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Abstract: In this paper, the front end module (FEM) was proposed for 2.4GHz WLAN band by LTCC
multilayer application. The FEM was composed of power amplifier IC, switch IC, and LTCC module.
LTCC module consists of output matching circuit and lowpass filter as Tx part, bandpass filter as Rx
part. Design of output matching circuit for LTCC was used matching parameter from output matching
circuit based on lumped circuit on the PCB board. The dielectric constant of LTCC substrate is 9. The
substrate was composed of total 26 layers with each 30um thickness. Ag paste was used for the internal
pattern as the conductor material. The size of the module is 4.5 mm x 3.2 mm x 1.4 mm. The fabricated
FEM showed the gain of 21dB, ACPR of less than -31dBc first side lobe and Less than -59dBc¢ second
side lobe and the output power of 23Bm at P1dB.
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Fig. 1. Schematic diagram of WLAN FEM
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Fig. 2. Dielectric constant and loss tangent graph of an
used LTCC
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Fig. 3. 3D structure of implemented LTCC FEM

HNEZ=Zy ]L' i]f:‘._%oﬂ 71 EEFol ot ¥
EE QU3 LTCC E&9 4B FS & 7 Uth ©
g gt -,—]5} Heat Sink”} ¥ 82 3}t}. LTCC

BEAA AEFET7|7T YR 5= FE9] viZ o}
=9l Ground HHES Yo AP FZ 7oA g
5= YA 7} GroundE B3 LTCC EE v L.
2y JEE stk

3.2. 8 | 22| Al

B =&NA A ICE IREE ) PAS} ZHo)
‘%’J@J m % 3] 27F MMICH| WA= = gl o
2 &Y vjA I ZRES EE V1R o) 7E3
Att.
A% 349 F2AA NN 7T T2} AL
of +&8o] 7t 2xEe 2ot FAT
°ﬂ 247 @S o) &3te AAES WA
of WAE &abel &2} Atolol] 714873
& T 2

®
O ;

ol o
N

O

:’érErL-LJ

Hu

ol
{
-.1_.4

259 04 Ack 24 $UL AHEE
sho} A S FAET FA, 2T A
A3k e BAE AT, ol D P
F3herol we} hRle] g Aol 7px)E 537}
A3l £ L C e 448 zﬂzw wj 7)

b o] OE Fo 2 %63%1:}

&2 =M e &9 A JE2E LTCCE +&
s57] Y34 PCB R & 7] 90 2 Lumped 5 AF
EE TAAE J2AM oA FA2rHE FEdl=
S AR T 2714 Al = MAXIMAL A

la—s}‘_ MAX22472] Evaluation KitZ 338}
PCBE 7|9to & sl R &S A 259t} PCB 7]
kel R oM vy 3271 A= &Y v A ¢
AU LE F2312, T &S LTCCAM 78

i
1
MAX 2247 Matohing Lond |
Ciroult
|
M

Fig. 4. Schematic diagram for output matching circuit
parameter acquisition

Fig. 5. GS Probing system for input impedance measure-
ment of PCB module
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Table 1. Return loss from IC RF_OUT to output port
#1 #2 #3 #4 #5
Sy 6.4 +3525.7 + 36255 +j6.55.7 + 6.55.6 + j7.0
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Fig. 6. Equivalent circuit diagram for transforming from
PCB to LTCC

Fig. 7. 3D structure of output matching circuit
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Fig. 8 Output matching circuit input impedance comparison
between simulation and measurement (2GHz~3
GHz)
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Fig. 9. Modification of LPF for making stop band
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Fig. 10. 3D structure of LPF with attenuation about specific

band
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Fig. 11. The equivalent circuit of BPF used A/4 resonator
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Fig. 13. Simulated and measured performance charac-
teristics of fabricated (a) LPF and (b) BPF
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Table 2. Measured performance of LPF and BPF
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el
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Fig. 14. The LTCC module (a) overall view (b) PCB
module for measurement
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Table 3. Measured results of FEM performance (Tx, Rx)
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(b) WLAN modulation signal from spectrum
analyzer, (c) measured power graph
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