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Test 1 — Simulation Part
Zipqa’

To start off, my assigned f, was 2.6 GHz and my Q was 1.2. Using the equations on the

assignment description, I designed the following circuit:

Q=12 - CL=468
f0=2.6 ~ RL=15.68
Q=wRC w=(sqrt(LC))"-1

PORT
P=1
Z=50 Ohm-

L=

RES CAP IND
CID=R1 ID=C1 - IDp=L1 !
" R=RL Ohm L=0.8 nH

Which has the following reflection characteristics:
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And the following impedance characteristics:
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Single-section quarter-wave transformer matching circuit:

For this portion, I opted to add a transmission line between the load and the quarter-wave

transformer to bring the Z;,,, to the voltage minimum. This is the design:



zq=97.82
TLIN
ID=TL1
PORT Z0=zq Ohm
P=1 EL=90 Deg

Z=50 Ohm FO=f0 GHz

om —

f0=3.12

d=96.97

TLIN
ID=TL2
Z0=50 Ohm
EL=d Deg
FO=f0 GHz

SUBCKT
ID=S1
NET="Zload"

.| —

And here are its reflection coefficient characteristics:
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Lumped elements matching circuit:
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For this, I chose to use a ladder network to match the load to the port. This is what the

circuit looks like:

f0=2.6
X1=0464 ~  B1=148
LX=X1"50/(2*3.1415*f0)  LB=-50/(23.1415*0*B1)
CX=-1/(2"3.1415*10*X1*50)  CB=B1/(2*3.1415*(0*50)

- SUBCKT

"PORT - - . IND . ID=S1

P=1 - - - - . - . . . . . ID=L2. = . . . . . .  NET="Zload" -

. 7Z=500hm- - - - - - - . . . . L=LXnH

D=

o
oo
o

'_

And here are its reflection coefficient characteristics:
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Microstrip line double stub matching circuit:

For this design, I first had to add an intermediary transmission line between the first stub
and the load to move the load admittance out of the forbidden region of the Smith chart. Also
note, the specified substrate was not within the TXLine calculator, so I used the RT/Duroid 5880
preset before replacing the Dielectric Constant and Loss Tangent fields. Therefore, the circuit has

the following schematic:



12=0.1819
L2=12*lamda
From: https://mcalc. sourceforge.net/rhoinfo.html _
rh=1/1.42
MLEF
ID=TL3
MsuB W=WIDTH um
Er=10.2 L=L2 um
H=1270 um o o © MSUB=SUB1
T=17.5um co co c .
Rho=rh MLIN
Tand=0.0023 ID=TL&
ErNem=10.2 PORT W=WIDTH um
Name=SUB1 =1 L=lamda/2 um

Z=50 Ohm - - MSUB=SUB1

lamda=2"21980.6

WIDTH=1168.04

11=0.1896
L1=I1*lamda
MLEF
ID=TL1
W=WIDTH um
L=L1um
. MSUB=SUB1 o
MLIN MLIN
ID=TL2 ID=TL7 SUBCKT
W=WIDTH um W=WIDTH um ID=51
L=lamda/8 um L=lamda/8 um NET="Zload"
MSUB=SUB1 MSUB=SUB1

This is the layout:

MTEE

ID=TL4
W1=WIDTH um
W2=WIDTH um

W3=WIDTH um -

MSuUB=SUB1

MTEE

ID=TLS
W1=WIDTH um
W2=WIDTH um
W3=WIDTH um -
MSUB=SUB1

And here are its reflection coefficient characteristics:
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Coplanar waveguide double stub matching circuit:

For the coplanar waveguide, I followed the same approach as the microstrip line
matching circuit, adjusting the necessary lengths to accommodate for the difference in material

parameters. Additionally, T-junctions were not used for this design, and I decided to forego the
line towards the port since it is redundant to have a % line at that spot. For the gap (“S”)

parameter, I chose 100 microns, since the default value of 10 microns produced errors while

calculating using the TXLine tool. Here is the schematic:



' ' lamda=2"25698
WIDTH=172.259

12=0.3785 GAP=100

From: hitps://mcalc sourceforge net/rhoinfo html L2=I2"lamda_ . . . . 11=0,0774:
th=1/1.42 o o o o ) ) ) ) ) L1=11"1amda
- CPW_SUB .

Er=129
. H=1270um . . . CPWLINE . . . . CPWLINE

T=17.5um : . . ID=CP4 . . . . ID=CP2
. Rho=rh - o o o W=WIDTHum . . . . W=WIDTH um

Tand=0.0023 S=GAP um S=GAP um

Hcover=100 um . . . L=L2 um . . . . L=L1 um

Hab=2 um CPW_SUB=CPW_SUB1 CPW_SUB=CPW_SUB1

Cover=0
. Gnd=0 - o o o o . . . . . . . .
- Er_Nom=10.2 Lo Lo Lo Lo RS . CPWLINE . . N ‘CPWLINE

H_Nom=H@ um ID=CP3 ID=CP1

Hcov_Nom=Hcover@ um W=WIDTH um W=WIDTH um
- Hab_Nom=Hab@ um . . . S . S=GAP.um . S=GAP um - SUBCKT
-~ T_Nom=T@um - - Lo PORT Lo ] . L=lamda/8 um . . . ‘L=lamda/8 um . ID=S1- -

Name=CPW_SUB1 P=1 CPW_SUB=CPW_SUB1 NET="Zload"

- - Z=50 Ohm f N )
y s . D - . . - - o - 1
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The layout:






And here are its reflection coefficient characteristics:
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Conclusion:

The specific method used to match a load will vastly alter the reflection coefficient, as
seen in the above graphs, in both the frequency of interest and far beyond. This means that
choosing the appropriate matching network depending on how tight the bandwidth is and
sensitive the application is paramount. The quarter-wave transformer had the widest bandwidth
and a mediocre reflection coefficient; the microstrip line transformer had a mediocre bandwidth
and the highest reflection coefficient; interestingly, the coplanar waveguide transformer and the
lumped elements transformer had the same bandwidth, though the lumped elements transformer

had a lower reflection coefficient.



It seems that all of my circuits are slightly off the f, (or 1.2f,) mark, perhaps due to some
imprecision in choosing the values for Z;,,4, since all of the designs seem to stray by about the
same amount. Some further imprecision can be attributed to choosing the values of the networks’
components/lines by using the Smith chart in AWR and tuning the values until they were less

than +0.01 off the 1 + jO mark.

Addendum: Reflection Coefficient Graphs in Terms of Linear Magnitude

In the same order as above:
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