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Abstract

This paper reports an Integer-N phase locked loop (PLL) frequency syuthesizer which was implemented in a 250nm
standard digital CMOS process for a UHF RFID wireless communication system. The main blocks of PLL have been
designed including voltage controlled oscillator, phase frequency detector, and charge pump. The LC VCO has been used
for a better noise property and low-power design. The source and drain juntions of PMOS transistors are used as the
varactor diodes. The ADF4111 of Analog Device has been used for the external pre-scaler and N-divider to divide VCO
frequency and a third order RC filter is designed for the loop filter. The measured results show that the RF output power
is ~13dBm with 50Q load, the phase noise is -91.33dBc/Hz at 100KHz offset frequency, and the maximum lock-in time is
less than 600us from 930MHz to 970MHz.
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Fig. 3. A Phase Frequency Detector Circuit.

RESET = "oy

K ‘ﬁf
D D
CLKB ¢ K cl
A
L.t
a8 4. HaFneHET| 2UEEPFD-DFF) SE2x

Fig. 4. A Phase Frequency Detector D-FF Circuit.



64

Vel

8
 m—10.14

38 5 AXEH=E HE2E
Fig. 5. A Charge Pump Circuit,

N UP/DOWNAFE 2718 UXSES HAs%.
an f3FAeHEE7)9 UP% DOWNAZAA A
7 Bz AQARIe] ANFREE 294 FxE
LA ARG )8 A8 AAPL 9 e
2% UPY v 439 UPBY DOWN A3 & A}&3}
Atk

of. 2=ZZE{{Loop filter) A
I¥ 62 B =FoA dAF 33 &F FugEE
28 B8R Qi 7 2RE9 e F29 RC
NATE Fo o g FE FoA "k
T, = $eco—tang a1
wP
B 10ATIN/20
B e By Y
tang (7 + 7;)
w e
C (LA T)+T - T 33)
(T P+ 107, @
x| 4f1+ ~1
(tang - (73 + T3))?
1
L= (34)
ATTN = 20log [ (27 F,,; R, C;)* +1] (35)

960MHz Quadrature LC VCOE 0|8

&

(578

CMOS PLL Fits Bg7| 44 AHE 2

WO

| A J_ ~
a8 6. 33X FZEE|(Loop fiter)
Fig. 6. A 3rd Order Passive Loop Filter.

E

c3

714 ¢ et g vERT

WA e A2 & Foged AR
Ak A 7% 1€ Fakxn A
gAY #3450, & AN o] & UrﬂiXI AR
T,& T34 AGNE #EE AdE Aatste 3@
‘/‘F' g}\;}_.[‘%l(ﬂ

0
el

o &8 % &3 23

AgA L7 28, Fa5 Aq4HE7], F
AYZE AAse 025-pm HAE CMOS FHo®
AZegch. zeaAYde g Foe £57]E Andog
device Abo} ADFA4111€ AH43te] HAES D $29
B 3% RCEHE §2 g9%L 0WKHzE 9REE
A & Sk 2 78 1¥ 8& HlrEd AHEF

oy 7.

HEE HAE PCB
Fig. 7. A Test board.



20091 78 AEBEE

etojo] 24 = el ARR
Bonded die photograph of chip.

a8 8
Fig. 8

ATTEN 1048
., OdBm

MR ~13 . B0 dBm

1048/ 960 .0@5MHz

BEAN 3. Bnok.

CENTER. 950 . pruMs

“REW 3hkg WO By

I8 9 VCO &% 2Aumed
Fig. 9. Spectrum of VCO output.

PCBR =8} glojol g
EAEC S NI
ABLE VpelA shte
H A 4o
T4 wolE A 9%
F YEES Ash LY sfolojg 4
g8l $Eshdol A WAl
U BUALIATE o0 POBES A U &
AL ¢ YEE Aes vy sololg Fa 79

3o

> N
.-
f
2y
o,

2
N
S
e o

w7

B
Pt
e

(]
32 me 2 M

==A M 46 @ SD ®

519

7%

65

16 dfes
AL ~30 dliestg

SPOT PR »  106.8 ks

21,33 dBC/HE |

i
Fig.

0. PI4TE 54

10. Phase Noise characteristic.

FEFIRFE 200KHz01Y 508 BEE %@H
SAHHE Al e PC
A ADF4111 #& Aol aich 53
o]-&stsith
ranges 930MHzol A 970MHz7HA] &
19 9¥ 9%0MHz TJ}T"ﬂ A aERe
Ao 2717
HolFm gt
EL =S
29 10€ PLL Fa5 g47)e] odds
oifch 48 A4 ee 100KHz offset T3
-91.33dBe/Hzoith, AxeA AgiAloj gy
A HEE

W

l%ﬁ

g

i ol

1]
1
719} SHEAmEE
&
9
EAQLS
el A

Jol Al B
ALY EWANSHEY 1 g8

%E

o) Hge] 93e den E Ao g
CMOSF AL A-88l9] AA9] surface status?} obd &
I/REF #AE FA vE] Audoen g Eflo] &
7] Wit /el A4 vl 894 38 B4
Mdsted A7 ok OXE CMOSE3 & Zorg
o EE T 94 e EAL Ao

SEANHE ZA87] A O30MHzA A 970MHz
A Hold wf AjtAlold e AejHeE 64
o O¥ 118 FHAA A FyeE Hold o A

Aogzzle AAdge S48 dgoln] 4" nE
A ZHLock-in time)< 2F 600us A]7to] S ¢4 4
o
AN



66 960MHz Quadrature LC VCOE 0|88t CMOS PLL FIhg 87| M4 “@ME 9

2Am x| §14E Aojsty d& + U

E 12 4AE Fos 4719 dsaAEIH &
AAFGE AAAI v]HA Zaa fed ol £ A
Aol A A" CMOST 49| Zdo] RFEAF &
£ A4S E¥sta YA 47] ol 3&s] Al gl
A & 3R R

V.2 8

¥ =FJdAME UHF RFID $&£¥°8 89 LC
VCOE ol48 Ax=dH F8Ho| 7158 Integer~N Eis
28 11 PLLSl TE A2 9] PLL F3 &4718 AAstn 71%E AEsA
Fig. 11. Lock-n time of the PLL. o AAeEAzIg AdFRTdEr), ANEEE
025-ym YAE CMOS #4322 Azeigion HEE
E 98 ZalaAdele) Integer-N 34 B57]1e o}
g2 gulela At ADF4111E AHE3Ete) Al EsHY
h E3As 2E4d9e -13dBmolW, 4R ES2
100KHz offset Fool4  -91.33dBo/Hz& 2
930MHzo A 970MHZzE 11 oF 600use] 22 Al7HE
1A= PLL %5 §4718 A48

e

Ao

1] ¥34, “UHF RFID”, TTA Journal, A%4%, pl23,
July 2004,

[2] Wiliam F. Egan, “Frequency Synthesis by
Phase Lock”, Wiley Inter-science, 1999,

[3] Curtis Barrett, “Fractional/Integer-N  PLL

T8 12 HoEA MetHolwAy|e Sunhd Basics” Texas Instruments, Technical Brief;
Fig. 12, Waveform of quadrature VCO. SWRA029, p39-40, 19%.
_ e o [4] Keliu Shu, Edgar Sanchez-Sinencio, “CMOS
1 dAE T 84| 84 PLL SYNTHESIZERS Analysis and Design,’
Table 1. Characteristics of designed frequency Springer, p33, 2005.
synthesizer. [56] Saurabh Sinha, “Design of an integrated CMOS
Simulation Measured PLL frequency synthesizer’, IEEE MELECON
B 0.25m CMOS 0.25/m CMOS 2002, p222, Cairo, EGYPT, 2002, May 7-9
At 25V 25V {6] Ibrahim R. Chamas, “Analysis and Design of a
29 Fa4 855MHz ~970MHz 930MHz ~970MHz CMOS  Phase-Tunable In]EiCtl(:n‘COUDIGd LC
AL;S«.. _106'2&113(:/}12 —91.33dBC/HZ Quadrgture VCO (PTIC“QV(/O) N IEEE Journal
s @ 100KHz @ 100KHz of Solid State Circuits, Vol.44, No.3, March 2009.
. 12mW-VCO BmW-VCO (71 i\&A Do, R..Y, Zhao, KS. Yeo and JG. Ma,
=5 65mW - PRD/CP | 75mW - PRD/CP New  wideband/dualband  CMOS ~ LC
voltage-controlled oscillator”, IEE Proc.~Circuits
a9 128 dA" ATHN AL AE ggoéices Syst, Vol. 150, No. 5 p454, October

Aol Artelnt. A=A AY SE BN} 2ol ) B yoh Baker, “CMOS-circuit design, layou,

(580)



2009 78 TAEEY =RA M 46 HSDBE AT E

and simulation, 2nd edition”, Wiley Inter-science
pb51-561, 2008,

[9] Dean Banerjee, “PLL Performance Simulation
and Design 4th Ed”, Dog Ear Publishing, pl80,
2006.

[10] William  O. Keese, “An  Analysis and
Performance Evaluation of a Passive Filter
Design Technique for Charge Pump
Phase-Locked Loops”, National Semiconductor
Application Note 1001, p3-4, May 199%.

TR ICR EEY

20094 SF AAY
8% 3 4,

20099 BEUEE QR E
o3k a9y Qe

o} : RFID/USN, VLSI 47, PLL 2
Fug A7) AA, RF/OPEE 1 ICEA>

(581)

ALY

67

A= RICE )
19033 EHFIe@ A7)

i A} .
g et e 2nsy
MAL 4.
2R xuEn
3 AL &,
AFER Ras
T RFIDFAH 4

=g R A

d

B

1999

—
©
&
L

ol Hd off el ot [
fo)

o oot ok

1999d ~ A Ss gt
<F@RARE A YEHZ )
418 RF/Analog ICA A,
A>

oY
=
2

&

{a
2
oft



