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Radar Receiver Context

• Challenges of the radar receiver :
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• Inversion Coefficient (IC) = measure of 
the inversion level in the channel

‒ Bias condition

‒ Technology

‒ Transistor size

• With :

Charge based model

𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 = 2𝑛𝜇𝑛𝐶𝑜𝑥𝑈𝑇
2

𝑈𝑇 = kT/q
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𝐼𝐷 = 𝐼𝐶. 𝐼𝑠𝑝𝑒𝑐 = 𝐼𝐶 . 𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 .
𝑊

𝐿



Technological parameters (extracted once)

Active Passive Noise

𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 , 𝜆𝑐
𝑛, 𝜎𝑑

𝐶 𝑔𝑠+𝑔𝑏 𝑠𝑞
, 𝐶 𝑔𝑠+𝑔𝑏 𝑙

𝐶𝑔𝑑𝑙 , 𝐶𝑔𝑑𝑠𝑞 , 𝐶𝑏𝑑𝑙

𝛼𝛾𝑛 (short channel)

𝛾𝑛 (long channel) 

Small Signal Model

‒ 𝑔𝑚(𝐼𝐶,𝑊, 𝐿, 𝑡𝑒𝑐ℎ𝑛𝑜)

‒ 𝑔𝑑𝑠(𝐼𝐶,𝑊, 𝐿, 𝑡𝑒𝑐ℎ𝑛𝑜)

7
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𝐼𝑛𝐷
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𝐷𝐺
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Small Signal Model

‒ 𝑔𝑚(𝐼𝐶,𝑊, 𝐿, 𝑡𝑒𝑐ℎ𝑛𝑜)

‒ 𝑔𝑑𝑠(𝐼𝐶,𝑊, 𝐿, 𝑡𝑒𝑐ℎ𝑛𝑜)
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Design parameters

W, L (transistor size)

IC (bias condition)

Only 3 !!
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Model Validation
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TIA Topology

• General TIA structure : Shunt-shunt amplifier

𝐼𝑖𝑛
𝐴0

𝑅𝑓𝑏

11



TIA Topology

• General TIA structure : Shunt-shunt amplifier
‒ Current reuse with Rfb

𝑉𝐷𝐷
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𝑀𝑐𝑚 𝑀𝑐𝑚

𝑀𝑝 𝑀𝑝

𝑀𝑛𝑀𝑛

RL//𝐶𝐿

+ +− −
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TIA Topology

• General TIA structure : Shunt-shunt amplifier
‒ Current reuse with Rfb

‒ Differential

‒ Common mode feedback compensation

𝑉𝐷𝐷

𝐼𝑖𝑛 𝐼𝑖𝑛

𝑉𝑜𝑢𝑡
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TIA Circuit Analysis

• 𝐴0 = 𝑔𝑚,𝑒𝑞 . 𝑍𝑜𝑢𝑡

• 𝑍𝑜𝑢𝑡 =
1

𝑔𝑑𝑠,𝑒𝑞+𝑗𝜔 𝐶𝑏𝑑,𝑒𝑞+𝐶𝐿 +
1

𝑅𝐿
+

1

𝑅𝐹𝑏

• 𝑅𝑇 = −(𝑅𝐹𝑏//𝑗𝜔𝐶𝑔𝑑,𝑒𝑞)
𝐴0

1+𝐴0

• 𝑖𝑛,𝑖𝑛
2 =

𝑣𝑛,𝑜𝑢𝑡
2

𝐴0
2.𝑍𝐼𝑁

2 =
4𝑘𝑇 𝛾𝑛𝑔𝑚,𝑒𝑞+

1

𝑅𝐹𝑏
.𝑍𝑜𝑢𝑡
2

𝐴0
2.𝑍𝐼𝑁

2

𝑋𝑒𝑞 = 𝑋𝑛 + 𝑋𝑝

𝑉𝐷𝐷

𝐼𝑖𝑛 𝐼𝑖𝑛

𝑉𝑜𝑢𝑡
𝑅𝑓𝑏𝑅𝑓𝑏

𝑀𝑐𝑚 𝑀𝑐𝑚

𝑀𝑝 𝑀𝑝

𝑀𝑛𝑀𝑛

RL//𝐶𝐿

+ +− −

12

• 𝑅𝐼𝑁 = 𝑅𝐹𝑏 .
1

1+𝐴0

𝐴0 ≫ 1

𝑅𝐼𝑁 ≪ 𝑅𝐹𝑏

𝑅𝑇 ≈ 𝑅𝐹𝑏

Few % of total noise
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• 𝑅𝐼𝑁 = 𝑅𝐹𝑏 .
1

1+𝐴0

𝐴0 ≫ 1

𝑅𝐼𝑁 ≪ 𝑅𝐹𝑏

𝑅𝑇 ≈ 𝑅𝐹𝑏

Few % of total noise

𝑔𝑚𝑛
𝐼𝐶𝑛, 𝐿𝑛,𝑊𝑛 , 𝑔𝑚𝑝

𝐼𝐶𝑝, 𝐿𝑝,𝑊𝑝 …

Only 3 design variables :
𝐼𝐶𝑛, 𝐿𝑛,𝑊𝑛

Additionnal

circuit analysis
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• 𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 , 𝜆𝑐, 𝐶𝑔𝑑𝑙 , 𝐶(𝑔𝑠+𝑔𝑏)𝑠𝑞
, 𝐼𝑛𝐷
2 …

• 𝐴0 𝐼𝐶𝑛, 𝐿𝑛, … , 𝑅𝑇 𝐼𝐶𝑛 , 𝐿𝑛, … , …
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• Simulated characteristics vs IC and W:
1. Specs on 𝑅𝐼𝑁 < 100 Ω and 𝑅𝑇 (> 1,5 𝑘Ω): 

Exploring the Design Space

10−2

100

102

102

IC

W (um) W (um)

𝑹𝑰𝑵(𝜴) 𝑹𝑻(𝜴)

102 103 103

10−1

101

102 103

W (um)

𝑨𝟎(𝒅𝑩)

15

1 1

𝐴0 > 25 𝑑𝐵

1

1



Exploring the Design Space

• Voltage gain vs IC and L :

• 𝐴0 trade-offs :
1. Target value of min. 25 dB.

L (nm)
16

200 600 1000

1

10−2

100

102

IC

101

10−1

𝑨𝟎(𝒅𝑩)

1



Exploring the Design Space

• Voltage gain vs IC and L :
2. Limit IC to avoid excessive current consumption.

200 600 1000
10−2

100

102

IC

L (nm)

𝑨𝟎(𝒅𝑩)

1

16

200 600 1000

L (nm)

101

10−1

2 2

𝑰𝑫,𝒕𝒐𝒕(𝒎𝑨)

10−2

100

102

IC

101

10−1

2



Exploring the Design Space

• Voltage gain vs IC and L :

• 𝐴0 trade-off :
1. Target value of min. 25 dB.

2. Limit IC to avoid excessive current
consumption.

3. L high enough to avoid excessive 
flicker noise.
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Exploring the Design Space

• Voltage gain vs IC and L :

• 𝐴0 trade-off :
1. Target value of min. 25 dB.

2. Limit IC to avoid excessive current
consumption.

3. L high enough to avoid excessive 
flicker noise.

4. Minimum L to limit size.

16

200 600 1000

IC

L (nm)

𝑨𝟎(𝒅𝑩)

1

2

3

4

10−2

100

102

101

10−1

1

4

1

2

3



Exploring the Design Space

• Simulated characteristics vs IC and L :
‒ Noise comply with the specification.

200 600 1000 200 600 1000
L(nm) L(nm)

𝑨𝟎(𝒅𝑩) 𝑰𝒏,𝒊𝒏(𝑨
𝟐/𝑯𝒛)

17
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102
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• 𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 , 𝜆𝑐, 𝐶𝑔𝑑𝑙 , 𝐶(𝑔𝑠+𝑔𝑏)𝑠𝑞
, 𝐼𝑛𝐷
2 …

• 𝐴0 𝐼𝐶𝑛, 𝐿𝑛, … , 𝑅𝑇 𝐼𝐶𝑛 , 𝐿𝑛, … , …

• 𝐼𝐶𝑛 = 2, 𝐿𝑛 = 480 𝑛𝑚,𝑊𝑛 = 1𝑚𝑚…

18
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Post-Layout Simulations

Frequency (Hz)

106 107 108 106 107 108

80

60

40

60

40

20 0

0,5

1

1,5

100

60

20

Frequency (Hz)

𝑨𝟎
(𝒅𝑩𝒗)

𝑰𝒏,𝒊𝒏
(𝒚𝑨𝟐/𝑯𝒛)

𝑹𝑻

(𝒅𝑩𝜴)
𝑰𝟏𝒅𝑩
(𝒎𝑨)

Typ. 50 °C

Worst 150 °C

20
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Post-Layout Simulations
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Model vs Simulations

Model Post-Layout Simulations Specifications

𝐴0 (𝑑𝐵𝑣) 36 33.8

𝑅𝑇(𝑑𝐵Ω) 65 65.1 63.5

𝐵𝑊 (𝑀𝐻𝑧) N/A 80 50

𝑅𝐼𝑁 (Ω) 56 74 < 100

𝐼𝑛,𝑖𝑛(𝑦𝐴
2. 𝐻𝑧−1) 20 53/17* < 100

𝐴0,𝑐𝑚(𝑑𝐵𝑣) 6 6.2 N/A

𝑉𝐷𝐷 (𝑉) N/A 1.8 1,8

𝐼𝐷𝐶 (𝑚𝐴) N/A 7.4 10

*@ 1 MHz/@ 10 MHz
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Design Method

Technology
Extraction

Circuit analysis

Design space

PLS

• 𝐼𝑠𝑝𝑒𝑐_𝑠𝑞 , 𝜆𝑐, 𝐶𝑔𝑑𝑙 , 𝐶(𝑔𝑠+𝑔𝑏)𝑠𝑞
, 𝐼𝑛𝐷
2 …

• 𝐴0 𝐼𝐶𝑛, 𝐿𝑛, … , 𝑅𝑇 𝐼𝐶𝑛 , 𝐿𝑛, … , …

• 𝐼𝐶𝑛 = 2, 𝐿𝑛 = 480 𝑛𝑚,𝑊𝑛 = 1𝑚𝑚…

• Method validation and final design !
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Outline

Conclusion

Post-Layout Simulations

Inversion Coefficient Model

Circuit Analysis

General Context

Design Space Exploration 

23



Conclusion

• TIA designed for automotive radar applications.

• TIA design method highlights the topology trade-offs.

• Design method covers all inversion zones.

• Design method can be used to compare topologies or technologies.
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