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Introduction

» Good quantization noise requires a small unit delay time in TDC
line. A large number of cells of TDC are required considering an wide
cover range (period of reference clock).

» Only a small number of TDC cells will be used when the loop
(structure.l) is in the locked state. The rest of the cells are used only at
acquisition. The shortest-delay cells, resulting in the highest time
resolution, are used only in the first part.

» A 5GHz ADPLL based on the uneven-cell TDC is implemented
using 90-nm CMOS.
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Circuit Description
Loop Architecuture
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Circuit Description
Uneven-Delay-Cell Time to Digital Converter
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Circuit Description
Uneven-Delay-Cell Time to Digital Converter
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Circuit Description
TSPC Phase and Frequency Detector
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Circuit Description

Digitally-Controlled Oscillator with Sigma-Delta Fractional Modulator
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Circuit Description

Digital Loop Filter
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Circuit Description

Tuning Bank Controller
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Measurement Results
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Measurement Results
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Measurement Results
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Measurement Results

RBW 30 kH=z RF Att 10 dB
Ref Lvl VBW 30 kHz
0 dBm SWT 4.5 s Unit dBm
8]
A
-10
-20
-30
-40
-50
-B60
-20
-70
40k
-80
L. -60
il
S
-100
Center 2.8 GH=z 1680 MH=z.~ Span 1.6 EH;zg
ate: 3.MAR.2003 14:51:186 o
[i4]
2 -100
2
Measured spectrum
~120

-140+4

L K 3482008 .y a,::'wuus
Y.-282 f V:.29.49
.
wll®

"R 307e+008

L ogdramnseos kR,
Y31 b

2 4 6 8 10 12
Frequency (Hz)

Simulated AX modulator Noise PSD

x 10

2010-9-27

Department of Electrical and Information Technology

15

g8



A 90-nm CMOS All Digital Phase-Locked Loop

Measurement Results

[17] [6] [9] [18] This Work
Technology (nm) 65 130 130 130 90
Reference Frequency (MHz) 25 50 26 185.5 322
Carrier (GHz) 3 3.67 3.6 2.2 5.16/2
Phase Noise (dBc/Hz@400kHz) -101 -108 -117 -100 -115
Phase Noise (dBc/Hz @20MHZz) NA -150 -152 NA -152
Power Consumption <10mWwW 46.7 mW 40mA 14 mW 36mwW
Active Area (mm?) 0.4 0.95 0.86 0.7 0.33

Performance comparison
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Fractional-N ADPLL modification
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Conclusion

» An uneven-cell TDC based all-digital PLL is designed to reduce the
design complexity without sacrificing phase noise performance.

» The loop works self-adaptively thanks to an automatic tuning bank
controller which tunes three DCO tuning banks one by one.

» A 1-bit truncation in the loop filter makes the ADPLL achieve a
type-I noise characteristic, and track the reference like a type-11 PLL.

» The work can also be improved to be a fraction-N ADPLL using a
fractional divider.
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