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Motivation

B Full-band (3.1-10.6 GHz) UWB receivers are
desired

B Typical requirements for UWB LNAs:
OS,,<-10 dB
O S, (voltage gain)>10 dB
O NF<4 dB

B Previous wideband CMOS LNAs require:

O High power consumption (about 10 m\W)
O High supply voltage (more than 1.2 V)
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Objective
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Pros & Cons

B Pros:

O Low power consumption (2.5 m\W)
O Low voltage operation (1.0 V)
B Cons:
O Gain variation (3.8 dB across 3.1-10.6 GHz)
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Transformer Noise-Canceling LNA

VDD
B The transformer partly cancels  Ls
the noise of M, and R, R
HL Id ideband input L OUT
, provides wideband inpu Bias o
impedance matching -—||: M| L,
B Low-power and low-voltage  IN

operation L, %.‘}
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Noise Cancellation Mechanism (1)
VDD

. ing flows through Lg and R, and | V' Induced
generates v, Ls e /¥

. Ing flows into L, and Ry

. The transformer detects i,

and induces V',

4

The transformer reduces
the effect of i 4




Noise Cancellation Mechanism (2)

. The noise current due to v, g,
flows from L, into Z;

. The transformer induces V', g,

. M, detects V', g, and drains
the noise current to the input

4

The transformer reduces
the effect of v g

iﬁduced

——————__
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Optimization of Turns Ratio

k=1, v=2.0,
f=7.2 GHz

0.0 0.5 1.0 1.5 2.0
Turns ratio n

n=1 provides the best noise performance
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Wideband Impedance Matching

6 8 10 12
Frequency [GHZz]

_I_1 resonates with output parasitic capacitors,
and increases the input bandwidth




Schematic of Designed LNA

1.0V 10V
4.0 nH ,1 2.5 mA l 3.5 mA
20 © OuT
1908 = 3501 3.3pF
520 mv T~ 00—l [, dum
- 4x10 pm 10k | 0.10 um
IN 0.10 um =
(30 mS) Buffer
40nHS® 940 mV
= 90 nm digital CMOS process
LNA
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Layout of Transformer

-— Primary inductor

(grey line, top pad metal)
Width: 3 um
Spacing: 2 um

‘ Secondary inductor

(yellow line, metal 6)
Width: 2 um
Spacing: 3 um

From HFSS,
Lp=LS=4.O nH, k=0.9

A small Chlp area and large coupling factor @



Mlcrophotograph

Technology:
90 nm 1P-6M
digital CMOS

Chip area:
0.12 mm?

Input and output
pads are not
ESD protected
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Measured and Simulated S,

= Measured
Simulated

2 4 6 38 10 12
Frequency [GHZ]

Measured S,<-10 dB across 3.1-10.6 GHz
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Measured and Simulated S,
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Measured S,,>9.3 dB across 3.1-10.6 GHz
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Measured and Simulated NF

55 bl B DL R R B | ]
+ @ Measured . :

50 T Simulated (y=2.0) ,
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Frequency [GHZ]
Measured NF<4.4 dB across 3.1-10.6 GHz
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Performance Summary

BW* | NF | S,1 | lIP; JSupply]Power] Area
Process
[GHZz] | [dB] | [dB]}[dBm]] [V] [mMW] | [mm?]

3.1-
This | 90 nm 3.8—-
>9.3]>-9.3
work| CMOS 4.4

* BW is defined as the input bandwidth

D))



Noise Figure Comparison
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This LNA achieves a comparable NF with the

lowest power consumption and supply voltage
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Summary

B The transformer partly cancels the noise of the
common-gate transistor and load resistor

B The output series inductor increases the input
bandwidth

BS,.<-10dB, S,,>9.3 dB, NF<4.4 dB across 3.1-
10.6 GHz with 2.5 mW from 1.0 V supply

The proposed LNA is the most suitable for
low-power and low-voltage UWB CMOS LNAs
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Figure of Merit
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Noise Cancellation Mechanism (1)

\Y
1. i.4 flows through Lg and R, | ” ZD_
N :"-_..-_
generating v, L e ¥
. Vo, W
2. 4 also flows through L, R gl \N
L
producing v, | -
3. The transformer induces V', »] ! iOUT
nd

4

The transformer reduces R
the effect of i >




S 12 Sy [AB]

Measured S12 and 822
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Frequency [GHZ]

Measured S,<-34 dB and S,,<-10 dB
across 3.1-10.6 GHz
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Measured Group Delay
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Measured group delay variation: 60 ps
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Measured IIP; and IIP,

5-
. e |IP
| 2
c OF o
EOf e
E !
&N _5- . o O n
a”-10f
151 T ———
2 3 4 S 6 I

Frequency [GHZ]

Measured |IP;>-9.3 dBm and [IP,>-6.3 dBm
across 3.0-6.0 GHz
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2 4 6 8

Calculated Input Admittance

with L,
- - -without L,

10 12
Frequency [GHZ]

Additional

resonances
i \

L, provides additional resonances at high frequencies

—— with L,
- - without L.
"4 6 8 10 12 14
Frequency [GHZ]
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Simulated Effect of C_ on NF
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The parasitic capacitance between L, and L
increases NF by 0.2 dB
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Slmulated Effect of C_on 811
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The parasitic capacitance between L, and L

has a small effect on S,
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Noise Figure Measurement
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Probe Station
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