20079 48 HXS8E| =EX N 4 @ SDHH 43 103
=& 2007-44SD-4-14

SIMULINKE o]-&3}
Fractional-N 37914719 2dg] 7}

(A SIMULINK Modeling for a Fractional-N Frequency Synthesizer )

* o—* * k%
793,498,009, 3 04

“ o
(Injeong Kim, Woochyong Seo, Jinoh Ahn, and Daejeong Kim )
e o

¥ =22 FH2d 2o d7dn %E PLL 71%+9] fractional-N T34 §A47)o] #ste SIMULINK 2 Verilog-aS AHE
3ke “%""3}% %‘iq] et Ayt HEHoZ PLL AAd H45E wleE-<Abottom-up) ¥Hle ERAX2E 4
AA S $7A g-thi-(top-down) HAe 2AE WY HE4FosN EAAAE dd 2 AA s A A A
o8}l SoCY IPEH PRI RET tAERE] Zo] AFE F gl Uee nEsnal st o2 Y3t AjxdY F
o] 2g WA 333 top levelol MY AFo] €03 SIMULINK 29 ‘%‘*’r ERA2AH fdze 538 3 B2 gy
o AFol 7b5E Verilog-a 9] B g s3Fdozs 73 HA WL A g

Abstract

This paper presents behavioral models using SIMULINK and Verilog-a for a PLL based fractional-N frequency
synthesizer. By adopting a top-down approach along with the traditional bottom-up transistor level design in parallel, the
design time is greatly shortened, and a co-verification method for both the digital and the analog part is considered. Under
this consideration, the SIMULINK modeling reduces simulation time and easily estimates the PLL's performance on the top
level. Verilog-a is able to verify the feasibility of each blocks at first hand because it is compatible with transister level
circuits. Then, an efficient way of the design is presented by comparing the results of both models.
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Table 1. Specifications of fractional-N PLL.
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end
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Fig. 9. SIMULINK modeling of Delta-Sigma Modulator.
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Fig. 11. Delta-Sigma modulator output in time domain.
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Fig. 12. Modeling of Loop filter.

(@) SIMULINK (b) Verilog-a

i
lo

52 23t 3xH3rd-order) MASH type WZ7|E
ARS8l 3, WF bite 12biteE A3IAT}. Verilog-a
dAl FHEFip-flop)@ BA7](adder) & AME-31S
AA B 29 FABHA Bdd SR THZEIUD)).

ad 108 dE-Aant w2zl 2H¥ ¥ (noise
shaping) 86 FoHF FFAM  EAF Aot

(405)

107
SIMULINK 2933 Verilog-a 223¢ FLuyL
60dB/decZ 3%} ¥ Z7)(3rd-order modulator)®] E4d0]

Z FEENS S & Uk

% 118 A gl A e del-A| ot ¥z £
& 9% Aolt} SIMULINK(Z#811(a))$} Verilog-
a(Zg11b)el F 29 A o] ger
E912E 12bit coded] wet -3~47tx|9] AGIA
Elue Ag st

Verllog-a& o] &3t Rdxg B2ze g
o] ZQ(coding)& ©] &3t FHTFELE B
i SIMULINK 2933 2 538 73
el =dy Ao
= s-domainol A& A&
(29 12(a)), Verilog-a =4
549 WA FEE) S8t %
28 AFFPZ Zo| 943le] PLLY FEZE T
AAHE 120)).

= ofN & Hz
.—ﬂeiﬁzz?m

&
i

3. Top block modeling

I2¥ 13 94 REFE 7 58S AMESY
fractional-N¢| A £%& SIMULINKZ =3¢ 2

sdm_31d

33l 13, Fractional-N Fxk 4212 SIMULINK 222
Fig. 13 SIMULINK modeling of fractional-N frequency
synthesizer.

REF

- L >
i
A
s
BT
AL Y Oheantehitty
3 LN e
] . il 50
i S g

e <2
verloga SDM3e  SOUTL—8——— SO0

& 14. Fractiona-N Ik &47]2| Verilog-a 2&&l
Fig. 14. Verilog~-a modeling of fractional-N frequency
synthesizer.



108 SIMULINKE 0l8%t Fractional-N Fotagdriel 228 714 #

1

ZEo
=

o,

Fpolt}, SIMULINK @ Ed32 PLL
behavioral & ¥# 2 & top-blocks T3t AdHE
s 4A A & & Aok

o] Bdlgo] ¥ Reference frequency & 125MHz]
I charge pump® £ZAFE S0up, VCOS o552
OMHz/VE A=A} Dep-Alant ©z7]e) 12 bit
dEE 25602 9FoA A7t -3~4712 ¢4 AH
3 Zo] el HT 006259 @& Mo 1w
™ 8-modulus multi dividere QE}-Alv} HZE7]9
84 ot 69~769] EFE d}n HT EFHE
7206257t 5o} #F &9 T+ W00.781Hze] €rt

a9 14¥ 2& 729 fractional-N PLLE Verilog-
ag Abgdte 29 3 Aojr}. Verilog-a 2d# FA
Alzgle] EXTHE 3123t behavioral EEH o2, A&
gold Alto] Zth % A4 EWA2EH HEo 3
29} 38o] 7p5etr] Wil 24 E5E& A& 49
A¥stA FasL AFshed &olsith

SIMULINK =233 w3712 2 PFD/CP/LP, VCO

R=R
=
Q

(@

a2l 15 2tz EM (a) SIMUUNK 222! (b) Verilog-a 22 &l

e}

Iy 9l

I

293 de-A e B5e2 TN, dRHeR
= SIMULINK 2d8# 22 523& stA €t
ol#]3t Verilog-a¢t SIMULINK 2289l A5&
Hlwste] o7 e MA sevy FdId B4E& F
3 fractional-N¢| A5<& AZste ndge 9AFT

m+ &

2 =294 Axste $Ee 8498 AFE) S
st 19 139} 28 33 dEl-A|an ®EV|E
fractional-N PLL &471& Alztstsicth

19 15(a)F SIMULINK 2989 g7 EAS
o1k Adtolzr 18 15(b)= Verilog-a 2 2dd
fractional-N F3}= §47]¢] &7 54& gl 4
otk F Rdyo] e e E4ES Zn A H
RAE AT & 9t

% 16(a)E SIMULINK 298¢ 43e A5e
g3 d72A -1004dBc @IMHz offset |t} I3

Transient Respones

Fig. 15. Locking properties of (@) SIMULINK modeling (b) Verilog-a modeling.

a2 16, AAEIZEAM (a) Simulink 22 & (b) Verilog-a =&
Fig. 16. Phase noise characteristics of (a) SIMULINK modeling (b) Verilog-a modeling.

(406)



2007 48 ™A3E3

16(b)= Verilog-aZ Zd 9] A4S A5< el
Az A -98 dBc @IMHz offset 2.2 gl
139 RS

o

it

-

24 oA 23 F9elA w1 5

T

e

oo
i

o

B =8 M= SIMULINKS Verilog-a & ©]-&349
e 2vkE o] 83 PLL 7]whelfractional-N 3
2deslo 2 A wE AJ7bol] A|AEle] EA4
ulg] d&sta AEete WES Adasnh

ol &3 A Zﬂ Al2=RAgE 18 9 E59 A}
des A F H 3 5 7] Wil AA 3z dA
Al *éﬁl’\]?l— Q1 AAZ 7hsstet.
2T Ha MdHd

= JJrZ‘ & Verﬂog aZd 58 AAs =}
e 549, ERA2H HEo HA A 4 B2
ol AA ]"E“"ﬂ nAE JeEE AzkdFelA oA
s

2 3.

do

‘FS]-A—! 7}.@.

—

A

N
T
d

J

S

o

e AN

20063 = ®lchshal

g A 4.
A =

AApE gt AL #A.
<FHHAEE ¢ okhdEa A
Al, clocking 3 & HA>

2007

o Tl 2(AFY)

20063 = ihEh

AZE s Al &Y.

A4 g

, AZF 8T AL B4,
<FHBPECF @ olEERa I2A

A, clocking 3 & AA>

2007

=X M 44 # SD H

SRS

(407

7H

43 109

o129
(1] S. Brigati and F. Francesconi, "Modeling of
Fractional-N division frequency synthesizers

with Simulink and Matlab,” IEEE Electronics,
Circuits and Systems, vol.2, pp.1081-1084, Sept.
2001.

{21 Amr M. Fahim, Mohamed I Elmasry, "A
Wideband  Sigma-Delta  Phase-Locked-Loop
Modulator for Wireless Application,” IEEE

Analog and Digital Signal Processing, vol.50,
No.2, ppb3-62, Feb. 2004.

Tom AD. Riley, Miles A.Copeland and Tad A.
Kwasnoewski, "Design and Realization of a
Digital AX Modulator for Fractional-n Frequency
Synthesis,” IEEE Transactions on Vehicular
Technology, vol. 48, No. 2, March 1999.

(3]

M EHEH)
20053 =9l gt

AAF s} AL E4.
20053 ~ @A It

A2LF skt A AL
<FoAFECE @ ofgEa 3EA
Al, clocking & 2A>

N 2! ol MR Q)-2NA =}
1 19873 2¢¥ Mg
~ A2 83 F AL
19894 29 Meiegw

Aag ket FotaaL,
19943 2€ MEUEgn
AR FIurAL
19943 ~1998d LG ®t=A A+
19993 ~ & A Zwldigtw HAXEEHE ﬂ_,r_
<FHANEF oG 2a FE A, vy 3=

A A >



