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VCO Phase Noise Optimization for the MAX2309

Jan 09, 2003

Abstract: LO phase noise on the MAX2309 is improved at 100MHz. PLL bandwidth, reference noise, and VCO components
are changed to allow ~-90dBc/Hz phase noise at a 10kHz offset. The on-chip VCO is set to operate at 200MHz, with a
comparison frequency of 1MHz. Three sets of PLL components are installed and the performance is documented on
spectral and phase noise plots for each rendition.

Additional Information:
« Wireless Product Line Page

e Quick View Data Sheet for the MAX2309 Wi :
o Applications Technical Support II'BIEis TE‘EhMIugy
Overview

This application note describes a method to achieve local oscillator (LO) phase noise

performance of nearly -90dBc/Hz (at 10kHz offset) using the MAX2309 1/Q i i _
demodulator. A complete 100MHz intermediate frequency (IF) design solution is e e e o e retees
offered including voltage controlled oscillator (VCO), loop filter components, and transceiver.

performance plots.

Objective

Optimize the MAX2309 evaluation kit for LO phase noise as measured at the LO buffer output.

Procedure

A standard MAX2309 evaluation kit was obtained and the VCO tank components were re-configured, allowing for
oscillation at 200MHz (twice the IF Frequency) with Kyco = 6.6MHz/V. Please see the MAX2309 evaluation kit schematic
for reference designator locations. The component values are shown in Table 1.

Table 1. VCO Component Changes

Reference Designator|New Value (200MHz) |Part Number

82nH 0805CS-820XKBC Caoilcraft
C61 3.9pF COG capacitor Murata
C4, C6 27pF COG capacitor Murata
D3, D5 Varactor SMV1763-079 Alpha-Industries

Loop Filter Design 1

The loop filter component values are shown in Table 2. This loop is designed for a unity gain frequency of 11.6kHz with
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50° phase margin, and a 425pA charge pump current.

Table 2. Loop Filter #1

Reference Designator |Filter Value

C30 560pF

R23 5.1kQ

C29 5.6nF

R10 0Q

@3l Open
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Figure 1. 100MHz LO signal at LO buffer output Icp = 425uA, HP8561E.
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Figure 2. Phase noise of 100MHz LO signal, HP8561E.

Important Note: Originally phase noise was measured at approximately -80dBc/Hz, however it was determined that the
13MHz reference source possessed less than acceptable noise output itself. The source was changed to a KSS VC-
TCX0-208C-13.0 and phase noise improved by approximately 6dB.

Table 3. Key Test Parameters

Vce 3.0 Vv

FIF 100 MHz
FREF 13 MHz
Fosc 200 MHz
Fcomp 1 MHz
Kvco 6.6 MHz/V
Target Phase Noise at 10kHz -90 dBc/Hz
TA +25 °C

Loop Filter Design 2

After measuring phase noise with the modified VCO and loop filter, a second loop filter was evaluated. This filter was
designed for a narrower loop bandwidth with a 9kHz unity gain frequency, 53° phase margin, and 425pA charge pump
current. The values are shown in Table 4.

Table 4. Loop Filter #2

Reference Designator |Filter Value

C30 1nF
R23 3.9kQ
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C29 10nF
R10 0Q
Chil Open

The phase noise was measured and the results are shown in Figure 3 and Figure 4.
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Figure 3. 100MHz LO signal at LO buffer output Icp = 425pA, HP8561E.
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Figure 4. Phase noise of 100MHz LO signal, HP8561E.

Finally, a 210upA charge pump current was selected to further reduce the loop bandwidth. This resulted in much improved
phase noise at 10kHz offset at the expense of tuning speed. This loop has a unity gain frequency of 5kHz and still has very

good phase margin of 44°. The final results are shown in Figure 5 and Figure 6.
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Figure 5. 100MHz LO signal at LO buffer output Icp = 210uA, HP8561E.
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18 dB~ SFPOT FRO = 18. 8 kH=z
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Figure 6. Phase noise of 100MHz LO signal, HP8561E.

Page 6 of 10



CHARGE

FUME LOGP FILIER c4ﬁr:-1-_.F VCCA

COMA
DIFF

R1Z
10K

] DATHA

<_1EW

lput— a2 @7

3o o0 L Mt 3
C29 nF Ci4
= oFER §23 1 oo I_ = ToF D Ouf
- 3.9K = = .
§ Ri | _I q # -
0 ohm - B
VCCD T HeED D E: L( wi:a
b—"\fﬂmv'\,— 4 g § S EEE E I
2 B S, O
L AN arin
L £t noi- “:'?m couas |20
R3 e BFER coua- Ha
4 our yoo HE
2?F & wEEl WECD 17
£ g Ty & R
v C D REF JEN |16
co1 glﬁ _ E + L3
39977 § 02 Tl 8538883
gnrg R4 1nx j FEE
OPEN
2?pF
03
LOCK
VCE ; BOFEN C—— c2z | 1
- Qout- -
' RRe U T Tess
E p— O1F L cn
LOuF 1 I uF
R24 VCO pot ?—
10K Ext I'I”:U p— i b
- ¢35 OF =
OPEN _L_
N N Qout+
Lo_out{ & 1 D
0 ohm
— J3 c10 I3
FREF —
JOuF
EAON [ -
L mae
lout+ J18 @7
RiI- [

] CLK

Figure 7. The MAX2309 Evaluation Board, 100MHz LO, Phase-noise optimized.
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Figure 8. The MAX2309 Evaluation board.
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Figure 9. The MAX2309 Evaluation board (cont.).

Conclusion
The MAX2309 is capable of achieving approximately -90dBc/Hz phase noise at 10kHz offset. While quite dependent on the

reference oscillator spectral purity, loop filter design, and charge pump current, the end result is ultimately achievable once
optimized.

Related Parts

MAX2309 CDMA IF VGAs and I/Q Demodulators with VCO and Synthesizer Free Samples

More Information

Page 9 of 10


http://www.maximintegrated.com/datasheet/index.mvp/id/2546
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX2309
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