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Why Linearity So Important ?
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Linearity Metrics

2 1dB compression:

Measure gain compression
for large input signal

J IP3/1IP2:

Relationships between 1IP3 and P1dB
J For one tone test: 1IP3-P1dB=10dB
] For two tone test: IIP3-P1dB=15dB

Measure inter-modulation
behavior

} Fout (dB) ,
Puws@output 1——————————— ';/i’ =

P., (dB)

Piase@input

’ i
/! 1/
OIP2 [--=mmmmmmmmmmmmmmmeoon ot
/ 4l
/ 2 h
|

OIP3

M2 |
i P, (dBm)
1IP3  1IP2 -




Non-linearity Terms of MOS Device
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Non-Linearity Analysis of Conventional
Inductive Degenerated LNA

=

-—_——————

03\ Negative
J.s/ Positive
N

IIP3 20, —
© R H( mw Je(ao.20)
g(Aa),Za))=93 goB(Aa),Za)) ‘gsu
1= = 1IP3T
oulbozo)2ul 2o L] [0
3 gm+g(Aa)) gm+g(2a)) The absolute value of these two

g() is a function of Z1. 72 and 73 quantities should be kept small in
’ order to achieve high linearity.
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Review of Multl-Gated-Transistor

LInearization

Original Configuration:
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Proposed Method: Hybrid LNA

) MOS in weak inversion has speed problem

 MOS transistor in weak inversion acts like bipolar
] Bipolar available in TSMC 0.18 technology (not a parasitic BJT)

) Why not using that bipolar transistor to improve linearity ?
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Linearity Analysis of the BJT

Weak memory effect

0.20

015 |

0.10 *

0.05

3rd order coefficient

3

1 g E

— m -0.10 |

gB,bjt - 61 2 5 (1_ngre) i
Q(1+gmre) _015 [T T T IS T T I T N N T N N T TS S R T N MR !

0.60 065 0.70 0.75 080 0.85 090 0.95 1.00

Bias voltage (V)

) Bipolar is more non-linear than MOS

] Degeneration used to match the 3" order non-linear term of MOST



3'd Order Cancellation Effect
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) MOS and BJT biased separately

IMOS in moderate inversion, BJT in active region

The Goal!



Effects on Input Impedance Matching

and Noise

1 BJT biased at low current: 320uA
1 BJT noise contribution: 2.4%
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Device Noise ratio
Source Resistance 60%
MOS Transistor 14%
Bipolar Transistor 2.4%
Other 23.6%

C_ shifts the matching point to
a lower frequency

J, moves the impedance away
from the intended value
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Biasing Temperature Profile
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1 MOS biased by constant-gm
1 BJT biased by a PTAT circuit
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Experimental Results of the Proposed
Linearized LNA
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Extend to a Differential Version

IP3(20, — w,)= 1 5
] Single-ended suffers from small 1IP2 6R, - [H(@) |Alw) [s(Aw.20)
O Out-of-band termination e(Aw,20)= g, — 0, (Aw,20)
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7T Vman=0.74Y non-linearity as MOS
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Auxilliary gate bias, Vaux (V) pair will help
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Extend to a Differential Version

VDD
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) BJT pair contributes 15% of noise
) Larger noise figure: 3.4 dB

) Larger current dissipation: 10mA
] Better reverse isolation: 25 dB

] No need out-of-band termination

IM2 (MA/V/2)

IM3 (A/V/3)

-120 T T T T T T T
-300 -220 -140 -60 20 100 180 260

120

(Cont'd)

80

40 |

0

.40 4+

-80 4

Extended flatness
for small IM2

-~
-~
~

______

1.20

0.80 +

0.40 +

0.00 +

-0.40 |

-0.80 +

-1.20 +

-1.60

Input voltage (mV)

BJT+NMOS

-300 -200 -100 0 100 200 300

Input voltage (mV)

14



Experimental Results of the Proposed
Differential LNA
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IM3 Cancellation Demo

Measurement setup
Measurement video clip shows the IM3 cancellation effect of BJT
differential pair in the differential LNA.
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Comparison Table

Frequency Gain NF 1IP3 Pd FOM
GHz dB dB dBm mwW
S'”g'?i‘]e”ded 0.9 10 2.85 15.6 21.1 185
Single-ended 2.7 6.4 2.1 145 8.9 22.8
[proposed]
Differential
0.9 5 2.8 18 45 4.9
2]
Differential
2.5 10 3.4 12.3 19.8 7.2
[proposed]
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Conclusions

1 Hybrid: Bipolar linearizes MOST
1 Differential structure: no degradation on [IP2
] Better trade-offs between design parameters

1 Good figure of merit
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