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Abstract

This paper describes a CMOS IF PLL frequency synthesizer. The designed frequency synthesizer
can be programmed to operate at various intermediate frequencies using different external
LC-tanks. The VCO with automatic amplitude control provides constant output power independent
of the Q-factor of the external LC-tank. The designed frequency divider includes an &9 or 16/17
dual-modulus prescaler and can be programmed to operate at different frequencies by external
serial data for various applications. The designed circuit is fabricated using a 0.35un n-well CMOS
114dBc/Hz@100kHz and the lock time
is less than 300us. It consumes 16mW from 3V supply. The die area is 730um><950um

process. Measurement results show that the phase noise is
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Fig. 1. Block diagram of a Tx IF block.
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Table 1. Counter state when Default is ‘1.

Lc_gunu‘ie;h Binary Value Description

Al80] 000001100 A=13

B30] 0100 B4

RIS:0] 0000001111 R-16
CPCAI20] 01 CP Current = 100uA
FoL.D[1:0] ‘01 FoLD Output = LD

Psel 7 P-16

PD_pol T Positive VCO
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Fig. 5. Schematic of the designed Prescaler.
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Fig. 10. Schematic of the designed Bias circuit.
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Fig. 11. Schematic of the VCO core with AAC.

3. Phase Detector
Phase Detector(PD)¥ R-Counter®] &% 3 N-

Counter?] 24 fy& vlaste] F X152 94F=]el 3l
Pk ‘UpB 239t DnB A15E WAk 714



62 CMOS IF PLL F3t¢gAl7] AA

@3l PDE+= XOR AlP|EE o]43lat, o] A=
dHAlZ ] YAk} 180° olate] =i oAk xjolE
sl Fshe wdol gtk ol=igh @S mlsls]
A8 <27 12>9F 3222 #A(reset) 7152 Ml F A
9 D-F/F3 2l Aldelay cell)& o]gsle] $Abnt
ofe} Falg zo|l= IHE 4 9l PFD(Phase
Frequency Detector) 72E& AREslgic) of7jx x4
Aol AL “dead zone” VAL WA|EY] $iglelch
PFD+= acquisition M= W7 locking $=% whZc}

1
£ e el

e

2

vDDd
L

fa —1{CLK QB

Y

UpB

vDDd Delay _C(:
Y
RB
D
fn —CLK

a3 12, 9 2 Fag HE7)
Fig. 12. Phase Frequency Detector.
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Fig. 13. Transient responses of the VCO.
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Fig. 14. Oscillation and rectified waveforms.
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a8 17. AR 329 #eloly-
Fig. 17. Layout of the designed circuit.
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Fig. 18. Photograph of the test board.
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Fig. 19. Measured I and Q waveforms.
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Table 2. Performance summary and comparison.
Parammeters Rl FaF-d21]
Supply voltage 3V 3V
Test VCO frequency 26050 Hz 274Nz
Phase noise 114dBc/Hz@100kHz | -118dBe/Hz@100kHz
In ‘band phase noise 89dBc/Hz NA
Reference spur < 70dBc@1.23MHz NA
Lock time < 300us 34ms
VCO gain 10MHz/V 35MHz/V
Loop bandwidth 35KHz NA
Phase margin 30 degree NA
Power dissipation l6mWe3v 3mW@E3Vv
Chip area 730um < 950¢m NA
Process 0.35¢m n- well CMOS CMOS
i On' chip VCO Off -chip discrete VCO
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