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Abstract— A heat generated from semiconductor chips and
chip packages is considered a critical issue for dn- [l.  DESIGNAND FABRICATION

performance and reliable device operation. In thispaper we As shown in Figure 1, the heat genenatavea (heater)
Cenonsite & amhe semiconducir cip Wit belh ==L and the temperature sensing ln (sensor) arernttpn
g P - BY 9 single chip at the same time. The heater blocKasaal on

the relationship between the temperature of the clpi and the . . .
resistance of the sensor, the thermal properties ofhe both sides of the sensor. Each heater block iggdedi for

semiconductor package material can be determined.te heat ~200-ohm to generate heat. The sensor detects the
generation block and temperature sensor are made of temperature with a simple principle that the resise
aluminum lines, not active circuit, so manufacturirg costis low increases when it receives heat, and it is desigjfedhm

and the processes are simple.
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Due to increased complexity, integrity and opemgtin Sensor
speed, the heat generated by semiconductor chipslap HEYV
packages has been viewed as a problem to be s@ived 2000
high performance and reliable device operation. The Voutil gL vout

demand for diverse applications requiring small &aigh-
speed operation, such as smartphones and wearable
appliances, has dramatically increased heat géoerdtor

this reason, testing and managing the heat of hife ftas ~ After deposit a protection layer and open the piael,Sn/Ag
become very important in commercial devi¢el [2]. The  micro-bump was formed on the chip pad with a diamef
packaging technology of integrated circuits ha® dsen  70um as shown in Figure 2

technologically advanced. As a way to solve the

performance degradation problem due to the heatofishe :
chip, the underfill material is used for the fliphig E e
packaging technology. i
In this paper, we propose and demonstrate a simple
semiconductor chip with heat generation functiond an
temperature sensor to test thermal characteristicshe
packaging materials. This chip is much simpler thhe
diode temperature sensor array chip used to eealtles
thermal properties of semiconductor underfill matsrand
makes more profitable in terms of manufacturingt cosl
duration [3]. It was fabricated in National NanoF@bnter
(NNFC) of Korea using Complementary Metal Oxide
semiconductor (CMOS) and Micro Electro Mechanical
i . 0 (c)
e ko o ICEoees e omeat e 2 caca  steon 3 o) ioscgmse o i
. . . Micro-bump array SEM image, (c) Thermal image ofchinera on flip chip
and a temperature measuring instrument with a Térm packaged on PCB
Electric Couple (TEC) controller.

Figure 1. Schematic of chip with heater and sensor.
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The IR camera image shows that heat is generated thie
heater block is powered up, as shown in Figure. 2{t)en
the underfill material is filled between the chipdathe
Printed Circuit Board (PCB), the generated heat
transferred to the PCB through the underfill mateso that
the chip temperature does not rise. The chip teatpes rise

rate is determined by the thermal conductivity o t

underfill material.

Ill.  MEASUREMENT

The fabricated chip was characterized with
measuring instrument and temperature measuringiment

with TEC controller.First, the chip temperature is measured

while increasing the applied voltage as shown EdgR(a),
then, the resistance of the sensor was measurbe isame
way as shown in Figure 3(b). When the power is begpo
the heater block, heat is generated in the 200-alaminum
line per block and chip temperature rises. The igeed heat
is transferred to the sensor located in the ceofténe chip,
increasing the resistance of the sensor. It caseba that as
the voltage increases, the temperature of chip toed
resistance of sensor increase with the shape dfubdratic
function. Based on these results, the resistantleeo$ensor
versus temperature of the chip is derived as shovigure
3(c). Using this result, the temperature of chip dze
determined by measuring the resistance of the saigwut
measuring directly with the thermometer.
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Figure 3. Electrical characteristics of the progbship. (a) Measured
resistance of sensor, (b) Measured temperaturehipf ¢c) Calculated
resistance as a function of temperature.

This result is very useful for testing semiconducto
packaging materials such as underfill. Unerfillsfithe gap
between the chip and PCB for heat transfer and bump
protection. The higher the thermal conductivity thfe
underfill material, the more heat is transferredhe PCB.

As a result, the temperature of the chip and thistance of
the sensor will not increase significantly.

IV. CONCLUSION

We have demonstrated the relationship between chip
temperature and sensor resistance by fabricatify wlth
heat generation and thermal sensor functionalitingus
semiconductor processes. The proposed structure and
method can be used to test the thermal propertfes o
semiconductor packaging materials.
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