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* Theoretical approach
* |deal coupler
* Real coupler

« Applications :
« Hybrid ring
* Hybrid coupler

A. Skrivervik, MAG
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=PFL 4-port scattering matrix

S11 S12 Sl3 S14
S21 S22 SZ3 SZ4 General
S31 S32 S33 S34
S41 S42 S43 S44

matched and reciprocal

A. Skrivervik, MAG
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cPrL flow chart
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cPrL adapted and reciprocal and lossless 4-port
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=PrFL

S13914 T 5735, = 0

S13923 T 5145y = 0

What does It mean ?

(line3x column4)

(linelxcol

*

XS,

*

23

]

7 7
S14‘ _‘523‘ )
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S13

=PFL o ([s:af” =lssl" ) =0

ist solution :  EEONSIAONSEED

thus :
0 s, O
SlZ O S23
0 s, O
| S14 O S34

A. Skrivervik, MAG
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=PrFL

st (|314|2 - |323|2) =0

2 nd solution : |314| =|523|

selection of reference planes : s, =S,, = |

2
S12
2

Sl3

thus :

A. Skrivervik, MAG
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S13

SZ3

= Sg

2

2

_I_

_|_

s, =1 (linelx column)
S| =1 (line3x column3)
=&  with adequate ref. planes



=PrL 2" solution

1250 + 1383 = 0= (S, +5,;) (linelx column4)
S35, + SraS»s :Y;'B(SIB =N % (line3x column4)
O O 813 O B 0 812 O 514_
O 0 O 324 312 O 823 O
s, 0 0 O 0 s, 0 s,
0 0s, 0 0 s 005, 0

A. Skrivervik, MAG
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|deal coupler

0 s,|[0 s,
S;S 0 ][8. O
0 s,|l 0 s,
324 0 | Sw 0
2:1
2:1
2:1
2:1

Si4 1 0 0
0| |0 1 0
s, | |0 0 1
0| |0 0 0

S199,3 T 51454 = 0

S19914 T 593544 = 0

b O O O




=PrL Ideal coupler

and  2>F by convention

A. Skrivervik, MAG
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cPrL symmetric coupler

A. Skrivervik, MAG
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cPrL asymmetric coupler

w=0,0=r

BB &
B B b
a3 > Dy
o
</ \ 4—
bs ay

A. Skrivervik, MAG
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cPrL Summary : ideal coupler

Coupling : LC =-20log10 3

" >
Attenuation : LA = -20log10 «. a=p
input
it 1 . |2 through
N
isolated coupled
Input 1 2 through

isolated coupled

A. Skrivervik, MAG
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=PrL real coupler

o a=>p

Attenuation : LA = -20log,, o

Coupling : LC =-20log,, B

Isolation : LI;; = -20log,, |S3]

Isolation : L1,, = -20log,|s,.|

Directivity : LD,, = LI15,-LC = -20log,, [S3;|/B
Directivity : LD,, = LI,,-LC = -20log,, [S,4/B

A. Skrivervik, MAG
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=PFL  example : 10 dB waveguide coupler

A. Skrivervik, MAG
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=PrL example : magic T

A. Skrivervik, MAG
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cp=L  example : magic T combined with 10dB
coupler

A. Skrivervik, MAG
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=PrL Example : E Band 10 dB coupler

A. Skrivervik, MAG
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=PrFL

Example
LC [dB] s o LA[dB]
40 0.01 0.99995  0.0004
30 0.0316  0.9995 0.004
20 0.1 0.995 0.04

10 0.316 0.948 0.45
3 0.707 0.707 3
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=PrL Directivity : measure of quality

« Microstrip hybrid coupler : 30 dB
« Multihole waveguide couplers : 40 dB
* Waveguide couplers used in metrology : 50-60 dB

A. Skrivervik, MAG
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=PrFL

Couplers used in measurement

A. Skrivervik, MAG
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=PrL Reflectometry

* with 1 coupler
e amplitude measurements

* with 2 couplers
* precision measurements
 phase and amplitude measurements

A. Skrivervik, MAG
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cPrL 1 coupler reflectometry




cPrL 1 coupler reflectometry

) O ! 0
2 32
O O
1 29 L I ON— 2 [
al s21 al s21

D = $718iiS32% - D3: = —5x153,8

A. Skrivervik, MAG
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=PrL real coupler

* Sii, S13, S24 <<1, but non equal to zero

e we need :
 coupling LC=-20logp
* Isolation L113=-20log]|s13|
. L114=-20l0g|s24]
* The quality of the coupler Is given by
* directivity LD13=Ll13-LC=-20log|s13|/p

° L D24=L124-L.C=-20l0g|s24|/3

A. Skrivervik, MAG
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cPFL 1 coupler reflectometry

al s21 al s21

b; = a1(5215ii332 + S31] D3 = al(_521332 + 531)

A. Skrivervik, MAG
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cPrL 1 coupler reflectometry

* s31 IS non negligible at the numerator If sii <<1

* s31 1S negligible at the denominator If the couple Is
of good quality : b,

S —_g. — S31
b o i
3C S21832

« The phases of the signals are not known

A. Skrivervik, MAG
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=PrFL

1 coupler reflectometry

* For a weak coupling (LC large) S21 = 1
« The error term is directly the directivity of the

. LD [dB]

10
- 20
- 30
* 40
« 50
* 60

A. Skrivervik, MAG
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|S31/532]

0.3162
0.1
0.03162
0.01
0.003162
0.001



=PrFL

al—»

2 coupler reflectometry

Tbr

Tbs

Use adapters to put
B=C=0




cPrL 2 coupler reflectometry

£ RN\|  amplitude measurement

used for feed back

Tbr Tbs

A. Skrivervik, MAG
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cPrL 2 coupler reflectometry

@ ratiometer
Tbr Tbs

al»l,| = Y == A ?

A. Skrivervik, MAG
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cPrL 2 coupler reflectometry

zero detector

+

{

Tbr Tbs

al—»A — A — A ?

A. Skrivervik, MAG
33



cPrL 2 coupler reflectometry

network analyser

al—»A == A — A ?

A. Skrivervik, MAG
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cPrL Network analyser (principle)

e B

VCO ~ | Automatic L H ik )
gain control‘ _-_%—---- -+ Oscilloscope
A ' =

5
l




cPrL Network analyser (principle)

L = 300 kHz
l; = 20 MHz Us=Uo|p|cos(ogt+o) Us=Uo|p|cos(m t+o)

Automatic L

_ H
gain control‘ __.-_._%—-- 1 Oscilloscope

Ur=Uocos(wjt) Ur=Uocos(w,t)

A. Skrivervik, MAG
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=PrFL

Transmission measurements

(Attenuation measurements)

A. Skrivervik, MAG
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cPrL Transmission measurements

 Attenuation (very common)
* Phase (more seldom)

A. Skrivervik, MAG
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cPrL Causes of attenuation

« Absorbtion in the component
* Mismatch of the component

A. Skrivervik, MAG
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=PrFL Attenuation

D ~& LA=-10 Log(P2/P1) dB

*




cPrL Attenuation : example

20Q

700 LA=-10 Log(P2/P1) dB
O E IRo=204
2
1:( 100 ) 30 = 120W
200 20+ 30
700 1000
m — 100 2. 40
P, — 30="
20+30+100 3
() "2 B 800 LA=10Log9 = 9.5dB

41



cPrL Attenuation : example

20Q
70Q

LA=-10 Log(P2/P1) dB

O B
200 100 )
700 1000 1= (70 + BOj 0=
] L]

2
P2 P2 = ( . j - @W
C) Y EL 70+30+100 4
LA=10Log4 =6dB

A. Skrivervik, MAG
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cPrL Effet od the mismatch of the source and the load

0 e-lBl e-lBl Tl
p@& } pl
e-lBl e-lBl
e-IBl e-JPl Tl

\%

ERECH!

e-ipl eipl

A. Skrivervik, MAG
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cPrL Methods

» Direct measurement

 Substitution measurement

* Measurement through reflection measurement
* Method using couplers

A. Skrivervik, MAG
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cPrL Direct measurement

—

DUT—'—N—/7




cPrL Direct measurement

* The detector should be adapted (use attnenuator or
Isolator)

* The detector should be quadratic (limited dynamic
range)

* The connexions should be reproductible
(sometimes difficult)

* The generator should deliver a signal which is
stable over time

Cheap , but not very precise and quite limited !!!

A. Skrivervik, MAG
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cPrL Substitution measurements

@ lvl 7

Precision | I
attenuator

« The precision attenuator (rotative blade) allows a
measurement precision od 1-2%, over a 60 dB
dynamic range

* Only for wavguides
 No precision attenuators for coaxial cables

A. Skrivervik, MAG
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cPrL Measurement through reflection measurement

a1
— 7
DUT %
-
b1
short circuit

1) the device is matched but reciprocal

a1 . SQJ
| b1 > Pec=1
- -
P S
21 by 2 2
P =""=3521Pcc =321
il
LA =—10log | p| +10log| o | = —10log ||

1

1 1
o=Larg(p)-Lag(c) 210 = Lar(p) T

A. Skrivervik, MAG
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cPrL Measurement through reflection measurement

a4
—_— 7
DUT %
-
b1 moveable short circuit

2) the device is mis-matched but reciprocal
a1 $21

. |
| . AsyoY Pec™exPUw)
b1 21
- -

5
b sy e 1Y

P = =31+ ]
Eh. 1-—'52]_9 1

f(y) is a circle on the Smith chart

A. Skrivervik, MAG
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cPrL Attenuation measurement

al—» —— 5 — —

Same principle than reflectometry

A. Skrivervik, MAG
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=PrL Microwave measurements

A. Skrivervik, MAG
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cPrL Network Analysor

52



CPEL Examples of couplers in printed
technology

* the quadrature hybrid
 the 180° hybrid
« examples of utilization

A. Skrivervik, MAG
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=PrFL

=
o - O

input

o -

O .

— O w.

The quadrature hybrid

-
0
1
O_

-

isolated

A. Skrivervik, MAG
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=PrL The quadrature hybrid

A. Skrivervik, MAG
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quadriports with double symmetry (1)

=PrFL

s 2 I 2
IR Y N7,
I Il |l I
o™ < N 9V
™ ™
53 7 S4 A

1 L |
S —
N
S A n
ool

N <
= — Q —

v vV v O

— N (2] <
p) v v %0

A. Skrivervik, MAG
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=PrL quadriports with double symmetry (2)

0.C left-right : symmetric excitation
top-bottom : symmetric excitation
o 12— o
0.C
N 14 o
a =ad, =d; =4,
Q=@=Q:Q

—Ei—s+s-+s+s
pss_a_l 2 3 4

SS

A. Skrivervik, MAG
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=PrL quadriports with double symmetry (3)

C.C left-right : antisymmetric excitation

top-bottom : antisymmetric excitation

ol o
C.C

P 14 o

a=-d, =" =29,

bl =Y _b3 = b4

baa
Por =TT 75, 9375,

A. Skrivervik, MAG
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=PrL quadriports with double symmetry (4)

left-right : symmetric excitation

0.C top-bottom : antisymmetric excitation
ol 1~ o
C.C
A 14 o
al = a2 = —a.3 — —a4
b1: 2 —_b3 :_b4

P-. :aﬁ251+52_53_54

Sa

A. Skrivervik, MAG
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=PrFL

quadriports with double symmetry (5)

left-right : antisymmetric excitation
top-bottom excitation

C.C
ol | 12 o
0.C
a=-a=94="4
b1:_b2 :bs :_b4
b

A. Skrivervik, MAG
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P :a—a5:31—32-|—33—34
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=PrL quadriports with double symmetry (6)

o] 1 1 1 175
Ps| |1 -1 1 -1fs,
o 1 1 -1 -1|s;
Pl |1 -1 -1 1]s,
5] [1 111 1 o
s,| 111 -1 1 -1 p,
s, | 4[1 1 -1 -1 p,
s, |1 -1 -1 1 p,

A. Skrivervik, MAG
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=PrL quadriports with double symmetry (7)
matching : s,=0 Pos t Pas T P + Pag =0
directivity : s,=0 P T Pas = Pos = Poa =0

Pas = " Pss :arg(pas)_arg(pss):ﬂ
Paa = " Psa zarg(paa)_arg(psa):ﬂ-

A. Skrivervik, MAG
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=PrFL

| ossless case :

(pss _paa)

S, = >

(P + Paa )

Sy = >

A. Skrivervik, MAG
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=p

quadriports with double symmetry (7)

‘pij‘ =1
by choice of reference planes
4 Im
Paa/-JB P55
[ R
\J o
Re
Pas\ Psa




cPrL application to printed hybrid

A. Skrivervik, MAG
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=PrL The quadrature hybrid

—jY tan(Bydy)— jY, tan(B,d,) ol®

QSS Y -+ JY]_ tan(31d1)+ JY2 tan(32d2) Y

00
o0

Y +jY; cot(Bydy)— jY, tan(B,d, ) oi0
Pas = —jY; cot(Bydy)+jYs tan(32d2) Bod Y,
) — jYptan(Byd; )+ jY, COt(32d2)eJ(P
Psa — Y + Y, tan(Bydy ) — jY, cot(B,d,) iD==cc g
B Y + jY; cot(Bydy )+ jY, cot(B,d, ) alo
Paa = Y. —jY;cot(Bidy)—jY5 cot(32d2)

with  py=—p,c =a +]jP
Paa = psa:_OH_jB

A. Skrivervik, MAG
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=PrL The quadrature hybrid

To obtain S1=0, we choose Y, Y
¢=m/2 . B1d;
$710))
YE-YE=Y¢ Y2
L) __cc
""" C.0.
we get :

Yl COt(2B1d1)+ Y2 COt(ZBde ) — O

A. Skrivervik, MAG
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=PrL The quadrature hybrid

B0y =PB,d, = n/4  Yp= Yc/OC Y, = —ch:B/O‘

B takes a negative value. Lenghts : d=%/8 dy=7,/8

Hybrid coupler (3dB): ¢ =1//2  Y;=~2Y, Y,=Y,
p=i/N2

A. Skrivervik, MAG
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=PrL The quadrature hybrid

"not so easy" solution

\ Yo

1 2 Y2 ==
_| cot(2pqdh) cot(2p,d T
\/1 L cot(ZBZdz)J \/ - 2)cot(2[31d1) -1

_2Y[Yitan(Bydy )+ Yo tan(Bod,) ]
Y2 + [ tan(Byd; )+ Y, tan(B,d, )|

_ Y2 —[Yytan(B,dh)+ Y, tan(Bydy )T
Y2 +[Y tan(Byd; )+ Y, tan(B,d, )

B

A. Skrivervik, MAG
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cPrL measured verification

A. Skrivervik, MAG
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=PrL Near field measurements at 3 GHz

non corrige corrigé
Q-hybride - f=3 GHz - corrigé

Q-hybride - =3 GHz - non corrigé

Y [mm]
Y [mm]

10 12 14 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14

-14 -12 -10 -8 -6 -4 -2 O 2

X [mm] X [mm]

U 0
-35 -30 -25 -20 -15 -10 -5

-35 -30 -25 -20 -15 -10 -5

[dB]

[dB]

A. Skrivervik, MAG
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=PrL The 180° Hybrid

O 1 0 1 ay i b,
[s]zi 1 0 -1 0 %\ ﬁ/_l
J210 -1 0 1 . V2

1 0 1 0 v SN

input 1 2 Y2 through
A 3 >< 4 /ﬁ
isolated coupled

A. Skrivervik, MAG
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=PrL The printed 180° Hybrid

rat race
Hybrid ring
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A. Skrivervik, MAG
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=PrFL

A. Skrivervik, MAG
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=PrFL

a

El 22,
- -
by 2

a b
X =
- <—
bs

A. Skrivervik, MAG
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=PrFL

input signal il 29 0
LJT &
A k‘)—4>jAa1
),
jpya; bs .

A. Skrivervik, MAG
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