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A Design of the Triple-push Oscillator using Combiner
for RF System
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Abstract

Transmission speed becomes high speedization gradually in system while is the latest
microwave and millimeter wave communication and user’s demand is trend that also
increase rapidly.

To accommodate wider band width therefore, signalman who have high frequency and
not required welsh suppression special quality little more is required. Designed oscillator,
point parts, in duplex all communication systems several systems studies that can keep
pace with a lot of amount of informations in modern info-age are archieved vigrously.

» Keyword : Osciliator, Combiner, RF, Ubiquitous

CHIRK : ZAME
« X491 2005.01.08, AAIdEY : 2005.03.17
‘P m Wad ARE AT UL *C EQdn AR RS AYas



176 BE AFEEREE RE(2005. 3)

AN 2Rl S5 w72 AMEE W)y 3R
T ol FHolua 2% Wl wE gado] A3 Qalel
& F8A FANE olgsigloy A RFYEEY 49
5, A%, A F9 879 @) Hairpindg #2
MMIC(Monolithic Microwave Integrated Circuit)3}
Bp7lell 23t FA/E dA=En e FAoltH1].

w2 FH5E 98 £ =FolA AYE Triple-push¥
HA7ls £ 29 Ay 2 ¥ g4 Ao il
& Azde] A3 9 Push-push ¥ @37]1cH2)
Fd 44 12 B4E 4 + Ut

Triple-push ¥%17]9) AME-5i= combinere A 72
S e 3wayTEREN 71¥9 3-way Wilkinson
Combiner7t 2l @ 2z} XE 7} #yshe 40} &
A7t 571 WEe] AZE Feie] 3-way CombinerZ g
s At

AE Triple-push H271e £3Fui4o) 389 1 F
spollA] S]] B £ QEE €A ¥8 & glen
b Az o]F %3 ¥Y & gl AAe) ok

2.1 Hair-pin 377

2177 gQdlA FA7le 2T FHA F), FF
A7) Sol AR BEel A¥3l A%l a3z}
9 87l w2} MMIC3Isl7 1ol AE3 Hair-pin 33171
% 2e Hy pzof Fx AMEHD gt #A4 2R
719] A9 A7 Za Qglel An, £4o] Hrle A&
7L QlARE FRHAQ] P2E IR ER F2 o] oY
7] W&ol mlolaRAEY 2RIS AMSR FR7|E AMRE)
A, 32 R FA7IE W2 Fo] AMSgozy v

71 2] A7|7F AR 3, TS ARe] HEs A}
2 9 329 FHo] ofejE o] AUrh ojo] E =8
M 3 3718k 7129l Hairpin F417] 2o Hjs} 2
717} Aoy Qatel Ayt Am WEdRe Ho] x4z
FHE 2Ho] Bold Segawadl <Jsid AtH Mg
%9| Hair-pin 718 |43tk (28 1)e & =%
oM AAlE 32719 FNELE ekt

T T
45 50 55 60 65 70 75
Frequency [GHz]

Ml M2
Frequency : 6.00 [GHz] Frequency : 6.00 [GHz]
822 =-0.568 [dB] 821 =-18331 [dB]

I3 1. YxDle| E08Y
Fig. 1. Resonance Characteristic of Oscillator

22 Triple-push &Zi7| ol2

Foeg sk e WAVl gz 1) A
g steY W12 MA she wWala 71 B3l
7|18 FFske Weaoz Ve 4 it

strY w3lvle] AL HAG F3S BRIy o7
ol FHe ¢ FE/E dol 23S Yo} sk B
o 3li 71& o $2719) A9 N Auj Al 20logN T
F 3tgo] A A == ddoj ik

o1& FH3P| 93] Push-push ¥27]7} Pavio 9 9
M A5 AU} Push-push 2271 §2 2t W
A 2E7t 715 2% (odd mode) F&o] soo} dln] 2
$E FR7I7E Z Aol disl 180 - AAAT UEE Rx
djok @t} UdwrAQl push-push A7 ¥ J4ds
o5& 2898 il S Aves A8 g A
g ofs $EHol Stk AT F Al TR
push-push B2 PHE A 4 2309 rEske 4
=1, 27 nzmea Agse] 848 & gl dAAs
£ 2 €t} ol3@ A4S ol 83l, 4x) 53 Fue
A} Azr|go] EAAl Ele K-band ol4diM F2 o]
f=n UcH3, 7).



RF A28 & #4712 o] &% Triple-push@d@ 7o) HA g

177

¥ =For AtE Triple-push ¥271E 0/3 2| F
51]*’?-"1]*1 AA1E7] W) push-push FR7 1K} 1) 4
B Q¥ ¥ 4 < 4 3 (2" 2=
’I‘rlple-push w2l7]9) {}‘351 T2 JEpith B3 ¢
A7 A AE 742 1200 o HERE Fa vg})go}oq 718
Fuigreh 23 nzHE FHstn 33 nze sk
Fxoldt, AFHEOS=Z push-push 7R} AMEFu
£ 4A 8388 # o0 2 Qutd FE ANk
ot

B 2% 30
= QAP
f, 26 3 > 3%

- QAR

Vat
£ 26 3

i, 26 canoded
m@‘ﬁ%of—

3% 2. Triple-push YXD| 7=
Fig. 2. Structure of Triple-push Oscillator

19, 289, 39 #x1e] 2HeE 77 S1, S2. 83
olgt & wf, (1)4]3} Zo| vehd & sl

S, = alej%‘ +azej2a;,,: +a3ej3w°' +A

S2 — aleiwo("Nl) +a2ej2ﬂ’o("A¢|) +a3ei3“’o(“A‘|) +A

S, = aleiwo(t—Afz) +azei2wo(t—Nz) +a3ei3wo('—Alz) +A

ol of, A} A3
o A4 249 (

2
{ a)o-At,=§7t
4
wolAt2=§7r ............................................... (2)

£ Wl @A Zigse 23 nzst

248 BEs

Al Azl s S3e ot 2

S, =S +S,+8, =3a,e™ +3a.>¥ +3a,e>¥ +A

. 2N 71(Combiner) A7)

£ =RlM AtE Triple-push d7e +34
3-way combiner® B8 2 3t} o] W) F8% HE 7 ¢
YREZD| iz 9 2t Az AW} glojor s 3
ojt}, Wilkinson Combinerg 3-wayZ AMgahA © ¢4
o|F W7} of2ld] B =RdMe A2 Felo T4
71E stk A" #4719 F2e (O" 3) 2o
A A9 el RS A8 15012 o AP o
A& Wilkinsom Combiners 2% A=t &
#H3ke] 82 As) 18 GHzolA AAS).

28 3. HigHEl | =
Fig. 3. New Structure Combiner

Insertion Losst 4.92 dBZ ©]/3&<) %) 4.77 dB
o} ZARY g 4o dFREY FYxE -24.275
dBE ¥5¥ Z3E It



178 @E AFEEREE #HE(2005. 3)
memrc—
SO
LIS,
rasanaancnanl
TTLTO0
g g
2 £
S 3
£ =
£ =
F
5
M3: (batnlos) M6: (akin)
Fegexy: ROGH Fegexy: 180[GH
SUEA - AR(H S22331:- N5 [

T8 4. deleAn) Zels £N
Fig. 4. Insertion Loss and Isolation between eac hports

lgithe] wakEA 2 -20.255 dB, DY wmlEd e
-27.204 dBel AAE AU}

= RLZIVAN
TR o < N /
Zm ]
= v I\LLJ /
= | ]
2 N
-}
S|
=
E
E T ¥ T T T T T T
2 4 6 8 1V 2 ¥4 B B8 2D
Reqeny|(H
M3: M
(ReunL o ofimut pors) (Rumlosdfogurpod
Fopemy : 1800[GH Fepeny: 1800[G¥]
SILS2SB: ASKB s ZDUA

7 5. ERicle] YA Y
Fig. 5. Return Loss between Input and Ouput port

IV. Triple-push 222| M

A8 AR deibe 4 nelserd el A
AP axpddelrt. £ =Roie T5aAE ARE AF
£ 23 IREE HaskvA duldez delaole
GaAs MESFET! HP Avantek A2} ATF13786< ol
L3t e BAE €,=2.6, 73 FA H=0.504
mm, 39 F4 T=0.018 mm?%! chukohAte] Teflon 71
Be AgEgnh A8 AP ddide iRl
Uiz 2do] Hgdtug HHNFHAETR AgilentAel
ADS2003% ol43k] vy wdz HANY. WA
AF A Fhel BAe 42t 12059 3RS e
AASNGS el 2t 28 2HEYL (28 6) 7 Bl

]
o ¥
g

L

B p

)

>
]

1
1

-]
Output of 0sc3 [dBm]
)

Output of oscl [dBm}
b
® Gutput of 0sc2 [dBm]

il
T

W
!

)

0

L

s

By 1G] Ranry i Ry |G
M M M

Begecy: GO[GH] Fegmxy:  6O[GH Hoexy:  60[GH

QaptRver: 048] QmtRuar:-BSB[d]  Qapt Rwer:-DIB[dBY]
)% M M

Fgmy:  RO[GH] FRegery:  RO[GH Fepoxy:  ROO[GHY
QputRwa:-BI17{@1  QtptRwer:- D96 Gt Rwer:-SU81{d
M M M

Foeo:  BO[GH FRgoy:  BOGH Bgooy:  RBOGH
QiptRwea: 0BS[BY] CiptRowr: QIR  QutRoser: QX6[dBY

T8 6. AMXIE D2 2 WED|o) £3 AHER
Fig. 6. Output Spcturm of each Oscillators after giving 120°

QAAE RSl E 2 @2y 282 A FYslo
Triple-push ¥2719] 54 2L £ 2 ¢+ A
o}

(3 7L Z wAr)e] gAxE ehdd 7B Fus
&} 231 nzgte] FHZ2AQ EFuedAe] 12059 9
Aa7h sl AE e




RF A 2" 8 #4718 o] 8 Triple-push'2a719 4A = 179

‘

TooMl M

+—

= T 3]
. ‘“{:4 +E bermonic mdex bemonc index . 1 hwrmm:ntx 1
i'*'_Ti I ! pesw ussl(dquul phose : 159.630 [dogross] e+ §3.236 [degrees)
g Ut !
oo L e w oo
‘! NERREE] phese ! nxﬁs(m} phuse: 11501 (degress]  phase : 79.924 [degroes}
| - »Jq.r,-—rv— -

R i | M Mo M
5 w4 blg hermomicindex 3 pemondc index : 3 hermmoric index : 3
| %,.{d Mo 96217 (dgmes)  phese 130862 degress]  phee 80303 degres)
L T S

+ —_
N IL Ins E
oLl £
| ®r- 111 Phase difference with oscl e
P DL § osc2 : MI-M2 =120
[ Raumuny ooc3 : MI-MD =240°
s S
|§ - *f:ﬂwi
A0
: w o Ll s
[ I-—&*“_.‘___‘\
- _ »
T2 "X IS Flo| SAkK]
2 7. WEbIS 2| Sxt 54 fo] A

Fig. 7. Phase difference between each Oscillators
a8 9. T 2lojole

(18 6. (18 D Fige) A<l 5T T3 Fio. 9. Final Layout
AgFsigoliel 1202 AAE B o8 B
2 39 FA2AE87 AP (29 9ol vehie,

E2 17 T
NI EEE
7
E :mafm
g ot Tt Loy
oM g
Sebo FLLL
AP e /
Feqy|GH
02 10. Triple-push HZi7}e} ASARK
M " ™ Fig. 10. Photograph of Triple-push Oscillator

Fopexy:  60O[GH FRogery: ROGH |Regaxy:  1800)
QuptRover: TLTB[dN] Ot Roner - Q256{dB] | Ot Rover - S666 ]

07 8. gy saHE Moty

Fig. 8. Output Spectrum and voltage waveform after

combining
V.2 &

HF £¢o] 18 GHzolM 5.666 dBme]x £83} 2}
A& zk2t —71.7 dBc, -60.3 dBc2 $% 292 d&
T A9tk AAHE S B 33 nzuR) 18 GHzel 3
%Q] %—?’]*&E @"‘é%]‘% Q_o‘lg 4: 9\1‘:]' E‘ “.“’E“’“HE' 'I‘riple-push ‘%}7&7]% ﬂ]?l%}'ﬂ 0]-‘;: ‘(H

(28 9% A4 dolokoln (13 100 AA Agg T MRE B WS Adeia. ey e A
AZARzIo)}, 719} $2FE71E Y + AU

HA7le] R Aol Holvn 2= Wizl w2
4ol Hm Qatol HL& A FAWNE Bo] olE3l%e
v AT RFREESY &%8, Al a3z} 444 5
9] 97 w2} Hairpin® 2& MMIC(Monolithic Microwave
Integrated Circuit)3} &7]o) A Hw 2o FAA
£ AHgsigch

AAdke Faee] AiEe Folgoire] 28E d&



180 BB AFEEREE #2005, 3)

T ANer] FAY ¥ Fugeld o 4A dAE
Ak, My aAe] §2 FusE o G4 TR
T ste 240l € £ Qo Fe HF ¥ 9 o
B AUYEAE -70 dBcE #4% S4S BYn, 35
dvigezs fulFE~ #48 A% 2 A7t
Zgs3jr}.

(1) 1. G. D. Vendelin, W. C. Mueller, A. P. S.
Khanna. and R. Soohoo, ‘A 4 GHz DRO.,
Microwave Journal, June 1986, pp. 151~152.

(2) H. Yabuki, M. Segawa, and M. Makimoto
“Voltage Controlled Push-Push Oscillators using
Miniaturized Hairpin Resonators’ IEEE MTT-S
dig.. vol. 33, no. 14, pp. 175~1178, Sep. 1991.

(3} K. W. Kobayashi, A. K. Oki, L. T. Tran, J.
C. Cowels, A. Gutierrez-Aitken, F Yamada, T.
R. Block, and D. C. Streit, “A 108-GHz
InP-HBT monolithic push-bush VCO with low
phase noise and wide tuning bandwidth,” IEEE
J. Solid-State Circuits, vol. 34, pp. 1225-1232,
Sept. 1999.

{4] "A low phase noise W-band InP-HBT monolithic
push-push VCO.” in 20th Annu. IEEE GaAs
IC Symp. Dig., Atlanta, GA, Nov. 1998, pp.
237~240.

(5] F. X. Sinnesbichler, H. Geltinger, and G. R.
Olbrich, “A 38-GHz push-push oscillator based
on 25-GHz f BJTs,” IEEE Microwave and
Guided Wave Lett., vol. 9, pp. 151-153, Apr.
1999. '

[6) D. M. Smith, J. C. Canyon, and D. L. Tait,
“25-42 GHz GaAs hetero—junction bipolar transistor
low noise push-push VCQ’s,” in 1989 IEEE
MTT-S Int. Microwave Symp. Dig.. Long Beach,
CA, June 1989, pp. 78~81.

{7) F. X. Sinnesbichler, H. Geltinger, and G. R.

Olbrich, “A 50-GHz SiGe HRBT push-push
oscillator,” in 1992 IEEE MTT-S Int. Microwave
Symp. Dig., Anaheim, CA, June 1999, pp. 9~12.

[8) A.Koukab, K Banerjee, M.Declercq, “Modeling
techniques and verification methodologies for

in mixed-signal
systemron-chip designs’, IEEE Trans on
CADICS, VOL. 23, NO. 06, pp. 823~836, 2004.6.

(9] A4 9, RF#e] 74 A 44 A4 3A ¢
@, A uAeEs] & gedEdy =84, A
119 Al 1%, pp.711~714, 2004.5.

(10) B934, 'RF EdAM RES o|&F AEd47d
Azgle]l A", AFAFEHAYRES] =8A, A 99
A 4%, 2004.12.

{11 &84, ZAF, °J5F44 RF A3 Hapy] 44",
SAFEREES) =24, A 98 A 43, 2004.12.

substrate coupling effects

ICE

20018 wjichel 4Rl o)t
(FED

20033 Pddista skl e
F83} (A

20043~8A4 Pddidta gl
AFE T

(YD fulFEZ, =ulgd A
g2, 2ellERY, XML

Y 2

19889 SAdskE AAANRL)
CE)

19934 A8ietm AAA)
(FE

2003d Pdehsh AFEIBo}
(@

19944~20034 Belthst AF
EELE

2004~2A 2itm BHE
8% as

(YRl AuEE ¥ Auwe)
A% Ve, ARERS



