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Waveguide Power Combiner Using E-Plane Signal Transition Structure and
Resistive Septum for W-Band High Power Amplifier Applications
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Abstract

In this study, a wideband, low-loss waveguide power combiner is designed and manufactured using a waveguide-to-microstrip signal
transition feed and resistive septum, which can be applied to waveguides in the W-band. The waveguide power combiner has a T-junction
structure and is implemented by locating the transition feed at a length of A4, where the E-field is maximized, and combining the resistive
septum manufactured by the NiCr thin film process. The performance is verified using a passive integrated circuit IC in the form of
a microstrip line matched with 50 & to the manufactured combiner, and the combined characteristics according to the presence or absence
of a resistive septum are confirmed by mounting a power amplifier PA. The isolation of the combiner with the resistive septum is —15
dB compared with the 9 dB without a resistive septum, which improves the simulation results. The power combining module manufac-
tured using the passive IC exhibits a low insertion loss of approximately 0.75 dB (@ 78 GHz) after the output stage with the transition
structure and including the resistive septum structure. As a result of constructing a power combining module with a waveguide structure
using an MMIC with an amplification gain of approximately 20 dB and an output performance of 26 dBm, in the absence of a resistive
septum, a low-power-combining characteristic of approximately 8 dB gain and 14 dBm is achieved. When a resistive septum is applied,
it exhibits a stable amplification gain of approximately 18 dB and output performance of 28.4 dBm (2.4 dB combined gain).
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Table 1. Waveguide-microstrip transition structure parameter.

Waveguide aperture size WR-10 (2.54 mmx1.27 mm)
Substrate Quartz glass (¢: 3.78)
Sub L 2.11 [mm)]
Sub W 0.75 [mm]
Sub H 0.127 [mm]
L 590 [ /¢m]
L 320 [pm]
Ly 150 [ 2m]
Ly 550 [ ¢m]
4 210 [#m]
W, 214 [+m]
s 145 [ 12m]
W, 310 [pm]
Metal thickness 5 [#m]
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Fig. 2. Waveguide to microstrip line simulation result.
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After optimization

# 2. H4s} o]d Hg 2] A4 (mm]
Table 2. Power combiner dimensions before optimization [mm).
L L L L3 m /2 W;
3.724 1.3 1.132 | 1.292 1.7 1.79 24
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# 3. HHstE A9 271 A5 [mm]
Table 3. Optimized power combiner dimensions [mm]
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L /4 h d Pitch | Varl Var2
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B 5 A9 297 4A Hlu
Table 5. Comparison of power combiner designs.

Ref. [2] | Ref. [4] | Ref. [9] |Ref. [10]| This work
Wi .| MS line- Wilkinson| Waveguide
Topology | SIW PD da":%“ hybrid | PD PD
¢ coupler | (IPD) | (Septum)
Freq.
(GHz] 75~110| 26~40 | 75~115 | 70~110 | 70~110
RL
> > > > >
(dB] 10 20 10 12 20
IL
<1 <1 24 <1 <0.5
[dB]
Isolation
> > - > >
(dB] 5 20 14 15
15-dB
RL BW |75~100| 26~40 | 75~86 | 75~80 | 70~110
[GHz]
1-dB
IL BW |75~100| 26~40 - 70~110 | 70~110
[GHz]

I A= % 53
3-1 Passive ICE &&¢0F 2Way M= Zg7|

a9 8~19 102 27 A2 signal transition feed,
dummy IC, A3A 2 (septum)s YERATE A2
dummy ICE= WS oA A Fo] 65~90 xm¥ ®, oF 15
dB o]’e] kAL 431035 dBY] A Y &4 SAE 7
o A2 A A 300 A9] metal FAE 7HAH,
4 A3 oF 100 VLIS | AF3 130 QO Az
=g

1% 11 passive IC 7145 2-way 18 2

ol

ME

8

2c

T3 8. A &HE signal transition feed
Fig. 8. Fabricated signal transition feed.

678

J8 9. AZE dummy IC
Fig. 9. Manufactured dummy IC.

[ o e
s 8 o o @

[ @ &
o & & * & @

| L] L]
T @0 LR

[} L] @

] @ "
[ - e & @

[} £-] L]
v e 92 e 8 °

b [ ] (4
* 80 & 8 8

e °

J8 10, Aze Aty A9
Fig. 10. Manufactured resistive septum.

Signal transition feed

/ Ribbon wire bonding

Waveguide power divider
—

Dummy IC —
Resistive

Septum

-
[

Metal Jig

28 11, Passive IC 714t 2-way A8 237 E2%
Fig. 11. Passive IC based 2-way power combiner block
diagram.

B, A8 A7) AW A A 9
A2 feed2t microstrip line 3 &} ] dummy IC
A 710 2731e] ribbon bondingS E8 AAH o
Zoltt. I8 12& A A9 7o nhE A=
-way BE B 34 A3E Uepdth AdE g
| 271 2.52x1.6 em’el™ I7 12(a) 9A AZHE

T

v TIr 1l >
Al
- b y

G L e R

>



(a) AZE dummy ICE 243 A 736L7] BE
(a) Fabricated dummy IC based 2-way power combiner module

(b) Passive ICE 283 A8 AR7|(HP] Aol e +2)
(b) Power combiner using passive IC (without resistive septum)

(c) Passive ICE &3 A8 A7|(AFA Aol e +I)
(c) Power combiner with passive IC (with resistive septum)

20
15

-20

Sl (dB)
S| (dB)

-25

f—c—S,,| Septum(0)] -30
== |S,,| Septum(X)
S| Septum(O)]
f—o—8;,| Septum(X)

-35

1 -40
90.0 95.0 110.0

Freq [GHz]
(d) Passive ICE €83 49 437 54 43
(d) Power combiner measurement results using passive 1C

80.0 85.0 1000 105.0

T8 12. Passive IC 7]W 2-way A8 A%y 9 &4 A3}
Fig. 12. Passive IC based 2-way power combiner and mea-
surement results.

B4 429 4%

‘/}E}LH‘I] oluf feeding line3}
dummy IC= ] % o] <] ribbon wire bonding<-
el @5}‘:} 19 12(b)% 19 12(0)= 2 Bsell A3
A ﬁmc’] AYEo] AR G AE AYE dEe 1

= UehdiH, 7HE 3o 4 WEe R JAAFT

&t 2-way 14 ?a"

2Way A% BEd tig 34 A3 19 12 v
Eht glom, A Arte] 79 uhet 0.15 dBe] A

£4ol %7} dhe Ae 8

o} 97 e wE| 74

?l et 413 Aol A=
-, 78 GHzell 41 23 dB9] WA} <&
A 525 JEhdth oW passive
dBO]E] passive ICE A| &3 4}
0.55 dBO]F} ] 3FA ﬁULo] Ak

Ho]H, passive ICE Zﬂ
oek A S 0.75 dBZ 1= At}

3-2 Active ICS

Z4

a4 A1
YeR 27, :L"f] 14= balanced PA T%9]

(a) Single 28 &4 A1

(a) Single module metal jig

Agte smgle 25 74
(b) Implementation of single module with gAP0052A (PA)

(b) gAPOOSZA(PA)ﬁ

T3 13. Active IC(gAPZ0052A) 714t single 2&
Fig. 13. Active IC (gAPZ0052A) based single module.

679



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 9, September. 2022.

e s, e
() 2-Way A8 A7 5% A1
(a) 2-Way power combiner module metal jig

i 5 AP0052A

Feed
(signal transition)

Septum

él
’JI

=.= Ribbon

’ rbonding

(b) gAPO0S2A(PA)7F AHE 2-way A ZAF7] 79

(b) Implementation of 2-way power combiner with gAP0052A
(PA)

J8 14, A2d 2-way A8 A¢7](balanced PA %)
Fig. 14. Fabricated 2-way power combiner (balanced PA
structure).

2-way A A7l tig F4 A1 2 3d ARE Y
2=

7bzke] BES AR MEEHE 84 AR 10
Itk 7& AT A GFoES AHPeH, WY
o] A skin depthB Tt F3] F4A Z=a=dch Alztd
single 52 AA A7) 50x40x18 mm’©] 2, 2-way &
g A37)9 AA A7)E 6.5%5.5x23 em’o|th. Ztzte) B
Fo AMEH AY ZZ7|(PA)E ‘gAP0052A(Gotmic AB
ity o™, 20 dBS] % o534 26 dBm® &9 THegh=
AT AFE 245 1o PA B feedE AT,
ribbon bondingS F3 71408 st WiE 74
St} o] & S A 19} A9l interposer WS E3)
DC biasE Q7o 2 LES T3t

a9 155 483 719 single &5 % 2-way A8 2
3719 2415 2 gils S0 tish 435 Jepdic
Single 2.5 =4 23}, 78 GHzol Al 16 dBS] whA}&A 3}
17 dB9] 5% o|5% 7FAH, 26 dBm?] &8 A%< U

680

%\_5

20 k! 1.s
P

= [Snl P
o — Yo @
= N e
@ -10 i VaS TS 15 &
}‘ i {-10
o
20 , 115
——I1Sul] 20
-30 |
=S
75.0 80.0 85.0 90.0 950 100.0
Freq [GHz]

(a) gAP0052A(PA)7} A% single module 57 A3
(a) Single module measurement result combined with gAP 0052A
(PA)

|S21|

L\\L
nﬂauaa«ﬁ%g%
i

of sl

-30 oy |S22]
40 b ﬁmﬁ QL\A 5]

| B M’*“W}&J ) 1
{1

S-prameter (dB)
38

50 b — IS4l
ol il —— ISzl
—— 1Sl
-70
75.0 80.0 85.0 90.0 95.0 100.0

Freq [GHz]
(b) gAP00S2A(PA)7F AFHH 2-way A8 A 54 A
(b) Measurement result of 2-way power combiner with gAP0052A
(PA)

30 T T T T T T I
R cotas
26 ! -

24 ! ﬁ
2l A

Eopl | e | A | ]
e}
=) |
5 20 E /
E
o | /‘
1w
16 /
14 T Single module
| | —o— 2-way module
12 | . |
0o 2 4 6 8 10 12 14 16 18 20

Pin [dBm]
(c) Single 2 vs. 2-way 18 A7) tAls 54 ¥l
(c) Single module vs. 2-way power combiner large-signal mea-
surement comparison
12 15. Single & 2-way 28 =4 A3}
Fig. 15. Single & 2-way module measurement results.



EPY S elsth 2-Way A8 Agrlo] ik 54 2
3}, 78 GHzel A 15 dBe] WAL 413} 18 dBY] 5% o5
< 7Y, &8 A5 single module3} ¥ 23 2.4 dBm
S 284 dBmS FHolaHgT,

I 16 2-way A8 A7)0 Ay Adk {50 o}
£ 34 243E Jehdth A3 A9 {570 mE 54
25 e —_— 20

J‘J&x)}m ,g,p 'H’H\
NS

@ 8
= 15
@ — 8
| et ,( ":(‘.' < "C‘.
A0 RN AR W 4-30
LY ? R4 hod
A5 b : \ / —o—[8;;| Septum(Of]
'.' o, ..‘ ol =o—|S| Septum(XH -40
20 e Vo =5, Septum(0)|
E T A
25 ] | | I8l SeptumX)|
75.0 80.0 85.0 90.0 95.0 100.0
Freq [GHz)

() A Ao W2 2T $H 54 =4 43
(a) Measurement result of small-signal response characteristics
according to resistive septum

30 T T T T T T T T

Lo, R
Septum(0) A
25 - .

10 1 1 -

=P, Septum(0)
Septum(X)
140 16.0 180 200

Pou[

50 100 120

P,, (dBm)

(b) A Al e Az SH 54 3% A%

(b) Measurement result of large-signal response characteristics

septum

J3 16. A A9 579 W2 single 5 % 2-way
g A7) 54 A3 vl

Comparison of single module and 2-way power

combiner measurement results with and without
resistive septum.

5 L L L
00 20 40 60

according to resistive

Fig. 16.

=

78 GHzolI Al <F 8 dB«] 5£o1~~ Mw ARy A
9L W= o 18 dBE 10 dB ©]4+<] ©

o Ae

01]*1 A Aol EAsHA &
ZHA=S Eo]x]w} A 8+A

\__ 1
T 28 dBBmlE ARl FHTS

V. &

f

oM E W-th oA Z7)o| &8 7}
T EYE-TO|AZAEY Aol Fx9 NiCrZ
|Fo] 1 A3A AuE &85t balanced PA SEf 2
2-way A8 AZNE AA 2 A2 L, passive ICS}

|

o
Uk ¢

=i
=

active ICE &8l A3 A 7o e 29 % &
A EAS gdsiith AFE 2way AY AG7
passive ICE A%s 259 7, 78 GHzel Al 20 dB ©]%
o] Wb &4 545 T7HT A3 Aol e 73T,
AA A &4 9235 dBE A Aol §le AT
o} vl °F 0.35 dB 575k B, passive ICE A 9] 3t 4}
?J EAS %E’%“?} ] k075 dBZ @ & Yehdth

9] 73%-, transition feed$} #]3}A]
} prototype &2 A A| 7} | of w3
2~ ol

T olE, Y e 5
S Z PAY] 5”—% LIRS

gl
A|8}7] %‘3 %l";rfﬂ

AFH o2 A A%y

}o )\ E [e]
}1\:1 }\] —l}de

E

681



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 9, September. 2022.

References

[1] J. Schellenberg, A. Tran, L. Bui, A. Cuevas, and E.
Watkins, "37 W, 75~100 GHz GaN power amplifier," in
2016 IEEE MTT-S International Microwave Symposium
(IMS), San Francisco, CA, May 2016, pp. 1-4.

[2] Z. Y. Huang, B. Y. Liu, Y. Jiang, W. T. Yuan, Q. P.
Wang, and W. D. Hu, et al., "T-junction power divider
based on rectangular microcoaxial structure in W-band,"
The Applied Computational Electromagnetics Society
Journal, vol. 36, no. 10, pp. 1347-1354, Nov. 2021.

[3] L. W. Epp, D. J. Hoppe, A. R. Khan, and S. L. Stride,
"A high-power Ka-band(31~36 GHz) solid-state ampli-
fier based on low-loss corporate waveguide combining,"
IEEE Tramsactions on Microwave Theory and Tech-
niques, vol. 56, no. 8, pp. 1899-1908, Aug. 2008.

[4] H. Chen, X. Xie, and R. Xu, "An ultra wide band power
divider/combiner based on Y-structure waveguide," in
2010 International Conference on Microwave and
Millimeter Wave Technology, Chengdu, May 2010, pp.
853-855.

[5] C. Y. Kim, I. H. Shin, M. H. Lee, J. H. Joo, S. J. Lee,
and D. W. Kim, "High-isolation Ka-band power com-
biner using a resistive septum inserted in a slit of

waveguide," The Journal of Korean Institute of Ele-

682

ctromagnetic Engineering and Science, vol. 23, no. 3, pp.
335-342, Mar. 2012.

[6] H. C. Ki, "A study on waveguide to microstrip antipodal
transition for 5G cellular systems," The Journal of The
Institute of Internet, Broadcasting and Communication,
vol. 15, no. 4, pp. 185-190, Aug. 2015.

[7] I. H. Shin, C. Y. Kim, M. H. Lee, J. H. Joo, S. J. Lee,
and D. W. Kim, "Design and fabrication of Ka-band
microstrip to waveguide transitions using E-plane probes,"
The Journal of Korean Institute of Electromagnetic
Engineering and Science, vol. 23, no. 1, pp. 76-84, Jan.
2012.

[8] H. J. Kwon, S. J. Lee, and H. J. Jang, "Design and
fabrication of the Ka-band waveguide to microstrip
transition using probe structure," Journal of the Institute
of Electronics Engineers of Korea TC, vol. 45, no. 7, pp.
67-71, Jul. 2008.

[9] C. Zhang, M. Bauwens, N. S. Barker, R. M. Weikle, and
A. W. Lichtenberger, "A W-band micromachined on-
wafer probe with integrated balun for characterization of
differential circuits," IEEE Transactions on Microwave
Theory and Techniques, vol. 64, no. 5, pp. 1585-1593,
May 2016.

[10] C. Y. Hsiao, C. T. M. Wu, and C. N. Kuo, "A W-band
1-dB insertion loss wilkinson power divider using
silicon-based integrated passive device," IEEE Microwave
and Wireless Components Letters, vol. 31, no. 6, pp.
654-657, Jun. 2021.



=
=
12
fd
e
)
o\
Il
~N
olo
ofo
tilo
Ho
r

W F [AEAAEAT 9859
https://orcid.org/0000-0002-5114-8019

r—" 2018 8Y: §=9)Fojy sty AL

i‘%l, RF #1714

3 (F84h

2020»4 49~dA: FFARNEA T
EX e

2021L=l 29 ~8A: AAd ey A7)AA

_,_g}_‘,]. A /\]._‘,].xq

[ BAZ0Y 2753 432, RF A

A A BRI E AT WA AT
https://orcid.org/0000-0001-7228-1540

” 20184 9€~&A: IFAAIEATY

SE =R ]
=
Y I y

2019 29: =it A7) A g
(&b

2021 8¢ ATt 71 Aot
(/\4A}J,1r;<4)

[ 2&=20H RF #7174

2 ¢ A [LIGH A/ A7)
https://orcid.org/0000-0002-2198-8754

1991 29: A= sty AApEsta (38
/\})
19934 29: A=) st AAgsta (33}
AAh
20043 29: Aty PHEA S}
ﬁh (38hatA}y
2001 129: 75716979 APA7L

20054 082 ~3A: ELIGYAY $=4AT7Y
[F BUROH 2359 324A, BAVENTH, A2,
MMIC, ol 2 & AX AJ2~" 94 SAR

>
fol
=
o,
-4
BN
SE
2
ot
o,
)
=3
o
o,
oo
=
[l
R=)

4§ 7] [LIGY &9/ Ad]

https://orcid.org/0000-0001-6334-6867

20224 29: F¢ gty HAFSE (38
AAh

20229 19 ~8A: GLIGY 29 74
F MAR0f 27 FT z];@g]i RFA]
28, dolgt $5A17]

3 A A [LIGY 2/ A7)

https://orcid.org/0000-0002-4410-6240

2005 29: FAYNTY JRENARF
st} (F84h

2020 8 AAhStw FAYE S
(F34Ah

2007 1€ ~8A: GFLIGY 29 $4 A+

detd Y, MMIC, SSPA

27 A [ TaAd A7)

https://orcid.org/0000-0003-1652-5576

20119 24: F=3437)ed

20169 8Y: =Hsr1&Y A AT
g3} (FgHAh

2007L4 1€~2008d 11Y: AAgg s o

‘ YR
oﬂ;uu

F HHEOH RF 3= 8 AE5%7], A& 23159 71

~ ) FTEd s A9

683



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 9, September. 2022.

4 5 9 [EAAT AT

https://orcid.org/0000-0002-3642-2323

1989'd 29: Sl A A 3 (9]
Be)

1993 84: FHT 8t ALFEAI S (A
Ae}) (o]3H4 Ah

1997 8¢: FHosta A Askat (o] gt}
/\]-)

19973 74 ~@A: SgHsA T 4

A+
2013\ 9U~AA: A3r|eAg Aty W
[ ZHAF 0} Tactical Communications, Cognitive Radio, Satellite

Communications, Datalink Systems

g v sl A A )
https://orcid.org/0000-0003-3452-9327
2009\ 29: 7ot AR (S

/\})
20119 29: AEist AAst (33
AAh)

2012 42 ~dA: AL A

[F 2 20H RF, 51 el Al 2H

684

oo S [AA S/
https://orcid.org/0000-0001-7456-8713
2002'd 8€: A&theta A7) s (5

2h

20043 8€: W= University of Michigan,
Ann Arbor (3844}

2008 49: W=t University of Michigan,
Ann Arbor (FHAD

2008%d 1€ ~2010%d 12€: Qualcomm Inc.

Senior Engineer

20119 9E~&A: AAHSL A7) SR A

[+ A EZ0H Leves} YA I =2, vlo]a23} 32, 94
& QrelY Al2Fl, Analog/RF 1C

* 3 ¥ [EEAed /ALY

https://orcid.org/0000-0002-8045-3282

2003 29 S gty o3t (38
/\})

2009 84: st=HEr|ed H7HAAY
BENCGELIAD)

20093 9¥~20104 19¥: 3=78t7)&9
AN HaL & A7

2010 29 ~dA: AR EATFY



