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ADS Tutorial #5 Harmonic Balance and Envelop Simulation 
 

Oklahoma State University 
 

1. Envelop Simulation 

Vin Vout

Envelope
Env1

Step=0.5 nsec
Stop=50 nsec
Order[1]=1
Freq[1]=0.9 GHz

ENVELOPE
PtRF_Pulse
PORT1

Period=50 nsec
Width=30 nsec
Fall=5 nsec
Rise=5 nsec
Delay=5 nsec
OffRatio=0
Freq=0.9 GHz
P=dbmtow(-10)
Z=50 Ohm
Num=1 Amplifier

AMP1

S12=0
S22=0
S11=0
S21=dbpolar(20,0)

R
R1
R=50 Ohm
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2. Harmonic Balance 
 

1) System Level Amplifier (Gain Compression) 
 

Vin Vout

XDB
HB1

GC_MaxInputPower=100
GC_OutputPowerTol=1e-3
GC_InputPowerTol=1e-3
GC_OutputFreq=1.9 GHz
GC_InputFreq=1.9 GHz
GC_OutputPort=2
GC_InputPort=1
GC_XdB=1
Order[1]=3
Freq[1]=1.9 GHz

GAIN COMPRESSION

Harm onicBalance
HB2

Step=0.5
Stop=-10
Start=-50
SweepVar="rf_pwr"
Order[1]=3
Freq[1]=1.9 GHz

HARMONIC BALANCE

Meas Eqn
Meas 1

p_gain=dbm (Vout[1])-dbm (Vin[1])
p_in=dbm (Vin[1])
p_out=dbm (Vout[1])

Eqn
Meas

VAR
VAR1

P_cm p=-10
rf_pwr=-30

Eqn
Var

P_1Tone
PORT1

Freq=1.9 GHz
P=dbm tow(rf_pwr)
Z=50 Ohm
Num =1 Am plifier

AMP1

GainCom p=1.0 dB
GainCom pPower=P_cm p
S12=0
S22=polar(0,180)
S11=polar(0,0)
S21=dbpolar(20,0)

BPF_Chebyshev
BPF1

As top=20 dB
BWstop=0.4 GHz
Ripple=1 dB
BWpass =0.2 GHz
Fcenter=1.9 GHz

Term
Term 2

Z=50 Ohm
Num =2
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2) System Level Amplifier (Two-Tone) 

Vin Vout

P_nTone
PORT 1

P[2]=dbmtow(rf_pwr)
P[1]=dbmtow(rf_pwr)
F req[2]=fc + f_hsp
F req[1]=fc - f_hsp
Z=50 Ohm
Num=1

HarmonicBalance
HB2

O rder[2]=4
O rder[1]=4
F req[2]=fc + f_hsp
F req[1]=fc - f_hsp
MaxOrder=8

HARMONIC  BALANC E
VAR
VAR1

P_cmp=-10
f_hsp=5 MHz
fc=1.9 G Hz
rf_pwr=-30

Eq n
Var

BPF _Chebyshev
BPF 1

Astop=20 dB
BWstop=0.4 G Hz
Ripple=1 dB
BWpass=0.2 G Hz
F center=1.9 G Hz

Amplifier
AMP1

G ainComp=1.0 dB
G ainCompPower=P_cmp
S12=0
S22=polar(0 ,180)
S11=polar(0 ,0)
S21=dbpolar(20,0)

T erm
T erm2

Z=50 O hm
Num=2
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3) BJT Amplifier (Harmonics and Waveforms) 
 

Vin Vb

Vc

Vout

XDB
HB2

GC_MaxInputPower=100
GC_OutputPowerTol=1e-3
GC_InputPowerTol=1e-3
GC_OutputFreq=1.9 GHz
GC_InputFreq=1.9 GHz
GC_OutputPort=2
GC_InputPort=1
GC_XdB=1
Order[1]=3
Freq[1]=1.9 GHz

GAIN COMPRESSION

HarmonicBalance
HB1

Order[1]=3
Freq[1]=1.9 GHz

HARMONIC BALANCE

VAR
VAR1

Vbias=5 V
RF_pwr=-40

Eqn
Var

MeasEqn
Meas1

dbm_in=dBm(Vin)
dbm_out=dBm(Vout)

Eqn
Meas

P_1Tone
PORT1

Freq=1.9 GHz
P=dbmtow(RF_pwr)
Z=50 Ohm
Num=1

V_DC
SRC1
Vdc=Vbias

Vcc

L
L3

R=12 Ohm
L=18.3 nH

C
C3
C=0.35 pF

C
C2
C=10.0 pF

C
C1
C=10.0 pF

L
L2

R=
L=120.0 nH

L
L1

R=
L=120.0 nH

C
C4
C=0.22 pF

L
L4

R=6 Ohm
L=27.1 nH

I_Probe
I_in

Term
Term2

Z=50 Ohm
Num=2

R
R2
R=590 Ohm

Vcc

R
R1
R=56 kOhm

bjt_pkg
Q1
beta=160
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4) BJT Amplifier (Gain Compression) 
 

Vin Vb

Vc

Vout

VAR
VAR1

Vbias=5 V
RF_pwr=-30

Eqn
Var

MeasEqn
Meas1

dbm_out=dBm(Vout)
dbm_out1=dBm(Vout[1])
dbm_in1=dBm(Vin[1])
dbm_gain=dBm(Vout[1])-dBm(Vin[1])
dbm_in=dBm(Vin)

Eqn
Meas

HarmonicBalance
HB1

Step=1
Stop=-20
Start=-50
SweepVar="RF_pwr"
Order[1]=3
Freq[1]=1.9 GHz

HARMONIC BALANCE

P_1Tone
PORT1

Freq=1.9 GHz
P=dbmtow(RF_pwr)
Z=50 Ohm
Num=1

V_DC
SRC1
Vdc=Vbias

Vcc

L
L4

R=6 Ohm
L=27.1 nH

C
C4
C=0.22 pF

C
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C=0.35 pF

L
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Term
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Z=50 Ohm
Num=2

R
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R=590 Ohm

Vcc

R
R1
R=56 kOhm

bjt_pkg
Q1
beta=160
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m1
RF_pwr=-31.000
dbm_in1+dbm_gain[1]=4.311

m2
ind Delta=0.000
dep Delta=-0.953
delta mode ON
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indep(m3)=-35.000
plot_vs(dbm_gain, RF_pwr)=35.321

m4
ind Delta=4.000
dep Delta=-0.930
delta mode ON
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