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Abstract
This thesis present the design and implementation of the binary phase shift keying

(BPSK) demodulation This thesis circuit.Phase shift (PSK)is one of several technigues
thal was inroduce fo increase the rate of Jigital data transmussion (bits per second)
through the channel in the form of serial transmission.This have an advanlage above the
corlier 1echnigue,Frequency Shift Keying (FSK).Because the data transmission of the FSK
1s limited 1o only of 1,200 bits per second.The difference between both technigues besides
mentioned above presented by the demodulation process in the receive side that needs to
get carrier signal which coherent in such in the transmitler causc the recever to bave the
carrier recovery process 1o achieve a true true carrier signal and become o be interesting

topic in PSK techmques.



Ananssulszaa

= =Y d’dyu o T Y 1 A e
ﬂiigtgmwufﬁummqma"lﬂatmﬂ HITUVDUDUHIT AN Nﬁ.ﬂi$ﬂ1ﬂ'ﬁ HITTUL
o (R a ar = 3/ & d o
010138RdS e dmTuuuaanuda nuamad luilgmaduiles Teaniegeage voveunm
- a A w v & A ' ¥ 4 M Aag w
W9 ﬂﬁﬂ]uﬂuﬂj“ﬂ ﬂﬂﬂﬂi"r‘fﬂﬂﬂ‘ﬁlﬂmﬁﬂiuLi’ENi'P’I’N"[ VDUDUAUNTINADI Llﬁglﬂiﬂﬁuﬂ“ﬂhiﬂ
a i 39 = = o ar ol 9/
et vl 1ddwd  vereunmanzIrnssumans aniduma TuTatwszasmnal

4 LY - @ A | A Y g v i !
IRMNHITaWmMAIZIN NAUUTYUINTNUD LASVBUYDURUIWDUT UBIY wﬁlﬁmmmﬂmaa

4 a o 5t Av o 9
Sesnuinaus dldanuitedusa ll1daaa

¥ T
gawiiddyigavensivvmumazan a1 wsan Adudidleidfigauaznos

a

advayuludumsGou maidu mlasaoes



L
15U
¥
wih

UARRBBATHIING . ..ottt e, 4

LARTBATHIBINNH. ..ot ee et e ettt e e et e e e ettt e e s 7

YT oo e e 9

AITURITU. e e %
P ]

LT UV e, 1

=1 o W
L1 anuuanuazan @R uoa M 1 e 1
1 o o
1.2 ANMULIMINear A qUSEaAUDIMTANH L oot 2
13 AULYATIUUBINITANBY. oottt 3
T WDUIUANIT IV .o veeeeee ettt e ee ettt e e e e ettt e e e e iar e e e e e e ssss b e e ae e e e 3
k2
1.5 FURDUUBIMIIANHE L. ... oeoeeeeeeeee e eee et e e e eneians 4
-~ df (9 [

UNA2 AUFIUMITTUTITOLR. ..ottt 5
21 AITABEITUDYT. .+ oevereeeteneneee ettt et eb e 5
2.2 ANHBEUBINITAIVDUR ..o ev et tre st eee e s 6

2.2.1 MIFUAWOYAUDUMNU (Parallel)......ooirririierireieceneienenree e 6
2.2.2 MFTUAINOYAMUUBYNTY (Serial).rvivrriiiiis i 6
2.3 5ULDVIDINTTUAITORALDUBUNTH oot 8
23.1 MITEDTITUULMTUAYY (SIMPICK e e srireere e eeee et ee e ere e 8
4 4
2.3.2 MIADAITUUUNTIIAMIGHUL (Half QupIex)....c.eo.viovriierevireeriee e 8
2.3.3 MIADEISULUADINIG (Full dUPIEx)...oeovveereireeiees e e e e 8
a ’ E
2.4 ATHGETUMI M TOUTDYAUUUDYNTL. ... 9
2.5 WOTADUNTU . ..oeveeeeeresesenes sttt ettt ch et ene ettt 9

UNN3  MOHRUDINTINRQIANMATANDREATYYIN PSK...ooerivceee e 16

3 MITUORAN PSK. oo oottt eetas et .16
311 ATTUDAEN BPSK....eoevtiiitiies ettt e, 16
3.2 AITADGIAN PSK ..o ieriiit ittt e 18

3.2.1 MIANDABNTYYIM BPSK.ooviriitiin e eceie e 19



7

UNHA4  299TNTOIN VLD IUUALIINT Edge detectorn. .. .vmmrreeiieeeeeriree et 20
4,1 1993NTOINNUOA I { Low pass Filter ). .. i 20
4.2 1TIATOIDUAVINARIUBAN PaSSTIED). ..o vveeeeeeeeeeeoeeeoreeere e ee e 22
s s
4.3 ANNSUAY (Edge detection)....ooiirieri e ...23
- o o ~ g ¥ o
NS szuudans1gda U e AAg 24
-t 3 9 L = @ = Y ¥
unne  Msasisaauuazud lwdoya luwis e sanegEan THRnABL. o, 27
UAAT  A150ONMUU DT AMTUAZTIVTATIATU ovr e sms s 30
IR N Lo LS TR T N 71 NI 1o & OUU R RSO UUUURUURUTSTPONS 30
711 VIO TBEIARTIND .ot e 30
7.1.2 3997 Modulated BPSK . oo 32
7.1.3 2999 Low pass fIlter...ooooi i i 32
7.2 MITODTU U IIDTIIRTU e oeocririe e eeess e et e bbb et 33
7.2.1 3937 Comparator H8% Edge Detector. oo e 34
7.2.2 1987 Bandpass filter.......... 35
7.2.3 2VARUINA(PhAse ShIFer) ... it oo e 36
(1]
7.2.4 21995 er8n g1 (Phase Loek LOOP). ... vu.nvieiniiiiniaineeeeieeeee e 37
725 TRTAUDRIAVI ..ottt 38
- ar ' .
7.2.6 21TNTTEA IHADTEUL(Resetting CIrOUIt). ...vveeeeeeee s eeveis s ae e 38
d 3 = a =) Y ¥
7.2.7 2vsanaeunazud ludeyaluwis (nendsnsaueganIvgndes......... 9
TNT B HONTTVAABT. o oot ettt et ete et ee it et e et e e e et e e e et e et e et e 41

= = L4
Unh 9 a;ﬂuammamwamimam ................................................................... 48



e
MUy 3
19 nii1
21 MITTUTUBIALTIIUU I oot 6
r g

2.2 MITEIUDUAIDUBHNTU ettt et e e eesein et 7
2.3 TIAA19T DIV OYRATUIUOUNTU ..ot 8
2.4 J1UUBINTAARDTDETVOYDUUUDUYNTU. oot 8
2.5 UARAINIIRIMUATOAD RS-232C. ... .ottt ettt 10

=1 0 oA W 3/ as
3.1 véen laozunsuvasmsiudadygin BPSK uuu 146 0giame. ... 16

d o o
3.2 ATUSUNALAZIOTIANATBINITUOGPION BPSK. . oooi ittt 17

o

33 Audnwazvesdugm BPSK () aseamaie ) waes laazunsy

{phasor diagram); (f) ADUMAAIAFUY 1ADLINITY (Constellation diagram}............ccenenenn 17
3.4 AN 1A0ZUN TUUDIRIRVOQANTYRIN BPSK. ... oot 19
4.1 AuANUAYDY Low pass Filter IUMTRITMIDONUUL. ooeeceiiear e 20
42 AUANTAVY Band pass filter THMTWOIMIDDNUUL . ..voviies oo 22
4.3 ANUMZYDY Output 1AZ Block diagram V897995 Edge detection.........ccoeeeiieeenenn, 23
5.1 uaasudonlaezuniy aevsFunnednnudildimadongil 24

3 v ¥ = w a ¥
6.1 ”JJE‘IE]ﬂllﬂ'r)gll.ﬂ'illﬂlf]ﬁﬂ’l‘iﬂi'}ﬂﬁﬂﬂllﬁguﬂ lmmaga”hmﬁmmﬁ ﬂﬁﬂ’]ﬁﬂﬂ'ﬂﬁumﬂﬁlﬁﬁﬂﬁﬂﬁz7

6.2 vaon lApzuATEMANNMIRIITUIEIRINIVANMBAONADWENIEOTN. .o, 29
= 103G R
7.1 ugasuden laozunsupan e UMl IR, 30
7.2 Block Diagram VS WHARIIMD . oottt oottt 30
7.3 ADINARR NI ..ot ee et ee et ee et ee ettt 31
7.4 WITUBGUAN BPSK ...t e e 32
7.5 73997 Low pass fllter ... 32
23 i r &
7.6 uaasnaen laezunsuveamaTuTumaUgya. .. 33
7.7 W7 Comparator 1A% Edge Detector. oo e e 34
7.8 19907 Bandpass fllter. . ... 35
7.9 D9VTRDUIHE(Phase SHIICr). ... oot 36
=
7.10 uganfon laesunIua 1 THEEeNAl ... 37
701 WEAIIIRTIHARDNGU .. o 37
712 BRTAUDGIAT ..ot eee ettt ettt 38

a g . . . o
7.13 WITNT91¥A(Resetting C1rcu1t)1ﬁﬂu5:uu ...................................................... 39



¥

7.14 29v3ar9geunasud lwdeya lini(movdaimsaneqamIngadea. ... 40
8.1 3UnAuvea Carrier Favzfivaaiatu 90° uazfinIud 1800 Hrewoovooroveeoe 41
8.2 JURTUYOT Clock SADWD 2400 HZ..oo.oovovooee oo 42
&3 Womfeugafusendne Data (v wag Carrier (GUANY. ..o 42
8.4 gﬂﬂﬁu‘um Output “ﬁLﬁﬂmﬂﬂ‘li Modulate W Excusive-Or Gate...........cceeereueenn... 43
8.5 uSouAvunAurening Daa (318) §1 Modulated GUBID. ..o 43
8.6 gﬂﬂﬁ'u Output UBI Low Pass Filter......ooooiiiiiiiiioiriein it 44
8.7 gﬂﬂfﬁ'u Output 484 Comparator AUTBUROUFULS WU 25 Voo 44
8.8 1WFounauszng Comparator’s Output (gﬂ‘uu) 1 Edge Detection’s OQutput......... 45
2.9 JUATHYDY Band Pass FIOr. ...........covvovoreeererrreeireeeseesees e ceses e 45
.10 71/A A% Output Y03 Phase Lock Loop HAIMMA 3600 Hz....o.....v..oovveevceseseoeeo 46
8117100 Carrier fifAA 1800 Hz szveninds (i) fu nndu qUan............ 46

8.12 31AAY Data §19030NAINE 1200 Hz 78MT1 Data AU Modulate (31114) 711l Data

#1949 Demodulate (gﬂﬁlw) ............................................................................. 47



1.1 aaudhisnuazn nudAgvesilam

o o Zamy

4 o o . . . 3
ﬂTﬁU'If’fﬂJiUWm‘ﬂ’]\ﬂﬂ"l]ﬂ@ﬁM?'N@ﬂlﬁ‘ﬂqﬂUuﬂﬁUWTW]’IWH”ﬂ@Uﬂ {Sinusumdal carrier) UU

oo

Fy ar

asnnszinld 3 AnvueTva 1 efufe miuegiannuvuIRYEsAUNIH nioiTund1 ASK

(Amplitude shift keying) NMINBAEANNIANNAYBIAALUNIHITEN1 FSK (Frequency shift keying)
¥ fA A ' . i A A < w

wazms Hegan I ue InAUN AT oA 1 PSK (Phase shift keying) Galanyuzad1undeiunig

HaRIAMIBYF Y MABUIABN (Analog) Moy milnsilAruulasiuuassio (Continuous)

o

; i o & A ' o | M
Ilﬂﬂuﬂﬁuﬂ?ﬁi‘ﬂl&%@ﬂﬁ L TUNIT AM FM Uy PM @7818 1ullﬂﬂ$ﬁﬂ‘ﬂﬂl$ﬂ]ﬂﬂﬂTEJJﬁJﬂLﬂﬂﬂ’N

. 4 9/ gt | w ' e = d A A - i
Anearznteduazdaifoaeiuaanl nade AsK wildedredlumaiinfiiwhganldlums

x

A

¥
e @ o s o o a'm
NAYPANHATNTAND AN UBNINUMNTYY M ASK FailamudunlAsaiuudiad (Bandwidih) oy

v [ =N A a P Voo -, é‘ | =} e ] U 1 a
WD PSK (§ s wfisas s dadeyamity) 8nate uaildedenfaiinwseuieae dygy

’ [l 2 #
FTUAIUNAYIAUY) YBIAIATYY U (Channel) mnfgadiaMouiudyy s FSK 1az PSK AU
w 1 v
Frymt FSK uaz PSK Tuiiasnnieunlay (Enveop) vaaiiuiinineh 3elilinansenune
3 4 E ol o ’ ! ar ny el g
Fygusunumaviiaiedio Ui udyyin ASK atiiasindaya1a FSK Hulnnuduaes
5] o - Al =] o o Al ar : & A A A
yudianiaaleiondudygrusudaiumauegan PSK Juiundeniiruleie
q - A : ar oy = G 1w An o o =
Fmipauidaanianeanulssniauuudiaiviolvesd Ty alsuuaianuny o vy
w o o 1o Ay ' | W Were W
o TNIFWR LAz AT DA U URE AN UnuRagia 1 Yeemidyyn lAENAY
Taoaulngud nsduaganiuziglasianioanugainnnaiimsuagianidue
W
AaTumssaNUULMIANegIENA YR IM PSK 12UA1NEINAIIINATINTIRNIL LA INBRIAY PSK
4 = I3 n’n"{u Qs A a ) ~ 1 u‘;’
Faluimpriwusiiduniseanuuusauegand gy pSK uunluuSimitiu lunifuegian
o < ' ' a o a o
Foyaa PSK usrunsamiseamu 2 dsznnlng fie Indisui (Coheren) naguau ALY
Cow o d ~ - o iy Wy W o v A
(Non — coheren) 8814 T3fainewinusi 1d lnsuaguanilszinn Indis uiaasvaean1muanin

A 19} s ¥ ."'{“15‘ A oA Aa u.'u',ikll]l
(Iﬂﬂ%']ﬂ‘ﬂf]ﬂ{]uﬁ’)) 22 ITHATTUHAWA IR LDLUD YN LW INNTTANDALIANUIBVITBNNUNT LU BER

u

a A

. H ' - oW g (1 S Iy ¢ P
(Bit error rate) mnlszanueuIadisuiuai el tuhlldaRes e wnsaaseasauni (9

=

@ o WY W ot 29l & & i a o A Ad
dapgasanizin e Tae lugsemiu Tdn) dumn Finaniidsznnuauladisun maeaaidl
- A . . d of e o W e A
ailassnvasunula - diud (Fanueils Differential PSK) PAaginseiziunlniua:
Y r.‘ﬁ 3/ L D= dc:. r v Al 3 qi -~ . . =
AU MUFIITADRIA AR NI UUBY (1A UATUNAIVAINTS M A 1 M50 Signaling) W

o o

A A o & o 9 o . A TR A
ANUDUVDIAAUNWTH mmmﬂumﬂmaﬂmmﬂi:m‘n Delay line Gl‘leiTLIﬂ’]TLJﬂ’rId"] 197U INTNFL U3D

& w oM A A oA A dg WA g w & . Y e y
ssawyiane aaiainansidsninauazmdaseud udwinlueatamaluilssme usnn

| A o 9 . @ o o <]
Hunsiinliniss eumue s ey Fadu (Linear - phase) nuudariaddyyunazinnm



b2

ﬂqmﬂmﬂuﬂnﬂmmaﬂmmiwwaﬂﬂummaﬁ'ﬁ 84N15 uﬁmﬂiwuuﬂmuiﬂuannm” N

¥

IngeardevaansAuagamlznaueu Tadud dudhuuuglida FeviliRa BER Aaut g

Gl A A A S o - fe o - |'l!r; A A P .. ’; a

lunstiAinnuBnAun A wagan PSK DA Doauumis iawenGoniuna phase jitter yuau
' Y o - . Vo dey e 9 nor @ W . .

wanAanmTofe ammon 1dinoea udrez luasaduaiunaiweansIndyg i (Signaling
. A Y . a LAl o

period) Badiprarinn lihiu sz liAamaag A (Acumulaied Phase) s IdmsAuaguam 14

3

Aa A 'y od “ ¢ 9w A mors o 4
Toyannanaaihugng uat ulunmsseganiszinmladmusiuaiiiymitios hidatu e iy

srunfamaselng luaniawasunAuwd @l ums UOAIANANDALIR] manmmﬂﬂnmj Tl

E

o

@ et o~ y +
uAIMIANeAN AN Lﬂmmmg}muamwﬂgummﬂumﬁaumﬂmwﬂmﬂmu@ﬂﬂmimmmu
I a a A 9 Y rin 1 1 s [ s A 1
pad v vl Aumniiiawd lgammin (bifiu 1 Ma Addaunduly 189

o o o W ' a L N - o W = AW v
annsnnsziduie lauinnh uagdnisemsnie Gailuaadirguasianunoveanu) dmsy
A E War oo =1 = @ &4 ] 1 o ES
nidiueanadan i Tandy nuudaIasile (Synchronous modem) e 11 Inaziilu SV-3Y
d o Adg e w o @ d A w ~
Aanwi 1 mnauez A g (adn 1sresdy e ey Insfwitlng) fnazldimatinued

PSK Uy QAM ATNAIRY

-y
¥ w o i

ﬂquuam ol \'] mﬂummuﬂumamum;ﬂgmLlummiwmﬂu@mﬁmmumm

psK #lAnnnsuequndyyia lunihag | Inldunsdumnflsysens 3930011 Binary PSK

A d A o YA w <4 e Al o 1} o ’ ¥ w
Faihunadisud vagnnauiin nnmsfnesasdietannsmirhifenee lumsaien
o Y r.-‘ s ) =y el L n @ Iz .

Aupguandyym PSK Hgaueganyindyyiuluuiinateiivae lluounn1a e hieu QpsK

. . 4 o s =] ~
(Quadrature phasc shifl keying) %dlﬂuﬂﬁuﬂﬂtﬁ‘ﬂﬁmfmm Tuuiviag 2 Un

1.2 anmganenases Saguszasvesmsan

amnjarnnelunig Sfifeadagumaduanud (Knowledge hase) mmanqugum
MA MU TR 1de3 e Tunsdueman daaiu PSK nwa‘nazmmﬁﬂwmm"lﬂqmiﬁfm'lmﬂm
¥ o A v ow o Amw 0 ¥ o ow o T = T S

JeManNITUee PSK Balldnvazaudai dnan liludr adlsfnamuinaziinaanms amau

r:; 9 (% s 1 ~ ° v o v

Modem (Modulator / Demedulator) R 14mMAnMIdina1nanesn s imihadunaumudina w ua
oA A c: 9 [ oy

949103213172 ANHT0 know — how Tasazideaiumdayalduinuinuaz hissyzillame
2] . = o i o o (XY ,N 9

nazud i lutlgtiuasinisndad (Chip) d03 wleanuimiendria wstaonage lannlu

el ! £
ﬂi&k‘ﬂﬂ'ﬁi@ 1‘uﬂﬂmﬂwamwmﬂaummmq

1
e A

al af ~ q £ ~ cf/.-.;iurﬂ Ao d  ar 9 -~ A q'.
sarulumafneazmritneiwud sa taligasndn Hiezldmwzdd wieleah
Ay ' Yo A nw o] o 9
Dimiwegudmianige 18w netudazmelaghidaedd ammwﬂumauamawammm
4 n .y ' _ y
PSK %4 mm'jﬂ'“h’f1ammnﬂwﬁ’1uﬂumuﬂi$tﬂ'né’u 18 (Common chip) wazmde 1droutaie

o
(mﬂmwmﬂmmwam naaes a-watWael idadengiliuvsuan 5 SaanidAeunAz Y 9



3 @

& o oq S W @ A g Y !
aaunsnimnlizgna 1914 Tamawziuaui hilddeinisanumsn lumsdaroyaae

o L] as i by (-1 LY L] ar Fey
A gty n1yiaszez laa (Telometry) 7813 Update doya Bitinin su nisfagamgil

n‘: LT - | R o ' b g od = @
wanrnindeiatuiiueasndulunmsvann hlgmeaiaTwausga lasile (Synchronous modem)

a

o e} o = J
AT I TUNAUT AT B NA DY

1.3 auyfg IuveanI AN
1 ! @ o & @ o et o -
Aouftad i ANaganTYy 18 PSK Tuazdasinudnefangpvesdaial PSK g

O A ' o' or i) ' v @
PUALANBUEIAHANIZNUATFDIZIL U nUUATATYRIA YL Y L AYD ITDIASTY§ I8 1A

a

. , @ [T W R o ~ o 4 u'lj
Suq nazfnymdnmauagan pSK idonaw udiuvinunymanmans fuagienas h aimiu

¥ a @ A A 4 2 o
srdaarianie dneadayy i psK e ld lumsnarey Welidyyim pSK e 13 1dd miy

L)

¥ A

W o2 g - v ] ¥ @ o P oA
pagaund TR N sAnEIITM IRz s ALeRIan LATIAUA uAzIABN MR YR RNz A
~ a &3 Yo A R W Ao t 1 3 ' ] .Aif
Rozananaodwnlszyndg lgiuauiey Faazdeanimuen e lulszrmmmuulazfa Ut NH YD

13 iwPndan eRetimn e dneaandya s PSK amiudinsnageunsdueganie

~ a0 o n e let 9 dllrlr @ o G e J 9 s Si'll
Wq3u11ﬁ1‘u15ﬂﬂuﬁlﬂlﬁﬂ lﬂﬁll@«lﬁlﬂ' OQnABINTa LY HAZDUNAYDHANITAVUITABDIVNIITHN 1Y

& o = A avd ¥ oW df A ] = A W W
immuu'nﬂwaaaqmaﬂmﬂu HRFRENDE ﬂ’]Nﬂﬂ"I‘J’nﬂﬁENL]JHT’I‘WEﬂﬁ] FIHHYOI 1 TITOANDAUAN 15‘!

Foyanndeaiedraionfiaa SNR (Sigmal to noise ratio) vaad gy e PSK imAnaguanoziiag

A oA a o
74 FRAun L Izl Ny unIunRA Y

1.4 WU TIY

o Qs . A o qUY e & =
a3 e qandyg 1w BPSK (Binary PSK) Atinuna a9 iy 3kHz Filnnufiey

u

Juguamana o oAy w nswilng 18 (300 - 3300 Ho wuTadiud  Tasdoy i

RPSK Sldasumnininitun 1,800 Hz Tapfidnsiiin 1,800 bps. (Bit per second) Hazdns)

A

[ ¥
ﬁiyﬁﬂtlﬂ?(b‘ymbol rate) maﬁmwmmaamm 1,800 sps. (Symbol per second) lﬂt!ql%\’l@ccﬁﬂHT%a”lg

»
Sofugminguazamsnmdalanwlulszma lny



[
o

=
1.5 9UA8NUINTANH]

s
s LY

¥ I d
dupeuvRen 1IN B IEA IR iTuneua 19 Aeae LU

1.5.1
1.5.2
1.5.3
154
1.5.5
1.5.6

1.5.9

o A . 4w
A TALE UM TR YA
ANBITZUUMTUBYIANLAEN ANAYPA NI UATABA
AnuMannTIad PSK HN15Naganiaznisaagian
¥ 1 : a o
afdmaiu PSK valdluntinaneud uagan
Anungufved PLL
A ~ B @ r c c:’ - Fovel @ A @
Aanviy) PLL AT mu e e ulssmas auna@n B30 13 1590 thaviints
NARBUNIIN L PLL
o e ] o3 9 W o A
dmnuues PLL ndszend lga i@ inuegan
R - o o - o 4 W
MnTnAge NS ANEaRRNTYY M BPSK Mndyni lnainruamie 1.5.4
»
wianmaunnean1Tnaang
= a'ny "o A ‘—g : ol
a5 lnanisnaasaaz i zwilyminnaiu TRaausLuIMEMTIATywey

rauauy e 1



~
unHn 2

A' ur L
HWHFIHN I UAIVOUR

LY o qv - VoA [EE = { ad o as -¥ de. o
Wilyiutinsaadedematmih lleswmaiwagivadonmniu SIMNNITHAILN

[ t v r r r¥ 9 ' Qr A [T
sinumsasdayaums hmazazaonTumsiu donnvudissunu Tueannacaveya sy

|

3 # 9 A o o i 1 4 o ) ar !
Idanaewaen Fududnuuzmiduuvsaiesiull widasnngibuuveweuirenamnan
a’fﬂ - W Pl o oo [ ! a o [
fnanuiraluguamnzeaunzlasantnmlunsddeya annsofaunganne

¥ 8 o a ~ Qs M t 19 Por= -
mazdodrfavesa dnssiiagmafedygy s un il Jdnenhmsdaveyalupluuaiaena
g a A oy e o llslw 3 a J ] d'!
1ﬂuaﬂ§ﬂttuuwuwaqmﬁﬁwaaga“nmm ,ﬂiUﬂ']n.lﬂ’ucl%l.Lﬂ&’ﬂuﬂH?MU"I“ULIEIEJ’Niﬂﬂ 83710

o A A kY n“r’ Fey [ [T=Y r
31U UATARANA THALIBUALAT A NUYNABIYII TN AW TINAAAD lluszognielnag  1éant
UUauUTann

1A <2

2 ; a t ; ) < ul: A ¥ o di o
TunsAese famsfusznhanseaneuime iy iflasnndeyaldnsuniuainen a9

]
LNy o

1 v Il q @ ut ~ L]
1¥nIdanATRea MANNTIYBN IS BYALULRTAEA fin NI Ay IuTaYANABINS

Q [k Y d’l -4
uimaeau hlfunauwv

a I
2.1 Msdem sveyd
4 4 o ur oy 1 T Qo 1 1 =1
asdemstayaidudunudtneasmsninndsudyguedie iy 2
@ - ' oW e o ' o v n 14 Qi r:i W
fruny fn naedyaudtesn M Tasaseindinawae Tanlilins diunlfoumnzog
1 4 1 t o [l a 1 A e a -
dou  viemsdehudgguAteeanumumud  vazmsddudndneuzfemsyildou
Fyyruatmenlhrnzaureundiiidwndnawesn il wu misequndyyudiaenlay
. q‘ = R . . W G [ AN o o
T8 131UApuA A (Frequency Shift Keying) 1udu niams dadyg aainoauuuuaiauun
[ a ) n’: g e .\ R . o
Adw Ay mdtmsanuuivanuuniu HuiEF sy P Hir ) vennmiugs
' I : @ Y 4 &
19usL DU T DAY (Local area network) tnzluauAsasdoyasse Indnuudun aelu
sz PCM fdeiudnanaaanss linwmuhdyaruivhdelany wu meghindouazmy
- = =1 9/ o 2’ A v qy’_ =1 o oy o m 1 e
Inusnimen fudu dyndsneafignaeen i thidyapaniasauum e Tagliv
> A s & oy W d At oW ¥ o g
AuageniuaAun Faesnanldintuizuuibems whidediminsaiveganes vazue
] 2] @ u‘: Y e 4 Ao w o o Laeny A
gawes  pdladmmaedyyaniuiniiinisenaueiaon ) i ng middyymaineah

1 v v ~ ay uﬁ Ia) I 1 B -'¥ o 4 < 1 ar
darin Mooy Amen hiliagauamazdanamun safidaiuofe eiims dadyyia PCM
I a oA o =R as A =W ¥
cidasiniaeduntaanudyy s feliazamintunsdeasfided s zermalnag
1 o 4 dui: o) o Sy @
A3 dafygaRsneau LU fauuudi duns dvdyyudinen Tnomauegundndy

&

A o N dA e @ A AW 1 A ' o A d
afun i wiednemniioidynmdiseaidasnisds Tllasuntlasims ludygpun s



6

1 3 A 2 i o ; o' i ar
prvziaruaua 1asuaimd wianfvursussdygaaiumniiduasnladhlnwdyg o
A Je ] o a2l boos 4 a ¥ a o
Ameafiimmenan minegandy MR e amIsuAR U AT M dyae 1 fya

s

P! ar ar a ar AT 2’ P! ¥ = Yoo u‘: ¥ o 1 r:.;d& d
Hia 1 AyAnye ANUAYYIUATABN 1 1A HIaIANN | Ta la asdun viludygiu ludiddailu

a Ay a

3 ~ ar 4 o o 1 ] c: ' [=1 [
ﬁﬂgﬂ!‘lﬂ!ﬂﬂﬂ@ﬁ I A ﬁmﬁﬂ‘ﬂﬂlﬂﬁUWTH'ﬂMﬂﬂLﬂ‘ﬂﬂﬂguzﬂ‘ﬂ\] 2 LU Ltﬁﬁ1tﬂuﬂmm1mALuu N
~ + a A o Y g A ' 3 [ b ar A 1 -~ o
1%t Z]J’JTﬂﬂﬂdﬁfymﬂmﬂﬂuwTﬁ‘ﬂﬂuﬂu@ﬁmlﬂllﬁ’l AIZUaNaUB 2 HUUAIBAL L“ﬂﬂa'l']lﬂﬂﬁﬁ;ﬂﬂ
& o ey = ] A1 o1 9 [ Y] A a1y ¥
e ﬁTﬁ'\iﬂ'ﬁﬂ'}J@%’.ﬁ'ﬂﬁiUuiUu']mﬂi]'ﬁ\@ﬁ'ﬂﬂg 1 U\ Uiavnagunio ]Jﬂlﬁlﬂlll!ﬂﬂﬂfyiyﬁllﬂﬂuWTH lﬂ

Y LY
2.2 ﬂﬂ'ﬂﬂ!$ﬂlﬂ@ﬂ]‘iﬁqma'ﬂﬂ
@ 1w ~ o o | = o oW o ' e
ﬂTjﬁ]Jﬂ\']ﬁJﬁ]rlﬂlﬂ1‘1—!3$]_|]_|ﬂ@1,lw7]mE]ﬁ:[ﬂtﬂ"l’]11.]‘031‘1‘1J1Uﬂ3 TWT?EUﬁQi]@QﬂLlJHNIUﬂ'T] THﬂll
P I ) = s & 1 w v W FY
Q]Jﬂ‘im'ﬂlﬂﬂ]‘ilﬂQﬂ]_lﬂ@ll'ﬂ']mE]ﬁ miﬂ'ﬁlllll\'lﬂiglﬂznmﬂﬁﬂTI?Uﬁ\ﬂl@%lﬂllﬂfﬁ)\ill]ﬂ_l
2.2.1 msFuaadoyauuuuuny (Parallel)
o L ar [ a I o [ a
ﬂT‘E'ﬁ]JfT\]"Jﬂ‘HﬁUUUMUTIJ‘I]Mﬂ‘l—.lﬂTiﬁUﬁQﬂ@JJuﬁ NUIY | I]Jﬂ @amM‘mmmw 1“!']511
e as S o 1 o Mg [} A ¥ A 1 9 9
LABIIFU ch-l'i&'ill].lﬂ@ll“fllﬂﬁ]ﬁ 1 11]?]%51]‘011.!7]14 B U\ A Dn']-)T fﬂ'“ﬂﬁﬁ'i"UﬂHﬂl.H_l’lﬂJUTuﬂzi‘]i

o ' ) o
Aoy meniatan 9 i Ao Data 8 14U uazaeni T 1idudsgl 2.1

R A3
Do o 1o
Dl » DI

, . —

2 1 ' D2
| 1

3 | . D3
] ]

D4 : : D4
|

s ; | D5
1 ]

D6 ' ' N6
1 1

D7 : : D7
I ]

GND ' 1| GND

o v oY
3R 2. 1015 FuasveyanIvIY
2.2.2 MITudstoyauuuaRn X (Serial)
a v g =3 o S < %) [ & ¥ L
ausudsdayanuueynsy fie nfudedoyniiaziin wwasy 1 tud ddeanisaaeya 1
o A i ¢ Moy Y 9 n oy = . % &
lud fle n,-D, avzdaiia b, an lilfeuudwwdies b, TlSes) wna D, puawayaiaBd

=AY Ay s [V | 19 Vo9 g M 1 o AA 1 ¥
Uy YaAUIT R NF1INUAD nIavayal UV f'f'liﬂiﬂﬁﬁﬂl@%}ﬁ]‘lﬂﬁ’]ﬂﬂﬁi'mﬂﬂﬁﬂg1‘5!



¥ N @ w1 ! s o ¥ a y
foyansy 1 lud vedwesdaTurzes Inaq szauildassedynyunn Auilumsdaueynsn
AW v o ) ' o o A W v -
Jedanadadaymiluszoylnas  szarodsendamedypeniiosnnay lsmoedipoio 2
WA ar [ o 4 Q 19 k) - o3| v P2
v Remedya A uaoni i wamsfuddeyaszlhoammutieanniiunsdefiazia

- m3sudateyanga Ias1Id (Synchronous Input /Output)

@ 1 W Ao ' . I o '
¥ uaetayanuuil it dunsdaunaynsumiaum Toyanaay ludnignaesn
» i3

T1laefiaeramnduutiuey s uuiimnzsuemei Tiia e nnn

- mIfudsleyauuuezdalnsle (Asynchronous Input /Output)

@ 1o B g B I W oA EE ] & 1 W 9

msfudato yauwuiideyandan lloe hilnaniveu FeezrupgnuawWIaNIad
1 W as ~ o : t = ~ [ v
GRIGEL T Tﬂaﬂwmﬂﬁmutgwmmmﬁaummw%’@ummﬁzuumﬁmmw%’aumﬂ:ﬂﬂﬂaﬂuﬁ%‘allu

" K " : v _

TasdoymAmuiunonszyun s ania Gon1 aemant (Status Line)

A I o 3 v @ oy o Py

JHoluiasnauiueeddesnisizditoyaunvounin A1 lulaTreuRIwasazavayn

! s & d Py ' & a g r A o A 3

ganlivnesngaiiume Sauuuvnuniey  vimivzialnsainseiinesyn maulasteyauny

W d ~ o & . . . a ) o = ' '
Euumﬂlmﬁuuuuaqﬂ‘maﬂmwm (Parallel-to-scnal Conversion) muﬂmwgaum MNATUTE N
=] 3 3 / A i L] . 3 W o e [ =1 L% W o
Fu Shin Register 1iedoyaniazdsagTu shift Register 1 d gy imus tudnsedulias

u/ ~ e U
Yoyatadwan i unamsn

LSB

MSB LsB

7l 2.2 madadeyaunneyn Ty

o oW W 4w v w ] ot . . ¥ 1

smiuidudoymnmaynsuiiedriuivdeya s iluins Sudunlu shin Register uaaag

9 St ~ s A ey R . = o9 ar =t

Faya ¥y Insnaniuna SuUUINUBNANUN (Seral-to-parallel) ARGV ASEI R ESTITR

dwlad Parallelto-senal 1A¥  Serial-lo-parallel arﬂﬂu%wll@% 30n71 Universal Asynchronous
. . : & ] A e @ A

Receiver Transmitter (UART) misdstiaymumoynsiniuazdsdinaituanioya uiesadi

A ¥ a 1 9 a 1w ¥ rg A ~ (e 1 ['l -
el Sudaaiaaunsmina Idgndeanniu Taolininduariied e adhilnmgdn 23



Stop P DTID6 | D5 | D41D3 | D2 | D1 | D | Start

11l#i 2.3 Jaehequasipyaidauayn s

W oAl 4 o, Y G I 1 ] v o s e . L. ¥

DA EUBAMILIL & Ua EPBINIUALLTDDDN lﬂﬂ@u W URI BT ALY (Start Bit) 010N
[T I o Ia dy o [ r =N [ 9/ u'.-' Iy ES 9 w A I
defoyanaion ludeenin allvzitudrueni1 ddoyalminmag, Taoin Il lasuduinissf

o dy ¥ ] 9 oy -~ n’:‘ e
ﬂai}ﬂlﬂu U7 BN UALTUAY amﬂwm‘;am DO 04 D7 NUY %3‘?’\11];’18116]%5’]5]@6Uﬂ’ﬂllﬂ“ﬂﬁﬂd

. . - a A o ~ A o T A r_-f =~ '
(Parity BiD) §1¥230 & Tin fidseamn duvesdafiianth < Budnoug Datisleniy o ud

id
oA a1

¥ o o~ Aa d o A - d & w Ay -~
gimaurastaiiauthe <1t e fiauiu 1| mmiu Jeyafidwen lsaudolnduas

]
it

3 ¥ o3 v ~ q‘j al o = t m
Foya (Stop Bin) Wartlunuen ndeyatiaun 8 Daniunvuaudd @rda 21908 1uuNInn It 1 e
i
s T
23 glunpvesmasudateyanuueyns
MIARADLLLELATL 10114 1R 3 nu
. . @ e = e & =1 N
2.3.1 MEdeMIUUUMISAL) (Simplex) Jayad laviemadivunniu 19ATIAE ORI N3
t o = - . r ! = L) o !
AaraEET (Unidirection data bus) 195U nisdansgmodedinguis Insimd madedayann
o 4 o~ a
Ao ges I aTaanum
-5 & o oy e A 1 W
132 MIARaISHUUMEIANIaWS (Hall duplex) YoRATMNINAG IR 2 a1l ud1zand
w o L] @ oo [} w 9 ar ] ] oy ~ .
naasudmazadatudy wwdwazTundauiu 18 1w sTuAMeEeae 131U ATM
1 o
s A s 1 9 a v
1.33 PISFRMITUUABIMS (Full duplex) ¥4 2 andawirniuazacld Tuaugeaiu
U AT AR Y TV LagmsAea A MW IRe T

v
M3 lnaveveya

4 A 4
TEORGE EOEE UM lan1avi

A ! 4w o
LR B i 1A TaIT L WUUNIUADTD

M5B IE e 1958971 HUUADINFNA TS

1 2.4 plivvesnisiinsierem sdayauuueynan



9

24 amuiilunrsdialovdesyauuuaiyn iy
o ' ¥ t w g o roa 1 ' A =l
anuirlunanTeudeyauuveunsn  mireiailulade i tazMUIBLIILILN
asAunlnwesdaauly | unfi Sond) uemsn (Baud rate) WIvsaT1LDA
Fa3119 (bit rate) = BAT1UDA (baud rate) * 1in Tu 1 VoA
EI b . " . ¢ A 3
Tudugennin vegin uazAueRIAN (Amplitude Shift Keying) aulnsaidemsnlyiunis
a Moy W v 1 ] Qv & ~ as o =3
wlnedywaTaea Wmnzarursudw s nas aalaguindeanInsdwi nsuegan uazh

o 30y A o T a 9 a
noganduynmatnea Inailadyywuataon 2 3EAU e “0” 1Ay “I"MAIHLLAILNY

2.5 WO INBYN TN

noda R$-232C Bvmihisuazdedeyaluuueynsy Gond1 Universal Asynchronous
Adapter 194110 EIA 'lﬁ'ﬁmuﬂ‘mmjmumqﬂnﬁtﬁuuuaqﬂﬁmm"l%mtﬂé’f%aﬁh RS-232C AW
ﬂ%\ammﬁm*uaa'm:ifquﬁ’ayjauuuaqn‘mﬁﬁmummgml.Lﬁi‘ﬁﬁuu%’}’ﬁumﬂﬁqmﬁmﬁ’u
Ty inIneuRIMoTaae RS-232C A1 RS 8921910 Recommend Standard A1 232 (Huminoay g
u@nmmgmﬁn{‘: C Lﬂuﬂmmawaq@ﬁu‘ﬁmqmmmmgmﬂy armdlunisfaude RS-232¢
asamendeya Wiy 0-20000 TadaTuth nazszuenilundidygunnnnigmved
R$-232C Tiimnsifiu 30 v Seisawadmsuns Aom135z1in DTE 71 DCE

RS-232C fﬂummgm ﬁ‘ﬁhmﬁuiw “Interfuce between data terminal equipment and data
communication equipment employing senal binary date interchange “"?dltﬂﬂﬂiq'ﬂ GER) Iﬂumﬂ‘ijm

< s [a)

R ¥ oo o . . QAL ¥
Fmiunssuaeda alniel data terminal 1T URUNSA data communication Taep ey ITNIT

9 me

faynAAB AN I LAYNT A

Snwawaninma v vesdeaa RS-232C

1. e
Smsuuinsgnamanti gz edu lhazdme BRweimanasg e s du

qaqa%’flnwﬂu DTE nae DCE Lin13iAu 25 V nag Open cireuit voltage a4 hitiu 2 v (Gaiieudn

11 Signal ground)

A1570 e sgIuveants Wi adu T

naau Tadn 10 HerduTumaniunu
U 0 Space ON
al 1 Mark OFF




1. 10 IvUdaY
~ al 4 1 1 5 =] [ (=

WNAATATAN 1A AT VESE 0B LABS 197 ZADIMINTEUARANDT UAY 0.5 V 1pg
LI9AuT DCE A aq lifu 25 V tlenaa Connector

Y
3. ATHA THMY

A 9/ R [l o 9 At

WIDNEINATUYA [ntorface Point 1184 DCE 1x@eaiifi 3000-7000 ohm
4. a0

ot 1 t ] r;' [ fa'd m '+ 1

ﬂigiuuﬁuﬂ'mﬂmwmmuﬂrmﬂawuﬂaaazﬂu -3 A4 +3v) peluwnar i Imsec dau
o 9 Iy r [ a ar w oo & -1 o
ITRTRIRTTON]Y pxdaauratArunlasszaunialuoa iy 1 msec winladiguavainiu
navaeg Uy

ShuasautAvnave e (Connector)

Rs-232¢ "Ll muaTzdadld comector J13ai1als naRtdoldiunalilfe DB-25

J? 2
conniector BIUTEADUABUTAINUA 25 9

1 & Profextve CGround
Secondery Trenenigtod Dus * |4
. 1 = Trarsmitted Dan
T rammewit Clack ® |5
L] Received Duia
Scomdery Received Dais LT 3
‘. ® Request t0 Sent
Recaver Chock "t
. 5 @ Clear %0 Sond
Unessigned FT -
Duta Sexr R
Secondary Rexuest 10 Send e °° eaty
.
Dua Taminal Ready ew ° gl Ground
. Duia Carricr Detect
Signal Qumiity Detortor - LI
. N 2 Reverved
Ring Incicmtor o n » ®
Deata Ric Select o . Rewrved
L] Unamignol
Exrerasd Chock e
. e n Secondary Dats Carier Detect
Unaatigmed 17 e
. 2 e Sccondery Clear to Sent

51l 2.5 uaman 13d mumdasie RS-232C



Yora a1 #iavualu RS-232C

- Protective Ground (PG 41 1)

=S ol -"1 A Fe)

MW AI69U8 URT0r3 B pAY

- Transmit data (TD 119 2)

d o At o | ~ [ = 1 o

Shudganadideonnn DTE Ghlulnsseuiwsed) ldihudumieaaiinlaoayeiy
11 ~ o A - A o o A o 1 ~ AT ' e
luipsasuiwmaiaiiauniomsedind  fe hifidyamaesnaniunmuasaainwgin iy
S ang “OFF" wiemoumity Swp bit Tiinsthiazuuests p1e dedhidideyaasn’ly
PUNAYRIM

1. Request To Sent (RTS)

2. Clear To Sent {(CTS)

3. Data Set Ready (IDSR)

4. Data Terminal Ready (DTR)

¥ w

Aevuetiodlumn1ig "ON” og

- Receive Data (RD 470 3)

) [

Ahumavesdaanad s pTE e hifldyyad udwn nlwlizaunmmaelain
1" wisan1g “OFF”

- Request To Sent (RTS YN 4)

| [

110 DTE 18 DCE

an1z ON fathsy ¥ DCE 41U Transmitting Mode 7 1)

a1 OFF Aatieulsf DCE aglu Receiving Mode sl

andAnuan OFF T oN dupsvenld DCE Samsfuszufens waldraenu
Aaiouay W Fyia Clear To Send (CTS) ndULBums voneaio 16

e o3 + * 1 d Q
mmlAouon on ' oFF flums vent DCE defeyarusaadens e ndindu Tl
» . 1 @ as J— 3

affuRecerving mode ninaginu wianiu i CTs 1T o

- Clear To Sent (CTS V1# 5)

. I L ’ 1 1

a1n DCE 1 DTE an11z ON muneanuidayann DTE 11 2 sgneee 1) lugeams
4 ~ o U ar o [ '
Faers (uindets ynoenain Tnawd #uf CTS 12 ON #faIn DSR uaz RTS agluanz ON

v A A a o o W
pAEMIAeIFeITAam T (um e Tnaftw) T

- Data Set Ready (DTS 14 6)

210 DCEN DTE i uvasludiniues with ON wiaw) aeile

~ o ) A " ' - =] a o,
1. DCE (Tudny ilamTsaag uazeg luan1az off-hook (Mileuen Insewn)



2. DCE ‘h\iagj“lu test mode
3. DCEvnsadedaay e ldeuaaadad
[} =t ’ =3 r Y Qs A
DSR sgluaniiz ON Wumsuen DTE N Tuduaaddumenadwisouaean
[ = oY w
nazwianiazae lauan
DSR agluan1Iz OFF e d DTE dnaruladay mﬁqam Al Ring Indicator
- Signal Ground (5G ‘UTV] 7y
AaroIuueE oAy NA)
- Carrier Detect (CD 119 8)
210 DTE 11 DCE
A . - A A ) A o M W
a1 ON M8ied1 DCE wdomfiedandaiudidu uag (Madou channel ¥inlanay
A = W A A o as 9 . s a - w9 dg ¥ a
nufsyutoadolaniesaTuld) 11 DCE a1InALTUTYY TN (call) 18 Alvaeusy
{answering) tﬁﬂﬁﬁmﬂﬂpmﬁtlﬂ Ring Indicator 4a% DTR ON E)gl:
a1z OFF fia11ay naziile OFF uddealid ON 8naundi DSR 1 OFF
- Ring Indicator (R1] VI 22)
31 DCElJ DTE muauammwmmﬂwﬂmﬁwﬂ uaiiluainea  1luszuuasuld
WA (Auto-answer) ﬁmmmu"aw ON luammmmmzﬂmmm HAZIE OFF 531809399
ATZA
v A A A& ; A WA ¥ ow A Y gV
AIUAUY AvAstiu Aaunnlniiagieny & Ymsnna1mg yazuadu i
~ AR = Lt o - g w w1 W Yt 2 A A
wetmnmiuda lvanandalwAd a1 lwd s uivaeveyavastioaan iy DB-25 WMABINGAN
23.4.5,7,8,20 uag22 Uﬂﬁuﬂ13?1'@1%’\1mmarhﬁw°eiamU‘wﬂlﬁ’u DB-25 uaz DB-9
PNAIRTBRBIT 25 U n'ﬂ“levami]a‘amm 9 g indaaneuiames {ulmiq 5408 aa

W
ﬁfﬂﬂ@ﬂ\‘mﬂ%ullﬂ 9 WNUY "Hﬂl‘it’.lﬂ“ll@ﬂﬂl!,“ljllu‘]"l DB-Y ﬂTﬂ‘D"UﬂﬂﬂLLUU DB-9 ﬁﬁ"ﬂ@ﬂﬁﬁ'lﬂﬂﬂm

2

d W e . ’ 1 ~ ef ' W
f18 YU IAANNSNATA i']ﬂ"l“ll'é]\i‘a)@ﬂﬂi;]ﬂﬂ'n N1IADMIELALUATSHINYU Llﬂﬁﬂ']iql%d']Uﬂﬂﬂﬂﬂ’] DB-Y

s

' v o A 4 o ¢ ad
Faynyrom1e) voedesoun DB9 1aduazassiuild iy DB-25 inFaensuiuaa s lotiaue

oW

A 1 1 Y [ ) v W : ni: 1 o1 1 !
# uaggu e dnezlddedeuuy DB-Y dmiUTuTwayRaYNTHIUL naUnsaiRan @ IuNIN

a W ' 1 -« 9 9} =Y g w 3 92 Gl a [
Bana sy UaaaL Ly DB-25 ay l‘J"I"l]i]ﬂ@\icl‘iﬁ'f’]ULﬂlUﬂﬂlﬁUTﬁﬁMﬁ7ﬂ5ll‘lﬂ\ilﬁ@\'lﬂ"l'u UATIUAIVDYD
Fe a v o9 1 a7 v AY
ﬁ']EJLﬂL'Uﬁ‘ilﬂQﬂﬁ'i'J.lﬁx‘]“l]ﬂHHBHTWE'UlLUQ@@ﬂ]lﬂli‘juﬁﬂﬂll’ﬂ'ﬂ ﬁ@ Araisaza T unaed
A r:;" 4 4 ' el lc] o 41w F=y
Gawanwnuiiinsmadeudedoyainownsil e pouRInRAsfURENRIART Az
) o 1 Y a1 A ’ Fay 4 Y a [ 7 A W 1 LY
ﬂE]lJW’]J.ﬂE]ﬁﬂﬂiﬂHﬂHQ'ﬂﬂﬁmﬂN'ﬂ 1UD1IT R A NN IR TV N LA UWRADIIWD T UTIVIDYANY
w a oW Py W W A g ¥ ! o X ¥ a @ A
medyymiddoyadorduleiiu waldduopudweaidiusn L dyauiuveswineges

s - a Eg o . \ - PR PR a
lﬁjﬂ\ﬂ?ﬂﬂﬂ']mﬂﬂJﬂ!lUUHQ1ﬁ1UﬁﬁH ﬁquﬂTﬁﬂaﬂaqulﬂﬂﬁlMTﬂU@qﬂﬂjﬂ!ﬂ@wqquuﬁ’]ﬂﬁmmu_]m



13

o a

o ¢ 1 1 o < ar a o
v999UnTalABWI 15U LUIRLIAZWABAND SnvzrdudyaraseduBinehuds awedann

[}

A ~ SRt 9 ' @ a1 W A A ~ a0 1

wipanouiae s swod wrazduvevalnsel lAee G snmesiipuLUiNTIRATINTIR

& 1 oy ¥ @ by d W b o/ 1 » =) o o

ersvesaUngsidena i lRaduae il 171dea ¥ ead uRa I NABNN IR TAL

& 1e o L
gz Widniludedlvmentumue
¥ 1
Aseaa i Dan LU eas ey ligaanivian Wesnndaymudazndua e ian

W
Qs

A o W voooA 3 o Agq¥ 1 A 1 W ]
P4 DB-25 A URATHINUATI] YN 8 ITUHTe 9 17U ﬂ'IMﬁiUuiUﬂiNﬂcl‘lfﬁ)ﬂ"lﬂ“ﬂﬂﬁ'l’]]l’]ﬂﬁ)uﬂu

ar o

Syanafudatoyauasdynaniuquaoiiiguaeiunge

LU 7]

- y Aa @ 1% 0w A
gaifinanninivdwayala MIh
o q ¥ = AP A Y
Wimas Danuuiivinduadgim 1a
3 g VeI MeNA 18 CCITT V-Series
g A ¥ 1 o r:'iﬁd I P o 4 A
winsgues Tuandis  IFegyniuin i ldawi A4ANITIIATE U ADA IS INANTE
vrn o % a :? AA A 1 4 £ v ow o . £
catt uddmuaiv Tesi¥eionisozinesgures LUANTUALAIBBNYT "V UASAAL
o A A U dyci A A . - =] 5 - s
Snav 131593 onu I g UmATanTande 1 V-Series vaNIINNIATgIMVBSTIAMNGD CCITT 04
g ¥e ; : = ’ 4 . -1
i musnmgiunensdamsdun 8n I LRIEIUTEINIABATNILATATIIN WIRIT
) Ed
o . . 1 Y [a%a) o S
vedlnies (Fasimile) wwsgunIdemstoyaaie  feluuuddasauazauiden 3w
- o o g W - v 21 ¥ o I Wos v oW oW
wasgufnfsz iy Tnsdiandin wesgd cart dudimualdiunsveniuiuviilan
a v A ' 2 g M o oty A + =]
anarefaassen liavesduiu il ldeaa linitlym  wleanannn auaamne
AT IR
v A . w o Ad ¥ v w ow A g - g
Aouauvea i lansulunasguidududodidoes v dhilwnasguveslusy
S - A & day e v oW
RaVUA UHNIRTE U IMLI0 s aieuaauuuaun 1l wu V.24 idhuiasgiunissuasieyn
el Q L@ g Y 1 a
suvounsuden 1Ay RS-232¢ 1hues uag V.35 wnefis mfudayanuveunTNA NI
| A =y U = =1 1 Aq W . 3 1
Fudu  Wwideznamiwiesy e luduuuay Alrauunaw CCITT V-Series #LA
N A o
AU A T aufian s e
A e 1 o o o o Y o A Iy 2
Susaaumig V21 unmsguvaaladuaimeda 300 Tageduif Tamaianisnm
a . . Y [ ] g Agsla
Fey 1l FSK (Frequency Shift Keying) Fudafoyn 1@ unn Full Duplex it Tudnilsin
o W =T A o @ v 8 N
awTnsdwi Hamiuillesudes asmnaruiiluns Sudswa yad
ar [ a fa) 1A =1 1 . =% () ~
-v.22 fudadeyaniud 1200 Tade3ui wiaaranmid i 600 i da il M
w ~ . . o 19 ¥ o
nerudgymldmatinns FSK (Frequency Shilt Keying) Fudadoyalunuy Ful Duplex 1y
@ o A 7 & 4} ' as = E 9o L I w 1 d
awTnseminienionsdld  TuagiuTuwanignasniuuinliae Miuaisasmiahi  daruith

o A a = v o Y
Tuduanndnhunanh 15 uamutoegluilani



14

3 o L o Fa) [ A . = A A 1
- V.22 bis Sudedayadaoauis 2400 Tada uih nTe aanimuilawnn 1200 Ua Ae
~ Al ¥ ar 3 9 23 =] o A . ar t W Y
g mmudyaulimatiaves TuANAUG IR QAM TUAIYaYANLL Full Duplex T4
a -~ @ o 5 . d a — -
Sumoinsdrrrteneasdld V.22 bis fhunaspuveshuduamssthunaeidinunudi
. & . E:‘n g o = 4 = o~ 1
Haft Duplex 301035510 V.22 bis Gidelaiuaimiiouin iiaanna i gane 2400 Tnen
Sunduazsiawaa i iuwsnnau T
: o A W e | rer b W . A o
- vaaihnasg fnA e uaesg e V.22 uvaduseeyaiuy Haft Duplex AalaIme)
) 1 ~ o A . [ L] 1 =) Y ' a
1200 Sadaduai wieaanTuSIaai 600 Teaeiutd Mnadanrudyanuuun FSK aa iy
[ -1 4 r.iw I:lvv n Yq ¥ 10 o v ooy o [
aoTnadnid 18 wespu vas i lhises 18 demmilsin mswhidizaninmuesnsavs
Y ° d A, A ¥ “ Ry
Joyad uazifunsAn@auu Hatt Duplex WFNAIFIUILL V.22 H3® V.22 bis l'la
o =] ar i
- va6 thnesguves Tudueeass uuuldaie 4 1du Tudadeyalunu Full Duplex T
- a ~ =l =1 o i 2 [ ] o , W
atinnTIRa LAy ela PSK farmudrlumsiudetoga 2400 Tadeiuni szilueie My
wo U g e P N - d o e o o ¥ A o
mwinsdnit i 1d wnsgu v.2e s ldase lawufuiuin HegiuAilsdeadisnnainu
M s i - 9 A A =1 l/:.’
anulUgmsueonga Auannaziaon 14uins g uia 11 gen 11
L d A cu ) ' g W g ¥w Y4 a o
- V.26 bis Tnasgumiouiy v.26 vadmiuldiumeTnsdwiumu Tanmudalums
fudedoyntt 2400 TavioTunft wieawdanaai 1200 TasieTund m3udaveyauuiy
Halt Duplex Mimadinnsnaudag ey PSK inasgwiitad v.26 bis Tild
o a Ly o g L) e a ' e i)
- v21 Funmsgudmsuluduanuda 4800 Ueseiuiinldtumensainiv matia
a o g '@ 9 =] ) ) ~
vaensnandytsndiunuy pSK Fudadeyaluuu Full Duplex 14 991157 4800 ina U™
. 3 a tr o t 9 A o roAa A g ¥ o a
- V27 bis AdIBfUIRTILILIL V.27 na 3 udadiayah 4800 Tedaiuiile Tydmivane
' Qg ar d w 1 z
aTauy 4 iy nawesdyy i Buoy psk amrsadudedayaldialunu Full Duplex
1Az Hafl Duplex
o d - T T - o A A
- V.27 ter ifumnes gru Tudua115 1 4800 UaaeTuih nToaanI s IaamuTm 2400 1990
oy a9 o ¥ o o ar v 9 3 v o =
Surile dmsuldfuaioTnidwd nasudeaymiuuyy Hafl Duplex WU WMAUANTINAY
o ~ ar 3 e t o Y A [=1
Fayamaria PSK 1asg 11 V.27 Adneiu V.27 bis ifsas Wiume nsdwiunu e duanonse
v g d o Y W w19
- v.29 Saihsnasg e A 1ga 9T DmeaT UL 4 130 MUY NI TUARTBYD
niz’ o 1 :E T 1 L) o (=1
19141 Full Duplex 1A Hall Duplex aansnsursdiayaldau 9600 Tanauhniaaaninui
~ = ) 1 o L2 A d o [ (=Y
AT 7200 Tada3uif uaz 4800 TeeautR1E finmisa 9600 Tedeiund v ldmatianiane
[ . = a3 ~ s =1 0
Fyammuy QAM A UMATIWEY 7200 AT 4800 LARBTUIN Igmrnandyy Yy PSK
u.. a o qQ ar * 1 1 =3 o o = o
wwIg v .29 DR unndmiumsiudioyariue a1 M ADNHINRINLABNNIADS
o o d d o w g YN 4 o 1w Y @
- v duwmagnTudeamudhgedmividtume Tnsdns awsniudidoyalad

A 9600 Teaedut® lunuy Full Duplex Wi aaanumdiaunt 4800 Tadehniild



15

Yo o 9/ 1 ~ at =] :
wmagm v.32 i ldudumons wu 2 duldend e matinnsweudygoatiuniu QAM W
3 - LY [ 1 =1 ’ 3 I=9
FTn59 9600 uaz 4800 TaraIuth n1asUdidyand e e 2 duves v.32 Mmailn

. . A @/ ' A o d4 o e

Echo Cancellation nnufzddnmsutianrndesnaluTuauaimesadil v.32 duithanmigiuees
~ d d ‘ 1A A g ¥e 1o o ] 4 Se oW wwd s
hwdnamudsgagulmifaaldiulivminties wesgpuvesluauiiuadoya lasini v.32
o w o o ) ' R ¥ 1 d ¥
sadafinmamuiu i igasroazsoasy a8 hilddsznreanntgedatumemsuvaeil
[ . w 1 i =t o ~ 1o I
MU ASTURLD V.32 bis sfudeveyanlinomi i 14400 TaAaiund Tunn Full Duplex uag

@ i A d Mmoo : 1 e a3
wwsg V33 Sudedeyaiinnuda 14400 Tasatuni Ful Duplex wufu wmsgmTuhy

- a 9+ gt & = A qy
AMEunAnn v.32 asszdsznaldiae comT melunihnaedhivnni
d oA A - LR A 1 4w o .
smag e Tadn v-Series fnA 1Nl Fums g i mumulann 1l dddimanasgu
W ° 4 A e ! a [
il dimmygaia Weenn Fauiliremwizaum i #1019 57 Ve IIENA BT WA T]
-—.{ ’ | L] 1 = 4 1 £

Wi EnT1 Bell Standard Yogtiudae aannutiouas issnndszmeeng lnnasgiuves

CCITT s Buman Judszma Ined lduasgrunin CCITT wuiy



-
unn 3

NgBEBINIINBYATHAZANDEEANTER 10 PSK

3.1 msuagran PSK

. . <3 ey o . ]
N1sNegLan PSK (Phase shill keying) lﬂumiuﬁ]ﬂtﬁ‘ﬂ‘m@ﬂ%ﬂﬁlﬁ (digital modulation) B84
A A g s W ey v =] g 1 A A A o =1
wite daumniveweyandiaea (Taodnivgjselyuumiilowi feiifueres anbueh
1 s A @ ar M e . . .
HAnEIRL) RS BRI data strcamy i agianNIWa i URAUN I lry e bA(sinusoidal carrier)
A d A o A [ d =3
Fafhumadouastizno ua nuA(frequency spectrum) @ IFYANMUMILUUA (baseband) (Taping
ot A ' e A Al o 1 - ' A A o
sxieenmunAIN A THYRAUKHIM) TR nuRNagsa Y ) ANNBAAUK

3.1.1 mIupglan BPSK

+V
pinary ol LI L [Teva wdpass| _, Modeseed
data input Converes| Filer | Output
sin {0 1)
sin (@1}
Reference
Carrier
Qscillator

o L T s [
51 3.1 vdenlrazunsuvesmanuiindaye o BPSK uupl¥ivegame sauga

L. dr-id a L o r‘IJ ac =) : Ia) 1

nsthdaa i iGewmsunluegenmeraduaiunmnas 1 Uniu 5onm

myueganiwamuulunti w5o BPSK (binary phasc shift keying) “58 PRK (phasc reversal
& o~ 4 o 4 o A Y ° . 4

keying) Safieavaiioine (@10a ) Fededu 150° w3 T 3@y (radian) VLY AGER

o o 1 A A P o = -~ ,d A @

anuzneaaInvasdgyana liu amrriiamuasin |1 uazamWmmuas In 0’ AMlBUNY

v o

1 Ao o o A o W ¢ d
'T]i’fi’l]uillﬂﬂl 1U11'1371'E1N‘V!WU@\W]’J'1J§]ﬂ!ﬂlﬂﬂﬂﬂﬂﬂuﬁﬂ']‘uﬂi Mﬁmmﬂauwm‘mamma Wﬂ'/!ﬂﬂ‘ilg

T
=

5 o e 3~ A AW o AW 4 o
Wanulasraam e U7 30w Flumsduiiadyane BeSK Hwasuiy
o 1 [ H at ] i g
venleezunsuuundn 7 fel SawegEMILLELAR (Balance modulator) Mwthimilauriy
s da o a s A du¥ A X . . PR
AMEADNN I NA WA 12 08N AAIRE AR UMD 1984 (Reference carrior oscillator) IYUagNL
A @ o ¥ oa o 0 g @ A o ] 1 o a v A
doulufyyin luuimeadwdumavediu  Midaduwignaslldiordvalaoiiansaiumse

¥ ow @ - ¢ A e¥ o a " A 1 ¥ & a4
asetiurra e agamaeiaduwraese dyanm luniiitaas lughiv dludygo

mun L I & - . & ar LY =1
m@aa;ﬂuuu”lunauqquﬁm WAB (unipolar — NRZ) Feliszavunansadn Trtduthu +v v3e 0 amw



S Feparriana1d Hszaund I IAnTl
17

¥
@ o ar ¥

~ Aad a2 ) 2 a ot ey 1 a
aousaasa iy 1 vide 00 awdwy falufsuiehdyymataen luueganeude

o 9 ° A [ o - ~n Aad A .
ﬂiﬂlﬂﬂiﬁuﬂﬂ ﬂzﬂaQ'HTﬂleﬂﬂUuigﬂ’Uﬁmi}!_]mlﬂu +V HIe -V ﬂW“aazﬂﬂ'ﬂlﬂu I° 1Ia ‘0

7]

o e

o w A ot o o 3 o o 4
awdwuduten Jaovlamilnerdudugia (Love converter) MM minayawILagIAIRD]

-

angaNanu +sin (@0 1A sin (O 13D sm (@ LT AWABIN * L wie 0" amdw (o, 1

- oY e

3 o [y e o A g w ~ o @
ATNAIT VD IA VDD AT WAD I AALNIHE19D) a9 laaaagUduns (@Uwe LAZIDIANAYRIA)

1

yoquamaiauaad) 13l 3.2 T, (it time) Wldnandilugihiu wineiaatRlehu 1w

] ar A A 3 Y [ ad o o d
Foyndrudinsaamn vk lugliz. nidl Rdmivinannunne mipvem e gaines

o
auaa
o A I ’ 9/ I A Ao o e o @
a flumsnasaioulvsznidayaluu Adunauazdyguhaewyanionains
o o o A o >
pamamnea 31 @ Twurmaeileezunsuiie g wazgl ) Hluneuanmady

laaznnTy (Constellation diagram) vaedayay 1w BPSK

« T, »

Binary = 0 i 0 1 0
data input

i : i

BPSK
Cutput

v

cos wct
(+90%) cos gt
-Eli.n mtj-t i lh‘:] n;ct '
B 180° : (0" i
npue | phase | Lemicd | Lesicl |
A - : ~ @ e ——— -
Logic O 180° i (£180°) : ©°)
Cogic 1 ° i Logic O ! Logic 0
1 ]
) -cos et ~co8 ot
n) (-9} o
L]
(v)

11 3.3 grudnuawvssiygna BPSK (1) M7 1933; (1) mlenvadlnezunau (phasor

diagram); () pauaaalaty mezun Iy (Constellation diagram)

F 4
o o Bl w

A ™ o o 1
NN 318 megamesmugadiuAtadwegEABINARM (Product modulator) Taun
o o d o PN o A oda o ¢ A ey m &
l'é)"lﬂﬂﬁq.l@quulﬂuﬂﬁﬁ]mﬁl@q 2 ﬁﬂlufg'lm‘nﬁ]uﬂﬂﬂﬂduu “Bﬂﬂﬂ@f’]aﬁ“ﬂﬂ&alﬂ@iﬂﬁUWTHQTQ@duuQﬂ
¥ v oA W a A & A& ¢ Y
ﬂ,mﬂqﬂﬁmuigjm I'U”l-ﬂﬁ A967 +1 V unuaaan 1" uway -1 vV inuaean 0 ?\Quuﬂﬁu“‘\ﬂ@lﬂﬂmﬂjﬂ

, = o s w # o ) ) & o
1 wio -1 wedmiRem wareds e aina HTU RN +1 sin (@ ) waz -1 sin (O Buily

62808



18

o

A Qs =y ¢y ref 1 a
R AR (In phase) Fumrava oo ndaawa fa1smse Linfivaas ol ehadeiu 180
a ar ~y L 1 uy.r e -3 I o’: A
) fuavesesdanwasiidy  fuudazaiiiassanudidunatiundsuanue  awag
4 o o ,-; 54 ar ng ai ,-_;_ f:‘} LY "
1D IANAT W IBRIAINDT 0EIUATLA A Faiudarmalfnudaiewne (baud) Aviiuses
A - 9 o ded W A A o n oA A 1 A
maAguanTuzaedn (hps) 09 waUUSIARANRga R dwanad LIle Ay luu 1T
sequence ABIABAN 0 UaY 1" AA DAY Fadlanuinanteaya (fundamental frequency) U84 sequence
o e A o t W 4 2 Y ~ . . ~ d ¥
vad 0 uaz I Aadyldudumiduaiariiwedaiite (it ime) 1A InsN1RUARIAATLAD

o ar =]
1DINHAYRIA BTN BPSK 1y

BPSK vutput = sin (() 1) x sin (( 1) (3.1}

L]
] ar

A A 3 o a 1 . Y ary
e @ fennudidamdnyaiuiniigavaadyay m 1uud (radian) LazAIsRBANTIANT

a3 Tnuvesnsguiuve et lal iaunsndouannsi .0 18
BPSK output = 0.5 [cos ((D, - 0 )t —cos (O, + O] (3.2

¢ d o @ g o ] o o
Tﬂumﬂﬂ‘sznaUmmﬁ‘mqﬁmmmwﬂmﬂmua@.amm 'L!'L.I.Iﬁﬂﬂ‘ﬂ'] | Llﬁljﬂ!ﬂ‘ﬁﬂuﬂh
o - ar ¥ oW A ' , Ao AY . W -
E]\iﬂl!‘fiﬁﬂ'é]Uﬂ']'ll]ﬂ‘llﬁ]\“lﬁﬂ.luﬂ.lﬂmllﬂ'].l'ﬂ"I\]ﬂ“lrl,ﬁﬂﬂUW"l'}"i NS - DS mummnﬂmmuammqﬂ‘mmﬂ
o A o P A A A [ [l ar u‘j &' m—.{y A X A 1
il]ﬂﬂ’ﬂ“ﬂﬁﬁu“’l'ﬁjﬂE’Jﬂ"I'V'IWHﬂ‘UﬂEQ'}’?H\]"dENQWS'HJ‘VI ﬂ\TLJ‘LU.l'].luﬂ’]ﬂﬂ‘?’mi]ﬂ‘ﬂq@ﬂﬂ@\ilﬂ131WE]H']11

as f=] 4 e A 1w o~ . @ Il L4 i)
dygw BPSK Tunidbainengalawnnuana 1im () yoadanm 11 - uiIMEA T

3.2 Msnnegan PSK
Pe) ar o 1 ] 1 = A <
nduagandayial PSK Uumwenutesniiu 2 dizinning 1 fe uunlagisun (whereny
o o oA A e e dogw & A g v o
pagutueu TABITU (non - coherent) N ABIes i LTL AV R A UH IR TumT 8 Ty
¥
M - o LY 1 1 A -~ o, 1
nsAmndreRuaqEandy M PSK N3yUIwmniusgnEen “msaueganiTadinui ua
A wow 1ot W o J Al LY - d.y ~ r
fadasn vy naamd weamadadanaruwaldlunmsdueaan nszunuMINIEHNIENI
sprAveganuuueu ladiaud lumrdemmnudtaeatu  fri1nsduagan’ uay “n1sd
4w [T oW W Y = o @ 2 ¥ o ~
o twanningnldasaduiud wiihnmsRueganmduasdunimagdyy o taznsa

:fu]: o :ﬁ @ M o ar ol - ~ =
ng sz IEensruumsvasnisea dulaintedydnsafew (4] lunisaveganuuying
o‘g @ 1 oW & A [+ LY Ao w B 1 Iz}
FuRTUATURANA 11 1A TURB T 0zAR MW (phase locked) NUTYIVUNMIAUNT anilunia

o~ a‘a’; n o5 Qi was r:i 1 at .—.-i., ol Y ar q‘: <
wegLan UL A IR g don 15 intWr iU UB L YTy g IMNAIRATIN ATUUI



19

W om ¥y w ¥ A 7 & A o o ' 0 W 9 1A
11'18dea0 o diaaasn aunnd aiilss Teniluwdveantsana g usean lMiuss vy ual
@ a o) ~ . o W A 2 a
ZoFudohunTam BER (bit error rate) D3z U1 (Faf IdnTu I luaminy
1 [ =] dy . el Fe] I} n‘:‘
athal5fa T Tuuni izsana i wasduaraanITANa g AN IUAA YR B lIziny

udopiaaz 1 uuURe MIAueguantya M BPSK

3.2.1 n1IANEGENT YR 1M BPSK

msloq‘siml mdu-fhaped "TU-U

Izin(® 1) , -
_@ | Balanced _E_LJ Level \‘thury‘_i‘
input | _ data
Coherent sin(e 1) output
camier | Clock
FeCOVEry recovery

11l 3.4 wienlaesm uvesdWnegandaam BPSK

= o g 9 a A e o u’: w a o o a
AIIANDYANT YN BPSK WudesarfunisaueganuunIafisud Aaiudiiviniui

A @ As w W 4 o Y n 1
sxdpadmafuriuenvesdya uiidadun eldhifuilse lowidluns fdeyalunnd g 3.4

ar o Y] o — =1 o A - as o
wAnAEMIRLYe s ANegan Fyaw BPSK Muaaaihinfenlaezunsudeimannisiey
ar r.ty 1 - - o @ A at a A .—f ]
Fat1903NIDINIULDUAING (BPF : Band pass filter) ATHINNNTDIAYYIUTUNIUNARTUIENIN
[ R 1 1 & b ' ' A @
AYTAeFyYIM BPSK (4sin (0,1 HUBD4Fyn 18 (Channel) 80n 11 deaud gy miinin BPE légn
v d & o W A 4 PR,
wiseaniluaasme mandlsgniddmiudme waza1mi) yoapaunad d 1 lun s uagan
' W o A A o ) ! %o 1 >
MIUN ﬁ)‘jQ‘mﬂ’]TuﬂLI.ﬂ&tﬂﬁﬁJ‘ENﬂHUWWﬁ {coherent carricr rcu_wcry) ’cT’mEJﬂ‘VIN:l‘BHT 1ﬂ~uaﬁm'wﬂu
“ ¢ A W @ ¥ 4 ¢ ¢ P 4 ¢
ARG 19N AW Hiuduegiamas augnt (Balance modulator) MINUHID WA
= w o ' LY a e - 4
AA gevswaganad wgnniasaan I A INT8eA AR (LPF : :Low pass filter) 39
a ::hrl yd 4w 11 rd et ] v ooy d @ O - T
Fauiladozithuvoya luuisinoguani unsu Lsimudgaudana ndutudyyimuann
A o A A A W g v A = < o & & ¥
asnvievunvasdyauiaueeiiisaiadinan iy wiimanfasuilaeiaw aniuisizees
o & t a e o a & Al @/
mnmsulagszduu 311J'iNfu'mﬁigmunm‘lﬁuaﬂ‘ummﬂuwﬂmwaclﬂﬂ’f“lumsﬂ‘::mamama

o

late) L A d W A os L . w AN W
Yy uAIApade 1 Fathomimue s seAudyuin (Level converter) Had910N laeayy o

11

I~ { e o W a T = A o1 'i)cl W ar I3
Danuuzihuwaduds Fyamergnuitesmtumami mehai W 1rlunsgdygroun

=<a.

9 L L) ¥ o ~ e & e L o =)
yaddaya TUUTTHILNITOAYIIUUIHM (cock recovery) 1AZOANITHUHAUN lfugunavel

]
a o

Fwiradudun s luns i

LT} u

AP [ e a o or s 1 A d
@ ndryaruuin iesmaveiiniaiudyo s luud i
el

W L 4 [
faya TuuTin Wneaan e



20

-
UNnh 4
-
19950584A NNUDHIUIDZ 95 Edge detector
ﬁé’nnmﬁmé’fmmaqmnimmmﬁ { Intreductory Filter Concepts )
A . M g g as o o
1993IB9ANA ( Filter ) AB1arhildiumsiagilvessandszna uueanmud
a A d 1 o 4
( Frequency spectrum ) upadnyna Twi 193 nseeaniunit Tasstei dnduvesszuudees
1A STUVATLAN

4.1 199305230 NN WM ( Low pass Filter )

Coain §AM

+ Stop band

o~ v - - T T Pass band ), _
‘ : ,/ Amin
Amax + 4
[ IEES LY I A S ICH HEoah )y ]
i '

de

U9 4.1 grueni@aes Low pass Filter Tupisfiarsansenuuy

Ag ¥ Ae 1 A a A g W
WATNTDINTTUOAINTY ﬂzﬂa'ﬂiﬁﬂrﬂﬂﬂﬁwwﬁluﬂﬂﬂqﬂ iﬂﬂﬂﬂTﬁqmﬂlﬂUlWU%ﬂﬂUﬂU AT

aamaUF L MATA NN

o.

b
Ld ol

Wi RdfaR s lun1sHAIT NI LLINTTATBEN 1IN

/] 4

IR THUAN I INAN AN DAY

c; W A o sy i ot i x:i'.
sruuThs daens msimairienumuiand Wyimaluniseeniuinensainuiie

o unuANNERweN Ay KL ( Pass Band Frequencies ) : W p Fyaauiniinawin

poul¥dy e rzdealinugudeldfumgaaietuoen : Ama

]

1t

() p HAT Amax VaeNIINTBIIAE WIasRatug I 33
o upuAMATMEATUNIN ( Stop hand Frequencies ) @ ()'s f?’tgmuwm‘ﬁﬁmmmmmu
'HQﬂw?aﬁ‘n%’ﬂ'ﬁ?aaﬂmu{':ﬂzé’fmﬂﬂﬂuqiytﬁﬂadwqﬁ’@ﬂﬁqmﬁﬁu Amin
s WAT Amin Y84 Low pass Filter naaalugyl 3.3 IUAIATENIN W p UAZ W s
{30711 Transition Band
e WA 9T BI8aAIL TN T8 TR Untadants 19 e g Ao
( Loss Function ) axwiliininmdrla]lgant Heduvaansvee nie
Vo(s)
Vin(s)

Gain = . Forward Transfer function



Vin(s) ) ‘
Loss = 7 : Reverse Transfer function
Vo(s)
1AL Loss = 1/ Gain

¥
[ 1

Amiueesnia@ R wnua i iven IddyyImkuAe ANNDAwe 0 Hz

(de) udannudsmesd @ p Taslimrgade ity Amax Tugvawnuaud 0Hz- wp

ANINHA W p 910YMTONIT Pass band edge Frequency wazdauitin MuanINNT

. ] e 1 A 1
s -0 %fzfmiﬂﬂﬁﬂﬂ@u Amin Lﬂuamqm‘ﬁfgﬂ ARNMD s 130N Stop band edge

Frequency

¥ ]
A9U1 Wetuvo9 Low pass Filter auAL

K suiu
2
Kw;
Gain = W
2 ps 2
sS4+ T w,
=p
, W,
st M rw
L Q{)
{')L‘L‘ = e
hlsl KM)'_}

K = Pass band Filler

() p = Cut off Frequency #50 Pass band cdpe

2 A NNDANeaW @ p UAERIINIVLILY =

Frequency



4.2 19930 TOIAVA NHOF1%(Band pass filter)

I
A

Jvsnsadunua nNad sxeealddynaniaudeglunauauiihven e
s w,, fU w,, Taolimsgapdohiidu A, uazAdadyaiuiiauiunnimiedesny

L Lo .
UBun AR MR T w, w,, ai1edaniine Amin dwmaddugl 42

M?G(dB)

________ —_—— -

v

Wsl Amax4 Ws2
Stop band Stop band
(Loss}

71l 4.2 AesanliAves Band pass filter Tun1sHvANBRALLY

Co o

a'ad 1 o =y o W A
ni eI WINTUN 1]]’1]@\1’]«3‘l]'ill-UuﬂWWﬁNﬁlﬁE)‘i BUAUTDIND

@
K-t §

- f

H{s)=
R R i

p
K=pass band gain

A4 oAl
Wp=f11NN gain UATHITR



23

4.3 amnaay (Edge detection)
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1. 74HC4060 (14-Stage binary ripple counter with oscillator)
2. 74HC393 (Dual 4-bit binary ripple counter)
3. LM311 (Single Comparator)
4. MC74HC4046 (Phasc-locked loop)
5. 74HC164 (8-bit Serial-Inpul/Paralled-Output stult register)

6. MC74HC688 (8-bit Equality Comparator)
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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator

74HC/HCT4060

FEATURES

All active components on chip
* RC or crystal oscillator configuration

QOutput capability: standard (except for Ry and Cq¢)

lcc category: MSI

GENERAL DESCRIPTION
The 74HC/HCT4060 are high-speed Si-gate CMOS

devices and are pin compatibie with "4060" of the "4000B"

series. They are specified in compliance with JEDEC
standard no. 7A.

The 7T4HC/HCTA060 are 14-stage ripple-carry
counter/dividers and oscillators with three oscillator

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

terminals (RS, Ry¢ and Cy¢}, ten buffered outputs (Qa to
Qg and Q44 to Q43) and an overriding asynchronous
master reset (MR}

The oscillator configuration allows design of either RC or
crystal oscillator circuits. The osciltator may be replaced by
an external clock signal at input RS. In this case keep the
other oscillator pins {Rt¢ and Crc) floating.

The counter advances on the negative-going transition of
RS. A HIGH level on MR resets the counter {Q3 to Qg and
Q11 to Qg3 = LOW]}, independent of other input conditions.

In the HCT version, the MR input is TTL compatible, but
the RS input has CMOS input switching levels and can be
driven by a TTL output by using a pull-up resistor 1o Vcc.

TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
ter tein | Propagation delay CL=15pF, Vec =5V
RS to Qs K1 KL ns
Gy to Qg B 6 ns
tPHL MR to Q, 17 18 ns
frmax maximum clock frequency 87 88 MHz
C input capacitance 35 35 pF
Crp power dissipation capacitance per package notes 1,2 and 3 40 40 pF

Notes

1. Cppis used to determine the dynamic power dissipation (Pp in uWi:

Pp = Cpp % Vee? x i+ X (Cp x Vee? x o) where:
f, = input frequency in MHz
f, = output frequency in MHz
T (CL % Vec? x T} = sum of oulputs
C, = output load capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V, = GND to Vo
For HCT the condition is V, = GND to Vg - 1.5V

3. For formula on dynamic power dissipalion see next pages.

ORDERING INFORMATION

December 1990

Ed e TAAT RN Py d 0 vy Pl et



Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,2, 3 Q4 1o Qs counter outputs
7,5,4,6,14,13,15 |Q3toQq counter outputs
8 GND ground {0 V}
9 Cre extemnal capacitor connection
10 Rre extemnal resistor connection
11 RS clock input/oscillator pin
12 MR master reset
16 Vea positive supply voltage
an 3] U E]"cc nl;ociz cTAte {3__: a4 3__;
¢ - = .-
2] E]a, n B cr 23:: -w.._ﬂ’—«l— :: ) 4 —
0y [4] [13] % Qg p— ﬂ'! ol o 12 - | 1+
2 £T4
03] 4080 1] un :7 :‘.; CTep ._—15_ —tcr-o 'j
DBE Ens 0:—15 '||-—'2 11--i-
o3[} [10] Rye Qyqb—t tu—’- 1!:
GND [E E Crg Cyg =2
Dy3fp—3 TENNER 1933
1293330
79I
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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14-stage binary ripple counter with oscillator 74HC/HCT4060

DYNAMIC POWER DISSIPATION FOR 74HC

PARAMETER Vee (V) | TYPICAL FORMULA FOR P (1W) (note 1)

total dynamic power 20 |CroXfoe® Ver?+ X (CL x Vo o) + 2C x Vg2 X fage+ B0 X Vg
dissipation when using the 4.5 |Cppxfoee ¥ Vee2+ X (CL x Vog? X To) + 20 x Viog? X fase + 1 750 x Vg
on-chip oscillator (Pp) 6.0 | Cpp xfueex Vo2 + X (Cf % Ve % fo) + 2C % Vog? % foge + 3 800 x Vg
Note

1. GND=0V,; Tanp=26°C

DYNAMIC POWER DISSIPATION FOR 74HCT

PARAMETER Vee (V) | TYPICAL FORMULA FOR Pp (uW) (note 1)

total dynamic power

dissipation when using the 45 Crp X fase X Vo2 + T {0 % Vo2 x ) + 20 x Vo2 x fage + 1 750 x Vo
on-chip oscillator {Pp)

Notes

1. GND=0V;Tgmp=25°C

2. Where: f, = output frequency in MHz
fasc = Oscillator frequency in MHz
¥ (CL = V2 x fo) = sum of autputs
C; = output load capacitance in pF
Cy =timing capacitance in pF
Ve = supply voltage in V

{w |a
Rye Cre
11 |ns
ce 14-ETAGE BINARY COUMTER
Co
12 Jwa
oy |04 105 |0y 107 |Gy {0y |04 [0y2id43
1z03121 7 |5 |& l& | 13 e v {2 |3

Fig.4 Functional diagram.

APPLICATIONS

Control counters

Timers

Frequency dividers

Tirme-delay circuits
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14-stage binary ripple counter with oscillator 74HC/HCT4060
+ T 7

Fig.5 Logic diagram.

I
Q4
as
Qg
ay
Qg
Op
Gy
Q47

Q43

a 19 11 64 17 288 812 1024 2048 4000 5192 18344

a5 WUUUUUUUUUUUUU

SN e S N NG (N N N W ) W My S
Y —J ittt e
[ Ry Ui S By Ay Wy Ny Eiy HEG) S
NN pay By [ Dy Sy S Eiy Higy S

Fig.6 Timing diagram.
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14-stage binary ripple counter with oscillator 74HC/HCT4060

DC CHARACTERISTICS FOR 74HC

Output capability: standard {except for Ry and Cr¢)
lcp category: MSI

Voltages are referenced to GND (ground = 0 V)

Tams {°C) TEST CONDITIONS
SYM- 74HC
BOL PARAMETER UNIT [y | W OTHER
+25 ~40to +85 | -40t0 +125 (3;:
min. |typ. | max. [ min. | max. | min. | max.
ViH HIGH level input voltage {1.5 1.3 1.5 1.5 vV 2.0
MR input 315 |24 3.15 3.15 4.5
4.2 31 4.2 4.2 6.0
Vi LOW levet input voltage 08105 0.5 0.5 vV 2.0
MR inpul 211135 1.35 1.35 45
28|18 1.8 1.8 6.0
ViH HIGH level input voltage | 1.7 1.7 1.7 \ 2.0
RS input 36 3.6 3.6 4.5
4.8 4.8 48 6.0
Vi LOW level input voltage 03 0.3 0.3 v 2.0
RS input 0.9 0.9 0.9 4.5
1.2 1.2 1.2 6.0
Vo HIGH leve! output voltage | 3.98 3.84 37 A 4.5 | RS=GND |[-lg=2.6 mA
Rre output 548 5.34 5.2 6.0 | and ~log=3.3mA
MR=GND
3.98 3.84 3.7 vV 4,5 |RS=Vce {-lo=0.65mA
548 5.34 5.2 6.0 |and —lg = 0.85mA
MR=V¢c
1.9 2.0 1.9 1.9 A 2.0 |RS=GND |-lg =20 pA
44 |45 4.4 4.4 4.5 | and —lg =20 pA
5.9 6.0 5.9 59 6.0 | MR=GND |-lg =20 pA
1.9 (20 1.9 1.9 vV 2.0 |RS=Vge [-lo=20pA
44 (45 4.4 4.4 4.5 | and -ig = 20 gA
59 |6.0 59 5.9 6.0 | MR=Vce [-o=20pA
VoH HIGH level output voltage | 3.98 3.84 3.7 \ 45 {R5=Vy |-lg=32mA
Crc output 5.48 5.34 5.2 6.0 {and —lg = 4.2 mA
MR=V|L
VoH HIGH lavel output voltage (1.9 2.0 1.9 1.9 Vv 20 |ViH ~lg = 20 pA
except Rre output 4.4 4.5 4.4 4.4 4.5 |or —lq =20 pA
59 160 59 5.9 6.0 |V o =20 pA
VoH HIGH level oulput voltage | 3.98 3.84 37 \Y 45 [V ~lo=4.0mA
except Rrc and Cre 5.48 5.34 5.2 6.0 |or —lg =5.2mA
outputs Vi
VoL LOW level output voltage 0.26 0.33 04 4.5 |RS=Vee [lo=2.6 mA
Rrc output 0.26 0.33 04 6.0 {and lp=33mA
MR=GND
0 (041 01 0.1 v 2.0 IRS8=Vee [lo=20pA
0 (041 0.1 0.1 4.5 |and o= 20 pA
0o |01 01 0.1 6.0 [ MR=GND |1n =20 pA
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14-stage binary ripple counter with oscillator 74HC/HCT4060
Tamb (°C) TEST CONDITIONS
. 74HC
SBM PARAMETER UNIT |y | Vi OTHER
BOL +25 _40t0 +85 | -4Dto +125 (3';
min. |typ. | max. | min. | max. [ min. | max.
VoL LOW leve! output voltage 0.26 0.33 04 v 4.5 |RS=Vy lo=3.2mA
Crc output 0.26 0.33 04 6.0 | and lo = 4.2 mA
MR'*‘V;H
VoL LOW level output voltage 0 |01 0.1 0.1 v 2.0 | Vi o = 20 LA
except Rrc output 0 0.1 0.1 0.1 4.5 Jor lg =20 puA
0 |0.1 0.1 0.1 6.0 VL lg = 20 UA
VoL LOW level output voilage 0.26 0.23 04 Vv 45 |V lg=4.0mA
except Ry and Crc 0.26 0.33 0.4 6.0 jor lg=5.2mA
outputs Vi
+l input leakage current 0.1 1.0 1.0 pA 6.0 (Ve
or
GND
lee quiescent supply current 8.0 80.0 160.0 jpA | 6.0 | Vec lp=0
or
GND
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14-stage binary ripple counter with oscillator 74HC/HCT4060

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT |y | WAVEFORMS
+25 —40 to +85 | —40 to +125 (;;:
min. | typ. | max. | min. | max. { min. | max.

oaaation dela 99 | 300 375 450 2.0

tor! ten |P nggioo y 36 |60 75 90 |ms |45 |Fig.12
3 29 |51 64 77 6.0
opagation dela 22 |80 100 120 2.0

tor toun |P 5 fo a ¥ 8 |16 20 24 |ns |45 |Fig.14
n M- 6 14 17 20 6.0
opagation dela 55 |175 220 265 2.0

tere pmgt% 5 y 20 |35 44 53 |ns |45 {Fig.13
n 16 |30 37 45 6.0
19 |75 95 110 2.0

ttilf tron | output transition time 7 15 19 22 ns 45 |Fig.12
6 |13 16 19 6.0
. B0 |17 100 120 2.0

b C';‘é'f I'_’:I‘gﬁ ::d,_tgw 16 |6 20 24 ns |45 |Fig.12
: 14 |5 17 20 6.0
aster reset bul 80 |25 100 120 2.0

tw m .Z;ﬁ;?ﬁéﬁe 16 |9 20 24 ns |45 |Fig.13
w ' 14 |7 17 20 6.0
omoval fim 100 | 28 125 150 2.0

bom TRt F\’lSe 20 |10 25 30 ns |45 |Fig.13
0 17 {8 21 26 6.0
. ook oul 6.0 |26 4.8 4.0 2.0

Freax mfa’“’"”m“c puise 30 |80 24 20 MHz |45 |Fig.12
requency 35 |95 28 24 6.0
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 7T4HC/HCT4060

Notes

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

2. Only input MR (pin 12) has TTL input switching levels for the HCT versions.

INPUT UNIT LOAD COEFFICIENT
MR 0.40

AC CHARACTERISTICS FOR 74HCT
GND =0V, t. =4 =6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT | v WAVEFORMS
+25 -40to +85 | -40to +125 )
min. | typ. | max. | min. | max. | min. | max.
ten! tpLH | propagation delay 33 66 83 99 ns 4.5 |Fig.12
RSto Qs
tpr/ tpy | propagation delay 8 16 20 24 ns 4.5 |Fig.14
Qn to an
tPHL propagation delay 21 44 55 66 ns 4.5 [Fig.13
MR to Gy,
trh trun | output transition ime 7 15 19 22 ns 4,5 tFig.12
tw clock pulse width 16 6 20 24 ns 4.5 |Fig12
RS; HIGH or LOW
tw master reset pulse 16 6 20 24 ns 4.5 |Fig.13
width MR; HIGH
trem removal time 26 13 33 39 ns 45 |[Fig.13
MR to RS
frnax maximum clock pulse 30 80 24 20 MHz |4.5 [Fig.12
frequency
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
14 ‘ MBA3II
9g max. |1
mA,
R pyans = $80KR fmANS 12 // ]
— // 4 typ.
Voo 10 // /J
DATHF|  npur outguy | HIORF gl
o—{- — 8 ‘
¥jine :1 - / min.
(4=1kHa) ® v 4
o 7293328 GND 6 // /“ /
) LW,

Fig.7 Test set-up for measuring forward /
transconductance gis = dig f dviatvyis 2 o p 2 3 3 5 &
constant (see also graph Fig.8); Vg (V)
MR = LOW. - .

Fig.8 Typical forward transconductance g, 8s a8
function of the supply vollage V¢ at
Tamb = 25 °C.
105 ~ 1203327
A,
{H1)
W RC OSCILLATOR
ke
M c1 \ B
- | Y MR [from loghe]

hl+] a
10?
Rz A, <

1a |

10’ ! 100 A, ! Typical formula for osciliator frequency:
10 10-3 10-7 ¢, {xFi 107" P B
. _ : ose ~ TEXR AC
Fig.9 RC osdillator frequency as a function of .
Reand Cyat Vo = 2.0t0 6.0 V; Tamp = 25 °C.

C, curve at Ry = 100 k&); R2 = 200 ki
Recurve at Cy = 1nF; R2 = 2 xRy Fig.10 Example of a RC oscillator.

TIMING COMPONENT LIMITATIONS

The oscillator frequency is mainly determined by RiCt, provided R2 = 2R; and R2C2 << RCt. The function of R2 is to
minimize the influence of the forward voltage across the input pratection diodes on the frequency. The stray capacitance
C2 should be kept as small as passible. In consideration of accuracy, C; must be larger than the inherent stray
capacitance. R must be larger than the "ON" resistance in series with it, which typically is 280 Q2 at Ve = 2.0V, 130 £2 at
Vo =4.5Vand 100 Q at Ve =6.0V,

The recommended values for these components to maintain agreement with the typical oscillation formula are:

C; > 50 pF, up to any practicai value,

10 kQ < Ry < 1 MEL

In order o avoid start-up problems, Ry 2 1 k2.
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14-stage binary ripple counter with oscillator

74HC/HCT4060

1

15]ns '_Do——

MR {Irom logich

Are

TYPICAL CRYSTAL OSCILLATOR
In Fig. 11, R2 is the power limiting resistor,

R bian
e, i L
100k ta 1MG [] A

il

2
22k02

Fer starling and maointaining oscillation a minimurm 1 ﬂ |
transconductance 18 necessary, so R2 should not 2
be foo large. A practical value for RZ is 2.2 ki} €y 57;7: €1=F 100pF

TIRINIG

Fig.11 Extemai components connection for a crystal oscillator.

AC WAVEFORMS

RE iNPUT

v

ay oUTPUT

1283138 i-_-tm ...] L3

(1) HC :Vy=50%; V, = GND ta Ve
HCT: Vi =13V ¥, = GND1o3 V.

Fig.12 Waveforms showing the clock (RS) to
output (Q3) propagation delays, the clock
pulse width, the output transition times and
the maximum clock frequency.

WA INPUT V'

= tram

RAE [NPUT vttt

2, QUTPUT

TEEAN

(1) HG Wy = 50%; Vi = GND ta Vgc.
HCT: Vi =1.3V: V= GNDto 3 V.

Fig.13 Waveforms showing the master reset (MR}
pulse width, the master reset to output {Qn)
propagation delays and the master reset to
clock (RS} reroval time.

a, ouTput

T
(1) HG : Vi = 50%; W, = GND 1o Vg Oneq OUTPY

HCT: V= 1.3V V| =GNDio 3 V.

kril ]

Fig.14 Waveforms showing the output {Qy) to Qn.1 propagation delays.

PACKAGE OUTLINES

Qe | fu e T RS s e e O
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Philips Semiconductors

Product specification

S0

Dual 4-bit binary ripple counter

7T4HC/HCT393

11—

FEATURES

Two 4-hit 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 capabitity: standard

lec category: MSI

GENERAL DESCRIPTION

The T4HC/HCT 393 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. TA.

QUICK REFERENCE DATA
GND =0V, Tgqmqp =25°C; =4 =6ns

The 74HC/HCT393 are 4-bit hinary 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 dock inputs. The counter outputs are intemally
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
teHL! teLH propagation delay C =15pF; Vg =5V
nCP to nQq 12 20 ns
nQ to N1 5 6 ns
nMR to nQp, 1 15 ns
Trnax maximum clock frequency 99 53 MHz
C input capacitance 3.5 35 pF
Cep power dissipation capacitance per counter notes 1 and 2 23 25 pF
Notes

1. Cppis used lo determine the dynamic power dissipation (Ppin pW):

Pp = Cpp % Vo2 x £+ T (Cy x Vee? x fo) where:
f, = input frequency in MHz
f, = output frequency in MHz
¥ (C % Vc? % fo) = sum of outputs
C, = output load capacitance in pF
V¢ = supply voltage in V

2. For HC the condition is V| = GND to Vcc
For HCT the condition is V| = GND to Vo — 1.5V

ORDERING INFORMATION

See

December 19490
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Dual 4-bit binary ripple counter 7T4HC/HCT383

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,13 tCP, 2CP clock inputs (HIGH-to-LOW, edge-triggered)

2,12 1MR, 2MR asynchronous master reset inputs {active HIGH)

3,4,5,6,11,10,9,8 105 to 105, 2Qp to 2Q;, flip-flop outputs

7 GND ground (0 V}

14 Voo positive supply voltage

y=—olicp 10gh—23 CTRA L__ﬁ

SEFE 9 1] Vee ; 10 f—4 2 |ereo o—_‘
1ar[7] [13] 2¢F 1093 p-5 i, Ll I Y
‘%LT_ E]mn 2—{1MR 103fwg bt

10,3} 393 [i1]20p

107 5] 'i_o‘]m, nm—o{2ce 20pfp1y CTR4 I
a1 —
taz( s E] 20, 2 L S 0
n W0 p—9 13 CTH g
GHoL? 8] 209 12—J MR Z03}—38 =B P
1293347 I
TEZa33a8
I283348
Fig.1 Pin configuralion. Fig.2 Logic symbal. Fig.3 1EC logic symbol.
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Dual 4-bit binary ripple counter T4HC/HCT393
s 'l 3 2 g Bl s Kl e K
IS Th g 134 4
BINARY
riepe  [*92] & n ql
2_{1MR]| COUNTER
03] l
- 29| 11 n
13 [ZCP
T e 2w E:a -
BiNAAY
asppLe (2921 9
12 [IMR] COUNTER |
3l 8
Lo fefr oo o ]
TrEyIsi
TZ¥380
Fig.4 Functional diagram. Fig.5 State diagram.
COUNT SEQUENCE FOR 1 COUNTER
OUTPUTS
COUNT
Qg Q4 Q2 Qy
0 L L L L
1 H L L L
2 L H L L
a o Q a 3 H H L L
cF ——| >—Of T T T T 4 L L H L
FE1 FF2 FF3 FE4 5 H L H L
"o "o "o fo 6 L H H L
w —{>o T e 1 7 H H H L
8 L L L H
9 H L L H
TI9I361.1 Qg Q4 Qs Q3 10 L H L H
" 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 {one counter). 1. H=HIGH voltage level
L = LOW voltage level
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Dual 4-bit binary ripple counter

7T4HC/HCT393

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see = # 5 e i L 80

Cutput capability: standard
I category: MSI

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

Tams (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |y _ . |WAVEFORMS
+25 -40to +85 |-4010+125 (3;3
min. | typ- | max. | min. | max. | min. | max.
tpHL! tpLH | Propagetion delay 41 125 155 190 |ns 2.0 |Fig.7
nCP to nQg 15 |25 31 38 4.5
12 21 26 32 6.0
terl/ teLn | propagation delay 14 |45 55 70 ns 2.0 |Fig.7
nQ, to Qg4 5 9 11 14 4.5
4 8 9 12 6.0
tpHL propagation delay 35 | 140 175 210 |ns 2.0 |Fig.8
nMR to nQ,, 14 |28 35 42 4.5
11 24 30 36 6.0
trhe/ trun | output transition ime 19 |75 95 110 |ns 2.0 |Fig.7
7 15 19 22 4.5
6 13 16 19 6.0
tw clock pulse width BO 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 19 100 120 ns 2.0 |Fig.8
width; HIGH 16 7 20 24 4.5
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 45
5 1 5 5 6.0
frnax * [ 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
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Dual 4-bit binary ripple counter 74HC/HCT393

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see "
Output capability: standard

lcc category: MSI

Note to HCT types

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

INPUT UNIT LOAD COEFFICIENT
1CP 0.4
2CP 04
MR 1.0
2MR 1.0

AC CHARACTERISTICS FOR T4HCT
GND =0V, t, =t =6 ns; C_ =50 pF

Tamn (“C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT |y WAVEFORMS
+25 -40 to +85 | —40to +125 V)
min. | typ. | max. | min. | max. | min.{ max.
terLf tpLy | Propagation delay 15 |25 3 38 ns 4.5 |Fig.7
nCP to nQg
teud! teLH | propagation delay 6 10 13 15 ns 45 {Fig.7
nQy to nQy, 4
tPHL propagation delay 18 32 40 48 ns 45 |Fig.8
nMR to nQ,
trhe/ triy | output transition time 7 15 19 22 ns 4.5 | Fig.7
tw clock pulse width 19 111 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
frem removal time 5 0 5 5 ns 4.5 |Fig.8
nMR to nCP
finax maximum clock pulse 27 |48 22 18 MHz (4.5 |Fig.7
frequency
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Dual 4-bit binary ripple counter 7AHC/HCT393

AC WAVEFORMS

nCP INPUT

aQ, GUTPUT

-] E—l'ma.

TEe33Nd

1) HG Vy = 50%; V¥, = GND to V.
HCT. Vi =13V, Vi =GND o3 V.

Fig.7 Waveforms showing the clock (nCP} to output {1Qy,, 2Qy) propagation delays, the clock pulse width, the
output transition times and the maximum dock frequency.

nMR INPUT i vyttt
-—— Ty —=
i trom
nCP INPUT vyl
b TpHL
nQ,, QUTPUT Vi
71893384

(1) HC V= 50%; V) = GND 1o Ve,
HCT Wy =13V V| =GNDt 3V

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

PACKAGE OUTLINES

See
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Philips Semiconductars Preduct data

Voltage comparator LM111/211/311/311B
DESCRIPTION PIN CONFIGURATION
The LM111 serias are voltage comparators that have input currents
approximately a hundred times lawer than devices like the uA710. D, N Packages
They are designed to operate over a wider range of supply voltages;
: . SRS S
from standard +15 V op amp supplies down to a single 3 V supply. -—
Their output is compatible with RTL, DTL. and TTL as well as MOS GND [_1__ 8 } v+
circuits. Further, they can drive lamps or relays, switching voltages NPUT [2 | ) 7"J GUTPUT
up to 50 V at currents as high as 50mA. - -
I :; .
Hoth the inputs and the outputs of the LM 111 series can be isolated INFUT 1_3__ & ‘ HAL/STROBE
from system ground, and the cuiput can drive loads referred to e ‘ . 5 BALANCE
ground, the positive supply, or the negative supply. Offsetbalancing | - | -
and strobe capability are provided and outpuls can be wire-ORed. 5100062
Althaugh slowar than the pA710 {200 ns response time versus 40 ns), Figure 1. Pin Configuration
the devices are also much less prone to spurious oscillations. The
LM 111 series has the same pin configuration as the pAT10 series.
FEATURES APPLICATIONS
. -,
® COperates fram singte 3 V supply (LM311B] Precision squarer
. " .
® Maximum input bias curent: 150 nA (LM311: 250 nA) Positive/negative peak detector
. )
& Maximuin offset current: 20 nA (LM311: 50 nA) Low voltage adjustable referenca supply
® Switchi )
® Differential input voltage range: +30 V Switching power amplifier
® Power consumption: 135 mW at +15 V
® High sensitivity: 200 V/mV
® Zarp crossing detector
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Qutline Package (SQ) -55°C to+126 “C LM11iD SOT96-1
8-Pin Plastic Dual in-Line Package (DIP) ~-55"Cto+125"C LM111N SOTE7-1
8-Pin Plastic Small Qutline Package (S0 —25°Cto+85°C LM2110 SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) -25°Cto+85°C LM211N 507971
8-Pin Plastic Small Qutline Package (SO) 0“Cta+70°C LM311D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) 0"Cto+70°C LM31IN SOTH7-1
8-Pin Plastic Small Outline Package (SO) 0°Cto+70°C LM3118D S0T96-1
8-Pin Plastic Dual In-Line Package {D!P} 0°Cto+70 °C LM311BN 507471

2001 Aug 03 2 B53-0927 26B34



Philips Semicanductars

Product data

Voitage comparator

LM111/211/311/3118B

EQUIVALENT SCHEMATIC

BALANCE!/
STROBE F

' T RE SR7 ' ; .
- § 1.2K 1.2K C l Q13
| : i Q‘l?‘ » i g R10 -
| ‘ 4 - I o8 ‘ . 4K ; QUTPUT
l ; H - \ Q‘:\d\.‘l s oer—— % Q
S +— @ — . :
S T
— D1 D2 Q2 - R15 i
o el o o | & : Dw §| 400
' ‘H ’ } Q2 I - i
INPUTS L Ri5
ek s
| I
. I -
o —If le ‘ ! D:? 1 D‘E.‘}
R19 SR8 R14
5 250 % 2qu ™ O‘:ﬁ" "1
....... . IR S N - . A
o V- L0063
Figure 2. Equivalent Schematic
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Tatal supply voltage 36 Vv
Output to negative supply valtage:
LM111/LM211 50 v
LM311/LM311B 40 v
Ground 1o negative supply valtage 30 Y
Differantial input voltage 130 \Y
Vin Input vokage! +15 v
PD max Maxirum pawer dissipation, Tymp = 25 G {stit-air)2
N package 1180 mWw
D package 780 mw
| Qutput short-circuit duration 10 sSec
Tams Operating ambient temperature range
LM111 -55 to +125 °C
LM211 -25ta +85 °C
LM311/LM311B 010 +70 G
Tstg Storage temperature range —65 fo +150 *C
Teia Lead soklering temperature (10 sec max) 230 “C
NOTES:

1. This rating applies for +15 V supphies. The positive input voltage limit is 30 V above the negative supply. The negative input voitage #imit is

aqual to ihe negative supply valtage or 30 V belaw the positive supply, whichaver is less.

2. Derate above 25 °C, at the following rates:
N package at 9.5 mW/C
[ package at 6.2 m/W'C

2001 Aug 03




Philips Semiconductors Product data

Voitage comparator LM111/211/311/311B

DC ELECTRICAL CHARACTERISTICS'. 2. 3,6

Ovar temperature range unless otherwise specified.

LM111/LM211 LM311 LM311B
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max { Min Typ | Max | Min | Typ | Max
Tamb = 25 °C:
q amb '
Vos Input offset voltage Rg % 50 ki) 0.y 3.0 20 7.5 20 7.5 my
las Input offset current Tamp = 25 °C 4.0 10 6.0 50 6 25 nA
tias Input bias current Tamp = 25 °C 60 100 100 | 250 100 | 200 nA
Ay Voltage gain Tame = 25 °C 200 200 200 vimy
Response time* Tamp = 25 “C 200 200 500 ns
LMA11/241 vy € -5mv:
IOUT =50 mA
Vgar Saturation voltage LM311/B V|y £-10 mV; Q.75 15 0.75 15 075 1.5 \'4
IOUT =50 mA
Tamb =25"C
lgasTR | Strobe on Gurrent Tamp = 257C 3.0 3.0 3.0 mA
LM111/211 iy 25 mV;
Vour =39V
LM3T1/B Vyy 2 10 mV;
iLeakace | Output leakage curent® Vour =35V 0.2 10 0.2 50 Q0.2 50 nA
Tamb =25°C,
IsTROBE = 3 MA
(V-=Vgyp =-5V)
Vos Input offset valtage3 Re < 50 k2 40 10 10 my
log Input offset currentd 20 70 50 nA
Ig1as Input bias current 150 300 250 nA
. 138 1348
V=t ' -
Vi Input valiage range 150\{0(';'3)7 may |_445| o | 130 |-14a5] w0 | 130 :é A \:J'S v
g 147 a7 : -t
Vezd 5V V-=0V
LM111/211 My < 6 mV,;
VoL Saturation voltage® Isink < 8 mA 023 | 04 023 | 04 023 | 04 v
LM3111’B VlN = -10 lTIV;
Iginge < B mA
V|N 25mv.
loH Output leakege current Veur =35V 01 0.5 pA
teo Paositive supply current Tams =25°C 5.1 6.0 5.1 75 16 35 mA
133 Negative supply voliage Tame =25 °C 4.1 5.0 4.1 5.0 mA
NOTES:

1. This rating applies far £15 V supplies. The positive input voltage limit is 30 V above the negative supply. The negative input voltage fimit is
aqgual to the negative supply voltage or 30 V belaw the positive supply, whichever is less.

2. These specifications apply for Vg = +15V and 0 °C < Tyyp < 70 °C unless otherwise specified. With the LM211, however, all temperature
specificatians are limited 10 -25 'C < Tyqp < +85 °C, and for the LM111 is limited ta —55 “C < Tamp < +125 "C. The offset voltage, offset
current, and bias current specifications apply for any supply voltage from a single 5 V supply up to 215 V supplies.

3. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA

load. Thus, these parameters define an emor band and take into account the worst case effects of voltage gain and input impedance.

The responsa time specified is far a 100 mV input stap with § mV over-drive.

Do not short the strobe pin to graund:; it should be curent driven at 3 mA to 5 mA.

LM311B, all parameters are at V+ = 3V +10%; V—=GND =0 V.

ok
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Philips Semiconductors Product data

Voltage comparator LM111/211/311/311B

TYPICAL APPLICATIONS
Tf Sl & O VBV Ve 5V
i . O
R1 R3
S 4.5K g o
|
; ; R5
- 8 ‘ 1K
7 l o TTL
7 T QUTPUT 7
Rz 37 - [s]
" - ToTIL
: : i [ QUTPUT
Ly =
MAGNETIC
PICKUP
* \aluos stown are far a 0 1o 30V lage swing and a 15V Ihrashoid.
~* May be added to control speed and reduce susceptibility 1o noBe spikes.
Zero Detector Detector for Magnetic TTL Interface with High
Driving MOS Logic Transducer Level Logic SLOOOE4

Figure 3. Typica! Applications
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Philips Sermiconductars Product data

Voitage comparator LM111/211/311/311B
DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1
Mg
Ll
[ =
@
a
2
T
ﬁ 1
+ ] — |
| i
| |
| I
f 1
i,
L(e‘)
My
b |- by
LT
pin 1 index
= __ﬁ+-___._.._ E
]
1 4
0 5 1amm
L [T WO S T S S TR S |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A] Az (4 {1 z“]
UNIT | 0 i | me b b by G p™M | E e ey L Mg | My w | 2
173 | 053 | 107 | 0.3 | 98 | 648 360 | 825 [ 100
mm | a2 | 051 | 32 | (ja | g | oee | ooa | e2 | szo | 24| 78 | 305 | 760 | 83 | 01| 1P
: oose | 0.021 | 0042 | 0.014 | 039 | 026 eta | 03z | 03m
!
inches | ©.17 | 0028 | .13 | 5o | 0015 | 003s | aoco | oss | oe4 | 10 | 830 | gyz | 031 | aaa | 001 | 00°
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are nat included.
QUTLINE REFERENCES EUROPEAN
VERSION G JEDEC — pROJECTION | 'SSUEDATE
55-00-54-
[=s - - - -
5aTe7-1 050GO1 MO-001 SC-504-8 == @ P
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Product data

Philips Semicanductars

Voltage comparator LM111/211/311/311B

S08: plastic small outline package; 8 leads; body width 3.9 mm S0T96-1

T
T1
T3
0 e
fot—— 2

S e A

pin 1 index
1 ‘ H I:a L
IR

& 5

0 2.5 S mm
L I T T TR S ' PR T T |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensicns)
A
Ut | o LA | Ar | Ay | bp [ e [ DM E@] e fHe L f L | @ | v oW ]y zH| a
0.25 1.45 049 | 0.25 5.0 4.0 6.2 1.0 o7 o7
mm | 175 | 050 | 128 | ©25 | 0as | 0o | 48 | 38 | ¥ | 58 | "% | 04 | 06 | O |0 O 03 | 4
[
. 0.010 | 0.057 0.019 |DO10D| 0.20 | C.16 0.244 0.039 | 0.028 0.078 a
inches | 0,068 | 0ot | oo | €01 | g'gra looors| 01s | 015 | @00 czos | 9% | co1e | oaza| OO | 001 |0 ez
Notes
1. Plaslic or metal protrusions of 0,15 mm maximum per side are not included.
2. Plastic of metal protrusions of 0.25 mm maximurm per side are not included.
OUTLINE REFERENCES EUROFPEAN BSUE DATE
VERSION IEC JEDEC EIAJ PROJEC TION
S-G5-Br-
SOT6 1 076EC3 MS-012 == @ A
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Voltage comparator LM111/211/311/311B

Data sheet status

Data sheet status [1) Produ?zt Definitions
status [?]
Objective data Development | This data sheet contains data from the gbjective specification for product devetopment.

Philips Semiconductors reserves the right to change the specification in any manner withaut notica.

Preliminary data Qualification This data sheet contains data from the preliminary specification. Supplementary data will be
published at a later date. Philips Semiconductors reserves the right to change the specification
withaut notice, in order to improve the design and suppty the best passibte product.

Product data Production This data sheet contains data from the product specification. Philips Serniconductors reserves the
right to make changes at any time in order to imprave the design, manufacturing and supply.
Changes will be communicated according to the Customer Product/Process Change Notification
(CPCN) procedura SNW-SQ-650A.

|1] Pieasc consuli Ihe most recently issued dala sheol hofare infialing ar completing a design

[Z] The product slalus of the device(s) describad in this dala sheal may hawe changed sincs Lvs dala sheel was published. The lalesl inlrmation is availabke an the intomet at URL
http: iy senmco nduclors_philips. aom.

Definitions
Short-form specification — The data in a short-form specification is extracted fram a full data sheet with the same type number and title. For
detailed information see the relevant data sheet or data handbook.

Limiting values definition — Limiting values given are in accordance with the Absoluta Maximum Rating Systern (IEC 60134). Stress abave one
ar mare of the limiting values may cause permanent damage to the device. These are siress ratings only and cperation of the device at these or
at any other conditions above those given inthe Characteristics sections of the specification is not implied. Exposure ta limiting values for extended
periads may affect device reliability.

Application information — Appfications that are described herein for any of these products are for illustrative purposes only. Philips
Samiconductars make no representation ar warranty that such applications will be suflable far the specified use without further testing or
maodification.

Disclaimers

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products can
reasonably be expected to resuit in personal injury. Philips Semiconductors customers using ar selling these products for use in such applications
do so at their own risk and agree to fully indemnify Philips Semiconduciors for any damages resulting from such application.

Rightto make changes — Philips Semiconductorsreserves the right to make changes, without notice, in the products, including cireuits, standard
cells, and/or software, described or contained herein in order to improve design and/or performance. Phifips Semiconductors assumes na
responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask work right to these

products, and makes no represantations or warranties that these products are free from patent, copyright, or mask work right infingemant, unless
ctherwise specified.

Contact information « Koninklijke Philips Electronics N.V. 2001
Far additional information please visit All rights reserved. Printed in U.3.A.

hitp:/iwww.samiconductors.philips.com. Fax: +31 40 27 24825
Date of release: 12-01

For sales offices addresses send e-mail ta:

sales. addresses@www.semiconductors.phillps.com. Document arder number. 9287 750 0526
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MC74HC4046A

Phase-Locked Loop
High-Performance Silicon-Gate CMOS

The MC74HC4046A is simitar in function to the MC14046 Meial
gate CMOS$ device. The device inputs are compatible with standard
CMOS outputs; with pullup resistors, they are compatible with
LSTTL ouiputs.

The HC4046A phasc locked loop contains three phase
comparators, a voltage controlled oscillator (VCO} and unity gain
op- amp DEMoUT. The comparators have two comman signal inputs,
COMP N and SIG|N. Input SIG N and COMP[y canbe used dircctly
coupled 1o large voltage signals, or indireetly coupled (with a series
capacilor to small voltage signals). The self’ bias circuit adjusts small
voltage signals in the linear region of the amplilier. Phase comparator
| (an cxclusive OR gate) provides a digital error signal PCloyT and
maintains 90 deprees phase shift at the center frequency between
SIGiN and COMPry signals (both at 50% duly cycle). Phase
comparator 2 (with leading-cdge sensing logic) provides digilal error
signals PC20UT and PCPQUT and maintains a 0 degree phasc shift
between SIGTY and COMPIN signals {duty eyele is immaterial). The
lincar VCO produces an output signal VCOQUT whose frequency is
determined by the voltage of input VCOT[N signal and the capacitor
and resistors connected o pins C1A, C1B, Rl and R2, The unity gain
op amp output DEM@UT with an external resistor is used where the
VO] signal is needed but no loading can be tolerated. The inhibil
input, when high, disables the VCO and all op-amps to minimize
standby power consumption.

Applications include FM and FSK modulation and demodulation,
frequency synthesis and multiplication, [requency discrimination,
tone decoding, data synchronization and conditioning,
voltage 1a frequency conversion and motor speed control.

Output Drive Capability: 10 LSTTL Loads

Low Power Consumption Characteristic of CMOS Devices
Operating Speeds Similarto LSTTL

Wide Operating Voltage Range: 3.0t0 60V

Low [nput Current: 1.0 gA Maximum {excopt SIGIN and COMPIN)
In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

Low Quicscent Current: 80 pA Maximum (VCO disabled)

High Noise Immunity Characteristic of CMOS Devices

. & & & & @

Dinde Protection on all Inputs
Chip Complexity: 279 FETs or 70 Equivalent Gates

# Semiconductor Componenls industrics, LLC, 2000 1
March, 2000 - Rev. 7

OMN Semiconductor

hitp://fonsemi.com
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A = Assembly Location

WL = Wafer Lot

¥Y = Year
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ORDERING INFORMATION

Device Package Shipping
MC74HCA046AN PDIP-16 | 2000/ Box
MCT4HCA046AD S0IG-16 | 48 /Rail
MC74HC4046ADR2 | SOIC-16 | 2500/ Reel
MCT4HCAO46AF SOIC-EIAJ | See Note
MC74HCA046AFEL | SOIC—Elal | 352 (ke

1. Forardering information on the EIAJ vell'\élténlgftﬂle
SOIC packages, please contact your local ON
Semicanductor representative.

Publication

Order Number:
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MC74HC4046A

Pin No. Symboi Name and Function
1 PCPouT Phase Comparator Pulse Output
2 PC1ouT Phase Comparator 1 Quiput
3 COMPN Comparator Input
4 VCOouT VCO Output
5 INH Inhibit Input
6 C1A Capacitar C1 Connection A
7 c1B Capacitor C1 Cannection B
i GND Ground (0 V) Vgg
9 VCOiN VCO Input
10 DEMoUT Demodulator Qutput
11 R1 Resistor R1 Cannection
12 R2 Resistor R2 Connectian
13 PC2auT Phase Comparator 2 Qutput
14 SIGIN Signal Input
15 PC3ouT Phase Comparator 3 Output
16 Veo Paositive Supply Valtage

MAXIMUM RATINGS*

PIN ASSIGNMENT

PCPoy ] 1# 6 {J Ve
PClgy [ 2 15 [ PCiyy
coMPp [ 3 14 [J SIGin
VCOuy [ 4 13 [ PC2q1p
INH[] 5 12 1 R?
Ciall 6 R
cwl7 10 [] DEMgez
cho [ & o [1 vcoy,

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

Functionat operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: — 10 mW/"C from 65" 10 125°C
S0IC Package: — 7 mW/*C from 65° to 125°C

Symbaol Parameter Value Unit This device contains protection
Vo | DC Supply Voltage (Referenced to GND) ~05to+7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Valtage {Referenced to GND) -15wVee+15) V fields. However, precautians must
be taken ta avoid applications of any
v, DC Qutput Vot Ref d to GND -05taV +0.
out utput Voltage (Referenced to GND) @ ¥ce 1V valtage higher than maximum rated
lin DC input Current, per Pin +20 mA voltages to this high—impedance cir-
- cuit. Far proper aperation, Vip and
lout DC Qutput Current, per Pin =25 mé Vput Should be constrained to the
Ice DC Supply Current, Vo and GND Pins +50 mA range GND < (Vjp or Vout) = VCC-
— - Unused inputs must always be
Pp Powar Dissipation in Still Air SOlElastmlePT ;gg mwW tiad to an apprapriate logic valtage
Packaget level {e.g., eithar GND or Vi)
Tstg | Storage Temperature ~65t0 + 150 °C Unused outputs must be left open.
T Lead Temperature, + mm from Case for 10 Seconds °C
Plastic DIP and SOIC Packaget 260

Far 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 | bnit
Vee DC Supply Voltage (Referenced to GND) 30 6.0 v
veo DC Supply Voltage (Referenced to GND} NON-VCO 2.0 6.0 v

Vin. Vaut | DC input Voltage, Output Vollage (Referenced to GND} 0 Voo vV

Ta Operating Temperature, All Package Types -55 |+125 | °C
i 1¢ Input Rise and Fall Time Vo =20V 0 1000 | ns
(Fin 5) Vee=45v]| o 500
Ve =6.0V 0 400

hitp:/lonsemi.com
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[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

MC74HC4046A

Guaranteed Limit
Yoo -55to
Symbo! Parameter Test Conditions Volts ¥»°C = 85°C <125C | Unit
VIR Minimum High-Level Input Vout =0.1VorVeg - 01V 20 1.5 1.5 15 v
Voltage DC Coupled |lgut] < 20 pA 4.5 3.15 3.15 315
SIG)N. COMP|N 6.0 4.2 42 42
ViL Maximum Low—Level Input Nout =01 VorvVeg-01V 20 0.5 0.5 0.5 \
Valtaga DC Coupted loutl < 20 pA 4.5 1.35 1.35 135
SIGjN, COMPIN 6.0 1.8 1.8 1.8
Vou | Minimum High-Level Vin = Viqor V| 2.0 1.9 1.9 19 v
Qutput Voltage loutl = 20 pA 4.5 4.4 4.4 4.4
PCPouT. PCnouT 6.0 59 59 59
Vin=ViHor Vi
llout] 4.0 mA 45 3.98 3.84 a7
lloutl 5.2 mA 6.0 5.48 5.34 5.2
(continued}
{Phase Comparator Section]
DC ELECTR!CAL CHARACTERISTICS - continued (Voltages Refersnced to GND)
Guaranteed Limit
vce ~55to
Symbol Parameler Test Conditions Volts 25°C <85C £125°C | Unitl
VoL Maximum Low—Level Vout=0.1VarVpg - 01V 2.0 0.1 0.1 0.1 vV
Cutput Voltage Qa—(h [loytl =20 pA 45 0.1 0.1 0.1
PCPouT. PCnoyT 6.0 0.1 0.1 a.1
Vin = VIR or ViL
Hout] £4.0 mA 45 0.26 0.33 0.4
Houtl £5.2 mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Cur- | Vip = Vo or GND 2.0 +3.0 +4.0 150 pA
rent 3.0 7.0 +9.0 +11.0
SIG|N, COMP|y 45 +18.0 +23.0 +27.0
6.0 +30.0 +38.0 +450
102 Maximum Three—State Qutput in High—Impedance State 6.0 +0.5 +50 10 nA
Leakage Current Vin = Viqor ViL
PC2oyTt Vout = Voo or GND
lcc Maximum Quiescent Supply Vin = Voo or GND 6.0 4.0 40 160 A
Current {per Package) lout] = 0 pA
{VCO disabled)
Pins 3, 5 and 14 at Voo
Pin 9 at GND; Input Leakage
at
Pins 3 and 14 to be excluded

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

[Phase Comparator Section]

AC ELECTRICAL CHARACTERISTICS (C( = 50 pF. Input t; =t = 6.0 ns)

Guaranteed Limil
vce
Symbeol Parameter Voits - 55to 25°C <B85°C =125°C | Unmit

tPLH. Maximum Propagation Delay, SIGN/COMPN to PC1guT 20 175 220 265 ns
PHL (Figure 1) 45 35 44 53

6.0 30 37 45
IPLH. Maximum Propagation Delay, SIGN/COMP |y ta PCPoyT 20 340 425 510 ns
tPHL {Figure 1} 45 68 85 102

6.0 58 72 BY

hitp:/lonsemi.com
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[Phase Comparator Section]
AC ELECTRICAL CHARACTERISTICS (C| =50 pF. Input ty = 1§ = 6.0 ns)

MC74HCA4046A

{PLH- Maximum Propagation Delay, SIGy/COMP |y to PC3oyT 2.0 270 340 405 ns
tPHL (Figure 1) 45 54 68 81
6.0 45 58 69
tpLZ. Maximum Propagation Delay, SIG|n/COMP|N Output 20 200 250 300 ns
tpHz Disable Time to PC2qyT (Figures 2 and 3} 45 40 50 60
6.0 34 43 51
tPZH. Maximum Propagation Delay, SIG|N/COMP N Cutput 20 230 200 345 ns
tPZL Enable Time to PC20yT (Figures 2 and 3) 45 46 58 69
6.0 39 49 59
tTLH. Maximum Output Transition Time 20 75 95 110 ns
THL (Figure 1) 45 15 19 22
6.0 13 16 19
[VCO Section]
DC ELECTRICAL CHARACTERISTICS (Voitages Referenced ta GND}
Guaranteed Limit
Veo -5510
Symbol Parameter Test Conditions Voits 25°C <85°C <125%C Unit
ViH Minimum High-Level Vaut =0.1VorVpp - 01V 3.0 2.1 2.1 2.1 v
Input Valtage oyt €20 pA 4.5 315 3.15 3.15
INH 6.0 42 4.2 42
VL Maximum Law-Level Vout=0.1VorVge - 01V 3.0 0.80 09 0.9 v
Input Voltage ftoytt <20 pA 4.5 1.35 1.35 1.35
INH 6.0 18 1.8 1.8
VoH | Minimum High-Leval Vin = Vi or VL 3.0 1.9 1.9 19 A
Output Voltage Boutl < 20 pA 4.5 4.4 4.4 4.4
VCCQUT 6.0 59 5.9 5.9
Vin = Vig orViL
[lout} < 4.0 mA 45 3.98 3.84 a7
lloutl 5.2 mA 6.0 5.4B 5.34 52
VoL Maximum Low—Level Vout =01 Vorvoe-01V 3.0 0.1 0.1 0.1 \Y
QOutput Valtage lgut} = 20 pA 45 0.1 0.1 01
VCOpUT 6.0 0.1 0.1 0.1
Vin = Vg or Vi
Houtl £4.0 mA 45 0.26 0.33 0.4
Hout! 5.2 MA 6.0 0.26 0.33 0.4
lin Maximum Input Vin = Vg or GND 6.0 0.1 1.0 1.0 pA
Leakage Current
INH, VGO
Min | Max | Min [ Max § Min | Max
WC Operating Voltage Range at | INH =V 3.0 01 1.0 0.1 1.0 0.1 1.0 Vv
OIN| ve oy over the range 45 |01 | 258 to1 |25 |01 |25
specified for R1; For 6.0 0.1 4.0 0.1 40 0.1 4.0
linearity see Fig. 15A,
Paralle| value of R1 and R2
should be > 2.7 kQ2
R1 Resistar Range 3.0 3.0 300 3.0 300 30 300 k&)
45 30 (300 | 30 | 300 | 3.0 | 300
6.0 30 {300 | 30 | 300 | 3.0 | 300
R2 3.0 3.0 300 3.0 300 3.0 300
4.5 3.0 300 3.0 300 3.0 300
6.0 3.0 300 3.0 300 30 300
Cc1 Capacitor Range 3.0 40 No pF
4.5 40 Limit
6.0 40

http:/fonsemi.com
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[VCO Saction]
AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input tr = tf= 6 0 ns)

MC74HC4046A

Guaranteed Limit

-55t025°C <85°C <125°C
vce
Symbol Parameter Volts | Min | Max | Min | Max | Min | Max | Unit
AT Frequency Stability with 30 %K
Temperature Changes 45
{Figure 13A, B, C) 6.0
fo W CQO Center Freguency 3.0 3 MHz
{Duty Factor = 50%) 45 11
(Figure 14A, B, C, D} 6.0 13
AfWCO | VCO Frequency Linearity 3.0 See Figures 15A. B, C %
4.5
6.0
JVCO | Duty Factor at VCCoUT 3.0 Typical 50% %
4.5
6.0
[Demoduiator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
-551025°C <B5“C <125°C
vce
Symbol Parameter Test Conditions Voits | Min | Max | Min | Max | Min | Max | Unit
RS Resistor Range At RS > 300 k(2 the 30 50 300 kQ2
Leakage Cucrent can 4.5 50 300
tnfluence VDEMoUT 6.0 50 300
VOFF Offset valtage Vi=VWCON = 1/12Vee: 3.0 See Figure 12 mv
VCO|N to VDEMEoyT Values taken over RS 4.5
Range. 6.0
RO Dynamic Cutput VDEMoyT =12 Vee 3.0 Typical 25 Q Q
Resistance at DEMouT 45
6.0

http:/fonsemi.com
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MC74HC4046A

SWITCHING WAVEFORMS

— Vg
v SlGiy
SIGy,. COMPyy INPUT
INPUTS 50% ——GND
— GND Vee
— ) 4 |-— COMPyy
PHL PLH et -
— .
PCPour. PCTguT gﬁé’e Yo
PC3out PC2auT 90%
QUTRUTS 10%
QUTPUT HIGH
TTHI— |¢— — ITLH — IMPEDANCE
Figure 1. Figure 2.
Veo
SISy /
INPUT 50% TEST POINT

o

GND
CUTPUT
Veo DEVICE
COMP|y UNDER

o
INPUT 50% TEST L
| — GND
—J Pzl PLE =

HIGH
IMPEDANCE
PC2ZouT “INCLUDES ALL PROBE AND HG CAPACITANCE
ouTPUT 10% ———
Figure 3. Figure 4. Test Circuit
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MC74HC4046A

DETAILED CIRCUIT DESCRIPTION

Voltage Controlled Oscillator/Demodulator Quiput

The V(O requires two or three external components Lo
operate. Theseare R1, R2, C1. Resistor R1 and Capacitor C1
are sclected to determine the center frequency of the VCO
{seetypical performance curves Figure 143, R2 can be used
to set the offset frequency with 0 voits at VCO input. For
exampie, il R2 is decreased, the offset ircquency is
increased. ITR2 is omiuted the VCO range is from 0 Hz. The
effect of R2 is shown in Figure 24, typical performance
curves. By increasing the value of R2 the lock range of the
PLL is increased and the gain (volts/Hz) is decreascd. Thus,
for a narrow lock range, large swings on the VCO input will
cause less frequency variation.

Internally, the resistors sel a current in a current MIrror, as
shown in Figure 5. The mirrored current drives one side of
the capacitor. Once the voltage across the capacilor charges

VREF

up to Vief of the comparators, the oscillator logic flips the
capacitor which causes the mirror to charge the opposite side
of the capacitor. The ocutput from the internal logic is then
taken to VCO output (Pin 4).

The input 1o the VCO is a very high impedance CMOS
input and thus will not load down the loop filter, casing the
filters design. In order to make signals at the VOO input
accessible without degrading the loop performance, the
VCO input voltage is buffered through a unity gain Op amp
to Demod Qutput. This Op-amp can drive loads of 50K
ohms or mere and provides no loading eflects to the VOO
input voltapge (see Figure 12).

An inhibitinput is provided 10 allow disabling of the VCO
and all Op-amps (see Figure 5). This is useful if the internal
V(O is not being used. A logic high on inhibit disables the
VCO and all Op-amps, minimizing standby power
COTISUMPption.

Ry CURRENT
MIRROR
= l{+12-13
VCON @——‘ + Iz
n - l
Rq t3
)
Cq
{EXTERNAL)
+ =T O KOAEG

1

Vot

iNH (::}--{::>o-{::>= l

Figure 5. Logic Diagram for VCC

The output of the VOO is a standard high speed CMOS
output with an cquivalent LS-TTL fan out of 10. The VCO
output is approximately a square wave. This output can
cither dircctly feed the COMPN ofthe phase comparators or

feed exicrnal prescalers (counters) to enable frequency
synthesis.

http:/fonsemi.com

7



MC74HC4046A

Phase Comparators

All three phase comparators have two inputs, SIGIN and
COMP|N. The STIGpy and COMPTN have a special DC bias
network that enahles AC coupling of input signals. [f the
signals are not AC coupled, standard 74HC inpul levels are
required. Both input structures arc shown in Figure 6. The

outputs of these comparators are ¢ssentiatly standard 74HC
outputs (comparator 2 is TRI STATEABLE). In normal
operation V¢ and ground voltage levels are fed to the loop
fifter. This differs from some phase detectors which supply
a current to the loop [iller and should he considered in the
design. (The MC 14040 also provides a voltage).

Voo

PC2out
PCPout
PC3our
P~
. 1>
PClouT
|

Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1

This comparator is a simple XOR gate similar to the
T4HC %6. Its operation is similar to an overdriven balanced
moduiator. To maximize lock range the input frequencies
must have a 50% duty cycle. Typical inpul and output
waveforins are shown in Figure 7. The output of the phase
detcetor fceds the loop filter which averages the output
voltage. The frequency range upon which the PLL will lock
onto if initially out of lock is defined as the capture range.
The capture range for phase detector 1 is dependent on the
loop filter design. The capture range can be as large as the
lock range, which is equal to the VOO {requency range.

To sce how the detector operates, refer to Figure 7. When
two square wave signals are applied to this comparator, an
output wavelprm (whose duty cycle 13 dependent on the
phase difTerence between the two signals) results. As the
phase difference increases, the output duty cycle increases
and the vollage afier the loop filter increases. In order to
achigve lock when the PLL input frequency increascs, the
VCO input voltage must increase and the phasc difference
between COMPy and S1Gpy will increase. At an input
frequency equal to pin. the YCO input is at 0 V. This
requires the phase detector output 1o be grounded: hence, the

two input signals must be in phase. When the input
frequency is fpax, the VOO inputmustbe Ve andthephase
detector inputs must be 180 degrees out of phase.

SANY S R N S
Y S I R

COMPy

o L L

VO~ e S ST

Voo
GND

Figure 7. Typical Waveforms for PLL Using
Phase Comparator 1

The XOR is more susceptible to locking onto harmonics
ol the SIGIN than the digital phase detector 2. For instance,
a signal 2 times the VOO [requency results in the same
output duty cycle as a signal equal to the VCO [requency.
The differenceis that the output frequency of the 2f example
is twice that of the other example. The loop filter and VCO
range should be designed to prevenl locking on to
harmonics.

hitp:/lonsemi.com



MC74HC4046A

Phase Comparator 2

This detector is a digital memory network. It consists of
four flip flops and some gating logic, a three state output
and a phase pulse output as shown in Figure 6. This
comparator acts only on the positive edges ol (be input
sipnals and is independent of duty cycle.

Phasc comparator 2 operates in such @ way as to force the
PLL into lock with 0 phase difference between the VO
output and the signal input positive waveforin edges. Figure
& shows some tlypical loop waveforms. First assutne that
SIGIN is leading the COMPN. This mceans that the VCO's
frequency must he increased to hring its leading edge into
proper phase alignment. Thus the phase desector 2 output is
set high. This will cause the loop filter to charge up the VCO
input, increasing the VCO frequency. Once the leading edge
of the COMP[N is detected, the output poes TRI-STATE
holding the ¥CO input at the loop filter voltage. If the VCO
still lags the SIGTN then the phase detector will again charge
up the VCO input for the time hetween the leading edges of
both wavefonns.

Ifthe VCO leads the SIGTN then when the leading edge of
the VCO is seen; the output of the phase comparator gocs
low. This discharges the loop filter until the leading edge of
the SIGTN is detected at which time the output disables itsell
again. This has the effect of slowing down the VCO 1o again
make the rising edges ol hoth wave [orms coincidental,

When the PLL is out of lock, the VCO will he running
cither slower or faster than the S1G N, Ifit is running slower
the phase detector will see more SHGN rising edges and so
the output of the phase comparator will be high a majority
olthe time, taising the VCO's [requency. Conversely, il'the
VOO is running faster than the SIGIN, the output of the
detector will he fow most of the time and the VCO's output
frequency will be decreased.

As one can see, when the PLL s locked, the output of
phase comparator 2 will he disabled except for minor
corrections at the leading edge of the waveforms. When PC2
is TR1 STATED, the PCP output is high. This output can be
used 1o determine when the PLL is in the locked condition.

This deteelor has several intercsting characteristics, Over
the entire VCO Irequency range there is no phase difTerence
between the COMPN and the SIGpN. The lock range of the
PLL is the same as the capture range. Minimal power was
consumied in the loop filter since in lock the detector output
is a high impedance. When no SIGTy is present, the detector
will see only VCO leading edges, so the comparator output
will stay low, [orcing the VCO to {nin-

Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. If a noise pulse is seen on the S1Gpy, the
comparator [reats it as another posilive edge of the STGTN

and will causc the output to go high until the VCO leading
cdge is seen, potentially for an entire SIG[N period. This
would cause the VCO to speed up during that time. When
using PC|, the output of that phase detector would be
disturbed [or only the short duration of the noise spike and
would causc less upset.

Phase Comparator 3

This is a positive edge-triggered scquential phase
detector using an RS flip -flop as shown in Figure 6. When
the PLL is using this comparator, the loop is controlled by
positivesignal transitions and the duly factors of SIGTy and
COMPY
are not tmportant. It has some similar characleristics to the
edge sensitive comparator. To sce how this detector works,
assume input pulses are applied to the SIGIN and
COMPx s as shown in Figure 9. When the SIGpy lcadsthe
COMPN, the flop is set. This wilt charge the loop filter and
cause the VCO to speed up, bringing the comparator into
phase with the STGTN. The phase angle between SIGTN and
COMP N varies from 0° to 360° and is 180° at f,. The
voltage swing Tor PC3 is greater than for PC2 but
consequently has more ripple in the signal to the VCOQ.
When no SIGTY ispresent the VCO will be forced to fypax as
opposed to fiyin when PC2 is used.

The operating characteristics of all three phasc
comparators should be compared Lo the requirements of the
system design and the appropriate one should be used.

SIGm;—‘—--ﬂ_ -- IL
comp,N_rL__J_l_--_rL

PC20uT — —_ Ve
— GND
HIGH IMPEDANCE OFF-STATE
veon—" N
PCPout “Ll | r"_
Figure 8. Typical Waveforms for PLL Using
Phase Comparator 2
SIGIN _.__4——_1__4 L4 L
COMPmu | J I ‘
PCIOUT 1 i L L vee
VCON \/\/\/\
—— GND

Figure 9. Typical Waveform for PLL Using
Phase Comparator 3

http://onsemi.com

9



MC74HC4046A

800
e Vee-30v
RN ,/
/]
5 yd
2w N\
3 - \ / Vee-45 Y
I
1 ~\ | / /’/ Voe-bov
0
12 V=10V W2Vee W2 Vee1 0V
Vi{y)

Figure 10. input Resistance at SIGjy, COMP|N with
AV] = 1.0 V at Seif-Bias Point

DEMOD OUT

60 |

Vcc—ﬁ.ﬂ V Rg=300 k

1 Vpp=6.0 ¥ Rg-50k

YDEMoUT
|

Veg-45 Y R-300Kk

VC(i—4 5V Rsfé(! 3

|
Voe=30Y Ry-300k

Voo 3DV Rs =51 k

L1 1]

]
0

30 6.0
VCGy (V)

Figure 12. Offset Voltage at Demodulator Output as
a Function of VCOjN and RS

15 R1-3.0kf2
-
- R1=300 k&2
g w0 A [
g L~ R1-100kK0
S 50 i
2 o
T 0
(]
&
§ -5.0 //
e .
[
-10 Veop -45V —]
C1=100 pF; R2 =~ Vycoin = W2 Voo —
15 AN Y T I VRN I B |
-100 -50 0 50 100 150

AMBIENT TEMPERATURE (“C)

Figure 13B. Frequency Stability versus Ambient

Temperature: Vo =4.5V

T T
Vee=60V
40 _ Vee=45V
L ]
/’ I et YTV
&3 /
= /
. V) /4
e d
/
4.0
12Vee - 500 mv 12Vee 12 Ve + 500 mY
V| (V)
Figure 11. input Current at SiG|y, COMP|N with
AV = 500 mV at Self-Bias Point
15
R1-3.0 k&2
10
£ /‘,; b R1-100 k2
- /
£ 50 A A 300 k2
: Z
B g | RI100kD
-
g : -r/ L
s R1-300 k2 /]
Z-50 7
w A
a4
—_
10 Voo - 3.4V -
| R1-3.0 ke — ©1-100 ?F: R? l: o \'ivchoﬂB \ll'cc i
15 I
-10¢ -50 ] 50 100 150
AMBIENT TEMPERATURE (“C)
Figure 13A. Frequency Stability versus Ambient
Temperature: Vo = 3.0V
10 RI-30k
~ BD =
2 I ?nn K2
> 60 R1-100 402
5 W
3 40 v/
g 20 ~
& 0
& 0 ,
a2,
S 0 L~
£ T v
80 /7 Veg - 6.0V
-8.0 7 C1- 100 pF; R2 = o= Vypoin- 12 Vee
-10 ] L | J I ]
-100 -50 0 50 100 150

AMBIENT TEMPERATURE (*C)

Figure 13C. Frequency Stability versus Ambient
Temperature: Vo = 6.0V
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MC74HC4046A

2 T 1] 70 I P
n — vee = 6.0 V) - Voo - ssyT T WO
.- cc=b0V] 60 4
o > - / A
[ J v - 3 Oy A /
et 11 50 cC v 7 P d
17 Vo = 4.5V = f
R g o A
15 [f’ 8 / A /
30 7
13 / ,4
/ -
i FHt vec - 20 @ VAV
q | R1- 230k ] " A2 RI-30kQ
! Cl=3apfF | Cl-01pF
10 L 0 [ L1
0 85 0 15 200 25 30 35 40 @ 05 10 15 20 25 30 35 40
Vycom V) VyCoiN V)
Figure 14A. VCO Frequency (fycg) as a Function Figure 14B. VCO Frequency {fyc o) as a Function
of the VCO Input Voltage (VyCOIN) of the VCO Input Volitage (VWCOIN}
20 T T 10 T T 7
Vee =45V /4 09 JVec =80V
1
Voo =45V
// veo-6ov. 08 oA
Voo - 3.0V ] 0.7
e % = Voo - 30V A P
/ // £ Do P
10 A Wi 05 A 1A
' e g s
V¥’ =04 7 g
/ / / ...
V.. 03 7 //r
/7 ) /
RY - 300 ki2 2 < R1 = 300 k(2
C=39pF 017 Ci=01uf ]
1 | 1 J
ﬂ ﬂ 1 L 1 1
0 05 1 15 20 25 30 35 40 45 a 05 10 15 20 25 30 35 40 45
VWCOIN (V) Vycom Vi
Figure 14C. VCO Frequency (fycg) as a Function Figure 14D. VCO Frequency (fycQ) as a Function
of the VCO Input Voltage (VyCOIN) of the VCO Input Voltage (VY COIN)
20 T
e ||
T -
A5V Ci=10pfF )
10 I o - o e I ] = i
60V Wy 2 p
S [— fold |4 4d 4A— aP'd
30V -..~- -_.—rrr-. fD’ e gt et |
or = _1 L {
L 45y = ~~ h=t T N
e
N e
18OV ~\
— » R2 - oo} AV - D5 VT]
30y AT B39 L L
T 0 10 103 MIN u2Vee MAX
RT (k1) AV = D5V OVERTHE Ve RANGE:
FORVCO LINEARITY
o/ =t +fo} 2
LINEARITY = {fg’ - fg) /1) x 100%
Figure t15A. Frequency Linearity versus Figure 158. Definition of VCO Frequency Linearity

R1, C1 and V¢
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n b
0 £y < 3 PR RZ = o Ve = 12 Vg FOR Vg - 45 VANDGO v: 10 €| = 50 pF; RY = o Wygsgipg = 0% Tqpip= 25°C
Vigeom - 13 Voo FOR Vg = 30V Typp - 25°C
105 - 105 1
z oo =08uC1 057 \
= Vegr - 60V £1 = 10 F oy Vg = 6DV, Ct = 40pF
& | & Npp = 60Y,C1 - 10pF
104 Vpp =45V LT-40pF  1p4 4 =60Vl -10p
Vg - 45V.0E - 10pF Vo 45 Y,C1 - 0pF
Vg = A0V, 1= 40pF Vgg = 45%.C1- 104F
Vge = 20401~ 100F ¥eg= 3001 - 10uF Voo - 30U L1 = 40pF
103 T . ) 103 . . i
100 10! 102 103 108 101 102 103
R1 {k£2} R2 (ke2)
Figure 16. Power Dissipation versus R1 Figure 17. Power Dissipation versus R2
108 vec - INH - GNO; Ty = 25°C; R2 = o3; 113V,
103 . - GND; Ty = 25°C; R2 = o Wy - 18 Vo
RY = R2 2 oo, Ty - 35 ig:
107 4 30v
6OV
45y
- 64 30v
= 107 L I
= ;:r-? a5y
p— = oy
E Veo-60V 8 105 4
=] ™ >
at o7 R1=3.0 k2
Veptsv
101 4 101 4
Vep-30¥ RT-100 kit
“ 103
R1=300 kL2
0
10 N 102 T T T T N
107 102 108 101 102 103 104 105 106
Rs (k) C1pF)
Figure 18. DC Power Dissipation of Figure 19. VCO Center Frequency versus C1
Demodulator versus Rg
"ﬁ V- R1 - Voo = V2V FOR Ve = 45 VAND GOV, 108
a0v v, =13V FOR Ve = 30V INH - GND; Ty, - 25°C
24 isv VCOIN [ C : Tanbs Vee = 4.5V R2 - =
10 0V 107 1 cC
Y
4 asv
108 v 106 1
) 60V =
Z 105 4 45v z
B v SR
104 4 : R2-3.0K82
103 4 104 7
R2=100 k8L
107 R2-300KE2 103 -
101 Y T T T 10? T y T T T
101 102 103 104 109 106 0! 0B 10-5 10-4 03 w02 10
C1 (pF) RIC1
Figure 20. Frequency Offset versus C1 Figure 21. Typical Frequency Lock Range (21} )
versus R4C4q
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FREQ. (MHz)

MC74HC4046A

20 14
R1=3Nk?
C1-39 gF
\ RI-10K2 12 1
15 1 \ 10 4
RY-70 K2 -
T B0 4
R1-30k2 =
J RI-31K)
10 R1-40 k() g 6.0 1 RI=10kL)
- RI=201d2
R1-50 ki 4.0 1 R1-30 k2
R1=40 ki2
5.0 2.0 4 R1-50 k82
R1-100 k8L 100K
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Figure 22. R2 versus fmax Figure 23. R2 versus fmin
24
C1-39 pF
R1-10 kL)
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I
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=
™ 104 R1=30 K52
RI=40ht)
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Figure 24. R2 versus Frequency Lock Range (2 }

http:/fonsemi.com
13



APPLICATION INFORMATION

The following information is a guide for approximate values of R1, R2, and Cl. Figures 19, 20, and 21 should be used as
references as indicated below, also the values ofR1, R2, and Ci should not violate the Maximum values indicated in the DC
ELECTRICAL CHARACTERISTICS tables.

MC74HC4046A

Phase Comparator 1

Phase Comparator 2

Phase Comparator 3

R2=rx;

Rg » =

R2=m

Rg = =

Rznm

Rg = =

= Given f0

* Use f0 with
Figure 19 ta
determine R1 and
Ct.

(see Figure 23 for
charactaristics of
the VCO operation)

» Given f0 and fL

» Calculate fmin
fmin = fO-fL

» Determine values
of C1 and R2 from
Figure 20

+ Datermine R1-C1
from Figure 21.

» Calculate value of
R1 from the value
of C% and the
product of R1C1
from Figure 21.

{see Figure 24 for
characteristics of
the VCO operation)

¢ Given fmay and f0

« Determine the
value of R1 and
C1 using Figure
19 and use Figure
21 1o obtain 2fL
and then use this
to calculate fyin.

» Given f0 and fL

= Calculate fmin
frmin = fO-IL

« Determine values
of C1 and R2 from
Figure 20.

» Detarming R1-C1
fram Figure 21.

¢ Caiculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of
the VCO operation)

» Given fmgay and 0

» Determine the

value of R1 and
C1 using Figure
19 and Figure 21
to obtain 2fL and
then use this to
calculate fmip.

» Given f0 and fL

« Calculate fmjn;
finin = fO-1L

« Detarmine values
of C1 and RZ from
Figure 20.

+ Determine R1-C1
from Figure 21,

+ Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of
the VCO aperation}
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NOTES:

1. QIMENSIONING ANO TOLERANCING PER ANSI

V14,50, 1982,

2. CONTROLLING DiMENSIDN: INCH
3. DIMENSION L TQ CENTER OF LEADS WHEN

FORMED PARALLEL.

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
5. ROUNDED CORNERS OPTIONAL.

WCHES ML TERS

oM | W | AN | M | Max
A o7 [ o770 | 1880 | 1955
B | o250 | 0270 635 685
€ | 0145 | 0375 ] 369 | 444
D | 0016 | 0621 ] 933 ] 083
F [ o040 047p | 102 | .72
[ 0.100BSC 254 BSC
] 0.050 BSC LITBSC
T Tooos [ a5} 021 | 03a
K |00} o130 ] za0] 330

L [T0205] 0305 | 750 | 17
[ el w | o]
5 {ogolo 050 [ 101




MC74HC4046A

PACKAGE DIMENSIONS

S0OIC-186

D SUFFIX
CASE 751B-05

ISSUE J

A AAAA AR
EIEEEIEDY

ﬁj;i%—HHHﬁ
| T S | o

ey © % )

A
ST ARNG
PFLANE J Ja— D 16PL
0250010 @ (T 8O [AG]

[B] Pam

TSS50P-16
DT SUFFIX
CASE 948F-01
ISSUE O

16X K REF

SlauETe) — ‘-—@[nmm_om)(@lﬂu S[vo)
T HHHHHHE N

x Li2 J1 N

(53}

PIN 1
IDENT_P\\

(a]o1s o[ 1]u O] LM ? H H |:

DETAILE

NOTE'::
. DIMENSIOMING AND TOLERANCING PER ANS!
Y1450, 1982,
. CONTROLLING DIMENSION: MILLIMETER
. DIMENSIONS A ARD B DO NOT INCLUDE
MOLD PROTRUSION.
4. MAXMUM MOLD PROTRUSICNK 0.15 [0.006)
FER SIDE
5. DIMEMNSION D DUES NOT INCLUDE DAMBAR
PROTRUSIHON. ALLOWABLE DAMBAR
FROTRIUSION SHALL BE 0.127 19.005) TOTAL
i EXCESS OF THE D DIMENSION AT
MAXIMLUIM MATERIAL CONDIFION.

[SE)

ML IMETERS TCHES
DI | M | MRAY | BN | MAX
A 880 (1000 | 0385 | 0.393
1] 380 | 4.00 | 0350 ! 0.157
c 135 | 175 | 0DS4 | 0,068
)] 035 | 049 [ 0DV ] 0019
E e40 | 125 | 0016 | 0049
[ 1218SC 0.050 85C
I 919 | 625 | o008 | €.009
K g10_| 025 | 0004 | 0.009
o 0 T [ i
1.4 5.80 | 620 [ 0229 | 0244
R 025 | 050 | o010t D019

NOTES:
. DIMENSIONING AND TULERANCING PER ANSI
V1450, 1982

2. CONTROLLING DIMENSION: MILLMETER.

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
PROTRUSIONS OR GATE BURRS. MULD FLASH OR
GATE BURRS SHALL NOT EXCEED 0,15 [0.006) PER
SIDE.

4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH CR PROTRISKON. INTERLEAD FLASH OR
PRUTRUSION SHALL NOT EXCEED
025 [D.010) FER SIDE.

5. DIMENSHIN K DOES NOT tCLUDE DAMBAR
PROTRUSIDN, ALLCWABLE DAMBAR PROTRUSICN
SHALL BE 0.0 [0:003) TOTAL IN EXCESS OF THE K
DWENSION AT MAXMUM MATERIAL CONDITION.

f. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE CNLY.

7. DIMENSION A ANG B ARE TO BE OETERMINED AT
DATI M PLANE —W-.

MILLMETERS INCHES
MN MAX | MIN | MAX
4.90 510 | 0183 _{ 0.206
4.30 450 | 6169 | 0177
o 1.20 - | 0.04]
008 015 | 0.002 | G006
050 075 | nozo | 0030
0.6535C 0.026 BSC.
0.18 6.24 | 0007 | 0.0
0.08 020 [ 0004 | 0GOS
0.08 €16 [ D004 | 0606

310,10 (0.004)
=T- SEATIHG

http:/fonsemi.com
15

Ji tﬂﬁlﬁﬂjﬁlﬂ;ﬁ%'j\_—/gtlm
_J B G——-I H  DETAILE =7
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019 | 025 | 0007 | 081
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MC74HC4046A

PACKAGE DIMENSIONS

SOEIAJ-16
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 966-01 ores

ISSUE O 1. DIMENSKINING AND TOLERANCING FER ANSH
¥14.50, 1962
2. CONTROLLING DMENSION: MILLIMETER.

dJ“ [h m d.l 'h [h [h [h L 1 DMENSIONS D AND E DO NOT INGLUDE
LI T E MOLD FLASH OR PROTRUSIONS ANC ARE
T T 1 T T T T

MEASURED AT THE PARTING LINE. MOLD FLASH
OR PROTRUSIONS SHALL NOT EXCEED .15

Q4
(0.006) FER SIDE.
M- 4. TERMINAL NUMBERS ARE SHOWN FOR

]

m
I
m

REFERENCE ONLY.
5. THE LEAD WIDTH DIMENSION {b) DOES NOT

+
I 1 INCLUDE DAMEAR PROTRUSION, ALLOWABLE
i [u |_l_| [~_| qj —"I L DAMBAR PROTRIISION SHALL BE 0.08 (0.003
¥
2z

e

TOTAL IN EXCESS OF THE LEAD WADTH
DETAILP DMENSION AT MAXIMUM MATERIAL COMDITION,
DAMBAR CANNGT BE LOCATED GN THE LOWER
RADHIS QR THE FOOT, MINM M SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TOBE 046 (0.018).

D————

VIEW P

el }‘_ A —\}___ MLLMETERS | INCHES
/ c | D] M | MAX [ MIN | BAX
{ 1 b A — | 205 | -— | no&1
i l\ i Ay [ 505 | oz0 | omz | o008
et =ttt p—— b 035 050 | 8.0t4 | 0020
T L ~— _f ¢ | 015 | 071 | om7 | ean
7'4 “_ b \ Aq D | 950 [ 1050 | 039e { 0413
E 510 545 | 0201 ; 0.215

e 1.22 BSC 0.050 BSC
6] 013(0005)®@ E 0.10{0.004) He [ 70 [ 620 [ naw |03z
- L 0.50 085 | 0020 | 0.033
L 110 150 | 0043 | 0.068
0° | 10° n° | 10-
Gy} 0Jo | 090 | 6028 | G035
z — 0.78 — | 809
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Serial-Input/ MC54/74HC164
Parallel-Output Shift Register Do Not Use for New Designs

High-Performance Silicon-Gate CMOS S DEVICE WILL BE SUPERCEDED
o T o BY MC54/74HC164A IN THE
The MCS54/74HC164 is identical in pinout to the [ S164. The device inputs SECOND QUARTER OF 1996

are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

The MC54/74HC 164 is an 8-bil, serial-input to parallel-outpul shift
register. Two serial data inputs, A1 and A2, are provided so that one input i J SUFFIX
may be used as a dala enable. Dala is entered on each rising edge of the CERAMIC PACKAGE

clock. The active—low asynchronous Reset overrides the Clock and Serial " CASE 632-08
Data inpuis. !
» Qutput Drive Capability: 10 LSTTL Loads
¢ Outputs Directly Interface to CMOS, NMQOS, and TTL N SUFFIX
e Operating Voltage Range: 20 6 V y PLASTIC PACKAGE
o Low Input Current: 1 pA CASE 646-08
« High Noise Immunity Characteristic of CMOS Devices 1
s In Compliance with the Requirements Defined by JEDEC Siandard

No. 7A D SUFFIX
» Chip Complexity: 244 FETs or 61 Equivalent Gates 14“ S0IC PACKAGE

1 CASE 751A-03

ORDERING INFORMATION

LOGIC DIAGRAM MCS4HCXXXJ  Ceramic
MCTAHCXXXN Plastic
1 MCT4HCXXXD SQIC
SERIAL | a1 —] 3
DATA 2 DATA — Qa
INPUTS § A2 — 4
O
5 e PIN ASSIGNMENT
5 op | PARALLEL s 1. 12 D vee
10 DATA
—— Qg { OUTPUTS Azl 2 13 P Qy
Lo eall 3 12 Qg
] L1 o 0g (] 4 110 0e
CLOCK > 13 ay acl 5 10 Qe
apl 6 9 1] RESET
I GND ] 7 & [l CLOCK
g
RESET PIN 14 = Vg
PIN 7=GND
FUNCTION TABLE
Inputs QOutputs
Reset|Clock j A1 A2|Qa Qg ... QH
L X x X1iL L ... L
H N X X Mo Change
H o~ 1H DlD Qan - Qan
H | D HID Qan - Q@n
D = data input
Qan — Qan = data shified from the preceding
stage on a rising edge at the clock input.
oy
s (M) MoTOROLA
REY 7 e

‘¢ Motoroda, Inc. 1995



MC54/74HC164

MAXIMUM RATINGS™

* Maximum Ratings are those values beyond which damage 1o the device may occur.

Functional operation should be reswicted to the Recommended Operating Conditions.

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

Ceramic DIP: - 10 mW/°C from 100” to 125°C
SOIC Package: - 7 mwWi“C from 657 ta 125°C
Far high frequency or heavy load considerations, see Chapter 2 of the Matorola High-Spead CMOS Data Book {DL129/0).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Vaiue Unit This device contains protection
Vce | DC Supsly Voltage (Referanced to GND} ~05t0+70 |V circuilry ta guard against damage
due to high static vollages or etectric
Vin DC Input Voltage (Referenced to GND) -15taVep+151 V fields. However, precautions must
he taken to aveid applications of any
V, DC Qutput Voltage (Referenced to GND -05toVp +05 )| V
aut P ge ° ) cc voltage higher than maximum rated
lin DC Input Curmrent, per Pin +20 mA voliages 1o this high—impedance cir-
- cuit. For proper operation, Vn and
loyt | OC Qutput Current, per Pin t25 mA Vgut should be canstrained to the
tee DC Suppiy Cument, Voo and GND Pins +30 mA range GND < (Vi or Vout) = Voo
U d input t always b
Fb | Pawer Dissipation in Still Air, Plastic or Ceramic DIPt 750 Y dod 10 o ;;gfof,ri:tfm;:vzﬁ agz
S0IC rackaget 500 level (e.g., either GND or Vel
Tstg | Storage Temperaiure — 6510 + 150 °C Unused outputs must be left open.
Ty Lead Temperature, 1 mm from Case for 10 Seconds *C
(Plastic DIP or SOIC Package) 260
{Ceramic DiP) 300

Symbol Parameter Min Max | Unit
Voo DC Supply Voltage (Referenced to GND} 2.0 6.0 A
Vin. Vout | DC Input Vollage, Output Voltage (Referenced to GND) 0 veo A
Ta Operating Temperature, Ali Package Types -55 |+125 | "C
tn b Input Rise and Fall Time Ve =20V 0 1000 | ns
(Figure 1) Voo =45V 0 500
Veg =60V 0 400
DC ELECTRICAL CHARACTERISTICS (Voliages Raferenced to GND)
Guaranteed Limit
Veo -55t0
Symbol Parameter Test Conditions v 25°C = 85°C | = 125°C Unit
VIH Minimum High-Level Input Vot =01 VaorVge -01V 2.0 1.5 1.5 1.5 W
Volta | < 20 uA 4.5 315 315 315
e lout = 208 6.0 42 4.2 42
ViL Maximum Low-Leve! Input Vout=01VorVegg -01V 2.0 0.3 0.3 0.3 v
Volta L 20 4.5 09 09 0.9
orage Houtl = 20 pA 6.0 12 12 12
VoH Minimum High—Level Output Vin = Vigor VL 2.0 19 19 1.9 v
Voltage oyt = 20 uA 4.5 44 4.4 44
6.0 59 59 59
Vip =ViqorViL Houtl < 40mA | 45 3.98 3.84 370
foutl = 5.2mA | 6.0 548 5.34 5.20
VoL Maximum Low—Level Output Vin = VIH or Vi 20 01 0.1 0.1 vV
Volta | < 20 pA 45 01 0.1 0.1
orage loutl = 20 1 6.0 01 01 0.1
Vip=ViqorViL Jlogd = 40mA [ 45 0.26 0.33 0.40
lloutl = 5.2mA 6.0 0.26 0.23 0.40
lin Maximumn Input Leakage Current | Vin = Vo or GND 6.0 +0.1 10 1.0 A
Icc Maximum Quiescent Supply Vig = Ve or GND 6.0 8 80 160 A
Current (per Packagea) lgut = OpA

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/0).

MOTOROLA
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MC54/74HC164

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input iy = ¥ = 6 ns)

Guaranteed Limit
Vee ~55t0
Symbol Parameter v 25°C < B5°C | = 125°C | Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 48 4.0 MHz
{Figures 1 and 4} 4.5 30 24 20
6.0 35 28 24
1PLH. Maximum Propagation Delay, Clock to Q 20 175 220 265 ns
tPHL (Figures 1 and 4) 4.5 35 44 53
6.0 30 37 45
tPHL Maximum Propagation Delay, Reset to Q 20 205 2556 310 ns
(Figures 2 and 4) 45 41 51 62
6.0 35 43 53
TLH- Maximum Cutput Transition Time, Any Output 2.0 75 95 110 ns
HTHL (Figures 1 and 4) 45 15 19 22
6.0 13 16 19
Cin Maximum input Capacitance — 10 10 10 pF

WNOTES:
1. For propagation delays with loads ather than 50 pF, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
2. \nformation on typical parametric values can be found in Chapter 2 of the Motarola High-Speed CMOS Data Book (DL129/D).

Typical @ 25°C, Vo =50V

Cpp Power Dissipation Capacitance (Per Package)’ 140 pF

* Used to determine the no-load dynamic power consumption. Pp = Cpp Vet + Ige Voo For load considerations, see Chapter 2 of the
Matorola High-Speed CMOS Data Book (DL 129/D}.

TIMING REQUIREMENTS (Input i, = tf = 6 ns)

Guaranteed Limlit
Vee -55to
Symbot Parameter v 25°C < 85°C | < 125°C | Unit
tgu Minimum Setup Time, A1 or A2 to Clock 2.0 50 65 75 ns
{Fiqure 3) 4.5 10 13 15
6.0 9 L] 13
th Minimum Hold Time, Clock to A1 or A2 20 5 5 5 ns
(Figure 3) 4.5 5 5
6.0 5 5 5
frec Minimum Recovery Time, Reset Inactive to Clock 2.0 5 5 5 ns
{Figure 2} 4.5 5 5 5
6.0 5 5 5
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
{Figure 1) 4.5 16 20 24
6.0 14 17 20
ty Minimum Pulse Width, Reset 20 80 100 120 ns
(Figure 2) 45 16 20 24
6.0 14 17 20
tn it Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 45 500 500 500
6.0 400 400 400

NOTE: information on typical parametric values can be found in Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/D}.
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PiN DESCRIPTIONS

INPUTS

A1, A2 [Pins 1, 2)

Serial Data Inputs. Data at these inputs determine the data
1o be enterad into the first stage of the shifl register. For a
high [evel {o be entared into the shift register, both A1 and A2
inputs must be high, thereby aflowing one input to be used as
a data—enable input. When only one serial input is used, the
other must be connected to Vg .

Clock (Pin 8}

Shift Register Clock. A positive—going transition on this pin
shifts the data at each stage to the next stage. The shifl

register is completely static, allowing clock rates down to DC
in a continuous or intermittent mode.

OUTPUTS

Qpa - Qy (Pins 3,4, 5, 6, 10, 11, 12, 13)
Paraltel Shift Register Outputs. The shifted data is pres-
ented at these outputs in true, or noninverted, form.

CONTROL INPUT

Reset {Pin 9)

Active—Low, Asynchranous Reset Input. A low voltage ap-
plied to this input resets all internal flip-flops and sets Out-
puts Qa — Qy to the low ievel state.

SWITCHING WAVEFORMS

je—
Vo
—GND
VALID
Voo
A10OR A2 50%
GND
tsy th —"|
vee
CLOCK 50%
— GND
Figure 3.

Ty —»
v,
RESET s0% / e
— GND
tpHL
Q 50%
trar, —=
vee
CLOCK 50%
—GND
Figure 2.
TEST POINT
QUTPUT
DEVICE
UNDER

TEST I o

* Includes al! probe and jig capacitance

Figure 4. Test Circuit
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EXPANDED LOGIC DIAGRAM

8
CLOCK f
1
At )
2 D Q
A2

<p—
o4
o—
p—4
D—
h—

p—
a
== 0
)
Lew}
X
)
[ew)
p—r1 0
2
o
b—{
=
[ew)
— 0
fa)
Qo
e
jw)
L “
]
[ =]

9

RESET

Qa Qp Q¢ Qp Qp OF Qg Gy

TIMING DIAGRAM

ook LML e
Al LT I
flem—— 1

RESET L_[
M
Qg — —
4= 1
% — I
€ | —
4= S
G — -
— —
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OUTLINE DIMENSIONS

J SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08

ISSUE Y

F JL — G
D1ar

[Plezs noy@[1] A ]

[Blozs o ®|T] @]

ANGTES:

. DIMENSIONING AND TOLERANCING P
Y14.5M, 1582
CONTROLLING DIMENSION. NCH
DIMENSION L TO CENTER O LEAD W
FORMZD PARALLEL.

why

o

ER ANSH

HEN

. DIMESKION & MAY hAIROW T0 0.76 10,050}

WHERE THE LEAD ENTERS THE CERAMIC

BODY
INCHES WILLIME TERS
DM [ MIN [ MAX | MIN | MAX
A | 0.750 | G785 | 19.08 | 1994
B | 0245 | 0280 Gea ) 74
C_| 0455 D200 | 304 | 408
B | 0015 0020 | 035 | 050
F | 0055 ] 0066 | 140 | 165
G G100 BSC FEEE
J | ooosy 6035 | ozr | 038
K | 0126 o] 318 ] 43
L 0.300 BSG 7 62 BSC
1] T 15 T |15
N_| 0020 oado| o51] 101

E_H_H*H“WHA “V;T

R
| G

—-“'_DMPL —r"'

7 |
—B- PTPL
@D 7] i

[ ]0.250010)

R x45 a’ |¢-

($l05000@ [T 86] AS]

el
L

%j%}%J

Y14.5M. 1582

N SUFFIX
PLASTIC DIP PACKAGE
i NOTES:
AA AR CASE 846-06 1 LEADS WITHIN 0.13 0.005) RADIUS OF TRUE
ISSUE L POSITION AT SEATIG PLANZ AT MAXMUM
1 8 ? MATERIAL COMDITION.
2 DMEASION L TO CERTER QF LEADS WHEN
B EORMZD PARALLEL
O 3. DMENSION B DOES NOT INCLLDE MOLD
1 7 & FLASH.
TP YV Y 4. ROUNDED CORNERS OPTIONAL
INCHES | MILLIMETERS |
[ A |owa [ WIN | MAX | M | MAX
A | 0715 | 0770 | tB16 | 195
—»lF B | 6240 | 0260 | 610 | 660
C | 0145 [ G185 | 369 | 469
[ D! 0015 00zt | 038 | 05
F | 00e0 jooso | 1o | 178
G | 0100BSC 254 BSG
W | bom2 [ 00es | 132 | 241
J o |oms| oao | 038
K | 0115 | 0135 | 202 | 343
L | D300BSC 762 B5C
1] 0 [ 1w e°] 10°
H G N | o005 [pgaa] 0391 1.0
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03 NOTES:
ISSUE F 1. DIMENSIONING AND TOLERANCING PER ANS!

2. CONTROLLING DIMENSION: MLUMETER.
3 DMENSIONS A AND B DO NOT tNCLUDE

MOLD PROTRUSIAN
4. MAXIM.M MOLD PROTRUSION 0.15(0
PER SIDE

PROTAUSION S-ALL BE 0.127 (0.005) TOTAL

5 DIMENSION D DOES NOT INCLUDE DA
@] B® PROTAUSION. ALLOWABLE DAMBAR
i EXCESS OF THE D DIMENSION AT
MAXIMUN MATERIAL CONDITION

[ WHLWETERS | C

855 | 875 | 0.337

006}

MBAR

HES
MIN | MAX | MIN | MAX
034

380 | 400 | 0150 04

135 175 |1 00 | O

635 | 049 | D014 | GO

040 | 125 | pots | D048

1.27BSC 0.080 BSC

c1% | 025 | 0008 | 00
010 | 025 | 0004 | 0.0

N I r ™

580 | 620 | 0238 | 02

wv!x-m-r!cnm>!s

025 | 050 | 0010 | 0.018

MOTORCLA
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MC54/74HC164

Motorola reserves the rightto make changes without further notice to any products herein. Molorola makes no warranty, reprasentation ar guarantee regarding
the suitability of its products for any paricutar purposa, nor does Motorola assuma any Iiability arising out of the application or use of any produd or circuit,
and specticatiy disclaims any and all tiability, incluging without limiation consaguential or incidental damagas. "Typical” paramatars can and dovary:n diffarent
applicat ons. All oparating parameters, including “Typicals” must be validated for aach customer application by customer’s technical experts. Motoroia does
not convey any ticense under its patant rights nar the rights of othars. Motorola preducts ara not designed, intended, or authorized for use as components in
systems misnded for surgical implant into the body, or other applications intended ko support or suslain lifa, or for any othar appiication in which the failure of
the Motarola produdt could create a situation where personal injury or death may occur. Should Buyer purchase or use Motoroia products for any such
unintended or unauthorized application, Buyer shall ingemnify and hald Motorola and its officers, employaas, subsidiaries, affiliates, and distributors harmlass
against all claims, costs, damages, and expenses, and reasonable atlomey fees arising out of, direclly or indirectly, any claim of personal injury or death
associated with such unintanded or unauthorized use, aven if such daim alleges that Motorola was negligent ragarding the dasign or manufacture of the part.
Motorola and # ara registered tracemarks of Motorola, Inc, Motorola, Inc. is an Equal Opporunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Malomia Literature Distribution; JAPAN: Nippon Molorola Lid.; Tatsum—SPD-ILDC, Toshikatsu Otsuki,
P.O. Box 20412; Phoenix, Arzona B5036. 1-B00-441-2447 6F Saibu-Butsuryu—Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAXO@email.sps. mot.com -TOUCHTONE (602} 244-6609 HONG KONG: Motorola Semiconductors H.K. Lid.; 88 Tai Ping Industnial Park,
INTERNET hitp:/Design~NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kang. 85226629793
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

8-Bit Equality Comparator
High-Performance Silicon—-Gate CMOS

The MC54/74HCB88 is identical in pinout to the LS688. The device inputs
are compatible with slandard CMOS outputs; with pullup resistors, they are

compatible with LSTTL outputs.

The HCH88 compares two B-bit binary ar BCD words and indicates
whelher or not they are equal. By using the Cascade Input, wo or more of
Ihe devices may be cascaded to compare words of more than 8 bits.

Output Drive Capability: 10 LSTTL Loads

Operating Voltage Range: 2106 V
Low Input Current: 1 pA

No. TA

Outputs Directly Interface to CMOS, NMOS, and TTL

High Noise Immunity Characteristic of CMOS Devices
In Compliance with the Requirements Defined by JEDEC Standard

« Chip Complexity: 116 FETs or 29 Equivalent Gates

LOGIC DIAGRAM

DATA Ad
WORD ﬁ

A 123
meuts | A8

DATA 3
WORD B3

3
INPUTS Bs 14

B?

CASCACE 1 f

INPUT
PIN20=Vrr
PIN 10 = GND

10/95

19 A=B
OUTPUT

MC54/74HC688

J SUFFIX
CERAMIC PACKAGE
CASE 732-03

N SUFFIX
PLASTIC PACKAGE
20 CASE 738-03

DW SUFFIX
20 P 50IG PACKAGE
1 GASE 751D-04

ORDERING INFORMATION

MC54HCXXXJ Ceramic
MCT74HCXXXN Plastic
MC74HCXXXDW SOIC

PIN ASSIGNMENT

wos e e
aQ 2 191 A=B
Bofl 3 18 [j
M4 17 [] A7
815 16 [1 86
n2f s 15 ] A6
B2y} 7 14 ] BS
a3l 8 13 [ A8
B3l 9 12 |1 B4
GND ] 10 nf

FUNCTION TABLE

Inputs Output
Data
Words | Cascade| A=8
A=B L L
A=B L H
A<B L H
X H H

T Motorola, inc. 1995
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MC54/74HC688

MAXIMUM RATINGS™

Symbel FParameter Value Unit
Veo D¢ Supply Voltage (Referenced to GND) ~05t0+7.0 v
Vin DC Input Voltage (Referenced to GND) —15twoVee 15| V
Vout DC Output Voltage (Referenced to GND} -05twVep v05) V
lin DC tnput Current, per Pin +20 mA
tout DC Qutput Current, per Pin +25 mA
Felel DC Supply Current, Vo and GND Pins +50 mA
Po Powaer Dissipation in Still Air, Plastic or Ceramic DIPT 750 mw
S0IC Packaget 504
Tstg Storage Temperature —65t0 + 150 *C
TL Lead Temperature, 1 mm from Case for 10 Seconds *C
{Plastic DIP or SOIC Package) 260
(Caramic DIP} 300

* Maximum Ratings are those values beyond which damage to the device may oceur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Piastic DIP: — 10 mW/*C from 65~ to 126°C
Ceramic DIP: — 10 mW!° C from 100" to 125°C
S0IC Package: — 7 mW/"C fram 65 to 125°C

This device contains protection
circuitry 1o guard against damage
dus to high static vottages or etectric
fields. However, precautions must
be taken to avoid applications of any
valtage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vin and
Vqut should be constrained to the
range GND =< (Vinor Vgut) < Voo

Unused inputs must always be
tied to an appropriate logic voltage
level {e.g., either GND or Vi)
Unused outputs must be left open.

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

RECOMMENDED OPERATING CONDITIONS

Symbot Parameter Min Max | Unit
Vee DC Supply Voltage (Referenced ta GND) 20 6.0 \Y
Vin. Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 veo v
Ta Oparating Temperature, All Package Types -55 |+125{ °C
i ¥ Input Rise and Fall Time Voo 520V 0 1000 ns
(Figure 2) Vep =45V | 0 500
Voo =60V 0 400
DC ELECTRICAL CHARACTERISTICS {Valitages Referenced ‘o GND)
Guaranteed Limit
Yce -55to
Symbol Parameter Test Conditions v 25°C < 85°C | < 125°C { Unit
VIH Minimum High-Level Input Vo =01 Vorveg - 0.1V 2.0 1.5 15 1.5 v
Voltage {lgutt = 20 pA 4.5 315 315 3.15
6.0 4.2 42 4.2
ViL Maximum Low-Level Input Vout= 04 VarVog-01V 20 03 0.3 03 v
Voltage Moyt = 20 pA 45 0.9 09 09
6.0 12 1.2 1.2
VoH Minimum High—-Leve! Output Vin = ViHor V)L 2.0 19 19 1.9 v
Vaoltage llout < 20 pA 4.5 4.4 44 44
6.0 59 59 59
Vin =VIHOTVIL llgutl S 40mA | 45 3.08 3.84 a7o
lloutl = 5.2 MA 6.0 5.48 5.34 5.20
VoL Maximum Low—Level Output Vin = VIH or ViL 24 01 0.1 0.1 v
Voitage Houtl = 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIHOTVIL lloull = 40mA | 45 0.26 033 0.40
loutl = 5.2mA | 60 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi = Vg ar GND 6.0 +0.1 +1.0 +1.0 HA
icc Maximum Quiescent Supply Vin = Vo or GND 6.0 8 80 160 A
Current {per Package) lout = O pA

NOTE: Information an typical parametric values can be found in Chapter 2 of the Motorala High-Speed CMOS Data Book (DL129/D).
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AC ELECTRICAL CHARACTERISTICS (C| = 50 pF, lnput t = i = 6 ns)

Guaranteed Limit
Vee -55t0
Symbol Parameter v 25°C = 85°C | = 125°C | Unit
PLH. Maximum Propagation Delay, Input A ar B to Qutput A =B 2.0 210 265 315 ns
tPHL {Figures 1 and 3) 45 42 53 63
6.0 36 45 54
PLH- Maximum Propagation Delay, Cascade Input to Output A = B 20 120 150 180 ns
tPHL (Figures 2 and 3) 45 24 30 36
6.0 20 26 H
tTLH- Maximum Output Transition Time, Any Output 20 75 95 110 ns
tTHL (Figures 2 and 3) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagatian delays with loads other than 50 pF, see Chapter 2 of the Matorala High-Speed CMOS Data Book {(DL129/D).
2. Information on typical parametric values can be found in Chapter 2 of the Motorola High—Speed CMOS Data Book (DL129/D).

Cpp Power Dissipation Capacitance (Per Package)”

Typical @ 25°C, Vg =5.0V
30 pF

* Usad to determine the no-load dynamic power consumption: Py = Cpp VCCZf + lgc Voo For load considerations, see Chapter 2 of the

Motorola High-Speed CMOS Data Book {DL129/D).

SWITCHING WAVEFORMS

VALID VALID
v,
INFUT 50% o
AORB GND
Ly - pe-— TPHL
A=B
QUTPUT

Figure 1.

5
CASCADE  10%
INPUT

A=B
OUTPUT

TEST CIRCUITS

DEVICE
UNDER
TEST

TEST POINT

OUTPRUT

[

* Includes all probe and jig capacitance

Figure 3.
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TYPICAL APPLICATION

Two or more HCE88 8-bil Equaiity Comparators may be cascaded to compare binary or BCD numbers having more than
8 bits. One method of accomplishing this is shown here.

Sun — —
U G HCEB3 Ay | = HC6B8 ac{ —]  HCess
S A=8B — A=B — AzS
—1{  BMOST- — —  BLEAST- QUTPUT
] SIGNIFICANT ] ] SIGNIFICANT
Bn1 : BITS Bn—t ,] : 8¢ : BITS
CASCADE CASCADE TCASCADE
INPUT INPUT |\[ INPUT

CASCADE
INPUT

0.
v

ok
:

EXPANDED LOGIC DIAGRAM

Zipe

1l

), ,;|> |>,, 19, A=B
QUTPUT
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OUTLINE DIMENSIONS

MC54/74HC688

J SUFFIX
\YAYA) JAYdl CERAMIC PACKAGE N s WITHIN 025 0 010, DIAMETER TRUE
0,010 ‘
20 11 b CASE 732-03 POSITION AT SZATING PLANE, AT MAXRAM
MATERIAL OONDITION.
f ol ISSUE E 2. DMENSION L T0 GENTER OF LEADS WHER
FORMED PARALLEL
PAVAY, VU 8 3. DMENSIONS A AN B INCLUDE MENISCUS
MLLMETERS | NCHES
A o[ WG | MAX | BN | MAX
A | 2386 | 2515 | D840 | 0990
B | 660 | 745 | o760 | 09w
C] 381 ] 506 0150t 0200
all il c b | 0.6 | 0560815 | oa
] ] k F | 140 | 166 | 0055 | 0065
¥ G|  25BC 0 100BSG
EESS T ¥ B | o051 ] 127 | 0020 [ 00w
[ R T A N Jd 0.20 030 | 0008 | 0012
A A W | 318 | 406 | 0125 [ 0180
H ‘.”-_ K- L | 7se8aC 1,300 85C
|¢ D -—|G|<- [] o] s8°] gof 15°
N ] 025 102 ] 0010 [ 0.040
SEATING
PLANE
N SUFFIX
} —{ZA-} PLASTIC PACKAGE
i- CASE 738-03 NQTE[?MENSIONILGANDTDL’RANCINGPERMSI
zuH‘HH“n‘HH\r“‘-r’HH’HH’Hr:. 4*_ ISSUE E - DIMERSION! g
2. CONTROLLING DIMENSION; INCH
3. DIMENSION L 70 CENTER OF LEAQ WHEN
10 wl| g FORMED PARALLEL i
oy e TR AV v ek 1 DMERSION B OGES NOT INCLUDE MOLD
—C -— |
INCHES | MILLIMETERS
] D MIN | MAX | W | MAX
A [ 1010 | 1070 | 2566 | 2747
¥ ﬂ B | 0240 | 0260 [ 61C | 660
- o i T f 4 C | 0150 | D] 381 | a5t
K Y Y\ Dl oot oz | 0] 0%
—H=H— E ] 0030BSC 127 BSC
PLANE f
\‘/M F|oosolopo| 1 [ 177
E N - G | 0.100BSC 254 BSC
G F 1 ] ngos [ D015 | 021 ] 034
e e AR 17
D wrL plospan®|T]s ®] o e ol w
@[0_25 (g_g1o)®]T| A @] N | 00 | opte | 0511 1M
DW SUFFIX
PLASTIC SOIC PACKAGE —
r ‘ CASE 751D--04 1 E;l}éﬂ{ﬂ()gﬂNi}ﬁDTOLERANC\NGF‘:?
mﬁ H H H H H H H il ISSUE £ 7 CONTROLLING DIMENSION: MLLIMETER
3 DIMENSIONS A AND B DG NOT INCLUDE
o MOLD PROTRUSION.
4, MAXIMUM MOLD PROTRUSION 0150
[«B=] 1x P (0.006) PER SIDE.
5. DIMENSION D DOES NOT INCLUDE
D |$[o.n1n (0-25)®| B ®J DRMBAR PROTAUSION ALLOWABLE
; - DAMBAR PROTALISION SHALL 8E 0 13
0,005} TOTAL [N EXEE5S CF D DMENSION
HEFEEHEBHE v (0005)

— 20x D
[@lectop20@] 1[4 © |8 &

o
LC

ﬁﬁ !

—-{ be—18x G

T | SEATING
T 1 [=T-] PLANE
K

AT MAXIMUM MATZRIAL COMDITION

MILLIMETERS INCHES
MK MAX | MIN | MAX
1265 | 1295 | 0456 | 0.510
740 760 | 0287 | 0759
235 265 ] 0093 | 0.1
0.35 049 | 0014 | 0019
050 0.30 | 0020 | 0.0%
1.27 BSC 0.050 BSC

025 | 032 | 0.010 | 0012
0.1d 025 | 0004 | 0,008

0° i 0° 7
10085 | 1053 ! 0386 | G415

025 | 075 | 0010 | 0%
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the sudabibty of its products for any particular purpose, nor does Motorala assume any liabildy arising out of the application or use of any produd or circuit,
andspecfically disclaims any and all liability, including without limitation consequenbal or incidental damages. “Typical® parameters can and do vary in differant
applications. All operatng parameters. including “Typicals™ must be valdated for sach customer application by customer’s technical expers. Motarola does
not convay any icense under its patent righis nor the rights of atners. Motoroia products are not designed, intended, ar autherized for use as components in
systems infended for surgical implant into the body, or other applications intended o support or sustain life, or for any other application in which the failure of
the Molorola product could creale a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyershatiindemnify and hold Molerola and its officers, employees, subsidiaries, affiliales, and distributors harmless
against all claims, costs, damages, and expensas, and reasonable attarney fees arising out of, direclly or indirectly, any claim of personal injury or death
associated with such unintended or unauthonzed use. even if such claim allages that Motorofia was negligent regarding the design or manufaciure of the part.
Motorola and A are registerad trademarks of Moiorola, :rc. Malorola, Inc. 15 an Equal Gpporunity/alirmative Action Employer.

Motorolaresarves the right to make changes without further notica o any products herein. Mototola makes nowarranty, representation or guarantee regarding i
|
|
|

How to reach us:
USAEUROPE; Molorola Lierature Distribution; JAPAN: Nippon Motorola Ltd,; Tatsumi~SPD-JLDC, Toshikatsu Olsuki,
PO, Box 20912; Phoanix, Ardzona B5036. 1-800—441-2447 BF Saeibu—Butsuryu—Cerer, 3—14-2 Tatsumi Kolo—Ku, Tokya 135, Japan. 03-3521-8315

MFAX; RMFAXO@email.sps.mot.com ~-TOUCHTONE (602) 2446609 HONG KONG: Motorola Semicondudors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: htip.//Design--NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26625298
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