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Ag and Cu Precipitation in Multi-Layer Chip Inductors Prepared
with V,05-Doped NiCuZn Ferrites
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Abstract The purpose of this study is to investigate the effect of V505 addition on the Ag and Cu precipitation
in the NiCuZn ferrite layers of 7.7<4.5X1.0 mm sized multi-layer chip inductors prepared by the screen
printing method using 0~0.5 wt% V,0;s-doped ferrite pastes. With increasing the V;05 content and sintering
temperature, Ag and Cu oxide coprecipitated more and more at the polished surface of ferrite layers during
re-annealing at 840°C. It was thought that during the sintering process, V dissolved in the NiCuZn ferrite
lattice and the Ag-Cu liquid phase of low melting point was formed in the ferrite layers due to the Cu
segregation from the ferrite lattice and Ag diffusion from the internal electrode. During re-annealing at 840°C,
the Ag-Cu liquid phase came out the polished surface of ferrite layers, and was decomposed into the isolated
Ag particles and the Cu oxide phase during the cooling process.

Key words Ag/Cu precipitation, chip inductor, NiCuZn ferrite paste, V;05-doping

1.M B

7Hd W Az BF Aol gl wel SEREL,
C, B9 &3Fstet a5t tigh a7 283t &
HA27]€(SMT: surface mount technology)e] 72 3]
sl gk JAYEE THAFAR(SMD: surface
mount device)3H3t FHQHElE A AFAe) HelolE
Wi dH o] 7] wEol z71xtd & el (magnetic
shield type)2 40| A3, BEZS] A5 7H4o] Fo
o, £ d9E&DL)% A S €S 4 AUk UHH
o afEe 10°Qem HE] & A7 HIAGE 2]
Wz aFa §Ao] St F7| FollM Lol 7t
S3 Ni-ZnA| HEo|EZ} AR HoA 2, WRHS o 2E
2 FAASQ factonE 7] A3 ¢33 A7) A
E(1.62X10° Qem)E Zen 7] B4/ 248 4
A3L, 7Ho] B|RA A" Ag7t T2 AREEAY 1
2ub Age 83 (961°C)0] =7 w&E HZolE Y=o
gokoll 9% 9F 5& 2Bk 900°C ol kel A2
A &adste Aol uhgrA sl

dukd oz L3k Ni-Zn HICIEE 243817 YA
£ 1100°C oJollX LAsHokel7] Wi AHLEE B
F33F CuO & H7Isth CuOe Higte]E ujolA]

c=E

il

2

'E-Mail : hjje@Kkist.re.kr

503

Fibg #7018, HA2 Cu0 THS 10mol% AEE
g2 A k) 3 HEolE 2L Fe,0 AW A
o] vja}elkE HlE zH slo] AbaFTF Fitol 9d
&4 24g wraa Jok? 284 Fe,07h 2
Aol NiCuZn #|glo|E 274), Cu d7le) o5 A
ARFFTE WA F7] F g AYA Cu BE
o] A& Aok EF A HYMe Cu HEL
Al Agdtel kgl o)) B} W& §Hel Cu-Ag A
S HAs, ¥ A Cust AgE EIAHAA Curt ¢
of M&ste] sjglolE Yab UlFe] $& ops
- SEA AT o], Ag G4t 9@ FHEto]
ol Cust AgS FHHE F7 A4 59 35
o] FHFoH, Axl WRAZ Age FHe}

E 29} e uFe] ux] $4Le RolFE B
A L=
NiCuZn HEo|EE A 2473lE WHOE B0,
PbO,” V,0,00 Zo] g aAZAZ Arisle] xYs)
35 4& + Ytk 224 PbO H7F Al FHo]E 9]
Aol Cuo7h” V,05 H7F Al NiO7F A&E ' H7HE
Eo] sEolE YRE 45o0] Sojztd ulg} wgo|E
9] 271FA &) AstHE Ao Yttt oy &
A HHA Ad¥e Hauk) ZolY AzE 53 54
To) WEED, YRAZ Ag Zo] A3 HAGEH)

v}
=2

HEHES W dojd & e ekl EY mAFx ¥s)

ok

I‘XL‘L

oX,
dot o i N

e

o]



504 Al - A

g oojol] mE 27)A B4 wE st qloh wet
X V,057F H7HEl NiCuZn #H2olEE HSYEE A=
#o weo] setolEe] Atz ¥st ¢ ol wE
714 B4 Wl g ArARE YAHO0F RIS
q‘.ll)

2 A7 A= V,0,7F A7HE NiCuZn H|Zto]E o]
£l ARg-she] 23 Qo HRIYEIE A=Y
S o, HEte|EQ A Al BAYshs Aget Cud
Mz el diste] zzstarat skt

2. Ay 4y

detolBe 4L A& 54L& 7HE (NigsCuo,
Zn050)1.03(Fe:03)097+ Co30,4 (1 wt%) 802 17819
o, Fe,0:¢ ZnOT =4t FH8 LTE(>99.9%) &
TS, NiO, CuO 2 Cos0,= dAl AFH(>99.9%)
& ARSI Y B2 dERe SE), 29
I osteel BS ARl 6A17F B HHs o, Ax £
750°C A 2A17F ot skAEIh Skt el V,05
£ 0,01, 03, 05wt% 217t #7tetden, A2ad s
A& Bre] £2ATE F3AF)7] 5k 427 attrition
)

Ae)ste] FAFAAA7] 0.65 ume F|gho]|E Rukg FhH)
a5t}
o] oJg 1y

T 2 A AgE 23 Aol
& ol ApA|B] A Ee] Auk'? FA
ol z+z} 870, 880, 890, 900°C &%

2 A7 a4 A QY A A= 17
mmE §A)EAUTH R AR e A

& 9% WF Ag FIo|2E(Heraeus ETI643)5 U3
850°C- 10—1—2_]' OEdX‘]E]o]-Oq ]% 7(10]1:4}3—] ] :]_o_ X‘“iﬁ]—
1:} Fig. 1o]& 2 7o) AFgE HaAgE A H 72

AFEH oz dehloloh WA= 4 -siet 2o 9
Aol AA=] low, Ao 453 HziE o
=& ¢+ sloh
z]

g E1 AM el Dl*ﬂ—?i l"ic* <+ Fdr 43 SEM

EPMAWUEOL, JXA-8600) EDXE AARAS 3t om,
et THEMS 95le] AES(Perkin-Elmer, ®-670)%

Ferrite re

Internal
Electrode

External Electrode

MLCT

Fig. 1. Structure of multi-layer chip inductor(MLCI).
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Fig. 2. Optical micrograph of 0.1 wt% V,0s-doped chip
inductor sintered at 900°C.
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Fig. 3. SEM micrographs of the polished surfaces of ferrite layers of various V,0s-doped chip inductors sintered at various
temperatures after annealing at 840°C. (a) 0.3 wt%-870°C, (b) 0.3 wt%-900°C, (¢) 0.5 wt%-870°C, and (d) 0.5 wt%-900°C.
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Fig. 4. SEM micrographs of Ag(a) and Cu-rich phases(b)
precipitated at the polished surface of 0.5 wt% V,0s-doped
chip inductor sintered at 900°C during annealing at 840°C.
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Fig. 5. Optical micrographs of the polished surfaces of 0.5 wt% V,Os-doped chip inductors sintered at various temperatures, of
which the internal electrode were removed. (a) 870°C, (b) 880°C, (c¢) 890°C, and (d) 900°C.
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Fig. 6. Optical micrographs of the polished surfaces of various V,Os-doped chip inductors sintered at 900°C. (a) none, (b) 0.1

wt%, (¢) 0.3 wt%, and (d) 0.5 wt%.
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Fig. 7. SEM micrographs of Ag and Cu-rich phases
precipitated at the polished surface of 0.5 wt% V,0s-doped
chip inductor sintered at 900°C.
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Fig. 8. AES analysis of Cu-rich phase precipitated at the
polished surface of 0.5 wt% V,0s-doped chip inductor sintered
at 900°C.
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Fig. 9. XPS analysis of Cu-rich phase precipitated at the

polished surface of 0.5 wt% V,0s-doped chip inductor sintered
at 900°C.
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