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A Novel Design of Frequency Multiplier Using Feedforward
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Abstract

A novel design of frequency multiplier using a feedforward technique and a defected ground structure(DGS) is
proposed. The feedforward loop in the proposed frequency multiplier suppresses the fundamental component(f), the
dumb-bell or spiral shaped DGS diminish unwanted harmonics such as second, third and fourth. Due to the combination
of the feedforward structure and the DGS, only the multiplied frequency component(2fy, 3, 4f) appears at the output
port and the other unwanted components are suppressed excellently. The frequency multiplier is designed at 1 GHz
of fo, by the proposed technique and measured. The measured output power of 2fy, 3fy and 4f; is —2.59 dBm, -5.36
dBm and —4.57 dBm, respectively, when the input power is 0 dBm.
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Fig. 1. Amplitude comparison of the fundamental and
harmonic components versus conduction angle.
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Table 1. DGS measurement results.

S1[dB]
fo=1 GHz
fo 2fo 3o 4o
DGS(@doubler) -041 | -049 | -30.17 | —32.78
DGS(@tripler) -041 | -26.14| -036| —36.47
DGS(@quadrupler) | —0.30 | —24.62 | —25.19| -0.47
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Table 2. Output signal comparison of frequency mul-
tiplier structures[dBm].

P,=0 dBm, fi=1 GHz| Py Py P Pip
Only Doubler -26.84 | —2.31 | —44.07| —50.11
Doubler+FF ~-68.62| —2.31 | —44.15| —50.02
DoublertFF+DGS -67.35| —-2.59 | —65.74| —61.52
Only Tripler -33.731 -3081| —5.05 | —46.85
Tripler+FF ~69.711 -30.77| —5.05 | —46.08
Tripler+FF+DGS -68.34 | —56.61| —5.36 | —67.50
Only Quadrupler —-47.59| 4543 | -44.62| —4.22
Quadrupler+FF ~67.11| —45.92| —4449( —4.24
Quadrupler+FF+DGS | —66.91 | —66.43 | —65.11 | —4.57




Feedforward2} Defected Ground StructureS o] 8-} Fub< Aul 7] A A

0 | 1 (_.5_[]5)'?_ F
20 | | j . Only Tripler
i S R R— 1
- | =
= (B3I WTE: 30.81) | S =
o e | " [-46.85) 6
E |
> -60
. T Py iaradbes s mhibmlii Pl chy
-80 |
-100 L | S N S—
0.5 1.3 2.1 2.9 3.7 4.5
Frequency[GHz]
(a)
0 = 7
AN S (5.05)% | Tripler j
-20 ' +Feedforward
o | a8 "
5 -40 JJ
= -36.08) ¢
D
= :
3 60 (89T ]
-&0 ;
-100 ’ . =
0.5 1.3 2.1 2.9 3.7 45
Frequency[GHz]
(b)

S (-5.36)% [ Tripler
20 +Feedforward
. . +tDGS )

& -40 |
E |
T
% - —

_t [

]
-100 . | | .=
0.5 1l 2.1 2.9 3.7 4.5
Frequency[GHz]
(c)

18 6. 3Au)7] 2¥EY 54 AIHP,=0 dBm)
Fig. 6. Measured spectrum of the frequency tripler
(P#=0 dBm).

9} feedforward®} DGS +ZE5 B5 A 83492 AL
& 8|23ty ok BT A& wol Aujsty
A 3l AlS e AT ARSS tEE ko2
dil7tz] AAE A AT F Utk

S4d =9 A22h0, 3, 409 A% Fe2 44
10-KHz 2 3=Alo]| A -94.06 dBc/Hz, —93.90 dBc/Hz
9 -92.2 dBc/Hz2 SAHJUL, oldf A4 A3 (f)
o] A HL2 -94.98 dBc/Hzo] It} o] -2 20log
(2)=6 dB, 20log(3)=9.5 dB3} 20log(4)=12 dBz} 7}o]
o|2% 0] ZFHt} z}z}t 5.08 dB, 8.42 dB<} 9.22 dB 3k
4E Aol o] A= 7|2 Fu 4139 Yt
A G AZxT RS0l g4 AAHUSS |

0 . :
1 Only “4.22

-20 Quadrupler

E £ e — 2 Fh
= e $Ca75ey 9(45.43) [9(:44.62)
T
e it pip oot SR b e A OSE R
|
-80 IERRER < i
-100 b—r
0.5 13 2.1 2.9 3.7 4.5
Frequency[GHz]
(a)
0 . -
Quadrupler "4.24
20 | +Feedforward §}— L ]
E G i i R y
" S S — 1@ 74D
o
2 -60 k _'@. ||4 M I I l
aad | S P :-—V—-I-F-Ji\{;w‘“'l‘lrw-' A i -
-80 ' =
-100 ———
0.5 13 21 2.9 3.7 4.5
Frequency[GHz]
(b)
0 " Quadrupler § -4 57
20 +Feedforward | | | | e
- A +DGS J
[g ""40 ! -
= & ; -
z 60 |——3(B6.97)—=(66.43)  A(BE 1), o
— e s em 1
-80
!
-100 i :
0.5 1.3 21 2.9 a7 4.5
Frequency[GHz]
(c)

A8 7. 449 7] 29 Ed F4 A3HPy=0 dBm)
Fig. 7. Measured spectrum of the frequency quadru-
pler(P;,,=0 dBm).

ERY Utk

V.2 &

2 AR AAY A9 AsdS &7 ¢
st Fak A7) A 7S AT LRk
O FEI THX YF ARES AA] 3
A5 = feedforward 712 ARg-sto] WAl F
g 719 7|2 Fog RS 98tk &
g nle|ARLEY AR HAHE ofF EYLE
AZtat A9 53 719 S d2 7 Ue
o o]& 23 Fa5 Au)7]e] STl FFFC =

i

129



EHBRIKPEM LGS FH 175 858 200658 5

A= Hl Q]E o|-g-&ted 3A|ul 7] &} 44wl 7] o) A ZHz}
2, 4219} 2, 3a1e] YUSHA] = AXYE AHFHOR
ﬂl?ﬂﬁ* AN

ol A AAF BE JEES 2 Q-
ﬂ%ﬁw s JRER FHEHYCEE BF HF
317t 758k ol & A3 RS g AlAY 4AF
gl 7|14E Ao g AGHY TS A A o]t

& 1= d

[1] D. G. Thomas Jr., G. R. Branner, "Optimization of
active microwave frequency multiplier performance
utilizing harmonic terminating impedances", [EEE
Trans. Microwave Theory Tech., vol. 44, pp. 2617-
2624, Dec. 1996.

2] S. P. O. Bruce, F. J. Be1i #wanger, J. F. Luy, and
U. Erben, "Design and realization of a millimeter-
wave S1/SiGe HBT frequency multiplier", [EEE
Trans. Microwave Theory Tech., vol. 46, pp. 695-
700, May 1998.

(3] S. A. Mass, The RF and Microwave Circuit Design
Cookbook, Boston, MA., Artech House, 1998.

(4] C. S. Kim, J. S. Park, D. Ahn, and J. B, Lim, "A

730

novel 1-D periodic defected ground structure for
planar circuits", IEEE Microwave Guided Wave
Lett., vol. 10, pp. 131-133, Apr. 2000.

[5] J. S. Lim, C. S. Kim, J. S. Park, D. Ahn, and S.
W. Nam, "Design of 10 dB 90 branch line coupler
using microstrip line with defected ground struc-
ture", Electron. Lett., vol. 36, pp. 1784-1785, Oct.
2000.

[6] J. S. Lim, C. S. Kim, D. Ahn, Y. C. Jeong, and S.
W. Nam, "Design of low-pass filters using defected
ground structure”, [EEE Trans. Microwave Theory
Tech., vol. 53, no. 8, pp. 2539-2545, Aug. 2005.

[7] Y. C. Jeong, S. G. Jeong, J. S. Lim, and S. W.
Nam, "A new method to suppress harmonics using
A/4 bias line combined by defected ground struc-
ture in power amplifiers”, IEEE Microwave Wire-
less Component Lett., vol. 13, pp. 538-540, Dec.
2003.

(8] S. C. Cripps, RF Power Amplifiers for Wireless
Communications, Boston, MA., Artech House, 1999.

9] Y. C. Jeong, "A feedforward power amplifier with
loops to reduce RX band noises and intermodulation
distortion", Microwave Journal, vol. 45, no. 1, pp.
80-91, Jan. 2001.



Feedforward2} Defected Ground StructureS ©|8-3F S35 Auj7] 24

2005 2¢: S MRS
7 (F A
2005 3¥~&A: dEUy &
. BNt A3
| [ ZAZO0F RF Power Amplifier,
| DGS

1991 29): MR AR
I (5 8HAH

1993 2 My AALE
| I (FSH4AD
i 2003y 2¢: MEtisty A/HF
Ei :g'-&!"hrﬂ’ {%a}@};‘]’)

19939 29 ~1999'd 3Y: &FAA
T JAENNEAFY FAULEI)EATA
_',1

ik

rd rf

L e

r off
o > 88

20033 3¥~2003d 79: ME&thgw BK21 AH7|SAMS
o YA A

20033 7€ ~2004d 99: 5314 S| AAME

20043 99 ~2005'd 29: =FAAFAA 7Y R EWE
A+d Agr|ed3ls AYdA74

2005\ 3E~8A: =AYy AR 7|E5 3

olf -if
=4
Y

| 2
274 B9Y D 32 ¢4, 77 $29 BYY 2 3z
O
O

Ly T=
o Q

19893 29: AM7ZOisie AR} S
3 (38AH

B e 1991 2% A7t AAbEet
o EEECUSR)

1996 8% M7 et HAES

N B (FEe

, A W 19919 291998 29 AAAR
ARENEE HAA+4

1998 39 ~&A: A5y MAPJEFST 7

[T A E0H RF % Microwave 3|2 34 2 A4

19714 29: Agdidtr HAF 3
3 (F2HAH)

19853 59: v Wisconsin-Madison

@ A3 (T

£ 19859 ~1990: v AT&T Bell
B Labs. MTS

1990 29 ~1997 119: 244
A AHENARIEE AT o|A}

1997'd 38 ~JAA: A=A E(F) hazolAl

5 BYEOH HAZE7) A, 2773} H2AHA, o
BAANLY e

131



	725
	726
	727
	728
	729
	730
	731

