MICROSTRIP PA DESIGN

PART — 1 (MRF284 on 1296)
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e THE MRF284 IS A Si LDMOS POWER TRANSISTOR

* >30W POWER OUTPUT AT Vdd = +26V

* MOTOROLA /NXP “OBSOLETE” \ﬁ

» EBAY AVAILABLE < $20 e}
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MRF284 TARGET IMPEDANCES

- OPTIMUM EXTERNAL IMPEDANCES at 1296 MHz :
Zoopr =2.04j250
Z, opr =3.042.50

OPTIMUM MATCHING NETWORKS WILL PROVIDE A MATCH TO
LOADS THAT ARE COMPLEX CONJUGATE OF THE OPTIMUMS

* SO, DESIGN MATCHING NETWORKS TERMINATED WITH:
Z*S OPT = 2.0 'j 2.5 Q
Z*L OPT - 3.0 'j 2.5 Q

Z¥ =R-j X
<:£
()]
LC MATCHING / %
<
0 NETWORK 500
I—O o—
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INITIAL LUMPED LC DESIGN

THE FIRST STEP IN THE DESIGN IS A LUMPED LC MATCH

THE OUTPUT MATCH WILL BE USED TO ILLUSTRATE THIS

WE WISH TO USE LOWPASS ELEMENTS (L series & C sHuNT)
— DESIGN A 4th ORDER PSEUDO BP MATCHTO 3 Q
— ADDO0.31nHFOR+)2.5Q



INITIAL 3 OHM MATCH

@iae.:z:

ApelSoft » Bandwidth = 15.38 %
Desi Tool Print | |Lower Stopband Loss =6.704 dB
esign loois zx | Fassband Ripple Loss =.0022 dB
Fassband Ripple WS'WH = 1.046:1
Lower Freq.= 1.2 GHz
Upper Freq.= 1.4 GHz | UASILOWPASS MATCH
) F=3 Ohm
High Z Port = 50 £ |L=0.6948 Nano-Henry
C=20.9156 Pico-F arad
Low Z Port = 3 )  |L=3.1373 Mano-Henry
C=4 6318 Pico-Farad
R=50 Okhmi
—MNet.Order— — LC Absorption —
O 2 ) Yes No (&)
(s} a
O s (*) Quasi-LowPass
O 8 O Quasi-HiPass
O
10 Calculate I

About Pseudo Bandpass |

http://k5tra.net/TechFiles/PseudoBPmatch.exe
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http://k5tra.net/TechFiles/PseudoBPmatch.exe
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INITIAL 3 OHM MATCH

INDQ INDQ
3 ) ' 1=0.695 nH 1=3.137 nH
PORT PORT
P=1 M p=2
Z=1 Ohm Z=50 Ohm
CAP CAP
C=20.9 pF C=4.632 pF

T.Apel



LUMPED LC MRF284 OUTPUT MATCH

MRF284 INITIAL LC LOAD

Swp Max
1400MHz

m1:
1296 MHz
r 3.1 Ohm
x 0.1 Ohm

REFERENCE =1 Q) \

m2:
1295 MHz

=—3(1,1)

—5(1,1)

Lumped LC 3 ohm transformer

Lumped LC load Swp Min

1200MHz

K5TRA

T.Apel

INDQ INDQ
L=1.00 nH L=3.137 nH
CAP ~ CAP
C=209pF  C=4632pF

 ADDO0.31 nH to 0.695 nH

e TOTAL L series = 1.00 nH

PORT
P=2
Z=50 Ohm



LUMPED DESIGN ON A CIRCUIT BOARD

* THERE REALLY ARE NO LUMPED ELEMENTS

— CHIP CAPACITORS HAVE SERIES INDUCTANCE (and LOSS)
— CHIP INDUCTORS HAVE DISTRUBUTED CAPACITNCE (SELF RESONANCE)
— CHIP RESISTORS HAVE SERIES INDUCTANCE AND SHUNT CAPACITANCE

* CIRCUIT BOARD TRACES OVER BACKSIDE GROUND ARE MICROSTRIP
TRANSMISSION LINES.

* MICROSTRIP LINES ARE QUASI-TEM; SO THEY CAN BE REPRESENTED AS A
SERIES OF INCREMENTAL SERIES L AND SHUNT C ELEMENTS.

e Zp= \/%, WHERE L AND C ARE INCREMENTAL (PER UNIT LENGTH)

 THIN TRACES:
— HIGH Zo TRACES HAVE HIGH L/C
— USED FOR PRINTED INDUCTORS

 WIDE TRACES:
— LOW Zo TRACES HAVE MORE C
— PROVIDE SHUNT C (AND SOME SERIES L)

K5TRA



conductor
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LC REPRESENTATION OF A SHORT LINE

L
o~} o— o oL
1~ C

CT Tc
1 1 Zo, O0=pI1 1
Xi=ZoeSin(S1) C:II |¥> Xi=ZoeTan(B1/2)

X — Zo
Sin(p1)

Xc=ZoeCot(B1/2)

* HIGH Zo LINES USE THE 7T CIRCUIT FOR INDUCTOR REPRESENTATION

* THE END CAPACITANCES ARE SMALL WITH HIGH Zo LINES
* LOW Zo LINES USE THE T CIRCUIT FOR CAPACITOR REPRESENTATION
* THE END INDUCTANCES ARE SMALL WITH LOW Zo LINES

K5TRA T.Apel
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PARTITIONED LC OUTPUT MATCH

INDQ INDQ INDQ
L=1 nH L=1.00 nH L=2.137 nH
PORT PORT
S R e N e A e el
Z=1 Ohm Z=50 Ohm
CAP - ~ CAP CAP
C=198pF _ C=113pF o _ C=35pF
CAP
C=1.13pF
86 mil x 425 mil
MICROSTRIP

K5TRA T.Apel 11



LUMPED EQUIVALENT CALCULATOR

B8 MicroStrip Lumpe: e Pt
L'E“ﬂth 425.10 Analysis 86.00 Width
C(pF)-T | 1.9224 | synth. T Synth.Pi|| 2.1374 | L(nH)-Pi
L{nH)-T | 1.1541 O microns ® mils 1.1282 | C(pF)-Pi
ApelSoft
Solve Microstrip About
Impedance Effective Relative Phase Length
Dielectric Velocity (degrees)
N e
Dielectric Dielectric Conductor Frequency (GHz)
Constant Thickness Thickness

http://k5tra.net/TechFiles/LumpEquiv.exe

K5TRA
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MICROSTRIP
ANALYSIS AND
SYNTHESIS

Tt and T EQUIVALENT
CIRCUIT
CALCULATION

SELECTABLE UNITS:
MILS OR MICRONS

12


http://k5tra.net/TechFiles/LumpEquiv.exe

SMD CHIP SERIES INDUCTANCE

SMD + PTH SERIES INDUCTANCE

CHIP PKG DIM (mil®) L(nH) Fo Yo sia

0402 40x20 0.59 Freq (GHz) 1.296 Harmonics 1.30 2.59 3.89
0603 60x30 0.77 Effocti
0805 80x50 0.84 LsnH) [ 8 Value | 626 pF [172860 [ 0.aanH
ATC 100A 55x55 0.55 Cs (pF) e : o o -
ATC 100B 110x110 0.77 1P
Calculate | W\*_'%" Resonant Freq (GHz) 2.60

http://k5tra.net/TechFiles/SeriesTrap.exe

* AN 0805 4.7 pF CAP ALSO HAS 0.8 nH SERIES INDUCTANCE

* SERIES RESONANT FREQUENCY IS 2.59 GHz (2"¥ HARMONIC SHORT)

* EFFECTIVE CAPACITANCE IS 6.26 pF AT 1296 MHz

» EFFECTIVE CAPACITANCE IS 1720 pF AT 2" HARMONIC OF 1296 MHz

e EFFECTIVE INDUCTANCE IS 0.44 nH AT 3'¥ HARMONIC OF 1296 MHz
K5TRA TApel 13


http://k5tra.net/TechFiles/SeriesTrap.exe

MICROSTRIP DESCRIPTION — MRF286 OUTPUT

PORT

.

Z=1Ohm

LPTUNER
ID=TU2
Mag=8787
Ang=-13.32
Fo=1258 MHz
Zo=1 Ohm

K5TRA

MLIN
ID=TL1
W=W1 mil
L=L1 mil
MSUB=FR4

M e

MLIN -
ID=TLS C
W=80 mil ;_thcw‘m
SLC =Lbias mil B pen
- ? MSUB=FR4 C=82 pF

DRAIN BIAS FEED

MSTEP
,"&'1'5,_4 ID=TL3 MLIN MLIN
W=W1 mi W1i=W2 mil ID=TL2 |D=TLE
Lot 12 o Wz=\év-,qu Zvi'ivz ol r‘.i\g,z mi §-O§T
T MSUB=FR4 =12 mi ot x
MSUB=FR4 MSUB=FR4 Z=50 Ohm

MRF284 OUTPUT
1296 MHz
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EM SIMULATION GEOMETRY — MRF286 OUTPUT

K5TRA T.Apel 15



EM SIMULATION DATA IN CIRCUIT SIMULATOR

MLIN
T 2
Lgnd=0.8 C1=53 V\£=8(_) mil L:_L »
Lbias=1200 C2=3 L=Lbias mil gnd n
MSUB=FR4 C=82 pF
=~ _Q Q_~=1
LPTUNER
ID=TU1
Mag=6787
Ang=-19.33 Deg DRAIN BIAS FEED
PORT Fo=1296 MHz
P=1 Zo=1 Ohm :
Z=1 Ohm
|>—!— '_\_H—_ SUBCKT _.7
ID=51
| NET="EM_outpu
ESQR L Z"_I_.oad
Z=50 Ohm 3.0-j2.5 *
sSILC
ID=LC3
L=Lgnd nH
C=C2 pF
SLC
ID=LC2 %L:CL -
L=Lgnd nH
C=C1 pF to

MSUB

i L=Lgnd nH

i C=C1pF
Er=4
H=25 mil

T T=1 mil
Rho=1

I

Tand=0

MRF284 OUTPU

1 296 M HZ Name=FR4
K5TRA T.Apel
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EM SIMULATION DATA IN CIRCUIT SIMULATOR

ZL MRF284 v2

Swp Max
1350MHz

m1:
1297 MHz
r1.03 Ohm
X -0.03 Ohm

m2:
1297 MHz

r 3.05 Ohm
x 2.50 Ohm

- 5(1,1)
MRF284 output match v2

- 5(1,1)

MRF284 output match v1
-5(1,1)
MRF284 output LOAD v1

Swp Min
1250MHz

T.Apel
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EM SIMULATION DATA IN CIRCUIT SIMULATOR
" Loss MRF284 Input Match v1
-01 T T I ermr e
-0.2 -
03 |
- —DB(|S(2,1)])
MRF284 input match v1
o4 —— 1 |l DB(GP(2,1))
E e EM SIMULATION DESCRIPTION LOSS
_0-51250 1275 1300 1325 1350 Loss ZL MRF284 v2
Frequency (MHz) 0 -
MICROSTRIP DESCRIPTION LOSS 0.1
oo : ...........................................
-0.3 -
B —DB(|S(2,1)])
B MRF284 output match v2
04 e DB(GP(2,1))
e MRF284 output match v2
05 =
1250 1275 1300 1325 1350
Frequency (MHz)

K5TRA T.Apel 18



MICROSTRIP DESCRIPTION — MRF286 INPUT

RES
ID=R1
=5 Ohm

DRAIN BIAS FEED

MLIN

ID=TL3 sLC

W=50 mil ID=LC5
SLC =Lbias mil L=Lgnd nH
ID=LC2 MSUB=FR4 C=22 pF
L=Lgnd nH

LPTUNER
ID=TU2 MSTEP
- MLIN MLIN
=8 =
sEEmos B T S S B =
PORT Fo:r\% MHz W=W1 mil W=W1 mil _,;- - m‘ WaW2 I W=W3 1 PORT
P=1 Zo=1‘0hm L=L1 mdl L=L1a mil \C'S‘G\gjpgg L=-LZ ;:‘“l L=’-3 m:lm P
=1 Ohm MSUB=FR4 MSUB=FR4 = MSUB=FR4 Z=50 Ohm
2025
Z*_Source

MRF284 INPUT
Bect 1 296 M HZ iDca iDaLcH

L=Lgnd n L=Lgnd nH L=Lgnd nH
C=C1 pF C=C2 pF C=C3 pF
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EM SIMULATION GEOMETRY — MRF286 INPUT
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EM SIMULATION DATA IN CIRCUIT SIMULATOR

MLIN
ID=TLO sLe
= =5 W=80 mil =
5 i 8 e L=Lbias mil L=Lgnd nH
C1=68 MSUB=FR4 C=82 pF

C2=47 , p
LPTUNER C3=22 " ] \ Q Q /7‘_"‘

Sa:;f (1590 DRAIN BIAS FEED
Ang=-28.39 Deg
PORT F0=1296 MHz
P=1 Zo=1 Ohm
Z=1 Ohm
[:>—'— ,—|‘— N fm
SUBCKT T
_ | 1D=s1 .
2 | NET="EM_input" | 5 =
EngT 2025 e "T
7=50 Ohm Z _SOUrce
> o > : . SLC
ID=LC4
L=Lgnd nH
SLC C=C3 pF
o o ID=LC3
L=Lgnd nH
C=C2 pF
SLC
ID=LC2 %;CL - i
L=_Lgnd e L=Lgnd nH -
ol C=C1 pF
MSUB
Er=4

L /

MRF284 INPUT | e,
1296 MHz

K5TRA T.Apel
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EMS

MULATION DATA IN CIRCUIT SIMULATOR

Zs Match MRF284 v2

Swp Max

REF=1 OHM 1350MHz

m1:
1297 MHz

r 0.89 Ohm
x -0.04 Ohm

m2:
1295 MHz

r2.15 Ohm
x 2.52 Ohm

——=3(1,1)
MRF284 input match v2

—S(1,1)

MRF284 input match v1
== S5(1,1)
MRF284 input SOURCE

Swp Min
1250MHz

T.Apel
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EM SIMULATION DATA IN CIRCUIT SIMULATOR

Loss MRF284 Input Match v1
0
[ [—————
02 [
03 [
- —DB(|S(2,1)])
- MRF284 input match v1
04 | - DB(GP(2,1))
D MRF284 input match v1
C EM SIMULATION DESCRIPTION LOSS
-0.5
1250 1275 1300 1325 1350 g Loss MRF284 Input Match v2
Frequency (MHz) B
MICROSTRIP DESCRIPTION LOSS 01 |
B el it e
-03 |
B —DB(IS(2,1)])
N MRF284 input match v2
04 DB(GP(2,1))
- MRF284 input match v2
05 &
1250 1275 1300 1325 1350
Frequency (MHz)
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1296 MHz MRF284 30W PA

L J

- CS c6 C7° cal '
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1296 MHz MRF284 30W PA
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MRF284 30W PA
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3638524A_Y11

211209
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SOFTWARE TOOLS

SMITH:
http://www.fritz.dellsperger.net/smith.html

PSEUDO BP MATCH:
http://k5tra.net/TechFiles/PseudoBPmatch.exe

MICROSTRIP LUMPED EQUIVALENT:
http://k5tra.net/TechFiles/LumpEquiv.exe

SERIES TRAP:
http://k5tra.net/TechFiles/SeriesTrap.exe

SHUNT TRAP:
http://k5tra.net/TechFiles/ShuntTrap.exe

T.Apel
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