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An All-Digital Frequency Synthesizer with Statistic TDC

Time-to-Digital
Converter

DCO

REF

Ratio

FREF

Integer
Counter

Fractional
Counter

1-Z-1

＋

TDC

FOUT
Output

refvco

ref vco

Tf
Ratio

f T
 

     11 1I F

Ratio Integer Part Fractional Part

C n z C n

 

   

TDC Design

DCO

REF[1]

REF[2]

REF[m]

1TREF 2TREF nTREF

N N+1 N+1

N+1 N N

N N+1 N+1

n

m  

Matrix 

m × n

DCO
Edges

REF [1:m]
Sample 
points

1 2 N N+1 N+2

TΔ 

TDCO - TΔ TΔ 

 
1

1
ˆ  

M

I

i

Ratio C i r
M 

 DCO

REF[1]

REF[2]

REF[m]

1TREF 2TREF nTREF

N N+1 N+1

N+1 N N

N N+1 N+1

n

m  

Matrix 

m × n

DCO

REF [1:m]

1 2 N N+1 N+2

TΔ 

Statistic TDC

 Digital
Loop Filter

Locking Stage Controller (LSC)

÷ 4 

PVT
ACQ
TRK

ΣΔ 
Thermometer

Encoder

FCW

Normalization

Phase
Error

DCO
Tuning
Word

+

-

Statistic 
TDC REF

DCO

 Retiming
Circuit

FCW
LUT

DLF
Out

Select
m , n 

Stage
4 

21 

21 

22 

3 Stage 3 

5 

10

16

8

3

32 

Proposed ADPLL

650 mm

6
0

0
 m

m

MODE

RST GND DVDD GVDD GND

GND

FCW[0]

FCW[1]

FCW[2]

FCW[3]

CTRL_EN

DVDD REF GND GND AVDD

GND

DCO

GND

Chip & PCB


