Journal of the Microelectronics & Packaging Society
Vol. 7, No. 1, p. 13-18. 2000

LTCC-M 7|=& 0|8&t LIFAE R, L, C +82Xt9|
53 4 LMRE PAM 7Hd

ZIQIE - HpCh - 2B - BHA - uEY - BHE
42} L-Project, *<2]-2#7] PDP ARG+

Characteristics of Embedded R, L, C Fabricated by Using LTCC-M
Technology and Development of a PAM for LMR thereby

I. -T. Kim, S. D. Park, H. G. Kang, S. S. Kong*, Y. H. Park, and J. D. Mun
L-Project Daewoo Electronics, *PDP Division Orion Electronics
(20008 1€ 199 FH, 20009 29 24 ARSI

= B 2457138 Yo 289 A& 44 M2H (low temperature co-fired ceramics on metal, LTCC-
My &4 Fof x-, y- FE 29| £EL 1% o|3l2 JAT 5= 3o} 75 225 WA sted ¢
Stol, 55 7% AAE A2 A0 A wol2E AN 2 Ak B TE Y AR FF

228 B et AL, o]# s WE A% AAE o]§ sl HAZ AZE PAM(power
amplifier module)y 27N &tAch WAE $5 a0 HZE Hd AdollA 10~20%2] #aghs REon
A 2E x%%s}oq ER X F3 ks ax Aol 7hEstdth 8 £ el did oA
28 A2 S daNE & 9157— FHe ZAE ¥HE G 5 Jg B ol A4 it
74 4 QIS ER % RF 25 9o 3¢ 2 371% &2 § st Hobd 3-80] 7Isd Helth,

Abstract : Low temperature co-fired ceramics on metal (LTCC-M) is efficient for embedding passive
components with good tolerance in a module due to the dimensional stability in x and y directions by
the constraint of metal core during the firing. In addition, the radiation noise can be reduced by metal
core. In this paper, embedded passive components were introduced and a power amplifier module (PAM)
fabricated by using the passive components was explained. The embedded passive components in test
patterns showed the tolerance of 10~20% and the good repeatability in tolerance of embedded passives
was maintained in module fabrication. The shortened traces in multi chip modules (MCMs) make the
signal delay time decreased and the embedded passives simplify the packaging processes owing to the
less solder points, which enhance the electrical performance and increase the reliability of the modules.
The LTCC-M technology is one of the promising candidates for RF application and is expected to expand
its applications to power and high performance devices.
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Fig. 1. Flow chart for LTCC-M substrate fabrication.
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Table 1. Electrical properties of various resistors
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Fig. 2. Schematic diagram of test pattern for resistors.
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Fig. 3. Schematic diagram of test patterns for inductor.

Res 1 Res 2 Res 3 Res 4 Res 5 Res 6
sheet resistance [€)/sq.] 30 60 100 1K 10K 100K
tolerance +10% £10% t10% +10% +15% +20%
thermal aging’' < 0.25% < 0.5% < 0.25% <0.1% < 0.1% < 0.15%
thermal cycling? < 0.15% < 0.5% < 0.2% < 0.1% < 0.1% < 0.15%
humidity aging® < 0.15% < 0.5% < 0.2% <0.1% < 0.1% <0.1%

1. 125°C for 1000 hours, no load.

2. -55°C to 125°C, 20 minutes at temperature, 1000 cycles.

3. 85°C/85% R.H. for 1000 hours, no load.
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Table 2. Electrical properties of inductors

inductance 10~60 nH
line\spacing 200 yum
tolerance of inductance +10%
temperature coefficient of inductance —10% (20~85°C)
high temperature test (125°C, 700 hrs) 5%
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Fig. 4. Schematic diagram of test patterns for capacitors:
(a) paste type, (b) tape type.
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Table 3. Electrical properties of various capacitors

tape Capl Cap2 Cap3
dielectric constant 6.8 40 200 560
tolerance +10% £20% +15% =£20%
dissipation factor <1% <1% <1% <1%
thermal aging' +3% +5% *£5% *5%
thermal cycling? 5% *5% £5% £5%
humidity aging’ 5% 5% 5% 5%

1. 125°C for 500 hours, no load.
2. -55~125°C, 20 minutes at temperature, S00 cycles.
3. 85°C/85% R.H. for 500 hours, no load.
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Fig. 5. Capacitance of 4 types of capacitors.
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Fig. 6. Power amplifier module for LMR.
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Table 4. Measured values of embedded passive compo-
nents for the PAM

Resistor R2 R3 R4 RS R6
Target 2.1kQ  1.76kQ  22Q 33Q 56
Value 1.88 1.70 22.7 32.1 50.7
Ratio 89% 97% 103% 97% 91%
Inductor L1 L2 L3
Target 12nH 47nH 27nH
Value! 16.0 8.1 377
Ratio 133% 172%  140%

Value? 12.0 5.80 29.0
Ratio 100%  123% 107%

Capacitor  C2 Ce,7 Cl4,15
Target 330pF 660pF 1330pF
Value’ 321 627 1253
Ratio 97% 95% 94%

Measuring frequency 1: @1 MHz, 2: @450 MHz, 3: @10
kHz
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