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ABSTRACT
This project concerns about “All digital phase-locked loop” system and its application by using
microcontroller 89C1051 for automatically controlling the center frequency of circuit. It is also applied to

be 4-level frequency shift keying decoder circuit by substituting any center frequency with 2-bit FSK

signaling.
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2.1 nqufjvedrsasiadeng( Phase Lock Loop )

2.1.1 wanmainuveunadenqy (PLL)

2395 PLL Y iRamsaamuududnszuunilanionanld PLL Jureesildlung

synchronize §QyIBIOMYNAUTYRIUB 1B (reference signal) NT0 FyaNUBUNN (input signal) Tu

Y oA P~ o v A a a o o . I=} L
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dondock) Fuiiuaniziidugaueniymesadaainss(oscillator output) IANUAANAIAMIUNT (phase
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error) UUES MioliAanNeg
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159925on7uu2995 ‘Phase-Lock-Loop
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Block diagram 984495 phase lock loop Wiszneudisdiulszneuiugu 3 daufie

1. Voltage-Control-Oscillatér ( VCO )
2. Phase-Detector ( PD )
3. Loop-Hilter (LF )
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-ﬁ'ﬂlung‘lmts]lwaqﬁ ( reference signal n3o input signal : u,(t)

anufiSapesdyanadets ©,)

-Fyanaueninm u() ¥84 VCO

AR auvesdygnaie iy @,

-output signal YD phase detector : u(t)

-output signal YB3 loop filter : uft)

-phase error : Oe ApaNumArEIENI u,(t) Loz uz(t)

lumshanives function block 13 3 Tugidi 2.1 u Vo szopadaananudifuy ©, &
QnA9saNINFRyR oY ult) Yed loop filter am@iFa @, mldnnaums

O, = Do +koufd) e 1)

u‘ja Mo ﬁemm?ﬁ%mwm center frequency Y83 VCO a2 ko i veo gain fimiaoiiu
1SV iierhaumsh (1) 1 plot ﬂﬁv!‘uz"lﬁ'ﬁﬁﬂﬁ 2.1(b)
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u®=k0e 0 @)
kd UMY gain ¥84 PD tminudiuTlan nﬂwﬁagﬂﬁ 2.1(0) umunsHBIENMs i )
output u,(t) ¥4 PD Uszneudadnlszneudidiu DC uazgn%é’wﬁauﬂizﬂeuﬁtﬂu AC duidii
AC tududuilideans sxgniiaeenTag loop filter
ForsadleRaa block awdeiu aal¥audiSauveadayanar input u @) Wiy

4

o 4 Qs 5 < . |
tenter frequency (Do) VCO M UN center frequency UYDIUU Faazirtu 1a phase error uJuf;qu

a d < < ° @
dwaier sutput ud voa PD Arsadugudhide duwanfdygraeniynues loop filter uh) T

¥ ] T
duguddouiu annziifieanneii vco Maui center frequency voaiiu

o

J v g 1w
& phase error e hiflugud output v, vee PD axliiifugud loop filter szairedya Il u,
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T
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Az dawald VCo uanudueuiuau phase error NITAAAI LATUDNUINTHUN (settling time)
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u,(0). () FYYIBBNITHN u(HVBI VCO. (0) Ty u, @ tag Be Tuiadsuveaa. @ amd
Faygw @, vea veo Tuununate) awfifau O, voidyg s 1eda u,w.
2.2 All-Digital-Phase-Lock-Loop (ADPLL)
22.1 @1ls2noUv092995 ADPLL
4 . oo & & d ' o
(1B39IA995 digital phase lock loop %1 lthiwiiluae9sfieuidasn 1ws1291995 DPLL 1iu
LY .t ¢ v @ Ad A °
doanTsdulszaeumousnaiug ldlesiaue s idhudoulelumshanueaans ey
4 N (] o > [}
parameters) ssiimsifAounfadly  losnnduilsgnousundenmousn  Faluiflunad center
frequency 484 DPLL ¢ 145 u8nEwamana capacitors: Ml 1uidanuu DPLL Chip
q’: a a @ d ey Py = Y
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AR 1w 19 digital code word #a'ldon data register n3een parallel output YDINITUY (counter)
function block MinuavedszuudedigUnseimiveyuiiduriesadnoariaimua Fulsznoudae

Digital Phase Detector, Digital Loop Filter, VCO %’uﬂuunu digital controlled oscillator (DCO)

2.8 All-Digital Phase Detector

Digital Phase Detector 7191 2 artialdun

1. EXOR GATE
2. JK-FLIPFLOP
U1 Ot
® f—oug
Uz' o0—
(@)
Uy o—p>J Qf—ou¢
FF

Uy o—>K a

b) _
51 23 aRimamesA1Fanluaaes DPLL (2) EXOR gate. (b) JK-flipflop.

Te=0
Vy
v,
| Ug=0
" DA RS
: (a)
Y, i
o] |
1
i 520 _
L tg>0
Va .___..______.__T._____.,__ I a1 s I spmelitatil

(b)
7

s1/fi 2.4 jinduveadyyenl EXOR PD. (a) jiadudia1 phase error ifugud

(96:0). ®) Eﬂﬂéuﬁ phase error ri'flumn (9e>0)
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2.3.1 EXOR gate phase detector WumilouAy linear multiplier 409 linear PLL ﬁmiy‘]mn‘101u

n’: o 3 1 ~ @ =] @
ppLL viuiludygna TuuSiaue 1y square wave 990310 2.3(2) fhdyana v, uaz o, Andyanw

[]
=

1 LY $ A 5 o
square wave Tuniioufiu 317 2.4 udaIgIAAYUBY EXOR Phase Detector 41l Phase error 11U Qe
phase error 1 0 dyanne u, uay o, selianumadaiy 90 eam AwamalugUn 24¢) wituh
o ¢ 4 o At ad ' Ay a -
dyanaueninm u, sntludyaa square wave ANANNALY 2 WA NUEEEL ( ATWbveI U, )
o ] ' o 4 o y
duty cycle vosdyga u, szliauiu 50 % Wieannesilsznounuliguesdygraiiszganseeen
A a A & i A 4
Tat loop filter ANTMIT IR RURMIZAURGVES U, FaaasdodulssTugUhn 2.4@) Aundo o,
14
Tumaanagmivmnsiidyysaeia 2 52du 1 EXOR SUNGNIUIN asymmetrical 5 v Power
1 s o s « o s ; a Ao =}
Supply fAundsued u, Avzlindszine 2.5 T szAvTianiaedl szgnnsanlugandygrauSoy
¥ - b4 o ] @ o Y a -3
¥99 EXOR UAZ9SUNUAIY  u, = 0 HuoMwn u’, Wnamumdsdygy 161984 u,. Phase error 93iif
4 a $ A H 0 1] @ @ 1 1 b
dhuan nsdifiuandsgiii 2.40) Fwasil duty cycle 104 u, sxfifwnat 50 % FaF1B619 ARG
1 o -1 ] 1 4
U0 u, ‘azﬁmlﬂumnuﬂmmlﬁuﬂiﬂu ud waveform 919U 141 u, %:’,ﬁQﬂ1q~1qﬂlﬁﬂ’phase error 11U
90 0ar tazezlimAigaile Oe = -90 0af A3 plot AFINYBY v, M phase error Be vztTAL IR
117l 25(2) Aunfoveusmiyn v, ¥ed EXOR iy triangular function 484 phase error M0TU%4
$ t LY 1 o
phase error MM -T2 <Oe <12 u, seidsiuldam Be FauTouldilu
u, = kdBe
¥ J 1 i v
lunsélves EXOR phase detector fI1 phase detector gain k, eiifnefl el supply
o o w 4 a Y a ' o
voltage w84 EXOR 111 uj, t1az 0 améd iy uazlioisauudiszavasiniu u, uaz 0 9z ldd k, &4
aums
ky = ug/T]
A o o (=] L ¥ ~ o o
Wodygy e miynued EXOR liflave1iuaved supply uafoudnaee saturate sedudoynio
' + Qs ; ] - ©
QIUNA Usat (IWeroue high ) uasdygiudiuiem Usat (luaaiug low) k, Avafaunnauns
k, = (Usat+ -Usat W1
EXOR phase detector 11305neanmmsaaniuaiile phase error fifegluveouiuasnila

fueruAve EXOR phase detector 9xgminivide 1y diedyga u, wag o, Wudyanaithi

o *

¥ U4 yn 3 @ 14 LY H o +
auings Maammsalfifiadu dygiaeniyn o, szgnda fiszdudygrauadueas Tugdi 25

(b) $99zAANBYU loop gain Y99 DPLL tazifiumal? lock range , pull-out range LazABU Jana
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{b)

U7 2.5 nsmlvesdygnauneniymnioves PD uag phase error. (a) Ns@iUnA

®) JUATUYed v and v/, Tamnasfiuqueanlives PD Gagndaoen.

2.3.2 JK- flipflop phase detector
[ 1 4 b4

anuennasvesguadwmiuhiddydmsy JK-flipflop phase detector JK-flipflop fIRAMY JK-

2 L , i ay ! g ; _ .
flipflop W11 w5121y edge-triggered flipflop  tilelidayanunszdifiiiuuingivn I input szvlsl
Watrasy Ten iy nigh ( Q=1) uazdinszquuuy positive fiv1 K azvh ldindunastfiaomie low
(Q=0) ‘zﬂﬁ 2.6 (Al waveform U093 JK-flipflop phase detector lunsd@ifi = Oe=0 winlifl phase error u;
! P Y o I'é v . & - a
uag u, liaas iy HYUIBIDINKTN v, WCYNUNUAIY symmetrical square wave FINAIINANN

. 13 [ L4 b

TunImBvennuBdegs hrnwnmiignimualiunudas  u, = 0 &1 phase error Truiluuan dagy

2.6(b) duty cycle 84 u, 3LUAMINATI 50 % uaz  u, vziifrgagauile phase error 4 180 BaFM AL

=5h.

fifA1gaTil phase error ({1 -180 83 &us1 plot N5 1 u, AU phase emror  vzldgUn Ty

sawtooth AUaAIIUTUN 2.7 u, v2uTAUATIAY phase error 10 phase error 8 lUe9 -TT< Be<] ]

u, =kOe
E 4
JK-flipflop phase detector HU@MTOTNHINITHIIUAGTUSN phase error
JI<Be1
phase detector gain Y84 JK-flipflop phase detector m1den
k, = up2] ]
A o o a & 4 o o o_ o o 3
wieszAudyamaeiniu uB uie guinwdAy k, szgnsiialasns saturate. k, szfmanlden

k, = (Usat - Usat)2[ ]
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Wien/Seuisuiy EXOR gate 1d1 JK flipflop 92 hifilaflannuaumasyes u, uay o iwsizaome

. = A v .. o o o v
4 Y93 JK ﬂlpflop ﬁ:lﬂaﬂuuﬂauﬂw-lzuIBUﬂ-ﬁﬂi:f]uuuu positive ﬂSQﬂtymu']ml"'luu ‘114114814 9 uan

, EXOR uazIK flipflop selingANSTUMSiIRTUInilouiu

Sez=0
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i u o d
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&
Uy
b |
uy l |
3 | ! ] .
, {0
- - G4_1>0
s
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N !
N,

1/ 2.6 qUnduveadyyrudmiy JK-FF PD. (a) Unaufifn phase error ifiugud

' () 3URAUTA phase error. fifuTiuuan
' Gd A

Kle.

rd

. 7
4
' ~180 0 180 Je (deg)
i i
>

- Kd e
£
¥ ~ o d o o A =) e o

719 2.7 nsmvesdygimeniynndous PD fiu phase error. iionfSoufisuiu

[ } 4
EXOR, u, @ 1fuegiu duty cycle voadamna.
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2.4 All-digital loop filters
[ y N 0}
INANATNTINUAISINENDT All digital phase detetter Tianafufios i Iidyaauemiyni

¥ 3 o A

uandaiu madonld loop filter JadoafinsanIug Uiy digital phase detector #aonion afiu iile
Wéms Wavfimneauiu
C. . .

loop filter tuufidwigmiuainalaoin UP/DOWN counter 1911 &1 UP/DOWN counter
loop filter H19z180N1FAIWARY phase detectot AduoNYMEBNINTUFIYO up 3D down pulse 1Fu
PFD wazifufdeaunsadauaslivhaus iy XoR nie JK-flipflop PD. 18 517 2.8 (2) ugnees
U903 up/down counter loop filter éﬂ‘l’f‘ pulse-forming network Tumsudaad U up LA down pulse
Tty counting clock uazt’f'm,mnm UP/DN  Aua@d wave form Iﬂﬂgﬂﬁ 2.8(b)

NN 9 up pulse ﬁﬁ%’ni’jyumn PD i1 N 484 UP/DN counter ﬂzlﬁ;uﬁu 1 1a¢ DN pulse flazand

«7 v
N 484 counter a3 1 .1 N #ilaanieniynozvufiy Uf ved loop filter . filter ¥ilaflannsafivisan

b d
as

é =t ~
T integator <33 transfer function AU
H(s) = 1/(sTi)

({9 Ti fiv integrator time constant

et N~y )
‘ up i Cack Clock
fom Puiss larming X ,
S — I cireatt UPIoCwN cauater
) UPION —
‘ PN
oN UFD

| ]

e LTI

UPION L

. )

5171 2.8 UP/DOWN ianiinesqiiflanes (a) uienlaszinsy () Corresponding

waveforms.
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digital loop filter ﬁﬁﬁmﬁqﬂﬁnﬁmﬁﬁa K counter ﬁmam‘luzﬂ‘fi 2.9 loop filter ilafiiinid
$2uf'u EXOR #3® JK-flipflop phase, detector ﬁmam"lugﬂﬁ 29(a) LUHAY counter %Qﬂs:nauﬁ"w
counter éatﬂuﬁaszﬁiaﬁu 2 a7 ﬁﬂ “ UP counter” e “DOWN counter 'hgmmti'flm?qué'i counter,
Hmedtlziviuaue. K dhmlugdaveunniineifeaes dwsuamime fmsaneiazegiugn o w
f1 K1 i K annsofmunldlay K modulus control input tazdauiudmudvenides 2
c?dﬂ']‘lllﬁ‘lli)iﬁ’ﬁjﬂlu‘lﬂl clock ( K clock ) ﬁuﬁﬁ‘ll‘ﬂu M (1981 center frequency fo U939 ADPLL ‘lléﬂ M
sedliuili 8,1632,... MIMUYET K counter vzgnauAuTasdyana DNUP drdayatiiisiy high
DN counter 9zvnauluvaizishnioly Up counter 9zdanuUUAN tazlunsfinsad 1y UP counter 93

1 4
119U 1A DN counter vzdananuay 13

v
SIS [ Y

smeluaniine fiaessrnduindu o defweatuis k-1 inhiniedfiggagaves UP
counter 1514 carry output uazfinfifhivdfigygagaves DN counter 19iflu borrow output afiurals?
carry (i1 high iffefwes UP counter hifuniernnnd K2 Tuvieadiorfu borrow output azitiy
high 1i® DN counter SAuAUMSEIINNT K2 Swanslunoumsidensiinves ADPLL YoUVIRU
voadQya 0 carry Lo borrow gnldlumsaruquanuves Dco
gﬂﬁ 2.9(b) UAAITYYIUYO K counter DN/UP output gnAIufulAg PD. lusetaiiis
euAi1¥ IK-flipflop PD 1oz ADPLL 1awifi center freq. #aii 1&na1annuids Sumwn ul waz iy
u'2 vournadengueziimanssdrufuiield IK-flipflop PD. uazdygnaueniyn ud vourafmmaed
s2ifu square wave 4 duty cycle 50 % #8617 DN/UP signal (11 high Tunselsfaniiaves
Fyonet ul uaziu low unFalafafivde sundlinuGues K clock 1y 16 11484 center freq. (
M=16 ) f1 K modulus gnfimualdiisuifiy 8 . waveform uamﬁq;ﬂﬁ 2.9(b) LU UP counter
$MMIUVVY 8 clock pulselsNiay DN counter 9$UUUU 8 clock pulse DAUT Faluanmzd up
counter 9&31 1 carry pulse nnq"lmﬁmmﬁngmum u, ltaZ DN counter 9239 borrow pulse 1 @n
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2.5 Digital Control Oscillators
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d w3y JK-FF PD. dionfSoufisusy EXOR PD. qundnvsaeninnez lisunasfaudiden K
. v

Tiimsifladioofiga A2a lanfaszeyluga

05(1-12K) < O < 0.5(1+1/2K)

2.7.2 Hold range Y93 ADPLL
] a‘, S d’ ar b 4 a o A d‘ o o
aolilfiisnzinsandinnud £ vesdygradudidimsdeullnnanutinan  Suduusn

auuddusudenld EXOR PD uazdmualianuiidneds £=1.25fc 3U7 2.16 uaasgaaudmiunsdl

v
=5 ar ¢ (3.9 °

i M=16 K=4,N=8 1ol ADPLL waannuigadu swanlineineaihamuiuszeznaivnuuni
¢ ¢ s ya o o s 7o & o e
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= foM/2K

1Dout
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Phase detector K counter
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2.9 299588A AMAYH ( lock detection )
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(27 LOCK DETECTION CIRCUIT

RN e o S s AN e S e N s S e O
e Ml MUt o

v
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8.1 mseeniniews ADPLL lagllulnsneulnsamesaiugu

AsenNUUY ADPLL wisiiwes K deadinnduswnudueniideves 2 aunsadenldasa
onfidas B esonide 17(ugn 227 ) dmSums N inlimed 1iudyana luus lugn 9 nedl
Fntu N faindhummudiuonidees 2 #ao minfinauudahuriadedey 99 MEN lumseon
Y mstisumnsaufinl¥ifadUidesfiqe fle M=4K iio1¥ EXOR PD. #§o M=2K tile1% IK-FF
PD.

AM31995 ADPLL Radraiufifunaes ADPLL 7118l Tasaou Tnsaiaeslumsanuny

AUANAN ( Center frequency ) Tauli Insaardeupaavsuanadagili 3.1
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1. 892995 ADPLL $usn1¥ IC wes 74HCT297.
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2. 2995 Lock Detection 1¥lunisasisasuannzdenvesnud uasdidyanalidlulasnou

Tnsaans

vy [l
3. duvedlulasaeunsameniu 5114GeniF lulasaouInsaaosiues 89C1051 FaTioe

A Tusunsy 1 Kbyte  mitoaus1doyn 64 byte 1oz /O port 2 Wi Ao Wosnii 1 uaz

wosnd 3lumslFau.

Pl n‘: ° ' o d 1 v av
91123999 ADPLL mmmau‘lumimnuﬂmmsmmasmq 9 Y

1. AMMUAMAUDAAIY (center frequency:fc ) NABINT

2. fmuar K Tastia K oglusae 2° - 2" famsedmuas K &l
D o B A MODULOK)
L L L L Inhibited
L L L H 2’
L L H L 2
L L H H 2’
L H L L 2°
L H L H 2’
L H H L 2°
L H H H 2’
10
H L L L 2
H L L H 2!
12
H L H L 2
13
H L H H 2
14
H H L L 2
15
H H L H 2
16
H H H L 2
H H H H 2"

3. flmuad K clock #193eulify K counter Taosmiamien
K clock = Mfc
l.f}a M = 4K § M3y EXOR phase detector.
uag M =2K dwmsy JK-flipflop phase detector.

o ' Sy
4. fimmuam laais usnineIns
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5. M1 N dm5u993M3 N counter 1aafiuanldnn

A fH Mfc / 2KN

2fc/N #1310 EXOR phase detector .
= fc/N dmiy JK-flipflop phase detector.
Tag N fauduswauduendideves 2.
6. 1181 ID clock HflouTHAY ID counter 910 D clock = 2Nfe

NAFNMITIAIZITIUN dusidmues N 489 293115 N iandwesuas K clock 13n4
# swzamsadsounnuinaneenns1dlasie Tasmsulaus K 189 K counter iag ID
clock. =§q“lmwsﬁaammni’iyuuﬂ‘x;’fmu“lumimamﬁv srlge Tsasuiimi fo4 (N=8 ) uazld
1K clock AT 32 MEz  Tughaduduvesnisiemaiy 1aasezdumhanfisniudnats 5o
KHz Susl8idam K 130nau 16 naze M = 64 §0fu 1D clock vous g luammdnariiten
Whfy 2Nfc = 2#8%50 KHz = 8 MHz #41891nma1iae K clock Ml 7415294 Eashuaniine s
amnsaTlsunsusssmsiin|ddud 2° - 2"

WU §us19eams ID clock = 800 KHz i5fvinmagammaunielu IC 7405294 1viiien

2’ =4 f92'18 ID clock = 800 KHz AuAanIs
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AT NLEAIMS 1UTUNTUAINITTUYE IC 7415294

Frequency Division

Programming Input Q TP

D C B A Binary Decimal Binary Decimal

L L L L Inhibit  Inhibit Inhibit  Inhibit
L L L H Inhibit  Inhibit Inhibit  Inhibit
L L H L 2" 4 2’ 512
L L H H 2’ 8 2 512
L H L L 2 16 2’ 512
L H L H 2 32 2’ 512
L H H L 2° 64 2’ 512
L H H H 2 128 Disable low

H L L L 2 256 2" 4
H L L H 2’ 512 2 8
H L H L 2% 1004 2 16 =
H L H H 2" 2,048 2’ 32
H H L L 22 4096 2° 64
H H L H 27 8192 9’ 128
H H H L 2 16384 2 256
H H H H 2” 32768 2’ 512

-

e’:‘ & o o ' a

Tunesnaasaium 1y lasaeu Insames lunmsmiugumisien lasmsaiuguamnisiy

' 'Y 4 > L4

¥84 K counter (ATAIMINUUDA IC 7415294 daldlunmsa$ia ID clock Iimunzay Tagldwein
~ Y 1 1 as s o =Y ar 1

1 tfieed daanlumsntuguaimaduyed 7415294 wagwesn 1 §1u9u 4 Tauuarugumsiua
494 K counter 1A0ATI98N1I3A9AR207995 lock detection (BIMHWNUDIIIDF lock detection 9TAD
9 ar ¢ o A o . & v Y g 1A a v d J
[unesnii 3 8% 2 (interrupt 0 ) euda I lnlasaoulnsamosnswuiufaahe lideadu
udimsdsuanuananbimnzanivy Taemsasuainnivued K counter (AZAIMIITL

YD 74L.5294
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TusunsumsauguluTnsaouTnsames¥ed1993 ADPLL

MAIN:

WAIT:

INTIO:

SHIF:

DELAY:
D1:
D2:

ORG 0000H
AJMP MAIN
ORG 0003H
SIMP INTIO
ORG 0030H
MOV A #22H ;parameter preset
MOV P1,A

ACALL DELAY
MOV IE#81H

NOP

SIMP WAIT

CINE A #0FFH,SHIF
MOV A#22H ;parameter preset
MOV PLA
ACALL DELAY
RETI

ADD A #11H ;shift center frequency
MOV P1 A

ACALL DELAY

RETI

MOV R1#20H

MOV RO#0FFH

DINZ R0,D2

DJNZ R1.D1

RET

END

LEs
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3.2 m31szgnal¥ises ADPLL 11143493 FSK decoder 4 321
esndszgnalfannaens ADPLL funeas FSK decoder 18 1nodw Tnomsildou

urfaaludanued software 1serINsamMuAsHadyyaRtaeavaedaumuanudlugalag fis
gunsofenld dmiunmaneswensiuldimua yuenuiniliicnsodon ldunudaodeya
aeaiin 1$92anmdnans 4 529 TaeTusunsuiildaugululnsnen Tnsamesdminaaes FsK
decoder 4 sEfUTHAMNTOTON 18R

ORG 0000H

AJMP MAIN

ORG 0003H

SIMP INTIO

ORG 0030H
MAIN: MOV A#32H ;parameter preset

MOV P1 A

ACALL DELAY

MOV IE#81H
WAIT:  NOP

ACALL DECODE

SIMP WAIT
INTIO: CINE A #65H,JUNE

MOV A #32H ;parameter preset

MOV P1A

ACALL DELAY

RETI
JUNE: ADD A#11H ;june center frequency

MOV P1A

ACALL DELAY

RETI
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DELAY:
Di:
D2:

MOV R1#20H
MOV RO #0FFH
DINZ RO,D2
DINZ R1,D1
RET

)

DECODE:CINE A #32H,CODE2

CODE2:

CODE3:

CODEA4:

SETB P3.0

SETB P3.1

RET

CINE A #43H,CODE3
CLR P3.0

SETB P3.1

RET

CINE A #54H,CODE4
SETB P3.0

CLR P3.1

RET

CLR P3.0

CLR P3.1

RET

END
END
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41 mMInaasazHan1inaaedIws ADPLL lasl¥led 74HC/HCT207 uazlilnsneulnsaass

1. fc=50KHz, M=64 ,N=8,K=16, K clock =32 MHz , ID clock = 800 KHz

- e

ES

Hold range = 12.5 KHz.

WM Chl MUY INBIYNUBINNS , Ch2 imudyaus198eduym

Tek SR 5MS/s 20 Acqs
b I

v M

10ps Ch1

f 280mV

Ch1 Freq
50.01kHz2

Ch1 Pk-Pk
4.48Vv

Ch2 Freq
50kHz

Ch2 Pk-Pk
5.36V

6 Feb 1998
12:23:45

7U7 4.1 HAAIMIMUYBINTAANNANANMIAY 50 kHz
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Hold range = 6.25 KHz.
Tek ZMS/s

20 ACgs
€I

LN B S

ddds I

iCh i

SUFVRTTTRT

A AL 1) B T 1)

2. fc=25KHz, M=128 ,N=8 ,K =32, K clock =3.2 MHz , ID clock = 400 KHz

Ch1 Freq
24.99kHz

Ch1 Pk-Pk
4.32V

Ch2 Freq
25.01kHz

Ch2 Pk—Pk
5.2V

7U7 4.2 taaamsihuveResinudnaluiiy 25 kHz

3.fc=125KHz ,M =256 ,N=8 ,K =64, K clock = 3.2 MHz , ID clock = 200 KHz

Hold range = 3.125 KHz.
Tek SR 1MS/s

T Y

T T T YT

T

_‘Em.s

VR

“THT

3V

W30S ChTT 7T 2s0mY

Ch1 Freq
12.5kHz

Chi1 pk-Pk
4.32Vv

Ch2 Freq
12.5kHz

Ch2 pk-Pk
5.28V

6 Feb 1998
12:31:21

717 4.3 waraamsiaueeesinudnaamifiy 12.5 kHz

36
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4. fc=625KHz , M =512 ,N=8,K =128, K clock = 3.2 MHz , ID clock = 100 KHz

i
E Hold range = 1.5625 KHz.
Tek EXeIeH S00kS/s 20 Acgs
i [
H | 3R d 1 'l‘l
v
Ch1 Freq
6.25kHz
3
Ch1 Pk—-PKk
, 44V
_'::::::::::::::;:::::::::::::::}::::j::::j:::::::::j Ch2 freq
1 { 6.249kH2
[ ety :
Ch2 Pk—Pk
241 5.2V
PR I : T : P
ICh 1 v M 100ps Chl £ 290mv
a 6 Feb 1998
12:34:42
; 717 4.4 ugaamsvinmveresinnudnauidy 6.25 kHz
¥
5.fc=3.125 KHz ,M = 1024 ,N =8, K =256, K clock = 3.2 MHz , ID clock = 50 KHz
Hold range = 0.78125 KHz.
Tek EIGIiH S00kS/s 25 Acgs
- L I T ] i
]
'J Ch1 Freq
1 3.125kHz
Ch1 Pk-Pk
4.32V
:5155{::;%,’::;::;::::::::j:::;:j::::j:::::::::j::::: Ch2 freq
- + 1 3.125kHz
¥ Ch2 Pk-Pk
\ 5.28V
3
W VA CRZ T 2VA M 100ps CRT o 240mV
6 Feb 1998
12:38:23
13 P ° P a " o
N Eﬂ‘ﬂ 4.5 HaAaIMIMANUYIINITNANUINANIUNINDY 3.125 kHz
t



6. fc=15625KHz, M=2048 ,N=8 ,K =512, K clock = 3.2 MHz , ID clock = 25 KHz

Hold range = 0.390625 KHz.
Tek HIXI® 200kS/s

T YT T T T Y T

Ch1 Freq
1.562kHz

Ch1 PR-PK
4.4V

Ch2 Freq
1.562kHe

Ch2 Pk-Pk
5.28V

xxxxxxxxx

G | B L VR o/ S AL v 111 T T3 o 2} R a1 11

6 Feb 1998
12:40:48

'Llﬁ 4.6 Llfo'Nf‘l']iYI'N']u‘UE]Q?Qﬂiﬂﬂ?TNﬂﬂaNm']ﬂ‘U 1.5625 kHz.

4.2 MINAABAATHNANIINAABIVBIIDT FSK decoder 4 52AY

. fc=25kHz,M =128 ,N=16,K =32, K clock = 22 MHz , ID clock = 800 kHz.

Holdrange = 3.125 kHz.
Tek S{MH 2MS/s 20 Acgs
: I

Ch1 Freq
25kH2
Low signal
amplitude

ch1 Pk-Pk
4.4V

Ch2 Freq
25kH2

Ch2 Pk-Pk
5.2V

13 Feb 1998
13:38:40

314 4.7 yapamsinuvesses ianudinarumiiy 25 kHz uaeidosie 11
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-

Tek EITdEH 2MS/s 33 Acgs
I T.

YT T T T T T YT rYY

Ch1 Freq
27.41kHz2
Low signal
amplitude

Ch1 Pk-Pk
4.6V

Ch2 Freq
27.4kHz

Ch2 Pk-Pk
S.2v

i
T

o T I AVARNS 1 2 [ R VLVR B LTI o ) B A - 272 5

13 Feb 1998
13:42:05
307 4.8 uamsmsfenfimnawliiiy foraf,
Tek HET:H 2MS/s 47 Acqs
} i + 1 ]
T T T T i AR B LA H T ;
: : X 7 Chi Freq
- & 22.22kHz
. 4 Low signal
. : : : " amplitude
41 Ch1 Pk-Pk
N 4.2V
:t:::;;::::‘::::j::::::::: Ch2 Freq
- 4 22.48kHz
Ch2 Pk~-Pk
5.36V
Ch2 ’ 13 Feb 1998
13:47:12

o o e a w
717 49 uaeImsdennfnNuBiMAY, fe-Af,

39



2. fc=125KHz ,M =256 ,N=16,K =64 , K clock = 3.2 MHz , ID clock = 400 KHz

Hold range = 1.5625 KHz.

Tek EITER 1MS/s

28 Acqs
¥

PR

1C1 1 - VAN of 1V SN RV I TV o i R S I 27

Ch1 Freq
12.5kHz
Low signal
amplitude

Ch1i Pk—-Pk
4.4V

Ch2 Freq
12.5kH2

Ch2 Pk-Pk
3.28V

13 Feb 1998
13:49:40

31 4.10 ugasmehauianuBinaraniy 12.5 kiz uaadiosia 10

Tek EITT3H 1MS/s

107 Acqgs
T

T
T
B

et

!

[ o a1 e
4.11 HaINMIAvANMANUNMNNY fe+f),

Ch1 Freq
13.7kH2
Low sighal
amplitude

Ch1 Pk—-Pk
4.6V

Ch2 Freq
13.7kHz

Ch2 Pk—-Pk
5.52V

13 Feb 1998
13:52:34
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Tek EIifiE 1MS/s 48 Acqs
i T

Ch1 Freq
11.37kH2
Low sighal
amplitude

ch1 pPk—-Pk
4.2V

Ch2 Pk-Pk
5.2v

[Ch | [ A R A L

M S0ps CAT £ T3V
7U" 4.

o ‘. i o
12 HaAIMIAANMIANNANAY fe-Af,,

Hold range = 0.78125 KHz.

3. fc=625kHz ,M=512,N=16,K =128 , K clock = 3.2 MHz , ID clock = 200 KHz
Tek SN 500KS/s

49 Acqs
I

J i
PRI S S S S S S S S

Ch1 Freq
6.25kHz
Low signal
amplitude

Ch1 Pk—-Pk
4.4V

Ch2 Freq
6.249kHz

Ch2 Pk—-Pk
5.2v

Cﬁz-xx!xJQAO FRC S IR L AR SR SN TN ST OT ST U

VM T00ps CRT 7 34V

13 Feb 1998
13:58:46
117 4.13 ugaamsiauianuiinaiunifiv 6.25 kHzudaaws e 01



]

Tek EiiEH 500kS/s 71 Acqs
e e s gt
......... R S E e |'x .-‘L. T =7 T 7 T T ]
I ]
[ j ]
PR INE T A N0 TR SO SO S S H PP WO WO O SUE A0 WU S O I to.d. i ]
L R L H L H i
2-»:— ‘
Ch 1 VA o v R RV " I 1)V ol 1) Y A I8
5Uf 4.14 ugmamsBeafisn iy fo+af,

PP

PSP AP EPET I SRS UTE

M 1004s Ch1 7

4 P N e
71U 4.15 naasmsaeanaANNIIMIAY fe-Af,

Ch1 Freq
6.849kHz
Low signal
amplitude

Ch1 pk—Pk
4.4V

Ch2 Freq
6.851kHz

Ch2 Pk~Pk
5.2V

13 Feb 1998
14:01:48

Ch1 Freq
5.685kH2z
Low signal
amplitude

Ch1 Pk-Pk
4.2V

Ch2 Freq
5.619kHz

Cch2 Pk—Pk
5.28V

13 Feb 1998
14:04:42
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4. fc = 3.125 kHz ,

Hold range = 0.390625 KHz.
Tek 500kS/s

2V\; ™ IOO]J.S Chi

RSV

M=1024 ,N=16,K =256, K clock = 3.2 MHz , ID clock = 100 KHz

Ch1 Freq
3.125kHz
Low signal
amplitude

Ch1 Pk~-Pk
4.2V

Ch2 Freq
3.125kHz

Ch2 Pk—-Pk
S.28V

13 Feb 1998
14:07:32

717 4.16 ugaamsihauiinnuinaumiy 3.125 kHzuaado5ia 00

Tek HIJEH 500ks/s

S LI T B S S

VLI B TV )

1 -3 { i W
717 4.17 ugaamsdeanmn NIy forAf,

Cht Freq
3.449kHz
Low signal
amplitude

Ch1 Pk-Pk
4.6 V

Ch2 Freq
3.424kH2z

Ch2 pPk-Pk
5.28V

eb 1998
:12:14

-l'ﬂ
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Tek BIXiiH 500KS/s 63 Acgs
; f. T

- . . . . i . . . Ch1 Freq
L 1 d 2.778kHz
i {1 Low signal

1+ ' : : : ' : g : -4 amplitude
. + 1 chi1 Pk-PK
4.4V

':izz::{::::if::z,::::.:5:::§5ff;§:f:z,::::‘::::~ Ch2 Freq

I 1 2.809kHZ
- i e aetorrreney ]

T 1 Ch2 Pk—-Pk

a . h S.28V

.q.'.. . o

WY TSVOUUTRE T IR TWMGOIE CRT £ 2.2V
13 Feb 1998
14:13:36

e d A s a
37 4.18 uaRamsdonfaANNIMAY fe-Af,
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aﬂmmmmmxmzun‘imm‘i

: ; 2 2 ; ;
1INNAMINAABINUTINGS  ADPLL #ildeenuuniuumiuanunsodennnudauanuives
o Y auy a Y a a4 A ¥ e Y a Aa 4 4w A
dygnudnsald uaznanisnassdinalndifisamguife Wedloudyanasedeiinnudivifuanud
— [ o I's ~ 1 @ Y A P ) Y a
naaflFluresdnvasdygauemiynizslinaaeoindyyiud1ede 90 s otleudygrudieds
Atinnwfidhind £ + Af, dygrauenmiynizliMadlndiavesdygndnts uaziiefloudyeu
sudalntinudiining £ - Af, dygrauemmnesliamedudygruddadilng 180 sen  lu
. \ | - : & \J -4 v [ a o 3 J
minaaesiil¥ N sy 8 duiliesnin N fidntes Indifeefui N, sihiiiAeTuidaluseesiy
] Ve ) ¢ A -] v (IR} P y ° A P
nnadawalin leasusaswesnesiimaadosasniiiTeaisudf ldonmsduramnn deisaaniud
VAt o I's A =] o Y A ] o e 9/
aanas WA Tsaisudezanaasosg nesisemnsoden lados lutawouaudfiuaumn - maud
14 ’ 14 '
JoymilildTagmsiiusn N Miawndu  Tesstldnaasuium N Miawidy 16 senuiufia

L4 ’ 1 4
SUdlarfesasih It leasusveres lumalfiatis IndifisanuTeasusilannmssuammniiu 15

annsonfSouifisus TeasusesalumaliasumTeasusi ldainmssnnuf N = 8 uaz N = 16

v
&l

i N fiaumnu 8

Toasusildoinmsfunn (kiz) Toausud luma§iid (kHz)
Center frequency (kHz) | fc + Af, | fc- Af, Af,, fc + Af,, | fc - Af, Af,
50 62.5 415 12.5 55.8 46 9.8
25 31.25 18.75 6.25 278 23.1 47
12.5 15.625 9.375 3.125 12.58 1236 | . 022
6.25 7.8125 4.6875 1.5625 6.3 6.19 0.11
3.125 3.905 2.345 0.78 3.155 3.087 0.068
1.5625 1.9525 1.1725 0.39 1.5775 1.5455 0.032

N Jaumnu 16

Toasusfldanmssune Hz) Toausus lunaU§ia «Hz)

Center frequency (kHz) | fc+ Af, | fc - Af, Af, fc + Af, | fc - Afy Af,,

25 28.125 21.875 3.125 27.4 22.4 2.5

12.5 14.6 10.94 1.56 13.7 11.36 1.2

6.25 7.03 5.47 0.78 6.85 5.62 0.62
3.125 3.525 2.725 04 3.45 2.78 0.335




Af, (kHz)

14

asuaasmanFeuiisumlsasusmanguuesmalfia (N = 8)

12

10 -

1 o =
A lgasud lunngug

60
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anluaaamsfSeufisualsasudlumenguiuas ma§id (N = 16)
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Technical Data

CD54/7T4HC297

AL IB4/TAHCT297

High-Speed CMOS Logic

The RCA-CD54/74HC/HCT297 are high-speed silicon-gate
CMOS devices that are pin-compalible with low power
Schottky TTL (LSTTL).

These devices are designed lo provide a simple, cost-
elfective solution to high-accuracy. digilal, phase-locked-
loop applications. They contain all the necessary circuits,
with the exception of the divide-by-N counter, to build first-
order phase-locked-loops.

Both EXCLUSIVE-OR (XORPD) and edge-controiled phase
detectors (ECPD) are provided for maxiinum flexibility. The
input signals for the EXCLUSIVE-OR phase detector must
have a 50% duty factor to obtain the maximum fock-range.

Proper partitioning of the loop function, with many of the
building blocks external to the package, makes it easy for
the designer to incorporate ripple cancellation (see Fig. 2)
or to cascade to higher order phase-locked-loops.

The length of the up/down K-counter is digitally
programmable according to the K-counter function table.
With A, B, C and D all LOW, the K-counter is disabled. With
A HIGH and B, C and D LOW, the K-counter is only three
stages long, which widens the bandwidth or capture range
and shortens the lock time of the loop. When A, B, C and D
are all programmed HIGH, the K-counter becomes
sevenleen stages long, which narrows the bandwidth or
capture range and lengths the lock lime. Real-time control
of loop bandwidth by manipuiating the A to D inpuls can
maximum the overall performance of the digital
phase- locked -loop.

The CDS4/74HC/HCT297 can perform the classic first-
order phase-locked-loop function without using analog

mponents. The accuracy of the digilal phase-locked-
soop (DPLL) is not affected by VCC and temperature
variations but depends solely on acsuracues of the K-clock
and loop propagation delays.

356

File Number 1852

I I I Digital Phase-Locked-Loop Filter
A —1 2 15— € Type Features:
ENgyg —— 3 14}— D » Digital design avoids analog compensalion errors
Kep —] a4 13— ¢4z w Easily cascadable lor higher order loops
tmep — 8 12}-— ecPoout » Uselul frequency range:
0ri—1 e 1 L XORPDOUT DC to 55 MHz typical (k-clock)
"o I 1ol— 48 DC to 35 MHz typical {1/D-clock)
our ° a ® Dynamically variabls bandwidlh
GNO ——1 B [ A a Very narrow bandwidth attainable
TOP VIEW . Power-on reset
92C5-40447 = Qutput capability:
Standard - XORPDour, ECPDouI
TERMINAL ASSIGNMENT Bus driver - 1/Dour

Family Fealures:
w Fanout (Over Temperature Rangs):
Standard Qutputs - 10 LSTTL Loads
Bus Driver Quiputs - 1SLSTTL Loads
s Wide Operating Temperaturs Range:
CD74HC/HCT: -40lo +85°C
= Balanced Propagation Delay and Transition Times
s Signilicant Power Reduction Compared (o
LSTTL Logic ICs
s Alternate Source is Philips/Signetics
w CDS54HC/CD74HC Types:
210 6 V Operation -
High Noise Immunily:
N = 30%, N = 30% of Vee, @ Vec =5V
= CDS4HCT/CO74HCT Types:
4.5 to 5.5 V Operation
Direct LSTTL Input Logic Compalibility
Vii=0.8 VMax, Vm=2V Min.
CMOS Input Compatibility
h=<1pA @ Vo, Vou

D ¢ B A
5,1'2

"
K —
ce . CARRY
D/ —— ™ -x
T Ho%ut |somnow | wo
CKT. 7
ENcrg ﬁ 170our
5
Dcp
9
Yy 1"
XORPDoyT
10 g 12
+8 . J 0 ECPDOUT
13 F/F
$A2 x

92C3-40440

FUNCTIONAL DIAGRAM
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Technical Data

The phase detector generates an error signal waveform
that, at zero phase error, is a 50% duly factor square wave.
At the limits of linear operation, the phase detector output
will be either HIGH or LOW all of the time depending on the
direction of the phase error (¢!N - ¢OUT). Within these
limits the phase detector output varies linearly with the
input phase error according to the gain Ka, which is
expressed in terms of phase detector output per cycle or
phase error. The phase detector output can be defined to
vary between = 1 according to the relation:

%HIGH - %LOW

phase detector output =
100

The output of the phase detector will be Kage, where the
phase error

P = Pin - Pour.

EXCLUSIVE-OR phase detectors (XORPD) and edge-
controlled phase detectors (ECPD) are commonly used
digital types. The ECPD is more complex than the XORPD
logic function but can be described generally as a circuit
that changes states on one of the transitions of its inputs.
The gain (Ka) foran XORPD is 4 because its output remains
HIGH (XORPDour = 1) for a phase error of % cycle.

Similarly, Kq tor the ECPD is 2 since its output remains
HIGH for a phase error of % cycle. The type of phase
detector will determine the zero-phase-error point, i.e., the
phase separation of the phase detector inputs for a ¢,
defined to be zero. Forthe basic DPLL system of Fig. 3, ¢e =
0 when the phase detector output is a square wave.

The XORPD inputs are % cycle out-of-phase lor zero phase
error. For the ECPD, ¢, = 0 when the inputs are % cycle out
of phase.

K COUNTER FUNCTION TABLE
(DIGITAL CONTROL)

CD54/74HC297
CD54/74HCT297

The phase detector output controls the up/down input to
the K-counter. The counter is clocked by input frequency
Mf. which is a multiple M of the loop center frequency fe.
When the K-counter recycles up, it generates a carry pulse.
Recycling while counting down generates a borrow puise. If
the carry and the borrow outputs are conceptually combined
into one output that is positive fora carry and negative fora
borrow, and if the K-counter is considered as a frequency
divider with the ratio Mfc/K, the output of the K-counter wilt
equal the input frequency multiplied by the division ratio.
Thus the output from the K-counter is (KageMIic)/K.

The carry and borrow pulses goto the increment/decrement
(1/D) circuit which, in the absence of any carry or borrow
pulses has an output thatis %2 of the Input clock (}/Dce). The
input clock is just a multiple, 2N, of the loop center
frequency. In response to a carry of borrow pulse, the I/D
circuit will either add or delete a pulse at I/Dour. Thus the
output of the I/D circuit will.be Nfc + (KageMic)/2K.

The output of the N-counter (or the output of the phase-
locked-loop) is thus:

fo = fe + (Ka@aMIc)/2KN.

It this resuit is compared to the equation for a first-order
analog phase-locked-loop, the digital equivalent of the gain
ol the VCO is just M{/2KN or fc/K for M = 2N,

Thus, the simple first-order phase-locked-loop with an
adjustable K-counter is the equivalent of an analog phase-
locked-ioop with a programmable VCC gain.

The CD54HC297 and CD54HCT297 are supplied in 16-lead
hermetic dual-in-line frit-seal ceramic packages (F suffix).
The CD74HC297 and CD74HCT297 are supplied in 16-lead
duai-in-line plastic packages (E suffix}.and«n 16-lead duai-
in-line surface-mount plastic packages (M suffix). Both
types are also available in chip form (H suffix).

FUNCTION TABLE
EXCLUSIVE-OR PHASE DETECTOR

D c B A MODULO (K) DA, ¢B XORPD OUT
L L L L Inhibited L L L
L L L H 2° L H H
L L H L 24 H L H
L L H H 2* H H L
L H L L 2°
L H L H 2 FUNCTION TABLE
L H H L 2° EDGE-CONTROLLED PHASE DETECTOR
L H H H 2°
H L L L 2'0 PA2 ¢B - ECPD OUT
H L L H 2"
" L H L 22 Horl TN H
H L H H o1 N Horl L
H H L N YY) Horl _/ No Change
" " L " 213 A HorlL No Change
S
H H H L 2" H = steady-state high level
e = steady-state high leve
H H H H 2 L. = steady-state low level
\_ = transition from high to low
_/~ = transition from low to high
357




Technical Data

CD54/74HC297
CD54/74HCT297

STATIC ELECTRICAL CHARACTERISTICS

CD74HC297/CD54HC297 CDT4HCT297/CD54HCT207
TEST T4HC/54HC T4HC 54HC TEST T4HCT/54HCT | TAHCT 54HCT
CONDITIONS TYPES TYPES TYPES CONDITIONS TYPES TYPES TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -55/
+25°C +25°C
+85°C +125°C *8s°C +125°C
A\ fo Vee Vi Vee
v mA v v \
Min [Typ {Max |Min [Max | Min {Max Min | Typ |Max [ Min |Max [Min [Max
High-Level 2 (15— —~ 15— }1.5]— 45
Input Voitage Ve 45 |3.15) — | — {315 — 13.15| — —_ tol2{—f1—12 |- 2 |- v
) 6 (42] — |~ |42 ] — |42 — 55
Low-Leve! —]—[05}— (05| —}0S 45
Input Voltage Vi 451 — | — |1.3s] — [1.35]| — |1.35 - to}{—]—1]08|— 081 — (08 v
— - 18] — (18|~ {18 5.5
High-Level Vn 2 |18~} — 19— 119 ~— Vi
Qutput Voltage Vou| of -0.02 45|44 | — | — |44 ] — |44 — or 45144 | — | — |44 | — |44 | — v
CMOS Loads Vi 6 59— |~ {59]— |59 — Viu
TTL Loads Vu " 170 Vi
Bus Orlver and or -4 -6 45 [398] — | — (384} — |37 | — or 45 (398 — § — 384 ~ 37 | — v
Stendard Output | Viw | 5.2 1 -78 | 6 (548} — | — [5.34] — |52 | — Vine
Low-Leve! Vo 2 —|—=-jo0tr}j~|01] — [OF Vi
Output Voltage Vou| or 0.02 45—} - |01} — |01 ]| — |01 or 45| — | —-jorv | — 101 [~ JO1 v
CMOS Loads Vi 6 [—)— |01} —}0r]— |0t Vin
TTL Loads Vie [ 7] Vi
Bus Driver and or 4 6 45| — | — |026] — }0.33| — {04 or 451 — | — {026 — 033 — |04 v
Standard Qutput | Viu 5.2 7.8 6 |~ | — |026] — [033] — {04 \"™
Input Leakage Any
Vee
Current " Voitage
or 6 — |~ [0t} — [V | — |2 51— ] — 20| — |21 ]| — 1 &7 bA
Between
Gnd
Vee & Gnd
Oulescent Vee Vee
Device Current lcc| or [} 6 —_| - 8 - 80| — |160 or 55| —- |~} 8 —~ 180 | — {160 A
Gnd Gnd
Additional
4.5
Quiescent Device
Vee -2.1 to | — }100}380) — 450 — 490 A
Current per input 55
pin: 1 unit load Alec® ’

“For dual-supply systems theorelical worst case (Vi » 2.4V, V¢ =.5.5 V) specilication s 1.8 mA,

¥ XORPD, ECPD

358

HCT INPUT LOADING TABLE

INPUT UNIT LOADS *
ENcra, D/UL 0.3
A, B, C, D, Kcp, 9pA2 0.6
1/Dce, A1, $B 15

* Unit Load is Alce Iimit specified in Static Characteristics
Chart, e.g., 360 zA max. @ 25°C.

SR S
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. Technical Data

CD54/74HC297
CD54/74HCT297

PRE-REQUISITE FOR SWITCHING FUNCTION

LIMITS
25°C -40°C lo +85°C -55°Clo 1125°C .
CHARACTERISTIC Vee UNITS
HC HCT 74HC 74HCT 54HC S4HCT
Min. | Max. | Min. [ Max. [ Min. { Max. | Min. | Max. | Mia. | Max. | Min. | Max.
Maximum Clock 2 6 — — — 5 — — — 4 - — —
Frequency fuax 4.5 30 - 30 —_— 24 — 24 — 20 - 20 — MHz
Kep 6 a5 - — — 28 — - - 24 — —_ —_
2 4 -l -t=l3|f~-t—-]=-teoi-|-1-=
1/D¢p 45 20 - 20 - 16 —_ 16 - 13 — 13 - MH2
6 24 | — | -] =119l —=|=]=}tis} - —=1=
Clock Pulse Width t, 2 80 — — — 1100 | — — - 120} — - —
4.5 16 — 16 — 20 -— 20 —_ 24 —_ 24 — ns
Kep ) Ml —| =1 —fuv|l—-]—~]=12}|-=1-=1=
2 125 | — - _ 155 | — - - 190 § — — —
1/Dep 45 25| — |25 | — 31|~} —|3s|—{3s]|— ns
6 22— -t —126}~ || =1l3]|-]-1-=
Setup Time 2 00 | — — — 125 | — — - | 150 | — - —
D/U, ENgya 10 Kep tsy 45 20| —-l2|—-{25]| {25 ]3| —-1]3]| - ns
6 Wl - -l =]l - =1 ~1t2] -1~
Hold Time 2 0 — — —_ 0 - - -— 0 - — -
D/U, EN_,, 10 K., L, 45 0 - o | — 0 - 0 — 0 - 0 - ns
6 o -t —-=-]o]—-f{~1l=]o0o]|~-1{|=1=
SWITCHING CHARACTERISTICS (C. = 50 pF, Input t, t, = 6 ns)
LIMITS
25°C -40°C to 185°C -§5°C lo +125°C
CHARACTERISTIC Vee HC HCT 74HC 74HCT S4HC S4HCT UNITS
Min. [ Max. | Min. |Max. | Min. |Max. | Min. [ Max. | Mia. | Max. | Min. | Max.
Propagation Delay, toun 2 - 175 | — — -~ 220 [ —~ — — | 265 | — —_
1/D¢s t0 1/Dour . Lore 4.5 — 35 — 35 - 44 - 44 - 53 - 53
6 —la |- =134 -] =] =] -1~
2 — |80 | — _ — 1190 { — — — (225 | — —_
@A B 10 XORPD ;¢ 45 — |3 | ~}3]—-|38|— 3] —|4a5] —|2as5 -
6 -l | -] -1 —=|a3] -] —1—-1]3]—1|-—
2 —J200} -~ | - | — |20} - | —{ —{300] — | —
$B, pAzto ECPDO\" 45 - 40 — 40 - 50 —_ 50 - 60 —_ 60 ns
6 —Jaaj—-}=-}—-—ja3f—-—t—=—}]—=1]51] =1
Output Transition Time 2 — 75} - -] =9~ —=]—fN0] =
XORPD,,;. e | 45 =l —415 | ~-119]—-]19]|—-]2]—]22
ECPDg,,;. trm 6 -~ |} —-}=-|~]6]~}=]=1]119]—1==
2 —leo}j—-—f—-—t =115~ —=1=-}9|—-1]-
1106y 4.5 -_ 12 —_ 12 - 15 - 15 - 18 - 18
6 SO I T N N I R B IS I R T-J [ R
Input Capacitance C, - - 10 — 10 - 10 - 10 —_ 0 | — 10 pF
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Technical Data

CD54/74HC297

CD54/74HCT297

MODULO~X COUNTER

CONTROL CIRCUIT

@ & N -

] 14 13 {2 1 10 9 8 7 6 S 1

155229820808

TO MODE CONTROLS ‘2-‘2(" STAGES NOT SHOWN)

E -~ 4

|

0] L flp Ro
0 {0 o 4o o o
T FF| ¢dofT rr"’_r"°7 Fﬁ}_L————dT FHLT rr-T

If
z
{
z

LM o L) LI o [+]
——m——aT FFQL

POWER ONRESET

Ry Ro Ro [_ %o Ro
1 { { 1 1 f

-_:J
BORROW
-
< CARRY
INCREMENT/ DECREMENT CIRCUIT
10cp
7
1 { ) C :‘) >0—|>-OIIDouY
Lo ] o o o o +— O
CP FF ~3CP FF qCP FF ACP FF
Q ] 3 ‘
LJ ot
CP FF
x 0
‘4o o o o D o 0
L<CP FF Ldce fF Ldcp fFr Ldqcp rFF
61 5[— 8
1
9
Py EXCLUSIVE-OR PHMASE DETECTOR
u
10 > O XORPD gy
48
EDGE - CONTROLLED PHASE DETECTOR .
. Sp Sp 2
o o [>———0€cPogyr
FE Fr
R 8 Ry o
3 [ o
$A2 .
~ 92CL-40438
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Fig. 1 - Logic diagram.
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Technical Dala

CD54/74HC297
CD54/74HCT297

i R Xce CARRY Mic —p Kcp CARRY
¢ - o/ DIVIDE-BY-K DIVIDE-BY~-K
ENGTR COUNTER QORROW 0/U COUNTER BORROW
L XORPOouT onnpn
$Ag X fIN Ly P
#in 8
tour l " #2 7 ‘
four L
ECPOGy1]
17D ¢l .
Jds a 170 CIRCUIT e 2nee 17D CIRCUIIT — 2Nt
ECPD
LT R $a2 K L
PN v FF
M0yt V0gut
A
o fouT. |
92C5-40457 ¢out 92C5-40486
Fig. 2 - DPLL using both phase detectors in a ripple-cancellation Fig. 3 - DPLL using EXCLUSIVE-OR phase datection.
scheme.
CARRY PULSE
UINTERNAL SIGNAL) . ] |
it
BORROW PULSE 1
LINTERNAL SIGNAL} @
voee ot UL UUUUUUUUYUULANT
1/DouT OUTPUY | ” Il H H ” “ “ “ ”” ”
92CS - 40440
Fig. 4 - Timing diagram: !/Dour in-lock condition,
$B8 INPUT l ‘ | | | | $8 INPUT M
@Az INPUT [ 1 [ [ L EXYNLLE) SO | 1 _
ECPDgyy OUTAUT U 1 M xorepgyroureur___ [ L [T 111 1
92cs-a0as0 92¢5- 40431
Fig. 5 - Timing diagram: edga-conlrolled phase comparator Fig.6-Timing diagram: EXLUSIVE-OR phase datector
waveforms. wavelorms.
|
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Technical Data

CD54/74HC297
CD54/74HCT297

wa

92C5- 40452

Fig. 7 - Wavelorms showing the clock (1/Dce) to output (1/Dour)
propagation delays, clock puise width, oulput transition
times and maximum clock pulss frequency.

$B INPUT Vg

$Az INPUT VSN-

SE‘VS )f
tpuL ™ -~ “'—'pw YrLn

- frHL

ECPD oyt
oyTPuUT

92€5-404355

Fig. 9 - Wavelorms showing the phase input {$B. PA2) l0 outpu!
(ECPDour) propagation delays and output transition times.

TpHL

92C5- 40454

Fig. 8 - Wavelorms showing the phase input (@B, 9A+) to output
(XORPDour) propagation delays and output transition
times. .

.

AN

! Sy~

tH—
O/U.ENGcTR
AN
INPUT  Z, S
sy~

Fig. 10 - W.

Kep INPUT 7

vs

L1,

he— 171 yax, —*

F‘

92€5-30453

NOTE THE SHADED AREAS INDICATE WHEN THE
INPUT IS FERMITTED TO CHANGE FORA
PREDICTABLE OUTPUT PERFORMANCE

avelorms showing the clock (Kce) pulse width and

maximum clock pulse frequency, and the input (D17,
ENcn) 10 clock (Kce) set-up and hold times.

54/74HC | 54/7T4HCT-
Input Level Vee 3V
Switching Voltage, Vs 50% Vcc 1.3V
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SN54LS292, SN54LS294, SN74L5292, SN7415294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

SDLS153
02628, JANUARY 1981 — REVISED MARCRH 1988
_— ]
¢ Count Divider Chain . SN541L5292 .. . J OR W PACKAGE
SN74LS292 . . . N PACKAGE
» Digitally Programmable from Lo (TOP VIEW)
{n = 31 for 'LS292, n = 16 for 'LS294) ) s el vee
* Useable Frequency Range from DC to 30 MHz . g2 15:]]c ;
Easily E . ‘ T1{: sdD |
S ndable cax1is« T3 :
* Applications cik2}s 12[INC_ §
* Frequency Division : T2Je u[JCLR
* Digital Timing ‘ QiE7 w[lA
. description T LRI el GND-Js __ o|]NC
These programmable frequency dividers/digital timers SN541.5292 . . . FK PACKAGE
contain 31 flip-flops plus 30 gates {'L.S292) or 15 flip- {TOP VIEW)

flops plus 29 gates ('L.S294) on a single chip. The count
modulo is under digital control of the inputs provided.

Both types feature an active-low clear input to initialize
the state of afl flip-flops. To faciitate incoming Inspec-
tion, test points are provided (TP1, TP2, and TP3 on the
‘LS292 and TP on the 'LS$294). These test points are not
intended to drive system loads. Both types feantre two
clock inputs; either one mey be used for clock gating.
(See the function table below.)

A brief fook at the digitel timing capabilities of the
‘LS282 will show that with a 1-MHz input frequency,

programming for 210 win glve a period of 1.024 ms, and SNS4LS$294 . . .J OR W PACKAGE >
220 will give & period of 1.05 sec, 226 will give a period SN74LS294 . . . N PACKAGE
at 1.12 min, and 237 will give a periad of 35.73 min. (TOP VIEW|
These devices are easily cescadsble giving limitless B []s “Vie[J vee
possibilities to timing delays that can ba achieved. a2 is]C
s [do
FUNCTION TABLE ci1Tia  1afJNC
cx2[]s 12[JNC
CLEAR | CLK1 | CLK2 | QOUTPUT MODE nc(ds nlfJcLr
L X X Cleared to L a L{7 10 :] NC
H t L Count GND |8 9] ] NC
H L t Count
H H X tnhibit SN5415294 . . . FK PACKAGE
H X H Inhibit (TOP VIEW)

NC — No internal connectian,

PRODUCTION DATA dacements coatsis intormation =
current as of publication data. Products conform te %
seoiicytons or e o st Toas et Texas

iy Include testing of o parametars INSTRUMENTS

POST 2 F1 T HDX 655012 = DALLAS, TEXAS 75285



$N54LS292, SN54LS294, SN74LS292, SN74LS293

. PROGRAMMABLE FR

-

EQUENCY DIVIDERS/DIGITAL TIMERS

SR

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

VCC,"""““""_—'——’"-

4
4
4

INPUT

CLK: Req=10
All othars: Rgq

Req

k2 NOM
= 20 k{2 NOM

TYI_’£A_L QF Q QUTPUTS

TYPICAL OF TP OUTPUTS

Vee,
1000 :
lOUTPUT

OUTPUT

operation
The functionsi block diagram shows that tha count modulo is controlled by an X/Y decodsr connected to the mode control i

puts of several flip-flops. Thase flip flops witl mods controls each have a D" input connected to the parallel clock line and a
T input driven by the preceding stage. The parallel clock frequency is always the input frequency divided by four.

The X/Y decoder autput selectad by the programming inputs goss low. While a moda control is low, the “D" input of that
flip-flop is enabled, and the signal from the parallel clock line (i, + 4} is passed to the “T" input of the following stags. All the
other mode controls ars high enabling the “T* inputs and causing each flip-flop in tum to divida by two.

PARALLEL CLOCK
i g———— ACTIVE-LOW CLEAR

D R
OUTPUT OF
PRECEDING TO TOGGLE
STAGE —P—Of> 27 | ———@ INPUT OF
NEXT STAGE
FROM —fp——da M2
XrY
CODEA
logic symbols?
‘L3292 —
ZiR el g [L:l ['-"_]
” ST LI 2n
14) 31
PN {4) >1
CLK2 Ly [T | yp, ek -
—4{n =0] R 17| LI 7 ] CcLK2 - (vel _‘_3.)-._.1"
“Hn=1) rea 2 ves Sn-of”
~-in = Ii
LI R
8 ('115:) ~ :f; ¢ ] 2]
C -— __0__ B— ._i.. for——Q
{14) ol 3 # 7 1151 tn] 0 |to"3a
o fo = 70 p———— 0 C“T 15
612 . o .

_JThese symbols are in accordance with ANSI/IEEE Std 91-1984 and |EC Publication 617-12.
fin numbers shown are for J. N, and W packages.

SvAaE vE

E

TEXAS
INSTRUMENTS

*ip

POST CFFICE 80X 555012 « DALLAS, TEXAS 7528%



SN541S292, SN5415284, SN7415292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

logic diagram (positive logic)

‘L5292
éﬁ"" %
cuxr A Iﬂ Iﬂ
cuk2-L8 :)-dbwa-r *
&
A
XIY O 1 RT R
0 s e ol S &
26p>- - o {>c B 1y
24 00—
o &
DR} R A D
—OE 2T O T QO
20 m2 Q o>
2b- = Q>J
1P > LI T
A9 18—
g M) 2 - |
chist 1
LTS S o R[] R o LL
o> 1T S 0
-2 i 14jp— M2 = P L [=n
12 o— > g
1np— =27 DG 02 1
app—o M2
"14d 4
e e
A= 2T > T
s p— M2 P o [P RAE:
apb— 2T o o,
2 p— M2 ———D%—
N m3

Pin numbers shown are for J, N, and W packages.

{i;
Texas
INSTRUMENTS

2% PCLT JEF Ll BuX 655012 « DALLAS, TFXAS 7526%



SN54LS292, SN54L5294, SN74LS292, SN7415294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

logic diagram (positive logic)
‘L5294

. iR {11} A:%*

(2]

[

o

=
= D—e
SD—
-

7
y

PTOPT
XY
5.1 | &

? o)

1p— > 2T

up M2 O i)

1P > d !

12 =

11@ g 2

-

1:2— o> 3 e
A—&I 8 D~ N
PP P .
c {15} 4
o {14) 8

20 A Py

70— Mz > Q

GD o

sp > Q

b a 50 S

sb [ 3T —W—Q

20 M3

Pin numbers shown are for J, N, and W packages.

shsolute maximum ratings over operating free-air temperature range (unless otherwise nated)

Supply voltage, VO 1588 NOTE 1) . o ot i it et e et et e e e e e e 7V
Lot TS o | T 7V
Operating free-air temperature range: SNS54LS292, SNSALS294 . . .. . oot o it e e "-55°C to 125°C

SN74L8292, SN74LS294 . . . ...t e 0°Cto 70°C
SIOrage tEMPEraTUIS FANGE . . o o o oo et et e et e e e e ettt e -65°C 10 150°C

NOTE 1: Voltsga values are with respact to network ground terminal.

. Texas ‘V
INSTRUMENTS

POST QFF CE 20X RSL3°2 « DAL.AS, TEXAS 7526%



: SN5415292, SN541.S294, SN7415292, SN74LS284
~_ PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS,

e e e et it = e Stim v w——— — —— —
.z

recommended operating conditions

[

SNS4LS’

SN74LS’ UNIT
MIN NOM MAX | MIN NOM MaX
Vee Supply voltage 4.5 $ 55| 475 5 525 v
ViH High-level input voftage M 2 2 v
Vi Low-evel input volisge 0.7 08 v
loH High4evel output current (Q only) -1.2 -12 | mA
loL Low-evel output current {Q onlyl * 12 24 mA
falack  Clock frequency . 0 30 (] 30 | MHz
w Durstion of clock input pulse 16 16 ns
tw Duration of clesr pulss ::::g 3: g: ns
" Yu Clemr inactive-state satup time 15 15 s
Ta Overating ree-sir temperature — 65 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range {unless otherwise notad)

PARAMETER TEST conDiTionst SNSALS' SNTALS UNIT
MIN TYP! MAX | MIN TYP! MAX
Vik Veg=MIN,  1j=-18mA —15 ~15 ] V
vou | @ Vee=MIN, V=2V, loH = —1.2mA, 24 34 24 34 v
Vi = MAX
a Voo = MIN, oy =12mA 025 04 025 04
VoL ViH=2V, oL = 24 mA 035 05| V
- VL = MAX oL = 0.5 mA 025 04
I Ve =MAX, V=7V 0.1 0.1 mA
M Voo = MAX, V=27V 20 20 | pA
W P Tk, vieosy ~T8 S7a .
losg | O Voo = MAX ~30 ~130 | - 30 —130 | mA
| '1.§292 Vo = MAX,  Allinputs grounded, 40 75 40 7 1 mA
¢ ['is2oa | At outputs open 0 50 30 50

t For conditions shown as MIN or MAX, use the approptiate value specified under recommended operating conditions,
? All typical values are at Ve = 5 V. Ty = 25°C,

§ The duration of the shori-circuit should not exceed one second.

Y The TP output or outputs are not intended to drive external loads but are solely provided for test points.

Texas %2
INSTRUMENTS

PCS™ OFIC: 80X 655012 - DALLAS, TEXAS 75265



SN5418292, SN54LS294, SN741.8292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

£ ‘1.§294 FUNCTION TABLE
FAEQUENCY DIVISION
PROGRAMMING INPUTS Q ™
D c 8 A BINARY DECIMAL BINARY DECIMAL
L L L L Inhibit Inhibit Inhibit Inhibit
. L L L H Inhibit (nhibit {ahibit Inhibit
£ L L H L 22 4 29 512
L L H H 23 8 2 512
L H L L 24 16 29 812
L H L M 2% 32 28 512
L H H L 25 64 2% 512
L H H H 27 128 Oissbied Low
H L L L 28. 256 22 4
H L L H 29 512 23 8
H L H L 210 1,024 2 16
H L H H 211 2,048 2 32
H H L L 212 4,006 26 64
H R L H 213 8,192 27 128
H H H L 214 16,384 28 256
H H H H 215 32,768 29 512

switching loads
. Veo

RL=667R

FROM OUTPUT
UNDER TEST

T
T~

FIGURE 1
‘LS292 and 'LS294 timing diagram

CLR I

CLK1

o[ L I 1 j L

Q3 r I J—

CLK2 == ]-_—1—————-

{:’P
Texas
INSTRUMENTS

POST OFFICE BOX 8552012 = DAILAS, TERAS 75265




SN54L5292, SN54L5294, SN741.5292, SN741.5294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

switching characteristics, VGC = 5 V. TA = 26°C, RL ~ 667 @, CL = 45 pF (sea Figure 1)

FROM T0 . ‘15292 15294
PARAMETERT TEST CONDITIONS uNtY
NPUT) fourTPyT) MIN TYP MAX | MIN TYP MAX
frnax 0 so 30 SO MHz
" tpLn CLK1 or 2 a Modulo st st 22, 56 80 &5 go | nt
Athru € = LLLHL {'L$292)
" tpHL Q Athru D = LLHL {'LS294) 80 120 80 120 ns
tPHL CLR ' Q ) 85 130 35 €65 | ns
f'MAX = maximum clock frequency
tpi 4 = Propagation delay time, fow-to-high-laval output
tpHL = Propagation delay time, high-to-low-level output
h‘ioTE 2: Load circuits and voltage waveforms gre shown in Section 1. To be used on TP outputs only.
‘LS282 FUNCTION TABLE
PROGRAMMING FREQUENCY DIVISION
INPUTS Q TP1 ™2 ™3
E DCGB8 A BINARY DECIMAL | BINARY DECIMAL |BINARY DECIMAL | BINARY DECIMAL
L L L L L [ahibit Inhibat {nhibit {nhibit Inhibit Inhibit Inhijbit Inhibit
L L L L H Inhibit tnhibit inhibit Inhibit tnhibit Inhibit Inhibit Inhibit
L L L H L 22 41 29 512 | 217 131,072 | 224 16,777.216
L L L H H 23 ] 29 s12 | 217 131,072 224 16,777,216
L L H L L 24 16 22 512 217 131,072 244 16,772,216
L L H L H 25 32| 29 512 | 217 131072 | 224 16,772.216
L L HHL 26 .64 29 12 | 217 131,072 224 16,777,216
L L H H H 27 128 29 512 | 217 131,072 224 16,772,216
L H L L L 28 256 29 12 | 217 131,072 22 a-
L H L L H 29 s12| 29 512 | 217 131,072 22 q
L H L H L 210 1,024 29 512 217 131,072 24 16
L H L HH 211 2048 | 29 s12 | 217 131,072 24 16
L HH L L 212 4,006 | 29 s12 | 217 131072 | 26 64
L H H L H 213 g192| 28 s12 | 217 131,072 26 64
L H 4 H L 214 18384 | 29 512 Disabled Low 28 256
L H H HH 215 32,768 | 29 512 Disabled Low 28 256
H L L L L 216 65536 | 29 s12 | 29 g| 210 1,024
H L L L H 217 131,072 22 512 23 B 210 1,024
"H L L H L 218 %2144 | 29 s12 | 25 32| 212 4,096
H L L H H 219 524,288 29 512 25 32 212 4,096
PH L OH L L 220 1048576 | 29 s12 | 27 128 | 214 16,384
é H L H L H 221 2,097,152 20 512 | 27 128 214 16,384
e H L H H L 222 4,194,304 Disabled Low 29 512 216 65,536
H L H H H 223 8,388,608 Disabled Low 29 512 216 65,636
H H L L L 224 16,772,216 23 g] 21t 2.048 218 262,144
HH L L H 225 33,554 432 23 g| 21 2048 218 262,144
H H L H L 226 67,108,864 25 32| 213 8,192 220 1,048,576
H H L HH 227 134,217,728 | 25 32 | 213 8192 220 1,048,576
H HH UL L 228 268,435,456 27 128 | 218 32,768 222 4,194,304
H H H L H 229 836,870,912 27 128 | 215 32,768 222 4,194,304
H H H H L 230 1,073,741,824 29 512 217 131,072 224 16,777,216
HHHHH 23 2,147,483,648 29 512 217 131,072 224 16.777.216
TeY” : "{'.‘
INST™ ... ENTS

POSY OFFICE BCA € D17 » 02.AY TUKXKAS 75268




MM54HC04/MM74HCO4

MM54HC04/MM74HC04 Hex Inverter

General Description ' Features

These inverters utilize advanced silicon-gate CMOS tech- ¥ Typical propagation delay: 8 ns

nology to achieve opsrating speeds similar to LS-TTL gates  ® Fan out of 10 LS-TTL loads

grated circuits. room temperature

The MM54HC04/MM74HCO4 is a triple buffered inverter. 1t m Low input current: 1 pA maximum

has high noise immunity and the ability to drive 10 LS-TTL
loads. The 54HC/74HC logic family is functionally as well as
pin-out compatible with the standard 54LS/74LS logic fami-
ly. All inputs are protected irom damage due to static dis-
charge by internal diode clamps to V¢g and ground.

A
with the low power consumption of standard CMOS inte-  m Quiescent power consumption: 10 puW maximum at;

Connection and Logic Diagrams

Dual-In-Line Package

vee T As Y8 as Ys Y] Y4
L 13 12 ’u !m 9 } 8
|
1 l 2 la l4 ls ] 17
At Y1 A2 Y2 A3 Y3 GND
Top View

Order Number MM54HC04* or MM74HTG4°
*Pleasa look into Saction 8, Appendix D for availability of vanous package types.

10f 6 Inverters

A°"—D°_'>°—'D°——°

TL/F/5068-2

TL/F/5089-1

3-12
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absolute Maximum Ratings (votes122)-

Operating Conditions :..

‘ m“my/Aerospace specified devices are required, Min Max
—entsct the National Semiconductor Sales Office/ . Supply Voltage (Vo) - 2. 6 v
b for avalilabllity and specifications.
astributors v 4 P DC Input or Output Voltage" ~ 0~ ™ Vg V-
gty Voitage (Vo) —-0.5t0 +7.0V Vixe Vour) . .
o (V ~1.51t0 Veg+ 1.5V ;
X loput Voltang Vin) ~ o8 to V°C+o :V Operating Temp. Range (Ta) - -
2 Output Voltage (Vour) StoVec+0. MM74HC -40 485 X
~gmp Diode Current (i, fok) +20 mA MMS54HC —55 +126 e
X Output Current, per pin (lOL.’T) £25mA Input Rise or Fall Times
¢ ¥eg or GND Current, per pin (Icc) +50 mA tt)  Voo=20V 1000 ns
serage Temperature Range (TsTg) —65°Cto +150°C Veg=4.5V 500 ns
2cwer Dissipation (Pp) - Vee=6.0V- 400 ns
Note 3) 600 mW
5.0. Package only 500 mW -
.sad Temperature (T)
Scldering 10 seconds) . 260°C
DC Electrical Characteristics (note q)
. Ta=25°C 74HC . 54HC .
=20l Parameter Conditions Vee TA=-401085°C | Tp=—5510125°C | Units
Typ Guaranteed Limits
. Minimum High Level 2.0V 1.5 1.5, 1.5 v
¥ Input Voltage 4,5V 3.15 315 3.15 \%
6.0V 4.2 4.2 4.2 \
Jey Maximum Low Level 2.0V 0.5 0.5 0.5 v
§ Input Voltage** 4.5v 1.35 1.35 1.35 Y
t 6.0V 1.8 1.8 1.8 \
1 Minimum High Level | Viy=V)_
Output Voltage louTl <20 A 20v| 20| 19 1.9 1.9 v
4.5V 4.5 4.4 44 4.4 \"
6.0V | 6.0 5.9 5.9 5.9 v
Vin=ViL
llouTl$4.0 mA 45V | 42 | 398 3.84 3.7 v
- lloutl $5.2mA 6.0V | 57 | 5.48 5.34 5.2 v
3, Maximum Low Level | V=V
Output Voltage lloutl <20 pA 20V 0O 0.1 0.1 0.1 v
4.5V o} 0.1 0.1 0.1 \
6.0V [y} 0.1 0.1 0.1 v
Vin=Vix
I‘OUTI 4.0 mA 45V | 0.2 0.26 0:33 - 0.4 \"
—— N lloutl<5.2mA 6.0V | 0.2 | 0.26 0.33 0.4 v
& Maximum Input Vin=Vcc or GND | 6.0V £0.1 1.0 +1.0 pA
| Current
FT Maximum Quiescent | Vin=Vccor GND | 6.0V 2.0 20 40 pA
L____| Supply Current lour=0pA
- & Absolute Maximum Ratings are those values beyond which damage to the device may occur,
o > Unless otharwise specified all voltages are refarencad to ground,
htp"'&’ Dissipation temperature derating — plastic “N" package: ~ 12 mW/*C from 65°C ta 85'C; ceramic “J" package: — 12 mW/*C from 100°C to 125°C.
honiticl power supply of SV £ 10% the worst case output voltages (V. and Vor) occur for HC at 4.5V, Thus the 4.5V values should bs used when designing
" P %0k, Worst case Vi and Vy_ ocaur at Veg = 5.5V and 4.5V respectively. {The Vi value at 5.5V is 3.85V.) Tha worst case leakage current (yy, log. and
927 kor CMOS at the higher voltage and so the 6.0V valuas should ba usad.
g &8 curranity tested at 20% of Vg, The above Vi specification {30% of Ver) will bs implementsd no tater than Q1, GY"a9,
.

POOHPLNW/POOHPSAL
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-
4

AC Electrical Characteristics vec=5V.7

A=26°C,CL =15 pF i =t=6ns -

e ) 3
G teed 4 e
Symbol Parameter— Conditions | Typ uaraniee Units Doy B
Limit ik w
RS- 5
tpuL, toLH | Maximum Propagation 8 15 ns s o T‘~
Delay . KEL
iy g
i 5
AC Electrical Characteristics vgc=2.0Vt06.0V.CL =50 OF, t;=tj=6 ns (unless otherwise specified) 8
74 (o] ok
Ta=25C HC o S4H . R
Symbol parameter Conditions | Vee Ta=—~40t085C | Ta= —55to 125°C
F‘yp ‘ Guaranteed Limits bl
tpHL, L | Maximum Propagation 20V | 55 | 95 120 T 1ds ‘3
Delay 45v | 1 19 24 29 R
6.0V 9 16 20 24 "
trems tpHL | Maximum Output Rise 20V | 30 75 s5 110 n
and Fall Time sV | 8 |15 22 S
6.0V 7 13 16 19 s
Cep Power Dissipation (per gate) 20 7
Capacitance (Note 5) . S
CiN Maximum Input 5 10 10 10 T
Capacitance 4
Note §: Cpp determines the no load dynamic power consumption, Po=Ceo Vo2 f+ice Yee. and the no icad dynamic current consumption, 1s=Crp Vccu‘g#




MM54HC74A/MM74HC74

National
Semiconductor

MM54HC74A/MM74HC74A

Dual D Flip-Flop with Preset and Clear

General Description :

The MMS54HC74A/MM74HC74A utilizes advanced silicon-
gate CMOS technology to achieve operating speeds similar
to the equivalent LS-TTL part. it possesses the high noise
immunity and low power consumption of standard CMOS
integrated circuits, along with the ability to drive 10 LS-TTL
loads.

This flip-flop has independent data, preset, clear, and clock
inputs and Q and Q outputs. The logic level present at the
data input is transferred to the output during the positive-go-
ing transition of the clock pulse. Preset and clear are inde-
pendent of the clock and accomplished by a low levei at the
appropriate input.

The 54HC/74HC logic family is functionally and pinout coem.
patible with the standard 54LS/74LS logic family. All inpesy
are protected from damage due to static discharge by intg.

- nal diode clamps to Voo and ground.

Features

m Typical propagation delay: 20 ns

u Wide power supply range: 2-6V

n Low quiescent current: 40 pA maximum (74HC Senes)
m Low input current: 1 pA maximum

R’ Fanout of 10 LS-TTL loads

Connection and Logic Diagrams

Dual-in-Line Package

Yee CLAZ 02 cLx2 PR2 Q2 g2
l 14 13 12 1 l 10 9 3
CLR PR
Dok @ 0 q
[ [} Do @
[— PR CLR
1 2 3 4 5 ] l 7
CLRY ot ciX1 PR1 at i GND
QP VIEW TUF/5106-1

Order Number MM54HC74A" or MM74HC74A"°

*Please look into Section 8, Appandix D
for availability of various package types.

Truth Table
Inputs Outputs
PR CLR CLK D Q a j-
L H X X H L
H L X X L H
L L X X H* H*
H H T H H L
H H T L L H
H H L X | ao Qo

Note: Q0=the iavel of Q before the indicated input condi-
tions were astablished,

. * This configuraticn is nonstable; that is, it will not persist
when presat and clear inputs return to their inactive (hrgh)
level.

n

TUF/5105-2
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psolute Maximum Ratings (Notes 12 2)

Op.er_a_ting Conditions

Max =

s1acy/ Aerospace specitied devices are required, Min " Units
! the National Semlconductor Sales Office/ -+ Supply Voitage (Vcc) 2 6 "
" gpators for avallabllity and specifications. DC Input or Output Voltage 0 Veo v
2y Voltage (Vec) =05t +7.0v Vins ouT)
- yput Voltage (Vin) - —1.5t0 Vgg+1.5V Operating Temp. Range (T )
- utput Voltage (Vour) ~>0.5to Vcc+0.5V MM74HC ~40 +85 *C
< ) MMS4HC ~55 +125 ‘C
=g Diode Current (Iix, lox) +20 mA ) .
= Current, per pin (louT) +£25mA [nput Rise or Fall Times
> Ouput Curent, ouT ) t,t) Vgc=20V 1000 ns
< v of GND Current, per pin (Icc) +50 mA Voo=4.5V 500 ns
e Temperature Range (TsTg) —65'Cto +150°C Veg=6.0V 400 ns
=« Dissipation (Pp) '
5 0. Package only 500 mW
.od Tomp. (T (Soldering 10 seconds) 260°C
¢ Electrical Characteristics (Note 4)
74HC 54HC
Tp=25C . .
“dol Parameter Conditions Vee Tao=—401085C- | To=—5510-125C | ynits
Typ Guaranteed Limits
Minimum High Level 2.0V 1.5 1.5 1.5 \'
Input Voltage 4.5V 3.15 3.15 3.15 v
6.0V 4.2 4.2 4.2 A
Maximum Low Level 2.0V 0.5 0.5 0.5 \%
Input Voltage** 4.5V 1.35 1.35 1.35 \
6.0V 1.8 1.8 1.8 A
Minimum High Level | Vin=Vyyor Vi
Output Voitage llourl <20 pA 20v| 20 | 18 1.9 1.9 Y
45V | 45 | 44 | . 44 44 v
6.0V ] 6.0 5.9 5.9 5.9 A
Vin=Virt or Vi, .
lloyt] £4.0 mA 45V | 43 | 3.98 3.84 37 v
lloutl£5.2mA 6.0V | 52 | 548 534 5.2 v
Maximum Low-Level | ViN=Vy or Vi,
Output Voltage lloutl €20 kA 20v| o 0.1 0.1 0.1 v
4.5V ¢ 0.1 0.1 0.1 v
8.0v 0 0.1 0.1 0.1 v
Vin= Vi or Vy_ -
- . - loutl<4.0mA . | 45v ] 0.2 |:-0.26 . 033 0.4 -1V
- . lloutl £5.2mA 6.0V | 0.2 | 026 0.33 0.4 v
Maximum Input ViN=VccorGND | 6.0V +0.1 1.0 +1.0 nA
Cun’ent . . ew s oes P ) . - - - . - - -
Maximum Quiescent { Viy=Vcgor GND | 6.0V 4.0 40 80 BA
Supply Current louT=0 A .

* L Absolute Maximum Ratings are those values beyond which damage to the davice may occur.

™ Z Unless otherwise specified all voltages are referenced to ground.

" & Power Dissipation temperature darating — plastic “N" package: — 12 mW/*C from 65°C to 85°C; ceramic “J" packaga: ~ 12 mW/°C from 100°C to 125"C.

™ & For d power supplyof SV £10% the worst case output voltages (Vory, and Vo occur for HC at 4.5V, Thus tha 4.5V values should be used wherrdeanm-g

: ™ 3upoly, Warst case V4 and Vy_ occur at Voo = 5.5V and 4.5V respective
ad ‘Q‘_CMOS at the higher voltage and so the 6.0V values should ba used. . __

Lims arg Currently tested at 20% of Vec. The above V) specitication (30% of Vg) will be implemanted no later than Q1, CY'89.

—

TUYeNZe g ttgn e 3

ly. (The Vi valua at 5.5V is 3.85V.) The worst case leakage current (i, lec. and
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MM54HC 7aA7 v 7 4AL/4A

AC Electrical Characteristics voo=5v, Ta=25'C,C =15pF. t,=ty=6ns . . " &

Symbol -Parameter Conditions Typ Gua:::itteed Units
fMAX Maximum Operating 72 30 MHz
Frequency
tPHL tPLH Maximum Propagation 10 30 ns
Delay Clockto Q or Q .
tPHL: tPLH Maximum Propagation _ 17 40 ns
Delay Preset or Clearto Q or Q
tREM Minimum Removal Time, 6 5 ns
Preset or Clear to Clock
ts Minimum Setup Time 10 20 ns
Data to Clock
tH Minimum Hold Time 0 0 ns covi
Clock to Data ¥
tw Minimum Pulse Width 8 16 ns 2 &
Clock, Preset or Clear -_13. ’
a
. 4
AC Electrical Characteristics Cy =50 pF, t, = ty=6 ns {unless otherwise specified) ]
. 74HC 54HC _{.;
Tp=25 £
Symbol Parameter Conditions | Vee A ¢ TA=—40t085'C | Tp=—55t0 125°C
Typ Guaranteed Limits ¥
fMAX Maximum Operating 20V ] 22 6 5 4 - 41
Frequency 45V | 72 30 24 20 ¥
6.0V 94 35 28 24
tpHL, tpL | Maximum Propagation 20v| 34 | 110 140 165 ___ ¥
Delay Clock to Q or Q 45V | 12 22 28 33 -
6.0V 10 18 24 28 !
tpHL tpLH | Maximum Propagation 2.0V | .66 150 190 225 p
Delay Preset or Clear asv|.20 | 30 38 45 £
ToQorQ 6.0V 16 26 33 38 b3
trem Minimura Removal Time 20v| 20 | 50 65 75 ;|4
Preset or Clear 45V | 6 10 13 15 :
To Clock 6.0V 5 . k<] 11 13 ...
ts Minimum Setup Time 20V | 35 80 100 120 i {
Data to Clock 45V | 10 16 20 24 S
60V | 8 14 17 20 L
ty “Minimum Hold Time ~ 2.0V 0 0. 0 b
Clock to Data 4.5V 0 0 0 e
6.0V ] o 0 0 i
tw., Minimum, Pulse Width - ta2ov| 30| s |-. . 101 119 F
- w=e o) -Clock, Presetor Clear | == =" ==~ ~| 45V [=9g "} 16 | =7~ T
: it ) 60V | 8 14 .
tyLHs tTHL -| Maximum Qutput - e -] 20V |25 | <75 e
e Rise and Fall Time - 45V | 7 15 | <~
6.0V 6 13
t ty Maximum Input Rise and 2.0V- 1000
Fall Time 4.5V 500-
- % - B : 6.0V 400
Cpp * - | Power Dissipation (per flip-tlop) 80 | _
© 7 T Capacitance (Note 5) e
Cin Maximum Input R 5 10
Capacitance

Note 5: Cpg determines the no load dynamic power consumption,

Pp=Cpp Voc I+ lee Vg, 80d the no load dynamic current consumption, Is = Cen ¥
B
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MM54HC123A/MM74HC123A

72 National
1 Semiconductor -.. .

MM54HC123A/MM74HC123A

Dual Retriggerable Monostable Multlwbrator

General Descrlptxon

The MM54/74HC123A high speed monostable multivibra-
tors (one shots) utilize advanced silicon-gate CMOS tech-
nology. They feature speeds comparable to low power
Schottky TTL circuitry while retaining the low power and
high noise immunity characteristic of CMOS circuits.

Each muitivibrator features both a negative, A, and a posi-
tive, B, transition triggered input, either of which can be
used as an inhibit input. Also included is a clear input that
when taken low resets the one shot. The 'HC123 can be
triggered on the positive transition of the clear while A is
held low and B is held high.

The "HC123A is retriggerable. Thal is it may be triggered
repeatedly while their outputs are generating a pulse and
the pulse will be extended.

Pulse width stability over a wide range of temperature and
supply is achieved using linear CMOS techniques. The out-

put pulse equation is simply: PW = (REXT) (CexT): where Pw
is in seconds, R is in ohms, and C s in farads. All inputs any
protected from damage due to static discharge by diodes ™
Vee and ground. E
Features

Typical propagation detay: 25 ns N
Wide power supply range: 2V-6V

Low quiescent current: 80 nA maximum (74HG Senes)
Low input current: 1 pA maximum -
Fanout of 10 LS-TTL loads

Simple pulse width formula T = RC 4
Wids pulse range: 400 ns to = (typ)

Part to part varlation: £5% (typ)

Schmitt Trigger A & B inputs enable infinite signal input
rise and fall times.

DR

-

Connection Diagram

Dual-In-Line Package

e . _
Yee texr Cam 1] a2 CLR2 82 A2
Ds s Ju ] [z [it [ Qe
0 LR
e 04} q ’ .
]1 |z [J 4 5 0 ]7 ]T -
Al g1 COR 1 Q2 Cem Remnz  GNO
. Cexr
TUF/5206-1
Top View

Order Number MM54HC123A" or MM74HC123A"

“Please look into Section 8, Appandix D
for availabiilty of various package types.

Truth Table

inputs
ar A

Outputs

C

o

[¢)
H
H
H
r
r
r

I I XX|iw
::I:j:jr-r—r— o}

2L XX Xr
méer X IXx

Timing Component
Veo

“.rh
.

e
Note: Pin 6 and Pin 14 mustbe - =<
Rexr

Ceqr

T0 Cexy
. TERMINAL

TO R/Cext
. TE.RHINAL
TUF/5206-2

= High Level

= Low Level

Transition from Low to High

= Teansilion from High to Low T
One High Level Puise -
One Low Level Pulse

trelevant

J

hard-wired to GNO. b I




Es lute Maximum Ratings (otes 142 .

¥ -Operating Conditions _—
: yatary/Aerospace specitled devices are required,” ' I Min Max . Units
: 4 the Natlonal Semiconductor Sales Office/ ™ -~ Supply Voltage (Vo) -+ -~ -2 6 \"
Y ors for availability and specifications. DC Input or Output Voltage 0 Vee v
! vohage (Vcc) w o TOSVIETOV (ViNVouT)
E rput Voltage VIN) —1.5Vto Vgt 1.5V Operating Temp, Range (TA)
¥ x0uzpat Voltage (Vour) —~0.5V to Veg+ 0.5V MM74HG —40 +85 C
1 A MMS54HC -85 +125 C
; :d"O Diode Current (hik, lok) . +20m .
i Input Rise or Fall Times
~ Output current, per pin (louT) +25mA (Clear Input)
¢ vog of GNO Current, per pin (Igc) +£50 mA (tat) . Veo=20V 1000 ns
srage Temperature Range (Tgtg) ~  —65'Cto +150°C Veo=4.5V 500 ns
s Dissipation (Pp) . ) .. Vec=6.0V 400 ns
Ncte d) 600 mW
$0. Package only 500 mW
_xad Temperature (Ty) N
Scidering 10 seconds) 260°C
oC Electrical Characteristics (Note 4
Tam26°C 74HC . 54HC
By ol Parameter Conditions Vee A TA=—40t085C| To=—-55t0125°C | Units
Typ Guaranteed Limits
- Minimum High Level Input 2.0V- 1.5 1.5 1.5 \
Voltage 4.5V 3.15 3.15 3.15 \"
6.0V 4.2 4.2 42 \
X Maximum Low Level Input 2.0V 0.3 0.3 0.3 \"
Voltage 4.5V 0.9 0.9 0.9 \
6.0V 1.2 1.2 1.2 \'
> Minimum High Level Vin=Vpq 0 ViL . .
Qutput Voltage lloutl< 20 wA 20vV] 20| 19 1.9 19 v
. 45V | 45 | 4.4 44 4.4 v
6.0V | 6.0 5.9 5.9 5.9 \
ViN= Vi or Vi, * - v
lourls 40mA | 45v| 42 | 398 384 - 37 v
lloutl< 5.2 mA 6.0V | 57 | 5.48 5.34 5.2 v
2 | Maximum Low Level Vin= Vin of Vi Sl ’ ’ .
Output Voltdge llout] <20 wA 20V 0 0.1 0.1 .01 v
. 4.5V 0 0.1 0.1 0.1 A
sm e o EEEE e PR 6.0V 0 0.1 - 0.1 - - 01 - A
VIN=ViH or Vit v
lloyti<4 mA 45V 0.2 | 0.26 0.33 0.4 v
lloyri<5.2mA - |60V | 0.2 | 0.26- 0.33 0.4 v
,L- Maximum Input Current Vin=Vcgc or GND | 6.0V +0.5 +5.0 +5.0 nA
(Pins 7, 15) :
p 7| Maximum tnput Current Vin=Vcc or GND | 6.0V +0.1 +1.0 0 | EA
(all other pins) . ’
F | Maximum Quiescent Supply | ViN=VccorGND [ 6.0V | . .| 80 | - .. 80 160 pA
. | Cumrent (standby) -~~~ -~ | loyr=0pA-- - S B e S e .
KX —| Maximum Active Supply | ViN=Vcgor GND | 2.0V | 36 | 80 . BA
—} Current(per ., ...~ ... R/CEx'r= 0.5Veo | 4.5V [°0.33 | 1.0 ..MA
| Monostable) 6.0V | 0.7 [ 2.0 mA
had ll_mflum Ratings are those values beyond which damage o the device may occur,
‘szess otherwsn spoc(ﬂed all vollages are relerenoad o grcund
= 2 Power O Temp 0 g ;
" Plastc “N* Package: —12mW/-C from 65°C o g5C T s s e
- Ceramic™*J" Package: —12mW/"C from 100°C o 125°C. : - _
“t’“l pawer supply of 5V.£.10% the worst-case output voltages (VOH, Vou occur for HC at 4.5V. Thus the 4.5V vatues should be used when designing ..
’““M Worst-case Viy and Vy_ oceur at Vog=5.5V and 4.5V respactively. (The V) value at 5.5V is 3.85V.) The worstcase leakage current (llN. lec, and
F 0 for CMOS at the higher voltage and so me 6.0V values should be used. . ‘.
\'-—-*
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<4
St ACElectrical Characteristics Voo=5V, TA=25'C,C_ =15pF, t,=ty=6ns '@ ° .
Q - .
x Symbol Parameter Conditions Typ Limit Units
~
~ tetn Maximum Trigger Propagation Delay 22 |33 : ns
§ A, BorClearto Q
= teH Maximum Trigger Propagation Delay 25 42 ns
<g PHL A o
3 A, 8or Clearto Q
6 tPHL Maximum Propagation Delay, Clear to Q 20 27 ns
$ tpLH Maximum Propagation Delay, Clear to O 22 33 ns
")
- tw Minimum Pulse Width, A, B or Clear 14 26 ns
= tReEM Minimum Clear Removal Time 0 ns
twopviny | Mianimum Output Pulse Width Cexr=28pF 400 ns
Rext=2kN
twa Qutput Pulse Width Cexr=1000 pF 10 1S
BexT=10k0
AC Electrical Characteristics C=50 pF t,=t;=6 ns (unless otherwise specified)
74HC S54HC
Ta=25C
Symbol Parameter Conditions veel A TaA=—40t085°C|Ta=—551t0
Typ Guaranteed Limits
teLH Maximum Trigger Propagation 2.0V| 77 | 169 194 210
Delay, A, B or Clearto Q 4.5V| 26 | 42 51 57
6.0viat | 32| " 39 44
tPHL Maximum Trigger Propagation 20v| 88 | 197 229 250
Delay, A, B or Clear to Q 45v| 29 | 48 60 67
6.0vi24| 38 | | 46 51
tpHL Maximum Propagation Delay 20V} 54 | 114 132 143
Clearto Q 4.5V| 23 { 34 41 45
) 6.0V| 19 | 28 33 36
teLy Maximum Propagation Delay 2.0V| 56 | 116 135 147
Clearto Q T - |4.5v| 25| 36 , 42 46
. . 6.0V| 20 | 29 . 34 37
tw Minimum Pulse Width 2.0V| 57 | 123 144 157
A, B, Clear 4.5V|[ 17 | 30 37 T 42
6.0V} 12 | 21 27 30
trReM Minimum Clear IR Y B A R o 0
Removal Time o 4.5V o] " o~ 0
. - L 6.0V 0 .0 0
tTLH, trHe [ Maximum Output o s T'j2.0v{ 30| 75 ‘95 T T 119;
Rise and Fall Time . ; 145v) 8 | 15 P19 T 22
. e e e < L T 6.0V| -7 -1 13 |- =c w16 = ouuf - .l 19 —
Fges twaMiny | Minimum Output CexT=28pF 2.0V{ 1.5 ; o
Pulse Width - - - Rex=2kN —- -« -~ 14.5v]|450] -- T e e
- Rexr=6k0 (Vec=2Vv) |6.0v]aso| | - s
twa Output Pulse Width ~-- --- Cext=0.1pF | Min- ~|5.0V| 1-] 0.9 ---0.86 -- ~ 0.85~
N Roa =10k Tyae Tsov] 7 |11 - 11a 105
On . (Madmuminput i 2] 20 foneia0 ™
Capacitance (Pins 7 & 15) e -l - of - sl
Cin Maximum input . “| 810 TRt e
i Capacitance (other inputs) Tl
Cep Power Dissipation (Note 5) 700 L L. .
Capacitance Co, \ . e -
Note $: Cpg determines the no load dynamic power consumption, Pp = Cro Ve f + I Vg, and the no load dynamic current consumption,
Ve ! + e . R N R S T EEARE T S N
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v v, . “ ' -
%2} ogic Diagram
c Skos -
4
S
A & f—p— ENABLE |
§ Jrr ' ___Do— GREEY
T
*
¥ L]
§
3
3 7
Yeo ez Yee
o ;
for e —_— 4 s T
o Vresy >_J
] ( g < ENASLE 1
e plre<e( =
T
TUF/5206-§
Theory of Operation
k.
] ® ® ®
1 A ! i l l
] 8 I ! N
[ .
1 ®. ©®
A CLEAR I . l
4 - oo
Vaer2 Vrer2 Vagr? Yagr2 Varr
4 R/ Cexy !
‘{ Yrep1—— Yaerr — Vagp1 =~ —_ Vaer1— Yagpr—
1 - .
: ’ ' | L |
3 .
, SRR ey S ] g —
1 e e - ] . . TUFI5206-6
3 T T < @ POSITIVE EDGE TRIGGER @ POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING)
A @ NEGATIVE EDGE TRIGGER ~ ® RESET PULSE SHORTENING . - -

] ) "7 @ POSITIVE EDGE TRIGGER @ CLEAR TRIGGER . _

"; pe e me e e 3 FIGURE 1 - ’..- [T . :

-} | TRIGGER OPERATION ' : channel transistor N1®. At the same time the output latch
As shown in Figure 1 and the logic diagram before an input 1S Set. With transistor N1 on, the capacitor Cexr rapidly dis-
Yager occurs, the one shot s in the quiescent state with the ~ charges toward GND until Ve, is reached. At this point
Q output low, and the timing capacitor Cexy completely  the output of comparator G1 changes state and transistor
harged to V. When the trigger input A goes from Vggto N1 tun:as off. Comparator C1 then turns off \'Vhlle at the

-4 | GND (while inputs B and clear are held to Vgg) 2 valid trig- ~ S2me time comparator C2 tums on. With transistor N1 off,

*§ | %eris recognized, which turns on comparator G1 and N-  the capacitor Cexr begins to charge through the timing re-

= RS ‘ - L
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MM54HC123A/MM74HC123A

sistor, RexT, toward Vcc. When the voltage across Cexr
equals VRera, comparator C2 changes state causing the
output latch to reset {Q goes low) while at the same time
disabling comparator C2. This ends the timing cycle with the
monostable in the quiescent state, waiting for the next trig-
ger.

A valid trigger is also recognized when trigger input B goes
from GND to Vg (white input A is at GND and input clear is
at Voo @). The 'HC123A can also be triggered when clear
goes from GND to Vgg (while A is at GND and B is at
Vee®).

It should be noted that in the quiescent state Cgxr is fully
charged to Vg causing the current through resistor Rext to
be zero. Both comparators are “off"* with the total device
current due only to reverse junction leakages. An added
feature of the '"HC123A is that the output latchis set via the in-
put trigger without regard to the capacitor voltage. Thus, prop-
agation delay from trigger to Q is independent of the value
of CexT. RexT, or the duty cycle of the input waveform.

RETRIGGER OPERATION

The "HC123A.is retriggered if a valid trigger occurs @ fol-
lowed by another trigger ® before the Q output has ré-
turned to the quiescent (zero) state. Any retrigger, after the
timing node voltage at the R/Cext pin has begun to rise
from Vrert, but has not yet reached Vrgra, will cause an
increase in output puise width T. When a vaiid retrigger is
initiated @, the voltage at the R/CgxT pin will again drop to
Vgrer1 before progressing along the RC charging curve

Typical Output Pulse Width vs.
Timing Components

Typical Distribution of Output
Pulse Width, Part to Part

toward Vcc. The Q output will remain high until time .T:
the last valid retrigger. - Te
Because the trigger-control circuit flip-flop resets shortly '
ter Cx has discharged to the reference voltage of the gy
reference circuit, the minimum retrigger time, t.r is a hy
of internal propagation delays and tha discharge time of cﬂ :
187 ° §65 + {0.256 Vo) Cy
Ve — 0.7 (Vee — 0.7]2 il
Another removal/retrigger time occurs when a short *;i 5
pulse is used. Upon receipt of a clear, the one shot z
charge the capacitor up to the upper trip point before the
one shot is ready to receive the next trigger. This timg i
dependent on the capacitor used and is approximately: ;3
640 522 + (0.3 Veo) Cx
Vee - Vcc — 0.7)2
RESET OPERATION

These one shots may be reset during the generation of h‘
output pulse. In the reset mode of operation, an input pisg
on clear sets the reset'latch and causes the capacitor to by
fast charged to Vog by turning on transistor Q1 @. Vien's
the voltage on the capacitor reaches VRgga, the reset latey
will clear and then be ready to accept another pulse. If the
clear input is held low, any trgger inputs that occur will be
inhibited and the Q and Q outputs of the output latch wit
not change. Since the Q output is reset when an input low 3 g
level is detected on the Clear input, the output pulse T can
be made significantly shorter than the minimum pulse wadm’ ;
specification. -y

kL

1]

te = 20 +

tr = 196 +

0.7

Typical tms Puise Width
Variation vs. Supply

10m w 5
= =R [ Ta=25°C
2 E 10 T =25°C 4 | Rexy =10 X0
8 3 ~ |Rexy =10 %02 * 3 PCeq=0.1,4F
g ™ S g [Cou=01xF s 2 :
= s ER T N -
5 = =
5 2 06 Z 0
2 100 EV T/ \ 8 A
@ > [ \ - =1 L.
- (=3 =
2 =04 8, '/
5 i \ E T
8 § A/ N - .
= 1] -5 -
0.92 096 100 1.0¢ 106 12 3 4 5 § 1
1000p 0.0%u 0.1a Tx
TIMING CAPACITOR (F) . QUTPUT PULSE WIOTH (l"“LsI)FISZOG . ~ , . POWER SUPPLY (¥) r;_/m <
TL/F/5206-7 K =
* Minimum Rext vs. . Typical 1ms Pulse Width
Supply Voltage Variation vs. Temperature
g 1.0 s
g 08
a 7 U6
g s \ [ g ™
a - = 0.2
4 R .
£ \wonsr-use - T M ]
Lt =
= ? '~ £ -0z N
- «< @
2 & -04 =
] Sl Trmcal 8 _us
= 1 ~ a. —ud .
o E- . ‘[\4,__ e -0.8 <
R : -1.0 .
-2 3 ¢ 5§ . -3 15 .25 65 . 105125, :
. 0 - - 1~ TEMPERATURE ("0} ..,,.. .

. POWER SUPPLY (V) -- _.

- TL/F/5206—1
n- .

Note: R and C are not subjected to temperature. Tha C is polypropytane.
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National =~ =~ - L nn
g4 Semiconductor L SRR
MM54HC390/MM74HC390
it pual 4-Bit Decade Counter

% MM54HC393/MM74HC393
. pual 4-Bit Binary Counter

=1 General Description

%) these counter circuits contain independent npple carry  tionally as well as pin equivalent to the 54L.5390/74L.8390
i1 counters and utilize advanced silicon-gate CMOS technolo-  and the 54L.8393/741.8393, respectively. Al inputs are pro-
-} gv. The MMS54HC390/MM74HC390 incorporate dual dec-  tected from damage due to static discharge by diodes to
.| ace counters, each composed of a divide-by-two and a di- Vee and ground.
24 wde-by-five counter. The divide-by-two and divide-by-five
'f counters can be cascaded to form dual decade, dual bi-qui-  Fegtures
nary, or various combinations up to a single dit/ide-by-wf) ® Typical operating frequency: 50 MHz
counter. The. MM54H0393/MM74H0393 contain two 4-bit ® Typical propagation delay: 13 ns (Ck to Qu)
-1 revle carry binary counters, which can be cascaded to cre- x Wid i " it - 2_6YV
=1 12 a single divide-by-256 counter. \de coeraling supply voltage range:
. . . ® Low input current: <1 uA
E Each of the two 4-bit counters is incremented on the high to . N . "
fow transition (negative edge) of the clock input, and each ™ Low quuesc':ent supply current: 80 pA maximum
ras an independent clear input. When clear is set high all (74HC Seies)
B [ four bits of each counter are sat to a low level. This enables ™ Fanout of 10 LS-TTL loads
* | count truncation and allows the impiementation of divide-by-
N counter configurations.

Each of the counters outputs can drive 10 low power
} Schottky TTL equivalent loads. These counters are func-
i

| Connection Diagrams

E6EOHYLNIW/E6EDHYSIWIN/O6EDHY LININ/06EDHYSININ

Dual-in-Line Package Dual-In-Line Package
2 OUTPUT QUTPUTS ] \‘O/UTPUTS
Yec 2A CLEAR 204 28 205 20¢ 20p 2 —

VYCC 2A CLEAR 20,4 208 2Q¢ 2Qp

16 1 l I

S 14 13 12 11 10 9 3 1‘4 13 ln l” l‘° lg' 8 -
b .4 ) §

. Q
s aQ 0 .

I——CLEAAR 8 8 ¢ Ga Qg Q¢ Qp
2 CLEAR A

It
Vi i v
CLEAR B .o : - AL ;
ay 8 Qg O¢ Qp .. CLEAR
% 4 Qs 0g Q¢ Qp
te }2 3. !4 s e " |r7- rs" 1 Iz 3 4. .05 (s {7 .7
§ g 104 18 10g 1Qc 10p GND A "1 104 10g 1Gc 1Qp GND
p TP IR - B D T e
LEAR QUTPUT Toutrors - - S CLEAR ST
4 TURIS3371 . 4. OUTPUTS .= .y oo v, .. .
FI T . Top View .. .. T . wu o TUF/5337-2
Lo .- T i~ . Top View P
: . Order Number MM54HC396" or MM74HC390" o A
*Please look into Section 8, Appendix D N _' " Order Number MM54HC393" or MM?ileJSS' )
for avallability of vanous package types. B "Please look into Saction 8, Appendtx D

“

for avaitabitity of varfous package types. °

"3-291

Db b by 120 0t i e ko B




—

o -
& | Absplute Maximum Ratings (Notes 1 & 2) Operating Conditions ™ . 1 -
(& B
’ 5 It Military/Aerospace specified devices are required, ’ N .« May
N~ contact the National Semiconductor Sales Office/ Supply Voltage (Vo) 5.7 - 2 - bt 61
E Distributors for availability and specifications. DC Input or Output Voltage 0 Voo
S Supply Voltage (Veg) —0.5t0 +7.0v Vino Vour) - - , S e
@ OC Input Voltage (Vin) ~1.5t0 Vec+1.5v Operating Temp. Range (T ) L
O | DCOutput Voltage (VoyT) —0.5t0 Vge+0.5v MM74HC 40 .45
Z | Clamp Diode Current (i, log) £20 mA MMS4HC T8 Ty
g OC Output Current, per pin (ioy7) . £25mA m‘z:' tF()xse °\; FaflT;rgs/s 1 L
= | OCVccor GND Current, per pin (i) £50 mA Vi o
§ Storage Temperature Range (Tstg) —65°Cto +150°C Veco=6.0v 400
%] Power Dissipation (Po) .
g (Note 3) 600 mW -
N S$.0. Package only 500 mwW s
= Lead Temp. (T)) (Soldering 10 seconds) 260°C
=
~
S
g DC Electrical Characteristics (Note 4)
I
;,; To=25C 74HC S54HC
= | Symbol! Parameter Conditions Vee TA=—40t085C | Tp=—551012¢
= Typ Guaranteed Limits
Vi Minimum High Level 2.0v 1.5 1.5 1.5
Input Voltage 4.5V 3.18 3.15 3.15
6.0V 4.2 4.2 4.2
ViL Maximum Low Level 2.0v 0.5 0.5 0.5
Input Voltage** 4.5V 1.35 1.35 1.35
6.0v 1.8 1.8 1.8
VOH Minimum High Level V|N=V|H or V"_
Output Voitage llouti <20 uA 20V | 20 1.9 1.9 1.9
45V | 45 4.4 4.4 4.4
6.0V | 6.0 5.9 5.9 5.9
VIN=Vin or Vi - :
lloutl £4.0 mA 45V | 42 | 398 3.84 37
llouT! 5.2 mA 6.0V | 57 | 548 5.34 52 i
VoL - | Maximum Low Level ViN=Viq or V), . . . . .
Output Voltage lloutl <20 pA 20V | 0 0.1 0.1 ) 0.1 e
. : 4.5V 0 0.1 0.1 0.1 o
. 6.0V 0 1 01 R 0.1 4
e P Viv=VigorvL | R+
- - llourl<4.0mA | 45v 021026 | . 0.33 . 0.4 {
o lloutl<5.2 mA- 6.0V | 02 | 026 0.33 ‘04§
N - Rd
™ Maximum Input ViN=VccorGND | 6.0V *0.1 . %10 . . %10 ;’
Current - .- . N . .. N v e
lec Maximum Quiescent | Viy=Vccor GND | 6.0v 8.0 . 80 . . 180 ik
Supply Current -, loyT=0pA . . ta N [T
Note 1: Absolute Maximum Ratings are those vaiues beyond which damage to the device may occur, o v
Note 2: Unless otherwise specified afl voltages are referenced to ground. [ 558
“Note 3: Power Dissipation temperatura derating — plastic “N" package: ~ 12 mW/*C trom 65°C to 85°C; ceramic “J" package: — 12 mwW/*C ﬁ\'xg 1%’
Note 4: For a power supply of 5V * 10% the worst casa output voitages (Von, 2nd Vo) occur for HC at 4.5V. Thus the 4.5V values should pepsed .
with this supply. Worst case Vi and Vy_ occur at Veg =35.5V and 4.5V respaciively. (The Vi, value at .5V is 3.85V.) The worst case leakage N
log) eccur for CMOS at the higher voltage and so the 5.0V values should be used. R R R e
**Vy_ limits are currentty les(e'd at éoa_'. of Vce. The above Vi specification {30% of Vce) will be implemented no later than of, CY89.
- - - I- -——“
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LS i e - - N . a -
2% glectrical Characteristics mmssrcaso/mmraricase s e | B
oy, T=25°C, CL=15 PF. ty=ty=6 ns - Tt =
g - ' Parameter Conditions Typ '| Guaranteed Limit "Units 8
% W ©
ot Maximum Operating Frequency, Clock A or B 50 30 MHz 8
Maximum Propagation Delay, Clock A to Qa Output 12 20 ns §
Maximum Propagationi'Delay, Clock A to Q¢ ) 32 .50 ns N
(Qa Connected to Clock B) I
— 2]
Maximum Propagation Delay, Clock B to Qg or Qp 15 21 ns :g
Maximum Propagation Delay, Clock B to Qg 20 32 ns S
-
_,"-‘ Maximum Propagation Delay, Clear to any Output 15 28 ns E
— Minimum Removal Time, Clear to Clock - =2 5 ns ‘.!2
- Minimum Puise Width, Clear or Clock 10 16 ’ ns %
[
@
. w
> . Y n ~
AC Electrical Characteristics C, =50 pF, t=1=6 ns (unless otherwise specified) =
— [ ) 257G 74HC 54HC =
| Parameter Conditions | Vee | A TA=—401085°C | To=—55t0 125°C | units | 2
i:;. ] Typ Guaranteed Limits 8
e =]
") Maximum Operating 2.0V 5 4 3 MHz | w
1 Frequency 4.5V 27 21 18 MHz
6.0V 31 24 20 MHz
e, P11 | Maximum Propagation 20V} 45 | 120 150 180 ns
Delay, Clock A to Qp 45V | 15 24 30 35 ns
6.0v| 13 21 26 31 ns
p=. b | Maximum Propagation 2.0V | 100 | 290 360 430 ns
Delay, Clock A to Q¢ 45V | 35 58 72 87 ns
{Qa Connected to Clock B) 6.0V | 30 50 62 75 ns
b, oLt | Maximum Propagation 20V | 50 | 130 160 195 ns
Delay, Clock B to Qg or 4.5V | 16 26 , 33 39 ns
Qp . . 6.0V | 13 22 28 33 ns
b2 | Maximum Propagation ) 20v | 60 185 230 280 ns
Detay, Clock 8 to Qg 45V | 20 37 46 55 ns
4 . oo T lsov| 17| 32 40 48 ns
b Maximum Propagation 20V | 65 165 210 250 ns
Detay, Clear to any Q 4.5V { 17 33 41 49 as
o 77 |eov| 15 | 28" < 42 7| ns
oy Minimum Removal Time 2.0V 25 25 25 - ns
Clear to Clock 45v| 5 5 . 5 ns
R 6.0V | 5 * s 5 ns
r Minimum Puise Width 2.0V | 30 80 100 120 ns
Gea.[ or Clock . 4.5V | 10 16 .2 . 24 ns
1 T T 6.0V 9 | 14 18 - T 20 ns
i | Maximum Output Rise - - 20v| 30 | 75 95 110 ns
— ang Fall Time ) M 4.5V 8 1 15 Ao 19 L 22 . ns
] T T L eov T ] e e ] o et .| as
* | MaimuminputRise .. 2.0v 1000 1000 <1000 ns
.| and Fall Time .o N 4.5V : 500 _ 500 . L 500 R ns
-, I Rl IS V3 e 40017777 400 27400 T ns
k\»_ .Power Dissipation _ oo | POTCOUDtEN) |} S5 | i | | PR
| Capacitance (Note 5) - : -
'%:“; Maximum Input Capacitance STt s et 0 T T T 10 pF
£y determines the no load dynamic power consumgton, Py =Cep Vg2 Hiec Ve, and the no load dynamic current consumption, ts = Cpp Ve F+lco
3
‘¥
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D
3| AC Electrical Characteristics mmsatcass/mm7aHcass IR N A
5 Vee=5Y, TA=25"C, C_=15 pF, t,=ty=6 ns ‘e
E Symbol Parameter Conditions Typ Guaranteed Limit
E Max Maximum Operating Frequency 50 30
3 teHL, teLn “Maximum Propagation Delay, Clock A to Qa 13 20
™
g teHL, tPLH Maximum Propagation Delay, Clock A to Qs 19 35
f‘!_" teHL teLH Maximum Propagation Delay, Clock A to Qc 23 42
§ tPHL tPLH Maximum Propagation Delay, Clock A to Qp 27 50
s tPHL Maximum Propagation Delay, Clear to any Q 15 28
8} trem Minimum Removal Time . -2 5
% tw Minimum Pulse Width Clear or Clock 10 16
~r
~
2 - v -
= | AC Electrical Characteristics ¢ =sopr, te=Y=6 ns (unless otherwise specified)
~ L
[=)
g} Ta=25°C 74HC 54HC
Q| Symbot Parameter Conditions | Vge A TA= ~401085°C | To=—5510 12:
:.5 Typ Guaranteed Limits
[P}
= | fumax Maximum Operating 2.0v 5 4 3
= Frequency 4.5V 27 21 18
6.0V 31 24 20
tPHL teLy | Maximum Propagation 20V | 45 | 120 150 180
Delay Clock A to Qp 45V ] 15 | 24 30 as
6.0V} 13 21 26 31
tPHL. tetH | Maxirnum Propagation 20V | 68 | 190 240 285
Delay Clock A to Qg 45V | 23 38 47 57
6.0V | 20 32 40 48
tPHL, tPLH | Maximum Propagation 20V | 90 | 240 300 360
Delay Clock A to Q¢ 4s5v| 30 | 48 60 72,
6.0V | 26 41 51 61
tPHL tPLH | Maximum Propagation Deiay 2,0V | 100 | 290 360 . 430. L.
Clock to Qp 45V 35 58 72 87 -
6.0V | 30 50 €2 75
tPHL Maximum Propagation 20V | 54 | 165 210 250 s >
Delay Clear to any Q 45V | 18 33 41 49
6.0V | 15 28 35 42 =G
tREM Minimum Clear Removal 2.0V 25 25 e 25 T °
Time 4.5V 5 5 5 -4 \
6.0V 5 S 5 -
tw Minimum Pulse Width S 20v| 30 | so0 100 5
Claar or Clock 4.5V | 10 16 20
. 6OV| 9 | 14 18
tTHL trn | Maximum Output Rise . _ — 20V 30 | .75 ~ - .85 ...
and Fall Time T |45V 8.] 15 19
60V) 7 13 16
4 Maximum Input Rise . .. 1000 1000
and Fall Time 500 500 ¢
1 400 400
Cpp . ..| Power Dissipation (percounter) { ___. 42
’ Capacitance (Note 5)
Cin Maximum Input Capacitance .. - I 1 10 . 10 .
Note 5: Cpo datermmas lhs o load dynamlc power consumption, Pp=Cpg Vccz f + lcchc, and the no load dyn.:mlc current consumpoon ls -_Efg.'.f'

R
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