
FeedForward Case Study
PA to linearize
• Operating frequency: 945 MHz
• Pout (2-tone): 44.5 dBm (average) with CI≈23 dB
• Gain=15 dB, Delay=1.4307 nsec Φ(f0)=−ω0τ=486.74° (126.74°)

Choice of EA
Impose CIEA≈S2+10=40

Balance of loop1: S1=25 dB (introduce a phase error)

Balance of loop2: S2=30 dB (introduce a phase error)

Parameters to assign
C1, C2, C3, A1



VSS Scheme
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Tuning Loop 1
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Tuning Loop 2
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QHYB_21
ID=S4
K=C3 dB
KTYP=Coupling
PHSBAL=0 Deg
LOSS=0.1 dB
PHSTYP=0 deg/90 deg
VSWR=1
NOISE=Noiseless
Z=_Z0 Ohm

TP
ID=TP2

RFATTEN
ID=S3
LOSS=A1 dB
NOISE=Noiseless
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QHYB_21
ID=S6
K=C2 dB
KTYP=Coupling
PHSBAL=0 Deg
LOSS=0.1 dB
PHSTYP=0 deg/90 deg
VSWR=1
NOISE=Auto
Z=_Z0 Ohm

RFATTEN
ID=S7
LOSS=A_loop2 dB
NOISE=Noiseless

TP
ID=TP_out_ERR
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DCP1

NL_F
ID=S9
DATA="MRF9060"
DCPOUT=Yes
NOISE=Noiseless
IMPLTYP=Small Signal Polynomial
RFIFRQ=0.5 GHz

LINAMP
ID=S10
GAIN=Gloop1
NF=3
NOISE=Auto

PHASE
ID=A2
SHFT=FI_rad_loop1 Rad

TP
ID=TP_In_loop2

TP
ID=TP_DC_PA

RFATTEN
ID=S5
LOSS=A_loop1 dB
NOISE=Noiseless

LINAMP
ID=S11
GAIN=Gloop2
NF=3
NOISE=Noiseless

AMP_B2
ID=A4
GAIN=Gain_PE
P1DB=P1dB_EA
IP3=IP3_EA
IP2= 
MEASREF= 
OSAT= 
NF=3
NOISE=Auto
RFIFRQ= 

PHASE
ID=A3
SHFT=FI1 Rad
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SPLITTER
ID=S1
LOSS= 
SIGTYP=Power
NOUT=2
NOISE=Noiseless

TP
ID=TPout_

PHASE
ID=A5
SHFT=FI_rad_loop2+FI2 Rad

TP
ID=AMP_In
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DCOUPLER_3
ID=S2
LOSS=0.1 dB
LOSSTYP=Insertion
C=C1 dB
VSWR=1
NOISE=Noiseless
Z=_Z0 Ohm

TONE
ID=A1
FRQ={f1,f2} Hz
PWR=Pin_dbW dBW
PHS=0 Deg
CTRFRQ= 
SMPFRQ= 
ZS=_Z0 Ohm
TN=_TAMB DegK
NOISE=Auto
PNMASK= 
PNOISE=No phase noise

C1

C2

C33dB
divider



Loop Balance Equations
C1=30, C2=10, C3=10, A1=10

Loop1 Balance

1 1 1 2 1 13 3      50 15 35dB  loop PA loop loopG G C A C A G− + + − − − = − − ⇒ = − =

1 190 90 180       126.7PA PAΦ + °+ ° = °+Φ ⇒ Φ = Φ = − °

Mag.

Phase

Loop2 Balance

1 1 2 2 3 2 1 1 2 30    41.7dB    EA loop loop EAC A C G G C G C A C G C− − − + + − = ⇒ = + + − + =
Mag.

( )2 2180 90 90 + +90°      +90° = 42.78EA EA= °+ °+Φ Φ ⇒ Φ = − Φ °Phase

For the loops fine tuning an attenuator plus a phase shifter have been 
inserted in each loop
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