c
a

L =0.008aN> (2.303log,0 (f) +0.2235225 4 0.726] (2.38)
C
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b
M-Turp Coit |‘“—"'|
T
a a 1
L
(a) gUA MmN (b guandn

311 2.28 Mo mAvaIauU LY Fmden
2.14 Insaa veameeImavaaln

2.14.1 WO INAYADINVBIATBIZNUIY

e IMAVANIATIHSLIAGBIgNUILVBITTDUTTYANBUZNIAAU INGE T 0 TAvate

LY

] ¥ T »
siuiuanamsiuiivegiumsdsegndnisidan dredimiiwesmanumiisahdmiume-
DINAYANIAVBAUNTDIPNY 10 TA T3 2-3 (mH) NAWD 125 kHz U0 2.29 uaasdnuue
A199 YasrwoImmATeIgnite @waimaAvaalalaoialddinhidisaaduidng mnnu

HHONT A U IVUDIUADIAT T 0RTUIN TADINTUNITAIN TANE1IL AN

N-fum Coil
/J [ 2a [

(2

4]

Co C,

@ o

31l 229 SrflvealnssadvesmoeimavaaInupUnSaagniIL
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2.14.2 MERINAYATIAVOIUATVIBIH
' d‘. o é v c;! =t =5
MaNumteNIhvesaweINIAaIAn3039 1 Taon ldezlinnlsziu 200-300 G4
2,000-3,000 uTasiens fnnuidl awemmvandamiessawsafivziuiiugilidorn
o =} as : 4
siluuuaeess Tanuuauuueynsy wio Auibaqyl (Transformer) Mwziluuuless Tynuud
HUVIUIY
o = 1 Aot a a
Tugduuureess Tauuudeynsunadi ldsz I anudumuiianiesfianuds

as n’: ") =t 1] o Y
Touuud daiuvssiiivnszuaiamin dauluraens luuugvuiuse IHaYeIA IR IUAUN Y

1Y
o 8

¥ [] ¥ 1 v
gafinudis Tanuud dniusziIdnszuafinnios iesnnussduamnsamuszduiulalay
ar : 4 o ar P
m31¥3duuudmiiagy (parallel) 299515 Taunugunuuyuudnezlddmivszvundents
dynuniiussdugs

5171 2.30 uamsRIetyBImBEIMAgnsunBS e AigUndn (secondary) Wlugtuu

W

¥ ' Ao o A Y Y = o
vae30y Inseadnvnialugvesadn lasguanaunuilseuneld lananuds Tauuud (125
-~ = [ A ] . = a d v o '
kHz ) gUduezFoninguiyeuas (primary) azaziiziluuuiiinnndi 2-3 seuvesvanIn Anuna
19391iouAD (primary) 9z 90gmulugivdn
A 3 . o YY1 a o o Y a oA P o

ailiFoune (primary) 3z 19 lAA 9L AL UG T AUA DA BUALAUTN BUNAAD 1A A
Y94In38981U MITouAsvARIATIIABUNAAD WA U181 fiqUndn (secondary) 9zRDIVINS

3 = -4 i 9va d'l T r é‘l U
qu i 1dn i Tsuuusuas Wi ldimsiveudeiuniase 1y

qihdeudeTavyia e lu1dvimsau ualunsesnuuuszdimsyuiduduilszy €2 %

[

avaynsuagiuglifeuds ms13 118 1uIUBUNQUNAN (secondary) WINNQUTOUAD (primary)

o b ] A [ PR P o 9 ¥ ¥ Y1 o g =
23500 Mlvnaldeudelimniumiloninies duwalifedldmdniuilszqiismn

LYl

Coupling Coil
iprimary coi )

To reader electronics

Main Loop
{secondary coii}

c1

51l 2.30 mwemrgilnsuresiesrounsaIe Y
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2.15 1995UUATI (matching)

29vsuuagantey ¥ umseanuuunseenilu 3 sialAun 199swiaRea 2395 TA
Faf uazaesyiindaln
a .:: = 4” -y wa 1 [ [] = a 9 o =
NV5UNAFING 3 wiatlselnguantaaniuly @y 1esstiadiueass dgUnsaiiiios 2

=]

a1 uatidedoode Bignsafmuan Q 189239514 dmatianfuazatiad Tndesldginsal

"
o

3 @7 uAIzEINIToAeNa1 Q 199333514 lasiasyhiad Rz fuuuadduiuaudmd
w a =4 a0 o' ] = [ [V =y a1 @ o = d 9/ -
fudufinaudaid druviiadd Tnvzmungdusuinaudaige T dadnfinaudaigs dusuden

' s qy A vy < 4 3 a w o
2993 lmungavezi iuneda lann Taofiasesuungans 3 Bgaluvueesdail

Z1

Z2

.7995%1AA DD

Z1 Z3

Z2

1.29937UAA N

Z2

Z1 Z3

7,795 UAR NG

317 2.31 2VTUUATILLUAI
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k4

3 < O | ﬂ ' A slhlsl
10TV 3 UFAIUITDIINNUHIVEUL mwﬂﬂswwsmzamﬁmaaﬂh ARNTUAITL

3

' ' faAS @ ]
MInzauansuazaumgUnIeini dade i

XL1
Xc out XC2
e
R1 XC1 RL
DEVICE TO
BE
~ MATCHED

1.7995 1A59918 A

XC1 I XC2 RL

DEVICE TO
BE
MATCHED

__________________

4.23995 1A79918 B
,,,,,,,,,,,,,,,,,,, , xc1  XL2

|
XL1 T XC2

DEVICE TO
BE
MATCHED

AAAAAAAAAAAAAAAAAA

f1.79195 1A739918C

37 2.32 2095 TnssnouuaBaua1ee



1 R dl’
aunsnIFlumsfiunlulaswieaes dne liife

Insevie A

Select Q
JRl(l +(J2)
X1 = QRI+ Xegur A= "T -1

X.,=ARL B = RI (1+Q2)

C2

_ (B/AYB/Q)

= -(B/Q)=B/{Q-A
= i@ PO B/ QN

Insave B
Select Q
X, =RI1/Q
R1/RL
X, =RL -
(02 +1)—(R1/RL)
« - QRI+(RIRL/XC2)
- 02+1
Insave C
Select Q
X1 = Xeour
X, = QRI
X, =RL JRI k1
RIL - R1
X=X RIL} )

12 C1 XC2



L

UNN 3

3.1 MIMUIANIRIIUaINYEUNT09gN1IEY (TAG)

HANNIMNUUAZDINUDY

Tasaard1a9992993 ludIMv09R509gNUIIW(TAG) UsznonAILI995A19A19A1

o 1Y '
Uﬁﬂﬂulﬂi)%uﬂillﬂ”l‘uﬂ'lﬂ

L 1-D4 Rectifi Y
TAG D1-D4 Rectifier DS TAG Reguiator * DD
(J S I ¢ 200uA 49V
? R To Ali Part
¢ F——" <2
g Cp & FAN § -
| L1
- r‘-_J
) L
— vy TAG CPU
Load Mod. -
BS170 I bp = e
1 D
<1 mA = CLK
1 oD = A FSK ot 'Y
Sub carrier
CLK  GEN lec < SmA
» | CLK i
KSP10MPSH10 Programmable
foe2 1.25mA Frequncy Devider

(HC181 or HC 133)+HC744BJT

lragmax =14 mA

= =] A 1
31]‘" 31 Uﬁﬂﬂ"lﬂﬂzllﬂﬁu'uﬂﬂ'JQi]ﬁ‘UﬂﬂlﬂﬁﬂQQﬂ‘U'm




Continuous Drive TAG Power Supply

L TAG

a3

J_y D1-D5 Use 1N4148

0 I _
10 ahm

TAG
AR R
= * Regulator
l? T’ ! 100N CR
47725
l . $ LIA I I
)
TO Clock To Load Modulator
Generator And Data Demod
317 3.2 Continuous Drive TAG Power Supply
Clock Generator
YV
DD
L 1aG
]
L
j— Cp 2; 3k3
%——“ MPSH10KSP10
I_.f
Fa

| f\},’\ ,!‘\‘, & !./ -1 K ou

1 vy o d

SpF ak7 L Lﬁ 1N4148 C | = 30pF

§§ 10k §§ 100k

MPSH10MSP10

gﬂﬁ 3.3 1397 Clock Generator
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Load Modulator

+Voo TAG

DATA IN

T

=

J: ey

0—\\PN222 DATA=1 fo=fc/32

DATA=0 fo=fc/282

;\‘
o
o
M,
AR~ DR,
-+
)
-

L 4

£@®®66051

*Vpp TAC

[
1=
=

DIOIOIDIDIOR0]

Vpp MARST 60 CO (p @MICOD Vpp CLKZ RS 0y ©Q; 0y 04
D T4H('193 D T4HC 393
B (1) Qg QA DWN UP Qg Qp VYsg CLKI RS Oy 0y 0y 04 Veg
@O @? @@@@0@
NC NC NC L fe T orfcs = =
VDD F 3 N )
CLK
fein

(13.56 MHz) fc/28 ox fo/32

470-1k
300k

Iy [—W—®)
A ——— &
3

g‘ﬂﬁ 3.4 2399% Load Modulator



TAG Regulation

Vicin Q1MPSA1E Vo
v A .
) Is
I
Reer = Tlm <
- R <
] )
L
LapT l -
! I
B2
™~
@2 MPsA18 ] l -
Nl <
i 2>
m

D1 LM3857-1.2

gﬂﬁ 3.5 W97 TAG Regulation

¥
=

»
= a 1 ¢ [
“IMasauUuiasesIansiglnieinie laaai

] ¥
MAUAATV 11189910 Brown out detect Y89 Pic ifnlszum 4V dniuimuald Vo=d43 V

t 4
ar

J ¥ =1
FIEBNTONIAN L 0, = Lo oo 1ARA1

Description Current

Voltage Regulator 0.20 mA
CPU f_ , 13.56 MHz 4,00 mA
Data demodulator 0.35mA
CLK gen from TAG f=13.56 MHz 1.25mA
Load Modulator Assume 1.00 mA
Prog Frequency Div f = 13.56 MHz HC193 4.24 mA
Sub carrier Frequency Div +4 f, = 1 MHz HC74 0.50 mA
I} nc Totle 11.25 mA
L. pc Totle 25% Margin 14.50 mA

M1319% 3.1 uaraiveInszuaia a1 Tunsssveunissgniloneens
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fmuald C, =1 uF

»
(5AWI50MIAT R, Al
FIENIOMIAINTUANVNLAGILAVDINT WT AR Q1 TAReaunsh 3.1

I - IO MAX
BIMAX T ﬁ
1

(3.1

14.5x107°
Loimay = _“““‘2—60—

~ 72.5uA

1 A ] . J 3
910 Data Sheet 131310 [, = 40 yA TaoHan1 Marginannisilani R,uag LM 358 A9IN13

1,220 uA
Les wax =L =les am + Doy px =40+ 72.5=112.5 pA

nnANUFUNUTAUBWS EINTonIA R, I8anaumsi 3.2

1V
R, = (3.2)
Ly aay +40UA
_ 1V
72.5uA +40uA
~ 8.889 Q)

] ¥ 4 ¥
91am R, fsnuaa & liawsemde ldauitesnasdniuisilan liilu 82 10

3

ST V,, TRanaunsi 3.3

Ter min (A)
Vigs = 26x107 In| ——>22 2~ 3.3
e [5.911x10_l5J 3:3)
40x107°
Vs =26x107 In} —————
e (5.911)(10"5J
= 0.5885 V
srEwsaman 1, ., 14faaumsd 3.4
114
Loz wax = B, R, (3.4)
14
Loy wax =
400(8.2x10°)

=304.878 nA
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1SRN R, l@anaumsh 3.5

R2 = M (3.5)
20132 MAX
1. .
R, = 25+ 0.5885
20(304.878 %10}
=301.514 2
2nm R, ifnoa I iaunsomde ldmuiassmadniuiailaa il 330 40
o R, 18vnanuduiussening R AU R mnaumst 3.6
_Bl_ - _IfQ_.___ _ (3.6)
R, Vg, +125
kK4
R, 0.5885+1.25
& =2.339-1=1.339
RZ
R =1339R,
R =1.339(330x10°)
=441.187 kQ
10 R, Aisw diu liannsomde ldauiesaaiadaiudeian iy 470 k0
sinfgUnsaiismunidiusannsofmanm v, fufeiel@nnaumsii 3.7
R,
Vo =1+ 2 (1.25+V,,,) 3.7)
2

4 3
v, = [1 + MJ(I.% +0.5885)=4.457 V¥

330x10°

134191 C, 4ag R

LAC

mIasulasa v, INAINKaYeINI15 MOD 494 Reader

TAG



A :
V1ac (Mgagaueansounan)

4

A
Vep Vmax Vimin
0 | A Y A » t
|
\
I
UNMOD : MOD
i
}
51 3.6 msnlasuuilaan v, fiNA9INHAV8INS MOD Y84 Reader
V., = 91av03fNgIqA¥0a Unmod carrier
m = Modulation Index; 100m = % Modulation
V, —v_.
m= MAX min (38)
VMAX + vmin
Tuvmziiinig Mod
Viar =V,Q0+m) 1 v =V, —m
A38N15 Mod 910 Reader 11 TAG Mod 10%
D(C' in min 2 V() Reg + VDmp Reg + VF DS + VI-' Rectifier (39)
Ve o - > 45+1.0+0.75+1.5
VD(.‘ in min 2 775 V
Vi e 2 T7I5+AV,

AV, : Ripple Voltage 1ia91n 2 aunglngq Ao

i g a § ) 2
1. 910 Carrier ATUNIATH C, azdounundssuines101diu TAG An Ar, : Ar, =

Tasfi £, = AN carrier

4

61
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2. 970 Load Modulator 1119827 Load Modulator ON 32114 v, fifasas muaii C,

o i o n 4 4 e
wanfuNdIuNed 1N TAG fin Az, : A, =——— Tagil ndugivsiluuues
BitRate

TAG Code 1At n = 0.5 N30 Manchester code
110990 BitRate_ << f. AV, TAn910 Load Modulator 321HauINN WAV Carrier
¥
b4 o
WAV, <1V, sy

Vi e = 1.75+1 2 BI5 V

8.75
Vit s = ——=— = 6.178 V .
V2
fusdmuald v, > 625V, 5welA Vg, = 8.84 V
MIHIAIC,
ey dv
vnpuauiavesC i =C— wld
dt
e (3.10)
Yodv/dt '
4 o o dv 4 .
Tatf i, : nszuad C discharge A0 8951 — T i ~ I,
dt
dv a . et s ' e 9/
— UAMS discharge 403 C, Wunszuaasiiswivy 1, 114
1
dv AV s 1
= (3.11)
A, A
511%EUILUUMBJ TAG Code 111 Manchester code 1A n~ 0.5 BitRate,, =3.311 k
¥ ¥
uazdl £, =13.56 MHz AqumamIsomm Ar, 1adail
n
A, =— " (3.12)
? BitRate
0.5
, =2 =151.0
3311x10
A ' ¥ v dv oy
i manwi An ndusannzan — 1890
t
dv 1
—=— (3.13)
At
dv 1
Y1 _6621 Vs
dt 151.0

4 o dv . r
mmimsmmFut’fmwmmmmm ¢, lWnneunish 3.10
t
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Y dv/dt
14.5x10°
C,=—=219
! 6621 u
MISHIA R, 15781015017 TR0
Py = Ppe (3.14)
2
TAG rms
————ee ~ Lo XV, . .
RLA(' TAG TAG PK
R ~ VTfiG rms
LAC ~
Tra % Vi wx
_ 6.25
14.5x107° x 8.84
~ 304.75 Q

3.2 MSAIUIUVDIIID5VU Reader

MSAIUINHIAY (V) . ¥9993959U Reader Coil
¥ . 2 2 ¥ & At
1 TAG Coil 11y Rectangular loop 110 = (SXS) em?® 33U 3 591 1¥azagadin,

Bare diameter ~0.36 mm uazli Total diameter ~ 0.4 mm 1H9unawd 13.56 MHz

Vie w= 12 Vuaz I, <5 mA

i a '

vuppUN] M1 L,

A 9 ¥

Wamvualv

X - 5 un a9 nN9U93 TAG Coil TM1Uszanm 5 cm

Y - funuenun9d1ue1ved TAG Coil iinlszana 8 cm

h: coil height imszu 0.4 mm = 0.04 cm

b : width of cross section

Toohn b =[(31UIUTOUVYDI TAG Coil x Total diameter}HF1UIUEBINITEHNUTUAIAX0.1)]
= [3x0.4)+(2x0.1)] =~ 1.4 mm ~ 0.14 cm

C = X+Y+2h = 5+8+2(0.04) = 13.08 cm

I
151NN Ly, Idninaunisae i las L, = L,
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0.0276(CNY’

L. = 3.15
* To0sC+op+10n “ 19
0.0276(13.08 x 3)°
Ly =
1.908(13.08)+ 9(0.14)+10(0.04)
L, = 1596 uH

oLy, = 1.596 uH

¥ ]
TUABUN2 WM Fy ) Tpae) YO Coil
A o »
et mualv
v
. s anuemvesantanue ~ 2n(X+Y) = 2x3(5+8) =~ 78 cm =~ 0.78 m

IR
A : cross section area U94878 = X (O.Bix 10 ) (3.15)

101.78x107 m’
ply  1.8x107°x0.78

2

r, =~ = 0.137 Q 3.16
“ A 101.78x10°° (3.16)
1 6.6x107° 6.6x107
& : Skindepthr ——— =~ e~ ~ 17.92 pum (3.18)
N Jf V13.56x10°
d :Bare diameter  0.36 mm =~ 360x10° m
d > 26 wla
A . 109097 = (d2 —(d—26)2) (3.19)

a

U
N
[}
¥
X
o
&
SM

} 4
IAWITONIAT ry,) IAAIL

pl, 1.8x10™* x0.78

Iz ~ ~ 0.723 Q 3.20
Sl T AL 19.25x10°° (20

2 ] i 6 i -6
0, = _r_ﬂ_s_ N 2 x13.56x10° x1.596 x10 ~ 188.076 (3.21)

rg 0.723

1 4
o w

STAWNTONIN P4y 1AASE

Foaey ® Pl +02) = 0723(1+188.0767) ~ 25575 iQ (3.22)



¥ ]
upaun 3 ma1 C, (Resonant), R,,, , @, , NQ,
¥
nnasiudus1idmian R, vwdindiaunidy 304.75 Q

»
SIAWITAMIN R, 1ARSH

Ry = rliR,. =~ 25575kQ//304.75Q ~ 301.24 Q

I 1
N ~ 8632 pF
TAn' Ly 4n*(13.56x10°) x1.596x10™
BW = _ ~ : - = 6.12 MHz
2Co Ry 27 x86.32x1077 x301.24
0, = Jm o 1356 _ 5506
- T B 612

NO, =~ 3x2216 6.648

65

(3.23)

(3.24)

(3.25)



P< 1.5W with modulator

66

Toms To ST
Cd c3 12v
v"“.‘“‘v"“
100N 4 LL.
L A C2 22nlowesr C1 —
100uH é !
A I
cs 7« = R?
B - 20
| ﬁ—‘ 33uH %
co
R2 Ri 10/25 = .
r«m A J_ J_
k5 3k3 Lo \
= 30uH ¢ I I
2 S0 c8 2 = i
1.8uH {' 3I3p| 100n I J 2In low esr 2272
R3 L
= L3 02 PtV Vg
A 2sDga2 C14 J_ _]_ J_ _]_ _]_
2k ca 12uH 470uH
Qi “""’i P 100n ut
33 fouw
XU | MPSI222 | (g e S *T cis Cis ci7 Cis €19
‘ [“__J l: 33p 50p wu )] 100p 120p 100p 100p 100p
_E €22-C25 12p
12.56 MHz L 1
RS .,____”_4
=150 -
BTV Tt , }
ci12 g [ Reader coil
5 O RS ROZ TRe I
40p 100n 500 5 j_ l 5 -
1 L C26
40p

3.3 N1SAIMIAUYIAT Bandwidth

219 Carson’s Rule

§1Jﬁ 3.7 19337 modulator

BW ~2Af +2B

Af = ‘f Malkk — -fSPA('I:'I

(3.26)
(3.27)

B = Baseband BW =4R (Manchester)

BW .o =2(Af +2R)
R, <025Af

(3.28)
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Sub carrier FSK
f(0/1) = 13.56M/32 = 423.750 kHz
f(1/0) = 13.56M/28 = 484.286 kH:
fune = fur = PO aseois iz aao)

Bit Rate: R = 26.484k

. Minimum Bandwidth (Manchester) = 2(454.1k + Af +2R) = 1.135 MHz

Tumsaaaus 14 Bandwidth i 1.5 MHz

Sub carrier
FSK BW

2(Af+2R)
{Manchester)

X
r

qTV-BLOTSY
(0/13

qnsj

T Vewiove

» F(kHz)

T (/03

810°vSY

OsL ETY
98T v8Y

gﬂﬁ 3.8 Sub carrier FSK Bandwidth
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A
P(f)
e »!
A BWszuu 2 2(454.018k+Af+2R) |
| |
| |
| 1
| |
' :
| . .
| 2(af+2R) ! AAfZR) - g
o | | =
S | | I B
2 ! i | E
O @& | GRS
GO . S i ,
~ | [ i
1 | i I 1 >
13.106 13.56 14.014 f(MHz)
454108k | +454.108k
- "I" -

31 3.9 Bandwidth ¥9933 1Y

3.4 N15ATUID Matching

R, 9939 RF PWR TR Tewviallazfind uazlndifieady R, 49 R, uaz v, wilud

fmuait P, (Indifoalailamiidy) woy R, dedusgiua P, way FREQ 3ndau iipenin i

NI R, Y93 TR Nuiueu

R
i ?SRO£2R2

PARAMETER #é0al4luniseanuuy

- ﬂ"] ikd(l’ms) ﬂ1v1ﬁi]1ﬂ (NI)Rd[NRd

1 é R 1 T ' o
- @1 L 999 Reader Coil : L, %9 L, Hdauilud L finvwdldam dedeaima

U3 Parasitic C 993 Coil mﬁﬂ's’mﬁ“uﬁ'w

: A2 4 e A
- f1 BW ﬂmﬁuagnu Bit Rate , Sub carrier 1182 75013 Modulation 4939 TAG

VCC ? VCE SAT



¥
o

MIAUIUATIA 1

W i, (rms)= NI /N, ., ReadRadius (a)=38x10"m

r = Read Rang =3 ¢cm , NQ ., =6.648

Tavusou
1.5
NI = 3600V, (rms)(a2 + rz)
(NQL)'IHG
_3600(6.25)0.038 +0.032 )"’
6.648

= 0.3844,

N,, = 6.648
0384

"2 =7 833
= 0.2094 .

Ly, =1.6445puH at 13.56 MHz ,BW =15MHz ,V ..~ Vi1 =94-04 =9V

M1 R, lagduud Perfect Match :
R, = tBWL,,

= m(1.5%10°)(1.6445x10°%)

=775 Q
mfdaioutput1d fafl
Py =iw'R,
= 0.209%(7.75)
=0.339 w

mim R, 1ddvaunsii 3.33
— (VCC _ VCESAT)z
' 1251,7R,
92
" 1.25(0.339)
=159.29 Q

69

(3.30)

(3.31)

(3.32)

(3.33)



Wi Output Impedances

Zo = RLRZ
=/7.75%x159.29
=35.135

v z, luvzi R, = 2R,; R, /2 e hilswoude

2 2
_Z() _ZO
| ===

R, 2R,
_ 35.135°
2(159.29)

=3.875 Q

msfmaundai 2 Re{Z,}=3.875 Q

R, = 2nBWL,, —Re{Z,}

=27(1.5%10°)(1.6445)x107® —3.875
=11.624 Q
MfE9Iu7 Output 14
PO = iRdzRL
=0.209°(11.624)
=0.508 w
war R, I8¥aemsdi 3.33
2
R -
1.25(0.508)

=127.559 Q
MM Output Impedances

Z, =+ R, R, =/11.624x127.559 =38.506

mm z, luvaeih R, =2R,;R,/2 haifesluduude
2
=Z()
' 2R,
_ 385067
2(127.559)

812 Q

70

(3.34)

(3.35)

(3.36)



¥ ¥ [ 1
Anduniiousunsfuiunian 2 liliSevsumaes R, Z,,, P, idninei

71

AIFAIUIN Re{zl } R, P, R, R, Z,
aad
3 5.812Q 9.687Q 0.423w 4.843Q 153.19Q2 38.522Q)
4 4.843Q 10.656Q2 0.465w 5.327Q) 139.355Q2 | 38.535Q2
3 5.327Q 10.172Q2 0.444w 5.08602 145.946€2 | 38.530Q
6 5.08602 10.413Q 0.455w 5.207€) 142.418Q | 38.510Q
7 5.207Q 10.292Q 0.445w 5.146Q 145.618Q2 | 38.713Q
8 5.146Q 10.353Q 0.452w 5.176Q2 143.360Q2 | 38.525Q
9 5.176Q 10.323Q) 0.451w 5.162Q 143.681Q2 | 38.513Q2
10 5.176Q2 10.323Q) 0.451w 5.162Q 143.681Q2 | 38.513Q
13197 3.2 LARINISRLIUMIMAI R, P, 10Z Z,,
2INAITA 3.2 1510 sEuAve R P, o2z, 14 o}
Ceowzld R ~5Q ., P, ~0451w, Z, ~38.513
L-C A/4 section inamnsomaiginsaiaie 14 Sail
amnsane L laen
L=27,/2nf (3.37)
_ 38513
27 x13.56 x10°
=452.03nH
HWIMC,; +...+ Cy 1ADIN
C17+..+l9=—l——— (3.38)
27fZ

]
T 27 x13.56x10° x38.513

=304.76 pF
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auNIOMMCy, +...+ C,p 100N
C;+C = (C,., +...+C19J—90p (3.39)

=304.76 - 90
=214.76 pF

A Z | Tdoin
\Zes| = |Z gl = 2L, (3.40)
=27 x13.56x10° x1.6445x107°
=140.11Q

ausomaiCy (C,, +...+C,,) lann
1
Ci=—-r (3.41)
(7]
B 1
2xmwx13.56x10° x140.11

= 83.77pF




3.5 1¥VINA Demodulator

CZ22-C28
A
g
Reader coil ..,:" »> T rw\,v e 5V
f c29 +J_czal 5 470
g 2 2.2186 Imonl 3 Rrc
s R10D ) 01— D 10uH c3z
LA «1 MPSHA Y }—e To 423.3 MHz
220 100n
RO p1r = c31 FSK Demod
500 1 cz7 4709p:|: 1500p:|:
220p
= ! =ZR13 = =
R1Z = =470
100 j
TAT3ISS
MIX MIX
REGRERfor o Vee our E B Yec
1 )(2) (3 S) (6 () %8) (o)
34 C40; 100
|} +
€3 iy J—- c41 cas
Vin  e—4\—I I c39 470p I22ns
22 10N = 35 1
From LPF . . Lﬂﬂn 10p o
L I3
C37 | C38 ) 33004 = =
2 75 D1 i;h é C42 Ca3
op |330 4
T pI P R1G §50p150p_l_
¢ 39 f 680uH R18
D1D2 IN4148 lC3B _ A pp e SV
o 100
IU n L 47mH C47 1116
- 0 g e O
_iC45 C4 <17 )
IBUp IBUp j»_,iSkg To Adaptive
= = = Threszhold
Comparater

31]‘71 3.10 Main Carrier Demodulator and LPF



R13 R20 - |8 RZ < 2
WA o
10K 10K -~ _
c1] a7p LM333 > e DorD
Vin R1 = R22 +
Vs — A *
10 * 1ok L g
czI 4705 =
- R24
ANy
10M

sV 5k t
T R29 <
R26 < \\ = B
10k T LM333 >——4»—0 DorD
+ ///
1 -
R27
10k = R28
I NYS
ik 100k

1]1‘"! 3.11 14997 Adaptive Threshold comparator
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4.1 HAMINANBIVBINIITINIUNAINUNINATEIL MINTUATBIGNUIY

Ed ] "
[] [) [} [ ] ar ] W o
nisnaassiudiufisznensslasdadumdinuainnisseiundunisagnyie udrtuin
o - A 1 s 3 J ' A ' 9 e 14
wasuimsesgnuisamisasy laluszezaie vennvaainveuniessu lasldeesila

sanuuy 13 luuni 3 yiinisnaaes

MINN 4.1 LAAINAMITINIUNANIUIINIATBIUIGURTBIgNUIeH R, = o (No Load)

TTOTHWITHIN RN Vour 989
TAG NU READER Test Point (TP) TAG Regulator
0.0 cm 76.70 V 6.00V
0.5 cm 74.10 V 571V
1.0 cm 68.70 V 474V
1.5cm 64.50 V 432V
2.0 cm 53.50 V 411V
2.5¢cm 44.80 V 3.84V
3.0 cm 39.00 V 372V
3.5 cm 33.66 V 3.66 V
4.0 cm 28.94 V 3.45V




M317 4.2 LAAINAMIFRIUNBINUNINATIDIUINGURTBIgNIER R, = 390Q2
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FLULHITENIN

TAG AU READER

o e
1IIAUNYA

Test Point (TP)

Vour 109

TAG Regulator

0.0 cm 5690V 394V
0.5 cm 5050V 361V
1.0cm 4270V 356V
1.5¢cm 33.80V 338V
20cm 24.64V 325V
25cm 1648V 303V
3.0cm 935V 300V
3.5cm 543V 288V
4.0 cm 476V 227V

M3 4.3 LTAIWAMTTINIUNAINUNNNG BB NBNTUATDIRNNILH R, = 5000

FEHLHUITENIN

TAG N1 READER

o d‘
HIIAUNYA

Test Point (TP)

v §aN]

ouT

TAG Regulator

0.0cm 63.70V 433V
0.5cm 5765V 431V
1.0 cm 48.60 V 426 V
1.5cm 38.60V 419V
2.0 cm 3162V 416 V
25¢cm 2411V 412V
3.0cm 17.16 V 412V
3.5cm 11.28 V 402V
4.0 cm 633V 400V




M15190 4.4 LuFAIHAMIAFIUNTINUINNTBIBINdUATEIgNUIET R, = 1kQ
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[
=

TTUTHINTENIN U3IALNYA Vour Y09
TAG A READER Test Point(TP) TAG Regulator
0.0 cm 7110V 500V
0.5 cm 67.40 V 4.56 V
1.0 cm 61.00V 448V
1.5cm 5040V 436V
20cm 41.00 V 435V
2.5¢ecm 33.64V 434V
3.0cm 2815V 433V
3.5cm 293V 431V
4.0 cm 1825V 428V

d' ' ) o d‘ T Q) A ' d‘
AN51971 4.6 LAAIHANTTINIUNATIUDINATOIDIUINOUATOIPNVION R, = 2kQ

FTUZNNTZNIN RAEINGET HIRUNE
TAG iU READER Test Point(TP) TAG Regulator
0.0 cm 73.60V 550V
0.5cm 7040 V 480V
1.0 cm 63.90 V 421V
1.5cm 5330V 418V
2.0 cm 4510V 414V
2.5cm 3830V 410V
3.0cm 3208V 4.08V
3.5¢m 27.82V 4.00 V
4.0 cm 23.72V 390V
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TiJsuﬂsuﬁluﬁaum?mqnﬂhﬂ(TAG)
include<reg51.h>

char buff=0x0F ;

sbit swl=P170 ;

sbit sw2=P17]

sbit led1=P2"2 ;

void delay()
{
inti,j;
for(i=0;i<120;1++)
{
for(j=0;j<50;j++) ;
H
}
void datal()
{
led1=1 ;
delay() ;
t
void data0()
{
led1=0 ;
delay() ;
}
void prol()
{
datal();

data0();



H
void pro2()
{

}
void pro3()

{

h
void pro4()

t

data0();

data00);

datal();
datal{);
data0();

data0{);

datal();
data0(};
datal();

data0(};

datal{);
datal();
datal();

data0();



veid main()

{
char buff2;
P1 = OxFF;
led1 =0
while(1)
{
buff2=P1;

if(buff2!=buff)

{
switch(buff2)
{
case 0x00 : prol();break; //buff2 =
00 goto prol
case 0x01 : pro2();break;
case 0x02 : pro3();break;
case 0x03 : prod();break;
3
}
buff=buff2;
}



Tsunsuluaiuveunses91u(Reader)

#include<reg51.h>
sbit chi=P170 ;
sbit out1=P2"0 ;
sbit out2=pP2°1 ;

void delay()
{ .
inti,j;
for(i=0;i<120;i++)
{
for(j5=0;j<50;j++) ;
}
}
void delay2()
{ - - .
inti,j;
for(i=0;1<60;i++)
{
for(j=0;j<50;j++) ;
}
}
void main()
{
while (1) {
if( chi==1) {
delay2();
delay();
outl = chi;
delay();
out2 = chi;
delay();
delay();
}
}



Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter

74HC/HCT393

FEATURES

= Two 4-bit binary counters with individual clocks
« Divide-by any binary module up to 28 in one package

« Two master resets to clear each 4-bit counter
individually

Output capability: standard

Igc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT393 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
{LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND =0V, Tamb =25°C;t,=t= 6 ns

The 74HC/HCT393 are 4-bit binary ripple counters with
separate clocks (1CP and 2 CP) and master reset (1IMR
and 2MR) inputs to each counter. The operation of each
half of the “393" is the same as the “93" except no external
clock connections are required.

The counters are triggered by a HIGH-to-LOW transition of
the clock inputs. The counter outputs are internally
connected to provide clock inputs to succeeding stages.
The outputs of the ripple counter do not change
synchronously and should not be used for high-speed
address decoding.

The master resets are active-HIGH asynchronous inputs
to each 4-bit counter identified by the “1” and “2” in the pin
description.

A HIGH level on the nMR input overrides the clock and
sets the outputs LOW.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tend/ teLn propagation delay CL=15pF; Vcc =5V

nCP to nQq 12 20 ns

nQ to nQn4q 5 6 ns

nMR te nQ, 1" 15 ns

frnax maximum clock frequency 99 53 MHz

C input capacitance 3.5 3.5 pF

Crp power dissipation capacitance per counter notes 1 and 2 23 25 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp % Ve x fi + X (CL x Vgc? x f,) where:
f, = input frequency in MHz
f, = output frequency in MHz
¥ (CL x Vec? x fp) = sum of outputs
C. = output load capacitance in pF
Ve = supply voltage in V

2. ForHC the condition is V| = GND to Vcc
For HCT the condition is V;= GND toV¢c - 1.5V

ORDERING INFORMATION

See “74HC/HCT/HCUMHCMOS Logic Package Infarmation”.

December 1990



Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,13 1CP, 2CP clock inputs {(HIGH-to-LOW, edge-triggered)
2,12 1MR, 2ZMR asynchronous master reset inputs (active HIGH)
3,4,5,6,11,10,9,8 1Qp to 1Q3, 2Qp to 2Q5 flip-flop outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1—olicP 1Qgfl—3 CTR4
— U fo}—2
seP {1 14] Vee 10¢ }b—a 2 .
= ' e —
twa 7] 13] 2GF s i, el s
— ]
10 E E aum 2 tMR 3—2s e

0, [a] 393 [

10, [s] 10] 20, B—oj2¢p 20— CTR4 "
20, 4 o}—
1Q41 8 9]20 12 10
3E 9] 20, 2 20,}—» —13 cr-o ] —-—9
oo 7 31205 12—]2MR  T04|—8 e .
7293347 p—
1I93340
1283049
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.

December 1990 3



Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393
» i) o B o e e
1 -7 10941 «
BINARY
et 192 s n @
2 {1mR} COUNTER
IO: s {
209§ 13
13 [2CF "~ ;
[ 1h g 1j10
BINARY n
mippLe  |292{ o
12 aun) counten |
3] 8
2 fe v e rofe{ o o ¢
7293382
TINING
Fig.4 Functional diagram. Fig.5 State diagram.
COUNT SEQUENCE FOR 1 COUNTER
OUTPUTS
COUNT
Qo 01 Qz Q3
0 L L L L
1 H L L L
2 L H L L
o c a Q 3 H H L L
& |> AT T + T 4 L L H L
FFt FF2 FF3 FF4 5 H L H L
"o Po 22 al: 6 L H H L
wn —L>0 T 1 I J 7 H H H L
? ? 8 A TR PR ¥
9 H L L H
TZ93381.1 Qp a4 Gy Gy 10 L H L H
1 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
Notes
Fig.6 Logic diagram {cne counter). 1. H = HIGH voltage level
L = LOW voltage levet

December 1990 4



Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter

74HC/HCT393

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Lagic Family Specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT Vee WAVEFORMS
+25 —40 to +85 | —40to +125 V)
min. | typ. | max. | min. | max. | min. | max.
tenL! teLn pr(_)gggation delay 41 125 155 190 |[ns 2.0 |Fig.7
nCP to nQq 15 |25 31 38 45
12 21 26 32 6.0
tenL/ teLn | propagation delay 14 145 55 70 ns 2.0 |Fig.7
nQ, to nQp,q 5 9 1 14 45
4 8 9 12 6.0
tPHL propagation delay 39 (140 175 210 ins 2.0 |Fig.8
nMR to nQ, 14 |28 35 42 4.5
11 24 30 36 6.0
trau/ trun | output transition time 19 :75 95 110 |ns 2.0 |Fig.7
7 15 19 22 45
6 13 16 19 6.0
tw clock pulse width 80 17 100 120 ns 2.0 |Fig.7
HIGH or LOW 16 6 20 24 4.5
14 5 17 20 6.0
tw master reset pulse 80 18 100 120 ns 2.0 |Fig.8
width; HIGH 16 7 20 24 45
14 6 17 20 6.0
trem removal time 5 3 5 5 ns 2.0 |Fig.8
nMR to nCP 5 1 5 5 4.5
5 1 5 5 6.0
fmax maximum clock pulse 6 30 5 4 MHz |2.0 |Fig.7
frequency 30 90 24 20 4.5
35 107 28 24 6.0
December 1990 5



Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Qutput capability: standard

lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
1CP 0.4
2CP 0.4
1MR 1.0
2MR 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t;=6 ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT |y, | WAVEFORMS
«+25 —40to+85 | 40to +125 V)
min. | typ. | max. | min. | max. ! min. | max.
teul/ trLn | propagation detay 15 25 31 38 ns 4.5 |Fig.7
nCP to nQp
teu/ tpLy | propagation delay 6 10 13 15 ns 4.5 |Fig.7
nQp, to NQnes
tehL propagation deiay 18 |32 40 48 ns 45 |Fig.8
nMR to nQ,
tyud trun | output transition time 7 15 19 22 ns 45 |Fig.7
tw clock pulse width 19 (11 24 29 ns 4.5 |Fig.7
HIGH or LOW
tw master reset pulse 16 |6 20 24 ns 4.5 |Fig.8
width; HIGH
trem removal time_ 5 0 5 5 ns 4.5 |Fig.8
nMR to nCP
frnax maximum clock pulse 27 |48 22 18 MHz | 4.5 |Fig.7
frequency

December 1990 6



Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393

AC WAVEFORMS

nQ, OUTPUT vy 't

7299383 !:‘THL —-I TrLH

(1) HC : Vi =50%:;V; = GND to Vcc.
HCT: Vu=13V:V,=GNDto3 V.

Fig.7 Waveforms showing the clock (nﬁ) to output (1Q,,, 2Q,) propagation delays, the clock pulse width, the
output transition times and the maximum clock frequency.

anMR INPUT o
nCP INPUT V't
la— tPHL
nQ, OUTPUT VM"’
1293384

(1) HC : V) =50%; V,= GND to Vce.
HCT:Vy =13V, V,=GNDto 3 V.

Fig.8 Waveforms showing the master reset ("\MR) pulse width, the master reset to output (Qn) propagation
delays and the master reset to clock (nCP) removal time.

PACKAGE OUTLINES
See "74HC/HCT/HCU/HCMOS Logic Package Outlines™.

December 1990 7



{vyy SGS-THOMSON
Y/ MicROELECTRONICS

M54/M74HC192
M54/M74HC193

HC192 - SYNCHRONOUS UP/DOWN DECADE COUNTER
HC193 - SYNCHRONOUS UP/DOWN BINARY COUNTER

» HIGH SPEED
fmax =54 MHz (TYP.) AT Ve =56V

= LOW POWER DISSIPATION
lcc =4 pA (MAX.) AT Ta=25°C

s HIGH NOISE IMMUNITY
VNiH = Vil = 28 % Ve (MIN.)

» OUTPUT DRIVE CAPABILITY
10 LSTTLLOADS

s SYMMETRICAL OUTPUT IMPEDANCE
[loH] = loL =4 mA (MIN.)

n BALANCED PROPAGATION DELAYS
tpey = teHe

= WIDE OPERATING VOLTAGE RANGE
Vee (OPR)=2V TO6 V

= PIN AND FUNCTION COMPATIBLE WITH
54/74L.5192-193

DESCRIPTION

The M54/74HC192/193 are ahigh speed CMOS SYN-
CHRONOUS UP/DOWN DECADE COUNTERS fab-
ricated in silicon gate cMOS technology. They have
the same high speed perfomance of LSTTL combined
with true CMOS low power consumption. The counter
has two separate clock inputs, an UP COUNT input
and a DOWN COUNT input. All outputs of the flip-flop
are simutaneously triggered on the low to high transi-
tion of either clock while the other input isheld high. The
direction of counting is determined by which input is
clocked. This counter may be preset by entering the
desired data on the DATA A, DATA B, DATA C, and
DATA D input. When the LOAD input is taken low the
data is loaded independently of either clock input. This
feature allows the counters to be used as divide-by-n
counters by modifying the count length with the preset
inputs. In addition the counter can also be cleared. This
is accomplished by inputting a high on the CLEAR
input. Al 4 intema stages are set to low independently
of either COUNT input. Both aBORROW and CARRY
output are provided to enable cascading of both up and
down counting functions. The BORROW output pro-
duces a negative going pulse when the counter under-
flows and the CARRY outputs a puke when the
counter overflows. The counter can be cascaded by
connecting the CARRY and BORROW outputs of one
device to the COUNT UP and COUNT DOWN inputs,
respectively, of the next device. All inputs are equipped
with protection circuits against static discharge and
transient excess voltage.
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M54/M74HC192/193

INPUT AND OUTPUT EQUIVALENT CIRCUIT

PIN DESCRIPTION

PIN No SYMBOL ; NAME AND FUNCTION
3,2,6,7 QA tc QD  Flip-Flop Outputs
4 CPp Count Down Clock Input
5 CPy Count Up Clock Input
11 LOAD Asynchronous Parallel
Load Input (Active LOW)
12 CARRY Count Up (Carry)
Output (Active LOW)
13 BORROW | Count Down (Bormrow)
Output (Active LOW)
14 CLEAR Asynchronous Reset
Input (Active HIGH)
15,1,10,9 | DA to DD | Data Inputs
8 GND Ground (OV)
16 Vce Positive Supply Voltage

IEC LOGIC SYMBOL (HC191)

IEC LOGIC SYMBOL (HC193)
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M54/M74HC192/193

LOGIC DIAGAM (HC192)
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M54/M74HC192/193

LOGIC DIAGAM (HC193)
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M54/M74HC192/193

TIMING DIAGRAM (HC192)
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BS170/D

TMOS FET Switching

N-Channel — Enhancement

BS170

1 DRAIN
P4
GATE
®
T™MOS 3 SOURCE
MAXIMUM RATINGS .
Rating Symbol Value Unit 2 3
Drain-Source Voltage VDs 60 Vdc
Gate—Source Voltage c‘_\rsolz_::_gg'_igki 30
— Continuous Vs +20 Vdc ( )
— Non-repetitive (tp < 50 ps) VGSM +40 Vpk
Drain Current(1) Ip 0.5 Adc
Total Device Dissipation @ Tp = 25°C Pp 350 mwW
Operating and Storage Junction TJ. Tstg -55t0 +150 °C
Temperature Range
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol | Min I Typ I Max l Unit —l
OFF CHARACTERISTICS
Gate Reverse Current iGss — 0.01 10 nAdc
(Vgs =15 Vde, Vps=0)
Drain-Source Breakdown Voltage V(BR)DSS 60 90 - Vdec
(Vgs =0, Ip = 100 pAdc)
ON CHARACTERISTICS(2)
Gate Threshold Voltage VGs(Th) 0.8 20 3.0 Vde
{Vps = Vgs. Ip = 1.0 mAdc)
Static Drain-Source On Resistance IDS(on) — 1.8 50 Q
{(Vgs = 10 vdc, Ip = 200 mAdc)
Drain Cutoff Current ID(of) — — 0.5 WA
(Vps =25 Vdc, Vgg = 0 Vdc)
Forward Transconductance Jfs — 200 — mmhos
(Vps = 10 Vdc, Ip = 250 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Input Capacitance Ciss — — 60 pF
{(Vps =10 Vdc, Vgs =0, f= 1.0 MHz)
SWITCHING CHARACTERISTICS
Turm—0On Time ton — 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1
Tum—Off Time off —_ 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 s 2.0%.
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BS170

RESISTIVE SWITCHING
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Figure 1. Switching Test Circuit
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Figure 3. VGs(th) Normalized versus Temperature
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Figure 5. Qutput Characteristics

Figure 2. Switching Waveforms
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Figure 6. Capacitance versus
Drain-To—Source Voltage
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PACKAGE DIMENSIONS

BS170
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SECTION X-X

CASE 02904
(TO—-226AA)
ISSUE AD

NOTES:

1.

2,
3

4

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

CONTROLLING DIMENSION: INCH.

CONTOUR OF PACKAGE BEYOND DIMENSION R
1S UNCONTROLLED.

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

INCHES | MILLIMETERS
Lom ] MW | MAX | MIN | MAX
A | 0.175 [ 0205 | 445 | 520
B | 0170 | 0210 | 432 | 533
¢ ] 0125 [ 0.165 [ 318 | 419
0 | 00i6 |00z | 041} 0551
F 0016 | 0019 041} 048
G | 0045 | 0055 | 115 | 139
H 0095 [ 0105 | 242 [ 266
4 o015 [000 ] 039 050
K loase0 | — [Ta70 ]
L0250 ] — | 635
W | o080 | 0105 | 204 | 766
Pl —Towg | — 1 25
R o5 —] 29
vioms i | am|
STYLE 3
PINY. DRAN
2 GATE
3. SOURCE
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