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Design of Wide-Band 6-Port Network for Noise Parameter Measurement
Using 3-Section Wilkinson Power Divider and Slot-Coupled Directional Coupler
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Abstract

In this paper, a 2~18 GHz wideband 6-port network is designed and fabricated to extend the measurement frequency bandwidth
of noise parameter measurement method using 6-port network. In order to design a broadband 6-port network, a wilkinson power divider
and a directional coupler with wideband characteristics are designed. The wilkinson power divider is designed as a three-section structure
to achieve wideband characteristics. The direction coupler is designed as a three-section structure and slot-coupled structure using
multi-layer substrate to obtain wideband characteristics. A wideband 6-port network is designed and fabricated combining the
designed power divider and coupler. The measured results of the fabricated 6-port network for the 2~18 GHz band show
characteristics applicable to the noise parameter measurement method.
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Table 1. Design values of 3 section Wilkinson power di-

vider.
gz x| AME [ A A w ] T
(mm) | W3 (mm) &)
wi 0.16 11 1.53 R 360
1) 0.18 12 1.05 R 300
ws 0.27 13 1.14 R 330

87



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 2, Feb. 2017.

& LS AHEH
7l°ﬂ 6;} EM /‘]giﬂ o] Jr% 1%‘ 50l li%iﬁ} EM

2-2. 3%t Slot-Coupled 2&He ATY|

—

B =7ollA AABILAL 3k slot-coupled WA A Y

=20 4

=304

40 1

Magnitude (dB)

—a— schematic |

momentum
_50 4

2 4 6 8 10 12 14 16 18
Frequency (GHz)
(@ 271 54
(a) Magnitude specification

0.0

-0.5 4

_1.0_' phase(S, /S, )
-1.54

-2.04

Phase (deg)

2.5
-3.04

-3.54

Frequency (GHz)
(0) 9 =4
(b) Phase specification
gl 5. 3tk 9715 A8 EH)7) EM Al g ol A3}
Fig. 5. EM simulation results of 3 section Wilkinson power
divider.

88

P4:Coupling o—slot(M2) P3:Pass
G, G G
Wso
M3~
P2:Isolation
Pl:Input e »

A4 a/4 T a4

T8 6. 3% slot-coupled WA 2%7] 7%
Fig. 6. Structure of 3-section slot-coupled directional coupler.

718l &2+ 19 63 2tk 19 69 F32+ 2 A
3% slot-coupled 3 AF7Ioltk. MI, M2, M3 % 3
layerZ A= o] 9loH, M1Z M3 ] A2} 913, o
T AZE M2 19 slotS 53 coupling Fth £E P12
2 257t Y=Y, XE P3¢ SHEE, XE M AF
TE, XE P& AYEEY SA4S Z20 Eo 11 &
FHEES} AGEEL §AakE 9007t HA| ok 7] A
Zb @e] Zol= FAFITAA N4 dolo|t,

I9 69 +2T AQAE A& olg, 2" 73 2
< 722 Jehd £ otk I8 o] I8 79 x| o)
3} schematic Al E# oIS &3, 2344 G, G 2 odd-
2 even-BE JYHAE AR5

I8 78 Fxo gk AlEgeld A, HA3 21
dB(S51/Su)< +1 dBE AR o, ojn A3 Mre
G Golth. &, FHIXERS &4 AFJEER] 4
F=7F 540 A ZoAEE stk ofol Wg A&

dold 2de= 19 83t vk 11 89 AlEdold 2,

(Pass) (Coupling)
Ze=Zoe2 Ze=Zoel Ze=Zoel Ze=Zoe2
Z0=7002 Zo=Zool Zo=Zool Z0=Z2002
1=1/4 1=0/8 1=1/8 1=1/4
(Input) Ze=Zoe2 Ze=Zoel Ze=Zoel Ze=Zoe2 (Isolation)
Z0=Z002 Zo=Zool Zo=Zool Zo=Z002
1=1/4 1=1/8 1=1/8 1=h/4
CZ Cl CZ

8l 7. 39 slot-coupled "3k
dold 72

Fig. 7. Schematic simulation structure of 3 section slot-
coupled directional coupler.

A719] schematic A&



3 971E AEHEN 7] 9 Slot-Coupled 3HAd

Magnitude (dB)

2 4 6 8 10 12 14 16 18
Frequency (Ghz)

& 8. 3% slot-coupled H3FA]
dold At

Fig. 8. Schematic simulation results of 3-section slot-coupled
directional coupler.

A7 schematic A&

2~18 GHz YoM EFZE(S;)ZS £42 3+] dB,
ATTES)EY AL 342 dBE A9 93 EA
< Ao

149 89 AEd oA Azt st ¢, G C=4.8 dB,
C=16.7 dBe1™, omj 2] C;, ;9] even, odd L= Y¥|E 2~
Zoel, Zooty Zoor, Zooi= 2 ()= S8l AAT = Atk 4 (1)
A e 3715 Jehdth. 2HE Za=95.74 Q, Z
=26.11 Q, Z,x=57.92 Q, Z,n=43.16 Qo|T}.

1+C (D

3%t slot-coupled 34 23719 EM AlEd o] A +3
£ 19 99 B3ivh I7 99 X0 thak AA 2713k
schematic Al E# o] 22 a7 even, odd YIHT S
& AAstgT) 2 3o AE Z 4,3 wot odd BT
YHXAE 7= microstrip line?] AZ Z3} A, slot

Z gt wos FIAET (171 B3l Altsisih 283
Zk kel Aole FAFI 10 GHzoﬂ s M4Z A5
Aot 29 99 Fxo| e via T2 6-XE I 2T 1A
Al M19] Al 7] 3|29k M3l e 29719 P2 =

u& o1-mr

EZ A4sE 98-S vk EM A EF oA A9 719
Zv 19 103 Zow, ol A% Ald & 593ttt 7]
A ASE 3 AHE bondply Ro4450B9] f74&
3.540] 3, Ro4003c?] FA&2 3552 A9 FUste] &

P4:Coupling P3:Pass
Wa
/
s1 Ml
IWcz Wer
Ly | L . [ M3
Lo < [
M2(slot), Via
P2:Isolation
Pl:Input
8 9. 3% slot-coupled W3 A9 EM A& o)A
7z

Fig. 9. EM simulation structure of 3 section slot-coupled
directional coupler.

“—w, orw,

M1 T

R04003C 12mil

M2

¥

R04450B 4mil

Ro4003C 8miil \\
M3 =1 | slot

&
<

A4

Wvl or WVZ

2 10. 3% slot-coupled W3 43719 719 +x
Fig. 10. Substrate configuration of 3 section slot-coupled di-
rectional coupler.

MNEZ w3 wy, slotZ wyd wy 1813 7 @2 Az
o] B slot®] A0l L, Lo, L, lpo1Th A3 27 % %
XEF} AYEEC] 7] H dB(S31/541)¢] +1 dB ©]
a2 10 dB ©|3), AE= 10 dB ©]% 182 %4
ES} AFTES AR} phase(S31/S41)=90+10° o] &
At EM AlEdold e HAstE T3 249 F
T A7 e & 200 AEstAoH, AlEdeld Ade
9 110 B

I3 119 EM AlEE ol A3, I 1(a)E F3 2~
18 GHz t ol A BHELEZ ] tge 2.711.1 dB, 2%
TERO ATLE 42415 dBE, F EA0 2B AE &
A el A A9 FAF AE el ¢ 9} o, WAk



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 2, Feb. 2017.

H 2. 3% slotcoupled W3 A7 AA 3%
Table 2. Design values of 3 section slot-coupled direc-
tional coupler.
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