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Outline
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⚫ Motivation

⚫ Proposed 8th-Order Transformer-Based ILFDs

⚫ Measurement results

⚫ Conclusion
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Design Challenges for Mm-Wave ILFDs 
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Europe

24.5-27.5GHz

57-66GHz

China

24.75-27.5GHz

40.5-43.5GHz

South Korea

25.7-29.5GHz

37GHz

57-66GHz

Japan

26.6-29.5GHz

39-43.5GHz

57-66GHz

[5G spectrum innovation and globe update, Qualcomm, Dec. 2020]

Licensed

Unlicensed

United States

24.25-24.45GHz

24.75-25.25GHz

27.5-28.35GHz

37-40GHz

47.2-48.2GHz

57-71GHz

>95GHz

⚫ Different FR2 bands and WiGig bands are adopted by various countries/regions

⚫ Wideband/multiband 5G systems for international/cross-network roaming
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Design Targets
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[B. Razavi, JSSC’04]

⚫ Avoid tuning (calibration) mechanism

– No varactor

– No switch capacitor array

– No digital calibration circuit
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Locking Range Improvement Methods
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Locking Range Improvement Methods
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Locking Range Improvement Methods
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Large locking range but still cannot support 

the multiband operation

Low power consumption

Hard to be increased in mm-wave frequency
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Locking Range Improvement Methods
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Transformer-Based Resonator
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Locking range cannot support the FR2 and WiGig band Simultaneously

Operate from 27.9 to 53.5 GHz (62.9%) and from 32.3 to 61.9 GHz (62.7%)
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8th-Order Transformer-Based Resonator
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Ultra-wide locking range that can support the FR2 

and WiGig band simultaneously

Low power consumption (High FoM) 

Small chip area

Without tuning (calibration) mechanism
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8th-Order Transformer-Based Resonator
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Magnitude and Phase Response
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⚫ The inductive reactance XL2 of L2 has to compensate for two capacitive reactances: 

part of XC1 and the whole XC2 of C1 and C2



Workshop on IC Advances in China (ICAC) 2022

8th-Order Transformer-Based Resonator
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⚫ Locking range: blue curve > red curve (1.8x)

⚫ Loading: red curve is more balanced

⚫ Simulated magnitude and phase curves 
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8th-Order Transformer-Based Resonator

14

20 40 60 80 100 120
0

100

200

300

400

500

M
a
g

n
it

u
d

e
 (

O
h

m
)

Frequency (GHz)

LC-type

4
th

-order

6
th

-order

8
th

-order

10
th

-order

ϕmax

20 40 60 80 100 120
-100

-80

-60

-40

-20

0

20

40

60

P
h

a
s

e
 (

d
e
g

re
e

)

Frequency (GHz)

8
th

-order 

Locking Range

10
th

-order 

Locking Range

6
th

-order 

Locking Range

4
th

-order 

Locking Range

LC-type 

Locking Range

⚫ Simulated magnitude and phase curves of different resonators

⚫ The same total tank Q

⚫ The phase response of the 10th-order resonator decreases faster 

⚫ Locking range: 8th-order > 10th-order > 6th-order > 4th-order > LC-type  
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8th-Order Transformer-Based Resonator
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⚫ The same total tank Q, and the same power consumption

⚫ Locking range: 

8th-order > 10th-order (1.1x) > 6th-order (1.5x) > 4th-order (1.9x) > LC-type (5.6x) 

⚫ Simulated the locking range of these five resonators 
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Circuit Implementation and Chip Photo
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⚫ 40nm CMOS Process

⚫ Chip #1: Wide locking range

⚫ Chip #2: High FoM

⚫ Chip #3: Class-C structure
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Measured Locking Range
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⚫ Input sensitivity curve

– Chip #1: 28.8 to 91.9 GHz locking range (104.5%) under -4 dBm input power and 0.9 V power supply

– Chip #2: 31 to 72 GHz locking range (79.6%) under 0 dBm injection power and 0.5 V power supply

– Chip #3: 20 to 67.8 GHz locking range (108.9%) under 0 dBm input power and 0.9 V power supply
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Measured Phase Noise
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⚫ Phase noise difference (1MHz offset)

– Phase noise difference is around 6 dB

– Close to the theoretical value 20logN (N=2)

25 30 35 40 45 50

-130

-125

-120

-115

-110

 Input phase noise

 Output phase noise

 Phase noise difference

Frequency (GHz)
P

N
 @

 1
M

H
z
 (

d
B

c
/H

z
)

4

6

8

10

12

14

16

18

20

 P
N

 D
if

fe
re

n
c
e
 (

d
B

)

20 25 30 35 40 45 50
-140

-135

-130

-125

-120

-115

-110

Frequency (GHz)

P
N

 @
 1

M
H

z
 (

d
B

c
/H

z
)

 Input phase noise

 Output phase noise

 Phase noise difference

4

6

8

10

12

14

16

18

20

 P
N

 D
if

fe
re

n
c
e
 (

d
B

)

30 40 50 60 70 80 90

-128

-124

-120

-116

-112

-108
 Input phase noise

 Output phase noise

 Phase noise difference

Frequency (GHz)

P
N

 @
 1

M
H

z
 (

d
B

c
/H

z
)

4

6

8

10

12

14

16

18

20

 P
N

 D
if

fe
re

n
c
e
 (

d
B

)

Chip #1 Chip #2 Chip #3



Workshop on IC Advances in China (ICAC) 2022

Performance Comparison
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Process Topology

Supply 

Voltage 

(V)

Operation 

Frequency (GHz)

Locking Range 

(GHz)

Input 

Power 

(dBm)

PN Diff. 

(dBc/Hz)
Power 

(mW)

Core 

Area 

(mm2)

FoM$

(GHz/mW)
100k 1M

This work #1

40nm 8th-Order Transformer-Based

0.9 28.8-91.9 63.1 (104.5%) -4 6 6 5.8
0.02

10.9

0.6 38-88 50 (79.4%) -4 6 6 2.2 22.7

This work #2
0.7 21.8-72 50.2 (107%) 0 6 6 3.84

0.027
13.1

0.5 31-72 41 (79.6%) 0 6 6 1.54 26.6

This work #3 0.9 20-67.8 47.8 (108.9%) 0 6 6 4.9 0.02 9.8

JSSC’17 65nm
Dynamic Latch

(Divide-by-4)
1 16-67** 51 (122.2%) -10 12 12 6.2-8.7 0.00312 5.87

JSSC’17
130nm 

SiGe

Distributed Injection 

Locking
1.15

35-44

41-59.5

9 (22.8%)

18.5 (36.8%)
0 6 0# 3.8 0.046

2.4

4.9

JSSC’13 65nm Frequency Tracking 0.8 53.4-79.4 26 (39.2%) 0 6# 6# 2.9 0.126 8.97

TCASI’16 65nm Transformer-Distribution 1.2 58-77.8 19.8 (29.2%) 0 6 6 1.44 0.013 13.8

TMTT’17 90nm
Inductive Peaking and 

Forward-Body-Bias
0.6 12-32 20 (90%) 0 N/A N/A 2.4 0.45* 8.3

TMTT’18 90nm
Split Transformer-Coupled 

Oscillator
0.7 71.5-97 21.9 (25.4%) 0 6 N/A 2.45 0.026 8.9

JSSC’18 65nm 4th-Order Transformer-Based 0.42 32.3-61.9 29.6 (62.7%) 0 6 6 1.2 0.07 24.7

* The overall chip size.
# Captured from the measurement phase noise figure.
$ FoM = locking range/power consumption (GHz/mW).
** The locking range is achieved by tuning mechanism, and the maximum frequency is limited by the available instrument.
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FoM Comparison
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Conclusions
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• Three ultra-wide locking range ILFDs are proposed

– 8th-order transformer-based resonator improves locking range

– Inductive peaking achieves low power consumption 

–Without tuning (calibration) mechanism

• ILFDs Prototype in 40nm CMOS

– State-of-the-Art locking range (63.1 GHz)

– State-of-the-Art FoM (26.6 GHz/mW)
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南方科技大学通信集成电路与系统实验室
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南科大微电子学院潘权团队

邮箱：panq@sustech.edu.cn

团队主页：https://faculty.sustech.edu.cn/panq


