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Highly integrated, low power solution

Low Power

UMTS
Receiver

Low Cost

-117dBm

Few External Components

Direct conversion, adjacent channel Low-IF

1

Both suffer from peculiar problems as 1/f noise and

second order inter-modulation distortion
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UMTS Terrestrial Radio Access

Direct Sequence Spread Spectrum

Spreading
bit rate

* Duplexing:
Uplink:

Downlink:
» Variable Bit Rate:
» Chip Rate:
* Modulation:

De-spreading

FDD (full duplex)
1920-1980MHz

2110-2170MHz
8 / 384 kbps
3.84Mcps
QPSK




Out-of-band Blocking

TX Signal -30dBm Blockers at
(24dBm, Class Ill PA) LNA input

Out-of-band
-15dBm blockers -15dBm -50dBm 4/

-52dBm

-30dBm / \ -30dBm

-55dBm

-44dBm  -44dBm I
-114dBm
117dBm

__/-_

2025MHz 4 2095MHz 2185MHz 2255MHz f B

2050MHz 2230MHz Duplexer @
Recelved Signal TX leakage

Transmitter leakage (-30dBm) dominates out-
of-band blockers and determines out-of-band
lIP3 and IIP2 requirements.




Sensitivity test

Tests conditions Processing Gain

. Bit Rate 12.2kbps}_. g -ChipRate_,_
_ P BitRate

. Chip Rate (B) 3.84MHz

. BER 10-3 > Eb/NO=7dB

* Minimum Signal -117dBm

Noise Floor = Min. Signal — SNRya 06 = -99dBm




Desensitization due to TX leakage

Noise floor TX 2™ Order

Received signal Inter-modulation

-117dBm Thermal noise /
TX reciprocal
. il mixing due to
phase noise

3.84MHz

TX leakage Receiver LO

P..=-30dBm TX Ieakage
TX - 30dBm spectrum
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lIP3: basic concept

Interferers Interferers

ay y(t) = i
a, x(t) + ax3(t)

%' 730, W BB HA e

Desired signal Desired signal

Output
power

A

Third order intercept point

First order
Ip3=2i8 1
3la,R.

» |Input power




Out of band IIP3 Requirements

blocker
-30dBm

(-40dBm) px signal

-1 14dBm

1985 to 21 10 to
2045MHz  2170MHz

Duplexer
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(antenna referred)
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In band IIP3 Requirements

In band blockers
-46dBm

RX signal

-114dBm z]_
\_/

fo Duplexer
(from 2110

to
o 2170MHz)

I IP3 in-band:'17d B m

(antenna referred)




Recelver Reguirements

Access Technique

DS-CDMA

Sensitivity

-117dBm

Channel Bandwidth

3.84MHz

Max Signal Level

-25dBm

Bit Rate

8/384 kbps

Modulation

QPSK

Eb/Nt = 7dB

Processing Gain

250B

N+l =-99dBm

Receiver specs

!

NF

< 6dB

PN@ 135MHz

< -150dBc/Hz

IP3 out of band

> -6.4dBm

Receiver

Specifications

[IP3 in band

> -18.8dBm

[IP2

> 46dBm
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Adjacent Channel Low-IF Architecture

| Received Signal
BT =8 114dBm  -44dBm

i o e 52dBm

(1o 2 o 3

< —o0 Q
VGA1 Low VGA2 ADC 5MHz f
Pass

RF section -103dBm

: : Adjacent
Gain Noise IP3 Channels

LNA | 16dB | 2.5dBNE | -1dBm II 52dBm

Mixer | 12dB | 3.5nV/YHz | 8dBm

o )
* 10 bit A/D converter fy 5lVIHzf +5MHz

e 6° order Butterworth LP filter
\_ Y,

Image Rejection 33dB




Direct Conversion

X1 >IN =X
LOI VGAL T VGA2 ADC
0_ Pass
i
L0
X >IN 30

VGAL |ow VGA2 ADC
Quadrature Pass

Accuracy 23dB
i

6 bit A/D converter Gain Noise
» 4° order Butterworth LNA | 18dB | 2.5dBNF

LP filter s Mixer | 13dB | 5nV/VHz

RF section




Architectures Comparison Conclusions

« Adjacent Channel Low-IF and Direct
Conversion:

* low image rejection requirements
« suffer from second order inter-modulation

* low phase noise at large frequency offset (135MHz)

 Adjacent Channel Low-IF:

* high dynamic range requirements in IF circuitry and
ADC

‘Direct conversion is the most suitable
architecture for a UMTS recelver
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CMOS Direct Conversion front-end

Fully Differential

Topology

DC offset > :
cancellation loop ;>0<

90°

Double Frequency [ X) S Q
VCO

Second-Harmonic L@%::ILN\JW
Injection Locking

Servo-loop around the VGA
implements a 3kHz high pass filter

VGA
0.18um CMOS _. +2 :(f\) VCo
Technology ERE

VGA

Dividers




Low Noise Amplifier

lsiss = 5MA Primary Secondary

e gain control gain control
*

9dB gain
variation v, .__T_ _T_

with 1dB NF . & | |‘\L
|

e out F

M2
20/.18

degradation

. I*
AC coupling 17218

filters out
second vim-f(m‘\—}
order inter- 172/.18

modulation
products Simulated CMRR

= 44dB

[IP3(LC) > Fully Differential (-8dBm)




Direct down-conversion mixer

Ivixer = 4MA

S w/o filter

S
)

|}
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™ with filter

IIP3 enhancement filter

Shunted pMOS-nMOS
transconductor for high
lIP3 / noise

: 1

lIP3 limited by
switching pairs




Offset-cancellation loop

Mixer load resistors

C is realized on-
chip with poly-well
+ metal-insulator-
metal + lateral flux
capacitors and
occupies 0.1mm?

e

L




Variable Gain Amplifier

M1/2 operate in weak
Inversion to
maximize gm

Rout/Rs sets
minimum gain (0dB)

Common mode IN+
feedback

Design targets

Gain Noise
0-16dB | 4nVAHz lveatlservo Loop ~ 1ImA




| ocal Oscillator Generation

BB |
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« Low phase noise at large offset
e Large tuning range
e Minimum power consumption

wille elfvine) leirgje e LO gLt calgeaciizifice




Coupled LC Osc

Illators
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v'Quadrature accuracy trades-off with phase noise



Injection Locking Frequency Dividers

A VCO running at 2m, drives two LC frequency.

dividers
= LO | é— —é
VCO + dl;;ldze Gl p it

@ ) %
{\j divide | LO_Q } > q
by 2

v' Phase noise and tuning range set by m@#@@-{i

v' Quadrature accuracy set by dividers

» Dividers must feature enough ‘locking band’  —




Behavioral Model of LC Dividers

» V,cos(mt-¢,)

Locking-range and phase accuracy improve
reducing load Q and increasing injection ratio




Double Frequency VCO

P-substrate /

VarBia

Improved
tuning

Separate supply voltage:

Improved tuning Range

Improved PSRR VarBias-Vctrl[V]




Dividers Implementation

1 v [
i i

- LO + LO - -

v’ Capacitive load: parasitic only
v Q lowered to 4 to keep a safety margin on quadrature error

v Input trasconductor in subthresold for maximum linjection
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Die Microphotograph

Total chip area = 16mm?




VCO Tuning

—VddLO=1.1V

o
©

VddLO=1.2V

VddLO=1.3V
—VddLO=1.4V

«
o)

[GHZ]

o
\‘

=

VCO Frequency

£
o

——

—

&
&

(@)

0.3 0.6 0.9

Var_control

2

Dividers Frequency
[GHZ]
[HEN
)

Lower
oscillation
frequency due
to LC load
variation

—VddLO=1.1V
VddLO=1.2V
VddLO=1.3V

—\VddLO=1.4V

5
(0]
\

/

0.6

0.9

Var_control




Locking range and Phase deviation

measurements INJ/ID
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Recelver Galn Measurements

+— IF = 500kHz

—— MAX Gain
LNA min gain
MIN gain :

92 4kHz high pass

’ w frequency
1.85 1.9 1

Freq [GHZz]

Gain [dB]

I

Lower peak gain
frequency due to LNA LC
load variation (worst case
condition)

Gain [dB]

1k 10k 100k
IF [Hz]
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Reciprocal mixing
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Out-of-band 2"9 order intermodulation

A

Pin J. Received signal

>

; f
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Out-of-band 3" order intermodulation
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In-band 3 order intermodulation
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Performance Summary

N

4.2dB * 5.6dB **

[IP3 out-of-band

-2dBm

Minimum [IP2

+44.8dBm

Gain

47dB

PN@135MHz

-155dBc/Hz

Power

38mW

1&Q DIV
19%

-

1&Q Mixer
38%

Active Area

16mm?

Technology

0.18um 6M
CMOS

* Integrated between 200 kHz and 1.92 MHz
** Integrated between 10 kHz and 1.92 MHz

Power consumption
breakdown
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Conclusion

* A 0.18um CMOS Receiver Front-End with on
chip LO generation for UMTS has been
demonstrated.

Experimental measurements are 5.6dB NF,

PNjemy, = -155dBc/Hz, [IP3 = -2dBm, Minimum
IP2 = 44.8dBm, with 21mA Power
Consumption.

 The Duplexer performance determines linearity
and PN requirements
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