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We will cover basic building blocks in ADS linear (small signal) amplifier simulation.

1. For a 2-Stage amplifier we collect a 3 port S-Parameter file. This is because there is the need for matching on the output of the first stage of the 2-
stage amp, and matching on the output of the second stage.

2. In ADS we can hook up the S3P block and produce an S2P response, that way we can include the interstage matching contributions to generate a more
accurate simulation.

3. Pay attention to trace lengths between matching components and the DUT. These spacing lengths are critical to producing an ‘accurate’ ADS output.

4. You’ll want to double the length from the DUT (Port3) to the choke inductor. From what we measure in length, this is a peculiar oddity that needs the
actual distance in mils to be doubled from what is measured. This makes the sim become more accurate to real world results.




#1 — Optimization block

#2 — Optimization Goals

#3 — PCB substrate and trace width variable
#4 — .s3p simulation

#5-.s3p port 1

#6 — matching component model

#7 — 50 ohm trace model

#8 — GRF5219 .s3p file

#9 - .s3p Port 2

1

S3P

Overview of the .s3p simulation with labeling. We will discuss key blocks separately.

GOAL I

GOAL I |

GOAL I

OptimGeall

Expr="dB [S({1,1))"
SimlnstanceName="SP1"
Weight=1

IndepV ar|1]="freq"
LimitMame[1]="limi1"
Limit Type[1]="Insid="
LimitMin[1]=-100

Lirmit Ma[1]=20
LimitWeight[1]=1
Indep1Min[1]=1800 MHz
IndeplMax[1]}=2200 MH=z

2

OptimGeal2

Expr="dB (S(2.2))"
SimlnstanceM ame="SP 1"
Weight=1
IndepVar1]="freq"
Limithame[1]="limit1"
Limit Type[1]="Inzide"
LimitMin[1]=-100

Limit Max[1]=-20
LimitWeight[1]=1

Indep] Min[1]=1800 MHz
Indepl Max[1]=2200 M H=z

OptimGeoal3

Expr="dB (S(2,1))"
SimlnstanceName="5P1"
Weight=1
IndepWar1]="freq"
LimitMame[1]="limit 1"
LimitTypa[1]="Inzside"
Limithin[1]=35
Limithax[1]=36
Limitweight[1]=1
Indep1Min[1]=1800 MHz
Indep1Max{1]=2200 MH=

| ﬁ';- I S-PARAMETERS I

SRLC
SRLC178
R=0.50hm
L=0.5 nH
C=2 A pF{a}

Optim S_Param
Optim1 = s | : ne sP1 4
OptimType=Gradiemt  SaveCuremEF=ng SRLE MLIN l TLET Start=20 MHz
Maxlters=10000 EnableCockpit=ye ERLE'I“-E- TLG4 SRLC Subst="MSub1" Stop=8000 MHz
Desired Eror=0.0 SaveAllTriale=nc R=0.5 6hm Subst="MSub1” SRLC179 W=trace_width mil Step=10 MHz
StatusLevel=a L=0.5 nH W=160 mil R=0.5 Ohm T~ L=120 mil
FinalAnalysiz="Maone £=0.1 uF {-c} L=175 mil L=0.5 nH
Mormaliz= Goals=yes . MLIN C=10 uF {-c}
SetBestValuss=yes TLSE I MSub
SaveSclns=yes Subst="MSub1” L 3 [E]Ver
SaveGosls=yws Wwace widthimil — MSURB trace_width
- SavelptimVars=no L=30 mil MSub1 trace_width=34 B6 $-of
UpdateDataset=yes H=16 mil
SubstZHMSUb1” ' SawveM ominal=no SRL e Er=3.38
_ . . Savedllterations=no SRLA0 e = Mur=1
W=trace_width mil UseAllOptVars=yes oo ohm SALC P en T
_ . Usehll Gozlz=yes L=3.6 nH o} MLIN SRLCZ7 Hu=3.0e+03.4 mil
L=40mil . = ] TLE R=0.5 Ohm = T=1.4mil
NA - I Subst= MS_uI::1 _ L=0.5nH TanD=0.0022
LIN |r1ﬁE| NETLIST INCLUDE I 'Il'LT-'l W=trace_width mil  C=0.1 uF {-o} Rough=0.001 mil
. . . . . . . : 7 R 5
POFtZ || muR atalibWeb_Include DL R o Bbases
L41 . : . . . . . . U W=trace_width mil . Dpeaks= L
muR ata L=20 il SRL
_n n SRL4Z TL30
Subst="MSub1" 8 MLIK MLIM I R=0.5 0hm Subst="MSub1”
. . 3 TL33 = = i i
- E . . TL41 | L=10 nH {c} W=trace_width mil
: trac.e_wldth mll . ~ - { : . . } Subst= MSI;EI: : cubst="MSukf® 8 / 7 6 =300 mil
— : “ W=trace_width mi : _
= - W=trace_width mil o ]
40 mi | NA e I o o TS S o =
. . . . . . . . . . - B B ST ’
MLIN MLIN MLIN MLIN Term2
[ 1 1 1 1 = SRLC177 =
. PO_I’t3_ . e 5 g LI VWA L] | TLIO TL&D TLAT e Num=2
=1L R GRF5210 Subst="MSub1" Subst="MSub1" Subst="MSub1 o= Z=50 Ohr
Term1 R3 53P W=trace_width mil W=trace_width mil W=trace_width jmil C_-‘I.IJ nF =
. . . Mum=1 R=0 Ohm L=65 mil {1} L=110 mil L=45 mil =10 pF {o} 9
GRF5219 7=50 Ghm :[




#1 & #2 — Optimization block and goals:

Allow us to use the ADS optimizer. We usually use OptimType = Gradient as this mode will zero in on best solution then stop. The other mode that
works well is Random. The optimizer works to obtain Goals. See that we have goals for S11, S22, and S21. These can vary and help create return losses
and center gain as desired.

IEArET
EEI LT . | GOAL I | GOAL I | GOAL I

Optim Goa Goa Goa

.ggz:m}ype Gradlent . SaveCurrentEF=no. OptimGoal1 _ OptimGoal2 _ OptimGoal3 | _
Maxiters=10000 . _ EnableCockpit=yes. C O BEgpr=dB (S0 0 0 7 7 Expr=TdB{(S(22)° 0 0 0 0 BEgpr=dB(S(27)) _
DesiredError=0.0  SaveAllTrials=no - -SiminstanceName="SP1"- - -SiminstanceName="SP1"- - - -SiminstanceName="5P1"-
Statuslevel=4 . Weight=1. . . . .. Weight=1. . . | ... MWeight=1. . . .
E'gf'!ﬂi?égéf;giﬁg: - . IndepVar[1]="freq" . = . . IndepVar[l]="freq” . = . . . IndepVar[1]="freq"
SeiBestValuessyes. . . . . . . . LimitName[1]="limit1" LimitName[1]="limit1" LimitName[1]="limit1"
SaveSohs=yes " LimitType[1=inside” ~ © ° LimitType[1]2inside” ~ © °  LimitType[1]="Inside”
_SE'F‘EG_DEU_S:F_ES_ S ©LimitMin[1]=100 - - - - LimitMin[1]=100 - - - - LimitMin[1}=35 "
saveOptimvars=no . LimitMax[1]=20 - - - - LimitMaxfi]l=20 - - - - - -UrﬁitMax[‘I]=-3E:--

UpdateDataset= i
e s A Limitweight[1)=1 Limitweight[1]=1 LimitWeight[1]=1

STy L L L .  Indep1Min[1]=1800 MHz _  Indep1Min[1]=1800 MHz  Indep1Min[1}=1800 MHz

UseAllOptvars=yes Indep‘lMax[‘I] 2200 MHz Indep‘IMax[‘I] 2200 MHz Indep‘lMax[‘I]—EEDDMHz'
_UsgAII_GDgISf}res_ = o - e .




#3 — PCB substrate and trace width variable: Substrate parameters are not critical. Trace width needs to be such that trace impedance = 50 ohm. This was
established in a separate simulation where trace width was optimized for 50 ohm impedance.

MSub - trace width

—— trace width=34 86 {-o}
M Sub

H="1& mil

Er=3.38

Mur=1

Cond=23 0E +8
Hu=3 8+ 034 mil
T=1.4 il

TanD=0 0022
Rowgh=0 001 ral
Bbase=

Cpeakes=




#4 — .s2p simulation, #5 - .s2p port 1, #9 - .s2p port 2: these three are required to run the .s2p simulation along with device.s3p file.

While the S-Parameter file is a .s3p we are looking at an output of an .s2p, the S3P file allows us to include the interstage, PA stage 1, matching

contribution.

Q} S-PARAMETERS : T
— Term , Te
SP1 MNum=1 Term2
Start=20 MHz | —
Stop=8000 MHz =il EL,I:T.. ;I'
- =50 Ohm

Step=1 MHz .




#8 — GRF5219 .s3p file: the basis for our .s2p simulation output = .s3p de-embedded to device pins allows for a more accurately model close to the

matched device.

Subst="MSub1" - * |
W=trace_width mil
L=40 mil

MLIN ||
TL41 . = . . NA _|_ 4
Subst="MSub1"  Port2

W=trace_width mil [ ° . ol
L=40 mil NA

~ GRF5219 Lol

- 83Pp. - - . . W=trace_m
L=65 mil {1




#6 — matching component models and #7 — 50 ohm trace model:

We use hand built L/C/R models as shown, with “optimize” handle enabled (o) or disabled (-0).

These models, perhaps not perfectly accurate, have historically yielded very good results that repeat when the actual board is built.

Trace lengths are used as well since EVB has them in place. They can be measured with a caliper on EVB and entered here in mil. See we use “MLIN”

model. Coplanar wave guide (CPWG) model can also be used, but either seem to work just as well. See that the MLIN has the “trace_width” parameter
discussed in slide 5.

MUN

| ~ T e T TL46
7~0.5 Ohm ‘Subst="MSubl™
e -‘W=trace_width mil -
£ 25 onr 1L=40 mil




Actual data vs. ADS sim in this presentation

Sim setup
using S3P

GOAL I

| GOAL I |

GOAL I

OptimGoall

Expr="dB (S[1.1))"
SiminstanceMama="5F1"
Weight=1
Indep¥ar1]="freq’
LimitMame[1]="limit1"
Limit Type[1]="Inside"
LimitMin[1]=-100

Limit Max[1]=20
LimitWeight[1]=1

Indepl Min[1]=1800 MHz
Indepl Max[1}=2200 MH=

OptimGoal2

Expr="dB (S(2.2))"
SimlinstanceM ame="SP 1"
Weight=1
Indep¥ar]1]="freq’
LimitMame[1]="limit1"
Limit Type[1]="Inside"
LimitMin[1]=-100
LimitMax[1}=-20
LimitWeight[1]=1

Indepl Min[1]=1800 MHz
Indepl Max[1]=2200 MH=z

OptimGoal3

Expr="dB (S[2.1)"
SiminstanceMame="5F1"
Weight=1
Indep¥ar]1]="freq"
LimitMame[1]="limit1"
LimitType[1]="Insid="
LimitMin[1]=35
LimitMax[1]=26
LimitWeight[1]=1
Indep1Min[1}=1800 MH=z
Indep1Max{1]=2200 MH=

| i't“;' | S-PARAMETERS I

L

=65 mil {t}

L=110 mil

L=45 mil

Optirm S_Param
Optim 1= s 1 MLIN i
OptimType=Gradient SaveCuremEF=no [ MLIM I TLET Start=20 MHz
Maxlters=10000 EnzbleCockpit=yes éR[&176 TLG4 SRLC Subst="MSub1" Stop=B000 MHz
DesiredErmrar=0.0 SavedllTrials=no R=0.5 l.llhm Subst="MSub1” SRLC179 W=trace_width mil Step=10 MHz
S‘_ta‘tusLevelff- . ) L=0.5 nH W=160 mil R=0.5 Chm L=120 mil
Finalanzlysis="None =01 uF {-o} L=175 mil L=0.5 nH
Mormaliz=Geals=yes : MLIN C=10uF {-a}
SetBestValuss=yes TLS8 _-]: MSub
SaveSclns=yes Subst="MSub1" L e
Saveloals=yes W=trace_width mil — MEUE CEEEL T
SavedptimVars=no L=30 mil MSub1 trace_width=34.86 {-o}
UpdateDataset=yes H=16 mil
SaveMominal=no aR Er=3.38
=ML -rn_]l B
Saved lllterations=no SRLAD .W,\:' N Mur=1
UseallOptvars=yes u b Cond=3.0E+8
R=0.5 Ohm . 7 ane=s
UsesllGoals=yes L=3.6 nH{g} LIN SRLE27 Hu=32.09e+034 mil
. TLG R=0.5 Ohm — T=1.4 mil
C— eI Subst= MS.ut:‘l . L=0.5nH TanD=0.0022
‘@E| METLIST INCLUDE I == W=trace_width mil — ©=0.1 uF {-c} Rough=0.001 mil
——— oy Subst="MSub1" L=350 mil gb‘“i:
T W=trace_width mil . L= i
muR ata L=40 mil SRL ALIM
SRL4AZ2 TLSO0
MLIN MLIN R=0.50Chm Subst="MSub1"
TLad . LA [ L=10 nH {o} W=traca_width mil
Subst= MS.LIb'l ) Subst="MSub1" L=300 mil
W_T'a“‘rmh il W=trace_width mil 9 — — — | e —
L=220 mi L=40 mil I ) I 1 i I ¥ Term
WILIN MLIN MLIN = RLL . Term
- . 1 AP 1 I TLIO TL6G TLAT ifté'c:al; Num=2
erm R sTEsEE Subst="MSub1” Subst="MSub1" Subst="MSub1" Lo Z=50 Ohm
Term1 R3 53P W=trace_widt h mil W=trace_width mil Werace widthmil 720 T )

I[Fo—=] Frmrrir—y

C=2.4 pF {d}



m2 m3
fre -1 800 GH freq=2.000 GHz freq=2.200 GHz
S(1,1))=-11. 336 dB(S(1,1))=-10.142| |dB(S(1,1))=-10.389
S(2,2))=-11.161| |[dB(S(2,2))=-8.264 | |dB(S(2,2))=-6.589
S(2,1))=41.589 | |dB(S(2,1))=41.966 | dB(S(2,1))=41.549
Sim output
using S3P
N 3
50 YYY
LDS 451
40— —1T
35
30—
25—
Sim vs. Real 20—
output values o 15
. NN — 10—
close within ora 5.
reason mmm 0—
TTT
II|I|I|I‘ ‘I|I||I|I|II|I|I|II|I||I||II|

1 2 3 4 5) 6 7 8




Actual EVB BOM

O N O Q0O
o by e =
Q> > O

= aM29
® B¢t 10uF

M33 M34

Vee3 =5V
lecl=11m lec3 = 55mA Actual EVB Measured S-Parameters

9. o o M20 p@l 511 Log Mag 10.00dB,/ ref 0.000dB [F2 D&M] Tr . g Mac ). 00dB ef 0.000de [F2 D&M Smo]
Vbias1=Vbias2=5V 1 1.8000000 GHz -12,356 d& 1 1.800 GHz 42.767 db
2 2 00 GHz -11.101 de 2 2.0000000 GHz 42.79
! 00 GHz -11.431 de 2. 200 f
-4 4,4000000 GHz -8.0403 de 1 . 400

(®) QFN16:30-52-A

——

J1 J3

19 EM7

)

7 fosMi4

4)
-
o
m]

=11 M18
=
(o]
=
©

@\b
—NOTW 3 e M23
EES = S0 LuFs S e, 1uF)
-----OKI,. '10n'1m10p':
e IuRF5219 ] g
3.6nH I
No.1uF**
M6 ms
M7 me

M8 € ti10uF

RFIN

@ ue
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Vee2 =5V
lcc2 =35mA

SAILLASE

1 Start 10 MHz Stop 20 GHz [P0
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336-848-1312
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