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Outline

* Importance of Impedance Matching

* Matching with discrete components

* Matching with Quarter wavelength

e Stepped Impedance

* Practical Impedance Matching — Quarter Wavelength Coax



Importance of Impedance Matching

* Needed for High Power Amplifiers

* Example:
VDD =50V, Pout = 100W

VDD? : “ ”
. = 2 x Pout, Consider AB Class or “Greater
2
0" R, R = 12.5Q, Most likely lower impedance
2x100

than this approximation

* GaN Amplifiers
* MMRF5014 — Datasheet on the right

* Narrowband Optimal at lower impedances for power
gain and efficiency

f Zsource Zioad

MHz Q

500 1.3 +j3.9 5.9 +j3.5

1000 1.0+j0.3 5.5 +j2.9

1500 0.8-j0.5 3.4 +j2.0

2000 1.2-j2.0 4.7 +j0.3

2500 27-j38 3.7 +j1.4
Zsource = Test circuit impedance as measured

Zioad =
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Figure 7. Narrowband Fixtures: Series Equivalent Source and Load Impedances
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Matching with Discrete Components

* Advantages:
e Simple

* Disadvantages:
* Limited to HF, VHF, UHF

e Narrowband
* Note: Q =

* BW

fe

BW

_ 1150 MHz
173

Z0:50Q Frequency: 1150.0MHz
Start: 12.5+j0.0Q Target: 50.0 +j0.0Q

Final: 49.84 +j0.52Q p: 0.01
Percentage tuning mode

Series Inductor 2.99nH

Shunt Capacitor 4.77pF

=664 MHz

NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES
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Example

* 10 dB BW =518 MHz

frequency: 8.62e+08
dB(S[1,1]): -10

S 'frequency: 1.38e+09

/ dB(S[1,1]): -10.1

frequency: 1.15e+09
dB(S[1,1]): -55.4

6e8  7e8  8e8

169  1.1e9

frequency
frequency

12¢9 13¢9 14e9 1.5e9

L1 |
L=2.99 nH

& Y Y\

S _|_C1

ALusL Ic‘=4.7‘7 pF

¥ z=50 0

S-parameter
simulation

SP1

Type=lin
Start=500 MHz
Stop=1.5 GHz
Points=200

P2
Num=2
1 7=125Q



Quarter Wavelength Transformer

e Advantages:

e “Simple”

* Usable at higher frequencies
* Disadvantages:

* Narrowband
* Difficult to tune if first shot doesn’t come out as expected.

A/4 Z:

Lin
Y Y
T |
| Z o Transmission line
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Example

* RO43508B, 20 mil

thickness, 10z

e« 70 = V50 % 12.5

e Z0 =250
* BW =668 MHz

Zo h=20 mils

t=1.4 mils
ZL tand=2e-4
rho=1.72e-8

backside=Metal

Ve i
A
MS1
- Subst=Subst1
W=115 mils
- L=1461 mils
s-parameter :
simulation
SP1
Type=lin
Start=500 MHz
Stop=1.5 GHz
Points=200

# QucsStudio Transmission Line Calculator 3.3.2 — >
Eile Help
Choice Microstrip Line Farameters
e ~ w Frequency 1150 |MHz =
™
Dimensions
w 115.303 | mil -
L L 1461.14 | mil -
‘I.I. H RF Froperties .
W, 20 25 [ohms
S Angle| 90 | degree
Properties ~ Results
Er 3.66 v | Skin Depth: 0.0766307 mil
tan & Jgd | e_reff: 3.08372
Resistivity| —— 1 Conductor Losses: 0.0298767 dB
e Dielectric Losses: 0.00126672 dB
HRE| 0.999994 - Radiation Losses: 0.00208006 dB
Roughness 0.1 pm ~ Single-Mode Range: 0 Hz ... 25 GHz
T| 14| |mil - Copy Component to Clipboard ‘
i —
20 | Copy to Clipboard inclusive Cireut |
L
o+ S S—
107 T /E”
}) \\\\\ P /"
==-201 | =3 — e
o= frequency: 8.12e+08 \ / .
€09 a / frequency: 1.48e+09
=530 2e /
ag dB(SI1,1]):-10 \ / dB(S[1. 1) -10.1
-40- W
5{ frequency: 1.15e+09
501 dB(S[1,1]): -53
-60 . : - 8 : : : : B
5e8 6e8 7e8 Be8 9e8 1e9 1.1e9 12e9 1.3e9 1.4e9 1.5e9
frequency

frequency



Stepped Impedance

* Advantages:
* Broadband

* Note: Q = Bf—;V

_ 1150 MHz
077

* BW

= 1493 MH:z

* Disadvantages:

e Difficult to implement and correct if board
doesn’t turn out as expected.

Smith Chart Calc 73

Z0: 50Q Frequency: 1150.0MHz

Start: 12.5 +j0.0Q Target: 50.0 +j0.0Q
Final: 50.3 +j0.99Q p: 0.01

Percentage tuning mode

Series Inductor 1.33nH
Shunt Capacitor 5.34pF
Series Inductor 2.03nH
Shunt Capacitor 3.31pF

Series Inductor 3.38nH

Shunt Capacitor 2.14pF

BTN IS AR NS



L3 L2 L1
L=3.38 nH L=2.03 nH L=1.33 nH

Y YL - YY) a YY)

| P1 | P2
Exa m p | e %g;'g‘;é %822_14 oF %853_31 oF %gl5_34 pF %g;‘:‘;go
e Simulated BW = 1267 MHz s-parameter
simulation
* Although, impractical due to S
inductances/capacitances non-ideal. Stop=2.6 GHz.
Points=300
* Required to design using microstrip
distributed elements. of —
R P
= I R
\" lﬁ‘r
-50- |||| !
|

frequency
frequency



Practical Impedance Matching —
Direct connection from 50Q to 12.50 — no
matching




Practical Impedance Matching — Quarter
Wavelength Coax

* Assumed Propagation velocity: 70% (Vp)

*ZxVp=21in Coax,ﬂx 0.70 = 182mm
f 1150

* A/4 = 45mm

* 388.5 MHz




Practical Impedance Matching — Quarter

Wavelength Coax - Tuning

* Knowns:
* 888.5 MHz
e 182 mm length, A

e Unknowns

* Vp=53.9%

=)

* Assumed Propagation velocity:

53.9% (Vp)

. %pr=/1in Coax,
= 140mm

e A/4 =35.1mm

300

1150 MH

Z

x 0.539



Practical Impedance Matching — Quarter
Wavelength Coax - Tuning

|
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» Without Insulator F7 S Ve

e Fc=1107 MHz, 10.3dB
Return Loss

e With Insulator

* Fc =1088 MHz, 13 dB
Return Loss




References

 Link to the QucsStudio software download
» gucsstudio.de/download/



https://nam04.safelinks.protection.outlook.com/?url=http%3A%2F%2Fqucsstudio.de%2Fdownload%2F&data=05%7C01%7CJoseArreguinMartinez%40my.unt.edu%7Ce952e5e3db8b4b77236008dbce7df4d0%7C70de199207c6480fa318a1afcba03983%7C0%7C0%7C638330812617397247%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=dCvmsQViKx53HN6npfP40YilQPqkenl0dUG8mWBuv4c%3D&reserved=0
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