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Multilayer Ceramic Chip Varistors for high speed / high frequency systems and co-firing with base metal as internal electrodes
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Abstract

Anew type of ZnO varistor ceramics are found based on the characteristic mechanism including pulse stability of semiconductor
P/N interfaces, comprising grain boundary composition (SrCoOs). Two new types of multilayer ceramic chip varistors (MLCVs) are
developed, due to the unique characteristics and interfacial structure not found in conventional Bi/Pr-doped ones. Novel devices
combining discharge cavity have an ultra-low capacitance (0.1 pF, 1/10 compared to the conventional) and large ESD suppression
(200 V at 8 kV: IEC61000-4-2). Additionally, MLCVs with base metal as internal electrodes achieve excellent nonlinearity and ESD
stability for the first time. They can contribute to applications to RF antennas/high-speed lines and the suppression of expensive scarce

resources.
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Fig. 1 Varistor connected to transmission line and its frequency dependance
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Fig. 2 Relation between frequency and dielectric polarization
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sintered in reducing atmosphere for post-annealing temperature

FIR  F/ Tu— N2 X B REEOEEE
Fig. 7 Direct measurement of single junction voltage between ZnO grains

using nano-prober system

17

FREITCHERL T o S N 72SrCo0s st BLERIC X 1) FARL L,
ZDOWALITHE ) PRIF v ) TIREOMMNATE — X v 7 75
LEBEMF D SW S EN[13], —TF, PEIF %) T
Iz & 2 FHEREOER I, FE7RNIRT S/ Ta—N%
JAV 72 REOERHNE & f68 TR S T v B [19][21][22].

(2) FEBRTOEZSEKENM &ARESDmM4L

bR 78408 (Cu) & ORIRHEERS 70 & A 135K
JE/N) A7 ~NBEREN, ZORSEEA CESDPE~DZN0
WFHEHOKRESRE SN ZoBRICXY, HEBN
WEBORE/NY A7 1%, BERRFOBRFESEREIIC L 5T
BEN 72 IERINE & EESDIE DM N AN BE & 72 - 7. B8]
12, Pox X ESDIift: (8kV) DGR THS. FHL NI
BB (Vima=224V, oo, =144) OCUNFREMORE
N ZZHHIAEL 72 (A4 X :1.0mm % 0.5mm X 0.5mm,
HRNBIE © $917 um).

20
-40
-60
-80 L
-100 L =3

01234567

Cu NEFEHE
17um

AV, %]

i

Pz [10°Pa]

X CuMEREMORIE N A 4 12451F BESDITE (Vima®ZE{L
(AVima) ) EPo®BIfRIB X O T-Wii
Fig. 8 Rate of Vima change (AV1ma) after applying ESD pulse of 8 kV from
initial values for Cu-MLCVs by reduced sintering and polished cross-
sectional view

Po2=10~16x10%Pa® & &, ESDIPEIZARIEICSH L,
AVima = £10 BOTHAMEDSH SNE. —7F, FEPofllTIE
ESDif ML, AVima=<-90 % D3 L\ % b% 7~ 97[3][14][20].
IR DV A DTransmission Line Pulse (TLP) ll5Zi2 &
), Z DESDE DL, ZnOR F BTN & 8123
1295 2 L HHH ST SN 72[20][23].

F72, ZOREE, N X F T OZn0DEE N I
FRGDOEBENRENZ L ERBELTWA. ZnOk - O
Ehtix, BRI TIRARSED F—¥ 7 ThEh T
7255, BEh OPo AT 72 % TE & 7 B 2 L AVRE L.
POAPRHZ BT 2 BICHE U ORI, NY AT DS
S AN boLEZ OND. —HTIERED
Tedsd 7-&z13F, BICBEICBIT 2R TFEBOZNHSE
BHIFohs, BEEOREL, LR EOEFEENK
TR 20, BEMHOBRK TS, TutAPa—7
1 Y TBMGRLETH 5.

17



Panasonic Technical Journal Vol. 68 No. 1 May 2022

18
200
9 o O
3o g A 6929X10°Pa | _ 40
150 ; S ot
<
< 72x10"Pa| 5 2
IE 100 < 10
& # ‘
B o 0.0 20 4.0
50 e
Poz [10° Pa]
0
0 5 10 15 20
B (Al
@ Vot (o) Cu-MLCV DiEiffiEE
@/ vmE P OB
BEOR  TLPHlISEASH
Fig. 9 Electrical characteristics of Cu-MLCVs sintered in various reducing
atmospheres by TLP measurement (a)V-I curves and (b) Resistance
over 1A as a function of Po, in sintering
|- s

ZnONNY A ¥ 13t 5 3 v 7 AR R &R L 722 WH
BcHy, ZOAPSEEICESL T THARTEICHEE

ENTE7.

HARO20 MR A TEnFKE & LT, B

Yol BT, TISEIAAS & & 36 A CIIHE O E i
LEDHIFONTB[24] SR MR TLHAR R T
Han, #HEoBEEICERKL WS IL2 Z0oWEL T
EORPOUDTHER L RETH 5. 21 ORKIC
LB E L 251 3TTHY, KarEon
EEDPOBEIRETFENTH .

[
[2
[l

4
[l
(6]
[
[
[

[10]

18

ZEXH

T TE M, RS- - NV RS- 2T 3 v 7 R,
vol. 19, no. 1, pp. 43-46, 1984.

W IE— A, B WS 5 HZNO N R R L R T
NA R 2T 3w 7 A, vol.56,no. 6, pp. 412-417, 2021.

Y. Higashi et al., “Nonlinear property of SrCoO z-doped ZnO ceramics
sintered in a reducing atmosphere and multilayer ceramic varistors with
base metal electrodes,” J. Mater. Res., vol. 30, no. 15, pp. 2300-2309,
2015.

G. Mattahaei et al., “Microwave filters, impedance-matching networks,
and coupling structures,” Artech House, 1980.

TLAIEE, “ 7' 4 ¥ 2 RBRILHEER ) 2 8 RS & Ok
FURFPEIC IS 78, Lo, OB TI3ERSE, 2000.
FOARE A, “REVEAR - SEEAROWVET A & — 24, WU, 1967.
HEE— i, “ESDIREMREERE N A5 "X F v =y s
Hi#it, vol. 58, no. 1, pp. 53-58, 2012,

ML= Al RIS X KRR NY X5 ) FiE
73y 7 TN ZAORMASEEN, IWAE () , ¥ —1 4
¥ —HilR, 5T, pp.172-184, 2006.

E. Kogaetal., “Multilayer varistor with low-voltage characteristics from
ZnO + ACo0; ceramics (A = Ca, Sr and Ba),” Key Engineering
Materials, vol. 485, pp. 249-252, 2011.

D. C. Wunsch et al., “Determination of threshold failure levels of
semiconductor diodes and transistors due to pulse voltages,” IEEE
Transactions on Nuclear Science, vol. 15, no. 6, pp. 244-259, 1968.

[11]

[12]

[13]

[14]

[15]

[16]

[1n

[18]

[19]

[20]

[21]

[22]

[23]

[24]

W. D. Kingery, “Plausible concepts necessary and sufficient for
interpretation of ceramic grain - boundary phenomena: I, solute
segregation, grain - boundary diffusion, and general discussion,” J.
Amer. Ceram., vol. 57, no. 1 pp. 74-83, 1974.

E. Koga et al., “Analysis of grain-boundary in SrCoOs-doped ZnO
varistors and its electrical characteristics,” Key Engineering Materials,
vol. 582, pp. 181-184, 2014.

Y. Higashi et al., “Relation between nonlinearity and semiconducting
characteristics of SrCoO; additive in ZnO varistors sintered in a
reducing atmosphere,” J. Ceram. Soc. Jpn, vol. 125, no. 12, pp. 468-472,
2017.

BT A, “ZnOREfE /N Y 2 & DREFHEIN" £ I v 2 X, vol.
53, no. 4, pp. 213-217, 2018.

E. Koga, et al., “Latest trend of ZnO multi-layer ceramic varistors,” in
Encyclopedia of Materials: Technical Ceramics and Glasses, M.
Pomeroy, Ed., Elsevier, vol. 3, pp. 272-280, 2021.

FUHET A, “RE - BEARZORE /N 2 ¥ OER{L” £ 5
IVIT=FT v r201920, €T I I TF—5 T v 7 wEE
H& i), 3RS %, 2019, pp. 106-109.

TEIE— b, “BEF O ORI RGN ) 2 5 DTLPIZ
& B EVEMENT & TR, G530 B A R SE A i
Fri4E, pp. 40-41, 2019.

E. Sonder, et al., “Effect of oxidizing and reducing atmospheres at
elevated temperatures on the electrical properties of zinc oxide varistors,”
J. Appl. Phys., vol. 54, no. 6, pp. 3566-3572, 1983.

W, “EITHER SrCoO; IR ZnO 23 A & RS
L OB NI & OREAL” AR, BRI VR,
2019.

FHEET b, “EITHEKZnORRIE ) 2 & DWEESDIT AL, £ 7
3 v 7 A,vol.56, no. 1, pp. 23-29, 2021.

E. Koga, et al., “Non-linearity variation of single junctions and its
analysis using nano-prober within fine-grained ZnO-based multilayer
varistors,” MRS communications, vol. 6, no. 3, pp. 210-215, 2016.

Y. Higashi, et al., “Barrier formation of single junctions with oxidation
in SrCoOs-doped ZnO varistors sintered in a reducing atmosphere,” J.
Ceram. Soc. Jpn., vol. 127, no. 12, pp. 1-6, 2019.

Y. Higashi et al., “TLP analysis of variation in ESD performance by co-
firing with copper electrodes in SrCoO; doped-ZnO based multilayer
varistors,” J. Ceram. Soc. Jpn., vol. 124, no. 6, pp. 684-688, 2016.
AT, “BHEO ML Web of Science®h» 5 & & & 5 HA D20
WHACRHEIZE,” 185 2L, vol. 50, no. 8, pp. 446-456, 2007.

HEERT

hE E— Eiichi Koga

Ty uY—=KE <7 T IVIEHEG Y 5 —
Applied Materials Technology Center, Technology Div.
it (T2

R’ OEF Yoshiko Higashi
NFV =7 4 UF A M) —BRASHE
FNA AV 22— 3 VHER
Device Solutions Business Div.,

Panasonic Industry Co., Ltd.

7 it (L%



	1．はじめに
	2．要求される特性と課題
	2.1　なぜ低静電容量化が必要か
	2.2　バリスタの静電容量の成立ちと高周波対応の課題
	2.3　内部電極（貴金属）の卑金属化

	3．高周波対応および卑金属化
	上述の課題に対し，著者らが見出した新種のバリスタ材料は全く新しい2つのタイプの積層バリスタへと展開された．1つは超低容量（0.1 pF）で高い抑制効果をもつ高周波用であり，従来特性を完全に一新する．もう1つは，卑金属内部電極を用いた積層バリスタである．高い非線形性とESD抑制効果が初めて発現された．
	3.1　新種のバリスタ材料の開発経緯
	〔1〕粒界物性からの低電圧・強ESD耐性化指針
	〔2〕界面障壁を形成できる粒界組成物

	3.2　放電原理内蔵による超低容量化
	3.3　卑金属内部電極の積層バリスタ
	卑金属電極とバリスタとの同時焼成には電極が酸化しない平衡酸素分圧以下の還元雰囲気が不可欠である．Bi，Pr系の場合，還元雰囲気で特性起源の粒界障壁が消失してしまう[18]．著者らは添加元素を多く含む多相構造の粒界が，酸化還元性を複雑にし，これが卑金属化を困難にする原因と考えていた[19][20]．これに対して，SrCoO3系は，ZnO粒子（N型）-SrCoO3粒界（P型）接合の単一界面構造である[12][13][19]．もくろみ通り，粒子／粒界の選択的な還元／酸化が可能になったことが，卑金属電極の...
	〔1〕還元焼成と熱処理による非線形性の発現
	〔2〕積層素子の酸素分圧依存性と強ESD耐性化


	4.  まとめ

