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Learning Objectives

» [earn what 1s coupled line directional coupler.

= Learn how to find design equations of directional coupler.

» Brief Introduction of Directional Coupler

= Design Equations of Coupled Line Coupler



0 Brief Introduction of Directional Coupler

= What is directional coupler?

One of fundamental components in microwave and RF
engineering

Four-port passive circuit
Input port (port 1): signal entering port

Through port (port 2): signal exiting port with
minimum insertion loss

Coupled port (port 3): A small fraction coupling port of
input signal

Isolated port (port 4): Ideally, no signal appearing port
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Q Design Equations of Coupled Line Coupler

* 4-port coupled line coupler

- 4-port network 1s terminated with impedance Z,,. I, I
. . — —
- Driven with a voltage generator of 2V at port 1
- By superposition, the excitation at port 1 can be 7 +V 7 +V
treated as the sum of the even- and odd-mode ’ 1 be 00 Iy Zo
excitations. 2V, 4 L
. +7/s +V,
- From symmetry L » 0 > 7
e e e e e e e e ZO 0
I'=0,1,=01,V°=V ,and V, =V, {for even-mode
110 =-I7,I = —1;,1/;’ =-V?,and V; =-V; for odd mode -
A,z

“ Poyasa = SWL1LV, LV LV, L) , £ é—@ 7 *@%
=g(Vf,Vf,lf,lf,V;,V;J;I;, é@ F®% v
VeV LV VI IY) , £ OL é—@* F@%
= h(Vle: V10 ’ Ilea ]10 ’ Vze: Vzo ) [269 [0) Vog@j /_@% Decomposition of coupled

V Ve VO - Decomposition of coupled line line coupler under odd-mode

L I+
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- Input impedance at port 1: Z.
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Q Design Equations of Coupled Line Coupler

- Even- and odd-mode input impedances
Z: . input impedance at port 1 for even-mode

Z; : input impedance at port 1 for odd-mode

- Input impedances for even and odd-modes

z¢ =7, 2ot I%e 100 )
Z,,+ jZ,tan0
70 =7 Z,+ jZ, tan@ 3)

“Z, + jZ,tan0

- By voltage division for even-mode

) z¢ \Y
=V :
in 0

4 I

T8+ 7,

)

e e
i} ZOe 4&
Zy - 0 >
+V +V; Zy
VO _ e e
= i} ZOe A -
Z - 0 > e
: +1; +V, 7
+ 0
Vo

Decomposition of coupled line
coupler under even-mode excitation




e Design Equations of Coupled Line Coupler

- By voltage division for odd-mode

70 ]_1> ZOO 41_2
Vlo — VO - in (6)
VA o T Zo I >
V + +y Zy
I} = (7)
Z. +Z, I] I =
—— ZOO —
- Input impedance using (1) 0 >
Z¢ Z° +Vy u Z
Ve ye Vo z¢ _1: Z, +V, z° _1: Z, Decomposition of coupled
2y, =— = line coupler under odd-mode
I +1, Vo + Vo excitation

Zi+2Z, Z:+Z,
— Zii(Zi(r)l +Zo) +Zi(:1 (Zii + Zo) _ 22,7, +ZO(Z§1 + Zi(‘r)l) T 22(? _225 _ 22,7, _Z(?)

m m Z 0 _|_ m 1

8
Z:+272. +27, Z:+7Z +27, Z:+Z +27, ®)




e Design Equations of Coupled Line Coupler

If et Z,=Z,Z, (9

- Equations (2) and (3) are reduced as
Z,+ jZ,, tan0

Z: = 2
Ze _ 00 +] Oe tang Zo . Oe+] 0o tang - OeZOe+]Z tan @ ( )
- Oe - Oo
VZoe T JNZo tanH \ﬁ +J \;é tan & 70 =7 Z,+ jZ, tan@ 3)
- Then “Z, +jZ,tan@

Zezo _ 00+.] Oe tane N Oe+.]\/ tane Z Z Z

. Oe\/:nL]\/itan@ \/:+]\/7tan<9

2(21(;1251 ZO):Z + 2(ZO_ZO)
Z¢+Z° +22Z, ' ZS+Z°+2Z,

Equation (8)

—>Z =27, (10)

s As long as equation (10) is satisfied, port 1 (by symmetry, all other ports) will be matched.




e Design Equations of Coupled Line Coupler

-If Z,=.%,.2,, is satisfied, so that we have V', =V, voltage at port 3 can be written as

7 Z°
V:V6+V0:V6_VO:V n n 1 11
3 3 3 1 1 O[Zii +ZO Zi(; +ZOJ ( )
- From (2) and (3),
Equation (2)
] Z,+jZ,, tan &
ze %z, +jZ,tan@  Z,(Z,+ jZ, tan@)  Z, +jZ, tan@
Z¢ + 7, z Z, +]ZOe tan @ vz, 2702 J(Zo.+Z; )tan6 27, + j(Z,, +Z,,)tan 0
“Z,, + jZ,tanf
Z,+ jZ, tan@
z “Z, +jZ,tan6 Zy(Zy+ jZ,,tan®)  Z +jZ, tan®

Zo+2, 5 % +JZoo tan &
OOZ S+ JZ, tan@

Equatlon 3)

L 2Z Zy+j(Zs, +Zz)tan9 27, + j(Z, +Z, )tan@
0




e Design Equations of Coupled Line Coupler

- Equation (11) reduces
vy Za _ Zy |_ Z,+ jZ,, tan0 Z,+ jZ,, tan0 |
N ze vz, ze+z, 22,4 j(Zy, + Zo)tan0 27y + j(Z,, + Z,,)tan @ |
(Z, — 72
— V() ]( (')e Oo)tane (12)
2Z2,+ j(Z,,+Z,,)tan0
Z, —7Z
- Coupling coefficient: C==% "% (13)
ZOe + ZO()

- From (13), even and odd-mode characteristic impedances can be derived as

_2,0+0)_70+0)  _ [5C , _z,0-0_z0-0) , _, [Ic
“ 1-c z,(1-c¢) " "Ni-¢” "  1+Cc  Zz,(1+0)

- From (13) with Z; =Z,Z

0o *

1-C*= [1- Zy. =2y, 2 _ Zy, + 200)2 —(Z,, _200)2 _ 42,2, _ 4Z§ _ 2Z,
ZOe + ZOO (ZOe + ZOO )2 ZOe + ZOO )2 ZOe + ZOO)2 ZOe + ZOO




e Design Equations of Coupled Line Coupler

- From (12)
j(ZOe_ZOO)tane V j(ZOe_ZOO)/(ZOe—l_ZOO)tane_V thane

= = = 14
Y270+ j(Zy + Zy ) tan0 " 27 (Zy,+Z,,)+ jtan@ " J-C"+ jtan6 14
= Design equations of coupled line coupler (another trial)
Ve _ cost  jZ, sin0 | V; (15a) Vy =21, i’ & a4 L \=
1] Litsing  coso ] 1 V=2, PPy — :
- - — . . ) e e : ' +Vle +V26 Zo:
Ve cos@ JZy,smé || V) (15b) Vi+Z, =V, Lo @ :
= 0 - == |
1] L%, sing coso | 1; 2,00 =V, N\ T Evenmode@port2andt 7
TR
- From (15a) I — )
If = jY, sin@x V¢ +cosOx IS = jY, sin@x Z,I¢ +cos@x I A G s Z 1
1 Vo I
¢ Ll ¥ Odd-mode @port2and1~
=(cos@+ jZ,Y,,sin0)I; > I; = /i . (16) - @port2and1 .
(cos@+ jZ,Y,,sinb)




G Design Equations of Coupled Line Coupler

Vi=cosOxV; +jZ, smOxI, =cosOxZ1; + jZ, smOxI, <V =271,

. 7 + 77 <] 7 + iZ. si _Vle_:_ cosd  jZ,sin@ || V)
=(Z,co80+ jZ,,sin0)1; = OCC;SQ . %0 S_mg]f = O;OS(? JZ0e Sin¢ 1e || jY,sing  cos® || It
cos@ + jZ,Y,, sin cos@+ j(Z,sin@ Z,,) Y [ cost jZoosinﬁ}{V;}
Z,Z,,co80+ jZ, sinHIe e Z,, cos@+ jZ sin0 17| | jY,sin0  cosO || I:
Z, cos@+ jZ,sin@ ' ' ' ZZ cos@+ jZ. sin6
- Even-mode voltage at port 1 oy
vel 14 Z,Z,,cos0+ jZ;sin@ |
Ve+Z,I =V, "\ Z,Z,,cos@+ jZ. sin@) °
If 27,7, cosO+ j(Z; +Z. )sin6
Vle 1+Zo—le :Vo Vle - ]< 02 .Oe) = Vo
4 Z,Z,,cos0+ jZ; sin0
Z, cosO+ jZ,sinf Z,Z,,c080+ jZ. sin6
I/le 1+ZO Oe ].02 : :VO ‘Vlezvo 0 OeCOS . .]2 OeSIEl . (17)
Z,Z,,cosO+ jZ, sin0 22,Z,,c080 + j (ZO +7Z,, )sm6’
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e Design Equations of Coupled Line Coupler

- Even-mode current at port 1

Z Z, sl
¢ =l COSH+J_°ZSH1.9 Ve« Ve from (17)
Z,Z,,cos0+ jZ; sin@
Z,,cos@+ jZ,sin0 Z,Z,,cos0+ jZ; sin@ Z,,cos@+ jZ,sin0

- 72 s X Vo . 2 2 . = VO . 2 2 .
Z,Z,,co80+ jZ; sin@ 22,Z,,cos0 + j (ZO + ZOe)sm¢9 22,Z,,cos0 + j (ZO +Z;, )smé
- Even-mode current at port 2
e _ N _ 1 v Z,,cos0+ jZ,sin0
* cosO+ jZ,Y, sin@ Y, (Z, cosO+ jZ,sinb) 27,7, cost9+j(202 +Z§e)sin¢9
ZOe
= . 2 2 . VO
2Z2,Z,,cos0 + ](ZO + ZOe)smé?

- Even-mode voltage at port 2
ZOezolle
Z,,cosO+ jZ,sin0
_ Z,.Z, «V Z,, cosO0+ jZ,sin0 _vV Z,.Z,
Zy,c080+ jZ,sin@  "2Z,7, cosO+ j(Z;. +Z))sin0 °2Z,Z, cosO+ j(Z;, +Z; )sin

Vi =205 =
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Q Design Equations of Coupled Line Coupler

- Odd-mode voltage at ports 1 and 2 using (15b) as like even-mode

o

1

vy =215 =

Z,Z, cosO+ jZ. sin@ 7o Z,,cos@+ jZ,sinf

0 ) 2 . > 1 VO .72 2 :
22,2, cos0+ j(Z, +Z,, )sin0 22,2, cos0+ j(Z, +Z,,)sin0
ZOZOO o _ ZOZOO

=V
Z, cosO+ jZ,sin@ ' "ZZ, cos@+ j(Z:+Z. )sin6

- Total voltage at port 2: combination of even and odd-mode excitations voltages

Z, 7 YAVA
I/ZZV;‘I‘V;:VO{ 0e~0 000 }

+
27,Z,,c080+ j(Z; + Z.)sin@  Z,Z, cosO+ j(Z; +Z; )sin6

ZOeZO 4 ZOZOO
"122,Z,, cos0+ j(Z,,Z,, +Zs)sin@ Z,Z,, cosO+ j(Z,.Z,, +Z. )sinf

e o

ZO ZO
_|_
0{220 cos@+ j(Z,,+Z,,)sin0 Z,cosO+ j(Z,, +ZOe)sin6’}

2ZO _V 2ZO/(ZOe+ZOO) _V 1_C2
"2Z,cos0+ j(Z,, +Z,,)sin0  °2Z,/(Z,, +Z,,)cosO+ jsin@ °\1_C? cos@+ jsin@

(18)
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e Design Equations of Coupled Line Coupler

- Similarly, total voltage at port 4 (isolation port)
Z

Z, 0 1
0 (19)
Z,cos0+ j(Z,,+Z,,)sin0 Z,cos0+ j(Z,,+Z,,)sin J

VV+VVVV{

- Voltages at ports 2, 3, and 4

'Ctan 6

1/3 :VO .] - (14) A V2 2

VI-C* + jtané@ v

0

1
1-C? £
Y J1=C? cosé + jsiné 1-C* + / Vo
Vy=0 (19) c* 4+
- For 6 = 7/2, equations (14) and (18) are 0 W > 0
0 i 74 3_7T 27
V3 V. 2 2

2=C, 2=—j1-C
Vs Vs




e Review

* Coupled line directional coupler Input Through
- Input, through, coupled, and 1solation ports D Oy
- Coupling coefficient, directivity \ //
= Design equations of coupled line coupler
- Matched condition // \\
e @°X

- Even and odd-mode excitations Coupled Isolated
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