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Summary: The design and technology of hybrid electronic ceramic circuits with flip-chip
and SMD (Surface Mounting Device) components are presented in the paper. The flip-
chip audio amplifier and RF (Radio Frequency) transmitting and receiving modules are
fabricated using LTCC (Low Temperature Co-fired Ceramics). X-Ray inspection is per-
formed to analyze the solder bonding quality. The application of special underfill has
increased the reliability of interconnections between flip-chip, SMD components and
the ceramic multilayer substrate. The final structure of the audio amplifier module is
encapsulated with ceramic housing.
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1. INTRODUCTION

The size of an electronic package is one of the most significant miniaturization fac-
tors. The size of a package is limited by the interconnection pitch. The flip-chip technol-
ogy [1, 2], which is an advanced form of SMT (Surface Mounting Technology), is one
of the most significant assembly developments. The method increases device reliability
and productivity and simultaneously reduces costs. The flip-chip is a bare silicon chip
which consists of solder pads placed on the whole bottom surface. In contrast to the
common use of the wire-bonding technique, the flip-chip assembly method enables the
bonding of all interconnections in one step and bonds devices with I/O placed on all
bottom chip areas. Moreover, flip-chip technology allows the attainment of very high
interconnections reliability and electric performance (low serial resistance, capacitance
and inductance). However, the wire bonding method is still most often used in low den-
sity interconnection bonding <700 I/O on a single chip. The flip-chip technique is the
main technique of higher interconnection density assembly. One of the main problems in
assembly technique is mismatch between thermal expansion coefficients of chip and
substrate. Epoxy laminates are the most common substrates in electronic industry. How-
ever, thermal expansion coefficient mismatch between epoxy and silicon is quite high.
Therefore, interconnection reliability is decreased. The problem can be reduced by using
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organic underfill which decreases thermal expansion coefficients mismatch between
both materials. Moreover, the thermal expansion coefficient of new glass ceramics (Low
Temperature Cofired Ceramics - LTCC) substrates is fitted to silicon. Therefore, the
LTCC technology is compatible with the flip-chip technique.

The low Temperature Cofired Ceramic technique was developed around 30 years
ago. The method was applied in the fabrication of hybrid multilayer electronic circuits
[3-5]. The main advantages of LTCC are good long term stability and mechanical prop-
erties, compatibility with standard thick film technology and low cost. The interconnec-
tion density can be increased by using buried screen printed passive components. The
standard LTCC process [6-7] consists of the following steps: design, via and shape cut-
ting [8,9], thick film deposition and lamination [10,11] and cofiring. The ability to form
3D shapes and compatibility with the thick film technique enables us to fabricate various
sensors [12-16], actuators [17, 18], microsystems [19,20] and wireless transmission de-
vices [21,22] using LTCC technology.

The design and technology and inspection of hybrid electronic ceramic circuits with
flip-chip and SMD components is presented in this paper.

2. RF MODULES ELECTICTRICAL CIRCUIT DESIGN

The electrical circuit of RF transmitter integrated with the LTCC module is presented in
Figure 1. The electronic circuit consists of ATmega88 microcontroller, monolithic tem-
perature and humidity sensor SHT11, radio frequency transmitter (RFMO02), fixed-
output voltage regulator (LM2980IM5-5.0) and additional passive components.
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Fig. 1. Electrical circuit of RF transmitter module.

The electrical circuit of RF receiver integrated with LTCC module is presented in
Figure 2. The electronic circuit consists of ATmega88 microcontroller, radio frequency
receiver (RFMO1), fixed-output voltage regulator (LM2980IM5-5.0) and additional pas-
sive components. Both modules were assembled to additional electronic circuits. The
additional circuits consist of power supplies, LCD displays and RF antennas.
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Fig. 2. Electrical circuit of RF receiver module.

3. TECHNOLOGY OF RF MODULE

The LTCC multilayer module consisted of two DP951 P2 green tapes: TOP, BOT,
and two DP951 C2 tapes M1 and M2. The thickness of DP951 P2 and DP951 C2 tapes
after firing was approximately 165 pm and 50 um, respectively. The TOP and BOT lay-
ers consisted of surface conductive lines and solder pads, the M1 and M2 provided bet-
ter mechanical properties of the ceramic module and masked the electric trucks. There-
fore M1 and M2 layers were used as solder masks. The LTCC tapes were laser cut to
proper dimensions and via holes were drilled. The silver paste DP 6141 was used to fill
the vias. The silver paste DP 6145 was used to deposit electrical trucks. The silver pal-
ladium paste was used to deposit solder pads. The screen printing method was used for
via filling and deposition of electric trucks and solder pads. After screen printing all
ceramic tapes were stacked together in the proper order and laminated using an isostatic
press with a pressure of 20 MPa at 70°C for 10 minutes. Finally, the LTCC multilayer
module was co-fired in air in a two-step firing profile recommended by DuPont (Tmax =
850°C). The final fired structure with solder mask is presented in Figure 3. Substrates
were assembled with SMD components. The final receiving and transmitting modules
are shown in Figure 2a and 2b, respectively. The additional electronic circuits which
consist of power supplies, LCD displays and RF antennas were fabricated with standard
PCB (Printed Circuit Board) and SMT techniques. Power consumption of the devices
was significantly decreased with the use of ATMEGA sleep modes and turning down
unused microcontroller peripherals. The average current consumptions of transmitting
and receiving modules were approximately 440 pA and 14 mA, respectively. The trans-
mitting range was equal to 60 m in the open area.
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Fig. 4. Final device, (a) receiver, (c) transmitter.

4. FLIP-CHIP MODULE ELECTICTRICAL CIRCUIT DESIGN

The electronic circuit of the flip-chip stereo audio power amplifier integrated with
the LTCC substrate is shown in Figure 5. The circuit consists of a flip-chip stereo audio
power amplifier TS4984, four negative feedback resistors and four capacitors.
Each channel of the TS4984 device can supply 1.2 W (8 Q load at 5V) [23]. The ampli-
fier is suited for mobile phones, LCD monitors, portable audio devices, and PDA com-
puters, etc.

The gain (k) of each channel is given by equation 1. The gain is set by R;-Ry resistors.
The gain of 4.5 times was designed.

R Ry

Rk (1)

Bypass capacitors C; and C, provide power supply filtering. Input capacitors C; and
C, separate the DC voltage from the flip-chip input terminations. The low-pass filter is set
by Ry, Ry resistors and input capacitors C;, C4. The cut-off frequency is given by equation
2. The cut-off frequency was set to 72 Hz.

1 1
C2nR,C;  2mR,C,

2
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Fig. 5. Electrical circuit of stereo audio power amplifier based on flip-chip module TS4984

5. TECHNOLOGY AND POST INSPECTION OF THE FLIP-CHIP
MODULE

The LTCC multilayer module consisted of four DP951 P2 green tapes: TOP, BOT,
L1 and L2. The thickness after firing of each DP951 P2 tape was approximately
165 um. The TOP layer consisted of surface conductive trucks and solder pads, the L1
and L2 layers consisted of inner conductive trucks and the BOT layer provided better
mechanical properties of the ceramic module. The LTCC tapes were laser cut to proper
dimensions. All conductive lines were made of silver palladium paste (DP 6146). After-
wards, vias were punched and filled with silver DP6161 paste with via filler. All ceramic
tapes were stacked together in the proper order and laminated using an isostatic press
with a pressure of 20 MPa at 70°C for 10 minutes. Finally, the LTCC multilayer module
was co-fired in air in a two-step firing profile recommended by DuPont (T,,.x = 850°C).
After firing the SMD and flip-chip, devices were assembled on top of the module and
soldered with a precise flip-chip system (FC300 CAMMAX PRECIMA LTD.). The
chip was encapsulated with underfill. The fired LTCC structure with assembled compo-
nents is presented in Figure 6a. After the assembly of the SMD and the flip-chip compo-
nents the ceramic module was housed. The package consisted of six DP 951 P2 LTCC
tapes. The green ceramic tapes were laminated using the thermo-compression method
(20 MPa at 70°C for 10 minutes). Next, the package geometry was formed with the
CNC (Computer Numerical Control) microdrill and fired in a furnace in typical thermal
profile. The top part of the package and final packaged LTCC module are shown in
Figures 6b and 6c¢, respectively.
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Fig. 6. Final device: a) assembled fired LTCC substrate, b) top housing part, c) housed structure
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The alignment of the bare chip with solder pads after firing and the assembly pro-
cesses was examined by a non-destructive X-ray tomography at ITR Warsaw. An X-ray
image of the LTCC multilayer module with flip-chip is shown in Figure 7.

Fig. 7. X-ray image of the LTCC multilayer module

6. SUMMARY

The electrical circuit and layout of the RF transmitter/receiver and acoustic ampli-
fier flip-chip modules integrated with LTCC substrates were developed.

Surface and buried electrical tracks were deposited using the screen printing method.

The multilayer LTCC RF modules were fabricated and tested positively . Their
transmission range and power consumption were estimated to 60 m. and ca. 1.45 mW,
respectively.

The semiconductor bare amplifier chip was encapsulated with underfill. Moreover,
all electronic components were covered with ceramic housing.

The good alignment of the bare chip with solder pads after firing and the assembly
processes was confirmed by X-Ray tomography.

The possibility of integration of surface electronic components (SMD, buried and
surface screen printed passives and conductive tracks and flip chip devices) and package
in one substrate enables us to fabricate sophisticated system-in-package (SIP) devices.
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Streszczenie

W pracy zaprezentowano projekt oraz realizacj¢ dwoch przyktadowych hybrydo-
wych uktadow elektronicznych: wzmacniacza audio opartego na elemencie typu flip-
-chip oraz nadajnika i odbiornika RF opartych na elementach do montazu powierzch-
niowego (SMD). Przedstawione uktady zostaty wykonane przy wykorzystaniu techno-
logii bazujacej na niskotemperaturowej ceramice wspotwypalanej (LTCC). Niezawod-
nos$¢ potaczen lutowanych pomiedzy elementem typu flip-chip a polami kontaktowymi
umieszczonymi na podtozu LTCC zbadano za pomocg metody rentgenowskiej. Poprawe
niezawodnosci w przypadku uktadu z elementem typu flip-chip uzyskano stosujac wy-
pelienie organiczne pomiedzy chipem a podlozem. Gotowy uktad wzmacniacza audio
zamkni¢to w specjalnie przygotowanej obudowie ceramiczne;.

Stowa kluczowe: flip-chip, niskotemperaturowa ceramika wspotwypalana (LTCC),
tomografia rentgenowska, warstwa gruba, SIP



