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Design of 4-Pole Low Noise Active Bandpass Filter
Improving Amplitude Flatness of Passband
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Abstract

An active capacitance circuit which employs series feedback network for the implement of negative resistance and
low noise operation is analyzed in depth and its application to low noise active RF BPF's is discussed. Whereas many
authors reported a lot of circuits that embody negative resistance circuit, most of them have concerns for the equivalent
resistance and reactance value at the center frequency. In this case, it could be possible to face a problem that the
negative resistance circuit becomes unstable, or have poor flatness in passband because of insufficient forecast for the
negative resistance values as the frequency goes higher or lower. In this paper, we extracted the exact equivalent values
of this circuit and analyzed the RF characteristics with the varying the values of active devices and feedback circuits
and presented the method that the flatness of passband can be improved. We have designed a 4-pole active BPF, which
has the bandwidth of 60 MHz, 0.67 dB insertion loss, 0.3 dB ripple, and noise figure of 3.0 dB at 1.99 GHz band.
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the proposed active capacitor circuit.

ofrt

592

EY, A0 FYAY g 2E FASE 0o
2ol 8 % Uk

-f;ncx_mgaﬁn_us =

ok, R=00)2HE FAATE 2 T34 B9
& 4 ()% 7ol VY BYY 4 Ak
Cro=Cq4 CpCal | Cu
1

1
2my L,Cy <f< 27r\[L CiCui
Ce+Cys

™

Fraquencywih maxnum

. N megative esistance

AT

— 2 |1, by

5 TeC,

Z

) Fraquency range wth

g‘ . megetve esbtance

w *
f.'m‘w

2

20 “ s © 200

Feedback Resistance [Ohms)

@

o =V TT]
o <>/

K N Nt /7?5
004 i r$1
-0.08 “feTwskon
%_,,,n. N\ &

010 >
0.2 \\
0. 18 - A
0.8

.0.18

-0.20

[ [ 9 1
freq, GHz

®)

J8 4. () RS EB) 98 4 ARE 2 F
F9 W, () RS W 9% 57 A
dae 3 $Y5A4

Fig. 4. (a) Frequency ranges in which the active capa-
citance circuit has negative resistance charac-
teristic as Ry varies, (b) Frequency responses
of equivalent conductance as R; varies.



FANS HETE AN 4D ARE 5F WITH A7) 44

A L

. e
we NN
\

0.02

ol |
gﬁ\‘\ ;
RN ]

ace 1
|

;)
*% -
P———

ﬁ Cyg=10pi
l
i
!

|
1
i
i
5

* f:sq GHz
()

J8 5. (a) L st 9% F7t gYEAe Fos
$HEY, () G ¥8 9% 57 29
29) 3% $HHY

Fig. 5. (a) Frequency responses of equivalent conduc-
tance as L, varies, (b) Frequency responses of
equivalent conductance as Cy varies.

e 2L IAAL ageE yehir] 943 &
FETo] tig gelvel€ ddstq Add 248 1
# 4~59 Jedth OI¥ 4 HAE AYR)L
0~100 Q22 HIAFE W 24 A HH9
At 2 AgE Hol= FHSLE JYPZE S
o, 19 4b0)= 1 335 36 S4¢ Bl Itk
3, A% AYEL)S A ARAE(C)Y 3kl
g3 Fu5 S Wie 19 S@% bl 7
7+ Yeldeh o] W) AS-E Hetvig e oo
Zth

Ld=2.2 nH, Cd= 10 pF,Rd=30 e
Cys = 0.8 pF, Cg = 0.16 pF, gn = 100 mQ

3 A3 38 4@)0ld Rzl AAFE A 7

A #E e FATE RolA L, FAY #E 7

£ 335 99k Folne A& ¢ Yt e
IR 4b)NA oA 2 dety slok 23 vhazt
AZ I¥ 5@ANE Lot ALSE FAE gtol
AAL, 38 So)elM e C7t AR wat 74 A
I A FAEF RopAlE AX € F AU
9 EHo2RY o4& 22 B /HA 2ES
ojged £ gtk
1) #4 A% Sl NFE fp Aolel LA
) R Z7ke FAARE 2 FRs ¥AE
43 AN Adge F2AAR
3) fe FE CE ZHo] 7153t
- CA 37k f® HETL
4 fp F2 LE ZA0| 7h53th
- L8 F7h fod HES
5) Co L B ) 74 Aol 93 £
- G LA F7ke FAARE 2A @

0. 5& &2 omlo 47

3718 EHoERY BAAY g 7 FoF
HYE 2AY F U= 5T H9EF & 4
AL & Utk 19 62 ALY 5F AHAELe
WE JA9HE 748 ¥HE 34 J2oth QYE
ERE BAsE &4 FA A E A HAol
Hs3tEE 3R Y2 & 08 FEE + A
2ok £, 33719 AClE gl #7HE Cac ¥
29 FA FHEE O 483 2AY & JA 3
T 98 8tk £ =RdMe dite 795 Uy
A FA A e 2 I 5T U 3
ourl EAS A AxE Hoj7| 3l 1.99 GHzoll
A 4% 5 Y953 S92 E AR A @ity
SE @57 MY AL, FEASFY Asd He
E9] g3 d@Aol FraA, 45 onrjda 1

FHXELG

J8 6. 5% 33 3=
Fig. 6. Active resonator circuit.

593



BRBHKSEANEE H15%8 H6R% 004568

1l
o
T

3

o
~

- SGHzL )
mi 2 33(21 )=-0.454

LA

RNt

3 : Ry
3 :

T T t T
1.350 1.465 1580 1895 1810 1.925 2040 2488 2210 2.3e5 2500
keq, OHF

) REH FA &2 §F HdEH o919
A9 =4

(a) Frequency response of active BPF with poor

amplitude flatness in passband

—
2

s3-
Taces1.955GH
EB(S(L =1 .497] E

. |
éé 1 /

- B A A
120 15 13 1% 200 208 210 215 23

b) FE T35 WANAY 55 3] 54
(b) Narrow-band frequency response of an active BPF
J8 7. S9N FAHAE EA4E TH3A
Fe S5 54
Fig. 7. Characteristics of an active BPF without consi-

dering negative resistance characteristic.
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