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Investigation of Lead-Free Thick Film Resistors
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TEM micrographs showing the contacts
between conductor particles in the 850°C/10
min peak-fired TFR ((a) BF image and (b) lattice-
fringe image of the grain-boundary film).

C.J.Ting, C. S. Hsi, and H. Y. Lu, Journal of American Ceramics Society,
2945-2953, Vol.83, No. 12, 2000.
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TEM micrographs showing the contacts between conductor particles in the
900°C/2 h co-fired resistor ((a) BF image and (b) lattice-fringe image of the
grain-boundary film).

C.J.Ting, C. S. Hsi, and H. Y. Lu, Journal of American Ceramics Society,
2945-2953, Vol.83, No. 12, 2000.
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Manufacture Process of Chip-Resistor ( Thick Film )

Laser tnmming
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ANATOMY OF A HIGH RELIABILITY THICK FILM CHIP RESISTOR

http://www.szguijing.net/product/tpdz/985.html
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Manufacture Process of Chip-Resistor ( Thick Film )

Laser tnmming
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Mounting Epoxy

Bare Alumina Substrate
(for-sample preparation only)

Ceramic substrate
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(for sample preparation only)
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Properties of Ruthenia-Based Resistors Embedded in
Low-Temperature Co-Firable Ceramic Substrates

24k A

Jpn. J. Appl. Phys. Vol. 41 (2002) Pt. 1, No. 8
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Cross-sectional microstructure of (a)
the embedded 10Q/ resistor
sintered at 850C for 8 min, (b) the
embedded 10Q/ resistor sintered
at 900C for 30 min, (c) the surface
10Q/ resistor sintered at 850C for
30 min.
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Schematic diagrams of formation of anorthite
crystals at the interface of the LTCC and resistor.
(a) There was no anorthite phase formed at 850C
for a short dwelling time, (b) anorthite crystals
are formed at the interface of the LTCC substrate
and resistor with increasing temperature and
dwelling time, (c) anorthite crystals grew even
larger with additional increase of sintering
temperature and dwelling time.

Jpn. J. Appl. Phys. Vol. 41 (2002) Pt. 1, No. 8
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Processing of LTCC with embedded RuO2-based resistors
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Materials Chemistry and Physics 78 (2002)

Phase Separation in a Thick Film Resistor on a Calcium
Borosilicate-Based Substrate

e A
Jpn. J. Appl. Phys., Vol. 45, No. 6A (2006)
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Morphologies of silver metalized LTCC chips with (right side) and
without (left side) SiO.addition, the chips were aligned in y direction

J Mater Sci (2011) 46:4695-4700 & § iE ~ 35 2 22 ~ w -
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Microstructures of embedded resistors in: (a) glass-ceramic and (b) glass-
ceramic+SiO, substrates. The samples were sintered at 850°C for 30 min.
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Schematic diagrams of phase separations in the
embedded resistor. (a) No phase separation was
observed at sintering temperatures lower than 800°C
for a short dwell time; (b) glass phase separated into
high SiO2 content and low SiO, content glasses; and
(c) quartz crystals formed in the high SiO, content
crystals formed in

glass and CaB,0,, and wollastonite
the low SiO, content glass.
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100 nm

TEM analysis of the high SiO.content glass region of the embedded resistor co-
fired at 850°C/60 min: (a) BF image; (b) selected crystal electron diffraction (SAED)
area is indicated by A, quartz (SiO:), zone [010], JCPD 46-1045; (c) SAED of matrix

glass indicated by B, amorphous, and (d) SAED of the small dark crystal, RuO,,
indicated by C, zone [001], JCPD.
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T30

ROHS & ® B 4p 4 2002/95/EC

U R BLIRA S 2P TH
The Restriction of Certain Hazardous Substances
in Electrical and Electronic Equipment

EX BE RoHS ¥ 'E i FH AV

] 54t o )

Q Large household appliances (X% RE®A) 8 (Cd) 100 ppm
Q Small household appliances (AR EEBA)
Q IT and telecommunications equipment

(%‘iﬂ.ﬁiﬁ%ﬂ.‘&%) f% (Pb) 1’ 000 Ppm
Q Consumer equipment (3} f¢3% )
O Lighting equipment (FRPHI%H) 4R (Hg) 1,000 ppm
Q Electrical and electronic tools (except for large-

scale stationary industrial tools) N 6+

(EBATFTA (ARBRIEILRIM)) bt e 1900 ppe
O Toys, leisure and sports equipment

(GRf ~ R RESM) Bokm ¥ (PBB) 1,000 ppm
Q Automatic dispensers (A /8% 3% )
Q Electric light bulbs (E1&i&) .
O Luminaries in households (%M B %1&) Rik=Xnt (PBDE) 1,900 pm

1. Feb. 13, 2003, Directive 2002/95/EC
2. Aug. 19, 2005, Commission Decision 2005/618/EC
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B4 iE2006 [NCh 54 30 2 5 2 2 5
G 54 30 2 5 2 2 5
¥ % %2007 [N 55.10 30.60 510 2.05 2.05 5.10
e LG, 55.1030.60 2.05 5.10 2.05 5.10
4 AR Nb,O., MnO,, MoO,, TiO,, Fe,0,, CuO

1 42 2008 27 35 12 5 3 15 3

G1

(# %)

7 4o R FEAT Nb,0y, TiO,, CuO
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B 3 2011
(% &)
1 % 22014

(5 %%)
M 32 622016

(£ %)

& A (wt%)
Si0, B,0, ALO, CaO MgO BaO Na,0 K,0 TiO, Fe,0, ZnO
W 22 35 12 5 3 15 3

5
Z 25 32 10 5 3 5 20
7 S A FEAT Nb,Os, Ti0,, MoO,, MnO,, Fe,0s, CuO

304 33.0 63 47 28 142 2.8 5.7
7 b BB Nb,Os, CuO

304 330 63 47 28 142 2.8 5.7

A-H 100*
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Effect of Conductor Particle Type and Content On
Electrical Properties Of Thick Film Resistors

e
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v I s s TCRA fgfﬂj'l

£ 833 (wt%)

SiO, B,O, BaO Al,O, CaO MgO Na,O ZnO | Nb,O,  CuO
A5 2 | i3 A% |
31.55 34.66 11.59 6.62 4.94 2.94 1.72 5.99 (TCR3} & 41)
TCRZ & Ws Ws-0.5Nb Ws-1.0Nb Ws-2.0Nb Ws-0.5Nb0.5Cu Ws-1.0Nb0.5Cu
Nb,O 0 0.5 1.0 2.0 0.5 1.0
CuO 0 0 0 0 0.5 0.5

AR R R
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/ sl . JLX550°C
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R L R S e

V BEPIRE LIV GREE

1
| AR E
A% Sio, B,O, BaO Al,O, Ca0 Na,O MgO Zn0 I
I (Basicity) |
| |
o : |
36.82 34.91 5.30 4,55 6.17 1.95 5.15 5.16 | :
o)
(mol %) : 0.268 |
L Lk R E 0.000 0.026 1.561 0.198 1.000 2.349 0.641 0.723 : :
—_——
= L > H NN
Vo OEERI AAETRAB A 1T
™A % R (g/cm3) T e (Q-cm) Tg(°C) Td(°C) #E 1% Bc(ppm/°C)
Ws 2.75 3.59x10%2 565.27 626.46 5.1958
Ws-0.5Nb 2.77 1.43x1011 564.95 637.34 5.6407
Ws-1.0Nb 2.88 1.26x1011 558.24 617.12 5.3151
Ws-2.0Nb 2.86 5.37x101 566.57 621.13 5.0686
WSs-0.5Nb0.5Cu 3.00 9.14x1011 559.54 617.69 5.1115
WSs-1.0Nb0.5Cu 2.80 3.83x10!! 560.24 616.23 5.6573

F Y 4EFOEE ¥t 6.076.5 ppm/°C
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