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A Study on the PLL Frequency Synthesizer with Notch Filter

for the Purpose of Suppressing Spurious Radiation
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Abstract : In the PLL frequency synthesizer, that is, a necessary, indispensable provision in all radio
communication equipments, the technique which uses the notch filter is proposed in order to sup-
press spurious. There are a lot of application cases by present, however, only the reports of the ap-
plication cases. There is a phenomenon that the phase margin becomes small in case that the notch
filter is applied. On the other hard, the influence on the stability to the PLL frequency synthesizer
had not been discussed.

Then, in this paper we have examined the PLL frequency synthesizer which applies the notch fil-
ter from the viewpoint of the phase margin. The transfer function is given for the subordination con-
nection structure having both LPF and the notch filter. The phase margin of the PLL frequency
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Synthesizer is analyzed in both cases whether notch filter is applied or not.

As a result, in case to design the PLL frequency synthesizer applied the notch filter in order to im-

prove the characteristics, it is natural that PLL synthesizer assumes accumulating in LSI, but to im-

plement LPF in it, especially, has been understood not to be able to secure a necessary phase margin

for securing stability. As the LPF applied the notch filter cannot be built in LSI, concerning transient

response, spurious characteristics, and stability (phase margin securing) caused by the notch filter,

the design guideline has been obtained by which the value of capacitor C and dumping resistance R

used for LPF were selected without receiving the restriction of the value of capacitor C.
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1. 20

PLL (Phase Locked Loop) W » &4 A i3
BLOBERRECIB VT, B2 EROWEIH W 2 A3
B0 S BN I I3 DB e e
F X RAVPHEAET B720, BEEIET v 2OV R CTERK
TXLEIICHRSIN TS, X512, PLL EMEK Y
YlH A FOREE LT, KRBT O X 9 IR EE
BEORWEZIHE, PLL EHERY v 2L FolNE
FRKT S LICX ) KRBT O 5k T
BB RETH D, 2D XL HICPLLIEERY v+
PAHFIZ 5505 EHBEFEE BV TLEAT K%
KETHDL, €L T, PLLEAEKY ¥ A4 FixEo
REEDOE I NESE255 -0, HL#EES L PLL A
B v A ORI E 2 KT 5, L TZD
B ED 7200, BRI & & 1R OV A s s
%o ZTOfEISNVAFIMIMES I EKIZT, TD
B2 27 )7 25 LWL 77 LYy A —27 LIESR,
COAT)TAEMET B FiEo—D2L LT, /v T
TANY EBHCLFEIRESN, BHEETIZOH
HEEGDH A%, L L. BEHEFHOHEDA T, PLL
JEBE v A FOREEICHT AR I T
W2\,

KX TIE, /v F 74V % &8H L7 PLL Bk
¥ Ve A FOREN DN & AR OB AT
W, FOWER. 2 v F T4y EEH L7 PLL B
UYL BT, T AR LT,
AYFUHCEFVE Y TIIIR OMAGHLENBO
FTEIED, Vv F T4 VT BB B
BEMWZH7-010, MKEFZD—DTH 5 LPF OHE T
fili % g3 % ik iest # 4 <. PLL BIEE ~ 249 A
FOREMICHETA2HMHmEH LM TE .

2. PLLBEE#EY > ¥ 1Y
2-1 PLL HWEE YA F OB ER
LIZPLL JHW Y v e A FORERMRZ, £72

RF Amp. MIX IF Amp

-Phase-eomparator----------- Charge
s High MC4044 | pump %o

level

VCO control
- voltage o

-
Y0
7
oo

NS 3O
ol [H
—

2y

High
level

> ; i
£, L e
‘ )

iProgrammablc | l 1
‘divider 1 D_ p4 D3 02 D1

DFF Delay flip flop TFF:Toggle flip flop CLR : Clear CK : Clock
J:Preset terminal PE:Preset enable

1 PLLEREES > 41 Y OENER
Fig. 1. Basic configuration of PLL frequency synthesizer.
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Table 1 Parameter under theoretical calculation
Item Value
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Table 2 Parameter of circuit simulation

Item Value

Logic circuits 74HC Logic ICs

Charge pump and VCO Behavior model

R 16k Q
C 31nF
Rn 1kQ
Cn 1.59nF

Reference frequency 100kHz

Gain of ph t
ain ol phase comparator | 1, 0001 a /raq
and charge pump 2r

VCO gain 27100k rad/s/V

Division ratio D 4
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Fig. 18. Simulation circuit
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Fig. 19. Transient response of control voltage of VCO (Upper:
w/0 notch filter, Lower: w/notch filter)
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Fig. 20. Oscillation signal spectrum of VCO (Upper: w/o notch
filter, Lower: w/notch filter)
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Fig. 21. Transient response of (w/o notch filter, from upper
R=1k, 6k, 21k, 61k and 96k Q)
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Fig. 22. Transient response of (w/notch filter, from upper R=1k,
6k, 21k, 61k and 96k Q)
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