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FLIP CHIP PACKAGE WITH 
THERMOMETER 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of Taiwan 
patent application serial No. 091118865, filed on Aug. 16, 
2002, and the full disclosure thereof is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor package, 
and more particularly, to a flip chip Semiconductor package 
with a thermocouple for measuring the temperature of the 
chip. 

2. Description of the Related Art 
AS the need has arisen for higher performance of com 

puters and other electrical devices, the Semiconductor device 
has to operate with higher power and be manufactured with 
higher density. Therefore, the heat generated by the Semi 
conductor device is comparatively increased, and the ther 
mal performance of the Semiconductor device is emphasized 
increasingly. 

FIG. 1 depicts a flip chip package 10 according to the 
prior art which comprises a chip 20 disposed on a Substrate 
30 by the flip chip technique. The chip 20 is electrically 
connected to the substrate 30 by a plurality of bumps 22, 
Such as Solder bumps. The bumps 22 can be made by the 
well-known C4 (Controlled Collapse Chip Connection) pro 
cesses. An underfill encapsulant 25 is disposed between the 
chip 20 and the Substrate 30 for encapsulating the chip 20. 

In general, the package 10 further comprises a heat Sink 
(not shown) covering the chip 20 and the substrate 30, and 
a thermal paste (not shown) disposed between the back 
surface of the chip 20 and the heat sink for conducting the 
heat generated by the chip 20 to the heat Sink and increasing 
the performance of the heat dissipation So as to keep the 
temperature of the chip 20 within a Suitable range. 

In operation, the temperature distribution of the chip 20 is 
uneven. Because of the unevenness of the heat transfer and 
the heat generated by the chip 20, Some places or portions 
of the chip 20 could exceed the critical temperature. More 
Specifically, the heat Sink only contacts the back Surface of 
the chip 20, but the active surface of the chip 20 which 
generates the heat, i.e. where has the highest temperature, 
faces to the substrate 30. However, there is not any suitable 
device provided in the prior art for measuring the tempera 
ture of the active surface or the bump 22 on the active 
Surface. 

Accordingly, there exists a need for a device which is able 
to measure the temperature of the active Surface or the bump 
of the chip in the flip chip package. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a flip 
chip package with a thermometer device for measuring the 
temperature of the active Surface or the bump of the chip in 
the package. 

In order to achieve the above object, the present invention 
provides a flip chip package with a thermometer which 
comprises a chip, a Substrate, and a thermocouple. The chip 
has an active Surface and a plurality of bumps disposed on 
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the active Surface. The Substrate defines a region for dis 
posing the chip, and comprises a plurality of bump pads 
disposed on the region, corresponding to the bumps, and 
electrically connected to the bumps. Each of the thermo 
couples comprises a thermal contact which is disposed 
between the substrate and one of the bumps of the chip. 
The present invention further provides a method for 

measuring the temperature of bumps or an active Surface of 
a chip in a flip chip package. According to the Steps of the 
method, a chip which has an active Surface and a plurality 
of bumps disposed on the active Surface is provided. A 
Substrate which has a region on which the chip is disposed 
and comprising a plurality of bump pads disposed on the 
region and corresponding to the bumps is provided. A 
through hole is formed on one of the bump pads of the 
Substrate. A thermocouple which has a thermal contact and 
two wires is provided. The two wires are passed through the 
through hole, and the thermal contact is positioned on the 
Said bump pad. The bumps of the chip are connected to the 
bump pads of the Substrate, and the thermal contact is 
connected to one of the bumps. 

Accordingly, the package according to the present inven 
tion is provided with a thermocouple which is disposed 
between the chip and Substrate and is in contact with one of 
the bumpS. So as to measure the temperature of the bumps 
and the chip in the package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, advantages, and novel features of the 
invention will become more apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawing. 

FIG. 1 is a Schematic cross-sectional view of a flip chip 
package in the prior art. 

FIG. 2 is a Schematic cross-sectional view of a flip chip 
package according to an embodiment of the present inven 
tion. 

FIG. 3 is a schematic top plan view of the substrate shown 
in FIG. 2. 

FIG. 4 is a partial enlarged view of area 4 shown in FIG. 
3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 2, it depicts a flip chip package 100 
according to an embodiment of the present invention. The 
package 100 comprises a chip 120 mounted on a substrate 
130 by the flip chip technique. The chip 120 has an active 
Surface 128 which comprises electrical elements and faces 
the substrate 130. A plurality of bumps 122, such as solder 
or gold bumps, are disposed on the active Surface 128 of the 
chip 120 for electrically connecting the electrical elements 
of the chip 120 to a plurality of traces 134 (shown in FIG. 
3) of the substrate 130. As shown in FIG.3, the substrate 130 
defines a region 124 and the chip 120 is disposed on the 
region 124. In the region 124, the substrate 130 is provided 
with a plurality of bump pads 126 corresponding to and 
electrically connected to the bumps 122 of the chip 120. The 
bump pads 126 are electrically connected to the traces 134 
and further electrically connected to the solder balls 132 of 
the Substrate 130. 

A through hole 144 which is about 100 um in diameter is 
formed, Such as by drilling or etching, on the bump pad 126 
for receiving a micro thermocouple 140. The micro thermo 
couple 140 comprises a thermal contact 143 which is about 
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1 mill in dimensions and two wires 142. While the tempera 
ture of the thermal contact 143 varies, Voltage is generated 
between the two wires 142 So as to measure the temperature 
at the thermal contact 143. 

After the wires 142 of the micro thermocouple 140 pass 
through the through hole 144 and the thermal contact 143 is 
mounted on the through hole 144, the chip 120 is disposed 
on the substrate 130 by the flip chip technique. Since the 
thermal contact 143 is positioned on the bump pad 126, the 
thermal contact 143 is in contact with one of the bumps 122 
and is further connected to or associated with the Said bump 
122 by the reflow process of the flip chip technique. In this 
arrangement, the temperature of the thermal contact 143 is 
precisely corresponding to the temperature of the bump 122 
or the chip 120, and induces the voltage between the two 
wires 142 such that the temperature of the bump 122 or the 
chip 120 is precisely measured. 

It will be apparent to those skilled in the art that an 
underfill encapsulant 125 is provided between the chip 120 
and the substrate 130 for encapsulating the chip 120. The 
underfill encapsulant 125 is filled between the chip 120 and 
the substrate 130 by the underfill encapsulation process of 
the flip chip technique. 

Furthermore, it will be apparent to those skilled in the art 
that the Solder ball 132 of the Substrate 130 is connected to 
an external printed circuit board (not shown). The printed 
circuit board can be also provided with a through holes for 
receiving a thermocouple So as to measure the temperature 
of the Solder ball 132 on the Substrate 130. 
AS indicated in the above description, the package accord 

ing to the present invention is provided with a thermocouple 
which is disposed between the chip and Substrate and is in 
contact with one of the bumps So as to measure the tem 
perature of the bumps and the chip in the package. 

While the foregoing description and drawings represent 
the preferred embodiments of the present invention, it will 
be understood that various additions, modifications and 
Substitutions may be made therein without departing from 
the Spirit and Scope of the principles of the present invention 
as defined in the accompanying claims. One skilled in the art 
will appreciate that the invention may be used with many 
modifications of form, Structure, arrangement, proportions, 
materials, elements, and components and otherwise, used in 
the practice of the invention, which are particularly adapted 
to Specific environments and operative requirements without 
departing from the principles of the present invention. The 
presently disclosed embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
Scope of the invention being indicated by the appended 
claims and their legal equivalents, and not limited to the 
foregoing description. 
What is claimed is: 
1. A flip chip package with a thermometer comprising: 
a chip defining an active Surface and having a plurality of 
bumps disposed on the active Surface; 

a Substrate defining a region on which the chip is 
disposed, and having a plurality of bump pads disposed 
on the region, corresponding to the bumps, and elec 
trically connected to the bumps, and 

at least one thermocouple having a thermal contact which 
is disposed between the Substrate and one of the bumps 
of the chip. 

2. The flip chip package as claimed in claim 1, wherein the 
thermal contact of the thermocouple is about 1 mill in 
diameter. 

3. The flip chip package as claimed in claim 1, wherein 
one of the bump pads of the Substrate further comprises a 
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4 
through hole and the thermocouple further comprises two 
wires passed through the through hole. 

4. The flip chip package as claimed in claim3, wherein the 
through hole is about 100 um in diameter. 

5. The flip chip package as claimed in claim 1, further 
comprising an underfill encapsulant filled between the chip 
and the Substrate. 

6. The flip chip package as claimed in claim 1, wherein 
Said thermocouple is said thermometer. 

7. The flip chip package as claimed in claim 1, wherein 
Said thermocouple is configured to induce a measurable 
Voltage that changes depending on a temperature of Said 
thermal contact. 

8. The flip chip package as claimed in claim 3, wherein 
Said thermocouple is configured to induce a Voltage between 
Said two wires, Said Voltage changing depending on a 
temperature of Said thermal contact. 

9. The flip chip package as claimed in claim 3, wherein 
Said wires are physically Spaced from an inner wall of Said 
through hole. 

10. The flip chip package of claim 1, wherein 
Said thermocouple comprises Said thermal contact and 

two wires, and 
when the temperature of the thermal contact varies, a 

Voltage is generated between the two wires So as to 
allow measurement of the temperature of the thermal 
COntact. 

11. The flip chip package of claim 10, wherein 
Said thermal contact of Said thermocouple is in contact 

with and connected to said one of the bumps of the 
chip; and 

the temperature of the thermal contact precisely corre 
sponds to the temperature of Said one of the bumps or 
the chip, and induces Said Voltage between said two 
wires So that the temperature of Said one of the bumps 
or the chip is precisely measured. 

12. A method for measuring the temperature of a flip chip 
package comprising the Steps of 

providing a chip defining an active Surface and compris 
ing a plurality of bumps disposed on the active Surface; 

providing a Substrate defining a region on which the chip 
is disposed, and having a plurality of bump pads 
disposed on the region and corresponding to the bumps, 

forming a through hole on one of the bump pads of the 
Substrate; 

providing a thermocouple which is a thermometer having 
a thermal contact and two wires, 

passing the two wires through the through hole, and 
positioning the thermal contact on the one of the bump 
pads of the Substrate; and 

electrically connecting the bumps of the chip to the bump 
pads of the Substrate, and connecting one of the bumps 
to the thermal contact. 

13. The method as claimed in claim 12, wherein the 
thermal contact of the thermocouple is about 1 mill in 
diameter. 

14. The method as claimed in claim 12, wherein the 
through hole is about 100 um in diameter. 

15. The method as claimed in claim 12, further compris 
ing the Step of: 

filling an underfill encapsulant between the chip and the 
Substrate. 

16. The method as claimed in claim 12, further compris 
ing the Steps of 

measuring a Voltage between said two wires, and 
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based on the measured Voltage, determining a temperature 
of Said thermal contact, and hence, of the bump on 
which the thermal contact is positioned. 

17. The method as claimed in claim 12, further compris 
ing the Steps of 

providing a printed circuit board 
forming a through hole through the printed circuit board; 
providing a Second thermocouple having a Second thermal 

contact and two wires, 
passing the two wires of the Second thermocouple through 

the through hole of the printed circuit board, and 
positioning the Second thermal contact to correspond to 
one of Solder balls of the Substrate; 

electrically connecting the Solder balls of the Substrate to 
the printed circuitboard, thereby connecting Said Solder 
ball to the Second thermal contact; 

measuring a Voltage between Said two wires of the Second 
thermocouple; and 

based on the measured Voltage between Said two wires of 
the Second thermocouple, determining a temperature of 
Said Second thermal contact, and hence, of the Solder 
bump on which the Second thermal contact is posi 
tioned. 

18. The method as claimed in claim 12, further compris 
ing the Steps of 

generating a Voltage between said two wires as the 
temperature of the thermal contact varies, and 

measuring the temperature of Said thermal contact based 
on Said Voltage. 
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19. A method of measuring a temperature of a bump or an 

active Surface or a chip package, Said method comprising the 
Steps of 

positioning a temperature measuring element on one of a 
plurality of bumps located on the active Surface of Said 
chip of Said chip package; 

inducing a Voltage, by Said temperature measuring 
element, depending on a temperature of Said chip at 
Said one bump; 

measuring the induced Voltage; and 
determining the temperature of Said chip at Said one bump 

based on the measured temperature. 
20. The method of claim 19, wherein said temperature 

measuring element is a thermocouple. 
21. The method of claim 19, further comprising connect 

ing two wires to different portions of Said temperature 
measuring element; and 

measuring the induced Voltage acroSS Said two wires. 
22. The method of claim 21, further comprising 
physically attaching and electrically connecting the 
bumps of Said chip to corresponding bump pads of a 
Substrate which has a through hole at a location corre 
sponding to Said one bump on which the temperature 
measuring element is positioned; and 

passing the wires through Said through hole. 


