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Welcome to this

The preparatory work for designing a single-stage power amplifier with a
Mitsubishi MGFO909A will be done in this example. The main steps in this
initial phase are to

1. Open a new circuit file with the required substrate, terminations and
passband specification.

2. Fit a small-signal model to the S-parameters of the MGF0909A
transistor. The dc operating point and the four boundary lines defining the
allowable load-line area on the dc |/V-plane must also be specified when
the model is fitted. The model and the load-line constraints are used to find
the optimum load-line for maximum output power, as well as analysis of the
power performance.

3.The transistor and the lines defining the connections to be made to the
transistor will be added to the circuit file. Note that the drain and gate
flanges of the transistor also behave like transmission-lines and that these
lines do not launch immediately onto the microstrip substrate. The
substrate for these sections is actually air (er=1). The substrate height is
also different from that of the microstrip substrate (a recess is required in
the box to mount the power transistor).
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| Open... Ctrl+O

Settings...

Clean
Print Setup...

1 ATF35076.5PI
2 d2089%uka_13p6v75ma.spi
3 C\Users\..A\MM\NewCircuit.ani

Exit

Create a new document Ready | | Artwork | | y/




A Tutorials :: Power Amplifier Example : Model and Initial Circuit

P MultiMatch Amplifier Design Wizard
File View Help
D@H| & 2R sa(to|2B|md|le| % E0MIHNINTHE|H 0D 5%

The document type is
selected.

MultiMatch impedance-matching file
MultiMatch S-parameter file

For Help, press F1 Ready | | JAnwork | [ | 4
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New Circuit Wizard - Substrate and O

Microstrip and stripline circuits are cumrently supported in Multimatch
Choose the option relevant to the new circuit below. The dimensions
to be used can also be specified here.

— Substrate

o - & microstrip substrate wil
¢ Microstrip <__ be used.

" None

[V Use Via Holes

Units are set to
millimeters.
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Circuit File Wizard - Terminations Option

relevant.

The source termination and the load temination of a MultiMatch circuit
can be constant and purely resistive, or complex. Choose the option which
applies to the new circuit below, and specify the resistance values

—Circut Terminations ————

¥ Zs=Rs; ZL=Rs
" Zs=Rs; ZL

" Zs: ZL=RL
" Zs; ZL

Rs (Ohm):  [50
RL (Ohm): |5o_

-

50 Ohm terminations are
specified.
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The frequency range and increment
size for analysis are specified.
Increments are set smaller within the
passband and around the edges of
the passband for more detailed
analysis in the areas of interest.

D H| & 2| A& |06 =8| 6] s s O Db M 4|5 E
Circuit File Wizard - Analysis, Passband and Stopband Frequencies

MultiMatch circuits can be analyzed at up to 350 frequencies. The frequency range and the
passbands to be used must be specified at this point.

— Frequency Range — Passband
Fmin (GHz): Fmax (GHz): Finc (GHz): Flower (GHz): Fupper (GHz):

05 1.75 0.25 2.1 22

20 2.3 01

2.55 3

— Stopbands
Flower (GHz): Fupper (GHz):

One narrow passband will
be used.

Stopbands can be
specified, but are not
required this example.

Ready Artwork
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The substrate parameters are specified. This
substrate will be used by default. Multiple substrates
can be used in the same circuit. Another substrate
will be defined later in this example.

For Help, press F1

Circuit File Wizard - Sub

DEH & 2| A& |0t | =8 |fka|e|s 3 LMD M A= E

— Substrate

Relative dielectric constant (er)
|3.38

Substrate thickness (h; mm)
|0.762

Conductor thickness {; um)
35

Cover height (H2; mm)
25

—Via Specffications
[V Use vias

Smallest via diameter (D; mm)

[05

hqement in via diameter (D; mm)

0.1

—Conductor/substrate losses ——

Conductivity (S/m) of the strip
conductor (Au: 41E6)

|3.2e+007

Loss tangent of the substrate
(0.0)

|0.0022

Ready
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Circuit File Wizard - File Name

A name must be specified for the circuit file at this point. The name (path
included) can be up to 230 characters long. The file type must be .ani.

A filename and path is
specified for the

to-be-created circuit file in

Multitd atch's Examples
directory.

<Bad<|ﬁishu! Cancel

Ready
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File View Microstrip Project Analysis Synthesis Optimization Graphics Tables Schematic Artwork Export Modify Window Help

50.0Q
15.0°

DEed & 2w

50.0Q
15.Q§

(F=2.2GHz)

AAall T9E @@ ez B @®C0 @ o0 855

The startup schematic of the new
circuit file is displayed.

The only components in the circuit
as yet are the two 50 Ohm lines
shown. The lenath or impedance
values of either line can be modified
by double-clicking the relevant label.

Ak it R eed DRt E 0B 0R | FE o R SR ailERR 2 A

LE T 08| b6 mee|b .

For Help, press F1
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I+ MultiMatch Amplifier Design Wizard - C:\ampsaADW950\Examples\Power Amplifiers\PAExample\mgf0909apoweramp.ani @@E
File View Microstrip Project | Ana Synthesis Optimization Graphics Tables Schematic Artwork Export Modify Window Help
D | = | %N A Options... Ctrl+W | £ | @ .
Vi A small-signal model will now be fitted to the Mitshubishi = ‘CU‘
o MGFO3094 transistor by using the given small-signal S-parameters =
of the transistor. The DC operating point and the four boundary —
Analyze Alt+Z lines defining the allowable load-line area on the DC IM/-plane must uiy
Loop-Gain Analysis... also be specified. P
Reflection Analysis... ﬁ
' FET/HEMT model Select the FET/HEMT Model command from the Analysis menu for 200
_ | h this purpose. ciLe
50.0Q0  50.00 Bipolar Transistor model... i
15.0° 15.0° (F=2.Zowrmey wi
={T]

LE T oE | D(E0x LB

Set up a model for a FET/HEMT

Ready
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C:\ampsaADW950\Examples\Power Amplifiers\PAExample\mgf0909apoweramp.ani - Schematic o || =] | <}
oAk
A
0ol
— »Cip
Model Specification Option il 200
CiLém
50.0Q 50.0Q a
15.0° 15.0° (F=2.2GHz) . , _ , ) , i
Specify the .s2p or .spi S-parameter file associated with the transistor for a0
- which a small-sighal model will be specified. The identifier to be used for =
the transistor in MultiM atch circuit files must also be specified here. This =
name can be up to 35 characters long [ho spaces are allowed in the name).
— S-parameter File Name L
=51
S-parameter File [.s2p or .spi): —
, &
=y
r D
Browse.. The Touchstone file containing the =
—— lransistor S-parameter data can be —
N found in the specified Data Directory. =)
— MultiMatch [dentifier —
&
fe=
Cancel 5]
=1
A il e el DRt B0 FE o R E8en| il RR 2 S A
For Help, press F1 Ready y/
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File View Microstrip Project Analysis Synthesis Optimization Graphics Tables Schematic Artwork Export Modify Window Help

) 7 — ] = e T 1 Ay s (e T a2 e %] () () (=) 1 |

I Select a two-port S-parameier data file to op:n...

DEeE &

Bl m|a:

7

&

-]
<
-

LB T o b|(@oee|d B

C:\ampsaAL - oy
OO— . » Computer » Vista (C:) » ampsaADW950 » Data -
‘ Organize v 22 Views m New Folder
Favorite Links Name . Date taken Tags Size Rating - ol
; &
(4§ Recently Changed QHNZOSGB'SZP 1KB W W
g , Ampsa Website @LP-IGIZLSZP 4KB 3 W W W W
1500 || Amp 1 MAR8.52P A N . L
— Ju Pictures Q] mqf0909a.s2p 4 ‘ Elgfatgﬁ:ggtﬂe is selected in the ]
More » @merMS.sZp N :
Folders v %Nssmz.szp :
7l N7106B2.52P
n D kt - = N
- T;;’:d | 7] N32400AA.52P :
. Public 1] N32484AA.S2P :
ﬂ!J Computer - @N32484AB'SZP B daman s o i~ i 2 X
& Vis:; () 1] N42484AB.S2P 4KB 393 1% 53
- | =
). SRECYCLEBIN B;Zi‘;ﬁgg iiz ARARAZALK
altera : ' W W W W W
t ampsaADW940 5] NE33200.52P 2KB W W W W W
). ampsaADW950 7 NE321000_2V_10mA.S2P 3KB 3 %3 L7 W8 Lo
3 Data 7] NES5500179.52P £Y R AR ARARA
B Bompies | npt25015_28v1367ma.s... EY R A D AR ARARA B
. UsersGuide 7] p025a-1.52p 3B Wi W W W 3
. Aptana (7] p040a70.52p 2KB W wWwWws
. Boot (7] PC9B_80.52P 4KB w35 W W W
= | |
)| Bybelskool DVDs . EWIN221mAs2p 5KB | 1% 7% ¥ I¥
File name: mgf0909a.s2p Touchstone twoport data file

At b i Re ned i 2Rt aB 0| PR o BRrLlE RS A4

=

i

For Help, press F1 Ready | | || I I
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File View Microstrip Project Analysis Synthesis Optimization Graphics Tables Schematic Artwork Export Modify Window Help
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C:\ampsaADW950\Examples\Power Amplifiers\PAExample\mgf0909apoweramp.ani - Schematic o || =] | <}
A+
A
Model Specification Option g0
50.0Q 50.0Q a
15.0° 15.0° (F=2.2GHz) ] ) _ _ ] _ i
Specify the .s2p or .spi S-parameter file associated with the transistor for a0
- which a small-sighal model will be specified. The identifier to be used for =
the transistor in MultiM atch circuit files must also be specified here. This =
name can be up to 35 characters long [ho spaces are allowed in the name).
— S-parameter File Name L
=51
S-parameter File [.s2p or .spi): I
C: YampsadDWIs0\D ata\maf0909a.s2p =
oo
Browse.. 2
=
Multit atch |dentifier —
A label must be specified for the IMGFOSDSA
set of S-parameters on this page. _ =]
The label is used to reference the | —
set of parameters in the circuit file. =
The label can be up to 35 C | Hel
characters long. oK |§ I St g8 =
-
A il e el DRt B0 FE o R E8en| il RR 2 S A
For Help, press F1 Ready y/
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File View Microstrip Project Analys

=EH & ?

. FF) C:\ampsaADW950\Examples\Power 2

50.0Q 50.0Q
15.0° 15.0° (F=2.2GHz)
o S— —

bE [ 2 [ g ] =

First, we will initialize the model
components. 0

[~ Con

Model parameters can be
optimized and constraints
can be specified.

The 16-element intrinsic FET model
can now be fitted to the specified

S-parameter data.

o 94

b4
n
»

i

§§|

=

BT o0& b s &0 8 :

3

For Help, press F1
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File View Microstrip Project Ana|y5|s nthesis  Optimization : chems Artwo Modify Window.  Help
-23
=H & ? FEHgs 8 8 00.!9! 5 80 s
) C:\ampsaADW950\Examples\Power Package Parasttics - Inductance Capacitance |  Package Parasttics - Transmission Lines | 1/V Curve Boundaries <}
FET Intrinsic Model FET Noise Parameters E
= L - ! _/
Cas (pF): |0 0 — — S .
FET/HEMT Model Initialization | Optimization Parameters .. —
0o
$CIR
R 0 ~ Error Type ~ Parameters to Optimize Aol
50.0Q 50.0Q p——
° 1C 0° (F= — " Mini-max ¢ Y-parameters (D=
15.0 15.0° (F=2.2GHz : i
( ) Con bFX: fo * Least square " Z-parameters o
{3} ‘ol R - T-pa;amete[s i
5 " S-parameters
Cad ©F): —Weight Factors —
-CDE
il —— p———
Rgds: |0 | | %1 |00 ®12: 1100 S L
GadniS): [0 | 1 X210 [1.00 ®22 [loo éb
. s
The Error Type, Target Parameters, Weight Factors and — 3
Frequency Range to be used must be specified next. ~ Model Specifications —
f =1
SRS ‘ Contact Resistance: |0.250 Ohm =
The frequency range is automatically set to the full analysis B
range. For initialization purposes it is better to narrow this Frequency Range 0K I &
range down to the lower part of the spectrum where Lower frequency: —
factors such as package parasitics play a lesser role. 500.0000E-3 GH I=
Optimizations will then be done on the full range once the , T Z Maodify Range Cancel
package parasitics are also set up for optimization. -_— Highest frequency: (=]
[ 3.00000 GHz Help -]
!
l —
Cancel ey | Help
AR AR B R A = il = . T TE TR W 2| 4 A4 4|
For Help, press F1 Ready | | || | | 4
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) C:\ampsaADW950\Examples\Power Package Parasttics - Inductance Capacitance |  Package Parasttics - Transmission Lines | 1/V Curve Boundaries o}
FET Intrinsic Model FET Noise Parameters E
Cgs a)F) 0 /./.
0ol
— »Cip
Ri: i ~ Emmor Type Parameters to Optimize Ba0
50.0Q 50.0Q ——~ = —
150°  15.0° (F=2.2GHz) EmbeElp | Model Fitting Frequency Range (@S e
c L ———..
———— 'Elq;!
‘ 0K —
Cad F): |° _ [G00.000CE-3 |
; e Fmin: | 200 0000E-3 | Cancel ;
800.0000E-3
: X 900.0000E-3 o
Rgds: |0 1.0000 L
a o - 5
Gadp (S): |0 } =
- B
od | Fmax: " The upper limit of the frequency —
e ,' range is set to 2 GHz. =
Gm (mS): |0 4| —
—Freq 3|
Tau {ps): |0 Ld/ =
Highest frequency: =
u 3.00000 GHz Hel -]
Rds: IO '. gt —
oK Cancel spply | Hel
i ) wl DO AT T T T T O U W T T =TT
For Help, press F1 Ready y/
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File View Microstrip Project Ana|y5|s nthesis  Optimization : ables _Schema Artwo ot _Modify  Window _Help
-SS
=d & ? FEH@TiMod 8 8 OOQQQQ S 5 80 80
) C:\ampsaADW950\Examples\Power Package Parasttics - Inductance Capacitance |  Package Parasttics - Transmission Lines | 1/V Curve Boundaries o}
FET Intrinsic Model FET Noise Parameters o
Cas F): |0 e T e S.
FET/HEMT Model Initialization ! Oﬂmlzatlon Parameters .. —
e MR L0 1e
$CIR
Ri: i ~ Ermor Type — Parameters to Optimize Ba0
50.0Q 50.0Q .. = v " This initialization will use a least-square ermor —
15.0° 15.0° (F=2.2GHz) Can F): [o £ Minimax V-parameters <¥E, function applied to the Y-parameters of the circuit. e
* Least square " Z-parameters o
—— ‘ol K " T-parameters This generally vields good results. L
" S-parameters -
o
Cad (F): —Weight Factors —
-CDE
I R E—
. o <11 11.00 K12 |1.00 5
Hacs ! ' The weight factors will not be changed in this 1
[R— I — example. n
| . 2
Gadp (5): [0 | X210 [1.00 X22: [1.00 5
~ Model Specifications E
i =
Gm (mS): |0 Contact Resistance: |0.250 Ohm —
o
. |  Frequency Range B
latial a0 i Lower frequency: M S
o=
500.0000E -3 GHz Modify Range Cancel
H Highest frequency: (=]
l 2.00000 GHz Hel -]
Rds: IO . P I
oK Cancel spply | Hel
FE o3 Wl 0 T T T TR T T W T R TR T g A IR AL
For Help, press F1 Ready | I || | | 4
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C:\ampsaADW950\Examples\Power Af Package Parasitics - Inductz , -
Comparison of the Model and the Specified S-parameters

LIS LIgall -

22 2111

. -

Cos pF): [154

Ri: 1.0
5000 50.00
15.0° 15.0° (F=2.2GHz) Can (pF): (0.0
————

Cad pF): |13

The S-parameters of the model (single color traces] are m
compared with the specified S-parameters [mixed color ¥
traces). l

0

o 94

b4
n
»

i

§§|

=

200m.

The various sliders can
be used to pan and

Gm ms): [121
Tau (ps): (0.0
Rds: 8
m 512 m 521
oK Cancel | [ Heb
S Rl B AT TR IS i e - = N . el T

A= Al

BTl oo b/ @os|[.t @

3

For Help, press F1
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: b= H I é| TR A A | OF FEVHEMTIModgl @ ’ e Q . Reasonable constraints will be added to element
i " values before further optimization. o
C:\ampsaADW950\Examples\Power A Package Parastics - Inductance Capac <}
FET Intrinsic Model ==
£k
V' Opt "
: [15.906 A
o2 60 ™ Con -
0ol
T 100 '7 Opt »Cip
v Con i
50.0Q 50.0Q a
15.0° 15.0° (F=2.2GHz) Can ©F): [0.000 i
Con =0
Optimization Constraints
Check the Constraints Box to activate the Optimization — — —
Constraints dialogue box for the relevant element.
Element Bounds <3
Mini .
ininum M aximum o
IU.50IJ 20 —
- &
S)-10.000 [ Current value: =
Element bounds are set for Ri : I =
in this case. il i 2l —
| =
oK I: I Cancel |
&
Rs: : 270E- —
¥ Con I=
(=]
¥ Opt -1
: 8.70 - |2.366 —
Rds: ™ Con Cds (pF):
ok | Cancel |
T T R T i v T | e e e = e *"*,g,|e.|f/;,/|r£'l-,-|
For Help, press F1 Ready | F1:1.300GHz F2: 2.200GHz | | | | 4
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FET Intrinsic Model FET Noise Parameters o
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0ol
p Con CiLd4=
50.0Q 50.0Q - a
15.0° 15.0° (F=22GHZ) Can (pF): Iom Opt 1
———— I Con '.E;!
Optimization Constraints
coarr [ -
I~ Con o
Element Bounds <3
[~ Opt Minimum M axirunm o
Rgds: |0.00 b
I™ Con [602.500 [2.434€3 =
I~ Opt
Ggdp (S)- {0.000 r con | W Current value: gﬁ =
Gm [1217€3 E
vopt | Ot =
Gm (mS): |1.217E3 - oK I Cancel | Con
: I~ Opt =
Tau (ps): |o.ooo _ Opt .
[ Con s v Con I~ Con =
(=]
v Opt v Opt =1
: 8.70 - |2.366 —
s [ Con L [ Con
oK Cancel | 4ppb | Heb
FE e Wi DO AT T T T Y T T TR T ST TITUTEETR R 2| S 4 4|
For Help, press F1 Ready F1:1.300GHz F2: 2.200GHz | | | | 4







	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

