Port Port

InBias OutBias
Num=3 Num=4 C
ClassBamp.dsn s
C=2.5nF
— Il
TLIN
|_Probe T'_-l
|D_FET1 Z=50.0 Ohm
® E=90
v F=RFfreq
gtatz—.'v' Oge'A . VD_FET1
eneric_GaAsFe 1 _
Vto=-2.5 Q
GaAsFET C Port
FET1 | ce Output
O § +—NVW— - Model=Generic_GaAsFet—~ C=Param1 Num=2
Port 21 Area=10
Input *Noise=yes ¥
Num=1  R=0.001 Ohm y VAR
— = global VAR1
Param1=1.0 pF
HB1TonePAE_Pswp_ClassB.dsn One Large Tone Harmonic Balance
|_Probe
Vs_low - VAR
t]-v DC L \2/3555
_=S§C2 ;Load ImpeQances:
Vdc=Viow Z_|_bb=70+j*0

Z_|_fund =Z0 +j*0
Z1_2=7Z0+j*0
Z 1_3=20+j*0

I_input Z_1_4=70+j*0
! Z1.5=70+j*0
Vinput Ay ;Source Impedances=
1Tone c Term Z_s_bb=Z0+j*0
ORTL C1 Term2 Z_s_fund =Z0 +j*0

um=1 C=1.0 uF ClassBamp Num=2 Z s 2=20+j*0

7Z=7_s X3 z=Z_load Z s 3=70+j*

P=dbmtow (Pin_dBm) RFfreq=850 MHz Zs A=70+j*0

= Freq=RFfreq Pin_dBm=10 _dBm — Z_s_5=70+j*0
Zload=4+j*4
Vhigh=4.8 V
VAR Viow=-2.5 V

Tar
VAR3

Z_s =if freq <= f_bb then Z_s_bb elseif freq <=f_1 then Z_s_fund elseif freq <=f_2 then Z_s_2 elseif freq <=f_3 then Z_s_3 elseif freq <=f_4 then Z_s_4 else Z_s_5 endif
Z_load = if freq <= f_bb then Z_|_bb elseif freq <= f_1 then Z_|_fund elseif freq <= f_2 then Z_|_2 elseif freq <= f_3 then Z_|_3 elseif freq <= f_4 then Z_|_4 else Z_|_5 endif

VAR
= VAR4 |® HARMONIC BALANCE I SWEEP PLAN SWEEP PLAN
f_bb=0.5*RFfreq marmomebaralce weepPlan weepPlan

HB1

f_1=1.5*RFfreq Pin_sweepl Pin_sweep2
f_2 = 2.5*RFfreq Freq[1]=RFfreq Start=10 Stop=28 Step=2 Lin= Start=22.0 Stop=26.0 Step=0.2 Lin=
f 3 = 3.5*RFfreq Order[1]=15 UseSweepPlan=yes UseSweepPlan=
f_4 = 4.5*RFfreq UseKrylov =auto ) SweepPlan="Pin_sweep2" SweepPlan=
SweepVar="Pin_dBm Reverse=no Reverse=no

SweepPlan="Pin_sweepl"
SavedEquationName[1]="Zload"



HB2TonePAE_Pswp_ClassB.dsn Two Large Tone Harmonic Balance

:7P|robe C VAR
Vs_low s_low - _hi VAR2

Z0=5
'J- L :Load Impedances=
=05 L1 = Z_I_bb=20+j*0
| vdc=viow L=1.0 uH . Vdcavhigh Z_I_fund =20 +j*0
R= Z_1_2=20+j*0
= = Z1.3=20+j*0
Z_1_4=20+j*0
I\ iF;rstjJte @ I_Probe Z 1 5=20+j*0
= lload ;Source Impedances=
Vinput Ly | o o 31 Vload Z_s_bb=Z0+*0
P_nTone c’! I/ c?! Term Z_s_fund = Z0 +j*0
PORT1 C1 c2 Term2 Z s 2=20+j*0
=1 C=1.0 uF ClassBamp C=1.0 uF Num=2 Z_s_3=20+j*0
Z=Z_s X3 =1 Z=Z_load Z_s_4=270+j*0
Freq[1]=RFfreq-fspacing/2 Z_s 5=20+j*0
= Freq[2]=RFfreq+fspacing/2 =

P[1]=dbmtow(Pin_dBm)
P[2]=dbmtow(Pin_dBm)
VAR
VAR3
Z_s =if freq <=f_bb then Z_s_bb elseif freq <=f_1 then Z_s_fund elseif freq <=f_2 then Z_s_2 elseif freq <= f_3 then Z_s_3 elseif freq <=f_4 then Z_s_4 else Z_s_5 endif

Z_load =if freq <=f_bb then Z_|_bb elseif freq <=f_1 then Z_|_fund elseif freq <=f_2 then Z_|_2 elseif freq <=f_3 then Z_|_3 elseif freq <=f_4 then Z_|_4 else Z_|_5 endif

VAR
E s |@| HARMONIC BALANCE I L _sweep P I L _sweep P I
weep Pran weep Pran

RFfreq=850 MHz

ing= HB1 Pin_sweepl Pin_sweep2
Eﬂaﬁ'gfn:lf kJé;zm MaxOrder=Max_IMD_order Start=7 Stop=25 Step=2 Lin= Start=12.0 Stop=20 Step=0.1 Lin=
Max_IMD order=15 Freq[1]=RFfreq-fspacing/2 UseSweepPlan=yes UseSweepPlan=
Vhigh=4.8 Freq[2]=RFfreq+fspacing/2 SweepPlan="Pin_sweep2" SweepPlan=
Viow=-2.5 Order([1]=15 Reverse=no Reverse=no

Order[2]=15
Oversample[1]=
VAR Oversample[2]=
VAR4 . UseKrylov=auto
f—bbzo'S*RFfreq SweepVar="Pin_dBm"
f_1=15"RFfreq SweepPlan="Pin_sweep1"

f_2 = 2.5*RFfreq SavedEquationName[1]="Max_IMD_order"
f_3 = 3.5*RFfreq

f_4 = 4.5*RFfreq

HB1SSTonePAE_Pswp_ClassB.dsn One Large Tone + One Small Signal Harmonic Balance
Eq I_Probe I_Probe VAR
Vs_low 3 1 o Vs_high 2yAR2
Z0=5
-IJ_ L ;Load Impedances=
=V _DC L1 = V_DC Z_|_bb=Z0+j*0
-] SRC2 L=1.0 uH SRC1 ) Z | fund =20 + j*0
Vdc=Vlow R= Vdc=Vhigh Z 1 2=20+j*
= = Z13=20+j*
Z 1 4=2Z0+j*0
I_Probe m |_Probe Z15=20+ } *0
I_input . 1] lload ;Source Impedances=
Vinput ) : nput ou) ) : Vload Z_s_bb=20+j*0
P_1Tone c V c Term Z_s_fund = Z0 + j*0
PORTL Cl c2 Term2 Z.s_2=270+j*
Num=1 C=1.0 uF ClassBamp C=1.0 uF Num=2 Z s_3=70+j*
7o o X3 Ld7=7 load Zz s 4=z0+j*
P=dbmtow (Pin_dBm) 25 5=20+j*0
= Freq=RFfreq+fspacing/2 =
P_USB=0

P_LSB=dbmtow (Pin_dBm)

Z_s =iffreq <=f_bb then Z_s_bb elseif freq <= f_1 then Z_s_fund elseif freq <=f_2 then Z_s_2 elseif freq <=f_3 then Z_s_3 elseif freq<=f_4then Z_s_4 else Z_s_5 end
Z_load = if freq <= f_bb then Z_|_bb elseif freq <=f_1 then Z_|_fund elseif freq <=f_2 then Z_|_2 elseif freq <= f_3 then Z_|_3 elseif freq <=f_4 then Z_|_4 else Z_|_5 endi

I Nl |$| HARMONIC BALANCE | SWEEP PLAN SWEEP PLAN
murmeDararict S—— Pp——
RFfreq=850 MHz weeprid weeprra

HB1

fspacing=10 kHz i Pin_sweepl Pin_sweep2
Pin dBm=10 dBm Freq[1]=RFfreq+fspacing/2 Start=10 Stop=28 Step=2 Lin= Start=15.0 Stop=23 Step=0.1 Lin=
Vhigh=4.8 Order[1]=15 _ UseSweepPlan=yes UseSweepPlan=
Viow=-2.5 Oversample[l]= SweepPlan="Pin_sweep2" SweepPlan=

' 227?|xer?ﬂode;yes Reverse=no Reverse=no

_Freq=fspacing
VAR z

VARA UseKrylov =auto

SweepVar="Pin_dBm"
SweepPlan="Pin_sweepl"
SavedEquationName[1]=

f_bb=0.5*RFfreq
f_1 = 1.5*RFfreq
f_2 = 2.5*RFfreq
f_3 = 3.5*RFfreq
f_4 = 4.5*RFfreq



Results for One Large Tone HB Analysis

2.0 1.0 ts(ID_FETL1.i)

S 0.8 Pin_dBm=10.000000
< 1.5 0.6 —  Pin_dBM=12.000000
Iy 1 < 0.4 — Pin_dBm=14.000000
< 1.0 = 0.2 Pin_dBm=16.000000
{0 1 2 0.0 — Pin_dBm=18.000000
R 2 0.2 — Pin_dBm=20.000000
[a)] 1 = 1 n_dBm=20.

e ] 2 -0.4+ ———  Pin_dBm=22.000000
= 0.0 -0.6 ———  Pin_dBm=22.200000
] -0.8 — Pin_dBm=22.400000
VST T T o I L LTI, Lo —— Pin_dBm=22.600000
ON DO O®MONDIMO®ONAN ———  Pin_dBm=22.800000
time, nsec ———  Pin_dBm=23.000000
Pin_dBm=23.200000
— Pin_dBm=23.400000
6 Pin_dBm=23.600000
1 — Pin_dBM=23.800000
— Pin_dBM=24.000000
i > —  Pin_dBm=24.200000
o = ———  Pin_dBnF24.400000
Ll ] i
o 3 Pin_dBm=24.600000
S % — Pin_dBm=24.800000
< 2 — Pin_dBm=25.000000
. —  Pin_dBm=25.200000
———  Pin_dBm=25.400000
— Pin_dBM=25.600000
— Pin_dBM=25.800000
time, nsec time, nsec ———  Pin_dBm=26.000000
— Pin_dBM=28.000000
[Zeli] Pout_dBm=10*log10(0.5*real(Vioad*conj(lload.i))+1e-20)+30
Helg]P_gain_transducer=Pout_dBm([1]-Pin_dBm
[Helg] Gain_Reduction=P_gain_transducer-P_gain_transducer[0] P1dBin
[=elglref_fund_line=1*Pin_dBm+11.3 Pin_dBm=24.000
Gain_Reduction=-0.975
36 2
(] —y 34i g i
=232 S 0o dBin
_IE 30 5
c o 287 D -2
.Eﬁ5'26j x
5o 247 £ 4
20 O 5
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Pin_dBm
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10 12 14 16 18 20 22 24 26 28
Pin_dBm



Pim3_low_dBm

Pfund_high_dBm
Pfund_low_dBm

Pout_dBm

Results for Two Large Tone HB Analysis

[=laY ref_fund_line=1*Pin_dBm+11.5

(e[l ref_im3_line=3*Pin_dBm-45.5

[ Gain_low=Pfund_low_dBm-Pin_dBm

2 cain_high=Pfund_high_dBm-Pin_dBm

=gl GainComp_low=Gain_low[0]-Gain_low

2 cainComp_high=Gain_high[0]-Gain_high

Pim3 low_dBm

m5
Pin_dBm=18.000
Pim3_low dBm=8.429

504
] ‘ ‘ IZely] Pout_dBm=10*log10(0.5*real(VlIoad*conj(lload.i))+1e-20)+30
0*: I=6Ty] Pfund_low_dBm=mix(Pout_dBm,{1,0},Mix)
50 Pfund_high_dBm=mix(Pout_dBm {0,1},Mix)
] =Ty Pim3_low_dBm=mix(Pout_dBm,{2,-1},Mix)
-1004 Pim3_high_dBm=mix(Pout_dBm {-1,2},Mix)
E I=eqy] IM3_low=Pfund_low_dBm-Pim3_low_dBm
-150 IM3_high=Pfund_high_dBm-Pim3_high_dBm
_200: A e | =yl 11P3_low_dBm=IM3_low/2+Pin_dBm
X ¥ @ ® 2 @ 0 @ o 1IP3_high_dBm=IM3_high/2+Pin_dBm
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Pin_dBm Pin_dBm
m2 m3
Pin_dBm=19.000 Pin_dBm=18.050
-GainComp_low =-1.067 diff(Pim3_low_dBm)=2.948
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Pin_dBm
m4
Pin_dBm=18.000
1IP3_low _dBm=28.275
45-
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Ec 1
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cl—l 1
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Results for One Large Tone + One Small Signal
HB Analysis

mix(SM.freq[0,::].{1,-1},SM.Mix[0,::])

IM3
freq=850.0150MHz 849.9950 MHz
Small_Pout_dBm=27.877825
Pin_dBm=26.000000 mix(SM freq[0,: ] {L.1},SM Mix[0.])
SS LS 850.0150 MHz
freq=849.9950MHz freq=850.0050MHz
Small_Pout_dBm=30.539620 Large_Pout_dBm=34.862244
Pin_dBm=22.200000 Pin dBm=28.000000 LargefPoutidBm:10’10910(0,S*reaI(HBvload*conj(HBHoad‘i))+19720)+30
50+ SS LS M3 Small_Pout_dBm=10"0g10(0.5*real(SM. Vioad*conj(SM. lload. )+ 1e-20)+ 30
ce 07 2 Prund_high dBm=Large_Pout_dBm[1]
% _Cg b |2y Pfund_low_dBm=mix(Small_Pout_dBm,{1,-1}, SM.Mix)
.5“5' -50 2 Pim3_high_dBm=mix(Small_Pout_dBim.{L, 1}, SM.Mix)
jele) - N
i\%l -100*: IM3_high=Pfund_high_dBm-Pim3_high_dBm
g o ] 11P3_high_dBm=IM3_high/2+ SM.Pin_dBm
a8 -1507: 2 ref_fund_line=1*HB.Pin_dBm+11.3
] [Sely] ref_im3_line=3*SM.Pin_dBm-42.2
=200+ e
S X’ 2 K * Gain_low=Pfund_low_dBm-SM.Pin_dBm
& 8 & © © © © © ©
8 9‘ 8 8 8 8 8 8 g [Ze]] Gain_high=Pfund_high_dBm-HB.Pin_dBm
[ GainComp_low=Gain_low{0]-Gain_low m3
freq, MHz GamComp high=Gain_high[0]-Gain_high P!n—dB.m:ZO'SOO
- - - Pim3_high_dBm=20.241
45 32 30
40 31 ]
] 25
35 — 0] \-\\ m3
307/%—‘ ] 207 Y
29
25 &
Ec £ ] 15
= £
Dy 20 m 28+
22 s =S 27 1
2 B < ]
23 22 1
= 10+ c‘;‘j 26 5
25 5 2 < 25 o
. 0+ =y 4
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Pin_dBm Pin_dBm Pin_dBm
m2 ma m5
Pin_dBm=24.000 Pin_dBm=20.850 Pin_dBm=20.800
-GainComp_high=-0.974 diff(Pim3_high_dBm)=2.939 IIP3_high_dBm=27.114)
2 50 5
o m2 . 4.5+ 405
1 EE 404 B
ey ; 4
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o2 4 53 304 v @ 2
Es b =7 _cl ]
39 -6 =g 2% 5 0 ms
cs ] S5 204 <
89 -84 S 15 g 259
y ES 104 T/ .
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24— 0ol L 1
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Pin_dBm :
- Pin_dBm Pin_dBm



gh_dBm

Pfund_high_dBm

Pfund low dBm

HB1SS Pfund_hi

HB1SS Pfund low dBm

Comparison between HB2 and HB1SS

=lg] Large_Pout_dBm=10*l0g10(0.5*real($HB1SS.HB.Vioad*conj($HB1SS..HB.lload.i))+1e-20)+30
=il Small_Pout_dBm=10*l0g10(0.5*real($HB1SS.SM.Vioad*conj($HB1SS..SM.lload.i))+1e-20)+30
Sl HB1SS_ Pfund_high_dBm=Large_Pout_dBm[1]
HBlSS_Pfund_Iow_dBm:mix(SmaII_Pout_dBm,{1,-1},$HBlSS..SM.Mix)

S HB1SS_Pim3_high_dBm=mix(Small_Pout_dBm,{1,1},$HB1SS..SM.MiX)

[ HB1SS_IM3_high=HB1SS_Pfund_high_dBm-HB1SS_Pim3_high_dBm

B HB1SS_IIP3_high_dBm=HB1SS_IM3_high/2+$HB1SS..SM.Pin_dBm

32 30
31- 25-
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24- fnat
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