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ABSTRACT

THIS THESIS PRESENTS THE DESIGN AND CONSTRUCTION OF THE
TERMINAL ADAPTER FOR FMSCA. ITS PRESENTS TRANSMISSION OF DATA BIT,
RATE 4800 BITS PER SECONDS BY TRANSMIT THEM WITH FM RADIO STEREO
SIGNAL USING 14 TIMES BIT RATE SUBCARRIER OF FMSCA (EQUAL 67.2 KHz)

THE DATA IS TRANSMITTED THROUGH THE FMSCA SYSTEM
UNDER THE VISUAL BASIC PROGRAM MANAGEMENT. ITS LETS US SENDING
AND RECEIVING OF 3-LEVEL THAI LANGUAGE, HERE IS THE MODULATION
OF THE DATA IS FREQUENCY SHIFT KEYING (FSK)
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FON Py ST v ~ N/ (8)
ST1 + 1
[ = (R, +R,) C
T, = (R,C)

’NQ':‘ﬂi'rNI.LUULLaﬂWﬂunﬂulﬂaiﬁ\mﬁuuaﬂﬂﬂﬂa
F (S)“ = -C.SIz—"'_l).

sTy
loe T, = R,C
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T, = R,C

Toe A (uinuzsreeszsnammuaiiiann q funudums (8) aluanms
(7 sslanmunadeifuzaadaemnndeadunnaa

H )=0,6) = KK,GT,+1)/T, .. (10)
B, () s +s(1+KKT,)/T, +KK/T,

wipdmeesnssuuuuaadv unuanms (8) asluanms (7) selenmuwias-
vieridfuae PLL A

6 i REeE DAy $—— \\ .. (11)
5.+ 5 (RKTO/T, + KK /T,

namnumesiendu (10), (11) @eulieglumanzsessuuiipundunuuiradh
(servo) 1o

HG) = s @ED, - /RK)+® (12)
2 2
5+ 2&0)“5 + 0O,

loa @, = '\jKoKd/TI

E =1 v (KK /Ty X (T, + 1/K K
p)

A K K o0, usmmuadieddu H, axdsanalad

H = 260s+0° . (13)
s+ 2605 + @

L 3 J =t o
*dhmdu PLL flfheeanissanuduvuueadilugy nnumesfitude
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H2 = Zéa)ns + (Dn2

..... (14)
'+ 2605 + 0.2
Tos @, = VKT,
£ = T, VKK/T, = T,0,
2 2

Y ] ' a, ] JV Q k. 4
waztheawasefillumuuandnssivadunndaantiounduudaeeld

0,G6) = 8, ()-0, )

..... (15)
éxmﬂuwla‘;‘ﬂqﬁif'u'amtwataawédamaﬁuwmm PLL udasleis
0. Gs) ATV ey g YA I 0 B\ | Y (16)
0. ) 0, G)
wiadoula
0, () = s/ ) O 2/ ... (17
gi (S)

s + K K,F (5)

i PLL lHesnismaiiedefeuuumisdiudy nnunediedduaaunamniss
aadunnFouladiv

Hy () = O, () ‘ = s(s + OD:/KoKd)

«.(18)
Gi (s) 5+ 2E_,Cl)ns + (Dm2

s s +1/Ty]

s +2E@s + M 2
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L ] ] J a, k 4
mimuamguinunNnNIeNNisITNnd (K K,»0,) i

s (20)

2 2
s +2605 + O,

H; ()

[j]

dmdumnuedisifurssramasaddamiadunneas PLL 1% 293snsasuvy
uaadvnlalasunuaumsi (9) adluaums (17) nnuidadieidugsuraeaisadda

H, (s) = B¢ = AN (21)
91 (s) 5+ 2&,(,0“3 + (Dnz
Falerhiuaumsh (20)
=g ¢
Wahinatnas

miudadmaines viamnBoniiwaasnwiTiees (Phase Comparator)iilu
qﬂnmiﬁ’td%’auLﬁaué'tutmmﬁwﬁm’sawdaﬁuw;nﬁ'uwlmmﬁvgnﬁﬂauné’umn VCO ua
Wunduenimniuussduicismumersasla dmiumddinamsdaanio wik
panitlu 2 Uszinn fe sueenadinawaiuesdiseaadmawmed Tas PLL 78
pwaaninadmaiaaiviaaraGenitauasaniWadangy (Analog Phase Locked Loop)
uae Tu PLL fildadaealafimawmas winsaden dinsamadangtl (Digital Phase
Locked Loop : DPLL) - Taemluuddnamiie PLL dumnaieunsanaiiongy
dwdy iladmamadliluamsaniaianguilldtunnfidernsasuuuiadia
(Gilbert Multiplier) wardm3u DPLL sinladinawmas wuumansimudamawnas
(Phase Frequency Detector : PFD)

nevanuuuiadse [4]

Tawahnesuaengy leedyonadunnesaiadinawad ssnvindygnu
BN uazé’tummﬁﬂauné’umnmvagmm veco laadygnuenn veo sxlvdyann
gdéméﬂu é’:ué’tyrmmﬁuv!mxa»:wlaﬁmﬂmaﬂmv‘?ﬂdauﬂué’tgtmm‘lﬁﬁﬁau‘m'lmg
u‘fauﬁﬂum"auﬁ’uamo‘fumm‘?ﬂuauy‘aé (Thermal Voltage = 26 mv) fadu nuda
a3
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13 | a e/ J: . 1 4 J
gansansguesliouasliamuinunneaussedoygnaled Tuninsqonsimihm

Whudlasludaine (Synchronous Switched) lasduwnllawdiiye v, V.., sanso
-l o/ [ « 4
deudygnumainulasegn 2.15

L)

i

LE A

&x ot

o
~
=
12
¥

QP e
v
YViwz g
3
1 i i [
" 2w 3w 4n [ 14 “of
b)
Ve Ouvipwt viohm
3 !
b --5-1l L] rt—
g Rt r— ] ] —‘}
Z‘I‘l’ uﬂ’l
» 2w = ar ' Sx
~Ieg Re )

()

X
UM 2.15 udgansBasnadAmawmps
gmsudgyanoueiwndssnaume DC uasdygnadiulsznauiidiy Ac 7
o o ' o a o &, - o ¢ v
ANty 2 ieeedtygnaBuyn Aoy Aimdgras oL nnudeslads

2%

T

v - v at o (22)

aYx 1
T e
2l

Vou = (A-AM (28)
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v 4 e vl
dmdu A1, A2 WuAufiuaaiegy dau

V... = ~[IgRe @)/ - IR $/m] (24)

wla

vV, =IR(G2bm-1 L (25)

el ¥ o
lasuansaaaniflauthezssemesniadmamaslangui 2.16

V, = dc component in phase detector putput

o wa
UM 2.16 ugmquanalauihesssmuneanidfmanas

NysanI e Iudamawmes

dsuidansimuddmainas (Phase Frequency Detector : PFD) 11142935
Fudyanadunndudyanaaines uesbiieniwniudyguddassiguatiu
AN T gNABUNYN UBNINRLNINIAMAANNENINGEUE? 2995 PFD 15
fazdmaeuuandserinauddunniiassdis dmineeseat PRD uaaslddgy

v ' ia o v oo o t ¢ &

1e5erdsznaume Waurasy, Wesinn, uasdphinnufudunGend Mty
- [ - [

(Cherge Pump) Bufiududsudyansuaninnaaindiuusdu Tasusansasauyad
¢ 8 g A sdd | A e a o g LM e £af E] PN
gavTnitiitiuaiminsstiadaidygnasadnimnguimnu “1” usuladiaaaing
v “0” Taefiduwn £ Hudygnunnenuddeds dauduwn £, Hudunnn

Av o« o . A - -

armdilaunduann veo dmsumeinnuuassgUadudumnn, wivinnasadaniimudd
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mmmasuamLmnwnvmwwnsmmmﬁeiwdwu (LPF) lawsninsoutimsadingms
ol s tm fn

2NN rmmuaturmm £ nmﬂamnmatycgw f;, aauamacutmm £ udiny
durlaau FF, 'lnargqnmnm Q hianin «1» muatyrmtunm Q %84 FF, tu vefiy
apdn “0” ey Eninim A, daadn “1° e S, Un srari nszudezlvevinuvas
18 VCC mum‘mmumum‘ldmﬂﬁmaﬂmws LPF é\‘lLUUﬂ"Ii‘BI"ISQLLNﬂu'lﬁﬁ'Uﬂ']ﬂ’l
ﬂmas‘ ﬁmvmamaau'amatumm £, fmsanaudniin Q #aeWduniaay Fr, (fhy “17
srarfy nLm'rfwn'namuuanv‘lmm'nw'n “0” LﬂumssL%nﬂauﬂaaumammmuu 1
oy s, willassn mmuﬂﬂngmsm"lummsnumtmmuﬂumsﬂuﬁ'u (Pump Up)
Trgamaifiadunans 1 luidade 9 fu Tay PFD serimsihdurunseiaunsong f uay
Waoen £,

FF1 Al —/—
0 g
: S1
fr o—PCLK /
Q
cL

A i] % LPF
' <>—*

fvcoo——HCLK . A
D Q S§2

4 L 4 of f ot
UM 2.17 lassaFnganwaianimuiamamat

. 4
HAWFAN UMW TN fuae £, inuuen S; uar s, aa’luﬁmavtﬂﬂaanmﬂ
) -1 w

anmsisuinyenaenu LPR wathuaousladuiiuaud (Hi-Impedance) meunmum

VCO =aundunmmué\imm\ﬂummimaﬁmnmsmm
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sheny nsdiaresdgnamn veo duhwmihdngne £, 2eusesdagne £
widnlivdurasy FE, Waadneniwniidu “17 uasiieinnzeunn A, fmndiee
I “1” i s, oniaunduluenhdessd ssgndsmisruanndumy, sl s, a
nTIH uazdaed £, Amuassdniaurasy FR; liiernnzes A, Huasdn “o0”
uaz S, gmillaaan dmsudnwamahouluheilGenimatie (Pump Down) law

- _ ! ar ‘:’
awatifiaiurets q Tdauudmfumsiingu
| ) |

i: :i: :i: —-!
fr
fvco l £ _ U= |
(7L = O~ 2 kg // A\ RSP~ 0]
PDou
t | I
VCO in / |

- o - 5 )
sUf 2.18 ugesnasudansimuddmamaslurnnadn 4

namldlunsdidhanudauwnbivhiuuds Aduwnaes PFD sxdamusad

fumapanm Gy Waurasu FR,, FF, ssgnifimansa wu & £,5f,, M HNEEe Q,

sllu “17 aoea s, Yenwes, usdundadrganhined dumstinusduliiy
veo sfumuiviniumy £, dniuauaialauthersndanfimuifmamed

udesleiongUd 2.19

) wa v <t -
U 2.19 ugmnusuUdlaudezsaraniimuifmeanns
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usnauduavasgUsadygnudunn

Tumsiienesvinass PLL dednnennudsuuadmaddian (Steady State)
Lﬁmmnn’mﬂéﬂuuﬂamme'ftytmmﬁuvgmfu duszlamidmiumeine PLL Tueanuuuy
dnfuguinlddeau (Tracking) Fyanaviaguilidmiuduansiani

d
wanauguaIMsUasuIHd (Phase Step Response)
U waesuuiiaeteat PLL Lﬂaﬁmmwmﬁuwﬂﬁn'rsLﬂéﬂuttﬂm ilovnms
wWasuadygnudunnideusglusuzeanaldifu

0,1 = u@® AO N\ NN e (26)
u(t) = gladwmUdeity
AB = 'ammﬂaﬁuwnﬁtﬂéiﬂuuﬂaq

vindeulvaglugy s Tawuldd
Bl 2. MO . Y s> WC B e © ). 27
S
INENMSR (19), (21) dmdu PLL ﬁ'ﬁﬂ'ﬂgﬂmuqq 1 azladasednms

= ~ v,
wWaguuaunadunnlai

0,G) = ABREAART ™ F/) .. (28)
s +20s+m.)

A » ° -
Wadpsmanmuranausuasras 0, lugulawuessnanilalandune-
5 >
gadanymuiasuanmn (28) ala

0 () = AD (eos V1-E* @t - Esin V18" @ t).exp (-E@ ) uiln E<1
ql_E.
0t = AD (1-0.t) exp (-0 t) dWel=1 .. (29)
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0 ) = AB (cosh VE'-1 @ t - Esin ‘/E_ﬂ- ®,1) exp (-E@,0) e E51
VE* -1
denamauaupmasmslAnumaaunm Tugamsnnuidsuusaldlessiudn
MamaLiaéoianmﬂé'ﬂutﬂaﬁuvgn dmiuaiaspfdedygnadunnluanme
dmaddian vldlasunud 6, G) wevaums (27) luanms (17)
0.G) = A (30)

s +KKF(s)s
laelnguiigae (Final Value Theorem) dviuamensunedy gy

manmmzastuulusNamadden aele

im©, = lim 5 AB - SAB  31)
t>C  t-o S+KKF(S)S
=0

o o

' Y-S o '
éwmﬂﬁqméwsuauvmnLﬂumﬂﬂaauuﬂawmﬂa AaeBLTDT RN
Tuanmzamedsonvzlugud

1.0
08
g
e[\
: 04 \\\\\
a' *TT T
favay 7=
s80 {.20/ ]
o2 XF”;? o
\‘\/ \’C‘O:f’
-04 N, . N-t03
[+ H 2 3 4 ls 6 7 8
_ o wet
K PN o a

4 . 4 o
U 2.20 usaurdipalraddamalasuadunm
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HanavdusInINUFauAIND (Frequency Step Response)

A o -, .S nl -~ 4 -l ‘J of
Wadygnaduwndumsudsuulamnenuiviamsidauainan nilaligan
4 o o a ~ v
ATMNANUL ENATANUNY NBUNNL ﬂlﬂﬂ Lﬂu

®, =0+ . (32)

Ada a
o, = ATIUODUNNION

d4d 4 : '
®, = enudndsundasln

-t od ) ad
Aw = swnezatenuafidsuudas

aady idadunnidaulaily

0, (=M< VG VO T A~ \\ . (33)
v3plu s Tawu
B = A VWV e? I8 AT X @ Jf ... (34)
2

8

ot ) 4ot 1
INaNMs (20) shnsu PLL fidanguinugs 4 acldmaeaisadainms
o "M v
Wasuulataudlad

0.G) = Aos (35)
' (s + 2605 + @)

wamsusunludanmznnudsumlaleamsdunagaaganms (35) aeld

6 ® = A_CD (1. sin JI—E_) ®,t) exp (-E,Cl)nt) I.i‘ji) & <1
®, V1-§

-39-



0@ = A® (@) exp (-®.t) e € =1

o, _
0@ = A® (1sin '\léz—l @, t) exp (—&,@nt) e é >1
Ao NEP-L L (36)
o8
A= as g fc'°3
S 04 x‘cio?
< {-0707
~ o2
s
~a S —— L]
o g S —
-0 2 /

) 1 2 3 a 3 & ? 8
it \ -

o : o & a
JUN 2.21 uaauiaipasasdanmsiudauaNddunm

- -4 ] - 4
Smsumaeapiludamsdinadaieon unumaumsinedunnanmsi (34)
adlugumst (7)

Be () = s Ao~ = + DS .. 37

2
s + KKF (s)s
Tinguimganesmadaanazld

1imB, (t) = lims 6. ... (38)

t ->0oC s =>0

B, () = Ao L (39)
K KF (O)
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lagén F (0) Wudanmasneaenvanseslugy dilunsdheessianadvud
-f d 1 a o~ 8 v
atinuzeveInsedlugy Yssnawiiu 1 day daeasedurasldas

o)== b0 (40)
KoKd

- J - [ -f =d - ¥ »
INTUNITNTNA ULV UL DA TN Paginuasnsnsanluguiamnn 9 ush
Mindaasaduamlana

Oc (o) =02~ =~ 3 (41)

#qwnﬂmﬂummgumum LmnwnwJaLaaLsaiamaﬂ'?hmwsnsawmun
uuuuaﬂww'lmmnwnuaﬂn'naﬂﬁblmwsnsmuwmaﬁﬂ

n’m’z’i’nzjamnzﬁaﬂuazmse‘immuﬁ’tynpmwm PLL

vﬁm'ﬂnmsﬂ‘svﬂnm’lﬁ\nui’lmé'tyé'wﬁdusvuﬂmﬂuu'wm &3y PLL fda
m‘s‘lﬁé’msummuammmwaa~mmsmuamLa-nnsammsﬁqﬂm‘luzﬁrmmtu-aum'lwu
mnaryfmmauwnéuﬂuﬂauwm g med nsieNERNsafRamumMsasuLUas
mwmmaruzmmauwnua"mwmmsné‘msuwuwuaanmmnauwmwmwshmg
Ima’lunuavtﬂum‘nmﬁmmmuamaamwaaanaﬂwnuu

1. Widedan (LOCK RANGE) tﬂuwaﬂnmwnam VCO ﬁmaﬂmmmmmu
and BUNY (TRACKING) naqmnaﬂn'sumuaannuamrywmauwmm Gaviu 9193en
Aduunsan (TRACKING RANGE) visonaelaa (HOLD IN RANGE) msmwauaanmaﬂuu
wﬂmmnnnsauum 'nmwn'nﬂaumamﬂumwnmama\: PLL 1ms@en :naums
(38) Faflue Laawas'am PLL fishanese 'uu'luama:nm‘amtwmammsumuaﬂ I
dmivdaiesaed Adeaun 1 @aule

imsinG,® = Ao, (41)
t->o0 KK4F (o)
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1] 1 aw a 4 1w e/
i Ao, dudidedenirstaiuggadennen 6, vy + o/2 wiaveddy
. - - w &
sin O_ (1) dfgegadn + 1 @y

Aoy, = KKF© L. (42)

vdnaziiiuguinilunsdizes PLL lfeansasuuwiad wae Amg fie

Wiy o nsal PLL Tuneasnsasuuuandn

Wo
Center frequency

A+Wc
Capture range

A+Wp
pull in range

< A+WH
Lock range

A 4

A\ 4

J -, O - W - - W
JUN 2.22 uamededen, Adowady, Aduualwes

2. Wdawadu (Pull In Range) (fufded PLL snInsianiudygnodunnla
Tosguagluanmedudulilddentuamudduwm UnngmselGududenannsossingld
Teganyalviguilanansewitneeansesmilugl (Loop Filter) wag VCO thitduwnil
anwdidan (@,) Indanud veo (@,) weadnaines Saluomesniadnansised a
Tramnuuaskaimwasauisswineuddunnuasarudianing veo Tasiiemiyn
apntasnsaeesiiissamensud dgudeateiuiivule waduasauids

fvualdiiiu Ao, viadsuld
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i
L4

c’ o w o
U 2.23 usmmsiiadygnodnTia

< o a o
ammd Ao, swlludyanadunnes veo evsuagianuuy FM n3ndgy g
L4 J A 1
Lmﬁw'nLﬂuatytmm'lﬂu”[mmum‘aam'mmL\Jaﬂuuﬂmmunmﬁ"ﬁzmwamumsua

Quan AeNdees VCo maaum'lnam‘mnauwn Galy eh A®, azaaasm dO_/dt
aney wemsasuulassdumeaadiinamnd MU MIRNITulafaunaud

m'svm'lmmumsuaman ﬂ'lﬂ’)'mﬂ'dﬂ\i VvCO Lﬂaaumnmmnauwm"ﬁﬂwm ACO

Wasnndu i B /at mmmmmma’mwwzxmMaﬂmﬂmaﬂﬂaauttﬂmaﬂwﬂﬂm (Wa
memn'unmuammsmmargty'lmun'[um'lusﬂuammsmﬂafu:mtuunTum
ma'lmwau'lamnaﬂuamatyrmmmlammﬂmaﬂm‘nwn lasgudygnainlia
'nLﬂuanvmvluaummsav'lwmu‘smummaaﬂ fldeudees  veo maaunmﬂﬂa
mwnauwn wnsvhiiaiRemsiantonai PLL 'lﬂé’msum'saanmszmﬂ
neWadu (Pull In Time) lagd Ao, snnaiigilinunn 1 udh (Ao >> K K,) em

wodusUszannlada

Tp = (A®)” e (45)

é\‘lﬂ'] A(D 'nL'duﬂ’nmmnm'm.,mmmdwﬁ BUNNUDL AN hdasTYad vCoO

Y o e a o da
3. % Ell.l.ﬂllﬁﬂ‘g u“Juwaa*n PLL mmm%%annum'mn BUNN Tﬂﬂﬁﬂ'l'ﬂ‘dﬂ\lﬁﬂ
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1u1ﬂLsumuaamﬁummnuwaﬂwaau éﬁwaﬂuﬂﬂwasummu'mmvuﬂun'n IQEINEW)'N
ﬂ’rmoauwmmmnumwnﬂm VCO 1un11wtn®anumvatytu1munfum mm'nw'n'am
lﬂﬂﬂl?‘lﬂmﬂ‘i manmﬂm’mammmmwnmmsnmuaﬂﬂamaﬂﬂdunnamnau

fariy mﬂuaummmﬂ'nunaqamm VCO Lmnwnlmmnmmnuaﬂmﬂ Tasusauiisny
aﬂﬁammiﬁm

| Ao, | = xkrline |

log ,FQA(D)I uJuavmmsawnau‘am’nasnsaqmwnmammn‘nuwnmqnu
svmwmwnauwmm"mmnam VCO (mﬂumwnaass) aniueeTnIeseN LY
WraHy ammmuunugm‘nﬂuLwasﬁmﬂuuamﬂﬂm

F(®) = \/ IO INME K~~~ \\ .. (47)
1+ (®T, )
winUsenalen
REA0Y Sif * (e C BN & ) (48)
Tl
v &
NUU
Ao, = KK, T, S (49)
Tl
wie Ao, = 260, (50)

PLL aadganadunnnidaanauand

9 v v

Iunﬁﬁﬁﬁuwnﬂaq PLL fidoyanoimsed (noise) @euldiiiy
Vi) = Vsin(@t+0) +n )y (51)

-4 4-



dyanomesd n ) uusediishuiesnsesaiuis Fughuneuw PLL fany
udealen

n(t) = n, (t) cos Wt - n, (1) sin Wt
dhviuusaunneniynaes Veo miu PLL flfadmamaduuuai-

. . n‘ - [} o - ar z
Waneses (Multiplier) magﬂ%an arurmm&mn’vgmzm\:Lwanuauvm 90 BNFN PNUY
@ouunaueiynle

Vo = Vyeos(@t+0) (53)

v ¥ 4 F3 - 7 ot v
NUU 'nlﬂ']ﬂﬂﬂ‘dﬂﬂlﬂﬁﬂl'ﬂﬂlﬂi)ilﬁ!ﬂﬂﬂ

BF BN @880 €0 D 2 \\ .. (54)
Ve (0 = 172 [K,V,V, sin (0,-0,)1 +1/2 [K_n V,cosB 1+
1/2 [K,Vyn,sinB,] +1/2 sin [K,V,V, (2w,t+0,+40 )
*1/2 [K,Von, cos (2wt+0 )1 -1/2 [K_ V. sin ... (55)
(2w 40 )]

) o
loo K, (Hudpsfimasnsan

'lummﬂﬂvﬁwazaei’(tummuaﬂd mau‘hmmvmumauusn'amaums (55)
TﬂﬂmannLﬂum’mnaamm'ammwnauwn W8T VCO 3egnnsasie Taneesnsaaind
mmu‘luaﬂ

3 od ar z -4 »
MyuaMINEAmAWmesinu K, = 1/2 [K_V,V,] deiu aums (55) @eule

Ve(t) = K, sin (91—90) +n K, cos 90 +n.K, sineo ..... (56)
v, v,
uaLmvua n’ (t)
n’ (t) = p, (t)cos 90 +1 (1) sin 90 ..... (57
\A \A
v & ¢ o ¢ o v
UU Eiwnrauddinawmasideule
Vo® = Kylsin©, -0)+n' )y 00000 .. (58)
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donbiuuuiesmenssddnamediarseuy PLL uaaelaneguusns

. 4 o
uvuhaesaseguilisuwniidyanaueed
n(®)

pemacecmammescooorsccasntaarmresceeadecelaeaccin e —an.

Sin( )

Kd F(s) Ko

- . 4 o -
7UT 2.24 waauuuneavsguilisdunnddygnuusd

%ﬂwa'amé'fytymuaﬂéﬁﬂﬁlﬂa'zimé'tycmmmva!n B, © urkwnyadagud
viaiiedninad Gitter) vindludygnonssdlusiaaseinniaussd (Phase Noise)
vinadnimadnSeud (Phase Jitter Variance) ugnelaan

+ O
0 - flugam |%.@ar (rad”) .....(59)
-0l

Tow s, Wumdsanansnswandduwnaathimddsoussd falaadudu
- a & y v & o
afinanamNE aeuar g 0 Hz (uduld duiu imsinsadssinasilaasuaes
upyd

-

dunnlade
2
S, = N2V N—— (60)

unuanms (60) mlu (59) atla
+ Ol
0*-n Jlew| (61)

n (-]

2
2Vv.

inflenuguuseduuudiod B,
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B, = [ |1 @) |t . (Hz) .(62)
0

mwsuaﬂﬁmqunsaqntuuwwaﬁw&hwsuaﬂmum 1w Musediuudiay
Wsenaule

B, = 10, (& + 1) (63)

2 4&

aums (61) @eule

ﬂ']‘MUQﬂB‘LIWU'TN‘JS PLL L’L]L['J\W’iﬂﬁﬂﬂﬂ’)'mQN'TLIEI"IUIJLLUUW)Q‘H Ny B, U
ﬂ”l&l'ﬁﬂ%’)ﬂ’lﬂ'la\l‘dBQHBH&”WQQWUQUW”IWQB

N, = NB

1 [ 4
o ] a a =t 2 v & - ¢ 1 4
snaumasyanausedduwnia SNR;, = V /N, enuu iddinieadidaule

0, =B, ~\N—m™m—m (65)

SNR B,

wmﬂnmmwlawmasaxumqmnmaamﬂzm SNR, a08IV302102894995
nsmmmnmunauwnuﬁummnw logmunaraanadiniaodd @Yiwnaae PLL
'nUaunaulﬂtﬂsﬂumaununﬂaauwnumm‘ln PLL dwnsoae aanaa‘lmuu UINABY
HadInimad mmumma‘lummﬁqLau-amtwammmmaswsmwawmas rms (\/9 h)
WBHNIY 0.8 rad INENMS (65) amnsadfeznaainmaslaemsiiies e

-47~



&

gaguuuudiod vialvd o, dxnedsy 4 ud naums (45) mnawgduasegy
1 o’ 8 1} .3
eildnn au msfhvuedguuuudiavdas

filsthinawgdusms

Msieny

2
6" =188, .. (66)
Toe SNR, Wudygnadedyqnouseddunnasguesla

SNR, = SNRB,
2B,

] : 'K " W P -~ -
Fovunedies SNR, esiusgiuddyonoriadyanousedaunwn wuudiaraas
2eInIBENaRuE Mguuuudiar, Taad SNR, Wiudusnaumnasegui
a ar 1 o ) L'd : L d Gl - a9
sl Tulndandudygpudedyonauasdauldaamadde laalunnUfididmue

@1 SNR, 07 6 dB Sari1l PLL shwsoBandyqnaduwnlagbitiamsvaa (Loss
of Locked)

2495 PLL ﬁ‘a‘uumﬂmwsﬂﬂmé’a 9

dmFumslehees PLL dwmSudandygnamsluiian 2 aawdygna lasfaumh
o . W a, =t a{ J
gpedgyanm PLL HhinswsanmddsmnagsudadninednGoudsiniu loadld

= [J

L 3
Bunnzevseniadsatiy

V. (@® = m@®ecos @t0)+0®) .. (68)

19# n (t) 1Y Band Pass Gassian Noise fianfwnaaaiasaniidedns niaduny
2849 PLL euldds

Va(® = m@®ecos (@,t+0) +n® .. (69)

= [J_m2 (t) cos 2 (0)it+9i) + 1n_ cos2®;t - 1n, cos2M;t
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2 2 2
+ ngm (t) sin (200, +0)) + nm (t) cos (20t+6.)

-nn, sin20] (70)
warshmiuewaen PLL dygnaeninndaulans
vV, = vsin2(@++0) L (71)

o’ 4 «f ¢ = Ve
WNAUBIMANY BINVINEAMALADT L'ilEl'lﬂﬂﬂ'ﬂ

Vo) = Ve OV, (12)
= 1k, [m (¥ sin2 6,-0,) + 1 (n.*-n”) sin26,

Ty 2
- oo, coszeo +nm (t) cos (9;290)
-nm®sin©-20n . (73)

Myua

K sNK, B . o+ VY7 ... (74)
4

n(t)=1 (ncz—niz) sin2e° - ncn‘cos29° +nm (t) cos (9;290)

2

- nm (t) sin (6;260) oo (75)
saly ansadeuanmsdreunle

Ve = KIsin2®,-6)+n¢® L. (76)

-49-
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K 3 V@

(P sin2() |
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4
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fhnwsenidans usgasdeniwnaEinmasnGeuy lade

B I AT P € [ 17)
BSNR. 2SNR,

Tﬂamaunaa"lu'mam’dumau'nqu‘au'-nnaumawamanﬁuuaﬂémuwmm
PLL lneshmnzinaese SNR, genwaush ml.nau'lumaunmmmm'r Squaring Loss
eliing mtﬂmmnwmma«ﬂaﬂmﬂmmammm‘mm vy e SNR, 2¢@peifindy
6 dB W38 SNR, #eaNINNT1 12 dB 39 1W PLL Sendyanadunnlddiedesmw

msé’omswzﬁmwﬁﬁ’;mwaﬁanaﬂ

ﬂ'lSZNI.ﬂT]uMﬂ')']JJ ﬂﬂ')ﬁl PLL L'L]'Uﬂ'ﬁﬁﬂ\lﬂ')'m n'aulwuﬂ')ela:utmmm'mnmm
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v AV A dd A4 w -
N (1/N) Toweh £ (Huanudswdefidanudnaiuda AnNdEIMHNIBY VCO

wNUZIAIENATINDENEN (Frequency Reference : £) AnAUTINIUMS N
L. = L d
vindeula

f, = £.xn

—» PD » LPF pP—pi VCO

\ 4

N

o v o -
Eﬂ'ﬂ 2.26 Ltaﬂﬂﬂﬂiﬁ'ﬁi PLL éﬁ%iumimlﬂﬁ‘wﬁﬂ’nuﬂ

- [] L A J Is A [ ° ] n} L 4 -, A
manmflm’nmmmmmn () dudnnumassanudsdang

4 ar J ° od ol o -5 - -l' .
llsunduninies veo MinalBaudisufuanudsndeiimadmainad (PD)

° . &y a 1Y) o o
mamesnu N ioinuenudsnss smsumsnmuediadiuees PLL 716
N3 N ludutlaundu@asunnuasneddulaas

0 () -CRK Fugeeastngmp ) < ¢Ih N & Jf (79)
B,(s) = 1 +KKF()/Ns

didunnudaifeidueesgle q deuld

0. ANG@dynant ~” .. (80)
0.6) 1+GGYHG)
G () = Waslisainu (Forword Gain)
H () = inuilaundu (Peedback Gain)
G (s)H () = thugdilla (Open Loop Gain)
0 (79) wlevesiifanuds
GG) = KKFG (81)

-51-



wazinugUilezes PLL fie

GGEYHG) = KKFEGE (82)

Nxs

- dwfulumsdiensfanuieasnissenuid: Ler) Tuguavdanlthesnses
wuueadn awmndnszuadunniian nlveauRanwmeluanmesazsana-
dmawasieniwndenios 1inmeesnsedugilugiudantesnsasuvuunaiv Sl
nuasfatfuuaadusumsn (9) unuasdluaums (79) eeld

0, = KK, GT,+1)/T S (83)

2
0, s +sxKK,T,/NT, + K K,/NT,

r

wlaanudssnndaagy wazauanthudaianife

KK /NT)
(TR "AANA X 2 < .. (84)

®

n

g
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: - a 1 < a =t
mmubsssund, Muanihudawessagieniivwniiesifimense
mwnualalasmamhmuacmwindveidnan mezhvualagRnsenanannesins

' o o -~
damansuauasasgUludnmemmulisu anusnsansganauingesnmsiunsdii

u u

augnuaguandedygnaiuauund uazanuaiesnweasgy

HANAUFUBNENTITNITULTHY

dmiu PLL msduamsienudmsisisusmisesanad Taemsiasumsms
Tuguilaunduiliiiamsdsuuasraeniyn Tegsnnsommstdeuudadludnme
nudey Tagnsy Unit Step anumsi (19) uddunefanlommauavady Faneoa _
wlseiwnlussmenmudeuses PLL Alfsesnsewuuusaivuaaslaa
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UM 2.27 uamadaemiwnluaamennudauges PLL Thwsnsetuunaaiin

L] LY Av -J 1 @ ar o
nngU moanuanihi 0.707 %@Lﬂummmsauaﬁmuqﬂauﬂuam ahiil
A ] L4 ol v i */ z
Waem O, t > 4.5 mialansdym (Peak Over Shoot) 9BENT 20% FAUY (PIEWTH
. ¥ : v 1w - ] A -
MMUAAMNANENGS (Setting Time) Loy ¢, = 4.5/0, nismenNdsTsNNdAgegU

Anadanandmivgnegl

l 2 d

ﬂjiaﬂﬂauﬂﬂﬁlﬁﬁuuuﬂuaﬂﬁ

A ar J v » L ar

tissnnmsdueneianndsme PLL Jumsenugulaamsiloundu dyano
- 2] v o a J-l vt 4 dg & e v o o
duwnfimuaulnees veo mdeanudlviendasmduusidudd dnndidyann
sumula 1 Usdudyanadd dyanasumuicadiudygpamuagandililues veo
- 1 & a a v Y o -
Wadulwduuuditlidamsiu msdensimsiialyduuud udaelassaslanigun 2.28
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fr | Kd —J\/R\I/\, |,> Ko >fo

Vref

1N

sUuamlassaseagUdmiviensimlvduuudused

g W v Undganameniynaanasnsssivuusedn Tansuady
o LR : a : a -
dgyanasvilla (Ripple) aBuLiaINNMsBUTININZB¥495n B [ABBUNNTDNIINTDY
a -3 J L L3 o o
Huwadidn 1 Bennnsiesmfinssadaiimudamamedananmstasing
T z -i' o, A -, w =t
$19du 1 poanuanndgnds lesleduuudniennmsweganlaedyana v_ i
1 é A 1 o A v .
zuadn 9 Sdedinlumsueganievidnuuumasiimsuaguantias (Low Modulation
d' - ‘: = ] g i J’ =, 2
Index) l¥@UULATARTY [5] w3 T, seilpmnausanawhiu anagetuduiaaddm 2

B = @B & \geEeesxassap s L 4NN 6 (85)

udhdsuleduuudiiann v, 1a
I, = Vi K /20, veres(86)

Taeen B wéwegiudumadufuenudfideuun wateaudnuagEY
Femnemsewiiesuuasriiunnazes V¢ AuAuAnuges veo lagduney
ANV, ﬁ'au'mjaam'mﬂ'nuﬁuhﬁum'mf';ﬁwﬁmmgﬂ Tunwljidmssanuuuss
fvuermnazeaslrduunddaarndisaimsei 1 visdhlrduuuddanduw
Wuguawnezes aB viaduuld

Sideband = 20 log (Vref.Ko) eena(87)
Carrier 20

ref
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VINAumMs (87) v, (fuen Peak iianinnse

uaT vaanasdmenad (1)
usznasudlusaBuvmestuani (1)

R2

C
3\
S

VLQ__/\/R\'/\, 5 '\ N Vref
1L ’1b|/ 7

< w e
sUnszuanlvazaa samaneduaznseudluddunnastuasi

v a a4 o
i v, Wuussdudunwniedeionnnsuug I, I, viauaenle
= I+ DR

V. Wuzmeusiusinsanieean (peak to peak) wefiawa 2 vwag \/.
fraviu INANITNFUURAY V. (Annnseug I, 1, lads

=2 +L) R

L d « [ o, el z
log v, WYNINTMEIATIFINGD R, /R VINBUNN V. 61y daums (87)
@eulvailadn
Sideband = 20 log A1) R, K
Carrier O
lagthmine Sideband/Carrier fiehaa auluu'mmmammmwmsmmwnm

il lugule Tﬂﬂﬂ'num-maaw'am’msaammu'lnammmnu o,

= 50,
Iﬂﬂﬂﬂ?’]ﬁ aNBUY E)\IIYIG]LLU‘H RGN a'uﬂa SB

SB = nx20xlog (®,/0_)
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muunuwuavtﬂa'aaqmuaﬂtﬁm‘luaums (83) Wiauiumu Tﬂam'ammuaﬂti‘]mn
(N 0 dB muaaasiaunatasniy -180 aem winhMmuamandu (Phase Margin)
283gUdD

¢" = 180 +a, G GOYxHGO,) .. (92)

o, Lﬂuﬁmawmuﬁﬁﬁmmnuamamﬂmﬁwﬁu 1 %38 0 dB lnadndiniv
WNNY 180 B9 U'mn'uwla'nLaau'aawﬁuLwasﬁqnﬁuaﬂLﬂmﬁqwﬂumau aMmn
FUNENIUTA PLL 9eii whgsmwan leanimildnmsdaumsninuase
MWIFan (Parasitic) Tugy e?*msun"mwmqasnsmmhﬂua'dmaawnauﬁmmm
I-zmuuumvm'lwmLﬂamwamm Testnaemniufianadsenin 0 PLL Faclys
(&0EsNIW

ar J
m‘suamLanﬁaﬂammﬁmmmwuﬂ

mwsumsﬁqmﬂvnmmnmﬂ PLL (Mignvsiimsusquandygnoiuduuud
Fiued f -émm'uﬂum'mnmwnuLanﬂsmwmm'nunauaanumwnawawm
U Tasuasmmsuaguanuuy FM 1a

mnsﬂaryrmmwmmumnmnmnauwmm vCo nlvaruidaes veo
(Wasu s Vf mnm‘sﬂaummnﬂaumtﬂsaumﬂunummnmamann

-

punmluuseau WO BN ELTYI NN ABUTGUBUNN VE fip

0,6 - KvEGs 93)
[1+ (KK (s)/s)]

sdmiueninnlugisasnwd fudsumvmemnuaroduesanaldds

Qe =0, (94)
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MUY ANMIANNDNANTINKAZBINTIAY VE Ap

Q6= seviw (95)
S + KKF (s)

-

> -~ o) 1 - -~
nNANMINUL nTupiifmasenudininasusidudunnie

Q- K
VE(s) = s+ KKF(s)

éqzhuﬁmmau s / (s + KK;F (5)) uanumvuwamauauaqmwnaemu
muu nmﬂmwaﬂuvummmmummmm’nunmaﬂnmmsuamanmuﬂuaﬂ
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Taedya o FSK Y‘i'lﬁéqLﬂué'tucu'lmwauuuﬁagﬂuﬁmé’cytg’um FM-SCA lagainds
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swatautlamsnduavert)sasdygnafimedy ilesnmsdsdygnarmnasinbitemsn
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AN

National
Semiconductor

Industrial Blocks

LM565/LM565C Phase Locked Loop

- General Description

The LMSE5 and LMSE5C are general purpose phase
locked loops containing a stable, highly linear volt-
age controlled oscillator for low distortion FM
demodulation, and a double balanced phase detec-
tor with good carrier suppression. The VCO fre-
quency is set with an external resistor and capa-
citor, and a tuning range of 10:1 can be obtained
with the same capacitor. The characteristics of the
closed loop system—bandwidth, response speed,
capture and pull in range—may be adjusted over a
wide range with an externalresistor and capacitor,
The loop may be broken between the VCO and

_the phase detector for insertion of a digital fre-

quency divider to obtain frequency multiplication.

The LMS5E5H is specified for operation over the
-55°C to +126°C military temperature range.-The
LMS565CH and LM5B5CN are specified for opera-
tion over the 0°C to +70°C temperature range.

Features .
= 200 ppm/°C frequency stability of the VCO

Y.

® Power supply range of %5 to +12 volts wnth
100 ppm/% typical

® 0.2% linearity of demodulated output

® ‘Linear triangte wave with in phase 2ero crossings
available

® TTL and DTL compatible phase detector input’

and square wave output
®  Adjustable hold in range from +1% to > £60%.

Applications

Data and tape synchronization
Modems

FSK demodulation -
FM demodulation

Frequency synthesizer

Tone decoding

Frequeney multiplication and division
SCA demodulators

Telemetry receivert

p Sigr:al regeneration

Coherent demodulatbr_s.

Schematlc and Connection Dlagrams
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Metal Cu} Package Dual-ln-Line Package
.. = | K

L

Order Number LMSESH or LMSE6SCH
See NS Package H10C
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Order Number LM565CN
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MANUIN

Absolute Maximum Ratings

Supply Voltage © A2V
Power Dissipation {Note 1} | 300 mW
Differentia! Input Voltage 11V
Operating Temperature Range LMS65H : -55°C to +125°C

LMSB5CH, LMSE5CN 0°C to 70°C

Storage Te"npernure'Rlnge - -65°C1o+150°C
Lead Temperature {Soldering, 10 sec) . 300°C

Electrical Characteristics (ac Test Circuit, T, = 25°C, v = t6v)-

LMS6S LM565C .
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Power Supply Current 8.0 12.5 8.0 12.5 mA
Input Impedance {Pins 2, 3} —4V <V,y,Vy <OV 7 10 5 {39
VeO Maximum Operating | & _pne - 4 | aog | ag0 350.] =00 [ KHz

Frequency
Operating Frequency N \ ~100 300 _260 500 ppr.n/'C

Tempecrature Coelficient \

Fn::;;cvy \?:::;nh A\ g100 0.1 005 | 02 . %IV
Triangle Wave Output Voltage | - SRR 2 24 Fdliilo 24 3 Voo
Triangle Wave Output Linearity 0.2 075 | 0.5 1 : %
Square Wave Output Level N / 4,7 5.4 4.7 5.4 ’ Vep
Output Impedance (Pin 4) ALY @, kQ
Square Wave Duty Cycle NS ¢ 5 45 50 © 85 40 | S0 60 % p
Square Wave Rise Time . 20 100 . 20 ns-
Square Wave Fall Tln';e_ ! . B 50 200 ) 50 ns
Output Current Sink (Pin 4) o - : 0.6 1 / 0.6 1 ) mA
VCO Sensitivity ) f, =10 :5;4::; 6400|6500 | 6800 | 6000 [6600 | 7200 Ha/V
D"(';,’.::‘;')“'d Output Voltage | o0 Fréqdengy Deviation {250 | 300. | 350 | 200 | 300 400 Ve
Total Harmonic Distortion £10% Frequency Deviation 0.2 0.75 . 0.2 1.5 %
Output Impedance (Pin 7) ° - 35, 35 “xQ
DC Level {Fin 7} ' . Jazs| as | aas| a0 45 | 50 v
du(put Offset Vottage . ' .

V- Vgl 30 {100 50 | 200 mv
Temperatwre Drift of IV, - Vgl 500 500 - A
AM Rejection 30 | 40 40 ds
Phase Detector Sensitivity Kg |, Lo 0.6 .68 0.9 0.55 .68 | 0.95 Vlradian

Note 1: The maximum junction temperature of the LMS6S is 150°C, while that of the LM565C
and LMSESCN is 100°C. For operation at elevated temperatures, devices in the TO-5 package :mm
be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case.

Thermat resistance of the dual-in-line package is 100°C/W,
1
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Typical Performance Characteristics

Power Supply Current esa

Lock Rangs as a Function

RESISTANCE RETWEEN PINS § AKD 7 (D)

AC Test Circuit
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Frequency Multiplier (x10)
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Applications Information

In designing with phase locked loops such as the
LMS65, the imporiant parameters of interest are:

FREE RUNNING FREQUENCY

P
o = 37 ReCo

LOOP GAIN: relates the amount of phase change
between the input signal and the VCO signal for a
shift in input signal frequency {assuming the loop
.remains in lock). In servo theory, this is called
. the “velocity error coefficient™.

1
Loop gain = K,Xp (;E)

. ... f[radians/sec
Ko = oscillator sensitivity T T

L [ volts
Kp = phase detector sensitivity Tadian

The loop gain of the LM5BS is dependent on
supply voltage, and may be found from:

3361, .
Ve ; \

f, = VCO frequency in Hz

KoKp =

V. = total supply voltage to circuit. - '

Loop gain may be reduced by connecting a resistor
between pins 6 and 7 ; this reduces the load imped-
ance on the output.amplifier and hence the loop
gain.

HOLD IN RANGE: the range of frequencies that
the loop will remairt in lock after initially being
focked.

L Bl 3
=V .

fo = fres running frequency of VCO

u

V. = total supply voltage 10 the circuit.

THE LOOP FILTER

In almost all 2pplications, it will be desirable to
filter the signal at the output of the phase detector
{pin 7} this filter may take one of two forms:

1w

Simple Lag Filter La-q-Lud Filter

A simple lag filter may be used for wide closed
loop bandwidth applications such as modulation
following where the frequency deviation of the
carrier is fairly high (greater than 10%), or where
wideband modulating signals must be followed.

The natural bandwidth of the closed loop response
may be found from:

f = _l. KoKo
" 2 R,C,

Associated with this is a damping factor:

1

R,Ci1KoKp .

For narrow band applications where a narrow noise
bandwidth is desired, such as applications involving
tracking a slowly varying carrier, a lead lag filter
should be used. In general, if 1/R;Cy; < KoKg,
the damping factor for the loop becomes quite
small resulting in large overshoot and possible
instability in the transient response of the loop.
In this case, the natural frequency of the loop
may be found from :

1
. 6 =3

oo [KKe -
\ fny 27 Ty+ 17y

Ty+ T2 = (R + R C,
Ra is selected' to produce a desired damping factor

8, usually between 0.5 and 1.0. The damping
factor is found from the approximation:

8 = w71y,

.
These two equations are piotted for convenience.
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Filter Time Constant vs Natura! Frequency
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Damping Time Constant vs Natural Frequency

Capacitor C, should be much smaller than C; since
its function is to provide filtering of carrier. In
general C; < 0.1 C,. .
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I National .
Semiconductor

LM311 Voltage Comparator

. General Description

The LM311 is 2 voltage comparator that has input
currents more than a hundred times lower than de-
vices like the LM306 or LM710C. It is also de-
signed to operate over a wider range of supply
voltages: from standard :15V op amp supplies
down 10 the single 5V supply used for IC logic. Its
output is compatible with RTL, DTL and TTL as
well as MOS circuits. Further, it can drive lamps or

relays, switching voltages up to 40V at currents as :

high as 50 mA,

Features

= Operates from single 5V supply
= Maximum input current: 250 nA
w Maximum offset current: 50 nA

Voltage Comparators

u Differential input voltage range: =30V
® Power consumption: 135 m\V a1 215V

Both the input and, the output of the LM311 can
be isolated from system ground, and the output
can drive loads referred to ground, the positive
supply or the negative supply. Offset balancing
and strobe capability are provided and outputs can
be wire OR’ed. Although slower than the LM308
and LM710C (200 ns response time vs 40 ns) the
device is also much less prone to spurious oscilla-
tions. The LM311 has the same pin'conﬁgur'ation
as the LM306 and LM710C. Sze the "“application
hints’* of the LM311 for application heip. *

Auxiliary Circuits**

"2

..Nme: Pin connections shown on schematic diagram
5 . and typical applications are for TO-5 package.
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¥ Absolute Maximum Ratings

x Total Supply Volitage (Vga) 36V
| Qutput to Negative Supply Voltage (Vi) 40V
* Ground to Negative Supply Voltage (V) 30V
" Differential Input Voltage L3230V
Input Voltage (Note 1) *15V
Power Dissipation (Note 2} 500 mW
Output Short Circuit Duration 10 sec
Operating Temperature Range 0°C 10 70°C
torage Temperature Range -65°C 10 150°C
iead Temperature (soldering, 10 sec) 300°C
Voltage at Strobe Pin . vt_gy
Electrical Characteristics (Note 3)
v PARAMETER CONDITIONS MIN TYP MAX UNITS
* Input Ofiset Voltage {Note 4) Ta = 25°C, Rg < 50k 2.0 1.5. mV
T input Oftser CI.JH‘E.HX {Note 4) Ta=25"C 6.0 50 nA
A l';put Bias Current Ta=25"C 100" 250 nA
7 Voltage Gain Ta=25°C ' 40 - 200 ViV
Response Time {Note 5) _ Ta=25°C 200 ns
- = . ¢ L
;}Saturaﬁon Voltage Vin € =10mV, lgyy = 50 m 0.7 s \'A
Ky ' Ta=25°C YA { "
. Strobe ON Current Ta=25°C 30 mA
-Outpui Leakage Current | Vin 2 10mV, Vour =35V .02 50 nA
v . Ta =25°C, IsTnose * 3MA
Input Offset Voltage [Note 4) Rg <50k 10 mVv
i
Input Offset Current {Note 4) 70 nA
Input Bias Current 300 nA
l'nput Voltage Range -145 13.8,-14.7 13.0
Saturation Voltage V+>45V,VT=0 0.23 0.4 Y/
Viy < =10mV, Igink <8 mA 1
Positive Supply Current .| Ta=25°C 5.1 7.5 L mA
Negative Supply Cbrrent Ta=25°C . 4a 5.0 mA

Note 3: This rating applies for 215V supplies. The positive input voltage limit is 30V above the negative supply. The negative
input voltage limit is equsl 1o the negative supply voltage or 30V below the positive supply, whichever is less,

Note 2: The j d P e of the LM311 is 110°C. For operating a1 elevated temperatures, devices in the TO5
package must be derated based on a thermal resistance of 150°C/W, junction to or 45°C/W, to case, The thermal
resi of the dual-indine package is 100°C/W, junction to ambient.

Note 3: These specifications apply for Vg = 15V ang the Ground pin at ground, and 0'C<Ta< +70°C, unless otherwise
specified. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply
up 10 £15V supplies, (e r

Note 4: The offset voltages and offset currents given are the maximum values required to drive the Quiput within 3 volt of either
supply with 1 mA load. Thus, these parameters define an error band and take into account the worst-case etiects of voltage gain
and Input impedance.

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.

Nots 6: Do not short the strobe pin 10 ground; it should be current driven 813 to SmA,
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Typical Performance Characteristics

INPUT BIAS CURAENT {nA}

INPUT B1AS CURRENT {aA)

QUTPUT VOLTAGE (V)

IXPUT VOLTAGE {mV)

OUTIUT VOLTAGE (V)

INPUT VOLTAGE (mV)
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Supply Current
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Supply Current Leakage Currents
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Typical Applications (continueq)
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:S'chematic Diagram
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Connection Diagrams *

Dual-In-Line Packags

GROUND § —~—rt

Ordor Number LM311N
See NS Package NOBB
Order Number LM3114-8
See NS Package JOBA
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Application Hints

. CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-speed comparator such as the LM111 is
used with fast input signals and low source impedances,
the output response will normally be fast and stable,
assuming that the ‘power supplies have been bypassed
{with 0.1 pF disc capacitors), and that the output signal
is routed well away from the inputs {pins 2 and 3) and
also away from pins 5 and 6.

However, when the input signal is a voltage ramp or a
slow sine wave, or if the signal source impedance is high
{1 k2 10 100 k), the comparator may burst into
oscillation near the crossing-point. This is due to the
high gain and wide bandwidth of comparators like the
LM111, To avoid oscillation or instability in such a
usage, several precautions are recommended, as shown
in Figure 1 below,

1. The trim pins {pins 5 and 6} act as unwanted auxil-
iary inputs. If these pins are not connected to a trim-
pot, they should be shorted together. If they are
connected to a trim-pot, a 0.01 pA capacitor C1
between pins 5 and 6 will minimize the susceptibility
to AC coupling. A smaller capacitor is used if pin 5 is
used for positive feedback as in Figure 7.

2. Certain sources will produce a cleaner comparator
output waveform if a 100 pF to 1000 pF capacitor
C2 is connected directly across the input pins.

3. When the signa} source xs apphed through a resistive
network, Rg, it is usually advantageous to choose an
R’ of substantially the same value, both for DC and
for dynamic {AC) considerations, Carbon, tin-oxide,
and metal-film resistors have all been used successfully

"in comparator input circuitry. Inductive wirewound
resistors are not suitable.

close to the comparator

¢
s

JEORERN

. When comparator circuits use input resistors (eg !

summing resistors), their value and placement .r.
particularly important. In all cases the ‘body of the '
resistor should be close to the device or socket, ln":
other words there should be very little lead length o !
printed-circuit foil run between comparator and
resistor to radiate or pick up signals. The same apphg;
1o capacitors, pots, etc. For example, if Rg = 10 kQ, ad
little as 5 inches of lead between the resistors and the “
input pins can result in oscillations that are very harg
to damp. Twisting these input leads tightly is thd
only (second best) alternative to placing resnstors{

2
2
)

. Since feedback to almost any pin of a comparator

can result in oscillation, the printed-circuit layout
should be engineered thoughtfully. Preferably there
should be a groundplane under the LM 111 circuitry,
for example, one side of a double-layer circuit card.3
Ground foil (or, positive supply or negative supply""
foil) should ‘extend between the output and the§
inputs, to act as a guard. The foil connections for the

inputs should be as small and compact as possible, é
and should be essentially surrounded by ground foil
on all sides, to guard against capacitive coupling 1rom
any high- -level signals® (such as the output), If pins 5
and 6 are not used, they should be shorted together
If they are connected to a trim-pot, the trim| pot_
should be located, at most, a few inches away.from the
LM111, and the 0.01 pF capacitor should be installed. >
If this capacitor cannot be used, a shielding printed- ;

circuit foil may be advisable between pins 6 and 7.+
The power supply bypass capacitors should be located 3
within a couple inches of the LM111. {Some oxher 4
comparators require.the power-supply bypass to be
located immediately adjacent to the comparator.) . ’{-’

I".d_.

et

% '\-I‘

R
B
-

-15v

|
(S : i

Pin connections shown are for LM'I 11H in 8-lead TO-5 hermetic package

FIGURE 1. Improved Positive Feedback
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Application Hints (continueq)

6. It is a standard procedure to use hysteresis {positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the output because
the comparator is a good amplifier for its own noise.
In the circuit of Figure 2, the feedback from the
output to the positive input will cause about 3 mV of
hysteresis. However, if Rg is larger than 1009, such
as 50 k£, it would not be reasonable to simply
increase the value of the positive feedback resistor
above 510 kQ2. The circuit of Figure 3 could be used,
but it is rather awkward. See 'the notes in paragraph
7 below.

7. When both inputs of the LM111 are connected to
active signals, or if a high-impedance signal is driving
the positive input of the LM111 so that positive feed-
back would be disruptive, the circuit of Figure 7 is

ideal. The positive feedback is to pin 5 (one of the
offset adjustment pins). It is sufficient to cause 1 to
2 mV hysteresis and sharp transitions with input
triangle waves from a few Hz'to hundreds of kHz,
The positive-feedback signal across the 82Q resnstor
swings 240 mV below the positive supply. This sngnal
is centered around the nominal voltage at pin 5, so
this feedback does not add to the Vgs of the com-
parator. As much as 8 mV of Vo can be trimmed
out, using the 5 kQ pot and 3 k§2 resistor as shown.

. These application notes apply specifically to the

LM111, LM21%, LM311, and LF111 families of
comparators, and are applicable to all high-speed
comparators in general, (with the exception that not
all comparators have trim pms)

O 13v

Pin connections shown are for LM111H i.n 8-ead TO-5 hermetic package

FIGURE 2. Conventional Positive Feedback

FIGURE 3. Positive Feedback With High Source Resistance
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Monohthlc Functlon Generator

SEMERAL DESCRIFTION

The XR-2208 s a monolithic function generator Inte-
grated clrcuil capable of producing high-quslity sine,
square, Iriangle, ramp, and pulss waveforms of high-
s1abillly and accuracy. The outpul wavelorms can be
both amplilude and l1squency modulated by an extar-
nal voilags. Frequancy o! opersiion can be ssiscled
extarnally over & range of 0.01 Hz to mors than 1 MHz.

Tha circull is IGeally sulled for communications, instru-
mentation, and funcilon genserator applications requir.
nQ sinusoidal lone, AM, FM, or FSK generation. It has a
typical drifl specitication of 20 ppv°C. The oscillator
fiaqueficy can be lineutly swept over & 2000:1 lrequen-
cy range, with an extatnal control vollage, having n
very small aflect on distortlon. p

FEATURES

Low-Sine Wave Distostion
Excallan! Temparaturs Stability
" Wide Sweep Range
Low-Supply Sensitivily
Unsar Amplitude Modulation
TTL Compatible FSX Controls
YWide Supply Range
Adjustable Duty Cycla

0.5%, Typlcal

20 ppav°C, Typical
2000:1, Typical
0.01%V, Typlcal

10V to 26V
1% 10 95%

APPLICATIONS

Waveform Genaration
Sweep Generatlon A
AM/FM Ganeration §

VIF Conversion

FSK Ganeratlon
Phage-Locked Loops (VCO)

[y

ABSOLUTE HAXIMUM RATINGS

Power Supply 28V
Power Disslpation 750 mw

Darate Above 25°C 5 mWi*C
Total Timing Current 8 mA.

Storage Temperaturs ~65*Clo +150*C

AAHUIN
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XR-2206

FUNCTIONAL BLOCX DIAGRAM
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ORDERING INFORMATION .

“Part Xumber Picage .Oparating Temperatury
XR-2206M Caramic ~55°Clo +125°C
XR-2206N Caramic 0*Cto +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceranic 0°Clo +70°C
XR-2206CP Plastic g*Clo + 10°C

SYSTEM DESCRIPTION

The XRA-2206 is comprised of lour functional blocks; &
voltage-controlled oscillator (VCO), an analog mullipiler
and sine-shaper; a unily gain buller ampllfiar; md a set

of current swilches.

The VCO actually produces an output! frequency pro-
porilonal to an input current, which Is preduced by a te-
sistor from the liming terminals 1o ground. The cutrant
swilches route one of the liming pina current 1o the
YCO controlied by an FSX inpul pin, 1o producea an oul-
put frequency. With two timing pins, two discrate oulpul
Irequencies can be Indepandently produced for FSX
Genaration Apphca(lons
. ’
r
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XR-2206

ELECTRICAL CHARACTERISTICS

Wst Condhlons: Test Circuil of Figure 1, Y+ = 12V TA = 25°.C = 0.01
unless otherwise specified. S open lor triangle, closed |

-MIANUIN

.

#F. R{ = 100 k0, Ry = 10 K0, Ry = 25 ko
of sine wave,

XR-2206M XR-2206C
PARAMETERS MIN | TYP [ MAX | MIN [ TYP | maxT| unirs COMDITIONS
OENERAL CHARACTERISTICS .
Single Supply Voltage }Q | 28 10 26 Y
Spht-Supply Voltage 25 13| 25§ +13 v
Supply Current 12 17 14 | 20 mA |Ry = 10kq
OSCILLATOR SECTION : .
{MFX, Operaling Frequencyl | 0.5 1 0.5 1 MHz IC = 1000pF, Ry = 1k 0
Piwest Practical Frequency 0.01" 0.01 Hz 1C=50uFRma2M
Frequency Accuracy +1 x4 +2 ‘hollg] s = UR4C
Temperature Stabilily 10| =50 +20 PPv"C [ 0°C < Tp = 70°C,”
Ry = Ry = 20k Q
Supply Sensitivity 0.01 | 0.1 . 0.01 A Viow = 10V, Yoy =
Ry = Ry = 20k 0
Sweep Range 1000:1{ 2000°1 2000:1] . IH=IL {IH @ Ry =1kg
LeR w2Mn
Sweep Linearily -
10:1 Sweep 2 2 Y = 1kHz, fiy = 10 kHz
1000:1 Sweep 8 g % L = 100 KHZ, [y = 100
kHz
FM Distortion 0.1 0.1 % ° | £10% Deviztion
ecommendedTIming - :
:Components Tl
Timing Capaclior: C 0.001 100 | 0.001 . 100 #F See Figurs 4,
Timing Resistors: 1 2000 1 2000 kQ
: Ry &Ry
Tlangle Sine Wave Outpul _ Ses Note 1, Figwre 2,
| Trlangle Amplitude 180 180 mV/k @ | Figure 1, 8¢ Open
Sine Wave Ampliluda 40 60 80 60 mvix 0 | Figure 1, Sy Clossd
Msx, Cutput Swing . 8 . 8 Ypp .
Output Impedancs 600 600 a
Triangle Unearity 1 1 " .
Amplitude Stability ‘0.5 0.5 d8 For 1000:1 Sweep
Sine Wave Amplitude 4800 4800 ppmv/°C | See Nots 2,
Siability
.| Sine Wave DIsiortion
1 Without Adjustment 2.5 2.5 % |Ry=30kQ
With Adlustment 0.4 1.0 0.5 1.5 % Seo Figures 8 and 7.
Amplilude Modulation .
Input Impedancs 50 100 50 100 k0
Modulatlon Range 100 100 % -
Carrier Supprassion 85 55 dB8 -
Unearily 2 2 ' | For 35% moculation
Square-Wave Qutput
Amplituce 12 12 Vpp (Moraured al P 11,
Rise Time 250 250 nsac {C{ = 10 pF
Fall Time 50 50 -nsec |Cy = 10pF
Saturation Voltage 02 | 04 -+ 02 1] 08 Y = 2mA
Leekage Current 0.1 20 - 01 ] 100 A [V =~ 28V
FSK Kaying Level (Pin 9) 0.8 1.4 1 24 | 038 1.4 | 2.4 v Ses saction on circult
‘ < controls -
@erenca Eypass Vollage 2.9 31| 33| 25 3 35 v Measured at Pin 10.

Nets 1: Cutput amplitude is directly propo
Hete 2: For maximum amplitude stabillty,
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Froquency-ShIR KXrying:

The XR-2206 can be coerated with two separsie liming
tesistors, Ry and Ro, connected to (he timing Pin 7 and
8, rospectively, as shown In Figute 12. Oepanding on
tha potarity of the logic signai at Pin 9, either one or the
other of these timing resistors la activated. Il Pin 9 I
open-oirculied or connacisd 10 2 blas voltags x 2V, enly
R1 is activated. Similsrly, Il the voltags leve] at Fin 9 1g
% 1Y, onty R3 Is activated. Thus, 1he output trequancy
can ba kayed baiwean two lovels, {y and {2, as:

fy = WRC and 17 = VRZC

For lpﬂ;-luppfy operstion, the keying voitsge ai Pin 9 i
telarenced 10 V=,

Ovtput OC Level Cantral:

The de level 1t the oulput (Pln 2) is approximatsly the
same as ihe cc bias at Pin 3. In Flguras 10, 11 and 12,
Pt 3 s blased midway barween V* and ground, 1o
grve an culput &G level of =V+/2. '

L)
APPLICATIONS INFORMATION
Sina Wars Senaration
Wrhetd Extarns Adlustment:

Figure 10 shows the clicuil connection for generating a
sinusoldal output from the XB-2206. Tha patentiomater,
Ry at Pin 7, provides the desired frequency tuning. The
maximum oulpul swing Ig graatar than YV +/2, and he
typlcal distortlon (THD) is <2.5%. i lower sine wave
distortion Is detired, additionst adjusiments tan be pro-
vidoed as dasciibed In the lollowing gection, *

Tha circull of Figure 10 can be converted to split-supply
operation, simply by replacing gll grcund connactions
with ¥V =, For splll-supgly oparation, R can ba directly
connecisd 10 ground. -

- WY Exiscnad Adjusimant:

The harmonic content of sinusoidal cutput can be re-
ducad 10 ~0.5% by acditional adjusiments as shown
n Figura 11. The potentiomater, Ra, adjusts the sine-
shaping reststor, and Rg provides the fine adjustment

¢ the wavelorm symmetry. The adjustment procadure -

n as {oflows: .

1. Set Rg at micpeint, and adjust R for minimum
clstortion,

2. With Ra sst 23 above, adjust Rg to urther raducs
distortion.

Tlangls Wevs Qanaration

The citcuils of Figures 10 and 11 can be convertad 1o
trlanqgie wave genaration, by 1imply cpen-clicuiting Pin
13 and 14 (i.e., S1 open). Ampliitude cl the tnangle Is ap-
picximataty twics the sine wave outpul,

AAHUIN

"

-

XR-2206
FSX Ganeration P
Figure 12 shows the circult connectlon lor sinusoidal
FSX signal operation. Mark and spaca frequencies can
bs Independentily adjusted, by tha choice of timing re-
sistors, Ry and Ag; the oulput Is phase-continuous dus-
Ing transitions. The kaying signal is applied 10 Pin 9. The

clrcuil can be convertad to splil-supply operation by
simply replacing ground with v, .

Pulss and Ramp Gensration

Figure 13 shows the clrcull jor pulse and 12mp wave.
form gansration. In Ihis moda of operation, the FSK key-
Ing terminal (Pin 8) Is shorted 10 the tquare-wave output
(Pin 11), and the clicult automaticaily {tequency-ahilt
xeys lisell between two separate {requencias during
the posiiive-going and negative-going output * wave-
forms. Tha puiss widih and duty cycle can bs adjusied *
from 1% 10 99%, by the chaice of Ay and Ra. The vai-

ves of Ry and Ry should be in the rangs & 1 ki o 2
Ma. e .

PRINCIPLES OF DPERATION
Description of Controls
an;uncy sf Operation:

The frequency of oscillation, {, is datermined by tha ex-
ternal timing capacitor, C, actoss Pin 5 and 8, and by
the liming resistor, R, ccnnecied 1o either Pin 7 or 8.
The frequency is given as:

1
o= - H
9N Ac *

and can be adjusted by varying either B or C. Tha rac-
ommended values of R, for a given lrequency range, as
shown in Figura 4. Temperature statilily is optimum for
4 kfl < R < 200 k0. Recommenced values of C are
from 1000 pF 10 100 uF,

i’nqulnq‘ Sweep and Madalztion:’

Frequency of oscillation 13 proportional 1o tha tota! tim-
ing current, I, drawn lrom Pin 7 oc 8: :

320 It (mA) .
C (wF) N
Timing terminals (Pin 7 or 8) ars low-impecanca points,
and ate internally biased al + 3V, with respect 1o Pin 12,
“FrdQuency varies ! 21 3 w00 (Bnoe of
cuflent values, lrom 1 pA 10 3 mA. The Jrequ
be ceatrolled by applying 2 contral voltage, Ve, to 1he

aclivaled timing pin as shown in Figute 9. The {requen-
“cy of caciliation is related 1o VG as:

| = ll+—R—(1—v&)Hz
AC 27} 3
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XR-2206
where Ve i8 in volts. The veitage-to-lrequency conver-
sion gain, K, Is given aa: *

0.32 :
- - - =25 HuV
K = 3/3¥C RS

CAUTION: For salety cperation of lhe clrcull, ty
should be limited 1o <3 mA

Oxtpwt Amyllil:

Maximum output empliiude is inversely proportional to
the external resistor, Ry, connecied o Pin 3 (ses Figure
2). For sine wave output, amplitude Is gppraximatety 60
mV peak per k0 of Rq; for Irlangle, the peak amplitude
Is approximstely 180 mY pesk per ki of Rg. Thus, for
example, A3 = 50 k0 would producs approximately
+ 3V sinusoldal output amplitude.

.

MANUIN

AmpMude Meduistien:
Output amplitude c3n bs modulated by spotying & de bt

s and.a modulsting signal to Pin 1. The iternal imped-

. 8nce al Pin 1 Is approximately 100 k0. Output amplh-

tude varies linsarly with tha applied voltags 2t Pin 1, jor
values of dc blas af this pin, within 2 4 volls of V+ /2 2a

shown In Figura 5. As this bias level soprosches V412, .

the phase ol the oulput tignal Is teversed, snd the am-
piliude goes through 2aro. This property i3 suitzdie for
phase-shifl keying and suppressed-carmier AM genera-
tion. Tots! dynamic rangs of ampiiiuce modulation fa sp-
proximastety 55 ¢8.

CAUTION; AM control must be used In conjfunction

with a well-regulated supptly, since the cutput ampittude
now becomes a funclipn of Y+,

ve - W
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e
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',1“ 1
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CD4046BM/CD4046BC micropower phase-locked loop )

general description

The CDA04E3 micropower ohase-locked feop (PLL)
consists of a low power, linear, voltage-controlied osci!-
lator (VCO!, s source follower, a zener <iode, and two
phase comparators. The t.vo phase comgparators have a
common signal input and 3 common comparator input.
The signal input can be directly coupted for a large
voltage signal, or capacitively coupled to the self-biasing
amplifier at the signal input for a small voitage signal.

Ph'::se comparator 1, an exclusive OR gate, provides 2
digital error signai (phase comp. | Out) and maintains
90° phase shifts at the VCO center frequency. 3etween
signal input and comparator input {both at 50% duty
cycle), it may lock onto the signal input frequencies
that are close to harmonics of the VCO center frequency.

Phase comparator tl is an edge-controtied digital memory
nenwork. It provides a digital error signal {phase comp, 1!
Out} and lock-in signal {shase pulses) to indicate a
locked condition and maintains a 0° phase shift between
signal input and comparator input.

The linear voltage-controlted oscillator (VCO) produces
an output signal {(VCO Outl) whose frequency is ceter-
mined by the voltage at she VCO|N input, and the
capacitor and resistors connected to pin Clp, Clg,
R1 and R2.

The source foilower output of the YCC 1y (aemcculaior
Our) is used with an external resistor of 10 k2 or more.
The INHIBIT input. when high, disables tne YCO and
source follower 10 minimize stanoby power consump-
tion. The zener dicde is provided {&r power supoly
regulation if necessary.

features

8 ‘Wide supply voitage range—3V to 18V

® Low dynamic power consumoticn—70 WV (typ) at
fo = 10 kHz, Vpp = 5V

& VCO frequency—1.3 MHz (typ} at Vpp = 10V

®» Low frequency drift with temperature~0.063°C
atVpp = 10V
® High VCO linearity—1% (typ)

.

applications

& FM demodulator and modulator

® Frequency synthesis and multiplication .
" Frecuency discrimination

% Dara synchronization and condition:ng

= Voltage-to-frequency conversion

%= Tone decoding

® FSK modulation

® Motor speed control

block and connection diagrams
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absolute maximum ratings
(Notes 1 and 2}
Vpp CC Suvoly Voitage

VN tnout Voltage |
Tg Storage Temperature Range

~0.5to ~18 Vp¢
0.5t Vpp + 0.5 Vpe
~55°C 10 +150°C

mauun

recommended operating conditions
{Note 2)
Voo OC Suoply Voltage

VN tnout Voitage
Ta Coerating Temparature Range

31015 Vpe
- 0o VppVpe

Pp Package Dissioation 500 mv+ CD4046BM —55°C 10 +125°C
Ty Lead Temperature (Soldering, 10 seconcs) 300°C CD40468C ~40°C to »85°C
dc electrical characteristics  cD4046BM (Note 2)
-55°C 25°c 125°C
METER COND.TIONS
PARAME MIN | MAX | MIN | TYP | max | sin | max | UNITS
DD Quiescent Device Current tnmoit = VD, sgnal in = Vpp
Vpg - 5V 5 0.005| 150 BA
vgo = 10V 10 001 | 10 390 SA
Vpp = 15V 20 0.015{ 20 600- uA
VoL Low Levet Output Voltage | Vpp =5V 0.05 0 0.05 0.0s v
Vpp = 10y 0.05 (4] 0.05 0.05 v
VoD = 15V ] 0.05 0 0.05 0.05 v
VOH High Level Outout Voliage | Vpp = 5V 4.95 495 | s. T | 48 v
Vpp = 10V 2.95 9.95 | 10 .95 v
Vo =115V 14l9g 1495} 15 14.95 v
ViL  Low Level input Voitage Vop =5V, Vo =0.5Vord5v 1.5 2.25 1.5 1.5 v
V5o = 10V Vg = 1V or 8V 30 45 30 3.0 v
vep = 15V, Vo = 1.5V or 13.5V 4.0 6.25 4.0 40 v
ViW  High Level input Voltage | ¥3p =5V, Vg=0.5Vordsv | 35 as | 215 "1 as v
Voo = 10V, Vo = 1V or 3V 7.0 7.0 S5 7.0 v
«| vpp=15v, vg=1.5var13sv | 11.0 1.0 { 825 1.0 v
1oL Low Level Quiput Curcent | Vop = 5V, Vg = 0.4V 0.64 0.51 | 0.88 0.26 mA
Ven =10V, Vg = 0.5V 16 13 | 2325 09 mA
Vpp = 15V, Vg = 1.5V 42 34 | 83 2.4 mA
IQH  Hign Level Output Current | Von =6V, Vo= 4.6V, ~0.64 -0.51 | -0.88 -0.38 mA
Yop = 10V, Vo = 8.5V -1.6 -1.30 (=225 -0.9 mA
Vpp = 15V, Vo = 13.5V -4.2 “|-34 {-8s8 =24 mA
hWN Input Current Ail Inouts Except Signal input
. Ve = 15V, Vi = OV -0.1 -1075 | 0.1 ~1.0 pA
Vpo = 15V, Vin = 15V 0.1 1075 | 0. 1.0 BA
CiN  Input Capacitance Any Input, (Note 3) 7.5 oF
P Total Power Dissipation to® 10kHz, R1 = 1 MQ,
R2 == VCOIN = VDD/2 . :
. "} Vop=sv - . 0.07 mw
VDD = 10V . 0.6 mw
vEp = 15V .2 mw
e ¢
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dc electrical characteristics  cD10363C Note 2

PARAMETZR CONDITIONS e | BC 35°C
& ! AN MAX | MmN [ TYP o MAX | sIN I Max uNITS
o Quiescent Device Corrent st /pp, Signal In s Vs | 4
Voo s 5V 2 2.005{ 20 150 A
vnp = 1V 20 o | s 300 ZA
Yop = 18V 3 2.0i5( & 500 L)
YQL  Low Lavel Qutaut VYoltage Voo =5V 2.05 3 2.05 0.cs v
VoD = 10V 2.05 Y 2.05 .65 v
LA LRI 0.05 by 0.05 0.05 v
VOH High Level Qutou: Yoitage | Ypn 2 5v =.35 195 H 4.85 v
Yoo =10V 2.95 2.85 10 3.95 v
Ve = 15V 14,95 1s.es] 15 i4.85 v
YL Low Level Input Voitage Vop = 5V, Vg = 0.5V or 4,5V 1.5 2.25 1.5 15 v
Vpo = 10V Vg = 1V or 8V 3.0 4.5 3.0 3.0 v
Ynp = 15Y Vg = 1.5V or 13,5V 10 5.25 | 4.0 4.0 v
ViH  High Levet Input Yeitage Vep =35V, Vg =05V ardsy 35 3.5 278 3.5 v
Vop = 10V, Vo= 1V er 3V 70 70 8.5 e v
VoD e ISV, Vg = 1.5V 2r 133y | 110 110 | 325 11.0 v
1oL Low Level Qutout Current | Vpp =5V, Vg =04V 0.52 043 | 028 0.36 mA
Vep = 10V, Vg = 2.5V 1.3 N 2.25 0.9 mA
Vo= 15V, Vg = 1.5V 15 3.0 8.8 24 mA
IOH  High Level Outout Current | Vpp =5V, Vg = 4.6V 252 ~0.49 |-0.88 -0.35 mA
vpD = 10V, Vg = 9.5v fx) -t =228 -0.9 mA
Vbp = 15V, vg = 13.5V -36 -3.0 |-88 -24 mA
fIN  fnput Current BV Inputs Except Signal input
Vap = 15V, Vi = OV -03 -1073 | 04 -1.0 A
VEo ® 15V, VN = 15V 0.3 1073 { 0.3 1.0 4A
CiN  Input Capacitance Anv Input, {Note 3 1.5 - oF
PT Totat Power Dissipation {5 # 10kHz, R1 = 1 M0,
.| R2= = VCOIN = VDD: 2
Vop =5V 0.07 mu
Vop =10V Y 05 my
) Yoo = 15V / 2. o

Note 1: “Absolute Maximum Ratings™ are those values beyond which tne satery of the device cannot be guaranteed, they are not meant to imply
that the devices should be operated at :hese limits. The table of “"Recommended Operating Conditions' and *Electrical Characteristics™ provices
conditions for actual device operation. g .

Note 2: Vgg = OV unless otherwise speciiied.
Note 3: Capacitance is guaranteed by pericdic testing. .
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ac electrical characteristics
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CD40465M/CDA046BC (C_ = S0 pF. Ta = 25°C)

PARAMETER CONDITIONS 1 an TYP | MAX UNITS
VCO SECTION
fygax Vianenum Ooperaung Freouency Ci*330F, RV = 10k}, R2 = o,
’ VCOin # VDD
VDD * 5V 9.4 0.8 MH2
Vpp = 10V 0.6 1.2 MMz
Vpp = 15V 1.0 1.6 Mz
Lineanty VCON = 2.5V 0.3V,
R1> 10X, Vpp = 5V 1 %
VCOiy = 5V 22,5V,
R13 400 k02, Vpp = 10V 1 %
VCON = 7.5V 25V,
R12>1MQ, Vpp = 15V 1 »,
Temperature-Frequency Staoility % C= 1t vpp
No Freguency Cfiset, fmin = 0 R2=2= Y
Vpp =5V ) 0.12-0.24 %C
Vpp = 10V 0.04~-0.08 #°C
Vop = 15V 0.015-0.03 %r'c
Frequency Ottset. faun = 0. Vpp = 5V 0.06-0.12 L]
Vpp = 10V 0.05-0.1 %°C
Vpp = 15V 0.03~0.06 @re
VCO;p Input Resistance (VCOIN) Vpp =5V ' ) 108 prie)
vpp = 10V 108 MQ
Vpo = 15V 108 Mo
VCO Output Duty Cycte Vpp * 5V 50. %7
Vpp = 10V 50 %
Vpp = 15V 50 %
tTHL.  VCO Outout Transition Time Vpp =5V 90 200 as
ITLH Vpp = 10V g0 100 ns
Vpp = 15V- 45 20 ns
PHASE COMPARATORS SECTION
RiN Input Resistance o
Signal input Vpp =5V ! 3 Mo
Vpp = 10V 0.2 0.7 MQ
Vpp = 15V 0.1 0.3 MQ
Comparator Input Vop * 5V 108 MQ
Vpp = 10V 108 Mo
Vpp = 15V 108 M
AC-Coupled Signal input Voitace CSERIES = 1000 pF,
Sensitivity $= S0 kHz
Voo = SV 200 400 mv
Vpo = 10V 4co eco mv
Vpp = 15V 700 1400 mV
DEMODULATOR QUTPUT
Otfset Voltage (VCOIN-VDEN Rg 2> 10k, Vpp = 5V 1.50 2.2 v
RS > 1062, Vpp = 1QV 150 22 v
Ag> 50 Q. Vpp = 15V~ 1.50 2.2 %
Lineanity Rg > 50k
. VCOy = 2.5 :0.3V, Vpp = 5V 0.1 %
VCOIn = 5 22,5V, Vpp = 10V 0.6 %
VCO|N = 7.5 25V, Vpp = 15V 0.8 %
ZENER DlODE.
vz Zener Dioce Yoltage
CDaoa62M Iz = S0pA 6.7 7.0 7.3 v
CD40468C 6.2 1.0 7.7 v
Rz Zener Dynamic Rem_tam:: 1z=1mA 100
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phase comparator state diagrams
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PHASE COMPARATOR |
INPUT STATE 1
COMPARATOR " | ™
IN
5: I
SIGNAL 1 1 10
. IR |
PHASE COMP | DUT ] J 1
PHASE COMPARATOR Il
INPUT STATE
COMPARATOR
IN
SIGNAL
N
PHASE COMP It OUT 0 TRISTATEY 1
PHASE PULSES - ] ‘ 0
FIGURE 2

typical waveforms
sn,c.NA;. 1%
COMPARATOR Hi

PHASE COMP I OUT

VCOy
(LOW PASS FILTER QUTPUTI

PHASE COMPARATOR |

Voo —‘]'_] ]'——‘l
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FIGURE 3. Typical Wavetorm Employina Phase Comparator | in Locked Condition
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FIGURE 4. Typical Wavetorm Empioying Fhaze Comparator 1 in Locked Condition
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typical performance characteristics

Typical Center Frequency vs Typical Frequency (.ffset vs
C1 for R1 = 10 k%, iCO K2} C1 for R2 = 10 k22, 100 kN Typical imax/fmin vs
and 1 M and 1M R2/R1
2 e 10! e
e T, 1 0 110
T g8 3 YEOiy s Vgl Ao =3 —— ‘s ] Tyax YHEN VEOyy »
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10-5 104 10-3 s0=2 10! 1w el 105 10— 10-3 e 0=t 1 30 102
€1 - VO TIMING CAPACITOR LF) €1 = VCO TIMING CAPACITOR (:F)
FIGURE Sa FIGURE Sb FIGURE 5¢
Typical VCO Power Dissipation Typical VCO Powdr Dissipation Typical Source Foliower
at Canter Frequency vs R1 at fpn vs R2 t E Power Dissipation vs Rg
100 ey w0l 3 AL =Ll ‘
= FTas2sC . = Tas25C ] T Ta* 2570
% 1o EvCOy e Vool uz--g 2w vco,_..-v,si FERT VO * VD2, Ri» A2 e e
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FIGURE 6Ba FIGURE 6b FIGURE 6¢
Typical VCO Linearity vs .
R1and C1
103 103 .
1 a3 ¢ e 14 25¢C .
SV 125V, R2s = Vpo * 15V, VCOy » 1.5V 25V, R2 = =
e o i 1
LI . 1g = ftSV — 2 tg - 2.5V L]
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> e €1 % £0 pF > ,.__CI-SD'F.___'II.___._|.
ST ] e0pF RISt L 2 1 1 9|u;::';§\v TR
< S, < e »
g —‘v”:c::'i T . H [ 001,01 4F > -
- RAEXEND M B = T ivh 1 T SOS SN .
1 e - 1 s
L RZEVICOISITTY s r 25V« HIZSV) 2l;| LN
tyo : H ly # o————— >
oy bese = Ziee o) 3 o . L2 R
16-! 1 10 102 103 . 1=t 1 1 102 103
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FIGURE 7

.

Nots. To obtain approximate 1013l power dissipation of PLL system for no-signal input: Phase Comparator t, Pp [Total) = Pp {fg) + Pp (N +
Pp (Rg}; Phase Comparator 11, Pp (Total) = Pp [T :
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* design information ’ RO

in addition to the given design information,. refer to
Figure 5 for R1, R2 and C1 component selections.

This information is a guide for approximating the value
of external components for the CD40468 in a phase-
locked-loop system. The selected external components
must be within the following ranges: R1, R2 > 10 k2, .
Rg>10kQ,C1250pF. . .

FEEN 3 . PR . A :

.

USING PHASE COMPARATOR | USING PHASE COMPARATOR 1i

CHARACTERISTICS VCO WITHOUT OFFSET VCO WITHOUT
VCO WITH OFFSET OFFSET ~ VCOWITH OFFSET
R2wee R2e = :
. tuax T aax -7 { ‘max T g i . -
/ - oy ™
VCO Frequency L f L l & L1 "
N
- i .
S— - . i
Y LT
Yoo? Voo ' Yoo Voo Voo Voo Yoo? Yoo

YO IBPUT VOLTACE VO iNPUT YOLYAGE VEO INPUT VELTAGE YCO INPUT YDLTAGE

For No Signal input VCO in PLL sysiem will adjust 1o center frequency, f VCO 1n PLL system wall 30just 10 lowest operauing frequency,

Tmin

Frequency Lock Range, 2 ) 2 f) = tull VCO frequency-range

2fL= ‘mu = tnin

"
" our | R
l 1 2nfy )

24~ —
5 n 71

Freauency Caoture Range, 2ic

Looo Filter Component fo= fy

Seleciron 3

::[\U

For 2 ig, see Ref.

907 at center treauency {1o), 3p0roximating 0 anc Always 0° n 1ock

188" a: enas of lock range (2 1))

Phase Angie Between S.onal
and Comparater

Locks on Harmonics of Yes No
Center Freouency

Sianat Input Noise High Low
Rejection .

VCO Componea: Seiecuon

=Given: ig
—Use {5 witn Figure 52 1o
getermene R1 and C1

~Gven: 1 ang 3|
—Caicutate l,,.,,,,' from
the equation
fean ® fo = It
=Use imin with Fioure 5b
to oetermine RZ and C1
fmax
-Ca!cula_nggm—:n-
frem the eu;al-on

‘ 1.
‘max , o L

fae fo =1L
1
~Ue2 wih Figuee 50
‘rmun

1w Oete*mene ratio P2
R1:0 obtar RS

=Grven: {max
—Catculate iy, trom
the ecuation

!
1 = 02X
—Use I witn Figure 52 10

determine R} and Ci
4

~Given: imin 300 {mgx
—Use {mn with Figure 50 to
cetermine R2 ang C

f
~Carcuiate -im—-"

min
{
—Use -D3X_ \ieh Figure 52
fmmn

10 cetermine rat.o R2°R1

15 cotain R1

REF. G.S. Moschytz, “Meniatunized RT Fiters Using Phase-Locked Loop™, BST., May, 1965.
Fioyo Garorier, “Pnaselock Techmques,” Jonn Witey & Sonz, 1966.
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National
! Semiconductor -

L F351 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional amplifier with an internally trimmed input offset
voltage (BI-FET |I™ technology). The device requires a
low supply current and yet maintains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
low input bias and offset currents. The LF351 is pin
compatible with the standard LM741 and uses the same
oftset voltage adjustment circuitry. This feature allows
designers to immediately upgrade the overall perfor-
mance of existing LM741 designs. N

The LF351 may be used in applications such as high
speed Integrators, tast D/A converters, sample-and-hold
circuits and many other circuils requiring low Input
oftset voltage, low Input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
has low noise and offset voltage drift, but for applica-

Operational Amplifiers/Buffers

BI-FET 1™ Tachnology

tions where these requirements are critical, the LF356 is -
recommended. If maximum supply current is important,

however, the LF351 is the better choice.

Typical Connection

By Vee O

INTERNALLY
TRIMMED

“Vee O

Connection Diagrams (Top Views)

Metal Can Package

NON-INVERTING
IHPUT

v-
Note. Pin 4 connected 10 case.

Order Number LF351H
See NS Package H08C
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Features

u [nternally trimmed offset voltage 10mv

B Low input bias current 50pA

» Low input noise voltage 16nVIVHz

8 Low input noise current 0.01pANVHz

® Wide gain bandwidth 4 MHz

® High slew rate © 13Vis

% Low supply current 1.8mA

= High input impedance 10129

B Low total harmonic distortion Ay = 10, <0.02%

Ry =10k, Vo = 20 Vp-p, BW = 20 Hz-20kHz

m Low 1/f noise corner 50Hz
[ ® Fast settling time to 0.01% 2pus

‘Simplified Schematic

vl

INTERNALLY
TRIMMED

Dual-In-Line Package

N

——NC

1
BALANCE —
1
INPUT i —
] %_‘ i
neyr —+ ousryT

5
= EALANCE

Y a—

TO? VIEW

Order Number LF351N
See NS Package NOBA
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~
Absolute Maximum Ratings
Supply Voitage +=18V
Power Dissipation (Note 1) 500mW
Operating Temperature Range 0*Cto +70°C
Tj(MAX) 115°C
Ditferential Input Voltage *30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration Continuous
Storage Temperature Range ~685°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (vote 3)
PARAMETER CONDITIONS LR35t
SYMBOL MIN TP MAX UNITS
Vos - input Offset Voltage Rg=10kQ, Tpo=25 *C 5 10 mv
Over Temperature 13 mv
AVog/sT | Average TC of Input Offset Rg = 10k 10 wicc |
Voltage I
los Input Offset Current T; =25°C, (No.tes 3,4 25 100 pA
: Tjs0Cc 4 nA |
g Input Bias Current Ti =25°C, (Notes 3, 4) 50 200 pA
Tj&70°C R 8 nA
RIN input’ Resistance Tj=25°C 1012 Q
AyoL Large Signa! Voltage Gain Vg= =15V, Tp=25°C 25 " 100 vimv. -,
Vo= =10V, R =2kQ i
/ Over Temperature 15 vimv ]
Vo Output Voltage Swing Vg = 215V, R = 10kQ +12 +=13.5 \
Vem Input Common-Mode Voltage _d : A +15 v
Range Vs 1Y e -12 v
CMRR Common-Mode Rejection Ratio | “Rg & 10kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio. {Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA
AC Electrical Characteristics note 3)
LF351 s
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
SR Slew Rate Vg= 215V, Ty =25°C 13 Vius
GBW Gain Bandwidth Product Vg= 215V, Ty =25°C 4 MHz
en Equivalent Input Noise Voltage Tao=25°C, Rg = 1008, 16 nVIVRL
f = 1000 Hz
In | Equivalent Input Noise Current Tj=25°C. = 1000Hz 0.01 pAVHI

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150°*C/W junction to ambie®

or 45°GC/W junction to case.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications appty for Vg= =15V and 0°C & T4 < +70°C. Vg, I and igg are measured at Vom =0. :
Note 4: The input bias currents are junction leakage currents which approximately double tor every 10°C increase in the junction tert
perature, T. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In norré
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj=Ta + ©jA P
where 0ja is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is 1o be kep! o
minimum,

Note 5.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordart
witH common practice.
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Typical Performance Characteristics

INPUT 81AS CURRENT {pA)

POSITIVE COMMONSODE INFUT
VOLTAGE LIMIT (V)

NEGATIVE QUTPUT VOLTAGE SWING (V)

UNITY GAIN BANCWIDTH (MH:)

100

3

2

20

-15

45

input Bias Current

LI
[~Vg =15V,
=25°C

1Ty

-5 ] H
COMMON-MBOE VOLTAGE (V)

1

Positive Common-Mode Input
Voltage Limit

—T
CCSTASE

N

| | = ] ] — N

v

o § L] 15
POSITIVE SUPPLY VOLTAGE (V)

»
=1

Negative Current Limit

N

[
—IZSt

0°C oc l

0 1 20 3
DUTPUT SINK CURRENT {mA)

43

Gain Bandwidth

T
Vge 15V
RL =2
= 100 5F =]

|

0 10 20 30 & 5

TEMPERATURE {*C}

INPUT BIAS CURRENT (pA}

HEGATIVE COMMON-MODE INPUT
VOLTAGE LBAIT (V)

GAIN {dB)

OUTPUT VOLYAGE SWING (Ve-p)

%

100

2

40

Input Bias Current

~Vemed
[T vge sV —7
7
V4
yd
==
-
e
.
.
@ 0 20 N 4 L S0 M
TEMPERATURE ['C)

Negative Common-Mode input
Voltage Limit

T T T
atgTag*0C

/ >
A 1L

4

] H 10 18
NEGATIVE SUPPLY VOLTAGE (V)

20

Voltage Swing

T T
| A=
Ty 25'C

1

| Y

10 15
SUPPLY VOLTAGE (:V}

0

Bode Plot

FREQUENCY [MHz)
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SUPPLY CURRENT (mA)

OUTPUT VOLTAGE SWING (Vpp} POSITIVE OUTPUT VOLTAGE SOURCE {V)

SLEW RATE (Vius)

2

15

(3

k1

20

Supply Current

T T
TSTagene

g

] 5 1w 15
SUPPLY VOLTAGE (=V)

FH] 28

Positive Current Limit

=
\k

t 10 20 k]
QUTPUT SOURCE CURRENT (mA)

«
Output Voltage Swing

el

L Tas25c

b4
Ry - OUTPUT LOAD (x2}

Slew Rate

Vg e T15V
Ry» 2K
Ay=1

v
FALUING

RISING ~
——————

0 1 20 0 & SO

TEMPERATURE (*C)
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Typical Performance Characteristics (continued)

Undistorted Output Voltage

Distortion vs Frequency ) Swing Open Loop Frequency Response
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

SRR

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 2/DIV)

OUTPUT VOLTAGE SWING (1V/01V)

Small Signal Non-Inverting

QUTPUT VOLTAGE SWING (50 mV/DIV)

QUTPUT VOLTAGE SWING (5V/DIV)

TIME (5 us/DIV)

Application Hints

The LF351 is 2n op amp with an internally trimmed
inputoffsetvoltage and JFET.input devices (BI-FET Ty,
These JFETs have large reverse breakdown voitages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, large differential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, -neither of the input voltages should be

allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding

. high or low state: Exceeding the negative common-mode

limit on both inputs will force the amplifier output to a

=13 3=
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Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

¢

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
fier will be forced to a high state.

The amplifier will operate with a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voltage may occur.

The LF351 is biased by a zener reference which allows
normal circuit operation on £4V power supplies. Supply

" voltages less than these may result in lower gain band-
width and slew rate.

The LF351 will drive a 2 k{2 load resistance to 10V
over the full temperature range of 0°C 10 +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power

supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic W =

Yee O . 4

backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result i in a3
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handiing,

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “pick-up’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 ,d8 frequency a lead capacitor should be placed from
the output 1o the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant, 3

013

e }/m
an
a4 RS
4 p32 )
-
o oY
- o
v Ce
10 pF . RS
11 36
81
[ Re 6k (Y]]
20k
04 l /{| ° \os :
l ?ns r
Vos R9
Vos ADJUST ou\] 30 20 9
ADJUST . ’
- B2 RS v ]
% ! 160 . T
Ve O——o o > > :
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Typical Applications

‘
[y

Supply Current Indicator/Limiter

Rg :
5. TOSYSTEMSUPPLY
Vsurry O—9—AAA—9— VOLTAGE CONNECTION
————— *
Is
7 . .
NN s Vour T

H

A
Ultra-Low {or High) Duty Cycle Pulse Generator
. 1
ALEIT At
RESET
9N R ,
S R o S INTEGRATE
v >
4
| S v
- 9
N ™
Q
v
: % " .
-
- 48 —2vg -
® WUTPUT KIGH ~ RICtn [P
] 48-vg .
2Vs -8 -
® OUTPUT LOW ™ R2Ctn
Vs-78 -

where Vg = V* s vT|

*low leakage capacitor

TO CONTROL CIRCUITRY

Hi-Z;y inverting Amplifier * :

s

Parasitic input capacitance C1 = {3 pF fof LFasy ~
plus any additi layout i ) interacs
with feedback elements and crestes undesirable,

high freq Yy pole, To P e, add C2 such
: that: R2C2 & R1C1, Y

V- #

* Low leakage capacitor  © £
¢ 50k pot used for less sensitive Vos adjust
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