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 Permissible out-of-band emission

o Stability over VSWR

— Ability to transmit into unknown/varying load
o Efficiency

— Minimize any lose in the form of heat & noise
o Size

— Find the minimum size as much as possible
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— Need about 1ImW for UWB and sensor networks

« The average power transmitted may be much lower
— Power control (slow time scale)
— Amplitude modulation
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— Account drive power Poc
— Could be negative for low gain!

» Total efficiency R
+

77total =

e \When power gain is high

Moag Rl = Thotal
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e BUT, broadband

e Some linearization schemes may reduce the
overall efficiency!!!
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» Data rate will be reduced

— Non-constant envelope
e Linear PA should be used
« Data is in envelope, too
e Higher data rate
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BUT, spectrally inefficient
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BUT power inefficient!

ISSCC2007
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 PAPR is a strong function of the type of
modulation
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— Uses as low as possible power
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— Generation of Harmonics

— Intermodulation Distortion / Spectral Regrowth
— SNR (NPR) Degradation

— Constellation Deformation
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— P
— C/I

— NPR (Noise-Power Ratio)
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y(t) = g[A(t)]cos(at +¢(t) +w[AD)])

« AM/AM conversion Is
dominated by g,, non-linearity
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epending of the input amplitude

 AM-PM is often the result of voltage dependent
capacitors
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o(t) = tan” (RC[B(D)]w)

¢ ~ tan" (RCw)

C - Average capacitor value at the fist harmonic

@ =Average phase at the fist harmonic
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signals such as NADC and CDMA
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fraction of the signal amplitude

* both peak and rms errors are

specified

> IV () =R
EVM = |+

| Zlreor
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Output Signal of Nonlinear Amplifier
(with Gain- and Phase-Distortion)

Input Signal
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Linearization

Efficiency
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o Corresponding to sums and differences of
multiples of the carrier frequencies

— A typical linear PA has a C/I of 30 dB or better
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e Switching mode (Non-linear)
— Classes D,E,F
— Constant-envelope operation
— Transistor operates as a switch
— Narrow band applications
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— Feedforward
— EER
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ISSCC 2007 GiRaFe Forum
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— High linearity

— High frequency operation
— High gain

— Broadband operation
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— Can operate over a wide frequency range
* No difference between small signal and class A PA
e BJTs have V,, =» limits voltage swing
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o Capable of working at higher frequencies
relative to f, up to ¥2-1/3 of f;

e Can amplify non-constant envelope signals
« Capable of broadband amplification
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¢ Output power capability (transistor
utilization factor) N
p.. b 29 ol
TV VI 8

max max max max

¢ Dynamic class A Is attractive
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R’”t’max (VCEQ XI fund )
1
—V
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I — 2 —78.5%
pure sinusoidal waveform DC  \/  -max

of current flow i T

P, == (sameasclassA)
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— Impractical for solid-state
circuit
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between

— Output power
— Efficiency

— Power gain
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 Transistor acts in saturation region in a portion of
conduction

— Class C Mixed Mode Amplifiers
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Comparison

i IC Bias Conditions

From class Ato C bias 'm
current will be decrease

— Lower f, from classAto C
— BUT, efficiency increases
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Ifund
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50%
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C,Loss ~— c L,Loss — L
2 2

e Minimzation of losses at RF requires:

— V. =0 when switch closes at t = 0
« Zero voltage switching condition (ZVS)

— Even better: dV /dt =0
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 Dissipation occurs
— Proportional with F
— Limited to VHF
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* Transformer-Coupled Current Switching
(TCCS) Circuit
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resistance

— Infinite OFF resistance

— Instantaneous and
lossless switching
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» Switch capacitance limits efficiency in high
frequency applications
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e Can only be used for narrow-band
amplification
* Proper for low frequency operation
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— Helps to minimize transition time

— Turn off
e Zero current
e Zero current slope
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— One of non-idealities

 No current jump at turn-on
transition

— Reduce the power loss
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e Saturation voltage for BJTs
* No pure sine wave current @ the output

* Finite Q-factor of reactive components
 Maximum Drain voltage is “3.6*VVDD”
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Vv

Vbs max & 3.6V, iD,max ~ 1-7%
2
P
P,_,max = 2 > z0.577,VDD =P, = L’mf‘x ~(0.008
1+ 72._ R VDS,max ‘ID,max
4
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Class F Schematic
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Waveforms in a second-harmonic peaking
Class F1 amplifier
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* In theory, If you can control an infinite
number of harmonics, efficiency approaches
100%
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... resonators are lossy and additional losses
present diminishing returns on efficiency.
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terminals.” B. Razavi, RF Microelectronics.

e Most linear PAs in portable phones
=» class A stages with “backed off”
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DC DC

Correction Correction
11- At Power Amp 1-

At Supply At Dynamic Load

Correction
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— Cartesian
— Polar

MMIC Course 81



Vi
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— Tolerances
— Long term drift in characteristics
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Envelope
detector

Vi ——>| limiter

Vo
A(b)

ClassD, E, F
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. EfflClency of Switching Power Supply
 Band Width of Switching Power Supply

 Time alignment between the supply and RF
paths
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— Requires low loss output “adder/coupler™.

— Sensitive to amplitude and phase imbalance due to
process and temperature variation..

— High complexity
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