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Mo?va?on	
  

•  Analog	
  design	
  in	
  advanced	
  CMOS	
  nodes:	
  
– Voltage	
  headroom	
  
–  Intrinsic	
  gain	
  
– Higher	
  fT	
  

•  Gm-­‐C	
  filters:	
  
– Noise	
  	
  
– Frequency	
  
– Linearity	
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System	
  Lineariza?on	
  

•  Feedback	
  	
  
– Stability 	
   	
  	
  
– High	
  loop	
  gain	
  
– Robust	
  

•  Cancela?on	
  
– Power	
  efficient	
  
– High	
  linearity	
  
– Adap?ve	
  tuning	
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Triode	
  Transconductance	
  Amplifier	
  
(OTA)-­‐1	
  

•  Suitable	
  for	
  medium	
  ωc	
  

•  Constant	
  Vds	
  OTA	
  	
  	
  
[Pennok,	
  EL	
  1985]	
  

	
  

– Av↑HD↓	
  
– Stability	
  
– High	
  gain	
  
– Power	
  consump?on	
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Triode	
  Transconductance	
  Amplifier	
  
(OTA)-­‐2	
  

•  New	
  CMOS	
  technology	
  
(short	
  channel	
  MOS,	
  
thin	
  oxide..)	
  
– M1,2	
  generate	
  own	
  
nonlineari?es.	
  

	
  
– Constant	
  Vds	
  has	
  not	
  
much	
  effect.	
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​𝑖↓𝐷 ≃(​𝑎↓0 + ​𝑎↓1 ∙ ​𝑣↓𝑖𝑛 + ​𝑎↓2 ∙ ​​𝑣↓𝑖𝑛 
↑2 − ​𝑎↓3 ∙ ​​𝑣↓𝑖𝑛 ↑3 +…)∙(​𝑉↓𝐷𝑆 )	
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Triode	
  Transconductance	
  Amplifier	
  
(OTA)-­‐3	
  

•  Feed	
  forward	
  Vin	
  to	
  
M3,4:	
  
–  If	
  α	
  is	
  the	
  ahenua?on:	
  
	
  
	
  	
  	
  	
  	
  
–  IM3	
  is	
  canceled	
  if:	
  

– Vtune	
  is	
  a	
  control	
  
voltage	
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Vout+

Vcmc

GND

Vout-

M2 M1

M4 M3
Vtune Vtune

​𝑖↓𝐷 ≃(​𝑎↓0 + ​𝑎↓1 ∙ ​𝑣↓𝑖𝑛 + ​𝑎↓2 ∙ ​​
𝑣↓𝑖𝑛 ↑2 − ​𝑎↓3 ∙ ​​𝑣↓𝑖𝑛 ↑3 +…)∙(​
𝑉↓𝐷𝑆 +𝛼∙𝑣𝑖𝑛)	
  

​  𝑎↓3 ∙ ​𝑉↓𝐷𝑆 = ​𝑎↓2 ∙𝛼	
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4th	
  Order	
  Gm-­‐C	
  Filter	
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•  Two	
  cascaded	
  biquads	
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Implementa?on	
  

•  4th	
  Order	
  Buherworth	
  implemented	
  in	
  65nm	
  CMOS.	
  
•  All	
  transistors	
  are	
  digital	
  with	
  no	
  extra	
  op?ons.	
  

0.5mm	
  

1mm	
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Simula?ons	
  and	
  Measurement	
  

•  0/20dB	
  ahenua?on	
  output	
  buffer.	
  
•  Very	
  low	
  IM3	
  levels	
  undetectable.	
  
	
  

0dB/-20dB

VCM
50Ω
Instr.

B1

B2

Chip
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Response	
  

10 6 10 7
-­‐30

-­‐25

-­‐20

-­‐15

-­‐10

-­‐5

0

F re q u e n c y 	
   (H z )
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IIP3	
  vs.	
  temp	
  	
  

0C°	
  

40C°	
  

80C°	
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IIP3	
  vs.	
  VDD	
  varia?on	
  

VDD-­‐5%	
  

VDD+5%	
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Mismatch	
  and	
  process	
  varia?on	
  

Control	
  voltage	
  is	
  used	
  to	
  tune	
  the	
  IIP3	
  back	
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Performance	
  summary	
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What’s	
  next?	
  

•  Good	
  enough	
  vs.	
  Op?mal.	
  
	
  
•  Tuning	
  algorithm:	
  

–  Fast.	
  
–  Background.	
  
–  Less	
  frequent	
  calibra?on.	
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Sweet	
  spot	
  

[MAHROF	
  et	
  al.,	
  JSSC	
  2014]	
  

[Kim	
  et	
  al.,	
  JSSC	
  2014]	
  [HAN	
  AND	
  KWON,	
  TCAS	
  I	
  2014]	
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Non	
  Linearity	
  tuning	
  algorithm-­‐1	
  

ADC y(n)	
  x(t)	
  

Before	
  calibration

After	
  calibration

*↓M(.)3

↓M
Adaptive	
  
Filter

ADC

Auxiliary	
  Path

-­‐ε(n)	
  

[Rakesh	
  et	
  al.,	
  PIMRC	
  
2014]	
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Simula?ons-­‐1	
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Simula?ons-­‐2	
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Conclusions	
  

•  A	
  4th	
  order	
  Gm-­‐C	
  filter	
  with	
  10MHz	
  bandwidth	
  is	
  
presented.	
  

•  A	
  nonlinearity	
  	
  cancela?on	
  scheme	
  was	
  used	
  to	
  
improve	
  the	
  OTA’s	
  linearity.	
  

•  For	
  robust	
  linearity,	
  adap?ve	
  tuning	
  algorithm	
  is	
  
presented.	
  

•  Simula?ons	
  show	
  that	
  the	
  overhead	
  of	
  the	
  
algorithm	
  is	
  minimized.	
  

•  Tuning	
  algorithm	
  can	
  be	
  used	
  to	
  tune	
  any	
  
component	
  in	
  the	
  Rx	
  chain.	
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Thank	
  you!	
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