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Abstract

In this study, the impedance characteristics of chip elements are applied to a bandpass filter circuit design using an enhanced
equivalent modeling technique for the chip inductor. This technique can analyze the impedance characteristics, including the internal
elements of the chip, tolerance, and parasitic elements. By applying the improved equivalent modeling method, it is possible to satisfy
the chip element values required for circuit design. This was tested by applying the proposed technique to the design of a 5G sub-6
GHz bandpass filter with the 2™ Chebyshev prototype. The insertion loss measured at the center frequency of the passband was 2.1
dB and 1.1 dB for each manufacturer, respectively. Compared to a previous study using the same equivalent circuit, a circuit size
reduction of 78 % could be obtained to achieve a miniaturized design.
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A JHHE wstel AT A5 T4 29 3ol vkl
+ Atk

SRAIRE, ' 2009 ) ks " 16l 8=
AUH mAR S FIANE F oo, T
R AZAR] weh H R S BEh B3, He vt
TE87] A% =g dydx 5 Ad71A Aol 5
2 AH(tolerance)ll w2} S22 SA4Jo] Gl

=, A 2] due s 54 2 S8 AE XU 5
g Aol ofer, T u e T3 LY A glo]
A 2AE oldste] ok 29S 2t I 73S 4
X e A ko] 71 2kl i =T w2 57t

Td8 y#7F Q3

278 o143 2% tE22E 3p-1Y
™ bandpass filter 3D-model using chip element.



olo] 13 3& 1% 29] B2l A B QLB AAH
o 54 W) A% PP BIYLS N3 80
% AAE2(z,) R AANA AN 0,)E ESH] AR

BPF 571812 Ed= Jepfinl, GNDete| 9ids f)st
H]o} Q1T E X (L, | via inductance)S 37|35t}
] JAYE ] YF 54 2 52 ] 93t —5—* =

3 B
T OERS FPE SR BAYS 2l ¥
2E SR #g A B Sl viA= FFS et
& 4 olom, gleje] ot B P27 QTR Y 8
del B ARSI AAVE hssith A Y
Bl 39 5UEIE 54 v ve AelM A%t
=5 gk

a9 4a)= 2 o1gE YE ]

P 5828 etk r,E A U A ¢,
% Lo A W AN LG dHE s YRg

o, 0,8 4%, A A9HE vheES 9 Hee

Abol 9] ZHAC o3k 714 ARARLE e 1
|

o)) T 53} G BHS T Y

_>|4_Al

ot

o,
o
N

7t E40) gk BAG] Y ojg ol o ds Ak

ool 1% 4t A W EAF HE0R BNS ¥
2et7] S8 ekalE £-RdE WaAIZ Folth 4 (1)
S HE0AE AT A Y ANH2Y 0,5 2D

1 Cr 1

i I i

H 1 H

i i

| |

'l Ren Len |1
1/0 H AAA Pl i/0
Port. D_u-!_ i Port.

| |

Y. »> i Cen i P [S
or | 1 oo
: :

(@ s7HelzE 2d
(a) Equivalent circuit model

I1/0 1/0
Port. Port.

(b) st #-29
(b) Simplified 7-model

18 4. 349 3 A9 571 29
Fig. 4. Enhanced chip inductor equivalent modeling,
AT A2(2)% e Rk

Ry, +jwly,
w(Cp, + Cp)(Rey, + jwly,) +1 (1)

4 @~4 @= 18 oMo 88 2(Z,),
8 JIFEA(L, ), 8 FEAT(Q,)E Yebdth &
& A ()~ O 18 4 F Ui 54 % o
FAE A EHRA(Y,,), 51824 5491 ¥E o

al
¢

C, _”__ —_—C,
e Cro1 . e Cras >y
! Il Log 1| f—rri |1 Las I I
| L] 1 ! I 1
1 | 1 |
10 I Renor  Lenon 1 I Renzs  Lenzs 1 /0
! L A~ ! L A~
Port. | C ° ] ] c 1 Port.
I 1 .
| DY > Clhlm P »! | S > Ch.23 PP .;:
y Oro1 1T Oro1 , \ Bras _—”—— 0123 ,
——l========z========7 S===============2__
e Cr, S\ .~ Crr “\
! Il L toLy I !
1 1 1 1 11 1
| | 1 1
1 Renyr Len s 1 1 Reny  Lens 1
1 2288 [} 1 m 1
1 VvV T I VVy nik
Ly;, 1 C,
Il Via P > CIC’i’ Py .;: I D > f’;' DI » Lvia :
a o ’ 01, Or J
S _____I. PN L R

a8 3. 22 HesAEy dAE

A AdstE 57152 B

Fig. 3. Proposed equivalent circuit model for 2 bandpass filter design.

271



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 4, April. 2022.

l

B2
=4 ﬁlT(Qm)a Uehdi o

Tu
O
_IT

2 i 7,500 1c080 + Z7.c08*0 )+ 237, (cos*0 ,— sin0 ) + 22} sind ,c0s0 ]
I 2 1§ Zysing jeos0 p— Zysin?0 )+ [ Z2(cos%0 p— sin0 ;) + 22, Z,sind ;c0s0 ;]

(@)
_ m(Z,)
Lyr=— 3)
Im(Zeff)
%~ Re (Z) )
V. — 1
P c0s%0,[2iZ,tan 0 ,+ 27, )
—2Zpan + 52,
Y1737 72
wlycott p+2j 27 (6)
B 1
Lan wﬁn(Yal) @)
B ﬁn(YCh)
& Re(Yy,) (8)
AL $455 A AB(v,) 2 By 42
Falo A WY 545 9§07 5L 2Pl e}
R AANH 543 Sgoxel o Pee 2aY
T oM, ool whe} A o] RIFEd tigk 27t 7}
a7l F5 &A7F A EE 3R 54 A8l 7t
FaITh 19 4%t 4 (1)~4 (Dol 7123 P49 571
2 B9 53 2 AZA Y BUF §39) 3 QT

2AHE ® 19 ®7)89h

E3h 54 BAE 98 719 542 =] 08 mm, 4
U572 E(e,) 43, EAEA E(tang) 0.029] ZA] 2oy

O|E(Fr4) 7|¥5 ARE-ghtt.

I8 5¢ Fygd 0 L, 2 3E A
Lay Lo, A 7 AAR F WE A9d
ok SAE L HellA gelae Az o

Ao & Frol| wet Fubo] ggdel gl

A9 YR Aste] A7 AA M ES AT F
o E3 L, S L, o Aol ofsl HE Ao 2%
TS GAT F deH, o s YL 1T
s

Aol M IA FF TEe A9 + Aok

~
-
2

4

272

E 1. 348 571 2A9L 089 F A9 sty ()
Table 1. Chip inductor parameters using enhanced equivalent
modeling (1).

Manufacture muRata (case. ) Sﬁﬁi?g(}
Model no. LQP03TN3N3B02 CIHO3U3N3BA
Nominal Ind. [nH] 33 33
Tolerance [nH] 0.1 0.1
Re, [Q] 6.22 6
L, [nH] 2.83 2.98
Cen [pF] 0.07 0.03
Cr [pF] 0.04 0.04
Zp Q2] 1104 1104
7 [rad] 7/77.64 7/77.64
L,y [nH] 3.75 373
L, [nH] 3.78 3.75
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Table 2. Chip inductor parameters using enhanced equi-
valent modeling (2).

Manufacture muRata SAMSUNG
Model no. LQPO3TNINOBO2 | CIHO3QINOCNC
Nominal Ind. [nH] 1 1
Tolerance [nH] 0.1 +0.2
o [Q] 18 0.53
L, [nH] 0.67 0.72
Cy, [pF] 0.02 0.03
Cr [pF] 0.04 0.04
Ly, [nH] 0.7 0.7
Zy [Q] 90.4 90.4
07 [rad] ( @fc) 7/23.29 7/25.04
L. [nH] (@fc) 126 126
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Table 3. Comparison of 2nd BPF specifications.

. 3-dB LL. [dB] Structure size
Ref. Filter order | f. [GHz TZs €,/ tano Etc.
SO g g | @h) (223
0.0792 Single-layer
[21] 2 24 - 1.3 - (036x022) 42/ - PCB
0.0700 Single-layer
[22] 2 236 593 4.8 2 (0.28x025) 3.38 / 0.0021 PCB
0.0045
[23] 2 2.6 16 1.7 4 (0.09x0.05) 415/ - LTCC
0.3220 Multi-layer
[24] 5 8.3 108.43 1.2 6 (0.70x0.46) 3.38 / 0.0027 PCB
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