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Final Project
My specifications were a Zyp of 58 Q and a fy of 2.8 GHz.
34 Order Coupled-Line Bandpass Filter:

Using Table 8.3 from the textbook I found the necessary g, for each section; equations of
8.121 I could find the normalized J,, values; and equations of 8.108 the even- and odd-mode

impedances of each coupled line. = was 0.1 since my assigned bandwidth was 10% and N was 3.

A

Zoh = |34. (8.121a)
ZoJp = o (8.121b)
0/n ng(n—l)gn .
NET

ZoJni1 = —ZgN’;NH (8.121¢)

Zoe = Zo(l +]ZO + UZO)Z) (81083)

ZOO == Zo(l _]ZO + (]Zo)z) (8108b)
n gn ZO]n ZOe (Q') ZOo ('Q)
1 1 0.396 90.1 441
2 2 0.111 65.2 52.3
3 1 0.111 65.2 52.3
4 1 0.396 90.1 441

Then, I ran the TXLine calculator until I managed the below values for the even-mode:



g TXLIME 2003 - Microstrip Coupled Line - X
Mi-:ru:ustrip] Stripline] CPw ] CPw Gru:uund] Round I:::ua:-:iall Slatline  Coupled MSLine l Coupled Stripline]

b aterial Parameters

Dielectric ||3a.-'1'-.s ﬂ Conductar |Eu:u|:u|:uer ﬂ [e—tfi—s| |e—li—s]

4
Dielectic Constant 102 Conductivity |5-BBE+D? |5f"|'ﬂ ﬂ |I| A SFr -T—
4

Loss Tangent 00023 (:A“"H t .
Electrical Characternistics Phyzical Characteristic

Impedance |90.0675 |Ohms | Physical Length [L] |8381.341182 lum |

Frequency |2.5 |GH2 j WwWidth [) |5?5 |um j

Electiical Lenath | 75.2633 ldeg | Gap(5] 510 um |

Phase Constant |39?9.35 ||:|eg.-"m ﬂ Height{H] |12?EI |um ﬂ

E ffective Diel. Const. W Thickness [T) |1?.5 |um j

Loss |2.686EG |dB/m v

f* Ewven kMode (" Odd Mode

Output for sections n = 1,4

g TXLIME 2003 - Microstrip Coupled Line — *
Mi-:ru:ustrip] Stripline] CPw ] CPw Gru:uund] Round I:::ua:-:iall Slatine Coupled MSLine l Coupled Stripline]

b aterial Parameters

Dielectric |I3a.-'1'-.s j Conductar |Eu:u|:u|:uer ﬂ | e—t—s| |e—t0—s] |
O i [ s |

Dielectic Constant Im— Conductivity |5-BBE +07 |5f"|'ﬂ ﬂ |I| A SFr ?
Lozz Tangent W (A“"H | %t ”
Electrical Characternistics Phyzical Characteristic
Impedance |B5.2376 |Ohms | Physical Length L) |8381.341162 um |
Frequency |2.5 |GH2 ﬂ didth (4] |95|:| |um ﬂ
Electrical Length |77.0151 |deg | Giap (5] |950 um |
Phaze Conztant |E|'| 88.88 ||:|eg.-"m j Height[H] |1 270 |um j
Effective Diel. Const. IW Thickness [T) |1 75 |um ﬂ
Loss |242968 |dB/m v

¥ Ewen Mode (" Odd Mode

Output for sections n = 2,3



The calculated quarter-wavelength of f, shown in the above pictures did not produce the
appropriate results, so the design was adjusted by first placing 90° in the “Electrical Length”

textbox and then further adjusting the length until the desired results appeared.

MCFIL:
ID=TL1
. W=575um -
. PORT S=510um -
ey P= L=10025 um
Z=Z0 Ohm MSUB=SUB1 MCFIL
ID=TL2
MSUB W W=950 um
Er=10.2 S=950 um
H=1270 um L=10025 um
- T=17.5um- : : : : MSUB=SUB1 - MCFIL-
Rho=1 ID=TL3
- Tand=0.0023 - - ‘ S M - - ‘ W=950 um
ErNom=10.2 S=950um
Name=SUB1 L=10025 um
— MSUB=SUB1 MCFIL
ID=TL4
W=575 um
S=510um
g ? L=10025 um

MSUB=SUB1

PORT
p=2
Z=20 Ohm
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Ceramic Resonator 4™ Order Bandpass Filter:

The center frequency for this filter has been changed to 2, bandwidth is still 10%. Table
8.3 again provided the g, values; equations of 8.136 the normalized J,, values; equations of
8.137 the capacitor values for every n; and equation 8.141 to find the stub length for every n
(note in that one that AC,, is a single variable, as opposed to A * C,). The N is of course 4. For

TXLine, I converted [,, to degrees, and w is the center frequency in radians/second.

A

ZoJor = |54, (8.136a)
A

Zolnms1 = 3 os (8.136b)

ZoJn+1 = xe (8.136¢)

29NIN+1



Jo1
= B
Cox woy/1-(ZoJo1)? (8.137a)

Cpppy = 2242 (8.137b)
, wo
JNN+1
CN,N+1 = - (8137C)
wo,/l—(zo]N,NH)z
_ 1 Zo(A)()ACn
o= (5 +22) (8.141)
n In ZoJn-1n Ch-14 (PF) | AG, (pF) l, (mm) ln (°)
1 0.7654 0.320 0.1655 -0.1863 3.1758 68.22
2 1.8478 0.0425 0.0208 -0.0531 3.9009 83.79
3 1.8478 0.0660 0.0323 -0.0763 3.7746 81.08
4 0.7654 0.0898 0.0440 -0.1933 3.1377 67.40
5 1.0 0.320 0.1493 - - -

These mathematics work in an ideal scenario. To accommodate for the junctions, I had to

subtract the width of the junctions from the stub length. Otherwise, the center frequency would

be at 4.8 GHz.




Resonator 4th Order Filter Response
0
—=DB(IS(1,1))
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Notice on the schematic there are Ln and In values. Ln means what was hand-calculated
and In is what TXLine calculates based on the electrical length I calculated. I tried to see if this

would improve the filter response. It did not, as the graph below shows.



-10

Resonator 4th Order Filter Response

—= DB(IS(1,1)])
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5.04 GHz
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To fix the lumpy response, I tuned each stub length until I reached this result:




Resonator 4th Order Filter Response
0
~ DB(IS(1,1)])
resonator4th
195 pB(IsE,1))
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-30
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The bandwidth is not exceptional, however there is less loss at the center frequency and

the passband is less lumpy.

Note for the layout above that the gaps are to accommodate for the lumped-element

capacitors.



Diplexer:

An effective Diplexer design does not allow the two I/O ports to suffer crosstalk.
However, since at 5.6 GHz the 2.8 GHz filter exhibits a passband harmonic with a magnitude of

-6 dB, the filter itself cannot deal with that issue. The graph below shows this behavior.

Coupled 3rd Order Filter Response Expanded
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Further, because the frequencies are multiples of 2 to one another, designing the Diplexer
itself to block out the 5.6 GHz signals into the 2.8 GHz filter is not feasible. A better
specification for this would be to have the two signals possess center frequencies that are 1.5

times apart from one another, or perhaps nearly outside one another’s passband.



Z0=58
W0=858.9584
jambda0=33530 "

- MSUB

Er=10.2
- H=1270 um
- T=17.5 um
Rho=1
Tand=0.0023
- ErNom=10.2
MName=SUB1

L1=lambda0/4
L2=lambda0/8

MBENDIOXS
ID=MS1
M=0 -
MSUB=5UB1

MLIN
ID=TL1 |
W=W0 um
L=l1-2"W0) u
MSUB=SUB1

T W=W0 um
L=lambda0/2-W0" urih
MsUB=5UB1
. MLIN
1=5174 iD=T2
12=2542 36 WEWO um
L=12-2"W0) u
MSUB=SUB1

SWBCKT
.ID=51- - - .
- NET="coupled3rd"-

iy .
ID=TL5 PORT
© W=WO um P=2 .

L=11-W0 um Z=Z0-Ohm
MSUB=SUB1

MTEES

ID=TL3

MSUB=SUB1

SUBCKT
1D=52 - .
NET="resonatordth”

rimiy
ID=TL6 ID=TLT EE);{T
" MBENDS0XE T W=W0 um © W=WO0 um o
Cib=ivsz © L=12-W0 uni £=30000um - Z=Z0-Ohm
Tw=h © MSUB=5UB1" MSUB=5UB1

| MSUB=SUB1
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Diplexer Response A _
0 diplexer
=+ DB(|S(3,1))
10 diplexer
-20
-30
-40
-50
1.96 3.96 5.96 7.28
Frequency (GHz)
Diplexer Response B ~=DB(|S(1.1)])
0 diplexer
- DB(]S(3,2)])
10 diplexer
-20
-30
40
-50
1.96 3.96 5.96 7.28




4t Order Commensurate-Line Low-Pass Filter.

I first prototyped this filter using lumped elements, calculating them by using the g,
values from Table 8.3 for an N of 4 (the same as the previous filter) and the equations of 8.67 to

obtain the values seen in the schematic below.

_ RoLg

! Ck
C, = Rowo (8.67b)
20=58
eorT W wo
Cp=1 - - - Ib=t1. .. ID=L2.
Z=70 Ohm L=6.092 nH L=2.523 nH
PORT -
.CAP. l .CAP. _ Z=70 Ohm
b=ct . Ib=C2
C=0.750 pF ~ C=1811pF




Lumped Commensurate 4th Order Filter Response
0 @ T I -
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As seen in the graph above, this is precisely what we are looking for. From there, I
applied Richard’s transformations and the first two of Kuroda’s identities until I got the desired

circuit below (a scanned page of my hand-calculations is at the end of this summary).

MLIN MLIN MLIN MLIN IMLIN

70=58 . ID=TL1 ID=TL3 ID=TL5 ID=TL? ID=TLS

f0=2.8 PORT W=W0 um W=213.2um W=31.48um W=129.7.um W=W0 um

WO=858.954 P=1 L=I0 um L=10 um L=10- um L=10 um L=10 um

= Z=Z0 Ohm- -MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1

lambda0=33530

l0=lambda0/4 ) > ] ] <
MSUB
Er=10.2 MLEF MLEF MLEF MLEF PORT
H=1270 um . . ID=TL2 ID=TL8 ID=TL8 - ID=TL4 P=2-
T=17.5um W=4938 um ‘W=89.55 um W=2729 um W=3822 um Z=Z0 Ohm
Rhe=1 L=10 um L=10 um L=10 um L=16 um
Tand=0.0023 . . MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1
ErNom=10.2
Name=SUB1

However, my hand-calculated values shown above did not produce a suitable filter, as

seen below.



Commensurate 4th Order Filter Response

-10

-20

T

—=DB(S(1,1)])
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By tuning the values, however, I managed the below circuit and filter response.

Z0=58

0=2.8
W0=858.954
lambda0=33530
10=lambda0/4

MSUB
Er=10.2
H=1270 um
T=17.5um
Rho=1
Tand=0.0023
ErNom=10.2
Name=SUB1

MLIN - - - - MLIN - - - MLIN - - -MLIN EER MLIN
coe ID=TL1 - - - ID=TL3 - -ID=TL5 - - -ID=TL7 EER ID=TL9
PORT W=Wo-um - W=50 um - W=105.7-um - - -W=gs0um - - - - W=woum - -
P=1 L=10um L=I10 um L=I0 um L=10um L=I0um
Z=Z0 Ohm- -MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1
EER EER MLEF- - - MLEF- MLEF . MLEF - - PORT
ID=TL2 - - ID=TL6 ID=TL8 . ID=TL4 - P2
W=100 um W=15-um W=250 um . W=100um- - - Z=Z0 Ohm
L=I10 um L=I10 um L=I0 um L=I0um
MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1



Commensurate 4th Order Filter Response
0
m1: Sweep Index
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-10
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This result appears much more like what is expected, as per Figure 8.37 of the textbook,

though the values assigned to manage this filter response is not scientifically robust.
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