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This thesis presents a design of a spread spectrum clock generator with constant spread 

percentage for reducing electro-magnetic interference (EM!) by frequency-modulating the input clock 

signal using modulating signal with triangular waveform. 

The structure of the designed circuit is divided into two paths: the main control loop based on 

phase-locked loop structure and the modulation controller. The integrated circuit was designed in 

TSMC 0.25-urn technology but was not fabricated. Experimental results show that the output 

frequency range of the circuit, operating at 3-V supply, is 155 MHz to 380 MHz. The modulation 

frequency range from 38 kHz to 90 kHz. It can achieve 14 dB EMI attenuation of the peak of 

spectrum amplitude at fundamental harmonic with approximately 0.85% constant spread ratio. 

The presented techniques and circuits can be utilized or applied in electronic devices to 

reduce the EMI emission from the clock signal. 
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" .,' '~l~tJ~ 3.0 11"~ fl11lJa 380 MHz ................................................................................................ 76 

· , , " 
~tln 7-57 m'Yf'\JtJltJffltlfl~i'lJ~nllJt)ilfln 1 n~Wlf5JiJ 30°C '~l~tJ~ 3.0 11"~ 

~ 
fl11lJfI 155 MHz .............................................................................................................................. 77 

· . , " 
~tln 7-58 m'Yf'\JtJltJffltlfl~i'mnllJt)ilfln 1 n~Wlf5JiJ 30°C '~l~tJ~ 3.0 11"~ 

· d 

fl11lJfI 280 MHz ........ .......... ......... ................................ ............................. ................. .. .... .............. . 77 

• • , JI 

~tln 7-59 m'Yf'\JtIltJffltlfl~i'lJ~JlllJt)ilfln 1 n~Wlf5JiJ 30
c

C '~l~tJ~ 3.0 11"~ 
· d 

fl11lJfI 380 MHz ........................ ..... .......... ............ .. ....... .................... .. ...................... ..................... . 77 

_I~ .., d tI ""' .. 
~1:I'YIfl-1 1~1l'j"~1lflU 'j"::~ff1~9I' ...... .. ....................... .............. .. .... .......... ......... ...... ....................... . 84 



. 
"" 1J'nn 1 

un,h 

. .. 
9l1-3'1'th:nU1,j'1~-3111~n'U U911ljmpJmwmntJ~'Ulh-31'U11lJn'U fftyqpW'U1Kfll~~riij1li'ln~fll'j 

nJn1'Un'U'\Jij-3fftyty1W~lfl EMI (Electro-Magnetic Interference) Ull~rl-3~f"91ijfll'jnl-31'U l~tJnlJ 
• , JI •• II JI • 

'llij-31-3~'j l~tJm ... ndifl11lJ(i~ -3 ~1l'llij-3flln'Ufl1'UU~~V-31~lJlJ1fl;j'U ~-3U'U 1 'U1h~,j'Ulh-3~'j 
Q d Q tlo !.It "0 .c:i .ci .A cv cv" 1 1 4::S.::S" " 
ij111 fl'YI 'j ij'U flff~ 111J'U ~ij -3'Y1l-31'U 'YI f111lJtl ff -31.., ij'jij n 'U fl'U f111lJ~ ij -3 fll'j'\Jij -31'Y1f1 'U M'YI fll111 'U 1 .. 
1Itymflln'Ufl1'Un'U'llij-3fftyty1WtJ'U1n~~lfl EMI ~-3U'U111;j'U1Ity111~~i1fity 

1"_1" · 1"'" '" ~ . ')f~1JmwmtJ'Uijfl1')f'U fll'j ')f~1mij-3fftyty1W (filtering) 1"'ijll~'ll'U1~'llij-3 higher harmonics U~ 
.. .. . 

flnmij-3fftyty1W11 "ltJ'1 fftyty1W U'U n1 '~tJ1fl 1"''j1::~ ij-3 1 ~Yl'UYi1 'U PCB lJ1fl 1~ flnfll,j-3 

cv I .c!I. d ~ Q Qd .ci 0 ,,,. .c::( GI '.&::lei J 
fftyty1W 1')f'U metal shielding 11'jijfln coating fl11J'Utlfl11ifll'j'YI'YI1 ~1'b''Ul~tJ1fl'U U~11i'U~~ . .. 
ff1lJntl"~'YIij'U fll'j'j'Un1'U 1~l'YitJ-3UTl1'UtJ1-3,f1-3f111lJ(i 'U ij fl~lflUV-31 ~Tl1 1 ~~ltJff -3Ufl~ 1tJ [1] ... 

., II , 

Yifftyty1W'U1KfllYi1i~'U~1riij 1li'ln~flln'Un1'U ~-3 1~ff'U111~ij-3Tl11~~ltJ Ull~ 1~~tHiifln1~lJ1~lJ 

~l1mw ~ -31'Y1f1UfI~-3flrll1 '~uri fln 1~fftyty1W'U1Kfll~ii~11f1g'U1;j'U~m~tJlJfI1-3111J 1 ~m~lJ 
• J I CV" ~ .ci .a 

')f1-311"1'll1'll'U (Rise time) Ull::'b'1-311111'll1"-3 (Fall Time) 'llij-3fftyty1W111'U1'U'llUlJ1fl'YI~~ l"'flll~ 

ij-3rll1'j~ flij'Ufl11lJ~ ~ -3'll fl-3 fftyty1W u~h 'YIflUfI~ -3 fl rll1 1~111lJ 1:: fflJ ff111 i' 'U fl n n 1-31'U 'll fl-3 ~ 11 fl 'j W 
V 19 fl'YI 'jfl U mf1 'U 11 ~ ~,j 'U 1ft 'j 1:: ,f1-311" 1'll l~'UU II ~ 'll 1M'll ij-3 ffqJty 1W 'U 1 Kfll~ ij-3 iiTl1 U ij tJ ff111 i' 'U 

o .d d 
fll'j'Yll-31'U'YIfl11lJ1'j1~-3 [1] 

i''U'llij-3fftyty1W'U1KfllMiij flnn11 li'ffqJty1W 'U 1Kflliiflnm~~ltJfl11lJ~'llij-3fftyty1W flflfl 1 11 

'jij'U'1 f111lJ~mr fl1 'U,f1-3U 1J'U~1~ nTl 111 il-3 fftyty1W'U 1Kflll.l mjw~ifll tJfl11 fftyty1W 'U 1Kfll 

u'U'Uu~m~ ~ltJfl11lJ~ (Spread Spectrum Qock) ~-31'Y1f1UfI~ -3 flrl111tl'U1'YIflUflU 'U'U1~tJ1n'Ufln 

u~m~ ~ltJfl11lJ~ ~1 ~n'U ij dl-3U ..,111" 1tJ 1 'U 'YI1-3 fln ~ij ff1'j .( Communication) 

ulnflVl1 'U fllH'~'YIij'U ~ll'llfl-3 EMI ~1tJfln 1 ~ffWW1W 'U 1KfllU 'U 'UU~fl'j:: ~ltJfl11lJ~ 
u u . .. 

tllflV11tr flflnn11 'll'U 1~'llfl~flln'Ufl1'U n'U'llij-3fftyty1W ~lfl EMI ~~;j'U ijdn'UTl1ff111f1~i'lJ~ -3~~ 



2 

" 
'UU,HYtyqJlW ~ n!'U f11'im::~lU"'Hr-H1'U'UU~~tyty1W UUfl 1 thuu'l ~1Uf11'i' ~~tyty1W 'U 1Wf11 

uuum::~lufl11lJ~ ~dh 'li''U'U1~ffl1.lfl"i'lJ~tyty1W 'l ~"l~"~".:J l'nuUnu~tyty1w 'U 1Wfl1l.lfl91~ij 
'U 'U 1~ til" ~ 'l ~ "l~ 'l ~lJl fll'Yin::'Yi".:J~ 1'U'i 1lJ ~ 1~f111lJ~ rhl~ U 1 fll'i' ~~fYfY1W 'U 1Wf11U uu UH . " . dd Q.I Q.I do ". CLI Q.I 

m::~lUfl11lJrI ~~ ff1lJl'irl "~'YI U'UN" fll'i'iU fl1'U ~1 fl EMI 'UU .:JfffYfY1W 'YI~l1lJ~'YIl'U1~.:J111:: flU 

~fYfY1W 'U 1 Kfl1 U ~ 1 ~ U d1~ij 1.1 'i:: a'YI i 111'Yi u,,:: ll1lJ 1:: fflJ ffll1 i'u fl1 'i' ~.:J 1 'U nu ~ 1.1 fl 'i W 
~ 19 fl'YI'i uii mf, 'U U ~ ~U'UlJ1flf)'"hL'YIfliiflg'U~ mi 11lJ 1Ua' 1.u 1 ,:j9i''U 

fll'iff~1,:j~fYfY1W'U1KflluuuuHm::~lUfl11lJ~ff111i'U1,:j~'i~~1.:J~fYfY1W'U1Kflli111l~ 
"1 "_.I ci _I • 1 .d UUflUUU~1U f1Hff'i1,:jlnff"Ufl~lJ (Phase-Locked Loop, PLL) ~::'YI1 ~Wf11'ilJU~l""f111lJrI'UU.:J '" .t, ... '" 1" ,"ci " fffYfY1W 'If.:J 'U.:J1'U1~U'UU,:j Jose Alfonso Santolaria Lorenzo [1] ~Uff~~ l1l11'UN"'UU.:Jfll'iUN 

m:: ~ 1 Ufl11lJ ~ 'U U ~ ~fYfY1W 'U 1Kfllll fl911 ~U fll'i lJ U ~ m" 'YI1.:J f111lJ ~ ~ 1U'Yi l'i 1iil"u1 ~ 1 ~'l n'U ~ 1 fl 

" ." 
~1'U i~ uil 'Yi U 11f11'i" ~ 'YI U 'U N" 'UU~ EMI n 1 ~ ~ 1 fl f11 'ilJ U ~ l"" ~::;i'U U g nu~ 'lfil f11'i lJU ~ l"" 

(Modulation Index) ijri 1n'; 1nmi" 'i1ff1'U 'i:: 1111~ri 1'l.:J "l~ f11'i lll~U'U U 11" ,:jfl11lJ~'UU.:J~fYfY1W . 
Q QI .cI QI 

'U1WfllflUfl11lJrI'UU~fffYfY1WlJU~l"" 

, • tI • • 

f11'illl~ U'Uull"~f111lJO 'UU~~WW1W,r 'U ~::9i'U.:J ijri l'U U UlJlflln UU nUfl11lJO 11" fllnij , li' .., .., 

" 1~ ~ 'i~lg fl'YI 'i U ii mfff1lJ l'i rI'rh~l 'U 1 ~ mh.:Jijll 'i:: a'YI i fll'Yf ~.:J,r 'U ff111 i' U 1~ ~ 'i f11l ii ~ ~fYfY 1W 

'U1Kf11~UUflU UU, li' ff1lJl'imll~u'Uu 1.IMri1f111lJ~11" fl 1~ lllU 1l~'U~fll'iUHfl'i::nu (Spread 

Ratio) 11~U~~ff1'U fll'i lll~ U'UUll"~f111lJ~'Uij~ ~WW1Wl n UU nUfl11lJ~11" flfl1'iijri1f1.:J~ u"dh .., .., 

, li'~'lfil fll'i lJU~m"ijri1f1~~ 1 ~Ufll'i' li'f111lJ~ fll'ilJ U ~l" ,,~u 1l'i ~'U" llJfl11lJ~11" fl'UU~~WW1W 
" " U (J 

~ Q .,JI!! 0 Ct, Q.I Q I d 
1'Y1 U 1'U 'Yi'U 1i 'U ~ .:Jlff'U U fll'i UU flU UU 1.:J ~'i fl1l 'U ~ ffWUI 1 W 'U 1Wf11U UUUNm:: ~lUfl11lJrI .., .., 

(Spread Spectrum Clock Generator) ~ijlllu1l~'U~fll'iUHfl'i::~lUlrl'Uri1f1~~ 1~u111~'Unu 

. .. . 
f111lJrI fll'i'Yl1.:J1'U 

1.3 

. ... 
o .c:It. QI Ct, del' d Q' QI a 

UUflUtJU1~ ~'i flll'UVlfffYfY1W 'U 1Wf11'Y1lJfll'i u~m:: ~lUfl11lJrI 'iUU'l f111lJrlfl111" fl 1 'YiU 
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" 
2. lIH~lJ""Mltl~ 3.0 h~~ 

Q.lQI .::.SI,., QQI Q o'.:!i .:A 
3. nH"tyqJlWlJ1Km~llJl'tJ1{llflmff~~tltlffC)J'~1~1~tl~ 11~tl{llfl1~{I~tllJ 

4. 1 Vi~ ""Mm~lJtl~m~u'U'Uff1lJm~tllJ 'ifij~u~~~flm~ .. 

1.4 

" .. 
~ 4.11iS QGI.c::Sd. " 

1. t1fllllU~::~1'U~1lJ'YIq1:ltlVilJ J1lJU~:: ~llJ 1{1 tl'YILfltl1'tJ tl~ 

2. fffl1:l11'YIflijflm~tltlflu'U'U1~nL~ffgtlfl~11 

3. tltlfl11'U'U 1m ~fff1~'tJtln~{I~1~tl 1~'lJfll111~m::~ltlfl11lJrl 

4. tltlflu'U'U1~~m9i~::ri1lJ 

5. ~1~tl~m~ViH1lJ'tJtln~~~~tltlfl11'U'U 1 l' . . " 
.1"'.11" .. ""'~" """,d 6. lJ~'UlJ~~ flHff~1~U~::1~~m~r;,::ff1lJmlJfl11lJmlJ1::fflJ1VW 11 L~ffmHllJ::'YI~'tJlJ 

7. ff111~~ U~::1~tllJ1'Y1tl1ijVilJ1i 

. 
1.5 111:: Itly,1nfll~11{)::'Pi'1'U 

1. ff1lJ1~mj11~~~~tltlflU'U'U 1 1'111nlJlJlJ 19itllrltl 1 1111~::~fl~'~n'Um~r;,~'YIfllJ EM! 

2. ff1lJl~mj1fl11lJf~1~~lflfffl1nur;,::tltlflU'U'U1~~~1~ffgtlfl~1111111~::~fl~'tn'Um~ 
A ~, "1 " . .1 G .1 

tltlflU'U'U1~{I~tllJ'YI 'if flHff~Hll1ffr;,tlfl~lJ 

• ,,~'" G 1 ,"='I ,: 3. ff1lJ l1f1lJ 1fl11lJ lLfltl1fl'U m~ tl tlflU'U'U1~ {In 1lJ11~:: lfl'YIUtllJ:: ~ tl fl 11 'ifllJlJ VilJ !llJ 

'lJm~tltlfl11'U'U1~{ln1lJ~lJCl9itl 111 

"do d GI 0 q QI , .J q.l CI d " 

'YIlfltl1fl'U fl1 ~ tl tl flU 'U'U 1 ~ {I ~ fl1llJ ~ fftyty 1W U'U 'U u~ m:: {l1 tlfl11lJ fI 11 r;,:: 'YI q 1:1 tl Vi lJ !llJ 'YILfl tl1'tJ tl ~ . " . 
n'Um~~~'YItllJmn'Ufl1lJt1lJliAtl~lJ1{llfl EM! ~1tlm~lJtl~1~~d'Wtl.IlW ~1lJVi'~~~Yi1~~lflm~ 

.. u u 

~ ='I ",: ~ "''' G .1 lJtl~Lr;,Vl 'U'YI'YI 3 {I::LlJUfl11lJlViU! 1ULfltl1fl'U 1 flHff~l,mr;,:: fll1 fltl flU 'U'U 1~{I ~L~ffr;,tlfl~lJ 11~:: 

{I::flci11iln~{I~~tltlflU'U'U'U'U'YI~ 4-5 l~w'U'YI~ 4 {I::L~lJfll1tltlflll'U'U 1 flHfff1~'tJtl~1~~~U~:: 

'

' '' .J 0 • q~, .d 0 ..... tI d tI tltlfl11'U'U 1 U'U'YI'YI 4 U~::fllU1WfllVi111lJl~tl~ Um~tltlfl11'U'U ~1lJfI~fllU1WfllllJtl~1C)J'u~m~ 

lJtl~Lr;,~fl11lJrl'tJtl~1~{I~~tltlflU'U'U 1 U'YI1~'YIq1:l~ U~:: 1 lJ'U'YI~ 6 l~lJ m~lfflJ tl~~~ 1~~lflm~ 
~1~tl~mnh~lU'tJtl~1~n~tltlflU1J'U 1Ir;,::~~n'ltlfitlff111~~{l1flm~1itllu1J'YI~ 7 



• ct 
tJ'YI'YI 2 

tI" ., I 

l'U tnn 1 'U lJ'YI ij 11:; mi 11~ -1-11'U i~tJYi ~1'U lJ 11ntJ1nlJ1-111 ';j ff~ 1-1 ffWtlllW 'U 1 WfllYi ij fll';j II~ 
u u . " , , 

m:; 111tJfl11110 ~ 1tJi~~ 1-1'1 fI ~ ij f111 'U If ~ n n 1 ';i 1IJ;l:; 'YI q II ~ ~'U! 1 'U Yi I ntJ1,j' ij -1 nlJ n 1';j lI~n ';i:; 111 tJ 

2.1 

-11'U i~ tJ~lrltJ1,j' ij-1nlJ n l';iij ij n IIlJlJ 1-111';j till'U fI fftyty1W 'U 1Wn 111lJlJ lI~m:; 111 tJfl1111 ~ i ~ij 

m';ilhlff'UV '~lJlnlJltJlfJ;lltJ-11'U lf1tJm';iijVnlllJlJ'I.IV-1I1~J;l:;-11'Ui~tJV1l1IlU-1 1~ltJ'U 2 milJlf~ n 

f11lJ1.h:; Ifl 'YI '1.1 ij -1 fll';j U~ m:; 1l1tJfl1111 ~ fi V fil';i u~n ';i:; 11 1tJfl 1111 ~ ~ 1 tJ fil ';j llV ~ 1J;l fI 'YIH fl11lJ ~ 

(Frequency Modulation) 

Modulation) 

• .1 ~ .1 ~ '" 1 ,,"''''' 
InffJ;lijn~lJ (Phase-Locked Loop) fl1lJtJlJfl1lJl1~1'1.1V-1fftyty1W'U1Wfil 1IJ;l:; ')j'11im';jllV~I~f1'Y11-1 

fl11lJ~l~ijll~m:;111tJfl1111~ ~-1ltJ'Um';il~lJm';i'Vll1'lf1 (Jitter) l,rnlJfl1lJfftyty1W'U1wm~un~ 
ij ri1fl-1 ~ tll tJ 1 'U 'th-111~ 1~ ';i:; lJlJ i'lJ 1 ~ n 1 111' ffWW1W ij nlllU~ tJ'U IIU J;l-1 fl11lJ ~ 1 'U ~ nll w:; 

u u 

'I.IV-1 Li [3] l~i~lJV~IJ;lfl~fftyty1W fl1lJtJlJfl11lJ~'I.IVn-111';jVijffciJ;lIJ;llflV1 tlltJl 'U1~ffg ijfl~U 

1';'UI~tJ1nlJ-11'Ui~tJ'I.Iij-1 Chang [6] ~h'Ul'U-11'Ui~tJ'I.IV-1 Michel [4] 1I~:;-11'Ui~tJ'I.Iij-1 Sawara [5] 

11:;n11f1tJm';ilJV~IJ;lfl6f1';i1~h'U m';jlfl';ifl1111~'I.IV-11-111 ';jlf l';ifl1111ri ~ -1ltJ'U i~fil';i~ml'ltJnlJ1-111';j 
IV ~ ~ 

ff-1lfll1:;lffl1111f1 (Frequency Synthesizer) IIlJlJ Fractional-N 

" . 
m';ilJVfllJ;lfl'YI HI~ffl1 'U 11:; 1 ~nlJ1-111 ';i iillUfi ffWW1W 'U 1wmYiv-11 fl ';j -1 ff~ 1-1~1J;l6g VflJ;lU 

'" u u q, 

(Delay-Locked Loop) hltJl~lJfil';j'Vlllilf11,rnlJ'I.IijlJ (edge) 'I.Iij-1fftytylWI~vn11,rI~ff'l.lij-1 

fftytylwijnl';iIU~tJ'UIIU~-1 1~Un-1l'Ui~tJ'I.Iij,:j Moon [7] 1tJ;l:;,:j1'Ui~tJ'I.Iij,:j Kim [8] 

" i'YItJ1U'Vl 'U 1iij 11:; VV nUlJlJ 1-111 ';j till Ufl fftytylW 'U 1Wm~ 1tJ 1 fll,:j ff~ l-1l1lJ lJ I ~ ffg ij n~ UII J;l:; 

V lfffJnl';i llV~LJ;l91'YI1-1fl1111~~ 1 tJffWW1W lJ VflLJ;lflfl ~'U ff1lJllf ~ tJll lY1 vf1i ~tJ 1 ~ ff';jU-11'U i~ tJ~ 
• u u " "" 

" .c:.J I ,.." ,,,Q.I .J 
ijVflUlJlJ~1tJmnw~mfl'YIHfl11lJfI'YInJ;l11lJl'l.l1,:jfl'U 1f1,:jfl1';i1-1'Y1 2-1 
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Li Michel Sugawara Chang 

[3] [4] [5] [6] 

Process 0.3 J.lID 64M 0.20 J.lID 0.13 J.lID CMOS 0.35 J.lID 

DRAM CMOSVLSI CMOS 

Modulation Modulate Modulate Modulate Modulate 

Method VCO input Division Ratio Division Ratio VCO Input 

Modulation Triangular Triangular Triangular Triangular 

ProfIle 

Output 65 MHz 27-134 MHz 1.5 GHz 66 MHz 

Frequency 133 MHz 

266 MHz 

Input Frequency 65 MHz 5.44-27 MHz 50/67175/100 MHz 14.31818 MHz 

Modulation 97kHz 10.417 kHz 30kHz 40kHz 

Frequency 

Spread ±1% ±1.2% - 0.515% 1 + 0.35% ±0.5% 

±5% (134 MHz) 
±1% 

±1.5% 

±2% 

±2.5% 

Attenuation 5.9 dB 13.9 dB 7dB 13 dB 

11.2 dB (134 MHz) (266 MHz) 

Year 1999 2002 2002 2003 

2.2 

. 
.... tI"" tI '" , ,,"" '" nl'I 2J (J ~ LMI fit) fi'I:; tJ 1lHl1'H ~HllH1 ",HHU t\J lW Vi 111:; 112J" fi1JW:; 1 \1.., 1:; 

~ u u 

\J1~mh~lt1~tJ'U 1 tI~112JiqJqJ1W2J(J~1"~ l~tJ,tlff2Jm'Ii 11 t1'\JV~iqJqJ1W ~ '~1)lfim'I2JV 
~1"~~ 1tJm:;tJ 1'U fin' ~'l ffl2J1'j{IL~tJ'U 1 ~L1:J'U 



F(t) = A(t) . cos(m/ + B(t)) = A(t) . cos(¢(t)) 

6 

(2-1) 

ffll1i'tJ m~lJ6~m~f111lJ~ f111lJ~'UtN fftytylW ~n~n '~'l ~::L tJ~u'UutJ",:jmlJ 
fftytylWlJ6~L"~ VMOD (t) U"::L~u'U1~~,:jfflJtl1~ 

met) = d ¢(t) = m + d B(t) 
dt C dt 

(2-2) 

(2-3) 

l~u &JJ(t) Ul'1'Ufl11lJ~~LriU,:jLtJ'U'tJ~lnfl11lJ~L~lJ (we> ~nm'~'l ijthutJ~ 

~'U~llJ'U'Ul~ V MOD (t) 

(2-4) 

t 

B(t) = jkwVMOD (t)dt + B(O) (2-5) 
o 

B(O) ul'1'ULli ffL~lJ~'U'U6~fftytylW n6'U m~lJ6~m~ 1~u..t1 1 tJ~::{i6'hijtil 
., . . 

L'l'hfitJtT'Uv ~~,:r'U ~ln (2-1) fflJnn,tJutJtJl'l1 'tJ'U6~tl1~lJ6~m~f111lJO~,:jL~U'U '~l~'U 

(2-6) 
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2.2.2 

1Ul1tJt1-:J "fl~W~'\JtI-:J,tJl'I~'UffqjqjlW~1~hJf)l'nHl~1~\P11~'U'Vn'niJl\P1t1{~ii~~ 

~tJ"fl~W~'\JtJ-:J"ntJl'I\P11lJ'\JtI-:JI'I~'U~ i~~lflfll'JlJtJ~m\P1lJlfl~tl~ ~-:J 1~mt1 1 tJ11"'1"fl~ W~ 

,tJl'I~'U~1,*1'Ufll'JlJtJ~m\P1ii 3 111111 ~-:J 1'U,tJ 2-1 i~11ri 

Modulating Waveform 
0.6 - - - - - - - - - - - - - - _.- - - - - - - - - - -

0.4 

~.4 

1 1 
---,----1 

,~~~~~ I I 

1 
----,------,-----1-

I I I 
I I I 

I I 

~60'-------'----'-----:-----'-----'. 

Time 

" , , 
'U tJfl ~lflij 1'Vl 'J i -w~ fll'J lJ tJ~l~ \P1 V-:J'J 1lJ t1-:J" fl~ W~ fll'J 11NI'I 11lJ ~ '111 t1fll'J 1~ t1'U .. 

'\JtI-:J1'I11lJ~l'Yif.J1In1l1'111lJ~1~lJ mtJl'I\P11lJ'\JtI-:JffqjqjlW ~ i~ ~lfllJtJ~m\P1~1tJ"fl~ W~ fll'J UN 

1'111lJ~U1l1l~1-:J"111ff~-:J1'U,tJ 2-2 

IV I 

fl. fl11UNmUilH (Down Spreading) 

~ 'JJ Q.I dd' d" I fI d 
lfl~ ~lflfll'JlJ tJ~ 1~\P1~1f.JffqjqjlW lJtJ~l~ \P1 'YIlJl'll1 'il ~tJ'U tJf.Jfl11f!1'UtJ 1'111lJtl 

'\JtJ-:JffqjqjlW ~-:J\1fl1~t1'U 1 'UVlff'Yl1-:J~~l~-:J 11~~ffltJl'I\P11lJ~ 1~ ~~ii"fl~W~l~ tJ'U i tJ 



8 
I~ 

". fll'iUNfl~mlH (Center Spreading) 

I" fl. fll'iUNYl1UUU (Up Spreading) 

~ ,., Q.I ~.cI,.d. f! .d 
ln~ 1I1nn1'llJfl~1(;\9'I~ 1Ufftyty1W lJfl ~1(;\ 9'll'llJfl11U (;\ UlJ1nn11tTU U fl11lJfI 

'Ufl-3'tYtyty1W \I:;~ mgtlu 1 UViffl'lH~~ -3~U ff1tlfl9'li'lJ'UtI-3'tYtyty1W ~-31gflu 1 tl 

1'11-3~lU'U11 

n. 

Non-modulated 
/L-------'~l 

~ . 
i \ 

' f ' 
( j 

~-----+~ i 

'1. 

'l, 
' it 
' ii 
' I I 
1/ , 
I ! • 
: i I 

I 
I i 
I ' , 
I I 
I i I 
I , • 

I ! \ ., i ... 

• ". ...9 • " 
n.) llH~l'1HIN '1/.) llHn.Jnfl1.J fJ.) llH~l'/.Jl.l'/.J 

fl . 

1..,'l 1 vhf nl'llJtI ~1(;\9'I~1 ~ilu 1 U-31U~ 11 tlfltl nl'llJtI~l(;\9'lU 1J1JU~~-3 n(;\ H U~ 

ff1'Hi'1JU H -31U ~ hjff1lJ 1 'I fI i'1J fl11lJ ~ ~ -31 flU n 'hii l'HU ~ 1 ~ \I:; 1 ~nl'llJ t1~ l(;\~U 1J1JU~ 
". .d 01J.1 0 ; d" 4 • .d 
~ 1U(;\HU l'lU 9f-3\1:;l'll 'H fflJ 'I 'I fI U:; O1'll'l1-31U'UtI-3 'I :;11119'11(;\-31(;\ nUfW1 U t1-3111nfl1111 (;\ U 

'UtI-3fl111J~ hinll il11fl11lJ~ mY n ff1U O1'llJ t1~m9'lu 11 11U~~ll~ ~ 1U11U 11:; hi iJ UlJ 1 ~ilu .. 
" I 2.2.2.2 8f1'i1"lUfll'i"'8~1(;1f1 (Modulation Ratio) 

. . Q.I' .a Q.I" .cI d. 

89'1'llff1U O1'llJtI~l(;\ 9'1 flfl flm1ff1U 'l:;'H 11-3 'UU 1~ ~ -3 "l~'Ufl-3 O1'l L 11 U-3111 U fl11lJfI 

. " 
'UtI-3'tYtyty1W (l1fc) ilUfll1lJ(inflU01'llJtI~m9'l (Ie) 1;iu'U11JUfflJ01'l '~~-3i1 

(2-7) 



2.3 

9 

... 1 .I d ., d' 'Q.I 
!1Jt)':i!'1f'U~f)1':ilJ6~!"~ (Percentage of Modulation) lJfI1!l'llf11J 

%5 = /lIe .100 
Ie 

(2-8) 

. . 
CLI ca ~ Q,I" ca d 

~'ti''Uf)1':ilJt)~m~ fit) t)~':ilffl'U':i~111H'U'Ul~~'1~~'Ut)'1f)1':il1Jfl'lI1J'Ufll1lJ(l'Ut)'1 

fftytylW~'~lfifl1Jn1Jfll1lJrlnmH111lJt)~I"~ (/lfc) n1Jfll1lJrlfftytylWlJt)~m~ (IMoD) 

l~fl'U '~~'1fflJf)1':i 

(2-9) 

" I , • , 

tllU ~~ 11 ff~ 'I 0'1 f1 11 IUfl'lI1J'U'U t) 'II ~ fffftytylW fi 1 ~ ~ lf1f)1':i lJ t) ~ 1" ~ 'YI1'1f111lJU ir 'U . . 
fit) fh~lJ ¢(t) fiMl'llJlnfi~~~ln~lJ met 'Ut)'1fftytylWnt)'Uf)1':ilJt)~I"~ 

2.2.3 

I 1 ~~ ~ tI cv tie,. fI' 
':illJt)~mfl 'U ~lnntl111J'Ufll~l'I'Ut)'1f11':iff'U (Carson's Bandwidth Rule) 111J'U~1~1'I'Ut)'1 . . 

cv "'1" ... tI 1" fftytylWl'I ~~lnf)1':ilJt)~m~l'IHfll1lJ(lffllJ1':i(l ':i~lJ1W ~~llJfflJf)1':i 

(2-10) 

. . 
/lIe fit) thlUfl'l11J'U"l'l~~'Ut)'1f111lJUfftytylW 

"'I cv ... 

m f fit) ~'ti''UlJt)~I''~ (Modulation Index) 

. q' 0,", QJ 

N i;l'Utl~m"nJtl~ li;l~fll ~ fill tI g~ tl n 1 'l i;l ~ fl tl 'U 01 i;l~ \T ~ q~'IItl~ il"f.Yt!P W 

Jose Alfonso Santo1aria Lorenzo [1] '~Yilf)1':i1im-l"'Ut)'1m':ilJt)~I"~1'I1'lfll1lJrl~t)f)1':i 

"~1'It)'Ufh5'1~'1~~'lJt)'1ffl,jfl~fsH1tytylW 1~fl1~fftytylWlJt)~I"~ 3 ll1J1Jfi6 ~tlfI~'U''1fU ttlfl~'U 
•• J/ 

ffllJll1afllJ ua~lt1f1~'UmnCJf'1vH'U'Ul;fl" '~~"ff~tI~'1U 
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dl'111'1Jf)1~lJ~~HM1~'Jtnlf.tlf.tllWfl~'U i9fu ~n{lJ~iJmttl1J.,j\:J'il::T1lJ~1n'U~tI~1J .. " " 
, 0'"", 0' 0' "'" 'JI ~ • J '" d , J 0 1 'JI 

~~-:JU1J'U~1~'Yl~1~lJ~'UflUtl1Jtll-:J'Yl-:Jff~-:J~-:J111fltl'UtlW::'Yl m f lJfl1mfltl'U 'Yll '11 

t~'UnCl i mJ (Envelope) tI~ 'Hntlfll9l1' lJ atytylWt~'U tJ~~"l -:J~tI~1JtI~-:JU 1J'U ~1fl'" 

.... 
m~1JU1J'U~l1J 

d1'l11'1Jf)1~lJ~~n'l9I~ ltJatytylW ttlfl~'U t~flCJ1i Ylt'U 'Ut;$tJCl t~'UnCl htlmtlfll9l1'lJ 

"'i'JI J .. ,' '" i 'JI ..,j '" 'i 'JI 'Yl ~'il::tI'U~~fl1JClfll!W::fll111 fl-:JtI~-:JflCl'UfftytylW atytylwYiiifll1lJ fl-:J 

m m:: fflJ 'il:: 1l1' fft tlfl 1911' lJ aty tylW ~ ~flU 1J'U ~ l1Jm fl U~'I11fl atyty lW ii !:ifll! W:: 

i ~ -:J mmn'U 1 tl ~1{ lJ ~iJ mt tl1J .,j'1-:J 'il::~ 111~ In'W t~'W tJ~~ "l -:J ~fll111~'I1!:ifl UCl:: ii . . . 
o a , .od. Q.I 

tI'W lfll9l1Cl-:Jt ~ ~tJ"l 191 1m :: tJ::'I11-:J 'illflfl 11lJtl'l1 Cl fl 

m lntl 'U lfl tJ~~ ffttlfl1l1'11 atytylW 'ill flfll ~ 11 ~~ml9l ¢l1 tJ~~;j fll ~11~~m1l fi 1~ 1-:J"l a11i'YIi' 

n1JatytylW'Wl'Wf)1tlfl~ 'illfl-:Jl'W1~tJ [1] t~'W~-:Jttl 2-3 fil~'¢l'illfl iYl~ 'n~t~flCJ1i Ylt'W'Wt;$tJClUff~-:J 

~1tJmlnihflt~'W 'illfllrl~'n~9fUUff~-:J~ltJmlni1t~tJl UCl::'illfl iYl~'n~ffl11m~tJlJUff~-:J~ltJ 
ml~iYu~-:J 

..... 
> 
III 
~ .... 
I) 

~ 

:E -ll--\i--#--lfn.-=-

~ -'~-~'~~r~R-,~~~ 
E 
c -lll--~'¥.r.--f''---'f--trtTf-T+~rI't--rr-=--I 
I) 

:. -121----i-~~:----+---''­.. 
~ - 1 ----r---+~~r~~~'~~ 
II 
CII:-Ul-___ -!-_ 

-11~--'------'-----.L...---......::.---' 

I II 20 30 

Modulation IndeK mf 
n 

51 

I tria.gular 
-310~--1:-:0-::-1 --:2~10::----:-3.~I---41~. ---=-:'511 

Modulation IndeK mf 
,¥ , 

n) m f E [0,50] 11) m f E [0,500] 
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d , • ... 1 '1 • .1" oS 5/ 1 .1 .1'" 

1I::mll11 ffl11HJ'YJ·n lU 1l"tJ;!m~lJU~HWl fI'IlIlJ'Ull1~HUllL1J;! J;!IJ'UU'ItltI~ffllJflmlJlI~ .. " 
iinnllnl'1 1l~~iill1111U'lJJ;!~J;!'111UtI'91iiu m f iifhlJln~ll hwlll'H1'1 m f «10 m';iJ;!ftflU'\.J 

'UU'IlI~J;!:: lrt';i hhf 11:: hj~ 1'1 nm,nn 1IJ;! ~ hn 1 n~'C)fu 11:: 1,r m';iJ;!~l'lU'\.JlJ1 nnl1hn 1 n~ 

ff1lJm~tllJ~t11'lfh m f ~i1111l'n i n~luni'11'Hlllll~tlJ;!1I::J;!ftl'lUlltltl~fflufl~i'lJ '~U'UtI~"lft u~ 
h'';l'1 m f > 10 an1:lW::fflufl~i'lJ1I1n 1'rt';i'nJ;!1C)f,r1l::iifl11lJl~1~Hnm'llJ1n m';iJ;!ftl'lUll~'~ 

~'1~lnl11 'rt~ i n~ff1lJm~tllJ~'11i1111 'rt';i 1n~~1 ,rm';iJ;!ftl'lUll~~"lft 

2.4 
.., ~ , ..J 
iItyty1WU1'KmUtltlUNfl1::;)UJfllUJiI 

2.4.1 
. 

cv OJ ~ , q 

afl~W::iItyty1WU1'Kfl1UtltlUNfl1::mUfilUJil 

. . 
QI .Q I dd <IV .IQ d..c:I Q 

. fffIJfIJ 1W lllwn 11l t1t1ll~m ~ 111 tlfl11lJ fI fI U fftlltll1W lllwn ll'llJ n nlJ Uft m ~1 'If '1lJ lJ 
u u u u •• 

(lJU~1"~l'l1'lfl11lJ~ 111UlJU~1J;!~l'l1'llnff) ~1t1d'tyty1WlJU~1J;!~~\1nnl1111~' ~ Vil 1,r 
, .'" 

f111lJ~ (f11tlL1" 1) 'UtI'Id'tllfIJ1W ii~l 'lifl'ln ffl11i't1 1l'ltll'U'rtlli'il lI~lJ U~1"~l'l1'lfl11lJ~ 
" " OJ 

~lt1l 'rt';i' n~ m';ilJU~lJ;! ~ff1lJl 11~tllJ'lfijft1U~~'1 nJ;!H f111lJ~'UU'Id'tyty1W lI~iia n1:lw~~'1 

1U 2-6 l~tI Ie li111fl11lJ~11an'UU'Id'tyty1W 1l"~ IMOD li111fl11lJ~'UtI'Id'tyty1WlJU~ 

frequency 

time 

(1- A\f -<:- ------lIf ------,.. V) c MOD 

. . " 
m';ilJU~1J;!~f111lJ~1I~,h 1,rnn'rt11 '111 (Jitter) 'UU'Id'tlltlllWl-nlJ~'\.J 

OJ " " 

2.4.2 

ffl11i'1Jm~lJtI~1"~V~';i1~hllm';ilJU~~"~ li 1 ,r11T;ol Ul'lll~J;!~ l'l'UU'Ifi1tlL1J;!1 

~f111lJ~~'1"l~1l"~~1"l~'UtI'Id'tyty1Wll1Km f'hll1W '~1I1flfflJf1l';i (2-11) 
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I:lT = 1 _ 1 ~ _28 
101 (1 - 8) rc (1 8) r r J, + Jc Jc 

(2-11) 

1M' N sse U't1lJ~1lJ1lJHI'IJ'UtJ'HlqJqJ1W lJ1Wfll hJ'lh~n~1~fl111J~ ffqJqJ1W 

nJ~tJlJlIlfl (1- 8)fc 'ud)lJ (1 + 8)fc ijTil1l11t1'IJ 

(2-12) 

mffm11Jflll (2-11) U~:: (2-12) flll .... ll hn1l1fl'HI'lJtlntJ'IJ (Cycle-to-Cycle 

Jitter) ~L ~1J;flJL d tJ~ 'llfl flll1JtI~L~~'t1 Nfl111J~ 'l::1~ tJlJ 1 ~1 ~lJ 

I:lT = 1:lT,01 = 48. f MOD 

c-c N /.2 
sse c 

(2-13) 

~.s A,,, '1 d d~.l1''''' lJlJflm .... tJ l1flll .... ll 111111flltJ'lJflntJ'IJ't11l'41J'UlJ 1J~~lfllJ UlllJl'IJfl1lJ 

• " t 
d .:ito act. ~ ctGl 

fl111JfI flll1JtJ~l~~1JTl1~l1Jlm1J tJI't1 tJ'IJ fl 'IJ fl111Jfll1~ fl 



. 
.0:::1 

lJ't'I't'I 3 

.1 • <!." Q oJ ~ 1 " ... "' .. " .. 11'Y\lHI::nm1f1~~ 1fJ":: 16fJ~lf)l'HlijnU11111'HI~ 1rJ ~HHI n~ tl 'If ~11JU fI H "'~lnHl n'Y\ L'If L U 

~lU1~{J M1,j'ij~ 3. 1 "::nd110~ lf1H"'!HU"::fi1~"H1U hW~1lJ'Uijn~"~1rJ",gijn~tll~w 
• • JI. 

d 'I <t '1Ql"d. 4:!G.I".ct Q./ Q,lQ./"od 

~1{J"::1ij{JVl'Uij~119'1"::"'1U LU1~"~'il::n"11 U'H1'Uij'Y\ 3.2 m'H1'Uij'Y\ 3.5 'H"~'il1nUU'H1'Uij'Y\ 3.5 

'il::Li~u 'V4111i119'1ij11 U m~ij ij nU1111U":: 111111 ~1" ij~'Uij ~ 1~" ~ 

1~n1rJ",gijn~tl (Phase-Locked Loop) 1rJU~::11Uilijun~U~"llnj'1~f11UfllJ1rJ"'1W:: 

f111lJ~ 'U ij~ffWW1W U 1Wm'Uij~ ijij",cii" 1"19'1 ij 1 fl1{J 1 U 1~ 'il ~ 1 -H9'I ~ ~ n11 ffWW1W U 1wn 16'1~~ ~~ ~ 1 rJU u u u u 

fftyty1WU1wm~ijl"'tl{J~ m'V4~~ 1m ~"'!1~ijd1~~1{J'Uij~ 1~"~ 1~",gij n~'ll ~~l1"'~H 1 U !'ll~ 3-1 

tl~::nijU~1{J 

1~"~9'I~1'il"'ij111~'" (Phase Detector) 

1~'il~mij~1~~ijU (Loop Filter) 

ijij",cii"1"19'1ij1f11UfllJfl11lJ~A1{J11H~U (Voltage Controlled Oscillator) . 
1~'il~'H11f111lJtl (Frequency Divider) 

ref(t) 

~ 
;,. 

~ --»/ vco I Frequency , Phase Loop 
Divider by R ~ Detector Filter 

refd(t) 

feedback(t) 

Frequency ./ 

Divider by N 
, 

.Id l' JI • .1 Q .1' , 
,un 3-111HUflnY H'/'i.Jff'i1.JJ.JiJ'ilnffCtfln{Jufl{JlN1(J 

ou t(t) ... 
r 

1~"~9'I~1""'ijU1rJ"'''1'HU1~1~U~1'U{J1{JF-l''~1~1rJ", (11¢) 'Uij~fftyty1W U1wm lU1niju 
• I • JI 

ilijun~u "":: l-Hfftyty1W ijijnYiijfi1m ~{JU'll~~U9'l1lJ'UU1Vl'Uij'lF-l"~1~lrJ",~'1 nd 11 fftyty1W Yi '~ij 

'il::fJnmij'l~lU~11~ij~Vlij'lflu~::nijUfl11lJ~~'1ijijn hM1{J1'1'il~mij~1'1~ijU l~ij 1'H1~fftyty1W 

, ~9'I~ 'I ff1'Hi'11f11UfllJfl11lJ~'Uij'lij ij ",cii" 1" 19'1 ij 111":: ij ij~cif" 1 "19'1 ij 1f1111 fllJfl11lJ ~~ 1{J11 ~ '1~U":: 

"'! Hfftyty1W U lwm~ijfl11lJ ~fflJ't;U £l1UU1~'11 tfu nu fftyty1W f1111fllJ ~, ~ ff1U 1'1 'il~'H 1 ~ f111lJ ~ 
~1fJ6-9'I~1~hu R U~:: N 1 ~ff1'Hi'lJ'Y\ijUfl11lJ~'Uij'lfftyty1W 6' 1'1 ~~11":: fftyty1W ijij n'Uij 'I 

f)ijffcif"l"l91ijf,,~ R 11":: N nh9'l1lJ~1~U nijU"lm~lmvu1Yi{Jufftyty1W 1rlij1'1'il~"1'11Uij~lu 
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N 
= R· Ire! (3-1) 

n"H)6mltJtJ1~1l'n~~~6n~tl1~tJ..t1 hJll~hjijtJlJ1~1m 'H'I'fvn 'HJ"i~llJltl 3-1 ld6~ 'i)ln 
" 0 .., 0 Q,I c:., 4 d.d~ SI,. "OJ' I 0 .~ d 1 SId 
'U61l1n~~lflqJ lJlJfl6 1~'iJ'H~~"6n~tl'YIl'tl' lflH~"iH~~n"111l~'YI1~llJ6~ llJ~.fll1~"6n ~n 

~ 6lrl6fl11lJ~'U6 ~ ffqJqJ1W~llJloU'lJ~ ~6 ~'U 6 ~ 1~ 1l"i lm VtJl fi V1Jl ~ ~ij ri l~ l~ nlJ ilJ lnlJ ';1~ nn ~ 6 n 

d Q • _t 4 OJ' 'Q.I • QI 

(Lock-in Range) 'lI'~lJfll1J"i~lJlWfl11lJO~~'U6n~'iJ"im6~ (OJ LPF ) U"~fll~~n"l1lJnll~66mltJ1J . , . . . " 
1,rijriull ll1m'~ nnm~1l16lJ'U6~ffqJqJ1W fi1 ~fl1tJfJlJfl11lJ()'U6~66~c)f"1"1~61 ~~l1lJ nn 

d d.... 'I" .,;...." " 'I" 66nU1J1Jl~~" 6n~tl'iJ~lJn'iJ~ l'tl'1~'iJ"im1'iJ~61Jl~~ -fl11lJO n1J1~'iJ"i'tl'n llillJ U'YIlJ m"i l 'tI'1~'iJ"i 
• , tit" 

•• 1 4 Q £1 " '_1'1 "Q £1£1 
~"i1'iJ~61Jln~ l'n6l'nlJm"i~"i1'iJ~61Jfl11lJm'Ul 1J llJ1n61J~1V nnl'nlJm"i~"i11l~61Jfl111JOlJ 

, , Q 'I "£1' " .1 
'iJ~'tI'1V'UV1V'tI'1~m"i~~~11J ll11Jfllml~'UlJ [21] 

1~'iJ"il~ff~6n~tl~1~1m~~fl~~~nri11l1vn-h1~'iJ"il~~~6n~tlmJtJ'tI'11'iJ~lJ (Charge 
. " . 

Pump PLL) fl11JfJ1Jfl11lJ()U"~1~ ~'U6~ ffqJqJ1WloU'l'n ~ ~6~'U 6 ~ 1~ 'iJ"i ~"i 1'iJ ~6 tJl ~ ~ -fl11lJ ()1 M'iiri 1 . .. 
m~nlJ 1~VmffVnn.yh~llJ111JnlJ'U6~1~'iJ"im1'iJ~6tJl~~-fl11lJ() 1~'iJ"i'tl'11'iJillJ U"~1~1l"im6~ 

1~"i6tJ ~~1lJu~lJm'n1lJltl3-2 nV"~lfjv~'U6~ff1lJ~1~'lllJu~lJm'n'iJ~nri11U~1lJ111oU'6f.)~'l 1tl 

ref(t) ..--___ -,refd(t)..--__ --, 

Frequency 
Divider by R 

feedback(t) 

Phase­
Frequency 
Detector 

Frequency 
Divider by N 

. .. 
IVn 3-211HUiJ1n Tfl 'i,urhn.J1J'itwft'danu Vu 'U 1l'Jf1 {V i11J 

. 
3.2 l-3{J1f1n{Ji:r6tJlni:r-flllJJi1 (Phase-Frequency Detector) 

d 4d. OJ' .J "Q.I 0'..., 
'iJ~\1mtlnIUl'YIVtJnlJ U"~1~'iJ"i91"i1'iJ ~61Jl~~ -fl11lJO 'iJ~~"i H'n" ff~qJqJ1W 66 n UP(t) U,,~ 

..i" " " ...... ~.: £1' DN{t) 'lI'~ 'iJ~' 'tI'fl1tJfJlJfll"i'tl'1"i 'iJ tl"i~ ~'U 6~ 1~ 'iJ"i'tl'n 'iJillJ 1 ~ V~qJqJ1W 6 6 n'YI~ ~6~lJ 'iJ~lJfll 
" . 

fflnilnrtitJ~"~Hn~1~ffU(l~fl11lJ()'U6~ V; (t) U(l~ V2 (t) 



V (t) .---__ -----, UP (t) 

1 ~ PFD I : 
V2(t) DN(t) 

UP(t) 
o Q t----r-" 

DRQ 

Q t----'--" 
'--_..::...I 

DN(t) 

UP(t) 

DN(t) 

ltlri 3-5 'HfJ1?1nfJft'6111rlft'-fl'JwdmJ1J 3 ft'fI1'U~ 

15 



~ ____ ~ ____ -Mr---------' 
Q : 

I 
I 

I 
I 
I 
I 

Q I 
~----~----~ __ L _______ ~ ___ J 

Divider Phase Frequency 
by 2 Detector Detector 

I11ff 3-6 J.Ju'j~nun'f)7.JlY/n'-flJ1lJffmJ'lJldn'1ff)f) 

16 

UP(t) 

_.I d d "1" d 0' 1 " .... d '" 1~ ~~~ 'n~ ffU111 nff -fl11lJ0l1 fHI fHl1111fi1l1 fl H ff~ l~ 1111 111tl fl'lfU U ~:; 'lffl11 1~ ~ ~ l11111l1lJ 

.1.... ,...., di" .A".... ~ "" " 
fll~lJl11fl1Umlff1'Ufllnn~fl11lJO fi (Fractional N) l'UU~~lfl~U~fllH'flllW:;fl11lJl1J'Ul'lf~lff'U . . . , "'1 " d Q.I • Q 1 "1 " 'UtJn~~~~~ ff1'U1~~~11 'lffll~l1nfl11lJ0111111tJ~~lff1'Ufl~11 (Classical N)~:; 'If flHff~1~1~1I~ 

~ 'n1l fftJ111 yJ ff -fl11lJg l11111lJlm !1'U l11tJtl11 11 3 fffll'U:; lV.~l:;~:; lf1fifftyty1W ~11 fl1'U ~ 1fl1~111 
,., . . ". 

'If 1 111 11m! till fl '11 [15] 11a:; I'W tJ ~ ~ 1 mi ~ ~ l'ti1'U fll~ l1 n fl11lJ tl'U tJ ~ 1~ ~ ~ 111 III ij V. 'U 1i {Hhi lfl ~ n 

1~~~~~1~fftJ111yJff-fl11lJg~1~tJfl1fl~!n'U111111 3 fffll'U:; 

1M' E(t) !n'Ufftytylwfl11lJflal~!fl~tJ'U~1'U tJtJfl ijfh!'rhn11~'mfh~~ :;l1'j,~~aff~l'UtJ tJ fl 
" , . . n ~ fftJ ~ U'U fi tJ E(t) = UP(t) - DN(t) ~ flll W:; 1 ~ V. 1:; 'U tJ ~ 1 ~ 11 ~ ~ ~ 1~ fftJ 1J! yJ ff -fl11lJ tl fi tJ 

m1mi'lJli'U1i~:;l1':h~ri1m~tJ'UtJ~uH~'U E(t) (Eavg (t)) n11~a~h~!yJff (/1¢) 'UtJ~fftytylW!,j'l 

V; (t) 11 a:; V2 (t) 11a:;! d tJ~ ~ 1fl ~a ~ tl11 ff'U tI ~'U tJ~ 1~ 11 ~~ n~ fftJlJl yJ ff -fl11lJ gu~ a:; u~:; !.fl1111:; 
~ . 

11~ fl~l~ n'U ~~u 'U ~ flllw:;m V.l:;'U tI ~ 1~ 11 ~ ~ 11~fftJ 11! yJ ff -fl11lJ tlU ~ a:;u~:;!.fll1 ~ ~ 11 ~ fl~ 1 ~ n'U ~ 111 

ff 111 l' 11 ~ flll W :; ! ~ 'V41 :; 'U tI ~ 1 ~ 11 ~ ~ ~ 111 ff tJ 11 ! yJ ff -fl11lJ g 1111 11 3 ff 01 'U:; ~:; Vi 111 ~ W 1 , ~ 111 fl 
~ . 

~a~tl11ff'UtJ~'UtJ~1~~1'lf~l1fffi~ 1 'U'lun 3-7 

Vl(t) 

V2(t) I I I 
I I I 
I I , I 

II II 

n 
I I 

UP(t) II II I I 
J I II I I 
II II II I I 

DN(t) Jl n II rL II 
II 

I-
II II II I I 
II II 

n 
I I 

II II I I 
E(t)O-1 

~ II U-II -I-
T II 

II liE >11 I I 
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rtllnWlffqJqJ1WfHll~lfl~ijlJ'Uij~1~1l~hHl,j":;fI1lJ T ~~111j~1t1lJ 2 mw flij ';1~ 

0< Ill) < 2" 11":; - 2" < Ill) < 0 mlJ~'ll3-1~ij W+ 11":; W_ lt1lJfl11lJfl~1~'Uij~~m1 

'lJ';1~ 0 < Ill) < 2" 11":; llJ'~h~ - 2" < Ill) < 0 ~llmh~lJ ll:;i~'h 

W = 1ll).T 
+ 2" 

(3-2) 

Ill) 
W =--·T 

- 2" 
(3-3) 

(3-4) 

W_ Ill) Ill) 
E =--=-(--)=-

- T 2" 2" 
(3-5) 

. " 
ffmlJ:;~~~'ll 3-8 fl~lfHh;flllW:;lt1lJfJlJ1~mJ ihhinJfl 2" l1":;fflJlJl~nfllJ'lfil~",jl~lvJff 

l'YhnlJ~lJv fl11lJ'~'lJ'Ufl~mlvJflfl t1ml'UtmJ'Uij~1~1l~ K PFD llJlnhtJ V/rad iifill'rhnlJ 

1 
KpFD =-

2" 

1 

1 
slope=2n 

\ 

-1 

(3-6) 



t:i 

3.3 1~;)1'n4;)iftl (Charge Pump) 

~ oNl 
-

Or~iII Ou .. my G~b! Saurc:e Current All NMOS 
Switx:h Switx:h Switx:h . ' Switx:1o steering Switx:hes 

n. 'l . !'I . ~. \I. ~. 

. " 
111ft 3-9 '].Jf}'i'lfl'ffJi11JllIJIl';N1 

Fully Oifferenw,1 
Cu~t Steering 

'U. 

18 

of " • 

1~ 'il 1 'In 1 'il illJii n~ tl1:: Ifl't1 trtytylW fl fl fU~ V1 11 1 ::lfl't1trtytylWl,rl ~H' ~ l~-trtytylW flfl n 

cS Q.I". Q.I , d !1t d';1 
I~W111~::111::1fl't1fftytylWl"1~HlflH-fftytylwflflnfl~flH 111 3-9 n. tH 3-9 ~. IlJU'Jl'11'illJlJ 

111 ::lfl 't1 trtutulW flfl fU~ V 1 ~ ~ un 'il ::iifl11lJl ~ 111 ~:: fflJl HI U::: ~ ln111~ 'il 1 11 1::: lfl 't1 trtutulW fI~ ~H 
u u u u .. . 

1~W1~'ill'Jl'11'ilillJ1l1J1J1~1UffiflCJflU1113-9 n. 'il:::iiilty111 Clock Feedtbrough lJlfU'Yfl1:::'illn .. . 
ffiflCJf~flfl1J1~'illmfln~1fl1J l~uflH ri1u'Jl'11'ilillJ111J1J~lJiiffiflCJf 111 3-9 ". 'il::iiilty111f11':i!lth 

_I '" ... " • ... "1 _I • ""/~,.", 1"'" lJl:::~nU"fl~'t1':ilUC))'fflflfll ff1U111J1J1f1't1ff1flC))' u1lJ 3-9 fl. 't11~lU ~'Jj'1'il~ lJUVlJ 'Jj'nu 1~'ill 

'Jj'11'ilflmh::lfl't1 fftytylW fl flfU~V1~~~"l~fiml1J1JC))'fl1ffffiflCJfl U111 3-9 ~. li1fl~'illnffllJ1':itl 
... ~"4 ... ~.~". '" 1 ~4~ " • ff1flC))' 1~ll111~:::ff1flC))' IlJ l~flfln1J1~'illmfl~ ~VflH 'il~lJlJty111 Clock Feedthough Uflvn11 

.. ~ IV ". Q.I .d," . oJ 'Jl'11'ilillJ111:::lfl't1fftytylW!"1f1~flH-fftytylWflflfU~V1 ~unlU111 3-9 'il . 11~::: 3-9 ~. C))'~ 

.. " of 

" ~ _I 4 .," 4 1 '" 1" 4 • " !1 1~ 'ill'Jl'l':i 'illJ lJlJ 1::: lfl't1U ffllJ lHI 't1H1U ~ 1 1 1~UU~ 'Jl'1~ 'ill m fl ~ 1~ lfl1J'l!~I~ V1 ff1U 'Jj'1':i'illJ lJ 

lh:::lfl't1fftytylWl,rlf1~~H-trtytylW flflnfl~~l~ 'A'unl Ul11 3-9 ~. fil~lU '~L~11l~::fflJ1j~n1':i . " . 
• 44 ." 1" . 1"-1 4 

4 4 "1" iI '" 't11~lU~'t1"l~ Uflflfl~ 'Jj'1~'ilTIllfl~1~1fl1J 2 'l!~ 't11 111lJ~fl~'YfU't1 U~:::flfl~ 'Jl'1~'ill flUn~1JflfllJ 

of " 1 ·1"'" '" "!1 ~ lJflU l1lJ~ 't11 111f1~fftytylW':i1Jn1U'illn'Jj'1':i'illJlJlJln"U 
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3.4 l.:.1\l'.ifl'Hl.:.rJ.:.I'HllJ (Loop Filter) 

, • d • 

nUn! l'Vil1J~ tI'U m:;11 ffUU mnfll 'H11 '1nf l1fllJ 1 '11'1 tl'U ffUJUJ1WU 1-3~'Ufl1tJfllJfl11lJ~ '\.IU-3 
u u • 

" Utlffcjf~1~19W{ u~:;mtl-3ffl'U1.h:;flUtJ h~ff~tJ11lJl1-3ffUJUJ1W 1tJfl1'U'\.IU-3 ffUJUJ1W UU fl 11.1 n11 '11' 
u u u u 

1-3111 mtl-3 'H1t1tJltl 'U ff1'U ~ ff1rl ty~ 1l~ 1'U fl11 tIti flU tJtJl n ff~ tI fl~ 1.1l'd tI-3111 fln 11 'I1'ln~ 

1 1 ~ ,,~ I 1 . .1 Q .1 .J !'It..... ""'" 0' • '.1 4 
ft~ 'Un-3fl'lf'U(J1t1 tI'U'\.ItI-31nff~tlfl~lJ C)f-311:;nJ'Ufl1fl1lf'U~UtJ'U~1~'YIU~:;fl1nl1-31'U 11lJ lJU-3 

" '" .... lffUtl1 mft'\.ltl-3'Y1-31-3111 

" ." ~p Q Q fl11 tIti flU tJ tJ 1-3111 m tI-3l1:; fI tI-3 'YI11lf fflJ n U 'U:; 'YI-3 ~ 1'U f111lJl1 1fl11 ~ tI fl'\.l tI-31-3111 U ~:; 

, J,I d • ct QI d 0 1'" Q,/ , Q,I ..'4 ~.d 
~1 n llf1'\.1W:; 1~ tI 1 fl'U fl'YI1 If ~ flll W:; ~ ~ fI tltJff'U tI-3 fI tI ffUJUJ1 W 1tJ fl1'U llt1~ -3 U tJ'U ~ 1~ 'YI 'YI u u 

od J ,..,,, ~ Q,I .:fc.t d.Jy 4:l 1 
llflJ1:; fflJl1-3'\J'U tI QfltJfl11lJfI tI-3 fl11'\.1 U -31:;tJ tJl1J'U 'H ~ fl 'U tI fl111fl'U tI fl1.11:;1~'U 'YIfltI-3ftl111W 1 'U 

fl11 tIti flUtJtJ 1-3111 m tI-3 nfitl V'U ~tJi'U'\.ItI-31-3111~1;; ~ -31-3111 m tI-3 ~ijv'U ~tJi'U ~ -311:; ff1lJ 11 U mtl-3 
" , 

ffUJUJ1W 1tJfl1'U 1 ~lJ1flfl'h U~ v'U~1J'If'Ufiff -31n'U' 1.111:;111 1'11'1-3111'\.1 1~lff~tl1 mft 1 ~tl1.1fl~u~1~-3 
u u .. 

1.) l.:.1\l'.ifl'.itl.:.lvt1i;f,;nutJtJ~tlldtl.:.l (Continuous-Time Passive Filter) 

.s .s.... .J .s 1" Q .1'" d .... Q 1fttl~~fl11m:;lfttllJ'\.ItI-3fftyty1W tltIfl C)f-31fttl lf1-31111nff~ tI fl~lJlJlffUtlHl1ft ~ 11fltJ 

1.11:;~~-3fl~1111:;~tI-3ij'\.l'U1~1~mJ1mrlmfitltJntJ Cp 11'U 'l1ij~~ntJ lft~ 1'U~-3ti'i'Uthtl 
lu'U~ln~111fl~11ntJ1.11:;~ Cp ntJ~1~1'U'YI1'U Rp 

Charge Pump 

UP r-----, 

Charge 
Pump 

ON L--___ --' 

Passive Filter 

I 
I 

to vco 

: Rp 
: 1_ Cpp 

! CPr 
I -

ltld 3-10 'NfJ'jn'jf)-Jrnft':;rlllmJ~f)l'dfN 
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" , 

,j'ij~hJt) ,n'H)'j m ij'lu'j ~ lt1'Y1ii tl ijiJ ij fHl'UlJ 1 ~ ~ lUll ~ ~ flU fh~ 'I 1 ~~ lln U1JfllJ 

.1 ..9 ," s ... " 1 "'" " '" ~ .1 l' 0 1'11'1Hl'jij'l1J'j~lt1'Y1ijU u~'I.Im{l {Jflij~ij'l ')f~1~lU'YI1UU~~~11fllJ1J'j~ ~'I.IU l~ my 'YIl 

" , 
1 l1'lU~ij'lYlUn 1'11'1 'j 'j1lJ lHl ~911~lU'YIlU 'I.I'Ul~ 1 mU1'l~'th ll1'lfl~ ffUlUllW 'jlJfl1U lJlfl 

u u u 

2.) l~;)'lmij~l1ijfln"" (Active Filter) 

" iu il'l fl1l1'1 ,",'jfl'jij'lUlJlJ't'tlffCJ1~i 'I fl'jij'l fftytylW 'jlJ fl1U '~~fl 11 u~,j' ijl~{Jtl ij 

flUfh~'1' ~lJlfl U~~V'l~ij'l 1~9111~lJU'j~~'I.IU1~ 1'Hqjl';'Ul~{J1n'U 

, 

Active 
Filter 

.:t • .1 )II I I ... 
3.) l~mmijUna'C)fnlllJlJ 11Iflijl'Uij~ (Discrete-Time Passive Filter) 

Charge Pump Discrete Time Filter 

UP r------, 

to VCO 

Charge 
Pump! 

to VCO 

DN L....-___ ....J 

UP .----------, 

Charge 
Pump2 

DN '--___ --J 

I 

I 
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1 'H)')nHI~'Yflff~l'h1lJ1Jhj~{l1dU~'~~11~1J11,)::~ffi91CJfllnU~1~lumu ~~ 

~11~ 3-12 .,rU~fiU,f1tJlln'llqJlnatyqJlW,)1Jn1U~Lf1~nlln~1~lUnlU hny l1~::vh',r 
'" ; , "'1 , '" '" d _ I ,.. '" S 4 '" fftytylW')1Jn1U911 91 91V ')f9111n1JlJ,)::~'UUl91 l1ty U91'UUlC1 tJflUfftytylWfl11JfJlJ 

~d'" .1.4 c:. .e::. .. .., d fl11lJ(1n 91~::m::~nmn'UULUU~~lmn91 Clock Feedthrougb ~lnnl')ff191C)f9111fl1J 

11')::~ 

SI 
4.) 1-3\l'H)'H)-3 2 liItAnH (Dual Path Filter) 

~ ~ 

'~1~~')mU,m~::')f11~lllJ 2 '1191 ~~~113-13 191t11~~,)'b'11~lllJ'I191mn~{)fl1J 

1~ ~ ,)fluiiLm L91 u1 , ~m::u ff' m) ff~lLm::~11n1J11 '):: ~ 'UU 1911g fl d1U 1~ ~')')f11~~lJ 
'I191~ffU~~ ::~{)fl1J1~~,) m U~"'lff~~ '~m::ll ff' 1Jtlff~ ~ nl')~91'UU 191'UU-3~11n1J 
., d ~ 

11'):: ~ Vi'~' A A1tJnl,) l'VhH)91,) ld1U ')::11 '11~ m:: llff' 1J fl ff'UU ~'b'11~llm1 ~ffU~'I191 ~ ~ 

'1i~lL~U~U~ '~~11n1J11')::~~ij'UUl91' l1qjlJlfl u~nvh' M'Lf191atytylW ,)1Jn1U mfl~u 
~ 

'" ,. '" .'" '''''' ~ ~lfl1~~,)1J1flfftytylW 1l~::fl11lJ lJl'UlfJflU~lnnl,) ')f')fl')~lJlJ 2 '1191 

Charge Pump 

UP r--------, 

Charge 
Pumpl 

DN L---___ -' 

UP ,-------, 

Charge 
Pump2 

DN '------' 

Dual Path Filter 

summer 

I 

to 
VCO 

5.) 1-3\l"lf)'H)-3nliI';vHn,rfll"l~WflUll1n1Jth::il (Capacitor Multiplication Filter) 

fll')fJW fil~ 11n1J11')::~' U 1~ ~ ')m u~vh '~l91t1UlfftJn')::11 ff'UUl91 K lnl'UU~ 

m::Uff'1Jflff')f11~~lJ ~~~113-14 fl11lJ~fflJ1J~'UU~~11n1J11')::~ Cp ~::iifllltJU K+l 

lnl'UU~'UUl91~~ ~ lil hfl1i~llllU~U~' ~~11n1J11,)::~'UUl91' l1qjmn lu1~ ~') ll~.,rUlfftJ 

'Uun~ ~') m u~tl ,)::lfll1iffi U , ~m::ll ff~ ~ n '11 1~ ~ ') 'Yf 1 ff~~ 11 n~iL ~ U fJ W tll~ 11n1J11'):: ~ 
o , ",.. '" .1 '" '" '" d .1 .. m 11 flU 'Yf~ H1UlJ lfl'UU U~::'91 U~UU flll1J1J911tJ911Lfl1J lJ '):: ~ ~ Uti (floatmg capacltor) 



3.5 

UP 

Charge Pump 

Charge 
Pump 

ON L--___ -' 

Passive Filter 

to VCO 

I = K-l + I Eq C C 

Ceq = (1 + K)Cc 

. ..., ~ " ..., . 
l~{J'itHH;TClfi;'lli;'lIVlt)'ifll1JfJ"'fllUIOVllt1U'i~VlU (Voltage Controlled Oscillator) 

22 

fifl1~'il'HH) fftihmH~lfl1~fl11lJ~fftyty1W flflfllilu rl~ ni'u '\Jfl~U ~ ~~Ufl11JfJlJfl11lJ~ Vctrl 

ff1'l1111fl1W ~~lJfl~fl11lJfflJliu 1i,)::'I1'"h~ fl11lJ ~ ml:: U ') ~ ~ U fl111fJ lJ 'il:: Liluu 1111L;r ~l'ffU 111 K veo 

li1uti;l,)1'\Jl.IlO'\Jfl~fltJff~aUH;lfl1 lU'l1lho Rad/sN ua:: mo fiflfl11lJ~~~tTu6 fflJfllHiflllW:: 

fflJ,j~'\Jfl~flfl ff~a m 1;1 fl1fl111fJlJfl11lJ~~hom ~~U 'il::l;iou 1 ~1i1U 

OJ ose = K veo Velrl + OJ 0 (3-7) 

1 U fl11lJ Iii u 'il ~ ~ 'ti flll W:: fflJ,j~ '\I fl ~ fl fl ff~a La L;I fl 1 'il:: 1 ~ Iii u 1;r ~ 1 flU;I 1lJ fflJ fl1~ (3-7) 

;lafl~,h~fl11lJ~~tJl11fh'~ (Turning Range) ~~Uff~~ 1 u,tJ 3-15 ';1~flnl,*~lU 'il~ ~'\Jfl~ 

flflff~aml;1fl1 'il::l~ fl fl';1~~ijfl11lJLiluL;r ~Lflu ff ~ U a:: fflJ fll') 'ti flll W:: fflJ,j~'\Jfl~fl fl ff~a La L;lfl 1 'il:: .. 

'

" " Q.I ~ ~ q" . ~ ~ 'il1flflntJ'):: lJ1W fl11lJfflJ't'tu 1i U 1111 L lJUL,m ffU 1 U 'b'1~ U 

K - fmax - fmin 
veo -

Vmax - Vmin 

lOose 
fmax ____________ _ 

1 
1 
1 
1 
1 
1 
1 

,/ 1 
/~ 1 1 

(i)o 1 1 
1_ range of use-+j 

Vmin Vmax Vctrl 

Iud 3-15 crm:JfJJ~ft'lJU~'lJfNfJfJft'c;mmfJ{f1J1Jf}lJflJ11JdlJ(JlI'i.JilnfJ 7u 

(3-8) 
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w 

3.6 UtJtJ;)U'ltHU~::fll1BBflUtJtJl~'\l1n~l;lilBfl9tJutJ\J'ln1'\lifti 

w 

3.6.1 IltJtJ;)1~B~'IIB.:jl.:j'\l11~l;lilBfltJtJUtJ\J'ln1'\lifti 

o cI cI .. " .. 
fll'j 'Yl 1\1 llJ lu ff fil1:: a {) fl'\J {) ,n~ ~'j 1~ ffa {) flatJ U UU'b'l 'j ~lhJ ffllJ1Hll'\J (lUU 'YlU 

1 
R 

KpFD 

¢feedback 
1 
N 

.. 

Kvco I-r~_ou .. t 

S 

(3-7) 

ffl'l1i'Ul~~'jl~ffg{)fl~tI~l~l~~Hl'jl~ff{)Ut~ff -fll1lJ~mJ1J 3 ffmu:: ua:: 1~~ 'j 
" m{)~UUU"'lff~~ 1M fcp U'Ylu'\Jul~m::llff'mlff'\J{)~l~~'j'b',.f~lllJ ua:: Rp fiu Cp 

"'" Go' cI _I 41 "' .... " 1 '" U'YlU~l~llJ 'YllUlla::~ l1fl1Ju'j::~n~w m.~ mlJflU~l~ llJ 'YllU lJ 1~ ~'jm{) n~'j{)U~:: ~ 

r1~niutil(ll flU l~ltJ~'\J{)~'j::tJU~llJfflJfll'j (3-8) 
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¢feedbaC, = fcp .(R
p 

+_1_). Kvco .~= fcp1{vco. (RpC~S+l) (3-8) 

¢,.efd 27r Cps S N 2JTNCp S 
open 

f cp K vco . (R C S + 1) 
2nNC p p 

=------~p-------------
2 IcpKVCORp fpKVCO 

S + S + ----=----=--'==-

(3-9) 

closed 
2nN 2nNCp 

(3-10) 

4 d 0' 4 ~ ClI 4.'!t CLI • 

mz fHlfl11lJ(JijlHl OJn flijfl11lJ(J1inlJ'ti'1~,\HH'j:aJU 11'1:: S flijij~'jl~1'Um'j 

l'nh:J (Damping Ratio) hw~ 

OJ = n 

= 

(3-10 

(3-12) 

(3-13) 

fil mn tiu s "::nn''U~H''lJn(J'U::''ij ,n 'HI'jln~gijn~tJ hw S liJ'Ui1n1l'f'U~ 
~fll:lW::m'jMlh.:j"~~fI'1V1mJ 1Jijflil.:jl~t)tl'jfl1~'Uij.:j1.:j"'j d1'U mn "::liJ'Ui1nn''U~ 
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(3-14) 

"" 3.6.2 lirilf.l11ll't'f'Utln,:a;'11Ifhnltlflgt.luulJ'Inillifll 

1~1) 'H~ffgtl fla t.lU.utl~ln~lff~ tJ~ m .... fllJldtl~lJl1) 1flfl1nl1~ llJUUU '~~tlldtl~ .. 
, .. 

m~ na 1'U tl ~ 1~ 1) HI ~ 11) fftlUI ~ ff -tl111.1~ U a:; 1 ~ 1) ~ ')1'1 11) iJ 1.1 111J 1tJtl111J ,ht ~ ffg tl n~ t.l \l:; 
o , " OJ .t .'e. tI .::I • 

111~llJUU1.J1:;'Um,!1J'Utl1Ja (Sampled System) ~~lJlJ 111nU'UlJ~1~11'Utln~\l~lJtll~~\llJ 

1 "Q.., .J , 0 1" ,.'" '" naltltJ~n'Utl111J(lmHllJ (Sampling Frequency) 1):;111 11~:;'U'U 1J1JIff(ltJHIl .... ua:; 

Idtl~1)lntl111J~1inlJ')f1~'Utl~1~\l~ ((tJn) IrllJ~1n111lJ~u'UlJ~1~l1' i~"'tl~tltlnu'U'U1M 
wn Ufhll11J1:;fflJ hWrl1lJ1W\lln.utl~ln~lffiltJ~m .... 'Utl~ Gardner [19] fitl 

Ill1lJfhfflJm~ (3-13) a~ 1lJ (3-15) 

. 
1)lntl1 fJJ

n 

2 2~WrejdWn 
Wn +--"-­

Jr 

2 

W rejd 0 --< 
Jr2 

" 0 • ~llJmlJ Rp tlllJ1W1)1ntll Sua:; Cp ~llJfflJm~ (3-13) 

(3-15) 

(3-16) 

(3-17) 

(3-18) 



I 

..:t 
lJrIrI 4 

" 
1 u 'IJ 'YI U ~::1 rJ lJ fil HI ij fi U'IJ 'IJ 1 fI 'j 'H"~ 1'1 1L ~ ~ fil'I fi llJ 1 W ti 1l'f l'I 1ii L~lij {9i 1'1 '1 'II tH 1.:j 1) 'j 

L \4ij 1 M' ff'tyty 1W lJ TKf11 ~ llJ ij ij fiii f11'j lL~m ~ ~ 1Vfl11lJ ~ ~ 1m 1.1 ij {1~lJ ~ fil'I lL~m~ ~ 1tJfI.:j ~ 1 ~w~ ~ 

minii.:j 1 f1Hff~HlL~~fil'InH1lJ hwnlJ'lJijn.:j ~'j rlijlJ 1L~~,r1,j'ijtl~ 1 1.I~~1rJlJ fil'I6{1 fiU'IJ'IJ 

1m .:jt'l'~1.:j'IJij.:j1~~'j 'lJlL9i~~ff1lJ 

. " 
L1lJ1'Y11~ llJ f11'jm~~lVfl11lJil'IJij.:jffWW1W lJ1Wf111lJl'Y1V1Ul'flJi'U 1 ~fil'jlJij~L~9'I'Y1H 

u u ~ 

f111lJ~~1 tJ fil'j lJ ij ~L~ 9'11 ~ V 9'1 'j.:j ~ fftyty 1W f11'IJ tJlJ f111lJ~ 'II ij.:j 1~ ~ 'j ij ij t'l'ci~ 1~ 19'1 ij { 1 fI 'j .:jt'l'~ 1'1 

hW'j1lJ'lJijn.:j~'j~ijijfiijijfiU'IJ'lJllt'l'~.:j~.:j1l~lJfl1l'fllJ11.l~ 4-11.:j~'j~~1l,j~1nlJ 2 ff1lJ fiij 

, v 

1) a'11n-31ij'IJfll'UfjlJ'tHHl 

n THU' 1~f11'IJtJlJfl11lJ~ m; fi'IJij.:jfftyty1W ijij fiU'IJ'IJ~1V 1m ~ t'I'~ 1.:j1~t'I'gij fi~ 1.1 

1 ~ vii fl9'l 'j1 ff1lJ filH1l'I f111lJ ~'IJij.:j fff.ll W1W lJ 1Wfilfl' 1'1 ij~u~ ~ ffWUJlW lJ 1Wfil~ llJ 
u u u u 

ijijfi N 1L~~ R 1l'i19'11mh~'IJ 

o "d" GI .::t ~ QI .A d deS 
'YI1lf'U 1'Y1 t'I''j1.:j t'l'tyty1W lJij~1~ 9'1 V MOD C)f.:j1 1JlJ t'l'tyty1W fI ~lJ t'l'llJm~ VlJ 'YIlJ 'IJlJ 1~ 

1nlJ~.:jnilJ'lJij.:ju'j .:j~lJfl1'IJtJlJfl11lJ~m;fi (V em 0 ) U~~f111lJ~fftyty1W lJ1Wf11~llJ 

" 1'111 (/;n) 

Modulation VMOD 
.------ioj Control -

r---------------------------------------, 
I r-------------------------, I 

¢in I ~ I I I ¢out 
i Freq 4 PFD I J V-I ~ Control ~ ICO I i 

: Divider /CP v~~orlconverterl lYle Signal I~bt /Wave I : 
I by N ri" /LF I Generator Shaper I I 
, """"----, V COl I I 1- _________________________ ..1 I 

I Freq I 
I Divider .1 
I Main Control Loop . by R I 1- _______________________________________ ..1 
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¢in Li~'UfftytylW'U1Wm~1'1.mj'1 ml:; ¢Oll! 1~'UfftytylW'U1Wm~1'Utltlfl tl11lJ~~11"1 
l~"l'\Jtl-3fftytylW flflfl (1

0
111 ) ~:;ihh~llJfflJm'.) 

N 
foul (I) = -fin + df (t) = fc + df (I) 

R 
(4-1) 

l~w~ fc = ~ fin 1~'Utl11lJ~11~fl'\Jtl-3fftytylW "":; df (t) ltJ'Utl11lJ~lrl(l-31U'U~lfl 

filtl11lJ~m;fl~11"11~"l 

tltlff~" 1" 1~tll tl1UfJlJtl11lJ~ ~ 1(111 '.) -3~ 'U'\J tl-31-3 ~nh:; fl tlU~ l(1tltl ff~" 1"1~ tlltl1UfJlJ 

tl11lJ~~ltJfl'.):; 11 ff (Current Control Oscillator, ICO) "":; 1-3 ~ '.) 11 tJ" -311 H~'U -fl '.):; 11 ff (V-I 

Converter) lill1i'U11tJ"-3fftytylWllH~'Utl1UfJlJtl11lJ~11~fl VctrlO 1M,tJ'Ufl'.):;Uff I YlC ~iifil 
. " 

11tJ'.)~'U~llJ Vctrl 0 fl'.):;11ffn1~il~:;\1fllh 1 tJ'.)llJtiufftytylWlJtl~m~ VMOD ~lmi1'Utl1UfJlJm'.) 

ff! 1-3fftytylW lJtl~l"~ 1 ~tJtllff(ll-3~'.) ff!l-3 m:;u fftl1UfJ1Jtl11lJ~ ~ -3~:;' MfftytylW tl tl fl1 tJ'Uf) '.):;11 ff 

~ltJ'UF-m'.)11J11UU1;1-31~'U'\Jtl-3 I YlC tiu VMOD ~llJfflJm'.)~ (4-2) 

(4-2) 

I ctrl (t) = I ctrl 0 + dI ctrl (t) (4-3) 

(4-4) 

(4-5) 

I ctrl 0 ltJ'Uff1'UtJ'.):;fltlU 1 ~~H ff1'U dI clrl (t) 1~'U ff1'UtJ'.):;fltlU 1liff~U "":; ko' kM 

U't1'Ufl~'.)1'\JtJltJff1'U 1 ~m -311":; '~ff~U~llJ~ l~U 

f)'.)W ~fJ tl ff~a 1" t~ tlltl1UfJ 1J tl11lJ~ ~ 1-V m:; 11 ffii ~f)l:J W:; fflJ,j~ 1 tJ 'Ut;1 -31~'U 1M k ICO 

U't1ufl~'.)1'\J(ll(l'\Jtl-3tltlff~"!"t~tll1'Ul1lhtJ HzlA U,,:; 10 1~'Utl11lJ~~~tJ'Uv tl11lJ~~11"11~"l 
'" d , 

'\Jtl-3fftytylW tltlfl~:;lJm~llJfflJm'.) (4-.6) 

fout (t) = K ICO I ctrl (t) + fo (4-6) 



U'VllHll (4-3) fout (t) = K leo (I ctrl 0 + dI ctrl (t»)+ fo 

f c = K leo I cITI 0 + fo 

df (t) = K leo dI clrl (t) 

28 

(4-7) 

(4-8) 

(4-9) 

(4-10) 

UUU~1~t).:jI';.:jltfU'\Jt).:jlm 'H,.fl.:j1.:j\l';j'UltJ 4-1 Uff~.:j~.:jltJ~ 4-2 K VIC LnUtlml'\JfJlfJ 

'\It).:j1.:j\l·mtJ~.:jUH~U-m:aLff ko 11~:: kM fit)fhfl.:j~'UfflJtll';j (4-2) LnUtlml'\JfJlfJ~hU'~~H 

11~:: ~hu' ~ ffaU'\l t).:j 1.:j \l ';j fffl.:jm::U fffl1UfllJfl11lJ~mlJ~ 1~1J 

... /d 0 Q JI . IlJn 4-2111l1ltJ1C1fNI'lf·mY2.J'IlfNJ.JtJ'J 

, ,.rtl~';jl'\lfJlfJ'\It).:jt)t)ffci~L~19lt:l{fl11JfllJfl11lJ~~1{JU';i .:j~U (hnni1fJ Hertz/Volt) U'VlU 

~1fJ K vco ijflll'vhfi1Jtlml'\lfJ1fJ';j1lJ'\Jt).:j1.:j\lmtJ~.:ju';j .:j~u-m::u ff t)t)ffci~I~I~t){fl11JfJlJfl11lJ~ 
" , '-.1 " .,; ~1fJm::l1ff 11~::ff1U n~H'\It).:j1.:j\l';jff';jl.:jm::Ufffl11JfJlJfl11lJO 

(4-11) 



Ie = K YCO V etrlO + 10 
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(4-12) 

1M !1Ietrl LLYllJ'lJ1.n~r~·Hlfl'IJU~m:;u~fl1'UfJ1Jd1'\.J1vh"~'U (dIClrl ) u,,:; !1 V MOD UYllJ .. 
'lJlJ1f1\1'Hl~'lJU~fftyqJlW1JU~l"fI ~lfl~1Jf)l1 (4-5) U":; (4-1 0) fl111J(ilijtJ~l'UlJ~ 'Hl~'lJU~fftyty1W 

UUfl !11 ~:;ijfi1l1JlJ 

!11 = K ICO !1I elrl = K leo kM!1 V MOD (4-13) 

o = !1 I = K ICO k M !1 V MOD (4-14) 
Ie K YCO VClrlO + 10 

J:' kM !1VMOD 
U = --"'-- -----'==--:-

K Y/C ko V 10 
etrlO +-

KyCO 

(4-15) 

o ~ _k-,M,,-_ !1 V MOD (4-16) 

!1 V MOD oc V ctrlO 
(4-17) 

" evSlCl '.:!1 " OJ 01 QI~ " 1 " 
111'IJUlJ~:; fl" 11(1 ~ fI H ~1 H 11" flU"':;" flll W:; ~1J 'Ufl1~ ~ 1UfI":; ~1lJ 'IJ U ~ fI H ~11~ 1~ ~1 

~l~UU 1lJlh~U 4.1 d1lJ11fJ":;lijtJ~1~~1VUtJll":;f)l1fi1lJ1Wfilfn11ijlflU{~:;mil1 1lJ'UYlu~ 111 
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4.2.1 

, '" 
4.2.1.1 1~il'i~'il'\Hn)tJlntf-fll1"'" l~il'i'lrl'~ilif". Uil::l~il'im8~1~'i8U 

d1'Ufl1UfJlJfl11lJrll1a n'U6.:J1.:J 1)166 nu uu 1 ~ltI' ~1.:J1) 191111) ff8Ul~ff -fl11lJrl 

~C'lQI .d ~~" 
11UU 3 ff(llU:: 1.:J1)1'lr111)UlJffWW1W66m~tJ1UUUL~1Uffl91C)f lrCl::l'b'1.:J1)1m6.:JU1JU 

" " 
fnff~~ ~.:JUffYl.:J'UrU~ 4-3 1~tJ1111UciffL9161 Mn1 n1J Mp1 lUlU 'till1Ul~li1U 

~ ~ 
" , t.cf4 4 1i!1' oQ" 

UlitH1)ltJm::Uff Uff1U~.:J'UUU~::~.:J~.:J'U6.:J1.:J1)1'b'11\lulJ ff1U1111UC)fffl9161 Mn2 U~:: 

Mp2 'ti111U1~1i1Uff191CJf' 

Phase-Frequency Detector Charge Pump loop Filter 

UP 
QI---.--~ 

RQ 

DRQ 

¢feedback 
Q 1----'---+-----;1 

L-_.:...J DN 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

- I 

VctrlO 

I CLF 

, . , d 

IVn 4-3 'NUHlnUtJ'tJ7Jlyhr-fl'J1llfi 'J.JU'i'bTfUillJ IUt~'J.Jf}m'itJn.J'itJIl 

I 0 q tI ,a 
~~ 91 6 nl'i111.:J 1U 'U 6.:J6 6 ffC)f~ 1 ~191 61 LVi 11:: ff1lJ11 tl ~~ n 11 n 1:: 1 Vi tJ lJ 'U 6.:J m::11 fffl11J fJ lJ 

, ~ 

fl11lJU'~~ltJnl11J1tJVi1ff (By Pass) ~ltJ~11~UU1::~'UUl91 'mY'U;rUtl~'l 1u'~ 'u~hu 
d 1'0 ~ " '''~ d _I • ~ 'U6.:J1.:J 1) 1 m 6.:J1.:J 1 6 U\l.:J lJ\l11UU9ltJ.:J 'b'9111nUu 1:: ~ 1J1tJVi 1 ff91 tJ'UU1U nU1.:J 1)1 m 6.:J 

, , .. 
fflJm1~.:Jn;r'\.lt'htJ 16U11lJ'UtJ.:J1.:J "'191111)fftJU1~ff -fl11lJU l.:Jn'b'll ,.,i1lJ U~:: 

1.:J"'1m6.:J1.:J'i6U~1~,.,::jjti1ni1nU 

(4-18) 



31 

r--------, 
I Vdd I 
I I 
I I 
I ML I LOAD 
I I 
I I 

m)1Jutl1JiI\l~ijfi1lh:aJlwnilt1u l'Yht11JUH~U V Clrl 0 U~~l'Yht1m-H'IfJw'Utl-3m~mH){)fl 
Q,I" Q,I ~ CLI Q,I'- , QI OJ' 

I nc fl1Jfll11J~lUmU Rnc "-3UU fll11Jff1J'YiU1i':i~l111\lm~Uffm)fl Inc fl1JUH"U 

,'Ii'1 VClrlO \l~,iJU'tJ~l1Jff1Jfl1':i (4-19) 

(4-19) 

(4-20) 

" .,; 4.2.1.3 l~iI'HnHfl'~UUfll1JfJUfllUJtl 

" .,l.,l1"" 'i" • '" 1-3\l':iff':i1-3 m~Ufffll1Jf]1Jfll11J()'t1 'Jftltl fl"1J1J~ lVl fl':i -3 ff':i 1\1 U 1J1JJ:-J~~ 1'1" mH.u~ 
" . 

~-3,tJ 4-5 l'l':i 1uciffl~ tll";-3fftl-3Fh'Utl -31-3 \l';iij'UU 1~ff1J1J1~':i t1U u,,~ 1 ~fl':i~U ff' mY ff 

ICSG ~ij'UU1"liJuti'vHilUt1Um~Un I nc \llfll-3\l':iUtJMUH~u-m~Uff m~Ufftltlfl 
'Utl-31-3\l':i IClrI \l~liJUfl':i~Uff~'11"~lUl'l':i1Uciffl~tll Mnl dlul'l':i1uciff1~tll MLl t11J 

" ML21~liJU lH""'U tl \I 1-3 \l':i ffll1i'1J~m,.~ntlUm:alff I c1rl 'tJl.nul-3\l':ii'Utl~'tJ 
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r--------------, 
I Vdd I 
I I 
I I 

LO AD 
iMLl Ml2i 
I I 
I I L__ ____ _ ___ _ _J 

Aid y d lun 4-5 'J.JfJHrHm'j~Uft'fI'Jllf}lJfI'JllJf) 

. 
,jjtlUH~'U V MOD dj'UfftyqpW'U'Ulfl,gf1 m:::mYtltlf1 I ctrt ",:::ijfhL')'hnlJ~Hl'j1lJ 

'UtI~m:::m,.'u~ff I CSG nmY1'U,tlg(l'Uutl~H~'nfl"'1f1UH~'U V MOD PlllJfflJf1l'j~ (4-21) 

(f1l'jff~",utl~1'Umfl~'U1f1 'U .) 

I (I) = I + VMOD(/) = I + VMOD(/) 
art CSG R g CSG VIC R 

CSG CSG 

(4-21) 

ICSG .oS .... I I 1 .... 1 a "" 
gCSG = -- fltltlPl'jl'U(ll(lm:::Uff'UtI~mHl~"'l(lm:::Uff Utlff 'U1.:j",'j 'lJtllYWlJ 

IVIC 

fflJf1l'j~ (4-21) nmYlJf1l'j (4-3), (4-4) U"'::: (4-5) ",:::i~ 

ko = gCSG (4-22) 

(4-23) 

. " 
Q 0' .::.t" 1.Q ~ tid " 

tI tI ffClf'" '''' lPl tI 'jfl1UfllJ f111lJfI~ 1(1f1'j:::U ff 'U 1V1 (ll'U n \J 1i'U tI tI f1U lJlJ~ 1(1 

" 1 f1HfI'~H1.:jtltlffei"'HHPltl11f1tJl~1.:j"''j'UV1(l 3 i'U ~ f1l:1W:::~.:jltl 4-6 V1'jl'UeifflPltl1 

" 
Mpl, Mp211"'::: Mp3 ,n'U h1"'~'Utln.:j"''j'U(llV''~''':::~lJ ""':::m.:j~'U Vp '~"'lf1f1n'U~ff 



33 

~ d 
1':}1I1ff1Hm~Ufffl11JfllJfl11lJ\I 

fl11lJ~ 'U ij~ ii'tytylW ij ij fl'U ij,:} 1':} 111 ~,:} ij ij ffc)f~ 1~ 1~ ij 1u 1h Nfl ~lJ timh~11~1JtJ 1~ ~ 

U ~ ~fl11lJ ;l'llJ 'VlllJ fflJ lJ ~ 'Uij,:} hf~ ~ rin, l' 1J 1~ 111 1 lJ 1tJ 4-6 fl11lJ;l' llJ 'VlllJ fflJ lJ ~ 'U ij,:} 

hf~~\ldhhutJ1Nfl~lJti1Jm~Uff I ICO fl11lJ~ii'tytylWijijfl~,:}ijThutJ1Nfl~lJti1J I ctrl 

o 0" . t .::::.. 

Cosc 'UlJ HI 0.5 pf U~ ~ 1I1~ ij,:} fll1'Vl N llJ ~ 1t1U 11~~ \lltlfl1 ~U ff I ICO ~~lJfI~'UlJ HI 

~l~~tilJ \l~ '~fl11lJii'lJ";lJ,r1~111Hfl11lJ~ii'tytylWijijflti1J I ICO ~,:}ltJ 4-7 

... " 'Vll1W)j'ffl~ij1 'UlJl~ (WIL) [~m1JlI1l] 

Mnl, Mn2, Mn3 9/0.5 

Mpl, Mp2, Mp3 18/0.5 

Mp4 1.5/0.5 

SOD 

r-;;; 400 ~ 
J: 

~ ~ 

';:300 
~ (.) 

c 
~ 200 

/' CT 
I) ... 100 lL. 

0 
0 50 100 150 200 250 

Current (uA] 
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1-Hl'J~ftltJfl~lJ (Wave Shaper) 11111U1~'IJU1U'J~~1Jfll'Jun1,:j'IJtl 'HYtytl!1W 

\llntltl ffc)ft;tl1:11~ltl{' M't1~lJ111J1Jllfi1,:jl~lJ U1:1 ~~ ftl tJfl~lJ' M'ihi nllW~ lillJ fl ~lJ ~1l1 ~ UlJl~ tl . . " 
',*lillJff'tyty1WlJlWfll~llJtltln hW1,:j\l'J~~ltJfl~'Un',*lillJ1,:j\l'J'lJU1U 4 ~lJ ~,:j~tJ 4-8 

OSC-i 

" . . 
1,:j \l 'J~lJU 'J n11111U 1n'IJ U1U,f1,:j fll'J 11 n1,:j ii'IJ lJ 1~ , na'lfl U,:j tllJ ~ 1:1 tl ft,f1,:jfl11lJU 

ld tl,:j\lln,f1,:jnl'JUn1,:j'IJtl,:jfftyty1W tltln'IJtln,:j\l'J~fl11lJ~~1,:j'l tllJ \1~ii'\JlJ 1ft hjfl,:j~ 1 ~w . , . . " 
ff'WUIlW nfl11lJUff ,:j\1~ii,f1,:jfll'J un1,:j ff ,:jn11fl11lJU,) 1 ~,:jtltl nU1J1J' M'~lJU 'J n'IJtl n,:j \l 'J ~~ 

u u" ~ 

1 tJ fl~lJ ff'tyty 1W ii6'm I'll U1U~,f1,:jfl11lJ~ ~ llJ 1 n n11,f1,:j fl11lJ ~ \1,:j 1 ~ U, 11' 'VI 'J llJ c)fffl~ltl { 

~ ~ :: 1 ,,~ ""." .1 
Mpl 'H1IJlJ'I.Itln,:j\1'J'lJU1U'lflJmn 1JUtlfffl1UU'J,:jft'U Vp 'IJtN1,:j\l'JtltlffC)f1:111:11~tl'J lJ~1J 

4-6 1 ~ ij' 11''11 lJ 1 ft fl11lJ fi' llJ 'VI1lJ '\J tl,:j 111 1:1 ft ~ fl11lJ~ \1,:j ii tl1~ 1 n 11 ~fl11lJ ~ ~ 1 ri1lJ 
" I I I " • • 

1,:j \l 'J'IJ U1 U, lJ~lJ n 2-4 ii 111U 1n~ft'JtJfl ~lJ ffWW1 W \11 n~lJn 11 M'ii J;j' nllW ~ lillJ fl~lJ 
.. u u 

, . " 
S "" d/," 1 " "" ., ., ... , ~ ,,~ "" C11l1(;1UlJ \1,:j 'lf1,:j\l'J flHff'J1,:jU1J1JtllJl1tl'Jl~ij'J1VW l1l~ij~'J1'IJU1U'VI\1,:j 

4.2.2 

11111U 1~ fff l,:jfftyty 1W lJij~l(;1 ~ltJfl ~lJ ff1lJ1l1~{JlJ V MOD ~ ii'IJlJ 1flll tJ'J ~lJmlJ 

U H~lJ fl11JrJ lJfl11lJ~11 J;j' n (VetrIO) ~llJ fflJ fll'J (4-16) U~lJfl1'Vi 1 flH fff H'lJij,:j ri1lJ 

" QI fl11JfllJfll'JlJtlYll1:1~ (Modulation Control Current Generator) U1:1~ 1,:j\1'Jff'J1,:jffWW1WlJtl 
, " u u 

~11:1~ (Modulation Signal Generator) 

r------------------------------, 
I 
I 

¢.. ,--__ --, I 
"'+r----i>IL--..:....----J~!.!!.!!'--------.! Modulation i Y

HOD 
,------,I

MC 
Signal 

Generator 
Modulation 

Control 
Current 

Yc~,,-o +-------i>j-Generator 

------------------------------~ 
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" 0 "d" .d.ct 

1,HI'H'I''l" Hm::U't1'fl11HllJ f)1'l"lJ6~1"~'Yl1'l1'U 1'Yl 't1''l"H m::u't1' I MC 'YllJ'U'U1~ 
" , 

;i'U nlJU H~'U fl1lJfllJfl11lJUmi fl Velrl 0 U,,::, i'lrJ'U fftyty1W fl1lJ fllJ'U'U1~fftyqJ1W 66 fl 

. 
.ct G.I G.I ~" 

~ 1lJ fl11lJ() '11" fl'U6~ 't1'UH1.l1W 'U 1Wfl1~ 1'U 6 6 fl 
" " 

....coo " '" 't1'tyty1W'U1Wf)1 <PMC 'U6~1~1J'l"'t1''l"1~m::U't1'fl1lJfllJfl1~lJ6~1''~ ~1J1flfl1'l"'I1n 

fl11lJ~fftyty1W'U1Wfl1~1'Ul.,j'1~1tJtl~'l"1~i1'U D) fl11lJ~'U6~fftyty1W (fMc) ijthl'rilnlJ 

f. - hn 
MC -

D) 

. 
OJ .c:.""" G.I I do QI .:I' 'Q,I 
't1'tyty1W'U1Wfl1~1'UL'U1~1tJ6~'l"ltY1'U D2 fl11lJ()'U6~'t1'tyty1W (f MOD) lJfI11'YllfllJ 

f. hn 
MOD = D 

2 

+ 
V MOD 

(4-24) 

(4-25) 

~'"'' IV cv _I.d eLI 1H~'Yl ".'t1''l"H't1'"tyty1WlJ6~1''~LI't1'~~~~lu'Yl 4-10 't1'tyty1W66fl'U6~1~1l~ 

(V MOD ) fi6 UH~'Ufl16lJ9i11~lJU'l"::~ C MOD 1J::ij~fllJW::911lJ1U~ 4-11 fl1lJl1m'U6~ 
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(4-26) 

~VMOD =.!... f MSG • TMOD =.!... f MSG • D2 
2 CMOD 2 4 CMOD hn 

(4-27) 

! 1 A V 1"10 D 
____ -t __ _ 

I I 
I I 

+.--------------+~ 
THOD 

I11ff 4-11 crnlJfJJ~ffryry7fJJVVn'IJVn-Jf}'ift'fNfftyty7fJJllV~lCJFI 

ldfl'Hl1flf)';i:::llff''lJtr~ I MSG 'Ufl ·n'HI';i ij'U'Ul~ln'Uff~"h'Ufi'IJm~!1~~ln103~';i 

" ~';i 1-3 m ~ 11 fffl1'IJfJ lJ fll nJfl ~1"" 
" (l Me) ~03U'U ~:::!~a'U~lJfll';i (4-27) 1'U11lm:al~ 

fl1'IJfJlJfl1';ilJfl~!"" '~!n'U 

gMSG D2 fMC = .-- (4-28) 
4C MOD fin 

41" , " .... ll'4fl l1'IJ'Ul~'lJfl03 L\V Imd 'U (4-28) ~fl~fl"fl03n'IJ (4-13) m:::!1~ fl1'IJfJlJfl1';ilJV 

(4-29) 
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4 of I " " 1" t1lflfflJfll'Hl (4-29) 1l~1l1'U1l1~t1~ff~1~m~l1ffft11JfJlJfll~lJfI~L"1It1~~H)~ 'H 

m~L1fffltlfl~mhN'UmlJft 1llJ~ fftytylW 'U lWfll~l'UL,rlll(;l~l1 ~ ~~'U ft11JfJlJ'Hi5' fl 1~ t1~~ij 

i5'fl1JW~~~flri l1ff~l~'~ t1lfl1~ tI ~ 1m ~ff~1~111J1JL~hl1n1J1~t1~LLt.I(;l ~u ~ ~~'U-m~l1 ff~t.I~ 
11 '" Q.I d _I ~ tI Q.I ,., Q,I QI Aid 

4-4 L111 ~1I1Lfl1J1J~~~ff111C)f (Switch Capacitor) LL'YI'U1I1111'U'YI1'U (;lflllW~~~~1J'YI 4-12 

'YI~1'UciffL1Ifl1 ML fil'HU l~LiJ'U 1 'H(;l~'Utl~1~t1~ L14tll-M'~tlff~..;'tl'U m~l1 ff' t.ltr~ 1~t1nf'U 
tl~'t.I 

r--------, 
I Vdd I 
I I 
I I 
I ML I LOAD 
I I 
I I 
L __ _ 

./d " lun 4-12 'NflHt''iNn'J!:llfffl11Jf}lJn1'JlJfJtJ1M1 

1~ VtllffVfhft1llJ~ l'U 'YIl'U fflJlJ" 'Utl~~ 1L~1Jt.I~~ ~ ff111CJ1~U ff~~ flnfftltl'U11'1 'U 

'
''I " .... of.1 "" "41"1 fllftN'U1fl fl. t1~ ~1l 'U'Ul~'Utl~ft1llJm'U'YIl'UfflJ\!"'Utl~1I1Lfl1J1J~~~ff111C)f'YI ~ 'U1~1l~ 

(CMC ) ijrl11lllJfflJfll~ (4-30) 

1 
Req =---

CMcfMC 
(4-30) 

Lrltl fMc liJ'U ft1llJ~fftytylW'U1Wfll tPMC ~ft11JfJlJff111CJ1 SI, S2 ijrl11lllJ 

fflJfll~~ (4-22) LL(l~t1lflfflJfll~ (4-4) u,,~ (4-'8) t1~'~';h fl~~Ufftltlfl'Utl~1~t1~ (fMC) ij 

'U'Ul~Ll'hn1J 

fMC = (4-31) 
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~lflUtJ1U'tIij-3~'lfihn'juij~1"f1 (m f) 'U~nJfll'j (2-8) U"~U'YIUrl1f111U~fl1'jUij~1i;'IfI~lfl 
ffUfll'j (4-23) ~~ '~':h ~'lfU fll'jUij~1"f1't1ij-31-3~'jiirl11l'hn1J .. 

(4-32) 

" ~lflffUfll'j ,r1-3~ U ~ 'lfU fll'j Uij~l"f1 ~~ 11 1.11 NU f11Utlfl 'j1 ff1U fll'j U ij~ 1" fI 'tIij -31-3 ~ 'j ~-3,r U 

1rtijtlfl 'j1ff1U fl1'j1Jij~1"f1iirl1f1-3~ fll'j"~l'JijU tJij~ ff1 tJflfl1mi'tyt1PW n~~ii'tlu l~fI-3~~ 1tJ 

, i~ 
~lflffUfl1'j (4-16) U'YIUfI1 K ne , ko' kM ~lfl (4-20), (4-22), (4-23) ~~ ~ 

~VMOD Rnc = 
VClrlO gCSGRCSG 

11'Y1Url1 flVMOD ~lfl (4-28) 

( 

g MSG D 2 • I MC ) I MC 

4CMOD /;" = gMSG R VlC D 2 • fin 

4gCSGRCSGCMOD V ctrlO 

1 C MC /;" V ctrlO 

8 = g MSG R VIC D 2 /;" D, 

4 g CSG RCSG C MOD 

8= g MSG R VIC C MC D 2 

4 g CSG R CSG C MOD D, 

% 8 = g MSG R VIC C MC D 2 • 100 
4 g CSG R CSG C MOD D, 

(4-33) 

(4-34) 

(4-35) 

(4-36) 

(4-37) 
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, .,. 
111111 5 

" 
11'Y1U 1I~1r1 'U 11tl" ~ 16t1fl f1l166 nu 1111U" ~ n lHll'U 1W fi 1'Yi111ih~ 6 {~1'l'1 '116'11'1111 1 fl tI 

Mi,j'6~ 5.1 1I~minil'l11tl"~ 16t1fl f1l166nU 11111'11)1ti6t1~1 eM1 'U 1'1111~' ~mlf1111111' ~1 'U11'Y1~ 4 

o • Q tI t Q,I " .d "4I!l 0 • tI d ., 
U,,~ 1)~fll'U 1W fll'Yi 111lJ1~ 61~1'l'1 66 nU1111 1 'U 11 I'll 6 'YI 5.2 "lfl'YIl tlfl 6 n 11 fll'U 1W fll1U 611 t)f'U ~ n 1) 

. . " 
UNm~ 1)ltlfl11lJ~ 'II 6'11'11))n 66 nu 1111)1lJll 'I ~"f1l1" fl'YI 6 'U fi li:1' ~ ~ 'I "lfl'IJ 6 'I tlfYfY1W 1 'U 'YIl'l'YI q lJ tl . 
1 "''' '" 'U111'IJ6'Y1 5.3 

5.1 

1 'U f1l)66nu111166UU6lJil1)~~ 1)l1W 11l1nfJW fflJ,j~~ thflfYth11111 f1lnll'll'U 

'IJ6'11'11))UU"'111) '1~'U -m~u ff1 'U ~U 4-4 u" ~ 1'11)1 ff~NtlfYfY1W fl111fJlJf1l)lJ6~1"~' 'U 

,U 4-121fltl1'U1'11))uU"'1UH~'U-m~uff 1146 1M''IJ'Ulflm~Uff66f) I VIC '116'1 1r1'U iU~llJ .. .. 
fflJ f1l)n (4-19) 6 6uu6lJiln1 eM, 'U 1'111) 1I~,;' 6'1ijti~)1'IJ tlltln1'HlJl~ fflJ 1-n6 1M'u H~'U 

. " 
1 ,j'1'IJ111 1nU" ~ 'II 1" llijfi lU) ~lJl flJ l'rh O'U lij 6~ 6ij 6 'U mlll 'U 6 n 1) 1 nu f1lnll'll'U'IJ 6 '11'11)) 

11UMU) '1~ 'U-n1~U ffll~ijfilmlJ~11fl )1~M1~ 'Yil~ 1 'U 'lf1'1~'YI) l'U'iff1~6{ tlltl1'U 1'111) 

nHl'U1'Util'U~lJ';1 (Saturation Region) 11lJltlfl11lJ':h 'IJ'Ulfl11H~'Ul,j'1~1'111)ffllJl)f1 
. i"~ c::S • 0 Q.I d 0 0 _. Q.I " 

'YI 1'1 1 'U fl 'U 'U lJ fll1l1 f) fl t)f '1111 n n 11111" 6 'I n 11 'YI 1'1 1 'U 1 '111) 11 u" 'I U) 'I fl 'U -f)) ~ U ff fl1 tI 

111111 ~l" 6'1'11 6'1 66U116lJil~ijti~ )l'IJtlltlfil~l'l'1 O'U 'Yi l1'hti~11'11 tlltl~nl' M'f1l)nl'll'U 

'\16'11'111) lr1'U' U~llJn1111ml~MijfilU)~lJlflJ 40 l'rh U"~'IJ'UlflU H~'Ul,j'llJlf)"lfl~1'111) 

ffllJl)(lnNl'U '~~ti~)l'IJtlltl~'1ncinijfilU)~lJlW 2 11"~ ~'1J'U i'l,;'6'166null111M' 

'" " ./ il '" • '1 0' cS" .A 1 "" " , "1 11Hfl'Ul'IJ1~'1"lfl'IJ6'166uU6lJ lJfll~'1n11 2 1"~1"f)lJ6{l 1fi6 11 &')f'l1'U1'111) · fl 'U 

• "''' "11 "'1" ffl11)111'11))".ff)Nm~ufffl111fJ1Jf1l)"lJ6~1"~ &lJ~ 4-11 6lft'V flH.ff)"NUllll 
" . 

1~tl10111'111) 11U "'I 11 H~'U-m~Uff ~'1,r 'U ti~11'IJtIltlnmlJl~fflJ 11"~'lf1'1n~1'lnl) 1 ~'11'U 

il
d "Q.I .d: Q.I " Q 

'IJ6'1661.h16lJ 1I'1ff6flfl"6'1n'U 1"'~m6'1111f)fffYtylW'lJ6'11'1l1Hnl'lm~Ufffl111fllJ1f1fl 
.. "QI d Q fI QI ~ _-1 ~ "4" Cl .,~.,,, . .d 

1Ilf1f1l) & ')f~11n1J1:h~ ~ff1~t)f fl'l'U 'U 66U116lJU'YI1 ')f1l'l~6'1lJU ll'U fl1fl'YIn11'l n11fl11lJ(l 
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ldtl'Hl1fltiml'1J{Jl(1~~tl~m~ h.!m~'thn'U'lJtl~1~"~UU~~u ~ ~~'U-m~u ff iirh 

" " . 
i1iff ~lJlfllr fl ~~U'U \1~l~tl fl 1 ~1 flHfffl~'lJtl~tltlUUtllJ~ltJ'U1~"~'IJ(ll(1i'Ul~(l1'Yiii 1ml ~ .. 

in-t, in-
~ 

1~"~tltlUUtllJ~~tltlflu'U'UiiamIW~~~,U 5-1 n~1'Uciffl~tl1 Mn3 nl'HU1~~1(1 
fl~~Uff''Utiff'IJtlnH~ ~~tltlflu'U'U111'ii'IJ'U1~U~~lJ1W 55 uA l~(I'IJ'Ul~'lJtl~ 

n~1'Uciffl~tl1U~~~~1iirhmlJ~nl~~ 5-1 U~~~~fl1~~l~tl~m~nl~l'U'lJtln~"~ltJ'U~~ . .,. 
m~l~n 5-2 

Q 0' 
n~l'UC)fff1~tl~ 

Mn1,Mn2 

Mp1,Mp2 

Mn3 

'IJ'Ul~ (WIL) [~JUI1] 

7.5/0.5 

1.5/0.5 

15/0.5 

0'"", 0' ! 
tl~~l'IJ(I1(1 I 1'" 'tf1~m~ 'tf~1'U I 1'" 'tf1~m~ 'tf~1'U U'U'U~1~n m~Uffn~lflJ~ 

i~~H "',.. ,.. '" ,.. [MHz] 'lJtl~tltlUUtllJil m ~~'U~l'Ul'IJl U~ ~~'U~1'U tltlfl 

[V] [V] [~] 

56 0.5-1.85 1-2.3 13 60 
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l~fl lMfllnhnlJ'\Jfl ,n'H11l1jlJ hJ911lHUJfll1~1lfl'n::l11 ~hnh,j'fl 4.2 lll1ci-3 

m:: 11 n' 1 lJ 6 ff~ l~' lJ U~ ~:: ff1lJ ~ ll1j lJ ~ fl-3 fl fl nu lJ lJ' M ff1lJ 11 \l ~ 1tJm:: Un' 1 ~ fl-3~ ~ 1 tJ 

'\JlJ1~m::un'fffl~fl"'fl-3nlJrll~flflnUlJlJ 1 ~lJln~~~ i-3 hi ff1lJl1\l l~lm -3ff~1-31-3111 

n'::nfllJ m::u ffU lJlJtl n~1 ~ l dfl-3111n nl1 unl-3'\Jfl-3U 1-3vllJ~'\J1l911lJ'\Jfl-3'Y111lJ cifn'l91fl1~ 

.yhl1U1~~ltJm::un'l M1-3111 'till Mm::llff1 lJ6ffiirll hifl-3~ l~flllti'iJtyl11nl1utl1'\Jfl-3 

'\JlJ1~m::uf1'1 lJ6ff~Jlnfll1 unl-3'\Jfl-3U 1-3vllJvl,mci11 lll1ci-3~ltJm::u ffi~~fl-3l1jlJUlJlJfllff 
" 1 fl~ (Cascode) 1l~::~ 1tJ.u'fl ~ 1 n~'\J fl~ hMl tJ-3 fll1 flfl nlllJ lJlll1 ci ~ ~ 1tJm:: 1l ff 1 lJ6 ffl lJ 

1~11111~~:: ff1lJ ~~l~ fl n 1 ~1 m -3 ffr 1-31-3111 ff::nfllJ m:: UffU lJlJfllff 1 fl~ ff1l1i'lJ1l1-3vllJ~1 

~~ii~mjW::vl-31tl 5-2 hWflflnlllJlJ 1 Mll HvllJ 1lJllfln' Vbc fl~llJ';1-3~'YI11lJcifn'l91fl11lJ 

1~l1nh~llJd1lJ~lJ~1 n'~1-3111n1-31111lJltl5-3 191tJ'\JlJl91'\Jfl~m::uff Ib l1jlJff91ff1lJnlJ 

IrefllJltl 5-2 
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5.1.2.1 U't1~~~1[Jfl1::Ui:J'lJ8i:Jtil't1'lJl~;)~i:Jl'1~fl~::Ui:JflltJtPJfllUJfj 

Ulfri ~ ~ltJm::U ff'IJijn'HI'nYl' H m::u fffll1JfJ1Jfl111J~ mY~~~~ltJ 5-4 1 ~ tJ 

'Y1~llJ~ffl~ij{ ML IlIlJlm'l~'lJij~1 'HI~UtJ"~UH~lJ-fl1::Uff'lJltJ 4-4 'lJlJl~'lJij~ 

'Y1~lWifffl~ij{~'.n lJ1~~~ijfil~11J~1~1~~ 5-3 

MLl Mpl 

lICe 

ybc I I ctrl 1----1'---1 

~ .. 
'lJlJ l~ (W IL) [flm/f.UI1] 'Y1llWlfffl~ij~ 

ML 15/0.5 

Mp1 3/0.5 

Mn1 1.5/0.5 

Mn2 6/0.5 

Mn3 7.5/0.5 

Mn4 30/0.5 

~l" ij~f.l" mnh~llJ l~tJilijlJ m::u ff~llJl.u'l'IJlJ l~~l~'l nlJ ~:: ,~~ n1Jw:: ff1J,j'~ 

'lJij~1~~~llllJ~~ltJ 5-5 ffl1J11f1fillJ1W t1~~1'IJtJltJm::m"'lJij~1~~~ (g CSG) ~lnfl111JilJ 

'lJij~ml'rl~l1Jff1Jm~ (5-0 

= M art ~ 0.92 g CSG ,simulated A 1 

ill VIC 

(5-0 



~ 
(!) 
(I) 

40u 

~ 20u 

o 

I I I 1 I I I I I I 
I I I , I If' I I I __ J ______ L _____ ~ ______ ~ ______ L _____ J ______ L ______ ~ ____ _ J _____ _ _ ___ .J __ _ 
I , I I I I I I I I 

I 
I 
I 
I 
I 
I 
I 
I 

I I , I I 1 I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
, I , , I , I 
I I , I I I I 
I I I I I I 
I I , I , I 
I I I I I I I 
I I I I I __ J ______ L _____ ~ ______ ~ ______ L_ 

I I I 
I I I 
I I I 
I I 
I I 
I I 
I 
I 

I 
lOu 

I 
20u 

I I • I I __J ______ L ______ L _____ J ______ L _____ ~ __ _ 

I I I I I I 
, I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I 1 I I I 
I • I I I I 
I I I I I I 
I • I I I I 
• • I I I I 
I I I I I I 

IVIC [Al 

I 
30u 

I 
40u 

I 
50u 

11.Hi 5-5 If n lIfJJ ~ft'llU~lIfJ_Jll'Hd_J fi10n i~ll ft'lIfJ.rJ_J fJ 'HrflW i~Ilft'f1 'JlJf} llfl 'J 11J~ 
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lllHi 'I ~ ltJn'l:: 11 ff'U th11 ,HI Hyf H ~qJqJl W lJ t:I ~111 ~u ff~'1~ '1111 5-6 i ~ tJ 

'YI'jltJ~ffl~t:l1 ML l1JtJ i '\111~'Ut:I'I1'1~'jfffl'lm::ufffl1'UTJlJfll'jlJt:I~m~ 1 tJ111 4-12 'UtJl~ 

'Ut:I'I'YI'jltJ~ffl~t:l1~1.n tJ 1'1~'jijth~llJ~1'jl'l~ 5-4 

"T""'"'----.,..Vdd 

Ml Mpl 

IMSG 

... .-
'U tJ l~ (W IL) [JUDI J.1IIl] 'YI'jltJ~ffl~t:I'j 

MLl 15/0.5 

Mpl 1.5/0.5 

Mnl 7.5/0.5 

Mn2 1.5/0.5 

Mn3 37.5/0.5 

Mn4 7.5/0.5 



~fillW~fflJ~~'lJij~1~\I'Hl1fi~1~HHfHlfllnh:n'U i~t1~'U~~ltJ 5-7 ti'~'il'IJ{Jl{J 

m~Uff'IJij~1~\I'j (g MSG) fil'U1W '~\llfifl11lJi''U'lJij~mlvJ ijthtJ'j~lJlwl'rhn1J 

45 

g MSG ,simlllated 
= MMSG ~ 0.026 

MMC 

(5-2) 

(!) 
(J) 

~ 
.... 2n 

o 

I 
I 
I I 
I I 
I I 

I I I • I 

--~----------------~----------------~----------------~ -------------~--I I I • 
I I' I 
I I I I 
I I I I 
I • I I 
I I I I 
I I I 
I I I I 
I I I I I 

--~----------------~-------- ------.----------------.----------------~--I I • I I 
I I I I I 
I I I I I 
I • I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I I 

-- ---------------~----------------.----------------.----------------~--

t ' I' ""'" I ' 
o 50n 

, , , I ' , , 

lOOn 
IMC [A] 

, I ' , , , " "I' I 

15011 200n 

111ff 5-7 ftm:/fJJ~ft'lJll'"'ii'llf).Jlm"'.Jfi1(Jm~1lft''IIf)n.JfJ1ft'hurryrylfJJlJf)~m~ 

1~ \I 'j~' ~lfl 'UUlHi ~ ~l{Jm~ U ff'IJij~1~ 'il 'j ij ij ffci1" nH~ ij fij ~ fill W ::,tJ 5-8 i ~tJ~ 
... 0' ~.k i " ... , .1 

't1'jl'UC)fffl~ij'j Mpl 111'UflH 11"~'lJij~1~'il'iffn~m::llfffl11JtJlJfl11lJ(l 'UllJ 4-5 U":: 

m;1'Uci1ffl~ijf~'i'1'U1~\I'jij'IJ'Ul~~~~1'j1~ 5-5 

-r-----""""Vdd 

Ml Mpl 
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'" " 'U'U11l (WfL) [JlII1IJlm] VlS1Wnn"ijS 

MLl 9/0.5 

Mpl 9/0.5 

Mnl 7.5/0.5 

Mn2 12/0.5 

Mn3 37.5/0.5 

Mn4 60/0.5 

, ~ 

fl11J fJ lJ fl11lJ i) ij fi 1 1 1i L ii 'U ij U (;I ::: 6" S l'U tJ 1 tJ fl S ::: U ff 'U ij ~ U'\1 €i ~ ~ 1 tJ fl S ::: U ff 'U ij ~ 

ijijff'if(;lL(;IL"ij{ (g lCO) ~:::ijfilLl'hn1Jfl11lJi''U'Uij~ml~';1~~L1~I'Ulff'U''S ~ 

200u 

150u 
...... 
oCt ...... 
o l00u 
u ..... .... 

5.1.3 

50u 

o 

I ( 

g lCO .simulated 
= Ill lco ~ 8.78 

M Ctrl 

linear range ~ I 

I I I I I I 
--1----------~----------1----------1----------11-------

(5-3) 

I " , 
I : : I I I I I 

~-~----------~----------~----------!-- ------!~---------~----------~-
I : : I : I : : 
I :: : I : : 
I I I I I I I I 

--1----------1----------~- ------- 1----------11---------1----------~-
I ' I , ' I I , 

I : : : : I : : __ J __________ , _________ !----------!------- ---!J---------!----------~-
I I I I I I I I 

I : : : : I : : 
I : : : : I : : 
---------~----------~----------~----------~~---------~----------~-

o 5u 1 Ou 15u 20li 25u 30u 
letrl [AJ 

Ivd 5-9 trmJw~ft'lJU~'fJfJ.JIIl1"'·Hh(Jn5'~mr'fJfJn.Jf)5'fJfJft'c;CUCU~fJ{ 

, .,. 
'J.:J{J11111fllUJO (Frequency Divider) 

.,; , ";1 "1 '" "''' 1 1 " '" . .1"'.1..1 a 1~~~'\1nfl111JOffij~1V11Vl 'If 'U11'1[Jl'Un'Uliijijfl111J1J <fW 'lf1~~~1I-n(;llJn(;lij 

tJ~ijilij'U fl~1J~~ 1 'Ulrl~ 5-10 ffqJqJ1W ijijfl~ 1~~:::L1~'U ffqJtylW 'U1Wfll~ijfll11J~(;I1I(;I~ 
.f .f...s .... .,;1/...." 1'" .,; 

flH'\1'U~"'1'\1~1Jfll~'\1nfll1lJ(l9'l1tJij"~lffl'U N LVll (N)2)~::: 'lffllS91ijl~~S'\11Sfl111J(l 
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tH)~l 'Vi llHlltJ'~fllfflfl~ n'U U~:: ij~ llfllll1l':ifl11lJ~~ 1 ~ ~::ihhl ~'U fh~ ~1'Vi l'\JtH 2 

(N=2D l~tJ~ n 1~'U~1'U1'U1~~l111lfl11lJ~fftH1'Vil~1~) 

CLKout 
D Q 

o • ~ c 
mlftlUlWftl"11U.UA81"8~'H;)1 

" " ...," 1 tI .... ~::~fl~flflfl11mH)::~fl~mt)f1fllfl11lJ~1'U'YI1'U RVIC 'U1~~l11 ~~UH~'U-m::Uff 

1 M'\J'U l~ m::11 ffl 'UU~ ~::l~ ~l ihl1 fl~l 'U ';1~~flll 'ti l~ l'Ul1h.u;r ~1 tflJ lrl fl~ ~ II W 1 ~ flil W:: 

fflJ-U9i'\Jfl~l1l1 ~~ ~ltJm::ll ff'\J fl~flflff~~ml~fl{l 'U ltl 5-7 ~::llf 'U1n~ ~l'tiNl'U l~'Ul;r ~ 

I ctrl = g CSG • VctriO max < 20,uA 
RVIC ' 

(5-4) 

4 , Q.I .d Q.I.ci 0 '" .k V ctrlO,max flflfll-eJ ~~~'\J fl~UH~'Ufl1t1fJlJfl11lJ(l11 ~ fl'YI1~ ~l 'YIl~l'U ~ C)f~ ~lflflll 

~1~fl~fll':i'til~1'U'VfU11ijt11tll::lJ1W 2 11~,f 11'Y1'Ut11,y~fl~1111~:: g CSG ~lfl (5-1) ~::,~ 

0.92 X V ctrlO ,max 
-----'--- < 20 pA 

R VIC ,calculated 

RVIC ,calculated > 92kD. 

(5-5) 

(5-6) 

~lflflll~1~fl~flll'tiHl'U'\Jfl~1~~l~1tJflfltlufllJilntllll1~~~ltJm::llff~flflflUtJtJ 

11'1'Ulh'li'fl 5.1.111~:: 5.1.21~tJfllfftJt11~fil'U1W1v1'1'Uff:Uflll (5-6) 1~'Ut11fl~1~''Ufll':i 

utlHh R VIC ~~Fi~~lflflll~1~fl~flll'til~1'Ul~'U~~ltl5-11 tY~htiflFi~~lflflll~l~fl~ 
, " 

vl' 1tJfl~tJllfllJiln flflflH tItI ffU 11~ 'U fl flFi~ ~ lflflll ~ 1 ~ fl~~ 1tJ11 tJtI ~ 1 ~ fl ~ flfl tlllfllJ il fl~ lJ fl ~ • 



250u 

200u 

'" E 150u 
oCt 
~ 

o 
~ 100u 

50u 

o 

- with ideal opamp 
- with designed opamp 

VetriO [V] 

I 
2 

Rw:=100 kn 
RVlc=120 kn 

• I 

3 

1'11-# 5 -111J'J.JWI IICO fJ1nn1'itJnlfJ.Jn1nl1.J1'J.J1JfJ.J 'NfJ'i T~I1H'11'iFh RvlC 

48 

d " Q.I dO' "J Q.I Q.I 'j) 'l~mtJll 'lfl'1UHfltJ V etrlO 'Yll'1'll ffllJl'Hl'Yll'lltJ fI'\.ItJ fl1J'\.ItJ lfl'\.lf)'1f11~ltJ'Yl1tJ 

di ~ 1 .... ~ i'i ~ I i ~ ~ I &.,j I i ~ 'Yl 'If fltJ~l~ltJ'Yl1tJ'\.ItJlfl 'I1qJ'l~ 'I1'1fl'1flll 'If'lltJflll'lflll ctf'lttJf)'1'llfl'lfl'1flll 'If'lltJ 

trlf)i~~l~ltJ'YlltJ 100 kO '~~NntJ 120 kO lJ1fl'lTfl U~~l'ln1J 80kO ~f)fflJflll 
~ , 

~'1tTtJ R VIC = 100 kO ~'1tiltJ~l'VimlJ1~fflJUCl~t~f)fl i~tJflllf)f)flU1J1J 

450 

400 

350 

~ 300 
l:: 

~ 250 
o 
c: 
~ 200 
0'" 

.t 150 

100 

50 

o 

I I 
I I , ." .. , ... 
I ~-r-
I ~ .. , .. I 
I / ..•.. I 

I ~ ---. .-:/ .. , I 

I ~ ..•. " Kvco~150MHz/V I 
I , ,~ I 

1// I 
I 

,,;;/' I I 
" .- I I 

I I 

I ~ range of use • I 

o 0 .5 1 1 .5 2 2.5 
VctriO [V] 

'til'1m~~tJfll1JtJlJfllllJ~mifl~m.h~lJ1w 0.4 11Cl~ 'ltJi1~ 0.911Cl~ 'til~fllllJ~ 

flni~~ltJii~llh~lJ1W 155 MHz 'ltJi1~ 380 MHz 

l ose.min ::::: 155MHz (5-7) 



5.2.3 

lose.max ~ 380MHz 
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(5-8) 

K - lose .max - lose.min 
yeo -

V ctrlO.max - VetrlO .min 

. 
.." .,. 
8Pl111I1Ufll11111fllltJtl 

~ 150 MHz IV (5-9) 

. . 
1"01' .cs"" GI' .d tHHlU tJtJ l1fl~~lffllJ m~111~fll1lJ\l~llH'\Jl (R) ml~ fl~~ lffllJ f)1~l1nfll1lJ\l 

~llJ flflfl (N) ijtlll'rhtllJ ~~ '~11')h~fll1lJ~ fftlltlllW lJ1Wf)1~llJL,rlijtllLl;,tltJ';1~fll1lJ~ 
" " . ~ 

'Ufl~flflffci"L"L~flf tllfl~~lrillJm~l1nfll1lJtl N, 0 1, 02 hn~~~~~tillJ1W'~~~ij 

u, ~ 
5.2.3.1 8Pl111I1UfI1111l'lfllUm Dl 

.4 1" . '" t" .d .q 0' " d Iii .!lICIt. "Co 0' ... 1 1l'4fl 111~~~111nlJ ~f)fJH\l fl~fl~ fll1lJ\l ffl~~~~~fl~lJfI1 lJlfllJU tJlJ~l~l1'Ufl~flfllJ ... . ~ . 
UfllJiHil ~ ~ n!lJ ~ lflfll1lJfflJl1lJ 1i ~ ~ 111H IMc tltJ hn 1 lJ (4-24) l~fllJ' 'U'Ufl ~ 

fl~~lrillJm~111~fll1lJ~ D, ~l~~~ffllJnm;'~llJ'~ ~~tillJ1W'~~lfl 

(5-10) 

l~fl Bop flfl UtJlJ,f1~n'\lfl~flfliJufllJil u,,~ hn.max L1jlJfll1lJ~\1~tl~'\lfl~';1~ 

fll1lJ~ fft1!t1!lW~llJL,rl ijtlll'rhtltJfll1lJ~ \1 ~ tl~'\Jfl~ 1~ ~ ~ fl fl ffci"l"l~ flf lose.max 1 lJ 

fflJm~ (5-8) Ll't1lJtll~~flrlllu,,~utJlJ,f1~n'\lfl~flfliJufllJilmfl~nl~~ 5-2 ,,~1lJfflJm~ 

(5-10) ~~'~11 

D ~ 380MHz = 29.23 
, 13MHz 

(5-11) 
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(5-12) 

. 
..... I "" 5.2.3.2 f)~~liIl'\.!m~'t111f1111l0 D2 

t1~'nd'nml'rl1nfl11lJ~ D2 ,;lU~lfil'I1U~fl11lJ~fl1'j'lJf)~la~'UtH1':)\l'j' ([MOD) 

~ "4d'; 4d 4V .J.., QI 1 Q .c:. ~~ 1 " 
~.:) \l ::~tHlJfI1~ llJ 1 flL VI VUfiUfl11lJtllfa fi'U f).:) ~WW1W (J (J fi U 1V1 V1U Vi U 1i U (J (J fillUU 11 

CJ CJ 

fl11lJ~fl1'j'lJ(J~la~ijth(Jd1u,r1.:)th::lJ1W 40 kHz \lull.:)hhnu 100 kHz l~vmffv 

fl11lJfflJl;u1i''j'::lfil':) hn t1U [MOD \llfi~lJfl1'j' (4-25) \l::'~1~(JU''U'U(J.:)t1~'j'ld1Ufl1'j' . 
lfl'j'fl11lJ~ D2 ~':)~lJfl1'j' (5-13) 

- 40kHz ~ fin ~ 100kHz 
D2 

3800 ~ D2 ~- 4000 

(5-13) 

(5-14) 

(5-15) 

(5-16) 

(5-17) 

" fl11lJ~fl1'j'lJ(J~la~\l::(Jd1u,r1':) 155/212 MHz ll':) 380/212 MHz 11~(J ~':)11~ 

1.h::lJ1W 38 kHz \lUll':) th::lJ1W 93 kHz 

. 
..... I "" 

5.2.3.3 6~~ltTl'\.!m~'t111f1111l0 N 

,,1 (J.:)\l lfi1.:) \l'j' 1~ ~,g (J fi~thi1lfU'l~l~ij (J U 1,:) \l'l'fi'l' (J.:) r-hu ~.:) ffl11i' Ufl11lJ~ 

ffqJqJ1WU1Kfl1~lU(J(Jfi JUfi(Jfil'j'ltJgvuutJa':)fl11lJ~~lVt1~'j'lfil'j'ltJgV\mtJa':)~11rl(J 
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l'nV1Jn1JU1JlJ~1~.n'\JtH1-3l1';HJ~~ flfl'HI-3ijijfl i 11 [21] fll)ijij flU1J1J 1-3) ij1Jfl 11JfJUl1 "'fl 

i-3~ij-3 1 MU 1JlJ~1~.n'\Jij-31-3 '.i ij1Jiifi 1Ufl1J1J1fl~ ij 1 Mfl n1 tl~vlJu11 ~-3fl11U~ 111flfll)Utl~ ... 
, '" '" ~ .c:a 0' e! "o'.c:a 0' 1~~ff11J1Hl N1lJ 1-3)tl1Jfl11JfJUl1~ fl ~ i ~V1'YW1lJ ~lJ 1ilJ tltl flU 1J1J 1 11111JlJ~1~'YI'\Jtl-3 

1ntl1Jfl11JflUl1i!fliifi111'.i~U1W 115 l'Yh'\Jtl-3fl11U~flnUtl~m~ . ... 

(5-18) 

OJ BW ~ 20J n (5-19) 

OJ < !(.J2 _1)OJin ~ 0.132 min 
n 1r N N 

(5-20) 

l~tllffilv'.ifll~'\Jtln-3l1) OJn 11~~tl-3iifi1~lfl11'\Jtl1Jl'IJ~1lJffUfll) (5-20) i-3 

tltlfl111J1J 1M 

(5-21) 

" ~-3irlJ mflffUfll) (5-18) U~~ (5-19) 1l~ '~11 

(5-22) 

(5-23) 

'\JlJ1Vl~11n1J11)~~ eLF 'U1-311)mij-31-3)tl1Jrl1lJ1W111flfi1~1''l~'\Jtl-3 OJn 111fl 

ffUfll) (5-21) U'YIlJfi1~-31lJ~Y1Jfln {3-12) 



0.1 x 2;if;n min , . ~ 

N 
IcpKvco 

2trNClF 

.. 
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(5-24) 

66flll1J1Jll1'm:aln-'mi'n-'lJ6",n{\lillJllJ,U 4-11 ij'IJlJl~U';i::lJlW 5 Jlmll'Y1lJtll 

~"'Yi111ijl~16{911"'1~"'lJn-lJfl1';i (5-24) \l::'~11 

ClF.calculated = 323.89 pF (5-25) 

RlF.calcuialed = 259.26kQ (5-26) 



, 
q 

U'n'n 6 

". , 
, lJ lJ'¥1 U ~:: 11m1::M r-Hl'ihn~ 111 f1 ~ f11l W:: fflJ U~ 'II ij -3 ij ij ffcirl Irl I~ ij {fi hi djlJ I; mflJ ri ij f11 'j 

11~m::~lvfl11lJ~'IJij-31-3 ~'j , lJM1,rij~ 6.1 ~::1Im1::Ml;-3'¥1q 1l~ 1 ~VU'¥1lJ ~ f1llW:: fflJU~~ '~I1JlJ 

L;-31~lJ ~1VLLlJlJ~ 1r1ij-3fllJ~lJffij-3 M1,rij~ 6.2 ~::11ff~-3~rI'lJij-3fl11lJ i~l1JlJl;-31~lJ'lJij-31-3~'j~ 

ijij f1U lJlJ 1 ~ vmflV~ f1llW:: fflJU~ ~, ~ ~ 1 f1f11'j ~1r1 ij-3f11nh-31lJ 

6.1 

Q,I • Q tis)" Q.I" J CII tI • ~ A " 

fftyty1W ijij f1~1-3~1f1 f11'j11m1::11'IJ1-3~ lJ 111'IJijlJ ~::11m1::111 ~ V'j1lJ~rI'lJij-3fl11lJ 'lJl11 lJl'tf-31fflJ 

1 ~ v1h:: mw ~ f1lJ w:: fflJ U~ 'II ij -3 ij ij ffcirl lr1 191 ij {fl1lJ fll1fl1111 ~~ 1Vf1 'j:: 11 ff~ 1V11 lJ lJ ~ 1 rI ij -3 fllJ ~ lJ • 
ffij-3 ~-3fflJf11'j (6-1) 

(6-1) 

.t:S Q,I Q,I Q,I d d CII tI 4'" 
a j2 , ail fl ijij 91'il'IJ V1VijlJ ~lJ '¥1 ffij-3 11 rI:: l1lJ -3 'II ij-3 ijij ff'lfrllr11~ ij'j fl1lJ tJlJfl1111f1~ 1V 

m::11ff l~vfil a j2 l1JlJfi1fhl1lJ~fl11lJ'~I;-31~lJ'lJij-3ijijffcirllr11~ij{ Uri:: a jO fiijfl~'j1'IJV1V 

fllJ~lJ~~lJ6 l1JlJijij~I'lf91'IJij-31-3~'j l1'¥1lJfil I ctrl(t) = IciriO + dIc1rI(t) 11r1::~~l11ffl1f11'j ~:: i~'"h 

(6-3) 

(6-4) 

(l-fl 111-3 ~'j 11 11 rI-3U'j -3~ lJ m:: U ffU-rI:: 1-3 ~ 'j ff! 1-3 ~tyty1W fl1lJ tJ l1fl1111~ ih1'lJ U~ l1JlJ 1; -31 ~lJ 

~{lij~';1-3f11'jli'-31lJ mflVfl11lJ~lJl1lJ"lJfflJf11'j (4-11), (4-20), (4-22) LLrI::l,r Ko = gCSG Til 
RVJC 
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(6-5) 

u'YIluh (6-5) ~-3'1l (6-3) 

(6-6) 

(6-7) 

(6-8) 

(6-9) 

(6-10) 

tllffmnJnl'I (4-5), (4-23) U~~u'YIllfh IelrlO 'illfl (6-5) ~-3'1l (6-4) 'il~'~ 

dl(t) = ai2V~O~(t) + 2ai2KOVetrIOVMOD(t) + ailVMOD(t) {6-1I) 

RCSG RCSG RCSG 

. . 
d d .cl I I 01 

'lJlll~11JtJ-311Jllfl111Jtlll-3~~ !!:.f 1Jflll'Y11fl1J 

<5= ai2K~Ve;r10 +2ai2 K oKM Ve;r/O +ai\KMVctrlO 

a y2 V;1O +ay\VetrIO +avo 

(6-12) 

(6-13) 
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-1-(ai2KoK~Vc;rI0 + 2aj2K;KMVc;rI0 + aj\KoKMVc/r/o) 
15 = _K~o,--_____ --:-___________ _ 

av2V~rl0 + a v) VctrlO + avo 
(6-14) 

(6-15) 

(6-16) 

(6-16) 

go = KM = gMSG RYlC CMC D
2 

Ko 4gCSGRCSGCMODD) 
(6-18) 

(6-19) 

mw~~ mH.U~ fflJ,j~'Uij ~ ij ij ffci~ l~ l~ tl1ltluI~~nY'uu~ ~ hi ijtl tl-WI91~ t1~ 'n~hu nn UN 

m~\lltJfl11lJ~\l~ijfillfhn1J go lufflJfl1~ (6-18) ~~~Hn1Jnnllfl~l~lflufflJfl1~ (4-36) U~~ 

E(V ctrIo) Itlufl11lJfl~1~llflgtlU~ln~\lln~ nllW~fflJ,j~'Utl~tlijffci~I~I~tl1 i~N~ \llnfl11lJ 1liltlu 

... " • .1 1'tf~HYU (a v2 ) U~~tltln!91~ (avo) 

6.2 

" t1U~tJfftl ~'Utl ~1~ \l~ lu ,f'HUfltl 



a v2 = -38.3902MHz / V2 

a vl = 238.8431MHz / V 

avo = 95.3008MHz 

. . 
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(6-20) 

(6-21) 

(6-22) 

li1V 'Hllflfl91~lff1lJfl1'H1~fl1::\lHJfl11lJiHhil\j'tHllJ1fl (£>o «1) fHl'IJV'I £>0 ~V 

m1lJfI~1~lflgVlJfl1m~m::\llVfl11lJ~1lJfflJfl1~ (6-19) i'lff1lJ1~tl~::l~V i~ 

(6-23) 

m1~f111lJfflJilJi~::1111'1f111lJfI~1~lflgVlJ E(V culO) \llflfl1~tl1lJ 1W fflJfl1~ (6-23) 

1 ~ VU 'YIlJ fi 111 n 1ij 191 V 11 lJU 1J1J ~ 1 ~ U 'I fllJ ~ 1J ft'U.3'IJ U 'I U U ffci~ l~ 191 U 1 ll1V1J n1Jfl11lJ ~ 11 ~ fl'IJU 'I 

ffqJqJ1W 'At1~lJ~'1111 6-lU~::fl91~lff1lJ fl1~U~m::\llVfl11lJ~fflJi'YIi (100 ) ll1V1Jn1Jfl11lJ~ 
11~ fllrllJ~'1111 6-2 \l::n1lJ 11f111lJflm~lfl gUlJ ~f111lJ~~ 1'1'1 iifi 1 '~~1'1 nlJlJ1fl11 fl 1 lJ 'li1'1f111lJ~ 

5 ~.35r-----~------'_------~-----'-------r------, 
t: 
w 
'0 -0.4 
'II 
m 

g -0.45 
'0 

Rl ro -0.5 
~ 
o z -0.55 L-____ ---'-______ ....L..-______ .1....-____ ---' ______ ---1.. ______ ....J 

100 150 200 250 3J() 350 400 
Frequency [MHz] 

O .~r-----~------,_------~----~------~----__. 
o 

'lJ 

~ 
Ll 
'II 

0.6 

~ 
a. 0.55 
r.Jl 
OJ 
> '1i! 0.5 
& 

0 · "~O'-0------1 .... 50------200-'--------250'-------300-'-------350-'----------'400 

Frequency [MHz] 



• 
"" tJ'YI'YI 7 

", , 
, 'U 1J rd1 ~~U 11ff'U fl ~,,;; 1~ ~ 1flfl11 ~ 1" fl~ fll1V1 H1'U \I fl~ 1~ ~ 1;;'~ flflfl111J1J 1~' 'U 

, " 
O1~1J1'Ufl11~~~ TSMC 0.25 'lJLmllJ~1li 25 fl~ff11C)f"1~Vff llH~'Uhh~v~ 3.0 L1"~ ~1V 

11.h1101lJ H-Spice fl1Hl~fffl1Jfl11V1H1'U\lfln~~1~flflflll1J1J'~1l~l1Vfl1iJ'U 2 "h'Uiiu ~l"U~flU 

'ti H 1'U\lU~1nU1Jfl11JfllJ11" fll14U~fflJ1Hl flll'f' 'U fl11f111JfllJfl11lJ~11"fl'\J U~fftyty1W Uflfl 11"~ 
" . " 

~1"U~fl11'tiH1'\.J'i1lJfi'U\lU~1~nn~11lJ~ hlV'~l'f111ijl~flf~~ff1tJ' 'U~11H;; 6-1 ~lmr'Ui~ 
" 'YI~ffU1J~" \I U~fl11lJlltJnJ 11'U\lU~111 ~~'U 1 fh~ V~ 11" ~ ~"\I U~ ~ W 11 fJij~ U fl 11 'ti 1~ 1'U '\J U ~ 1~ ~ 1~ 1V 

" 
fl11 mhfl1\1'U l~m ~~'U 1 fh~ V~11"~~W 11 fJij fl11~ 1" U~ flUVI 1~1'U 

"' ... • ... ~ 

flWfflJ1J~ fI1l'f111lJl~U'j" 

'" llH~'U VdI 1.4 V 

ClF 330pF 

RlF 260kOhms 

RVJC 100 kOhms 

RcSG 220kOhms 

cosc 0.5 pF 

CMC 1 pF 

CMOD 10 pF 

D1 26 

D2 212 

N,R 212 

00 (t11'U1W) tJ1~lJ1W 0.02 

~ 1" U~fl11 Yi 1~1'U'\Jun~~111tl"~111 ~~'U O1~l1 ff LVI v, ~1~ ~ 1 fl UU 11 UlJil~ U fl fl111J1J 

'~hnr1,rU 5.1.1 U,,~tlU'UHH~'Ul,r1'~~H mhfll~~u9i 0 ii~ 3 L1"~ ~flljW~ml'f1~ 



'tlf) ,n 'Hl'iu'll".:J~'U-m~Uff~'~~lflfl1'i~l"f).:Jfl1HhHU Uff~.:J~.:Jl'll~ 6-2 tff'Uiiui1~l 
" ~f)~"~lflfl1'i~1"f).:Jfl1'i111.:Jl'U ri1'Utff'U 'll'i~i11ht~'U~f)~" ~lflfl1'iTll'U 1W fill 'U (4-18) 

..., 
c 

20u 

t lOu 
::::J 
U 

o 

I 
I 

___________________ ____ ~-----------------------!.....' ~~======1 

o 

I Simulated 
I 
I 
I 
I 
I 

---------------------- - ~-----------------------

Voltage [V] 

I 
I 
I 
I 
I 
I 
I 

I 
2 3 
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~1"f).:Jflnl1Nl'U~fl11lJ~ 155 MHz U"~ 380 MHz ~.:Jt~'Ufl11lJ~~1t'!~U,,~ 
I lil "" d'lIJiI .... 

~.:J"l~'tl f).:J'lf1.:Jfll'i 'If.:J l'U tl tlff9f" I "t~ tl'i 1~ "fllHU~ ~,,~ tlU'YI H!d" 1'tl tl.:jd.:J ~ 'i 

tltlffcli"lm~tl{I1"~1.:J~'i~~'i'llfl~'U~.:j'j'll 7-2 11"~ 7-3 ~llJ"l~U ffWW1Wtltlfl'tltl.:J cu cu U t.I . " 
tltlffcli"mt~tl{ij,f1.:Jfl1'i I1fl1.:J 11h~lJl1"~ 111fl.:JVj 11 ff~.:J~1m ff'U iiui1'\.hl~'U ri1'U ffWW1W u u 

3 

2.5 

~ 2 ., 
~ 1.5 
~ 
o 
:> 

500m 

o 

!--------1 
! 
i 
: 

I 

i I 

6u Time [s] Bu 10u 

IV;; 7-2 tYfJJfJJ1fUfJfJn'fJfJn-JfJH)fJft'C;mm~fJ1tUJ~J-JfJ1i~lVf)~U;;fr;mJ~ 155 MHz 

3 

2.5 

~ 2 ., 
~ 1.5 
~ 
o 
:> 

500m 

o 

Time [s] 10u 

IV;; 7-3 tYfJJfJJ1fUfJfJn'fJfJn-JfJ1fJfJft'C;tJUU~fJ1tUJ~J-JfJ1i~lVf)~U ;;f)J1lJ~ 380 MHz 



59 . ... 
7.1.2 l..',1;)'l't'il'lfllUJfJ 

~tt 'U 1 i,r :JJf11'j Yi 1~1'U 1~ 'i1'j"~ V~'lf1~fl11:JJ~'tIV~VVffCM"t"t" v1i~tJ~1"V~ f11'j .. 
Yil~1'U'tIV~1~'i1'j'H1'jfl11:JJ~i~tJilv'Uffqjf\J1W'Ul'Wf11f111:JJ~ 155 MHz u,,~ 380 MHz trl'U 

ffWWlOU,j'l i~~""V1Jff'UV~'Yll~n"1't1V~1~'i1'jl11'jml:JJ~ffV~t'Vil~fl11:JJ~ 155 MHz u,,~ 
" " . .,. 

380 MHz trl'U~~nHi 7-4 u,,~ 7-5 "1:JJ~1~1J tff'UYi1JihJlt~'Utrl'UnJflil'UffWW1W'U1Wf11 
IV CU fJ t.I 

2: : : : : : : . , , , , , . 2 j ---- -~-- t--- ---1- ---- t--- - --~ t--- --+ ---- -t-- ---- ---- -OJ , 
"" 

, : : : : : : : '" 
, 

.±e : · : : : : , , 
0 

0 
, · , : , , , , 

:> , · , , , . . -

J 

: .,...----1 .. -----~. : t"----------~ -J, : :----1 -----.... : : r------
I ; I I I ~ I . I : I : , I : 

Cl) 2 - -----i--l!----t----t--i-------r --- --- -ri------t---;---r-----ti-------rr-----
I : ! ! ! i ! , ! ! ! i ! ;! !i 
o : I J I I I : . I I I : I ~ I I: 

> 0 ----~~----~----1-~~-------~-~----4_--4 ---~-----~------~-----

o 
i 

5n 

:g, 20 ------
~ 
o 
:> 

i 
10n 

, , , 
_ L , 
: , , , 

i 
15n 

i 
20n 

i 
25n 

Time [5] 

i 
30n 

i 
35n 

i 
40n 

, 
: _ L. _ 

: 
: 
: 

i 
45n 50n 

~ j 
~=========F==~======~====~==~======~==r=========~ 

o 
i 

10n 
i i 

20n 30n 
Time [5] 

i 
40n 50n 

~1"V~f11'jYil~1'U'tIV~1~'jV1JflTlJtJ:JJl1J:1f1 i~tJilv'U VMOD = 0 1,rn1J1~'i1'jff!1~ 

m~u fffl11JtJ:JJfl11:JJ~U~1~~~"V1Jff'UV~'tIVn~ 'i1'j~fl11:JJ~~h~'l n'U i~tJ~fl11:JJ~ 155 

MHz u,,~ 380 MHz ffqjqjlWUH~'UflTlJtJ:JJfl11:JJ~l1J:1f1 VelriO trl'U~~,,j~ 7-6 u,,~ 7-7 

"1:JJ~1~1J 



~ ., 
co 

'" "" 0 
:> 

3 

2.5 

2 

1.5 

500m 

0 

3 

o 

I 
0 

I 
o 

I 
200u 

I 
200u 

I 
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I 
400u 

I 
600u 

Time [5J 

I 
600u 

Time [5J 

I 
800u 

I 
aoou 

I 
1m 

I 
1.2 
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~ ~ Q.I d ~ .c::::. tI 
VU~!~UV!! '}1 ~lJ!!~~fll'j fl'j~ !'VlUlJ'UU~fftytylW Vclrl 0 'Yl!fl~ ~ lflfll'jffd~C)f'UU~ 

r:i I " 

d~ ~'j')n{ ~iJlJ ~~ i,jlj ~m~ UtldllJ~mr fl'UU~ d~d~ ~'j!'Vl 'j 1~ i,ji 'lfffUlUllW fitl d1JtllJtldllJ~ 
u u • . " 

'}1 "fl'UU~d~ ~'j UUff~~!m~u{1 ~V~'j ~ !!~~ dTU 'lh ~flU1JtldllJ~ ~ ~ij ~~ ffllJ1Hlm U~UUfl 
d ~ ~ I Q.I d let ~ 
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.flltunn fl fl. 

CI.I d .. 1 ~ e' .. I" CI.I d .. I Q.I ~ e' 
1 'Hl'i~1LnlJlJ1~~~1~CJf {Switch Capacitor) lJ1~fHllJ~1t1~1LnlJlJ1~~ I ~1 U"~~1~CJf 2 

~1 ~tHlgnlJ~11nlJtJ1~~ lllHW hw'''mrflm1~ltltJ1~~~V-3~11nlJtJ1~~1rlfl~1~i'ijm11i1~111fl 
~.d 0 Q.I d ... 1 A tI,. QI .Q A tI 
lJ~ C))' -3fllHIH1lJ~V-31-3 \11 ~1LnlJlJ1~~~1~C))' lJU~" ~flllJ~V-3 ~tyty1W lJ1Wfllfl1lJfJlJ~1"C))' 

• !'it ..... " .1 '.1 ~ " .1 '" Q.I , UlJ-311JlJ 2 'tI'1-3 flV 'tI'1-3't1'11\1lJ1~~ 11"~'tI'1-3f1ltllJ1~~ C))'-3~"\11flfll1tl1tllJ1~~~fJ-3"1LnlJlJ1~~ 'W 

• • • '" ... CI ~ 1 · '" Q.I 1"':'''' '" Q .1 ~V-3't1'1-3fllnll-31lJ 'YI1 111~lJV'WlJm~U~~lJ1~l1lJ-3 11"~1'W"11fllJlJ1~~ ~ lJlJflV"11fllJlJ1~~ 

. ". 
~1" i'tJ 1 ~ l'Hl9i ~ 11 ~ij V lJ1n lJ ~ 1~ 1lJ 'YI1lJ n ij ~lJ Hlfhfl11lJ ~ 1'W 'YI1lJ ~lJ 1J,,;j lJ nlJfl11lJ il ~ fJ-3 

S1 S2 
.-I'~-
+ ..l~ + 
~I Ie ~2 

,,rflllJl1"1~V-3m11i1~iI~~1,,i'ijfi11fhnlJ T flllTl1'W1Wfi1fl11lJ~llJ'YI1lJ~lJlJ"~V-3~1 

1nlJtJ1~ ~~1"i" lJ ~tJ fl· I 111 1~i~tlfll1l1m1~M~lJ1~tJ1~~~1tJg tllJutJ"-3 1 tJ~V-3~11nlJtJ1~ ~ 
•• " .1 ' .1 

1~ 111 1-3 'tI'1-3 'tI'1 1 \1lJ 1 ~ ~U~~'tI'1-3f11tllJ 1 ~ ~ 

" 1nlJtJ1~~ 'lJ'ti1-3uijfi11l11nlJ 

(fl-l) 

" inlJtJ1~~ 'lJ'ti1-3uijfil1'vhnlJ 

(fl-2) 
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~~UU 'UUlftlh::~ 1U~1L~'U'lh::~ihtl~VuU1Ja~ 1u 1 ftllJnal \1::iirilL'yilfilJ 

(fl-3) 

I = ~Q = C(V; -V2 ) 

avg T T (fl-4) 

(fl-5) 

1 ~ .,; '" !'i!'i '" 0' 1'" " f = T LlJUfl111J(l'UtHa'qJqJ1Wfl11JtJ1Jfll1L1Jft1Jfta'1~C)f \1:: ft11f1111JmU'YIlua'1J lJ" 

'UtH~1L~1Jtl1:: ~ a'i~ c1f'iiri lL~U 

(fl-6) 
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.fllfl~U1f) 'lI. 

~ln1~~'HY!1'HYtyqJlWfl11JfJllfl1111~llJ~tJ~ 4-5 111' II ml~ 12 U'YllJm~l1ff~h"l~llJ 
m :llJcifffL9Ifl{ MI LLa~ M2 mlllh~1J ~~'~'h 

('11-1) 

('11-2) 

('11-3) 

('11-4) 

1lJnlllh~llJ'IIfl~1~~'i9l111~tJ 'II-I 'YIl1lJcifffL9Ifl{ Ml ua~ M2 ~~~fl~lh~llJ1lJdllJ~1l~1 
(Saturation Region) ~~nl~Uff~hfa~llJ~1'Y1'illJcifffL9Ifl{'lfii~LijlJ (l D.N) 1lJdllJ~~n~11i:ith 

91111ffllnl'i ('11-5) 

('11-5) 

l~v~ Jin fiflfl1111fl~fl~~1 (mobility) 'Jf)~ijLgnmfllJ, Cox fiflfilfl1111~Ln'YlflflniC)f~ 
" . . , • ..sd 4 &I ., Q 0' 4!l CLldQ 

91fll1lJ1Vl'flJ'Yl, VGS flflUH~lJLn'YI-C)ffln"'IIfl~'Yl'illJC)fffL9Ifl'i ua~ VTH flflUl ~~lJ'II~l'ill 

('11-6) 

('11-7) 
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~lln ('\1-6), ('\1-7) : ('\1-8) 

('\1-9) 

('\1-10) 

~lln ('\1-3) : ('\1-11) 

('\1-12) 

~ ~ 

(Jntha~fffl ·n;'H"fl~·U\~'\Ifl~ff1Jm'jijnfli'~ \l~'~ 

('\1-13) 

('\1-14) 

\lln ('\1-3), ('\1-4) : ('\1-15) 

('\1 -16) 

('\1-17) 

('\1-18) 
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'jj1Jfll1fi ('U-18) ijlthl1J1Jfi(Jlfl~flfll11lml~M ~,nrui,:nhfllnh~1J1Wfl11lJffm~'tnr 

('U-19) 

a 1" ?I I" 01" LUfl-3~lfl f1H'jj11-3'Ufln-3~1LlJUU1JmHI~1-3L'\I1 (differential input) fl1 11'jjlJfll1fH'I"fl1J 

'\Ifln-3nrhniu~ fl\p,u,rVU~1J'jjfl-3'Ufl-3'jjlJfln ('\1-18) lfitJ1Jfl1Jfftyty1W V rood i-3ijtilll"n1J 

tI d cv ?t d" fI 

f!!UtJ ml~LUfl-3~lfl'jjtyty1WlJfl~l"~ V rood LlJUfftyty1W'UUWU"fl ~-3,rU fl-3f11h~flfl1J'J,jL;r-3L~U 

..; ~ '" 'Ufl-3'jjlJfll1fl ('U-18) ~-3'jj1lJn(l"~L"tJ ~ 

1 = dIR(O) . V 
R dV mod 

mod 

('U-20) 

('U-21) 

~lfl ('U-22) 

('U-23) 

('U-24) 

• • I ,. 

a d .c:I QI .c:I' JJ 4 d OJ .:::t ell 

LU fl-3 ~ 1 fl'UU l~ f111l1J tJ~ L 1JU f111lJ(I'Ufl-3 'jjWW1W fl fl fllJfll U fl tJlJl fl LlJ flL fl tJ1J fl1J f111lJ (111" fl 
u u 

" . . 
~-3,rU fftytylW lut'i1u 1 rl'jj"1J'Ufl-3fftytylWfl11JfJlJfl11lJoi-3ijtil~il1J1mfitJ1Jn1J'Uu 1~fftyty1W 1 U 

tY1Ufl11JfJlJfl111J~11"fl JUflfl 10 »/R u,,~ ~lfl'jjlJfll1 ('U-24) ~~'~'h .i/o »(t1VGS )2 

fJ 
" . 

~-3,ru i-3'jj1lJ11m..h~1J1W'jjlJfll1fi ('U-21) '~"llJ'jjlJfll1 ('U-25) 



UVllJthllJ11'Un11 ('\1-25) 

. 
'" ". lJlJflij 

d(/lVGS) =l_R d (IR) 

dV tOOd dV tOOd 

d(IR) = AA 
dV mod 2 + ~2f3Io R 

d(I R) 1 
--~-

dVmod R 
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('\1-25) 

('\1-28) 

('\1-29) 

('\1-30) 

('\1-31) 

('\1-32) 
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MOSIS PARAMETRIC TEST RESULTS 

RUN : N94S 
TECHNOLOGY: SCN025 

VENDOR: TSMC 
FEATURE SIZE: 0.25 microns 

90 

rNTRODUCTION: This report contains the lot average results obtained by MOSIS 
from measurements of MOSIS test structures on each wafer of 
this fabrication lot. SPICE parameters obtained from similar 
measurements on a selected wafer are also attached. 

COMMENTS: TSMC 025SPPM. 

TRANSISTOR PARAMETERS W/L N-CHANNEL P-CHANNEL tJNl:TS 

MINIMUM 0 . 36 / 0 .24 
Vth 0.56 -0.51 Volts 

SHORT 20/0.24 
Idss 547 -262 uA/um 
Vth 0.59 -0.54 Volts 
Vpt 7.6 -5 . 7 Volts 

WIDE 20/0.24 -7.2 Volts 
IdsO 6.2 -3.7 pA/ um 

LARGE 20/20 
Vth 0 . 51 -0.57 Volts 
Vjbkd 6.1 -7.0 Volts 
Ijlk -29.3 -6.5 pA 
Gamma 0 . 39 0 . 52 VA O.5 

K' (Uo*Cox/2) 108.6 -26 . 5 uA/VA 2 

COMMENTS: Poly bias varies with design technology . To account for mask and 
etch bias use the appropriate value for the parameter XL in your 
SPICE model card. 

Design Technology 
-----------------
SCNSM_DEEP (1ambda.=0.12) 

TSMC2S 

SCN3M_SUBM 

FOX TRANSISTORS 
Vth 

thick oxide, NMOS 
thick oxide , PMOS 

thick oxide, NMOS 
thick oxide, PMOS 

(lambda.=0 .15) 
thick oxide, NMOS 
thick oxide, PMOS 

GATE N+ACT:IVE 
Poly >15.0 

XL 
-------
0.03 
Q.Q2 

-0.03 
0.03 
0.Q3 
0 .{)3 

-0.C3 
0 . 02 

-0.03 

P+ACT:IVE 
<-15.0 

PROCESS PARAMETERS 
Sheet Resistance 

ohms/sq 

N+ACTV P+ACTV POLY MTL1 MTL2 

Width Variation 
microns 

4.7 

0.05 

3.5 

0.13 

4.2 0.06 

0.10 -0.19 

tJNl:TS 
Volts 

MTL3 MTL4 tJNl:TS 
0.08 0.08 0.08 

-0.00 -0.04 -0.07 
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(measured - drawn) 

Contact Resistance 6.7 5.7 5.7 2.02 4.07 5.79 
ohms 

Gate Oxide Thickness 58 
angstrom 

PROCESS PARAMETERS MTL5 N_WELL UNITS 
Sheet Resistance 0 . 03 1191 ohms/sq 
Width variation 0 . 04 microns 

(measured - drawn) 
Contact Resistance 8.13 ohms 

CAPACITANCE PARAMETERS N+ACTV P+ACTV POLY MTLl MTL2 MTL3 MTL4 MTL5 N_WELL 
UNITS 

Area (substrate) 1872 1877 97 38 19 13 8 8 62 
aF/um"2 
Area (N+active) 5912 50 20 14 11 9 

aF/um"2 
Area (P+active) 5691 

aF/um"2 
Area (poly) 63 17 10 7 6 

aF/um"2 
Area (metall) 37 15 9 7 

aF/um"2 
Area (meta12) 38 15 9 

aF/um"2 
Area (metal3) 38 15 

aF/um"2 
Area (meta14) 37 

aF/um"2 
Fringe (substrate) 440 352 23 60 56 42 24 

aF/um 
Fringe (poly) 70 42 30 24 21 

aF/um 
Fringe (metall) 52 36 29 24 

aF/um 
Fringe (meta12) 49 36 29 

aF/um 
Fringe (metal3 ) 52 38 

aF/um 
Fringe (meta14) 65 

aF/um 
Overlap (N+active) 627 

aF/um 
OVerlap (P+active) 559 

aF/um 

CIRCUIT PARAMETERS UNITS 
Inverters K 
Vinv 1.0 1. 03 Volts 
Vinv 1. 08/0.72 1.5 1.12 Volts 
Vol (100 uA) 1. 44/0.72 2.0 0 . 30 Volts 
Voh (100 uA) 1. 44/0.72 2.0 2.06 Volts 
Vinv 1.44/0.72 2.0 1.18 Volts 
Gain 1.44/0.72 2.0 -18 .2 8 Volts 

COMMENTS: DEEP_SUBMI:CRON 
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ti'lltllill!: 'l'4nthlimi~1l1llm, fmmmw'i"m-III1i,"~fl'''''' 

fl4il!'fl111, fY1t1lIit11 •• ,01l1".a, nJlI!~llfinl'I'8 
A11l1alHn 

Abstnct 

ElOCttODic .,..ic.. optDlO IDpthor umalJy mlft< 1iI>cD 

~ illtos:fcm::. (EM!) prabloat 1'lIo EMloffiKli mart .. 

die ~ lncpmcio' .... hip..r. 'TborUn, U is amsidero4 10 be 

D iIq>oItmt problem, ospociaIIy .. hip ,pHd ~ IIOIndIyt. 

OlIo lIIOIbod .. Rlbce WI i> .... ~ 0lIl die ftqaeDcy of lilt 

,;pat by ""'" • spud 5pK1mIl cIo<1: ~ _ C& IlriDc 

._ lilt EM! rodaaioD~. Thi< poper prosaIB • ~ of. 

sprNd spKlIUDl clod: pIIftUlr wbich bIs • amGDt .-s 
peIUIIIIp, _ dfpIDd em 11M fnquoacy of opemioD, .. lICbiIn • <_ EMl nducJioa. 

~:CIock GomR'e<, E1eclrolD.1pletic --..,. (EM!), 

Sfn» Spoamm, CoJtSIiIII1 Sj>Rad ~ 

1. u.nil 

~1!'III1I,m,1t1A~mfl~nllli)iimni';141"1'n1t'i\.li: 
rian'MtwnmtfYlUMil4li'1IN1II1 (EM!) 1=.,jvn1flllit41U~i~ 
~~_.l 4· • 4..f .... If 
W"!'Y_'~"1lIII11111l NHi»iIn1Ulll~~lIIll11 .. "1 u 

n.on."-M.,~,,iliiil"1~M~ ... a~~,4.,;Di)n_.t1lllhtl1l 
~~~1I1 1I1nf1!Ii44~~flnui!Jlljj'hl!~1n itnl1l1i14~ 
nmo~",u"iI1I~4A11run'l1l'1i ~ii8n"i-IIil!~lMwm~w 
ft'),ut.W1JlLlin.~t'VJ ;,.,,&.N1U4I1)4:it:tt:r*iuA2:nnnn1M:mz 

i'lOili)i\lthDU., ';1hiA'lr-m~~-I1!ri-{ll 
UU""1-Ifll1m::nmn'lJ~4~u';;mii 2 "U"l1l'~ 

iiil fl'r.measflA'l1Ira (Bot) fH] 111\: n1TIjillJlillll'lbr (PM) [511n~ 

~'\y'1I1Hllf14II4""00~ll .. Hflml&~III"fI')1lli1 ;~1I1'1llfl9l\nIlD 
~811611111hIlnnnnnt"1'\.1~ [41 "lDnr.II~18IIlil!II.!111 
II11J_D4ailmI2IRilfllfUII'l'1I1iii.nun/1I'8ana1l1flsOIu [H) .. . . . 
1I1'1,,'I1IN'.'~IJB~IIIM'1"WOtJil!'!HI~i)1I~i)i'\1I 

1411ni11l1llflI!1l11111I1H mMlrIifu [H) wi'" [21 ~~lIliAl 

i'ni)illf'fi"a",affl18'II'n~ l1i1tnl1tl1U1UIl11uilu; lu [31 ,; 

iilJi!'1I11,i-1l":1111~n'nn1ltIliln ;.nJiullftn,.il'A'In~D4m~ 
us:nli!a4u"ilnllJirn:ilI1IH;t,u4uil'lI!11Ula8¥r'.Ul~ 
I~j, luil9t"l>ldll1lI!U2 14tl1U ;4,\'D4ilnm'1i'411'l':nIl9814 

~. ulhhlri'u 1Ilmf!'U'II1Jnfl"lIiiit,tf8f\1l1fr,.itl.!t!t'.II;~ 
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