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ABSTRACT

This project is a designation of radio frequency transceiver for transmitting voice signal by
using frequency modulation technique. The transceiver is designed to operate in UHF frequency (400
MHz ) with 20 channels . OQutput power of the transmitter is about 50 milliwatt. This project can be

utilized in many applications such as long distance signal transmitting.
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o d a a duyd ' A s . a0
avea U993 la q Anwansanasang lailesnna1ahFuausds ( Stray Capacitance ) hino

ANAWAT AT
VAVAVAV

(a) dunau soaFuatu

YuBY

( Undamped Oscillation )

ANANAY AN
VRV

' aa

: . ;
(b) WIS FURRABFauALdBYNIUM

U NY/ e el

da 1 aa o

(€) NITPUNHAIFAUAUYBUNTUTN

319 2.10 munauanyas (damping)

Qs

a [ o an ta o =
91131 2.10 (2) Wudayaa laniluganad hilimsaaneuvesdyana annsnesadaiay
. 29 ~/ 4 .
T18naeana 31042.10 ©) dusdunmsesguiiisardmmumehuandes jUf 2.10 (0
g A 1 9
dusuvssasesguntisnudumumeuinn
o o e A aa v d a 4 Seiat v
AmudnyazvasnduTia [ arasedusiada swineduldlunesdniial Q e 2vs
4 & d o .. 4 d o 4 4
LC 019925 0n'1A9nYenileAnaensiiien ( Tank circuit) (Hos9InmuIsnINUAETUHAINUIHBND
Y a a 9 e d o o A’ I aa [ A
Winanseeadaanld  auautivesisesutiealunsndanaulsnfEdidunniiuTvas miady
ar -1 ' < 1 d .
Wadn 1963 sn31099viWA ( Flywheel Effect)
s - & g a o - a 3 ar ] 2
FaanussadaameisuiudyauMady TasUnfergadtidlaldeasesnadelive
o 4 o 1 o 1o - 9
vowdyaa  geasmssldasmsihuuudifalasldnihdnes wie Tasldnesdny

nfoutlasIiihald
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243 dudumeiuazaithFines lumalfoa

1 Y S e a 2 1 s 1

A1 L fu ¢ Tumalfifezdesinsaniedgunm Q) vesiagunsaigae a1 Qi
8T INvemAURasaudendsaufigande i ludagilnyal

' a a o a a < [ v a &

uaza C AluresT lgnuuviadseslidn Q g uazlinnuadesnmiudulszdndves
gungll  Tasliuuuweaiay ( Porcelain) , #5150 ( Ceramic ) , TwAalaTu ( Polystyrene ) 1az
Fared i (Silver mica) Taofinandiduanudiqe (HF ) Taa laSuezifign doulus ver

a J v -~
uazand gy liads ez 19 wemau uaz wwsilin

a o L4 d s ] [ d a Y 9o 9 v

dunamel wInuNAIueg lugdmnuniman uargudendsaldivanudumu 6

a d s * 1 M s

athFuaunvzifmmasuegiugaunuldh sendmanisaes nargudondsaulugilans
F3lwaszniaman '

ArdudALAUN

reactance ol

O= (226)

resistance R
[ =4 v 3 Y} T
Tagar R HusimaudumuieyniuaneavesnisnuAsed  AnuaeInIsan Q 9
i ' : & ' ' X
wasuldudazases  AlFaumlufefidnnnni 500 vl
] Y d
11115 uaun

susceptance  wC

g conductance _C—}— (2:27)

v [={ v o ad a J 0 - '
Tagan G Wumaminesladidaninsznitdmanvasmihdines Ias C fis1 Q @
shiadszanar 1000
meuns st (Inverse Term) Y@4f1 Q F9ANATTNGY ( Dissipation (D) )Tag
1

Quality
@ o A P} J I~{ 4 s A Y] o ¥ A v A 9
a’aﬁmum‘wuniwmulﬂuﬁaua Hﬂﬁﬂmu?ﬁﬂiﬁ?'lllﬂblﬂﬂﬁﬂ ‘n‘mmm‘ﬂuﬁ’mm‘lﬁ

Dissipation = (2.28)

- e LY o a L4 dyl a (v L4
NAdufaLAuT Iuees Fongunsainaniidudames
- d o . : a
A1 UARIADTVDIRBYANUUUUAUBING (air core ) FUIRTIN14 1ag
1000N 2 R?

L(nH)=
(nH) SR+10L
nIemIi U BUvesyeala laomsdagas T

_ /L(9R+10L)
N =" 1000 (230)

Taoh N =§14UT8U

(2.29)

(Y ] I~ Ay
R = sauwdoiiuiia
k4
L = anuganuaoiiuig

o d . 'y
niBdMuBUINUNBI B84 (toroid ) sxansemdIuauseY IdnIngas

29G19
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L
N =100 4 (231)

life N=9musau
L=8uanuaus g (u H)
A, = core factor MU28 (L H/ 100 500)

14
H?B‘El'l%ilzﬂ'lﬁ'lﬂuﬁﬁ!mu‘fﬂlﬂittﬂuﬂﬂi ﬂﬂé'ﬂ'lﬂ’czﬂiﬁ

oD
L=117y;1N? log—[B (232)
nieeranuiiusuausen
[ L
i7ar10p 2 222
A7)

1 " a @ o ] o
Taom L = a1dudsuaus wiamily nH
N = $1UTBUNAUZATINATS
t a aac b P @ Hq ¥ o [
Hp = AUNBIBVAN ( permeability ) Yoy TagN loviminunasess
[} [~ Av
t = ANUNUWBWNUNBSBgANUITIuL
[ 4 o
OD =1du ATHAUINA I NNANUBNYBILAUNBT D YA
[ o
ID =duruguinannnanluvenunesoos
A A 1 a o o e B9y s (4 .
WRIHUADUARLANS 81971114 lagnusssaUMIAUNIAART lasau ( powdered iron )
L4 . ' A W o a & [ @ 1 [ aa
niounues 15y ( ferite ) TagaBusauaussmutuiiudadauduaneiiaivive o fian
- T 4 4 ; o 1
(effective permeability) NAa1uddwHIARDIAY: Ingy
1 ci 9 o dy Y a a Y] v r-1 ]
ﬁ1°n'161mnmsﬁmwﬁuaaqmuﬂ:"lﬂamaaﬁfmmsqﬁmammwaamswumﬂ a1 L dlu
199071 0.8 R

'y 9/ o o [] (-1 d a " Aa @ 9/ tod A T AC{J [
l!ﬂﬂﬂ‘b"’n‘ﬂi@Uﬂ!ﬂu!!ﬂu!!wﬂﬁﬂ ﬂ%&’!‘ﬂllﬁ'l'é]uﬂﬂ!lﬂu‘lﬂﬂ xmﬂwmnmqmngumuag

ar T a [ o = [ ' a Y v = < Aand
ﬂumauﬁﬁ;mumlmugﬂ"nsanszuan%zunaaamqwnguuaa mswamnaﬂsﬂawﬂmamauaw

fimuaTaggunsseaunu

2.4.4 nansznUABANNIVEIMIBRAFAIANITB 9IS Tnanveyrestoundy
1 a - & o o 1
MAFUN 2.1 HAAIATINAIUNIUBUNIVEI TV IINI S MADS  Fevziaasi e

Traaveeess Tsunuunteundunazes Iilaas Q vesases Tasmanudvesaeess Tsuuusiuwy

4 o
YUIUNY
f. = ! Qz (234)
"2z JLC, Q% +1 '
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avasauiloundy vesrwwsiloundy

,8=—f (236)

B = .z (2.37)

ningal 2.15 () iesnndAwes Z,))Z, aunsomdduiivaudsan (Z, ) 14dal

Z,(z,+2,)

[ S om——

Z,+Z,+Z,

' Ju Lo Yo o
'CT'lﬁJ'lﬁﬂ‘rT']ﬁ'lﬂi'lu!ﬂi’)iﬁ\iﬂ‘Uu mamwsﬂnya‘lﬁmu
— ___.ZL_ V.
out v(oc)” in
ZZL + Zzour

uual Z, vnauns (238) asly

(2.38)

(2.39)

Z,(2,+2,)
Z+Z,+Z,

Ao [z, (z, + 23)] b
Z,+Z,+Z, R
v

out
4, = 7
in

4 Z(Z, +Z5)4
Y ZAZ,+Z)+Z

out

Aotoe)Vin (2.40)

v{oc)
Z,+2,+2,)

i a & t Y 1 a o 4 g
ilefianuds Tsnuusiawesgiliou 48 swiidy 1 uazAuvadn sz o Fuihily

(241)

mm’&"au‘lm?nﬁ'umaamﬂmwu ( Barkhausen Criterion )

A B=1£0° (242)
!!'Yl‘Llﬁ"l'cﬂJﬂ'li (2.37) wag (241) Lmuaﬂuﬂums( 242)

4p =( Z, )L Z, (Zz +Z3)Av(ov) ] = 120°

ZZ +Z3 Zl(ZZ +Z3)+Zour (Zl +ZZ +ZS)
,8 - ( leZAv(av)
Y Z(Z,+Z)+ 2, (Z,+Z, + Z,)
AuauTvasgUnsel L, C An Z, = jX, unuadluaunis (243)
XIXZAV(DC)
X (X, + X))+ X+ X, +X,)Z

) =1£0° (243)

out

=1Z0° (244)

out
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: o : 1
WMAANNds [guuui1d Taemaumusr X, =l uaz X, ==
Xi+X,+X,=0
1 1
—— +wl; =0
oC, wC, @
TS S
io Lz( CICZ j (245)
C +C,
PU.
° 27,/ L,C,,
4 C,C,
Tagh C, = C.+C,

- @ F-d
2.6 veaFaimesuUAILANLIaiy Tih

] b 4
Tagna liudaginiS sanudu o 3138 Te (VCO : Voltage Controlled Oscillator ) 152 Taaiad
a 4 d) A d (| o W 4
roulnsaseadaimme  iHluasesniudiudsznevdidguesszuunsdemissunasnununn
-~ =1 aa =1 Qs o 2 o o~ o 4 4 a IR
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2.6.1 MiTnne lalea
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' q @ aa ° wa d a 3
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dneatszstithuafiounavarmduniu mae lifidsze Iihdasela q ndeufinu 118 a1
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o X2 1A a o 4 “ o . . [~ [
weda 'l GemiAndndu iiwed anhIuaus (depletion layer capacitance ( C,, ) ) iuda
M ar ! d' o o o \ | ar
duassduiiuiimige  uassnduduaunivvesinlaenlszy  tazinilasadszyiiuda
dauTasaseduamsssudidsaluda

& a v o o J 1 a ¢ a ¢ o v aad U'J
FIVTUANHAUNUTITHINM ‘lﬁT’e)ﬂﬂ‘l‘ll‘l‘]ﬂlﬂu‘]i AUMTSAVUIIRUINITAAIUY

n

Yp
C,=C,|1+ . (2.46)
f

1 1 1 o o (4 . . 1 o {
Taghat C, Ao A1313 lude a1 uaun ( zero bias capacitance ) 3o AanhFuaudiile
[ (] 1 @ - d
Falaildnsussdusidisald
A ] ad .
v, Ao a11aTen 1isueeu Taaias ( diode turn-on voltage )
'J v J ]
n Huevarivudusa MU IiuYeInsITens
v k4
dIMTusosae PN uvuiasuinlasiuf (abruptly graded ) 1 7 920U -1/2 AQriuee

18aarhFuausiiy

C,=—— (247)

v
1+
Vr

t o 1Y) d o 1 1 -
uadmsuausnwmes lalealasnaly a1 n s1ols1ldunnte -3 use -4 uazilndesh

a3 Ta ludaathFuausiugas 2 64 100 pF

262 fanhduaudnisluvessesde PN
' & < -
sagae PN (HuiuguveslaTeadmululnssadvweminimans soain windas

o J 'S 1 a L4 4 u’ - o o o o
mﬁ'au Y 798A90 PN ﬁ5.13flﬁ'lﬁ‘Iﬂ'l‘]ﬂlﬂu‘]iﬂ‘lﬂﬂlﬁls’e]u‘l‘llﬂﬂﬂﬂ;l’Jiﬂ llﬁ%il?gﬂ‘lﬂﬂﬂ

Ls Rs G
o AAA I’ d
[T Y Y'Y Y b Pl
Rj
2L
b
Ce
AY|
/1
HAAIINesANYAT
sRs cr
o tf
v Al

HARYINVIAUYATDO18410

119 2.16 uaAsIITAIYATYRY VVC
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91zl 2.16 uaasasesauyasvas vve TaTea C, du sanhSuaud uazsesde
( Junction Capacitance ) gnuuHIAg R, Fhigadmumsia lnavesseose ( Junction
Reverse Leakage Resistance ) Ry imus1aaudunmwesiaqmsnsdai Lo Wusumansdy
fauAuS ( package inductance ) uag C, lﬂuéummﬂamﬂﬁuﬂwf ( package capacitance) n@
uda L, sxfianfesannuas R, sefiaunn  Sequnsoasgludasasesves Ve laTeasdrdin
Toawgd  SdunsdmaihSususiidy G, =C, +C, a1 Q annsaiimigai 600
amAgeR 50 Mz ndedilsfinitesnindr Q WAsumuissdulusmmasauidanyiilfy

] v
msnfSsusugaauliaves VVC Aaenumniu

P Density

Density

11N 2.17 s8oA8 PN slla/asunasiui

4 * = 1 Y X v a
Tuziii 217 uaasmsiBemsvessasas PN siawfdoumlaniuf  laTeamsneaning
imsRemisaveiunazidaouriufiiula 910 P-type 1 n-type Nisooae  daulugin 218
A ot t = a v o o . .
uaasmsiteaisvesginssinlisesasvian/asunilasesanundu ( hyperabrupt junction) A
1 A‘ J ﬂ' =) £ \J Q' * Y ° r
wuuuvesn s RemswnnATun  vinalndfusesde  msmuaumuuniuiiszmiiom
& o et v a o J J A, 9/ ¥V '
daearsyguavas s vtmanhsuausvesssonsunnuu ssitlaunevessudasalsey

J i o aad 4 ;q a0
fiaawlanaremandouuaws swusidsa  uazifessinaunaihansaiia TR qaq 14

Density

Density

311 2.18 s90A@ PN wianfdsunasegenumau
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U . . . [ Y ' 1 i [ G 1 1
A1 TR ( Capacitance Turning Ratio ) (iusdasidauszning C, ussduiisanisore
1 - v aad 41 J o 4 L4 a9y <Q A <
A1 C; MTRUTRIANANATUAUNSIBasYeglnial TR s1aliamiesdy 2 vSea19u1ndy
15 TasmathSuaudiies1nsesas (Junction Capacitance ) 9zfignnanhammihSuausandie
. Y o a - 4 v A & ) -
( Stray Lead Capacitance ) aufutaaanhsmusniolusesasifavunislaitou lvvssnssoia
o & 9 Ly LV 1 -
Tugageansadnle @ TasmsAnssnguantidmemenimyessesas PN uazuinudasailszy
9 A ad ar - ' 4 o
meslateoulvvesnsiidsalusa wiiarauifvnaunylessuvinluduaisiena
L] ! o A e ) y o
1 N vessmlaeaysey ldduinu Teseuaumedmasisiani P Tasdsngmsaifivamifeusy
a & o 4 a Y
man 2 manvesahdiaei v T TashaunufhezSudunndszquanmamand e T duga
Yy v & a ' vlslif]
asvulszgauuumand et sensafous sz 1Ay
0, =CrV
GH 0 =-CV

—~—

kd
1 1 ) Y 1 3 t o
Tﬂﬂﬁ'l C ﬁ]‘um mawmﬂwuauimﬂuﬁ uazﬁ1ﬂu1u'lﬂﬂ1s:m1ema“nﬁﬁmJu

1 [ 1 1 '
A1 d llluﬁ']izll:ﬂ']ﬁi:“')'l\u'wa'ﬂ

o s 1 d o o - 1 .L’ 1
dmivsesds PN ilesAialudaamgl  Anlssevianuameduynvessutaeatlizg

WAL
Q+ — qNDpVN A
1 3/ 3/ ;
Tagan N, = ﬂamwwmmsx%‘ag’ﬂn (donor concentration )
Z o YV o t
A = RUNMMIAAUBLIBIAD
4 .
W, = anuninvesaisdnuavesduilaeatlsey

v
TuiieuReafunumlssgiammmeddiovessuasatlszeeziviiy
Q. =-gN,W,A4

) ¢ o .
Tasa1 N, = usmwilinad aoutuias5u ( acceptor concentration )
b4 2 a 9 ]
W, = aunnwenisgninsuessiiuloealizy
] ¥
Tagian 0, waz QO wAesfivwamidy  mawhewwhifhesfauazfugaiu
aulsggimay
0 1 ' o a9 g o q ¥ a 4
dmivlassaiomeamonm  asnfdsususssuildneezidurari Wifamsaou

1 d 4 J 1] =
A1 0, imar O_ile Av retu dizy +AQ = cAv Traranh@wmesiman  wazawinlvith

P

4

t : o a J A 1 o dq 3 ad o v da - J a J
eIt dieawussdunInIAialuda PN deituiudu  Av, mamuiuves
4 : 2 .

0, waz Q_ FwrmldminzauTasvnssmdaeadszy sazivauuthiusmlasalszy

dmivlassadiesesde PN wiisfilimsnfdownlatedesdundu  nanlon AQ Tu

Al é 1 { =l
0, waz O_denitemissmutaou Avy doudiilu
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G

AQ 2 N,+N
= =(C, =4 4 D (2.48)
AvD (¢o _VD)

a df 4 v o '
TﬂU'ﬂ A= HUNMUIAAYDITOIAD

Il

v v aad o
v, = AuseAuiasaluda
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AMTAUTUALINY M3 TuAmIng iy Tasmsnistesnivanudseaniy 2 daunasly
aa ™ . oo q ¥ A ' A 5, A ]
ImsaswIaIAzAIAIUANNNAIINY (Logic ) M Maansaidenafieziirlims As P uis
) @ o i o a ° t
P+X A3 vaeesns anaimed lugduuy namdmuia’ld Taotndswes X eszgaviWifiauiiu 1
' o A ' o o« & [ S o o
AINIMIANUD 139 AINTIMITIIN ( Neotal ) luaesgdanegamimiuenduvens p
v
uaz X TasTusunsuat A Winuasesiu +A uazawes N gnldsunsuanliaseniy <N sz
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s Tsunsu 13 lunseniu A exdle 0 Soudes iifedn 0 Wugn asaewuuaz TunIailddaaay
A% uBRAT ( modulus ilAsuanmilugs ( High Juazgda uegdanezisudums Tas P iilodeeins
1 1 3 ] v
anamesisududivzms lagar P dmuaimas luawesiiu N uazasassufigrasasianuaiiv
Ntotal = (P+X)*AH N-P)=Np+A

] v v
dle29951iy A uaz N flaa1 0 MgudIA1veg@InIuauuegad sTNAVANIN STAUAUTWIAY LAs
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(fmua X iy 1) smsdasu veo sxiivasmanliou dhu R fwaasiuauns
Ntotal = (N)(P)+A o N> A
y Ay o a - ad ¢+ oA
ATNABINITUBY Niotal gnimualasautues VCO  uazmsimuanudiduyieie

Ntotal = fvco/fR 1Ha 11881 Ntotal mundesnis Tashiawes A filu'ly1deglusae ofa (p-1)
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Tasfiawesa9estiy A gnimuaTaa1vessas Niotal Ndesnisiaza1vesaseniu N gadmua

T 1 9/ o 9 1 4 o Y o o @ ] o 1 a Y
Taga1 Ntotal gagaiszassila adudendmsy P vutdud N> A uashmuamfedmsy
3 .
Ntotal 81 Amax=P-1182 Nmin % P-1 9214
Ntotal(min) = (P-1)(P) + Amin
Ntotal(max) = Nmax( P ) + Amax
v
1 1 LY 9 @ o
MITNMIARNAT P 1ag P-1 Hull lanaemudennistiedua1 Niotal(max) 1ag Ntotal
. & g a a o o a a ¢ @ A
(min) Vuhudgmnasinssnnalumssenuunesduasizdauduasingdmsunsiien
} 4
AP Asae lil
agdmivaenal p
° L) da o a g/ =t o v Y aroa
mﬂsnmmquwqawi’]aﬂmq%s HWITANAABI ( fvco(max)) AU P ILABIUAUNYY
ned sy
4 9 [ v a ) 4 Y
1. fvco(max) tilegnms lag P udaszdeslaAnadns hifurasawd Idauveasesiu A uag N
v o d <t o Y ' g q”
2. AIMIUNANNTYYIY 191NNV WiANAmaT frco(max)/P szApslianunnns dinsil
a. AMUINIAWEINS  gadaneddd nimnmaes Nowlasveudyguduwn ae
o d 4 Y A - LY 1 d
dyaa ey Feiminlyninaseniu A uaz N Tagass TasAneniyneinaees
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P ' a o LYK @ LY
b. 113 AMUARUTHUBII9DT WITINAIADS WARITUNUTAUAYINNAIVAN NogAd
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C. FINIVIMAIATDUNYDIAYYIU DUNN INWITUV A lag N .l‘l.ltlﬂﬂ'l'll PIMANVII
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Taosumariiansaandusita BCD Wesefissansam
agdmsuns ldsunsuasesiy -
1. aundt¥asesiiv A f5uwn b bits Tasf 220 =p
2. $12099%y A aunandrb 9 (bits) a3 Tdsunsuat Safigenda b iy 0 TWnue
3. AuNAA19ITY N uaz A ( Tasliaulsiiaves A fannadn b ) nﬁasauﬁw“ﬂmwsﬁmaugm
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TusunsuTaoiaugu 2
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Wisuasmengelud Wetiihaasldwamsdala (P ude P+l ) AHARIB LD INHNIHE
ﬂ?awadwnmﬁﬂﬂﬂq{fu TaoTvenvesdanauenimiimanzaufisznioundasdams uns
anamey uaxmuﬁ.u?ﬂqﬁfumﬂﬁ'ﬁuﬁaﬁmuﬂpmuagﬁﬁ _
awsw?mﬂmaas’msmsﬂ"’mdﬁimmzﬂumuﬁﬁmuﬂTﬂUszﬁuﬁmumvmmuﬁuuagﬁﬂ
Tasanasyms Tagar Pnﬁaszﬁuﬁmmmmm}mﬂu High 1agn13dae P+l tilessiudygia
aruquitu Low f’?m%’ugé’auagﬁ'ﬁﬁ"l‘l’f’ﬂﬂua'mmm?iqquaxnszumasu& (FET) IC lumszqa
MC12015-18 1%'ﬁnwsf?'mﬁs1:179'Jm?ﬁumaﬂﬁﬁ'ﬁﬁm%"u’iwqﬁa'lﬂmﬂﬁms“l%’ PC wosA A3
msdaoamate q maunsen 18 Taommizms ¥ auonmmzas iy 56 89 10711 uazaeesng
wnames Seannsariausamsuisesiwitefiozitus P uaz p+1 14 AdyAILANNRYAT
W Fygia (32fY ECL 3 seAuiag TTL 2 58y ) uazasesifiouszduon EcL fhu TIL fiflu
IC Goufesuds dmivdnasnammzanufosnolszdniammsdien uaz LS Swild

) [ o o a Y o gaq 9o 1 1 b4 s
TIMIVWITNUUARING gaaNdgad '1ﬂu'l'vﬂuamauwmmﬂuaﬂu’ﬂ%quu

2.8 MINBYPANTIYN ( Angle modulation)
s v Y o a b4 o 1 - A
Humsdhndygrainmndisuasudnms Tasl¥msnboudmmiemavesadunme
a v A ~
fimua naduninzfe
() = A, cos(w,t +6) (2.50)
MM Iia0 awaums (250 ) ndsfuammiaans wesdanusms m(r) 1oz

3

Wladgaansnndyanameganawesnin

«a a
2.8.1 pHBuasAIBY
a ot 0 [ 3 'd z o
amdpaar O awaums ( 2.50 ) wx%ﬂ'mﬂawmagtgmﬁﬁugﬂ'lw #(t) 1iied1399
v
Mevfudyyi cosw ! ﬂqiuf’{ﬁflﬁxﬂﬁmamq;npmwmzm]sNumnmﬂa‘;apmmamm?a

6 = k m(r) (251)

v
as o

1 1 M 1 é s ﬂ'
Taohe k » Aediash selunsdifidaana () ilxl“ﬂ'l-li’fﬂulﬂul‘lﬁl“flgﬂui)ﬁm‘fl‘ll‘lﬂlﬂﬂﬂ?’él
~ . . [ s ! A o s v b
[Fonndayaya PM ( phase modulation ) uad a1 O udsAuausduiinsavesdyauviias lade
6=k, ', mr)dc (2.52)
& ' ' 3 A ﬂyﬂl A 1 ﬂ‘
iilean k 7 Husrasii ¥aluns afdyu ¢() nzx'f]ufriyigmﬁgﬂuagmwmammn EL)
<1 1 @ . A a ' 1 qu (R o .
(3onNd I FM ( frequency modulation)  AUTININYUUMNNIIENAUNAFIWUL (instantaneous
1 4 [ y
phase) 6, Tufianuduiuinusanudrvas ( instantaneous frequency ) a)iﬂQﬁ

d6,(t)
dt

w,(f) = (2.53)
wyaulauiumenvesmsduninialaifiu

6,0)=[_w,(rydr (2.54)
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Fanz 183 1muivenfuminemendamsuegianmeniniudan nudrasnis fes
Wasuudasldvinaand o, mhiudandmeyiuifouiunawesaums (2.52) #e
Aw, (1) =k m(t) ‘ (255)
Sz ainudasllonmmnd o, ves 4() thunlsiuTasessiusiamss
vaadyYIUVIIATS m(f) ﬁﬂﬁ'ﬁﬁ'uﬁn‘;tym $(f) ndamsuegranudaisonduaaneWidy
DINMIIINANATS (2,50 ) uag (2.51) 9z ldaumsfiBude
Grs (1) = 4, cos{w t+k m(t)} (2.56)
UAZIINNTIINANAT (250) uag (2.52) vzldaunisveveniduds
b ()= A, cos(ot+k, [ _m(r)dr) (2.57)
nnaumsi (2.56) wag (2.57)  sgwundninessufinsmesindind it
wegianmalaszsi it sammuaiaumierasseganmanand iazlumendudud
inseseyiutin13hahsesieqanmenand A igsess amomaiamudiuaces

wegranmanlald

2.8.2 BHIBUIUUAIAY ( Narrow Band FM )

o 'a a [ 4 o ] @ z -
TunisfivisauuuaIasivesdyaaueviduiie m(r) iudanainaism lihium1d

v o

b 4 a

ﬁmmms1:msuagsaﬂmemmﬁ'lﬁ‘l‘v'msnagxamﬁm%«%’u éemﬁumﬁﬁm‘,wﬂmﬂinﬂn
m(t) Sudyanuzdinfrmdteniiivesyumifinfuded 1§ Tas T
m(t) = acos(w,,t) (2.58)
Fewnams  m(e) oz libinWaandswazves 6(0) Waou llnndiaaud @ , UNUATAY
M3 (2.58) asluaums (2.55)ld
Aw, (t) = ak; cos(w,, 1) (259)

A J a a_ A a a‘: 1 P~ a = -
iiaanina1 [cos(w,,f)| HAnniidade 1 AaiuaIMsiDoauuuveRINdnn o, wnfigan

Aw = a/cf (2.60)
M Ao Gonimarndiouutgeaa (peak frequency deviation) A1AINATIvaIy X))

¥a1 #(1) Hnanla o exfiaudiu
w,(t)=w, +Awcos(w,,f) (2.61)

Tageweaums (2.57)uaz (2.61) az'ld

Aw .
g @)= A, cos{w t + —w—m—sm(w,,t)} (262)

=4, cos{w !+ Bsin(w, 1)}
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o~ 1 Aw P ) o @ a s v yd o
lagh B =—%1 B RanudidglumsimuanuudiaiuaziZona g lidudyiims

m

. . o g
W8N (modulation index) Yaed M HIDY
dmiunsdif g fianlensannsofiesnsznonaimevnievesaumsa ( 2.62 )Tagld
sE Yy o o &
aynINIMIARS ¥e 1ANaans lagilszanafe
Py (1) = A, cos(w 1)+ A, fsin(w,1)sin(@, 1)

(2.63)
+ A4 p*sin? (@, t)cos(@ ) +.....

] b 4

Tunsdin B fiantessmunsodananififien §idsgequegeenld Mg, (1) unsdii
a as -1 4 a 9 & a v oal
g andiudygraediBuniuduay taz@oumudan ¢, (1) Sewelisuih
¢NBFM (t) = Ac cos(wct) - Acﬁ Sin(wmt) Sin(wct) (2-64)
4 Qs L - . 1
naziile l¥anuduius sin( 4)sin(B) = > {cos(4 — B) - cos(4 + B)} vz laauns

4.5
2

Do (1) = A, cos(@ 1)~

AP
2

cos{(@, ~@,, )t}
(2.65)

+ cos{(w, +o, )t}

o ' & a a & a &
WIHUN Py, (D NUTT Y TTRRUAIMRBGRAIMD @, — 0, ,0,,0, + ©, BIMINY
1 da o o s * 1 o 1 o 3
anuIUuRIRTvesdyganevhiduuuuduaulisumfy 20 nis 2 miwesdgmuuuudIan

o ' & da o4 (Y W dédv‘ﬂ da  da
UBIAYYI1UVIIATT m(t) FIAUVUARNUWIMINVYBITY Y1 VBB UFIDBIULULDUAIANNUIAD

A 1 1 Ll a0
Tumengqufezidan f(—= = 0.316ualums 1Fameniiargada 0.5

V1o

-1 .
2.8.3 WBUHUUANTS ( Wide Band FM )
- ' @ o @ ' a o [« 4
AossnmIRTIdNRuve g, (7) tuauns (2.62) Tasdgyananmsidnsusiiuaiu
1 lnidsaunsd (2.58) ansofiouluzthFedouliasd
— J{ot+Bsin( @yt)}
P, (t)=Re[4e ]

= Re[4,e" ¢ o] )
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2

Plot of Bessel funciion of the first kind, /,(8).

g o d 4
11 226 Wenduveswmmartiafiniia J,(B)

' JBsin(agt) Sl .2 a g  da & a = ) v &
133N e = lﬁuﬂq’lfg']mnﬂ‘!fﬂuﬂllﬁTﬁTUl?ﬁ‘]‘ﬂqnﬁ-]ﬁ?‘INf]yﬁﬁ‘]uﬁ3 @, AAUU
< a o 1 o \{tlsld
13 WQ’cT‘l?ﬂS‘VN:ﬂSW‘IUN“LI’eJ’eJﬂ?Jgiuzﬂagﬂiuﬂswi 1AfD

g/Penleat) SN 7o (2.67)

n=—w

4
1 af = AJ Cnd A 1 f -1 o z
Tag F, femdulszdntveseynsuysies Famldnn F, :FI f(@®)e"™dt aniu

fo

T

S a2
F, el (2.68)
T

2

o 1 Al L4 27:1
Tasewomsifaounasadunls x=w_t = = 9z 14

F = R e/ P e (2.69)
2r =

Fauns  ( 2.69 ) ﬁgu'lahmwamﬁmaﬂugﬂﬂqﬁ‘x?uﬁn?%'le’\'@{m1%"3%:115111?1'11%45’:
v Tao 18 Tuilerguvemian (besse function ) umudas J, (B) e n ifluiausninuduias 4
Fusesfiredionfuannsnaslldsdelud

1 J, (B)iiaess

2 J"(ﬁ)=J_"(ﬁ)ufiansflumm§

3 J,(B)==J_,(B) e n v

w
4 > Jh(B)=I

unuAITuns (2.66) luauns (2.69) vz 1@
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Pene 1) = Re{d e’ > J, (B)e” '}
e (2.70)

= 4,3, (B)cos{(@, +no, )

n=--c0 .

¥

a a 1 [y 4 i 0 ::‘ 2
nnglli 227 ssmuhmdnaiuves g, (1) vunszeiseen luuunuanud hilidugads

J(B)|i

1 [ 4 t oA 4 1 =
waaaeme ledestaiiaile n)B Tanmmeedieouile flisuna vinaums  (2.70) f1Aa

Y dAaw o @ A Y da - - & J w rey
BWRUOVYNRNUUITIAY  HIDVDUVNNUYUIANU 1n.laswumawmﬂ%aﬁauwmmﬂwﬂw

& a I’ o Y A oA 4 a e PR da & 1Y
llﬂﬂlﬂ‘YI‘INi]%il'l‘lfﬁlmuﬁﬂ?f!ﬁ‘)’l'lﬂﬁaﬂ?“ n= ﬂ [$3)] ﬂ UATUIN ﬁ$1ﬁﬁ1llﬂuﬁ?ﬂ1’lﬂizﬂ1ﬂlvlﬁﬂ'lﬂ

BW ~2nw,, ~2fw, =2A0 dmiu B annn (2.71)
Fan
i -
I_l
8 0.01
2k
0.10
1 2 1 T -———— S
0 4 8 12 16 20
8
Number of FM sidebands for which {/,(8)] = 0.01 and
@] = 0.10.

a @ 1 [] 0 n ci o [
1141 227 Jlnamsa@IniuTIzna1en ,Buazm’—B—mﬂﬁmlJ,,(,B)lz 0.01

- R-S - d a9 3/
uazvwIaveLuuAIanvaueriduuIuAnAY B ianiaswlanin
) o ' 9
BW =2w, damiy Aoy (2.72)
o Y] o s aa -] M 1 I b4
dmiumsvegiandaenuzl lminnudidsmis Inuneguduannsamamudian 14
b 4 da o o o
ninmstsgavaums (2.71)uaz (2.72) oz lagasmanuuuaiaivesmidu
BW = 2(Aw +w,) =20, (f +1) (2.73)
1 4 ) + 2
il 1AdIe Ao, iedeuly Aw(w, hidusTsdelunidlveseridumuudning
a 14 < I
nisuvuathunmaiuasly
BW =2(Aw +2w,) = 2w, (B +2) (2.74)



[
HIN 1 !
e - Wwe “
—to——t—Aw—
pn ll sm2
.lllll. L l il L
we - e
oA G b 8
p=s

gl

b A b A g ——]

1l . ll“l“LLLM“JL_

w
e

il

— te— Wi

—dAuw A —
g=15 $=20
We e
b—aAw dw—
(a) (b

Magnitude line spectra for FM waveforms with sinusoidal
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o o .
2.9 AI2AIATINBT AMATY (Quadrature detection)
o ™ g Ja 4 & 4 )
msAuegEandya uRHRLIUUAIRAA s AmasuwTum 15T usnuez e
( phase discriminator ) °lumimnmammmmauamamsaanmnammmmﬂmn aa%suamwzxﬂaw

mﬂvﬂaﬂmiwumwmmsﬂﬂ;ﬂmsumew Teglugtvesmsdsy T el

dfl(’) Lipy-p(e-)) (275)

uazmnfmmsf?iy,iuummﬂxaumu G ()= A, cos(w 1 +k, I m()dt)  unumluey

:

M3 (2.75) datuseld

LD~ kym(e) = 2180 4t )] (276)

. [p@) - gt - )] =k m(t) (2.77)

dufedanninate g -7) uazadiwsfiinadasnin g()uazd(t - 7)
fyanaenmnd Ianesudsfunsafufudyananms me uazmsaiedyais §(¢-7) 9n
fyanw ¢(7) i ldlasldsesmhsamIsmailiaesunmdaudu dmivasesihinanig
TN P(F) naz g —7) uum'lﬂTﬂamﬂmmm () waz Pt —1) um’f'mwﬁmuﬁ'aﬂim
Frettameiadari Tnofivdenlaosunsudagy 229 wazasvsANamesinzaseinsewny

o Vo o o o Ad o
anunrulgdanmsnusAudy ﬁJ'lﬂl"nﬂ'ml“]JﬁU‘l-ll!‘ﬂi‘Nﬂ1Nl?ﬁ1llﬂ~1ﬂﬂ'lﬂlﬂﬂ'l HALRIUININGI

JoeniudIay
vi(f) M vy (1) _j"..(/)
—» limiter [ BPF [ LPF P
R ) R EEERTEC
phase |
shifter {2 v, (f)
- o ot o
j“ll"ﬂ 2.29 ‘Uﬂ'ﬂﬂ‘]ﬂﬂa‘!llﬂiN‘Uﬂiizﬂﬂﬁ?ﬂﬂlﬁil‘ili)iﬂl"ﬂﬁ‘)ﬂl
g v o o ' ' Yt 1 d o g ¥
ADAIATIIDTAINATUUUAINTITHUINIAVIIWNITNUINIAN 1?1111%1‘[71‘7111“ 0T = T
‘ 2

st W dganamenduiidunithu v, (1) = cos[w,f + ¢(1)] Faygnaidmsesmianazla
{lu
. n
v, (t) = cos[@w, (t —7)+ Pt — 7)] fmuall o 7= 7 (2.78)
=sinfw f + ¢l - 7)] (2.79)

diegaidannu v, () uag v, (f) Aaoavsquee Wdyaw

2t
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v,(t) = cos[w t + #()]xsin[w t + ¢t —7)]
=~ {sinl2001+4(0) + §(t— )]+ sinl$(6) - 4t~ )}
dievmnAiasesnseenamAd NIz 14
V()= 2 sinl$(0) - (¢ ~ )] (251)

fieaetn 7 Svwadnainni ¥ [4(1) - ¢t - 1)z Seamnsadszainusaums ( 2.81)

Flugedi

(2.80)

u@=%w@—ﬂn¢n (282)

uwnuaastuaunsh (277) adh

—
v4(t) - 2

£ a d| e [
FIVINANUNITISUINDNUBY m(t) ‘INllh-l YUY El Yavu1Ia1saenin

% .m(t) (2.83)

2.10 N%snsaemmﬁ (Filter)
szinnveda9esnsesnnuin1siien q fing 4 viialaun

1. 29930509AMBATFNY ( low pass filter ) A IHdyguman@Rws 0 Brad Tloudnand 7.
( cutoff frequency ) /18 dauman@fifusm £, srgnaaneutiazidasen’ly

2. 299INIBIAIMAGIH ( high pass filter ) seoouliaadue £, dhuduTknuTy1daau
adnang £, segnisasen’ly

3. 'msnsamnuﬁ'nn?;dm(bandpassﬁlter)ﬁmmmmmﬁéfaud Tboudsnamni@ £, svrim
W8 dmumamdfdind £, uasaaningand £, irvnﬂm%ﬂm'lﬂ Ssuaileuie1na
INTBIAIAMIHILALI90T NI BIRIMDGIHIINHANAY

4, 29INTVUAVANMARM ( band stop ﬁlter)Nasi"lynzﬁﬁﬁﬂu?iﬁaéswiw LU L, A NE?
Funwinas 0 @sadllouds £, fuaandnwe £, ultozriu1d wisfimsheauase

NNV 2IINT BUAVAITUDHIY

Altenuation

A -:s

Frequency
(A) Low-pezs.

1IINIBIANUAA NI
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Alttenustion

Frequency

(B) High-pas.

299313 BIATIUDGIAIY

-

Attenvatlon
B ) G 1

R e & §

Frequency

(C) Bandstop.
Typical Alter response curves.

2993 AT DUDVANUDAIY
4 < ah S,
31N230 dnuuzvewnuaD luNINTBIANUDUUDAN 9

4 a g N 3 4d s . - 4
1A% cutoff frequency AemawANegIUtDUAIND Feesgndmua Blurasmsdaduanud
1 ] o \ (.Y [] 9 = anty
nisnsaansuvesdya e ( attenuation ) ML 3 dB 1A lums Idemeda q udnuauifvesas
d' \ a o 1 :lc; ] = t = 1 v
WNTBIAIWDUVLAN q RANYUTANDINNgEY N livgaasga £, weRumvziivasvensda
1 2 a ] a [ 4 <5 a 4
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2.14 2993V010UUUANI N (Broadband amplifier)

],/
» M
M
Rer
Q)
REI EE EE Rgz EE R
Res

31U 2,50 sesvmrsnuuaniig

i
v S—
+ > + >
< S
v V2l Pg." Vs 3702 Qg.2"
1 R
+ RFI < R =
v < R 32
2 24\
F2

119 251 2svsayavesaesvnsuuusp e mMANUA I UYN

MANWATUMUBUNN
V, =gV R{ Rq+Rn) —Rm
"™ ( R+Ry+R,) Ry +Ry

V, =V
i:gm2V4.ﬁ_
REZ+RF2
i=v-( R+Ry +Rp) (( Ry +Rp) R,,

R-( Ry +Ryy) R, '( Ry +Ryp,)
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y
Rin = —-—
! (2.127)
3 R-Rg, Rg, +R., )
( R+Ry+Ry) R,
=1 = 1 A - V o 3
UATLUADATIUNUIAS ——————— AU
E2 + RFZ
R-R R +R
R, = 2 BRI R, +R,,) (2.128)
( R"'Rm +RF1_) . REZ
maunuldasil
R.. +R
A ="2__8 (2.129)
RE]
1l
—
+ < g <
Vi3 Dg. V4 ST P&y v
+ e =
V3
— ‘, 1’ Ez
v, 3Ry,

1141 2,52 esmuyavesIsvsvoIBHUUAR e MIAT A UM UIB T IYM

WIRIAIINAUMIUB WTHN

Ry + Ry
V=g v, Re,( R+R.,) _ R
oMt Ry +R+R,,) | R+R,,)
R.,R
= V., .
EmVs ( Rs +R+R,,)
v, =V,
'R'm V=gV ReR
REI +RF! (R+RE2 +RF2)

R R.+R., +R
g,V = £l 2E2 F2 .y
RE] + RFI REZR
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1
Rout

_1 (_L__+ o v )
W\ R +R. Em2Vs
1 _ 1 +( REz+RF2+R) . Ry,
R (Rg +Rpy) Rp,R ( Ry + Ry ')
_ReR+( Ry +Rey +R) Ry
Ry R(Rg, + Rpy)
n Rg,R(Rg, + Rsy) (2.130)

REzR +(Rg, + Ry + R)Ry,

out

niawouldn
:( RE'I+RF1) REZR

, Re +R 2131
= R (Roy+ Ry, +R) "( p1+ Rep) ( )
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unN 3

mIdmIIazNs a3

a
3.1 msuegranuuueWivy
d Y a o a do o A o qw
thumsdsdyaudes lanhdyaisudssnueganmaamniudygiurme i
o a A o Po Ay [ a a4
dyapammelianudnlasulas landygna@sidinuegan  dyananmzezlinnuddios
o A 9 J 1 as o P a 9 2 a
wuldenendaaanavistesiusgivvinavesdyanandosidnunuegian  Faraeanud
wvendouuu ldvinanudnaiai sndiaranuailioanu ( Frequency Deviation : fd)  TagsTuTass
¥ R [ ) - 9o v [} -
st la laaautidsuuunmdy £ 5 kHz uasWdyanan@osfidnueganiinudqagamiiy
L 4
o o o 1w . 9y
4kHz AUISANNIOAUIUMIAIATHNTHIRIAN ( Modulation Index : m ) 'lﬂmnqﬂs
fd
fm (3.1)

= 5kHz = 195

4kHz
¥ ¥ [
1181 m 7 ldnumleauuud ( Side band ) Mavua  Tagl¥ns e silsnsuiuaaa

m =

. a t a [ IS Q‘l’ 1 & s g 1 a 1 o 1 o
( Bessel Function ) Tunmi 2 nuil lsduuudionun 34 ¥ lrduuusudazsuszviiedummsy fm
L4 [l
Auiudeeansomaaunie ( Band Width ) vesdaygna lauegianudaninauns

BW = fm X $742U Side band (§) X2 (3.2)

4kHz X 3 X2
= 24%kHz

o

:‘v 9 Yt 1 o o 1 o 8 v v =
TuTassauit ldeonuuulnlisesdygiuniamun 20 vesdgygnu uaz Muaazvosdganall

MIANUUS (Guard Band ) szanas 136 kHz Aagii 3.1
TaoTumazsesdayanaviiaiu 160 kHz sufummnhotmevesamuanidiunsds
Yoy 1aumIny
(24kHz+136kHz) X 20 = 32 MHz

Taofmua hteg lusoe 396.8 - 400 MHz

a ¢ 4
32 msaaﬂuummsaaammamﬁsmmﬁqq
LY = o X . XY = A o a 9 ~
msad1e29es RP seavaame;  unnfiddnezifailamie eninniildseninesl

- T & . ' 4 o a & . . .
513 Tuilade q s2ueginn ¥ hilisanuiouvesans Tuliansnua ( Total Harmonic Distortion :

THD ) g8 uiinmsaas THD vesadauzll lnin 1dsenune o lalas 2sesnsesaand uaeziln

1 s J
2933R LA mnuawu%’aumnvu
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[ 160 kHz————]

f——24kHz —
—| 136 kHz e -

a da o [} o o
3N 3.1 tamsnuudIanvesresdyueioy

vInnqufvesmsesadaan szutsmsmauliithi 2 $29fe $r05uAU ( Starting Point )
24 ' ' T ¥ - 4 ] Y 4
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1 4
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135 [uliaf1e 9 308NN

A i a vy s shac " e A v
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( Starting Gain ) t#e lilnsesueudld TWieesvismeglusmi bidhuSadumnntuly uazidases
o 4 t q wael [ 11
F13uIR0S (Resonator) MliA1Q guiieassmyaaaulian1ndifnse1193nsea¥9a1udi Y ( Band
. é 1 4 1] 1] Y 1 1] ﬂ’
Pass Filter ) dalisneauiriu Buay q snseersis Tuiian lidesnisnely uazglnsel
1 i J o -3 a9 v - Y ? Mw
s Nawd 10 MEz 'l AmthFeesann q szilsingAwesdudniiegdis  uazda
- w (-] o o S 4 g 1 v o 1w ¢
BudnimesneslimasdaihFuaus  Stray Capacitance ) Futhimwasdafiuilseyiilidesnis Tases
) Y a 3 1 ya 3 &
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-
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R1

M\

R2 L1 C1
VW AR e

]
=)

117 3.3 sesiailouves C Hanudgs

1 'y kA M T
10317 3.3 2esiaiiouves C 92l L 1az R oynsuegaloiiasninanueiv  uag R
Y n‘: 3 a A ad ~ a1 oA dy P - J
WY C Humusmsgdaiissninms ladiannsn - X, esfisumndudisanudgeiuluvae
1 t t d o o J

NX aaa3 wind1 X, mAy X, nezinamsesasalaayu ( Self Resonance )

J R ddy ddar i

eestesnuuuantumaljia rafildesnnerwiiluanmasifdesms  anudfiniadng

( Motor Beating) 38R MDNIA1GIAI ( Parasitic) Taowa launsoananuan lidesnis1éTas

- @ ] o o d o ~ 1
lHBusamesquama nieennliiineathdinesian q ( 100-300pF )  mnudvaFresnly

y
V1IN ( Bypass ) NECLIBIGREG Coupling )

Py = o Yo (a’;
3.3 993ABANNY eaaTaamas Tagledensumn (JFET)
o ° 3 = - o
MIAUIUNIPANINIU ( Quiescent point ) Y8IVIBBATAIAIADS

VNAUMIAYINAIAIABY ( Square law ) Yo 9N

ID = Idss I—K@—S— (33)
VP
trazaums Inaaaion! ( Load-line )
Vs =—ID*Rs (34)

IMUA T3 TIABIA1E 9 U8 T310 TINAIIFNASH Idss = 40mA Vp=-4V ,Rs=100 ()
simsndaumangondidsass uag qunts Tvasaiod ega Q
Fotu R Q audugedt

IDQ = 15278 mA

VGSQ=-1.5278 V

a J = (.4
vf ‘nqyﬁvaaﬁaamm AAYAIAIADT

C1C2
T=— (35)
Cl+C2

1

T=——— (36)
(2 fo)*'CT

idenld A1 CT=2pF ,Cl=C2=4pF uazfi 400MHz 18 LT =39.57nH
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12V
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0.1uF
Il

1 o

BB105 Y

inF

40nH [

BB105

e
[ e

voltage control

RF choke

i
Pt

$ 4 a o
319 34 Jsvsneaniny seaFaiaimes lagld JFET

34 msﬁ%’nuwsf?'amﬂzﬁmmﬁ'fﬂu"la’ﬁﬂﬂé‘angﬂ
Nﬂiﬁami1:7’!’931115Tﬂ01‘1’f'1ﬂﬂ50nqﬂ sonuuuTasliwimnamesasslugda ( Dual
é - LY 1 ﬂv
modulus prescaler ) ¥l 3utlszneudsas Tui
1. 29935 lawmeneu Insaseadaames ( Voltage control oscillator )
2. wInimna@es e lugaa ( Dual modulus prescaler ) Tagl¥lediues MCI12032
us81uas SA701
) P4 & ' a P
3. 3eUNNAIMAABS ( Phase detector.) mag“lu'lwmas MC145152-2

4. w3gqUflaaed (Loop Filter) 1¥loFootuenilives LM741

=) o o
34.1 'Nﬁi’ﬂiﬁlﬂﬂlﬁi’]illﬂﬂﬁi’NTﬂgﬂﬂ
a o o aa v Vo &4 a o a o
‘Yﬁfﬂﬂﬁlﬂi’]il{hlﬂﬁ'ﬂ'liﬁ'ﬂllﬂ‘m‘!l'mﬂﬂﬁ'lﬁi ma‘ﬂﬁ]ﬁ‘nau‘l'ﬂﬂﬂ’lﬂﬂilﬂﬁﬂl‘ﬂﬂlﬂi’)i Tﬁﬂ

Tofiued MC12032 az SA701 sxgnassmIsimfL 64/ 65 Tasnisasasesasgyl
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|
[

117 3.5 msavasesvesled MC12032 uay SA701

1 MC fhini 1S fudyanunimented MC145152-2 1ex s 64 nie 65

¥1 SW set Tiilu 1 fiedvanisivis 64 w3 65 (aruadiam )

P -, i
342 enafmamasuaznsas lsunsumsanud
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TeSiues MC145152-2 dszneulumodaumihums Tdsunsuitemsanudfidhun dau
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mives lednSminames usnaniiseiidenama ( Lock Detect : LD ) e ldusnanuzmsden

v
veurlafengildndao
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RA2
RA1 —B]  12x 8 ROM REFERENCE DECODER
Osc out RAO ;
A 12
LOCK
* perecr [ LD
Oscip > 12-BIT/ R COUNTER — .
5 MC
CONTROL > PHASE — OV
‘ ‘ »  LOGIC DETECTOR — $pR
fin . DC h 4 4
6-BIT /A COUNTER |¢——> 10-81T N COUNTER
HERER HERREERERR
A5 A3A2  AD NO N2 NANS N7 N9

11 3.6 daudszneuais q vesleFiues MC145152-2

] a'sl a a 4'1 Y = Yy a ) o a
druvesanudsedsilime 15 dusunmdwdweanlafmames lumsinfS suifisuiaves
éal - oW LY a o 9 1 a'sl - gy Y =
anvdonvsnuavesdyuduyInaINMIMIua?  JuauussanuiondsiissldaTaasa
.Y 4 .4 é LY 1 le \
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1 ia t‘: o ¥ d o o o
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"l’ d‘ sy o o dy
TumsasTdsunsumsanun 1IIMIfAIHIUAIY
b 4 )
LNMIMIAPATIAIUNITMITNINEA (Nt ) TRAADINOATIAIUTSHINAIANNDVDY 90T

[ 1 4
Trawmvasu InsassaBaianas (fveo ) MUAIRNINDS198S (Fref) TArtludadi

NG LT TEUMEz o8 /4
fref 80kHz

2105 suouan lanuaunls Nt = NP + A 910419197 484 To% MC145152-2

Tas# N fe #aTulsunsanms NO i N9 = 10 Tn s 18Raud 3 - 1023
A o §aTusunsinms A0 B A5 = 6 9 s 18Raus 0 - 63
P e @amsveswiainamed vy 64
xmufhaumsxﬂué"qﬁy; 5000 = (N*64)+A
78 udasthuavguaeslaiiy oootoo1110
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A 8 wlathuevgmaeslaihi 001000

o t 9 o a ot J 9 9 = a o
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é U P 3 y | o 4 ) 1 =) 1
Femanuandsunlas lifeslidumiuaundedefie 80 kHz de 1 inves A uazeztilasy

ulaa'ly 5120 kHz (64 * 80 kHz ) @9 1 U N

343 nvsgUflames (Loop Filter )

¢ &
sanuuy Tneld loFives LM741 ¥atidsmsesnuuuaiuaid1dnues lediues MC145152-2

o 9 o dv
Trafivualsesuazaumsun nas

R2 C
AN—
R1
DR ——AAN, >
A
oV AN +
R1
§R2
=y G

314 3.7 2esgiilaaes

0) . K¢KPTJO
; NCR,
_ ao,RC
¢ = 2

L 4
N fio Aamsnanualugiitleundy

K4 (Phase Detector Gain) = V /270

27 e
AV e

(D n ( Natural Frequency) = 27Ufr/10 = 1000 ( for typical design )

Kveo (VCO Gain) =

Darnpling Factor:C_, =1
dmualily v, = 5V

C = 0.1vuF

VCO

(3.7)

(338)

(39)

(3.10)

(3.11)
(3.12)
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SnsuAIs e
K, = i = 0795V
27
K, =2 124X1O = 43.982x10° Hz/V
Fnfudsannsondt R1 uae r2 it
K, K,
R = = = 8741Q
NCw,
R, = ﬁ = 20kQ
o C

n

° [ 1 4 t [ o 1 o o
insesdauae q fanuaanaesauiu Iaidhasesduaszviaani Tasldiadengildagyl

20k 0.1uF
—AW—]|
8k
AN Ll
LM741
10.24MHz oA il
n 25 8k control
—E“ ’“]"__L A i 20k voltage
T I ; 0.1uF
L] b VCo
T
Il . uf fout
vss MC145152-2 fin I T
- o FT
FTTTTTPTTT TITTT]d ==
N9 NO A5 A0
1000pFI_L_1_ L [_—:.]__—
= | IN NC MC GND
MC12032
IN Vecc SW fout
I
1000pF ==
b +gv 0.1uFT
= 50

o v < p <
117 3.8 2vesduaszaawd Taoldmladanguaaiui 400 MHz

81



82

3.5 2903 FM Aweqlames uazaeesnandyanuaani 10.7 Mz

TuTassonil eonuuulilfledived MC3362  Fulszneudanasesnaudyanuaind
107 MHz fluaamd 10245 MHz asesaiamed  uazaees FM AuegiaiAes  ( Quadrature
Discriminator ) Sunywvosleddedaene IF (10.7 MHz) fifuasesvens IF wuda “Feezgminly
nendyaafurand 10245 MHz vinaSaneaseadaiamed  wawms s iiaTaiaed
A 455 kHz udassdenithlauequaines asasesnieasuves anasiumed  lenimmvedled

[ o 3 v & o [ [} Y @ o t
Hhdygradssiveganinanmadesezdeni lilvoodyyransuie 19ud1 Tnede 1l

Vce
120pF 1 24
i 2 23
= 50pF
10.245MHz P 3 2z
”:“ 4 21
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen paralle! inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable—reference divider, two—output phase detector,
10-bit programmable divide~by—N counter, and 6-bit programmabie +A
counter.

The MC145152-2 is an improved—performance drop—in replacement for the
MC145152-1. Power consumption has decreased and ESD and latch~up
performance have improved.
¢ Operating Temperature Range: — 40 to 85°C
¢ Low Power Consumption Through Use of CMOS Technology
e 3.0t0 9.0V Supply Range
¢ On-or Oft—Chip Reference Oscillator Operation
* lock Detect Signal
Dual Modulus/Parailel Programming
8 User—Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
+ N Range = 3 to 1023, + A Range = 0 to 63
Chip Complexity: 8000 FETs or 2000 Equivalent Gates
* See Application Note AN980

REV 1
w95

MC145152-2

P SUFFIX
PLASTIC DIP
CASE 710

DW SUFFIX
SOG PACKAGE
CASE 751F

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC145152DW2 SOG Package

PIN ASSIGNMENT
finl 1@ 2 [ILD
Vss (] 2 27 [1 0SCip
vpp(l 3 26 [1 0SCqyt
Raol} 4 25 14
RA1I[}5 24 [1A3
RA20} 6 23 {10
rO7 2 1A
evll8 21 [I A1
Mclo 20 [INg
As[] 10 19 [IN8
Nol 11 18 [I N7
N1O 12 17 [I N6
N2{ 13 16 [INs
N3{] 14 15 {1 N4

© Motorola, Inc. 1995

@ MOTOROLA




U EETEIA e TR RO IR AR TR W TR 3O e WY WA

T " e e e Shsimncdd

-

MC145152-2 BLOCK DIAGRAM

RA2 —»]
RA{ — 12 x 8 ROM REFERENCE DECODER
0SCout | RAQ—"]
4 12
LOCK
0SCip - 12-BIT -+ R COUNTER — petect [ P
[}
f MC
CONTROL PHASE ov
LOGIC DETECTOR | op
fin 1
y . r
6-BIT + ACOUNTER |- 10-BIT + N COUNTER
P T T T T T TTTTTTT
A5 AIA2 AO NO N2 NONS N7 N9

NOTE: NO ~ N9, A0 - A5, and RAO - RA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS

fin
Frequency Input (Pin 1)

Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled into the device. For larger amplitude signals
(standard CMOS logic levels) dc coupling may be used.

RAO, RA1, RA2
Reference Address Inputs (Pins 4, 5, 6)
These three inputs establish a code defining one of eight

possible divide values for the total reference divider. The total
reference divide values are as follows:

Reference Address Code Total
Divide
RA2 RA1 RAO Value
0 o] (o] 8
0 0 1 64
0 1 [¢] 128
0 1 1 256
1 o] 0 512
1 0 1 1024
1 1 [¢] 1160
1 1 1 2048

NO - N9
N Counter Programming Inputs (Pins 11 - 20)

The N inputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digitand N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0 - A5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fi that
require a logic 0 on the MC output (see Dual-Modulus Pres-

caling section). The A inputs all have intenal pull-up resis-
tors that ensure that inputs left open will remain at a logic 1.

OSCjp, OSCout
Reference Oscillator Input/Output (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequency setting capacitors of appropriate value rmust be
connected from OSCjp to ground and OSCgyt to ground.
OSCjp may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
OSCip, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external ref-
erence mode, no connection is required to OSCoat.

OUTPUT PINS

R OV
Phase Detector B Outputs (Pins 7, 8)

These phase detector outputs can be combined extemally
for a loop—error signal.

If the frequency fy is greater than fR, or if the phase of fy is
leading, then error information is provided by ¢y pulsing low.
¢R remains essentially high.

If the frequency fy is less than fR or if the phase of fy is
lagging, then error information is provided by ¢R pulsing low.
¢y remains essentially high.

If the frequency of fyy = fR and both are in phase, then both
¢v and ¢Rr remain high except for a small minimum time
period when both pulse low in phase.

MC
Dual-Modulus Prescale Control Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an external dual-modulus prescaler. The MC level
will be low at the beginning of a count cycle and will remain
low until the + A counter has counted down from its pro-
grammed value. At this time, MC goes high and remains high
until the = N counter has counted the rest of the way down
from its programmed value (N — A additional counts since
both + N and + A are counting down during the first portion of
the cycle). MC is then set back low, the counters preset to

e e T,

MC145151-2 through MC145158-2
6
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their respective programmed values, and the above se-
quence repeated. This provides for a total programmable di-
vide value (NT) =N « P + A where P and P + 1 represent the
duab-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter.

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked (fR, fy of same
phase and frequency). Pulses low when loop is out of lock.

.POWER SUPPLY

VbD
Positive Power Supply (Pin 3)

The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to Vgs.
Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS
NO CONNECTS
L Lot o ookoerec sien 150 - 175 MHz
L e L 5 kHz STEPS
- R2 C
NOTE 1 T
OSCout RA2 RA1 RAD LD R —
0SCin R \
o H vCo
v /
= MC146162-2 ) 'ﬁ%?g?
+V—Vpp MC
L]Vss fi CT
= |Ne= NO A5 ———— AQ l S
\IIIIIIIIIIIIDT I
==
CHANNEL PROGRAMMING 7 MC12017
+ 64165 PRESCALER
NOTES:
~

1. Off—chip oscillator optional.

2. The ¢R and ¢y outputs are fed to an external combiner/ioop filter. See the Phase—Locked Loop — Low—Pass Filter
Design page for additional information. The ¢ and ¢y outputs swing rail-to—rail. Therefore, the user shouid be careful
not to exceed the common mode input range of the op amp used in the combiner/loop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands
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REF. OSC.
15 350 Miis [ NO CONNECTS 30,720 MHz
(ON-CHIPOSC. | | xo b 4 4
OPTIONAL) —— LOCK DETECT SIGNAL
! I | | R2 C
0SCot  RA2 RAT RAD LD R l I
— osc e I
+V— Vo MC146162-2 W %
Ves NOTES MC R2
" N1
llllllllllllllll T
CHANNEL PROGRAMMING
NOTES:

RECEIVER 2ND L.,

1. Receiver 1st .F. = 45 MHz, low side injection; Receiver 2nd I.F. = 11.7 MHz, low side injection.
2. Duplex operation with 45 MHz receiverfransmit separation.
3.fr = 7.5 kHz; + R = 2048.

4. Notal =

N e84+ A = 27501 to 28166; N =429 to 440; A=0to 63.
5. MC145158-2 may be used where serial data entry is desired.

RECEIVER FIRST L.O.
825.030 —» 844.980 MHz
(30 kHz STEPS)
. o X4
veo NOTE 6
TRANSMITTER| | X4
MODULATION NOTE 6
MC12017 l
+ 64165 PRESCALER TRANSMITTER SIGNAL
NOTE 6 825.030 —» 844.980 MHz
(30 kHz STEPS)

6. High frequency prescalers (e.g., MC12018 [520 MHz] and MC12022 {1 GHz]) may be used for higher frequency VCO and fref
implementations.
7. The ¢R and ¢y outputs are fed to an external combiner/loop fitter. See the Phase—Locked Loop — Low-Pass Filter Design page for
additional information. The ¢R and ¢y outputs swing rail-to—rail. Therefore, the user should be careful notto exceed the common mode

input range of the op amp used in the combiner/loop filter.

Figure 2. 666-Channel, Computer—Controlled, Mobile Radiotelephone Synthesizer

for 800 MHz Cellular Radio Systems
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MC14515X-2 FAMILY CHARACTERISTICS AND DESCRIPTIONS

MAXIMUM RATINGS* (Voltages Referenced to Vgs)

Symbol Parameter Value Unit
VpD DC Supply Voltage -05to0 +10.0 Vv
Vin. Vout | Input or Output Voltage (DC or Transient) -05tovpp+05§] V
except SW1, SW2
Vout Output Voltage (DC or Transient), -05t0 +15 \")
SW1, SW2 (Rpyll-up = 4.7 kQ)
lin. loyt | Input or Output Current (DC or Transient), +10 mA
per Pin
IDD. Iss | Supply Current, Vpp or Vgs Pins +30 mA
Pp Power Dissipation, per Packaget 500 mwW
Tatg Storage Temperature —-65to + 150 °C
TL Lead Temperature, 1 mm from Case for 260 °C
10 seconds

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Descriptions section.
1Power Dissipation Temperature Dérating:

Plastic DIP: - 12 mW/°C from 65 to 85°C
SOG Package: — 7 mW/°C from 65 to 85°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

These devices contain protection circuitry to
protect against damage due to high static
voltages or electric fields. However, precau-
tions must be takento avoidapplications of any
voitage higher than maximum rated voltages
to these high-impedance circuits. For proper
operation, Vi and Vot should be constrained
to the range Vgs < (Vin or Voud) < Vpp
except for SW1 and SW2.

SW1 and SW2 can be tied through extemal
resistors to voltages as high as 15V, indepen-
dent of the supply voltage.

Unused inputs must always be tied to an
appropriatelogicvoltage level (e.g., eitherVgg
orVpp), except forinputswith pull-up devices.
Unused outputs must be left open.

w A OeTmE FEDom Y e

VoD —40°C 25°C 85°C
Symbol Parameter Test Conditlon v Min | Max | Min { Max | Min | Max | Unit
Vbp Power Supply Voltage — 3 9 3 9 3 9 v
Range
lss Dynamic Supply Current fin = OSCjp = 10 MHz, 3 — 35 —_ 3 — 3 mA
1V p—p ac coupled sine 5 — 10 —_ 75 — 75
wave 9 —_ 30 — 24 —_ 24
R=128,A=32,N=128
Iss Quiescent Supply Current | Vin = Vpp or Vss 3 — 800 — 800 — 1600 HA
(not including pull-up lout =0 pA 5 — 1200 — 1200 —_ 2400
current component) 9 — 1600 — 1600 — 3200
Vin Input Voltage — fin, OSCip | Input ac coupled sine wave | — 500 — 500 — 500 — mV p-p
ViL Low-Level Input Voltage Vout22.1V inputdc | 3 — 0 — 0 —_ 0 Vv
— fin. OSCip Vout=35V coupled | S — 0 — 0 —_ 0
Vout 263V squarewave | 9 —_ 0 - 0 — (o
VIH High-Level Input Voltage Vout <08V Inputdc | 3 30 — 30 - 3.0 — \
— fin. OSCin Vout<15V coupled | S 50 — 50 — 50 —
Vout<2.7V squarewave | 9 90 — 90 —_ 9.0 —
ViL Low-tevel Input Voltage 3 —_ 09 - 09 — 09 v
— except fin, OSCin 5 — 15 — 1.5 — 15
9 — 27 — 27 — 27
ViH High-tevel Input Voltage 3 2.1 — 21 — 2.1 - v
— except fin, OSCin 5 35 — 35 — 35 —
9 63 —_ 63 — 63 —
lin {nput Current (fih, OSCin) | Vin=VDDorVss 9 +2 +50 +2 +25 2 +22 pA
L Input Leakage Current Vin=Vss 9 — | -03 | — -0.1 — | -10 pA
(Data, CLK, ENB —
without puil-ups)
iy Input Leakage Current (all | Vinh = Vpp 9 — 03 — 0.1 — 1.0 pA
inputs except fin, OSCip)
(continued)
MOTOROLA MC145151-2 through MC145158-2
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DC ELECTRICAL CHARACTERISTICS (continued)

|
\ -40°C 25C 85°C
Vpp
Symbol Parameter Test Condition v Min | Max | Min | Max | Min Max Unit
| e Puli-up Current (allinputs | Vin = Vss 9 | -20 [-400 | -20 |-200| -20 |-170 | pA
f with pull-ups)
{ Cin Input Capacitance — — 10 — 10 — 10 pF
| VoL Low-Leve! Output lout =O pA 3 -— 09 — 09 —_ 0.9 A
% Voltage — OSCout Vin = VDD 5 — 15 | — 15 — 15
9 — 27 — 27 — 27
' VOoH | High-Level Output lout =0 pA 3 | 21 - 21 — 2.1 — v
.‘ Voltage — OSCout Vin=Vss 5 35 — 35 — 35 —
i 9 63 — 6.3 — 6.3 —
‘ VoL Low~Leve! Output lout =0 pA 3 —_ 0.05 - 0.05 — 0.05 Vv
‘ Voltage — Other Qutputs 5 — 0.05 — 0.05 — 005
9 — 0.05 — 0.05 —_ 0.05
| Vo | High-Level Output lout =0 pA 3 26| — |25 | — |25 | — v
Voltage — Other Outputs 5 495 — 495 — 495 —
! 9 8.95 — 8.95 —_ 8.95 —_
; V(BR)DSS Drain—to—Source Rpuil-up = 4.7 kQ —_— 15 — 15 — 15 — A
Breakdown Voltage —
E Swi1, swW2
' oL Low-Level Sinking Vout =03V 3 1| — 110} — |o66 | — mA
; Current —MC Vout =04V 5 10| — |1 ]| — 108 | —
! Vout =05V 9 | 380 — 330 — 2.10 —
;! loH High—Level Sourcing Vout=27V 3 {-060] — |-0850] — |-030)} ~— mA
: Current — MC Vout =46V 5 |-0e0{ — |-075| — |-080| —
Vout =85V 9 l-1s0| — |-12s| — |-o080| —
loL Low-Level Sinking Vout=03V 3 0.25 — 0.20 — 0.15 — mA
| Cument — LD Vout =04V 5 | o064 | — | o051 — |03 | —
Vout=05V 9 1.30 — 1.00 — 0.70 —
loH High—Level Sourcing Vout=27V 3 |-025| — |-020| — |-015 — mA
Current — LD Vout=46V 5 |-064| — |-051 — |-036 —
Vout =85V 9 {-130] — |-100{ — }-070| —
-5 loL Low-Level Sinking Vout =03V 3 0.80 — 0.48 — 0.24 — mA
] Current — SW1, SW2 Vout =04V 5 150 — 0.90 — 0.45 —
Vout =05V 9 |sso] — |210| — |15} —
' loL |Low-Level Sinking Vout =03V 3 om| — |oxs | — o2 | — mA
Current — Other Outputs | Vout =04 V 5 0.64 — 051 — 0.36 —_
Vout =05V 9 1.30 — 1.00 — 0.70 —_
[ 'out
‘ ioH |High-Level Sourcing Vout=27V 3 |-044] — (-035| — |-022| — mA
Current — Other Outputs | Vout =46 V 5 |-064] — |-051) — |-036} —
Vout=85V 9 |-130}| — j-100| — [|-070] —
' loz Output Leakage Current — | Vout = VDD or Vss 9 —_ +03 - +0.1 —_ +1.0 pA
PDout Output in Off State
loz Output Leakage Cumrent — | Vout = VDD OT Vss 9 — |203] — |*01 | — |30 | pA
, SWi1, sw2 Output in Off State
1 Cout Output Capacitance — PDoyt — Three—State —_ —_ 10 — 10 —_ 10 pF
- PDout
!
:
E
1 .
. MC145151-2 through MC145158-2 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (C_ =50 pF, Input t = tr= 10 ns)

Vpp | Guaranteed Limit | Guaranteed Limit
Symbol Parameter v 25°C —~ 40 to 85°C Unit
tpLH. tPHL | Maximum Propagation Delay, fip to MC 3 110 120 ns
(Figures 1 and 4) S 60 70
9 35 40
tPHL Maximum Propagation Delay, ENB to SW1, SW2 3 160 180 ns
(Figures 1 and 5) 5 80 95
9 50 60
| Output Pulse Width, ¢R, ¢y, and LD with fg in Phase with fy 3 2510 200 251t0 260 ns
(Figures 2 and 4) ) 20to 100 20to 125
9 10t0 70 10to 80
TLH Maximum Output Transition Time, MC 3 115 115 ns
(Figures 3 and 4) S 60 75
9 40 60
tTHL Maximum Output Transition Time, MC 3 60 70 ns
(Figures 3 and 4) S 34 45
=} 30 38
tTLH: tTHL | Maximum Output Transition Time, LD 3 180 200 ns
(Figures 3 and 4) 5 S0 120
9 70 90
tTLH. tTHL | Maximum Output Transition Time, Other Qutputs 3 160 175 ns
(Figures 3 and 4) S 80 100
9 60 65
SWITCHING WAVEFORMS
VDD
INPUT  50%
~—Vss ty
toLH r\:PHL OR, s LD* 50%
ouTPUT 50% . .
* fr in phase with fy,.
Figure 1. Figure 2.
TLH THL
OUTPUT 10%
Figure 3.
VoD
TEST POINT TEST POINT
QUTPUT OUTPUT T %&I
DEVICE DEVICE l
UNDER crt UNDER oL
TEST I L TEST I t
* Includes ail probe and fixture capacitance. * Includes all probe and fixture capacitance.
Figure 4. Test Circuit Figure 5. Test Circuit
MOTOROLA MC145151-2 through MC145158-2
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TIMING REQUIREMENTS (Input t; = t = 10 ns unless otherwise indicated)

i Vpp | Guaranteed Limit | Guaranteed Limit
Symbol Parameter Vv 25°C - 40 to 85°C Unit
feik Serial Data Clock Frequency, Assuming 25% Duty Cycle 3 dcto 5.0 dcto 35 MHz
NOTE: Refer to CLK tyy(H) below 5 dcto 7.1 dcto 7.1
(Figure 6) 9 dcto 10 dcto 10
tsu Minimum Setup Time, Data to CLK 3 30 30 ns
(Figure 7) S 20 20
9 18 18
th Minimum Hold Time, CLK to Data 3 40 40 ns
(Figure 7) 5 20 20
9 15 15
tsu Minimum Setup Time, CLK to ENB 3 70 70 ns
(Figure 7) 5 32 32
9 25 25
trec Minimum Recovery Time, ENB to CLK 3 S S ns
(Figure 7) 5 10 10
9 20 20
tw(H) Minimum Pulse Width, CLK and ENB 3 50 70 ns
(Figure 6) 5 35 35
9 25 25
bt Maximum Input Rise and Fall Times — Any input 3 S S pns
(Figure 8) S 4 4
9 2 2
SWITCHING WAVEFORMS
—Vop
() —™ DATA 50%
—V V,
CL { 5o 3 p: tsi s
ENB \
l——— —1—. - > Vss — VoD
4 ek CLK
Vss
*Assumes 25% Duty Cycle.
\ —Voo
Figure 6. ENB 50%
Vss
PREVIOUS
DATA
t ki LATCHED
ANY 90% —VoD
OUTPUT 10% Vs Figure 7.
Figure 8.
MOTOROLA
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FREQUENCY CHARACTERISTICS (Voltages References to Vgg, C| = 50 pF, Input tr = tf =10 ns uniess otherwise indicated)

f -40C 25°C 85°C
Vbp .
' Symbol Parameter Test Condition v Min Max Min Max Min Max Unit
. fi input Frequency R>8,A20,N28 3 —_ 6 — 6 —_ 6 MHz
(fin, OSCin) Vin =500 mV p—p 5 — 15 — 15 — 15
ac coupled sine wave 9 — 15 — 15 — 15
i R28,A20,N28 3 — 12 — 12 — 7 MHz
Vin =1 V p—p ac coupled S — 22 — 20 — 20
sine wave 9 — 25 — 22 — 22
' R28,A20,N28 3 — 13 | — 12 — 8 | MHz
t Vin=Vppto Vgs 5 — 25 -— 22 — 22
dc coupied square wave 9 — 25 — 25 — 25

' NOTE: Usually, the PLL's propagation delay from fi to MC plus the setup time ofthe prescaler determines the upper frequency limit of the system.
The upper frequency limitis found with the following formula: f=P/(tp + tset) where fis the upper frequency in Hz, P isthe lower of the dual
modulus prescaler ratios, tp is the fi, to MC propagation delay in seconds, and tget is the prescaler setup time in seconds.

For example, with a 5 V supply, the fin to MC delay is 70 ns. If the MC12028A prescaler is used, the setup time is 16 ns. Thus, if the 64/65
ratio is utilized, the upper frequency limit is f = P/(tp + tget) = 64/(70 + 16) = 744 MHz.

R — VY
REFERENCE I—— l l l—l _I

. 0SC +R | | | . i

N X y -  — WY
r FEEDBACK : ; ; |

(in+ ) 0 A 7 ot \ VL

‘ — ’— Ay * — M
| PDout ! ) ot HIGH IMPEDANCE
t o | ¢
l 1 ' [} L‘ — VL
. [ ' v : i ) VH

R I_ l_ ;

i [ — VL
’ : . : ¢ 2 . Vy
| W ' 1 l—

: : — VL
f v l [ (] ] VH
A\ i i

VH = High Voltage Level.

VL = Low Voltage Level.

* At this point, when both fg and fiy are in phase, the output is forced fo near mid—supply.

NOTE: The PDgt generates error puises during out—of-ock conditions. When locked in phase and frequency the output is high
and the voltage at this pin is determined by the low—pass filter capacitor.

Figure 9. Phase Detector/Lock Detector Output Waveforms

MOTOROLA MC145151-2 through MC145158-2
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DESIGN CONSIDERATIONS

PHASE-LOCKED LOOP — LOW-PASS FILTER DESIGN

A)  PDoyt VCO . KeKveo
Ry “n NRyC
¢R —_
C I i Nen
- = 7 Kykvoo
F(s) = —1_
RysC+1
B) PDout VCO KK
R m |/ ok kg
®R— R2
N
- c L= 05a (ch + )
T Kekvco
- - RosC + 1
©= R+ Rpc e
C) PDout— A KQKVCO
Ry & NCR
R A
v RoC
ov VCO pa | 0R2
Rq 2
Ry } "ASSUMING GAIN A IS VERY LARGE, THEN:
RosC+1

¥ I TR S

NOTE: Sometimes R1 is split into two series resistors, each Rq + 2. A capacitor Cg is then placed from the midpoint to ground to further
filter ¢vv and ¢R. The value of C¢ should be such that the comer frequency of this network does not significantly affect ap.
The ¢R and ¢y outputs swing rail-to—rail. Therefore, the user should be careful not to exceed the common modeinput range of the

op amp used in the combiner/floop filter.

DEFINITIONS:

N = Total Division Ratio in feedback loop
K¢ (Phase Detector Gain) = Vpp/4r for PDoyt
K¢ (Phase Detector Gain) = Vpp/2r for ¢y and ¢R
- _ 2rafyco
K CO Gain) =
veo (Vi ain) AWCo .-
for a typical design wp, (Natural Frequency) z21_0r (at phase detector input).

Damping Factor: { = 1

RECOMMENDED READING:

Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley—Interscience, 1979.

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley—Interscience, 1980.

Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley—Interscience, 1976.
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley—Interscience, 1981.
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice—Hall, 1983.

Berfin, Howard M., Design of Phase—Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978.

Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980.
ANS35, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970.

AR254, Phase—Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design,

1987.
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a refer-
ence frequency to Motorola's CMOS frequency synthesizers.

Use of a Hybrid Crystal Oscillator

Commercially available temperature—~compensated crystal
oscillators (TCXOs) or crystal-controlled data clock oscilla-
tors provide very stable reference frequencies. An oscillator
capable of sinking and sourcing 50 pA at CMOS logic levels
may be direct or dc coupled to OSCjp,. In general, the highest
frequency capability is obtained utilizing a direct-coupled
square wave having a rail-to—rail (Vpp to Vg g) voltage swing.
If the osciliator does not have CMOS logic levels on the out-
puts, capacitive or ac coupling to OSCjy may be used.
OSCout, an unbuffered output, should be left floating.

For additional information about TCXOs and data clock
oscillators, please consult the latest version of the eem Elec-
tronic Engineers Master Catalog, the Gold Book, or similar
publications.

Design an Off-Chip Reference

The user may design an off—chip crystal oscillator using ICs
specifically developed for crystal oscillator applications, such
as the MC12061 MECL device. The reference signal fromthe
MECL device is ac coupled to OSCjp. For large amplitude
signals (standard CMOS logic levels), dc coupling is used.
OSCout, an unbuffered output, should be left floating. In gen-
eral, the highest frequency capability is obtained with a di-
rect—coupled square wave having rait-to—rail voltage swing.

Use of the On—Chip Oscillator Circuitry

The on—chip amplifier (a digital inverter) along with an ap-
propriate crystal may be used to provide a reference source
frequency. A fundamental mode crystal, paraliel resonant at
the desired operating frequency, should be connected as
shown in Figure 10.

[_ R FREQUENCY |

SYNTHESIZER

:L—'DI R1*
Ci I I C2

* May be deleted in certain cases. See text.

Figure 10. Pierce Crystal Oscillator Circuit

ForVpp = 5.0 V, the crystal should be specified for a load-
ing capacitance, C{, which does not exceed 32 pF for fre-
quencies to approximately 8.0 MHz, 20 pF for frequencies in
the area of 8.0 to 15 MHz, and 10 pF for higher frequencies.
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping varia-
tions in stray and IC input/output capacitance, and realistic C_
values. The shunt load capacitance, C|, presented across
the crystal can be estimated to be:

CinCout
Cin + Cout

C1.C2

C| =
L C1+C2

+Cq+Cot

where
Cin = 5 pF (see Figure 11)
Cout = 6 pF (see Figure 11)
Ca = 1 pF (see Figure 11)
Co = the crystal's holder capacitance
(see Figure 12)
C1 and C2 = extemal capacitors (see Figure 10)

Ca

o h o

1 |
== Cot

4

co ==
L

Figure 11. Parasitic Capacitances of the Amplifier

11
lclo
4 Re Xe 2
= o—wW {1}

NOTE: Values are supplied by crystal manufacturer
(parallel resonant crystal).

Figure 12. Equivalent Crystal Networks

The oscillator can be “trimmed” on—frequency by making a
portion or all of C1 variable. The crystal and associated com-
ponents must be located as close as possible to the OSCin
and OSCoyt pins to minimize distortion, stray capacitance,
stray inductance, and startup stabilization time. In some
cases, stray capacitance should be added to the value for Cip
and Cout-

Power is dissipated in the effective series resistance of the
crystal, Re, in Figure 12. The drive level specified by the crys-
tal manufacturer is the maximum stress that a crystal can
withstand without damage or excessive shiftin frequency. R1
in Figure 10 limits the drive level. The use of R1 may not be
necessary in some cases (i.e., R1=0Q).

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a func-
tion of voltage at OSCoyt. (Care should be taken to minimize
loading.) The frequency should increase very slightly as the
dc supply voltage is increased. An overdriven crystal will de-
crease in frequency or become unstable with an increase in
supply voltage. The operating supply voitage must be re-
duced or R1 must be increased in value if the overdriven con-
dition exists. The user should note that the oscillator start-up
time is proportional to the value of R1.

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have devel-
oped expertise in CMOS oscillator design with crystals. Dis-
cussions with such manufacturers can prove very helpful

(see Table 1).

MOTOROLA
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Table 1. Partial List of Crystal Manufacturers

Motorola — Intermnet Address htfp/motorola.com (Search for resonators)

United States Crystal Corp.

Crystek Crystal

Statek Corp.

Fox Electronics

NOTE: Motorola cannot recommend one supplier over another and in no way suggests
that this is a complete listing of crystal manufacturers.

RECOMMENDED READING

Technical Note TN-24, Statek Corp.

Technical Note TN—7, Statek Corp.

E. Hafner, “The Piezoelectric Crystal Unit — Definitiors and
Method of Measurement”, Proc. IEEE, Vol. 57, No. 2 Feb,,
1969.

D. Kemper, L. Rosine, “Quartz Crystals for Frequency
Control", Electro—Technology, June, 1969.

P, J. Ottowitz, “A Guide to Crystal Selection”, Electronic
Design, May, 1966.

DUAL-MODULUS PRESCALING
OVERVIEW

The technique of dual-modulus prescaling is well estab-
lished as a method of achieving high performance frequéncy
synthesizer operation at high frequencies. Basically, the
approach allows relatively low—frequency programmable
counters to be used as high-frequency programmable count-
ers with speed capability of several hundred MHz. This is
possible without the sacrifice in system resolution and per-
formance that results if a fixed (single—modulus) divider is
used for the prescaler.

In dual-modulus prescaling, the lower speed counters
must be uniquely configured. Special control logic is neces-
sary to select the divide value P or P + 1 in the prescaler for
the required amount of time (see modulus control definition).
Motorola's dual-modulus frequency synthesizers contain this
feature and can be used with a variety of dual-modulus
prescalers to allow speed, complexity and cost to be tailored
to the system requirements. Prescalers having P, P + 1 divide
values in the range of + 3/+ 4 to + 128/+ 129 can be controlled
by most Motorola frequency synthesizers. .

Several duamodulus prescaler approaches suitable for
use with the MC145152-2, MC145156-2, or MC145158-2
are:

MC12009 +5/+6 440 MHz
MC12011 +8/+9 500 MHz
MC12013 + 10+ 11 500 MHz
MC12015 +32/+33 225 MHz
MC12016 + 40+ 41 225 MHz
MC12017 + 64/~ 65 225 MHz
MC12018 +128/+129 520 MHz
MC12028A +32/33 or + 64/65 1.1 GHz
MC12052A + 64/65 or + 128/129 1.1 GHz
MC12054A +64/65 or + 128/129 20GHz

DESIGN GUIDELINES

The systemtotal divide value, Niotal (NT) will be dictated by
the application:

frequency into the prescaler NeP+A
~ ‘frequency into the phase detector “he

N is the number programmed into the + N counter, A is the
number programmed into the + A counter, P and P + 1 are the
two selectable divide ratios available in the dual-modulus
prescalers. To have arange of NT values in sequence, the + A
counter is programmed from zero through P — 1 for a particu-
tar value N in the + N counter. N is then incrementedto N + 1
and the +A is sequenced from O through P — 1 again.

There are minimum and maximum values that can be
achieved for NT. These values are a function of P and the size
of the + N and + A counters.

The constraint N > A always applies. If Amax =P — 1, then
Nmin =P —1. Then NTmin =(P-1) P+ Aor(P—1) P since A
is free to assume the value of 0.

NTmax = Nmax ® P+ Amax

To maximize system frequency capability, the dual-modu-
lus prescaler output must go from low to high after each group
of P or P + 1 input cycles. The prescaler should divide by P
when its modulus control line is high and by P + 1'when its MC
is low.

For the maximum frequency into the prescaler (fyCOmax).
the value used for P must be large enough such that:

1.fyCOmax divided by P may not exceed the frequency

capability of fin (input to the + N and + A counters).

2. The period of fyco divided by P must be greater than

the sum of the times:

a. Propagation delay through the dual-modulus pre-
scaler.

b. Prescaler setup or release time relative to its MC
signal.

c. Propagation time from fin to the MC output for the
frequency synthesizer device.

A sometimes useful simplification in the programming code
can be achieved by choosing the values for P of 8, 16, 32, or
64. For these cases, the desired value of NT resuits when NT
in binary is used as the program code to the + N and + A
counters treated in the following manner:

1. Assume the + A counter contains “a” bits where 28 > P.

2. Always program all higher order + A counter bits above

‘a"to 0.

MC145151-2 through MC145158-2
30
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3. Assume the + N counter and the + A counter (with all the
higher order bits above “a” ignored) combined into a
single binary counter of n + a bits in length (n = number
of divider stages in the + N counter). The MSB of this “hy-
pothetical” counteris to correspond to the MSB of + N and

the LSB is to correspond to the LSB of + A. The system

divide value, N, now results when the value of NT in

binary is used to program the “new” n + a bit counter.
By using the two devices, several dual-modulus values are
achievable (shown in Figure 13).

MC

[ v l
<—-| DEVICE

4—{ DEVICE A B
DEVICE
B
DEVICEA MC12009 MC12011 MC12013
MC10131{ & 201+ 21 +321+33 +40/+ 41
MC10138| 4+ 50/+51 +80/+ 81 +100/+ 101

NOTE: MC12009, MC12011, and MC12013 are pin equivalent.
MC12015, MC12016, and MC12017 are pin equivalent.

Figure 13. Dual-Modulus Values

MOTOROLA

MC145151-2 through MC145158-2
3



[@ MOTOROLA

'Low-Power Narrowband
FM Receiver

\ ..includes dual FM conversion with oscillators, mixers, quadrature
discriminator, and meter drive/carrier detect circuitry. The MC3362 also has
, buffered first and second local oscillator outputs and a comparator circuit for

' FsK detection.

f Complete Dual Conversion Circuitry
$ Low Voltage: Vo =2.0t0 6.0 Vde

i # Low Drain Current (3.6 mA (Typicai) @ Vcc = 3.0 Vdc)
® Excellent Sensitivity: Input Voltage 0.6 pVrms (Typical)

E for 12 dB SINAD
[}

¢ Externally Adjustable Carrier Detect Function
@ | ow Number of External Parts Required

; ® Manufactured Using Motorola’s MOSAIC® Process Technology

— -

‘e MC13135 is Preferred for New Designs

Figure 1. Simplified Application in a PLL Frequency
Synthesized Receiver

RF Input
to 200 MHz
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) 2 2 | _l_"‘ Detector

0.01

3 2
10245 MHz 0 "FT 2 J oty
+—i0t s 4 2 T
Ceramic Filter S 20 }———= To PLL or Prescaler
455 kHz MC3362 S
m-—w 6 19 Ceramic Filter
| ' 10.7 MHz
7 18 Jﬂ :
8 17 | ] 10,
0.1 1 0.1 1—%—«'
1t 1} 9 16 = = 0”1—-.

, I
) 0.1 ! 200k 10 15 r
4 g Data Vge

1 14

110k ToCamer <1 L o001
I%eted 12 13 —T—AN\,I> Recovered
ndicator 39K 8.2k 0.01 Audio
] To
Lp = 680 jH | [ =
Cp = 180 pF : {.__L

Order this document by MC3362/D

MC3362

LOW-POWER
DUAL CONVERSION
FM RECEIVER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 724

DW SUFFIX
PLASTIC PACKAGE
CASE 7S1E
(S0-24L)

Figure 2. Pin Connections and
Representative Block Diagram

\J
1st Mixer Input E E 1st Mixer Input
2nd L0 Output {7 23] Varicap Control
204 LO Emittr [3 2] 15tLO Tark
2ndLO Base [4] 21] 1stLOTank
2nd Mixer Output {5 | 20] 15t LO Output
Veg E 19] tstMixer Output
Limiter Input E T_B—] 2nd Mixer Input
g::: pling E E 2nd Mixer Input
ecouping [ 6] Ver
Meter Drive @—« E Comparator Output
Carrier Detect [E_Y &E Comparator input

B
Quadrature Coil E%E Detector Output

ORDERING INFORMATION

Operating
Device Temperature Range Package

MC3362DW S0-24L
Ta = - 40to +85°C

MC3362P Plastic DIP

© Motorola, Inc. 1996 Rev 2



| MC3362
E
MAXIMUM RATING (Tp = 25°C, unless otherwise noted)
Rating Pin Symbol Value Unit
Power Supply Vottage (See Figure 2) 6 VcC(max) 70 Vde
Operating Supply Voltage Range (Recommended}) 6 Vee 20t0 6.0 Vde
jinput-Voltage (Vcc 2 5.0 Vdc) 1,24 V124 10 Vrms
Junction Temperature - T4 150 °C
Operating Ambient Temperature Range - TA —-40to +85 °C
Storage Temperature Range - Tstg -65to +150 °C

ELECTRICAL CHARACTERISTICS (Vo = 50 Vdc, f, = 49.7 MHz, Deviation = 3.0 kHz, Ta = 25°C, Test Circuit of Figure 3,

unless otherwise noted)

i

™

S Tre . TR

Characteristic Pin Min Typ Max Units
Drain Current (Catrier Detect Low — See Figure 5) 6 - 45 70 mA
input for —3.0 dB Limiting - 0.7 20 pvrms
input for 12 dB SINAD (See Figure 9) - 0.6 - nvrms
Series Equivalent input impedence - 450350 - Q
Recovered Audio (RF signal level = 10 mV) 13 ~ 350 - mvVrms
Noise Output (RF signal level = 0 mV) 13 - 250 - mVrms
Carrier Detect Threshold (below Vce) 10 - 064 - Vde
Meter Drive Slope 10 - 100 - nA/dB
Input for 20 dB (S + N)/N (See Figure 7) - 0.7 - uVrms
First Mixer 3rd Order Intercept (Input) - -2 - dBm
First Mixer Input Resistance (Rp) - 690 - Q
First Mixer Input Capacitance (Cp) - 72 - pF
Conversion Voltage Gain, First Mixer - 18 - dB
Conversion Voltage Gain, Second Mixer - 21 -
Dector Output Resistance 13 - 14 - kQ
Figure 3. Test Circuit
RF Femonics
Input 12-345K
50Q § J
o 1 \d 24
120 pF 26 0.01
| 2 SRS T
10245 SO pF ¢—13 2 — N\ 105 Tuns
MHz p Coilcraft
—— 21 { ]l UNI-10/142
—1—1° 20 = 1
== MC3362 FL:
FL 6 19 i muRata CFU4S5D
7 ® | v or
01 ! Toko LFC—4551
< I X 8 17 Fl2:
68 kQ [ 16 muRata SFE10.7MA
) 10 15 or
— e 01 Toko SK107M3-A0-10
| P | 11 14 ——
: ; o 12 13
L —— 1.0 yF
Toko RMC-2A6597HM "
Vee o— K o VEE

NOTE: See AN980 for Additional Design Information.
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Figure 4. IMeter versus Input
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Figure 5. Drain Current, Recovered Audio

versus Supply
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Figure 10. PC Board Test Circuit
{LC Oscillator Configuration Used in PLL Synthesized Recelver)

RF Input 18p 1000 p -/
49,67 MHz (O>—] 1 24
ol 9 {1 —__)—.LI

BJ

Varactor Control

ol

= T°-47u 'Z

.
[

T

B Fg§

0.01
—L . Ve
Veg=20t070Vde = T 00
¥4 =
1< L 3
120p L L 33p ?0.41;1
- 44 -
10.245, Fund. Mode
32 pF Load 2
1L
N = vee 3.0k
Cer, Fitt
' — (=

1  (keep0.7V € V23 £ V)
(This network must be tuned to exactly
10.7 MHz above or below the incoming

RF signal.
NOTE: The IF is rolled off above 10.7

MHz to reduce L.O. feedthrough.)
First Local Oscittator

Buffered Output
CRF1
T [6 | CRF1 = muRata CFU 455X —the X
L L-L] tovee suffix denotes 6.0 dB bandwidth.
CRF2 T A Rin = Royt = 1.5t0 20kQ
gl ]
01 10.7 MHz
" e M 7] Cer Fit CRF2 = muRata SFA10.7 MFS or
" J_ L | SFE10.7 or equivalent. Rin = Rout
0.1 0.1 =3 XY =330 Q. Crystal filters can be
I¢ T_E_,WW % I 017 ? Ex & used but impedance matching will
100 k ,47_ == 1 need to be added to ensure proper
51k ! filter characteristics are realized.
S — L——-@: 15 I— — ¢ ———4
i 10k
CD Adjust ok é 0 . FSKData Output
Camer ..___._«M,_r_{ 1 14 _1 (optional)
Detect ap
e 39k FIL ) 5 o -8 Recovered
nomy 4 =301 8 5 [ iy, Ao
T = s 2k oot
LC4I§)5 kHzto LT {MC3362) i
esonator l i\
L _l_
Figure 10A. Crystal Oscillator Configuration for Single Channel Application
23
Crystal used is series mode resonant
(no load capacity specified), 3rd overtone.
~ . 20k This method has not proven adequate for
§ 22 s . . A fundamental mode, Sth or 7th overtone crystals.
2 0.68 n The inductor and capacitor will need to be
= 300 Y changed for other frequency crystals. See
4 ce ANSS0 for further information.
2% b4
0.68 | 20k
!
38.97 MHz
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OUTLINE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE

A=) CASE 72403
J ISSUED NOTES:
A O M OO 1. CHAMFERED CONTOUR OPTIONAL.

e 1 2. DIMENSION L TO CENTER OF LEADS WHEN
0 =B-] FORMED PARALLEL
12 3. DIMENSIONING AND TOLERANCING PER ANSI
U U OOV _f Y14.5M, 1682
4, CONTROLLING DIMENSION: INCH,
L INCHES | MILLIMETERS
—Cc poa| WIN | WAX | WIN | WAX
( e ) A | 1230 | 1265 | 3125 | 3203
|ju|jupa Jag| p_ﬁ \ ¥ B | 0250 | 0270 | 635 | 685
— C ] 0.145 | 0175 | 369 | 444
:[;r—]m {l i ‘ "_"_“ K NOTE1 D (0015 | 0020 | 038 | 051
Hi: L_ N f M E | 00508SC 1.27 BSC
E - \1 F | 0.040 | 0.060 | 102 ] 152
-l G | 0.100BSC 2,54 BSC
F J 24P 1 {0007 o012 | 018 | 030
K_| 0110 l 0.140 | 280 | 355
D 24 PL [el 0.5 (0'°1°)®ITI B ®J L 0.300 BSC 1.32 BSC
M| o0°] 15°] o0°] 150
|$ 0.25 (°'°1°)®|TI A ®J W {ooz0 [ono] 051 [ 10t
DW SUFFIX
PLASTIC PACKAGE
CASE 751E-04  OTES
(S0O-24L) 1. DIMENSIONING AND TOLERANCING PER ANSI

13

H H H H H H H H H H H H 13 ISSUEE Y14,5M, 1082

2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE

4} MOLD PROTRUSION.
B B | 4, MAXIMUM MOLD PROTRUSION 0.15 (0.006)
——=B-|12x P PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
‘q} H}I 0.010 (0.25) ®] B ®J PROTRUSION, ALLOWABLE DAMBAR

R by
NEEEREUEREE e e T

MILLIMETERS INCHES
MIN_[ MAX | MIN | MAX
1525 | 1554 | 0601 | 0.612

24x D [
[$]oo10025®[T[A ©[6 @] 740 | 760 | 0292 [ 0299

J

ﬂ L 235 | 265 | 0093 | 0104
F 035 | 049 | 0014 | 0019
041 | 090 | 0.016 | 0035

127 BSC 0.050 BSC
023 | 032 | 0008 | 0013
013 | 026 [ 0005 | 0.011
0°] 8°] o°] 8°
1005 | 1055 | 0305 | 0415
025 | 075 | 0.010 | 0.020
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Philips Semiconductors RF Communications Products

Product specification

Divide by: 128/129-64/65 dual modulus low power

ECL prescaler

SA701

DESCRIPTION

The SA701 is an advanced dual modulus
(Divide By 128/129 or 64/65) low power ECL
prescaler. The minimum supply voltage is

FEATURES

® {ow voltage operation

® { ow current consumption

PIN CONFIGURATION

N, D Package

2.7V and is compatible with the CMOS . . el
JAGH IN
UMA1005 synthesizer from Philips and other ~ ~ OPe 20" Up f0 1.1GHz u )
logic circuits. The low supply current allows ® ESD hardened Ve ﬂ ZI ne
application in battery operated low-power st ﬂ E MC
equipment. Maximum input signal frequency
is 1.1GHz for cellular and other land mobiie APPLICATIONS out |4 EI GNo
applications. There is no lower frequency ® Cellutar phones
limit due to a fully static design. The circuit is ® Cordless phones
implemented in ECL technology on the SS P
" QUBIC procass. The circuit will be available ® RF LANs
in an 8-pin SO package with 150 mil package °
width and in 8-pin dual in-line plastic Test and measurement
package, and is pin compatible with Fujitsu ® Military radio
MB501, Plessey SP8704 and Motorola
MC12022. ® VHF/UHF mobile radio
® VHF/UHF hand-held radio
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP) -4010 +85°C SA701N 0404B
8-Pin Plastic Small Outline (SO) package (Surface-mount) -40 to +85°C SA701D 0174C
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage 031t0+7.0 A
Vin Voitage applied to any other pin 0.3t0 (Vg + 0.3) Vv
o Output current 10 mA
Tste Storage temperature range -65 to +125 °C
Ta Operating ambient temperature range -5510 +125 °C
Thermal impedance D package 158 o
Oua N package 108 Ly
WJune 17, 1993 2 853-1708 10044




!Dhilips Semiconductors RF Communications Products Product specification

Divide by: 128/129-64/65 dual modulus low power
ECL prescaler

SA701
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Philips Semiconductors RF Communications Products Product specification
Divide by: 128/129-64/65 dual modulus low power SA
ECL prescaler 701
.DC ELECTRICAL CHARACTERISTICS
The following DC specifications are valid for T = 25°C and Vce = 3.0V; unless otherwise stated. Test circuit Figure 1.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP MAX
Vee Power supply voltage range fin = 1GHz, input level = 0dBm 2.7 6.0 \
lec Supply current No load 4.5 mA
Vou Output high level loyT = 1.2mA Vee-1.4 \
VoL Output low level Vee2.6 \
Vi MC input high threshold 2.0 Vee \
ViL MC input low threshold -03 0.8 \
Vi SW input high threshold 2.0 Vee \%
ViL SW input low threshold —0.3 0.8 \
i | MC input high current Ve = Ve = 6V 0.1 50 pA
L | MC input low current Ve = OV, Ve = 6V 100 | -30 pA
iy SW input high current Vsw= Ve =6V 35 100 UA
I SW input low current Vsw =0V, Vg = 6V -50 -0.1 pA

AC ELECTRICAL CHARACTERISTICS
The following AC specifications are valid for Vg = 3.0V, fiy = 1GHz, input level = 0dBm, T = 25°C; unless otherwise stated. Test circuit Fig. 1.

SYMBOL PARAMETER TEST CONDITIONS LMITS UNITS
MIN TYP MAX
Vin Input signal amplitude? 1000pF input coupling 0.05 2.0 Ve.p
fin input signal frequency Direct coupled input2 0 1.1 GHz
1000pF input coupling 1.1 GHz
Rip Differential input resistance DC measurement 5 kQ
Vo Output voltage Ve =5.0V 16 - Vep
Vee=3.0V 1.2 Vep
1 Modulus set-up time! 5 ns
ty Modulus hold time? 0 ns
tpp Propagation time 10 ns
NOTES:

1. Maximum limit is not tested, however, it is guaranteed by design and characierization.
2. For fyy < 50MHz, minimum input slew rate of 32V/us is required.

DESCRIPTION OF OPERATION
;The SA701 comprises a frequency divider
tircuit implemented using a divide by 4 or 5
synchronous prescaler followed by a 5 stage
synchronous counter, see BLOCK
DIAGRAM. The normal operating mode is for
SW (Modulus Set Switch) input to be set low
and MC (Modulus Control) input to be set
high in which case the circuit comprises a
divide by 128. For divide by 129 the MC
signal is forced low, causing the prescaler
circuit to switch into divide by 5 operation for
the last cycle of the synchronous counter.
Similarly, for divide by 64 and 65 the SA701
ill generate those respective moduli with the
BW signal forced high, in which the fourth
stage of the synchronous divider is

June 17, 1993

bypassed. A truth table for the modulus
values is given below:

Table 1.
Modulus MC sw
128 1 0
129 0 0
64 1 1
65 0 1

For minimization of propagation delay effects,
the second divider circuit is synchronous to
the divide by 4/5 stage output.

The prescaler input is positive edge sensitive,
and the output at the final count is a falling
edge with propagation delay tpp relative to

the input. The rising edge of the output
occurs at the count 64 for modulus 128/129
or count 32 for modulus 64/65 with delay tpp.
The SW input is not designed for
synchronous switching.

The MC and SW inputs are TTL compatible
threshold inputs operating at a reduced input
current. CMOS and low voltage interface
capability are allowed. The SW input has an
internal pull-down simplifying modulus group
selection. With SW open the divide by
128/129 mode is selected and with SW
connected to V¢ divide by 64/65 is selected.

The prescaler input is differential and ECL
compatible. The output is single-ended ECL
compatible.



Philips Semiconductors RF Communications Products

Product specification

Divide by: 128/129-64/65 dual modulus low power
* ECL prescaler

SA701

AC TIMING CHARACTERISTICS
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Philips Semiconductors RF Communications Products

Product specification

Divide by: 128/129-64/65 dual modulus low power
ECL prescaler

SA701

1
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7
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Figure 1. SA701 Test Circuit
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Figure 2. Minimum Input Power vs Frequency and Temperature
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Philips Semiconductors RF Communications Products Product specification

Divide by: 128/129-64/65 dual modulus low power
ECL prescaler

SA701
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Philips Semiconductors RF Communications Products Product specification

, Divide by: 128/129-64/65 dual modulus low power SA701
ECL prescaler

R1 L o
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Figure 6. Typical D Package Input Impedance
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TEMIC

Semiconductors

J/SST/U308 Series

N-Channel JFETs

Product Summary

J308
J309
J310

SST308
SST309
SST310

U309
U310

Part Number Ves(om (V) Vrigss Min (V) | g¢; Min (mS) Ipss Min (snA)
J308 -1 t0-6.5 =25 8 12
1309 ~1to4 25 10 12
1310 2t0-6.5 -25 24
SST308 —1t0o-65 25 8 12
SST309 -lto4 -25 10 12
SST310 ~210-6.5 -25 8 24
U309 ~lto4 -25 10 12
u3io 25106 -25 10 24
Features Benefits
‘® Excellent High Frequency Gain: ® Wideband High Gain
Gps 11.5 dB @ 450 MHz ® Very High System Sensitivity
® Very Low Noise: 2.7 dB @ 450 MHz High Quality of Amplification

® Very Low Distortion

® High ac/dc Switch Off-Isolation

Description

The J/SST/U308 series offers superb amplification
characteristics. Of special interest is its high-frequency
performance. Even at 450 MHz, this series offers high

power gain at low noise.
Low-cost J series TO-226AA (TO-92) packaging supports

automated assembly with tape-and-reel options. The
SSTseries TO-236

TO-226AA
(TO-92)
D
S
G
Top View
1308
1309
1310

Updates to this data shect may be obtained via facsimile by calling Siliconix FaxBack, 1-408-970-5600.

(SOT-23)

High-Speed Switching Capability
High Low-Level Signal Amplification

surface-mount

further details.)

capabiliies and is available
tape-and-reel options. The U series hermetically-sealed
TO-206AC (TO-52) package supports full military
processing. (See Military and Packaging Information for

Applications

¢ High-Frequency Amplifier/Mixer
® Oscillator

® Sample-and-Hold

® Very Low Capacitance Switches

For similar dual products packaged in the TO-78, see the

package  provides U430/431 data sheet.
TO-236 TO-206AC
52,
(SOT-23) (o2
o [ S
}3 .G
s|2 R
Top View
SST308 (Z8)* D G and Case
SST309 (Z9)*
SST310 (Z20)* Top View
U309
*Marking Code for TO-236 u3lo

Applications information may also be obtained via FaxBack, request document #70597.

Please request FaxBack document #70237.

Siliconix

S-52424—Rev. E, 14-Apr-97
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' J/SST/U308 Series

Absolute Maximum Ratings

TEMIC

Semiconductors

Gate-Drain, Gate-Source Voltage . . ... ......c..ooalan —25V  Operating Junction Temperature ................c.... ~55 to 150°C
Gate Current : (/SST Prefixes) ......oonnnnn. 1I0mA  poyer Dissipation : (J/SST Prefixes)? ............. 350 mW
(U Pl‘CﬁX) ..................... 20 mA (U Preﬁx)" ________________ 500 mW
Lead Temperature (!/)¢” from case for 10sec.) ............... 300°C  Noges
Storage Temperature : (J/SST Prefixes) .......... -55t0150°C 3 Derate 2.8 mW/°C above 25°C
(UPrefix) ........o..onnn —651t0175°C  b. Derate 4 mW/°C above 25°C
L] .
Specifications? for J/SST308, J/SST309 and J/SST310
Limits
J/SST308 JISST309 J/SST310
Parameter Symbol Test Conditions Typ® |Min ] Max | Min I Max | Min l Max | Unit
Static
Gate-Source
Breakdown Voltage V@riGss lg=-1pA, Vps=0V =35 | -25 -25 =25 v
Gate-Source Cutoff Voltage VaGsoffy Vps=10V,Ip=1nA -1 65 | -1 -4 -2 ] -65
Saturation Drain Current® Ipss Vps=10V, Vgs=0V 12 60 12 30 24 60 | mA
Vgs=-15V,Vps=0V -0.002 -1 -1 -1 nA
Gate Reverse Current Igss
| Tp=125°C | —0.001 -1 -1 -1 pA
Gate Operating Current I Vpg=9V,I[p=10mA -15 pA
Drain-Source On-Resistance DS (on) Vgs=0V,Ip=1mA 3s Q
' Ig=10mA
Gate-Source Forward Voltage Vasm Vps =0V J 0.7 1 1 1 v
Dynamic
Common-Source
14 8 10 8
Forward Transconductance 8fs Vps=10 V, Ip = 10 mA
Common-Source f=1kHz
Output Conductance &os 10 250 250 250 uS
Common-Source C J 4 5 5 5
Input Capacitance R Vps=10 V SST
Vgs=-10V oF
Common-Source f=1MHz J 19 25 25 25
Reverse Transfer Capacitance Coss e SST 19
Equivalent Input - Vps=10 V,Ip=10 mA aV/
Noise Voktage e f =100 Hz . iz
High Frequency
Common-Gate f= 105 MHz 14
Forward Transconductance &g =450 MHz 13
mS
Common-Gate f=105MHz | 016
Output Conductance Eog Vps=10 v | [=450MHz | 055
Ip=10mA f=105 MHz 16
Common-Gate Power Gaind Gy,
! f=450MHz | 115 B
Noise Fi NF f= 105 MHz L5
oise Fi
gie f=450 MHz 2.7
Notes
a. Ta =25°C unless otherwise noted. NZB
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. Pulsetest: PW <300 ps duty cycle <3%.
d. Gain (Gpg) measured at optimum input noise match.
2 Siliconix
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TEMIC

Semiconductors

J/SST/U308 Series

Specifications? for U309 and U310

Limits
U309 U310
Parameter Symboal Test Conditions Typ? | Min | Max | Min | Max | Unit
Static
Gate-Source Breakdown Voltage V@BRrIGSS Ig=-1pA,Vps=0V 35 ~25 -25
\%
Gate-Source Cutoff Voltage VGs(ofh Vps=10V,Ip=1nA -1 -4 25 -6
Saturation Drain Current® Ipss Vps=10V,Vgs=0V 12 30 24 60 mA
Vgs=-15V,Vpg=0V -0.002 —0.15 -0.15 nA
Gate Reverse Current Igss
| Ta = 125°C -0.001 -0.15 015 | pA
Gate Operating Current I Vpg=9V,Ip=10mA -15 pPA
Drain-Source On-Resistance TDS(on) Vgs=0V,Ip=1mA 35 Q
Gate-Source Forward Voltage Vas@® Ig=10mA,Vps=0V 0.7 1 1 v
Dynamic
Common-Source
8fs 14 10 10 mS
Forward Transconductance Vps=10 V,Ip= 10 mA
Common-Source f=1kHz
Output Conductance &os 110 250 250 ]
Common-Source
. Cis 4 5 5
Input Capacitance v Vps=10 V, Vgs=—10V
f=1MHz pF
Common-Source C e 1.9 25 25
Reverse Transfer Capacitance = “ 1 -
Equivalent Input Noise Voltage € Vps= lfo___\l"og)p;z g 6 3%
High Frequency
Common-Gate f=105MHz 14
Forward Transconductance &y =450 MHz 3
mS
Common-Gate N\ f=105 MHz 0.16
Output Conductance 4 Vps=10 V f— 450 MHz 055
Ip=10mA f= 105 MHz 16 | 14 14
Common-Gate Power Gaind Gpy
f=450 MHz 11.5 10 10
dB
f=105 MHz L5 2 2
Noise Figure NF
f=450 MHz 27 35 35
Notes
a. Ta =25°C unless otherwise noted. NZB
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. Pulse test: PW <300 ps duty cycle <3%.
d. Gain (Gpg) measured at optimum input noise match.
Siliconix 3
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J/SST/U308 Series

TEMIC

Semiconductors

Typical Characteristics

Drain Current and Transconductance

¢

vs. Gate-Source Cutoff Voltage Gate Leakage Current
100 T T T T T 1 50 100A E L N I S B ;
_IDSS@VDS=10vaGS=OV = @1y = 10 mA
2 g6 @ Vps =10V, Vs =0V 2 F | ot 200 pA
& 80_f=lkHZ Ly 40 _lﬂ lnAET‘A=l.25C._
C 60 —— 30 100 pA = Igss @ 125°C
2 T AT T
T @« o -
g A - [ | /
S 40 — L/ 20 8 9 10pA L
g - / DSS g © E / 3
g E ~ = 10 mA / =
P // 3 - Ty =25°C ~
= — o o
‘-g 20 /, 10 \Eu/: 1 pA % g XGSS @25 C:E
. 0 0 0.1 pA
0 ~1 -2 -3 4 _5 0 3 6 9 12 15
i VGs(atr) — Gate-Source Cutoff Voltage (V) Vpg — Drain-Gate Voltage (V)
On-Resistance and Output Conductance Common-Source Forward Transconductance
. 100 vs. Gate-Source Cutoff Voltage s > ~a 'vs'. l?rain Current o
~ Vesem=-3V Vps=10V
r G £ f=1kHz
< %]
2 80 2w% € 1 ¢
. T3 U
% o g Ta=-55°C
& o \ vl )5 &8 AT
& DS " 180 e g 12 ” o /'
% AN gos L] o 3
g e & g L7
g 120 8 8 b— 250c —-bt o
é _ N E g | / /’ //l?j"C
5 e = 5 /\}* d
120 /4 60 B £ 4 A
2 |l msep=1ma Ves=0V 3 e
E go,@VDS=10V,VGS=0V.f=lkHz 7
0 L 1 1 1 1 1 I 1 0 0
0 -1 -2 -3 -4 -5 0.1 1 10
Vgs(otr) — Gate-Source Cutoff Voltage (V) Ip — Drain Current (mA)
3
Output Characteristics Output Characteristics
PrTT T R
v 1SV I l Vesem=-3V
- VGS(ef) =~ Vgs =0V L7
Vgs =0V
' 12 v 24 7
g - g
bt / 02V = /
F o9 B T 04V -
g A g NV |_A-0sv ]
o "4 04V __J o v g
.g p 'J”r"!’ _g 12 //,/ -12V
a [s]
, Vs 1 06V i ,/ /;/ ~/1|67V ]
< 3 A/M 08 vI g 6 / /4/ —T"|
7 . — 77 p— 20V ]
24V ]
-10V l
| 0 It n 0
0 02 0.4 0.6 08 1 0 02 04 0.6 08 1
Vps — Drain-Source Voltage (V) Vps — Drain-Source Voltage (V)
4 Siliconix

S-52424—Rev. F, 14-Apr-97



TEMIC

Semiconductors

J/SST/U308 Series

Typical Characteristics (Cont’d)

20 Output Characteristics s Output Characteristics
T T T T T T T T l I l
Vasem=-15V Vasem=-3V Vs =0V _|
-l Ve =0V
16 ,/’ o 40
= / 02V =
3 3 / 04V
:g 12 | 30 / oot ] l
VU VU
E 04V _| E | 08V
O T &) i
4 1= | | 4 5 [I// —12V |
a 06V fa I 4 e
I = { ! / l Gl |
[} [=) -1.6V
= /- 08V = —
4 T : 10 /—— 20V
~10V = s
ﬁ p—— 1 1
24V
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Vps — Drain-Source Voltage (V) Vps — Drain-Source Voltage (V)
0 Transfer Characteristics - Transfer Characteristics
3 1
T T (-G T T 1 1 1
- VGsem=-15V Vps=10V - - Vesem=-3V Vps=10V
24 \ 80
§ 18 Ta=-55°C g 60 Ta =-55°C
3 | 4 5 |
=] \ 25°C =1 l25"(:
g n E 40 <
1 N\ i \\\\
a n
6 |- 125°C NN\ 20 | 125°C =
-
| N )
0 0 _—
0 -0.4 -0.8 -1.2 -16 -2 0 -0.6 -12 -1.8 24 -3
Vgs — Gate-Source Voltage (V) Vgs — Gate-Source Voltage (V)
Transconductance vs. Gate-Source Voltage % Transconductance vs. Gate-Source Voltage
VT T I T T 1 T 1
- L Vgsem=-15V Vps=10V _| - — Vgsem=-3V Vps=10V —1
(%) J f=1kHz [7) f=1kHz
E } 8 40
8 Ty =-55°C 8
g h i § T, 55°C
] 25°C 3 A=
€ 18 N A~ 3 30
3 N X 1 = —~
2 NA : S
125°C g 25°C
E 12 < 2 —
2 E -
5 5 125°C RO \\
o6 I (! NTN
® \\ \ ; \\\\
0 ANN 0
0 -0.4 -0.8 -1.2 -1.6 -2 0 -0.6 -1.2 ~1.8 -24 -3
Vgs — Gate-Source Voltage (V) Vgs ~ Gate-Source Voltage (V)
Siliconix S
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J/SST/U308 Series TeEMIC

‘Typical Characteristics (Cont’d)

On-Resistance vs. Drain Current Circuit Voltage Gain vs. Drain Current
lm I v lm T 1 rruoarT T T T 7 T1TT
a 8 RL H
¥ / / AV = T Rzw
g 8 80 2
Assume Vpp=15V,Vpg=5V
g / . A DD DS |
& Vesem=-15V |/ 1 g N R =10V
& o © 60 &‘\ L= i
S / E N Ly
5 3 NI i
2w - M Vosem=-15V
15 v > \\ \
g vV, — | 1 | < \ -~
& Gsem =-3V 1 Ny
| \\\
= 20 20 P~
Kl Vasem=-3V [ TN
<2 NS ] 1
R
. . 11
1 10 100 0.1 1 10
Ip — Drain Current (mA) Ip — Drain Current (mA)
Common-Source Input Capacitance Common-Source Reverse Feedback Capacitance
s vs. Gate-Source Voltage > vs. Gate-Source Voltage
T 1
- f=1MHz oy - f=1MHz
IC/
= 12 34 8
& "\
(1%}
Vpg=0V &
,5 9 \ S 6 \
i \ \\ o
g \ 4 Vps=0V
g 6 ~ E 4
I e 2 N\
- —
E — £ N [ —
S 3 Vps=5V = 2 2
I Vps=5V
2
&)
o : L ||
0 -4 -8 -12 -16 -20 0 -4 -8 -12 -16 -20
Vgs - Gate-Source Voltage (V) Vgs — Gate-Source Voltage (V)
100 Input Admittance vs. Frequency e Forward Admittance vs. Frequency
—
— &ig —Big
4+
10 ] 10
-~ == _
g l' big E
~ o ~ by
,
1 1 /
E Ta=25°C E Ty =25°C
E Vpg=10V - Vpg=10V
- Ip=10mA < - Ip=10mA
t~ Common—Gate |- Common-Gate
0.1 | 0.1 [
100 200 500 1000 100 200 500 1000
f — Frequency (MHz) f — Frequency (MHz)
6 Siliconix
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TeEMIC J/SST/U308 Series

Typical Characteristics (Cont’d)

Reverse Admittance vs. Frequency

Output Admittance vs. Frequency

10 - 100 ——
E Ta=25°C E Ta=25°C
F Vpg=10V - Vpg=10V
~ Ip=10mA I Ip=10mA
- Common-Gate - Common—Gate p>
1 10 = =
boy J
= z —
/ g " >
0.1 |=pe —— —Ey 1 Bog_tet]
y 4 !
N\ y 4 >
\ |
V /
0.01 0.1
100 200 500 1000 100 200 500 1000
f — Frequeacy (MHz) f — Frequency (MHz)
Equivalent Input Noise Voltage vs. Frequency : Output Conductance vs. Drain Current
O T Y T 11T TTTITT
VDS= 10V - VGS om=—3V VDS= lOV
f=1kHz
N
16 ~ 120
& 2
> g
>
A - /i
3 Ta=-55°C YA
o = Y
@ A\ 2 /
£ NN p=1ma 3
> 8 N ) 60 /
o =
£ ™ g 25°C \/ £/
Z N o s 94
[ b n | ,/ F /
& 4FIp=10mA ! - g 30 B 125t
B P A 15°C
i e 1]
0 0
10 100 1k 10k 100 k 0.1 1 10
f — Frequency (Hz) Ip — Drain Current (mA)
Siliconix 7
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DATA SHEET

BFG540W
BFG540W/X; BFG540W/XR
NPN 9 GHz wideband transistor

Product specification 1997 Dec 04
Supersedes data of August 1995
File under Discrete Semiconductors, SC14
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Philips Semiconductors

Product specilfication

NPN 9 GHz wideband transistor

BFG540W

BFG540W/X; BFG540W/XR

FEATURES MARKING
* High power gain TYPE NUMBER CODE
¢ Low noise figure BFG540W N9 R B_s
 High transition frequency BFG540W/X N7
¢ Gold metallization ensures BFG540W/XR N8
excellent reliability.
PINNING = H
APPLICATIONS Top view msBo14
. L PIN DESCRIPTION
They are intended for applications in
the RF front end, in wideband BFG540W (see Fig.1)
applications in the GHz range such as 1 collector .
analog and digital cellular telephones, 23 Fig.1 SOT343N.
cordiess telephones (CT2, CT3, asje
PCN, DECT, etc.), radar detectors, 3 [emitter
pagers, satellite television tuners 4 emitter
(SATV), MATV/CATV amplifiers and T g Geaqwyx (see Fig.1)
repeater amplifiers in fibre-optic " 4
systems. 1 collector
2 emitter
DESCRIPTION 3 base
NPN silicon planar epitaxial w g er 28_—51
transistors in plastic, 4-pin BFG540W/XR (see Fig.2) Topview  asgse
dual-emitter SOT343N and SOT343R 1 collector
packages. -
2 emitter
3 base
- Fig.2 SOT343R.
4 emitter
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Veeo collector-base voltage open emitter - - 20 A
Vces collector-emitter voltage |Rgg =0 - - 15 Vv
Ic collector current (DC) - - 120 [mA
Piot total power dissipation upto Ts=85°C - - 500 |mw
hge DC current gain lc=40mA; Vcg =8V 60 |120 [250
Cre feedback capacitance lc=0;Vcg=8V;f=1MHz - 05 |- pF
fr transition frequency lc=40mA;Vce =8 V; f=1GHz; Tamp =25 °C - 9 - GHz
Gum maximum unilateral lc =40 mA; Vce =8V, f =900 MHZ; Tymp =25 °C |- 16 - dB
power gain Ic = 40 MA; Vg = 8 V; f = 2 GHZ; Tamp = 25 °C 10 |- dB
15412 insertion power gain lc=40mA; Vg =8 V; f =900 MHZ; T,y =25°C |14 |15 |- daB
F noise figure Fs=Topt; lc=10MA; Vce =8 V; =2 GHz - 21 |- dB

1997 Dec 04




Philips Semiconductors

Product specification

BFG540W
NPN 9 GHz wideband transistor
BFG540W/X; BFG540W/XR
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter - 20 Vv
J Vces collector-emitter voltage Rge=0 - 15 Vv
3l Veso emitter-base voltage open collector - 25 Vv
Ic collector current (DC) - 120 mA
4 Piot total power dissipation up to T = 85 °C; see Fig.3; note 1 - 500 mwW
1 Tsg storage temperature —65 +150 °C
T junction temperature - 175 °C
THERMAL CHARACTERISTICS
+ SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinjs thermali resistance from junction to soldering point | up to T = 85 °C; note 1 180 K/w

Note to the “Limiting values” and “Thermal characteristics”
T, is the temperature at the soldering point of the collector pin.

1.

MBG248

600

Pot

(mW)

400

200

Vces10V.

50 100 50, 200
Ts (0

Fig.3 Power derating curve.

1997 Dec 04 3




Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W

BFG540W/X; BFG540W/XR

CHARACTERISTICS
Tj = 25 °C (unless otherwise specified).
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Verjcao | collector-base breakdown open emitter; Ic=10pA ; lg=0 20 - - \'
voltage
Vierices | collector-emitter breakdown Rge=0;ic =40 pA 15 - - \'
voltage
Vierieeo | emitier-base breakdown open collector; le =100 pA; Ic=0 2.5 - - A
voltage
lceo collector cut-off current open emitter; Vcg =8 V; lg =0 - - 50 nA
hre DC current gain lc=40mA; Ve =8V 60 120 250
fr transition frequency lc=40 mA; Ve =8 V; =1 GHz; - 9 - GHz
Tamp =25°C
Ce collector capacitance lg=ie=0;Veg=8V;f=1MHz - 0.9 - pF
Ce emitter capacitance lc=i¢=0; Vgg=05V;f=1MHz |- 2 - pF
Cre feedback capacitance Ilc=0;Vcg =8V, f=1MHz - 0.5 - pF
Gum maximum unilateral power lc =40 MA; Vge = 8 V; f = 900 MHz; |- 16 - dB
gain; note 1 Tamb =25 °C
Ilc =40 mA; Vce =8 V; f =2 GHz; - 10 - dB
Tamp =25 °C
Isgq 2 insertion power gain Ic =40 mA; Vce =8 V; £ = 900 MHz; 14 15 - dB
Tamb =25 °C
F noise figure Ts=Topt; Ic=10MA; Vce =8 V; - 1.3 1.8 dB
f = 900 MHz
Is= I“op,; Ic =40 mA; Vce=8 YV, - 1.9 2.4 dB
f = 900 MHz
Is=Topu Ic=10 mA; Vce =8 V; R 2.1 - dB
f=2GHz
Prs output power at 1 dB gain lc =40 MA; Ve =8 V; f =900 MHz, |- 21 - dBm
compression RL=50Q; Tamp=25°C
ITO third order intercept point note 2 - 34 - dBm
Vo output voltage note 3 - 500 - mV
do second order intermodulation | note 4 - -50 - dB
distortion
Notes I824/2

1. Gywm is the maximum unilateral power gain, assuming s is zero. G ;,, = 10 log

2. lc =40 mA; V(;E = 8V; RL =50 Q; Tamb =25 OC;

a) fp =900 MHz; fq = 902 MHz; measured at fiz; - ) = 898 MHz and fizq — p) = 904 MHz.

(1= 533/ (1 =[82")

3. dim =—60 dB (DIN45004B); V,, = Vo; Vg = Vo, —6dB; V, = Vo6 dB; R = 75Q; Vce =8 V; Ic = 40 mA;
a) f, =795.25 MHz; 1, = 803.25 MHz; 1, = 805.25 MHz; measured at f , q_ ) = 793.25 MHz.

4. lc=40mA; Vce =8V, Vo, =275 mV; R_ =75 Q; Tamp = 25 °C;
a) fp =250 MHz; {, = 560 MHz; measured at {5 , q = 810 MHz.

1997 Dec 04
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Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W
BFG540W/X; BFG540W/XR

MRA749

heg

200

150
100

o1 1

02

2

10 IC(mA)1

Vce=8V.

Fig.4 DC current gain as a function of
collector current; typical values.

MRA?50

(pF)
08

TIAN

0.4

02

le=0:f=1MHz

Fig.5 Feedback capacitance as a function of
collector-base voltage; typical values.

12 MLCOH
fr
(GHz) Veg =8V
8 AR
Vce=4V
Y
/
/
4
- 2
10 1 10 IG (mA) 10

f=1GHz; Tamy =25 °C.

Fig.6 Transition frequency as a function of
collector current; typical values.
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. Philips Semiconductors Product specification

BFG540W
BFG540W/X; BFG540W/XR

NPN 9 GHz wideband transistor

]
- 30 MLCO4S 30 MLCOSE
{ gain gain
(dB) (dB)
* 20 20
MSG | ——
n ’/ —_— | Grqax
4 - Gum—
] 10 — Smax
10 —
[ :7 Gum
4
0 0 ;
0 10 20 30 40 50 ) 10 20 30 40 50
Ic (mA) Ic (mA)
b | £=900MHz; Vee =8 V. f=2GHz Vcg =8 V.
¢ :
i Fig.7 Gain as a function of collector current; Fig.8 Gain as a function of collector current;
: typical values. typical values.
i
3
i k ©MLCOI7 MLCOE
: 50 50
gain gain
E (dB) G UM \ (dB) G UM
A 40 y 40 T q
' N MSG K I
MSG [
! 30 KT N 30 N
| ™~ N
\k\
] 20 » 20 N
\
N N
4 10 \\ 10 e
. N G max max
; ) 0 2 3 4 0 2 3 4
1 1 10 10 10 10 10
] 0 0 f (MHz) f (MHz)
3
r 3 lc=10mA; Vcg=8V. lc=40mA; Vce=8V.
' Fig.9 Gainas a function of frequency; Fig.10 Gain as a function of frequency;
! - . . -
| typical values. typical values.
]
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Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W
BFG540W/X; BFG540W/XR

8

-40

60 o=t

-70
10 20 30 40 50 60
g (mA)

Vo =500 mV; fy 4 q_n=79325 MHZ Vce =8 V; Tamp =25 °C;
R.=75Q.

Fig.11 Intermodulation distortion as a function
of collector current; typical values.

do
(dB)

—40 \

-50 >

50 60
g {mA)

Vo=275mV:fp . =810 MHZ Vce=8 V; Tamb =25°CG; R =75 Q.

Fig.12 Second order intermodulation distortion as a
function of collector current; typical values.

4 MLCO4S
F
(dB)
3
pd
f=2000 MHz {_] g
AL / )
2 4
A
™ 1000 MHz ’
900 MHz //
1 ——500 MHz
0
2
1 10 10
I (mA)
Vee=8V.

Fig.13 Minimum noise figure as a function of
collector current; typical values.

5 20
Frin l ! l I l_ Gass
(dB) ’_f =900 MHz (dB)

4 LU 45

T 1000 MHz
B HH
3 Gass 1™ | 2000 Mz | 10
LT /
2000M?-1z\~\_~ A )
2 - v 5
—y— o
—1000 MHz min A
900 MHz
1 ——500 MHz. 0
° oy
1 10 1
ig (mA)
Vce:BV.

Fig.14 Associated available gain as a function of
collector current; typical values.
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Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W
BFG540W/X; BFG540W/XR

MLCOS0

LA
//
/”’
1
0 3
2
10 10 f (MHz)
Vce=8V.

of frequency; typical values.

104

Fig.15 Minimum noise figure as a function

MRA75T1

5 T T T NI 20
Fenin lc=10mA b\“m""‘ Gass
(dB) 1IN g - (d8)

4 N “ass 15

3 \\\ / 10

X
/N
/
2 B2 / 5
40 mA »
ey 7 Frnin |4
1 0
4 >
1
102 102 £ (MH2) Q
VCE =8V.

Fig.16 Associated available gain as a function
of frequency; typical values.
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Product specification

. ' BFG540W
NPN 9 GHz wideband transistor BEG540W/X: BFG540W/XR

#hilips Semiconductors

stability
90° circle

T1.0
1 0.8

0.6

- 0.4

b} 4
y =T

unstable

T 0.2

+1.0

._900

f=900 MHz; Ve =8 V; Ic =10 mA; Z, = 50 Q.

Fig.17 Common emitter noise figure circles; typical values.

f=2GHz; Vcg=8V:lc=10mA; Z, =50 Q.

Fig.18 Common emitter noise figure circles; typical values.
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Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W

BFG540W/X; BFG540W/XR

900
T10
To08
106
104
) to2
Q| !
180° —=>}o° 1o

|
wn
2y

O\
<t
Qb
A

N

meoss L qg

Vee=8V;Ic=40mA; Z, =50 Q.

Fig.19 Common emitter input reflection coefficient (s44); typical values.

Vce=8V:ilc=40mA.

180° /
50

~135° _45°

v

Fig.20 Common emitter forward transmission coefficient (s,4); typical values.
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Philips Semiconductors Product specification

NPN 8 GHz

BFG540W

wideband transistor BFG540W/X; BFG540W/XR

Mg w  w s

Vce=8YV; ]c=40 mA.

900
3GHz
135° B 45°
180° ¢ t { | { 40 MHz 0°
025 020 0.15 0.10 0.05
-135° -45°
- 90° MLcass

Fig.21 Common emitter reverse transmission coefficient (s2); typical values.

Vce =8 V: Ig = 40 mA; Zo =50 Q.

Fig.22 Common emitter output refiection coefficient (syp); typical values.
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Philips Semiconductors

Product specification

NPN 9 GHz wideband transistor

BFG540W
BFG540W/X; BFG540W/XR

SPICE parameters for the BFG540W crystal

SEQUENCE No. | PARAMETER | VALUE | UNIT SEQUENCE No. | PARAMETER | VALUE | UNIT
1 Is 1.045 |[fA 36 VJS 750.0 |mV
2 BF 184.3 |- 370 MJS 0.600 |-

3 NF 0.981 - 38 FC 0814 |-
4 VAF 4169 |V Note

5 IKF 1000 |A 1. These parameters have not been extracted, the
6 ISE 2324 (A default values are shown.

7 NE 2.028 -

8 BR 43.99 -

9 NR 0.992 |- Ccb

10 VAR 2097 |V v

11 IKR 166.2 |mA u Lg L2
12 ISC 1298 |aA SEY 0 BN\ 1 e¢
13 NC 1.064 - Cbe 2= E' L,
14 RB 5.000 Q

15 IRB 1000 |pA g yE

16 RBM 5000 |Q e
17 RE 3535 |mQ } 13

18 RC 1.340 |Q S

19 (1) XTB 0.000 |-

20 ™ EG 1110 JeV QLg = 50; QLe = 50; Qlgelf) = QlpV(th)

21 (1) XTi 3.000 _ f. = scaling frequency = 1 GHz.

22 CJE 1.978 |pF A Al o

z VE _[s000 [y i3 - sl

24 MJE 0.332 -

25 TF 7.457 |ps

26 XTF 140 |- List of components (see Fig.23).

27 VTF 3.158 \VZ DESIGNATION VALUE UNIT
28 ITF 156.9 mA Che 70 fF

29 PTF 0.000 deg Cewo 50 fF

30 CJC 793.7 fF Cee 115 fF

31 vJC 185.5 mv L1 +10.34 nH

32 MJC 0.084 - L2 0.10 nH

33 XCJC 0.150 |- L3 0.25 nH

34 TR 1598 |ns Lg 0.40 nH
350) CJS 0.000 F Le 0.40 nH

1997 Dec 04
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- . Discrete POWER & Signal
FAIRCHILID Technologies
]

SEMICONDLICTOR

2N3904 MMBT3904

MMPQ3904 PZT3904

o'

E3

SOIC-16

NPN General Purpose Amplifier

This device is designed as a general purpose amplifier and switch.
The useful dynamic range extends to 100 mA as a swiich and to
100 MHz as an amplifier. Sourced from Process 23.

Absolute Maximum Ratings* 74 -25:c uness otherwiss noted

Symbol Parameter Value Units
Veeo Coflector-Emitter Voitage 40 \'
Vceo Collector-Base Voitage 60 \
Veso Emitter-Base Voltage 6.0 \

le Collector Current - Continuous 200 mA
Ts Tatg Operating and Storage Junction Temperature Range -55 to +150 °C

*These ratings are limiting values above which the serviceability of any semiconductor device may be impalred.

NOTES:
1) These ratings are based on a ( juncti P of 150 deg C.
2) These are steady state limits. The factory should be consuited on applications involving pulsed or fow duty cycle operations.

© 1897 Fairchild Serniconductor Comporation
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NPN General Purpose Amplifier

(continued)
Electrical CharacteristicS  va-25c unless otherwise noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vericeo Collector-Emitter Breakdown Voltage | ic=1.0mA, lg=0 40 v
Vercso Collector-Base Breakdown Voitage lc=10pA, lg=0 60 v
Vareso Emiitter-Base Breakdown Voltage le=10pA,Ic =0 6.0 \
laL Base Cutoff Current Vee=30V, Ves =0 50 nA
foex Collector Cutoff Current Vee=30V, Vgg=0 50 nA
ON CHARACTERISTICS®
hre DC Current Gain lc=0.1mA, Vgg=1.0V 40
lc=1.0mA Vge=1.0V 70
lc=10mA, Vee=1.0V 100 300
|c=50mA, V(;E=10V 60
|c= 100 n']AJ VCE= 10V 30
Veesa) Collector-Emitter Saturation Voltage lc=10mA, lp=1.0mA 02 v
lc =50 mA, Iz = 5.0 mA 0.3 \'
Vaegsay Base-Emitter Saturation Valtage lc=10mA, I =1.0mA 0.65 0.85 \
Ic=50 mA, |z = 5.0 mA 0.95 \4
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Ve =20V, 300 MHz
f = 100 MHz
Cobo Outpu‘l Capmﬂmce V=50V, =0, 4.0 pF
f=1.0MHz
Cibo Input Capacitance Veg=0.5V, Ic=0, 8.0 pF
f=1.0MHz
NF Noise Figure {except MMPQ3904) lc=100 pA, Vee = 5.0V, 5.0 dB
Rs =1.0kQ, =10 Hz 10 15.7 kHz )
SWITCHING CHARACTERISTICS (except MMPQ3904)
4 Delay Time Vee=3.0V, Vge=0.5V, 35 ns
" Rise Time le=10mA, igy= 1.0 mA 35 ns
ts Storage Time Vec=3.0V, lc = 10mA 200 ns
# Fall Time lg1=lg2=1.0mA 50 ns

*Puise Test: Pulse Width < 300 s, Duty Cycle < 2.0%

Spice Model

NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bi=416.4 Ne=1.259 Ise=6.734 1kf=66.78m Xtb=1.5 Br=.7371 Nc=2
Isc=0 tkr=0 Rc=1 Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=75 Tr=239.5n T{=301.2p
tf=.4 Vti=4 Xtf=2 Rb=10)

Y06€12d / Y06EDdNIN / YO6ELAININ / YOSENC



Thermal Characteristics

NPN General Purpose Amplifier

(continued)

TA = 25°C unless otherwise noted

Symbol Characteristic Max Units
2N3904 “PZT3904
Po Total Device Dissipation 625 1,000 mw
Derate above 25°C 5.0 8.0 mwW/°C
Rexc Therma Resistance, Junction to Case 83.3 °CW
Rasa Therma Resistance, Junction to Ambient 200 125 °CW
Symboi Characteristic Max Units
“MMBT3904 MMPQ3904
Po Total Device Dissipation 350 1,000 mwW
Derate above 25°C 28 8.0 mW/°C
Rasa Themmal Resistance, Junction to Ambient 357 °C/W
Effective 4 Die 125 ‘CW
Each Die 240 °C/W
‘Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; tead min. 6 cm2
**Device mounted on FR-4 PCB 1.6" X 1.6* X 0,06.*
Typical Characteristics
Typical Pulsed Current Gain ) ¢ Collector-Emitter Saturation
% vs Collector Current ; Voltage vs Collector Current
E 500 T T1TH E l l l
Y Vee=5V 1 Qo1s B =10
E 400 1] & /
(3} 125 °C < E 125¢C v
£ 300 E i
.3"1 25°C s — %
200 8 gl 5°C___} y
; .l E 0.05 [ S A 4
g 10— T-40c i Il
o . il
£ LI 8 Y
w01 1 10 100 5 0.1 10 100
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Base-Emitter Saturation
Voltage vs Collector Current
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Collector-Cutoff Current Capacitance vs

vs Ambient Temperature Reverse Bias Voltage
—_ ; — 10
g 500 = = = f=10mz 1]

L=V =30V,
R R e —— -
E T 1 ] 1 P T I 1 K3 5
8 10 3 4 <=
= ! ! 3 E s — U || Ceo
E 1 é# ﬁl ﬁ. $. gé ) \\\ ~H
p | | -t 1 1 1 - < \‘
é 0.1 o ~.\~ C ot
§ Tttt 1ttt 1t
= 25 50 75 100 125 150 o1 p 10 100
Ta - AMBIENT TEMPERATURE ( C) REVERSE BIAS VOLTAGE (V)

Y

Noise Figure vs Frequency
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

t g- STORAGE TIME (ns)

TIME (nS)

Turn-On Time vs Collector Current
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