06/096543 A2 I KO OO0 RO RO

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
14 September 2006 (14.09.2006)

lﬂfb A 00 D0 OO

(10) International Publication Number

WO 2006/096543 A2

(51) International Patent Classification:
GOIR 31/02 (2006.01)

(21) International Application Number:

PCT/US2006/007687
(22) International Filing Date: 3 March 2006 (03.03.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/659,808 8 March 2005 (08.03.2005) US
(71) Applicant (for all designated States except US): WELLS-
CTI, LLC [US/US]; An Oregon Limited Liability Com-
pany, 1499 SE Tech Center Place, Suite 140, Vancouver,
WA 98683 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LOPEZ, Christo-
pher, A. [US/US]; 35514 N. 30th Drive, Phoenix, AZ
85086 (US). DENHEYER, Brian, J. [US/US]; 6520 Sw
36th Avenue, Portland, OR 97221 (US).

(74) Agents: JOHNSON, Alexander, C., Jr. et al.; Marger
Johnson & Mccollom, P.C., 210 Sw Morrison Street, Suite
400, Portland, OR 97204 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: TEMPERATURE SENSING AND PREDICTION IN IC SOCKETS

22

Power Supply

26

Current Sensing Device

30
[ Andlog Sys’celrln
7 Circuitry Controller

24

Device Under Test

Temperature Cantrol
Apparatus

\\28

(57) Abstract: An apparatus and method are provided which preferably combines temperature sensing and prediction for more
& accurate temperature control of integrated circuits. An IC temperature sensing and prediction device (20) includes a current sensing
A Gevice (26) that measures current passing through an IC (24), and a temperature control apparatus (28) that measures a surface
temperature of the IC (24). The device further includes an electronic controller (30) that calculates the power consumed by the IC
(24) according to the measured current and adjusts the temperature of a heater or cooler (28) responsive to the measured surface

temperature and power consumption.



WO 2006/096543 A2 I} NN NDVOH0 T YO0 R0 AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2006/096543 PCT/US2006/007687

TEMPERATURE SENSING AND PREDICTION IN IC SOCKETS

TECHNICAL FIELD

This invention relates to integrated circuits and, more particularly, to temperature

sensing and prediction for more accurate temperature control of integrated circuits.

BACKGROUND OF THE INVENTION

Integrated circuit (IC) packages must be tested after their manufacture, normally at

elevated temperatures, which is typically a burn-in process. During that process, it is often
necessary to control the temperature of ICs, sensors, and other elements. Techniques for
doing so have been widely practiced for many years. The system normally consists of a
heater (or cooler), a temperature sensor, and a comparator which applies energy to a heater in
proportion to the difference in voltage measured on the temperature sensor as compared to a
reference voltage. The energy is applied in the proper direction to cause the difference
voltage to be reduced. Temperature control modules and temperature sensors of many types
are widely sold for these purposes. A typical application is the control of the temperature of
ICs for a burn-in process because of the temperature sensitivity of the ICs.

To achieve more accurate testing results, it is desirable to control the temperature of
each individual IC being tested. Within a testing oven without individual temperature

control, the actual temperature of each IC can vary due to different rates of convection, heat
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dissipation, or radiation within the oven. Individual temperature control can be achieved by
sensing the temperature of each IC and varying the heat directed to each IC through the use
of individual heaters.

Two such examples of sensing and heating individual ICs can be found in U.S. Pat.
No. 5,164,661 to Jones and U.S. Pat. No. 5,911,897 to Hamilton. Both Jones and Hamilton
disclose a testing socket with a sensor in direct contact with an IC that senses the case
temperature of the IC.

As shown in FIG. 10, in Hamilton, a temperature sensor 110 is positioned within an
insulated sensor housing 112 such that the sensor 110 protrudes from the housing 112 to
contact the outer casing of the integrated circuit being tested. Hamilton discloses measuring
the surface temperature (the case temperature) of the IC under test and does not disclose any
apparatus or method for determining the temperature of the center of the IC (the junction
temperature).

Jones discloses determining the junction temperature of the IC under test by
calculating that junction temperature from the sensed case temperature and a predetermined
thermal profile of the IC. The determination of the junction temperature of the IC is subject
to time delays caused by the thermal time constants of the materials between the temperature
sensor on the case surface of the IC and the junction of the IC.

Thus, it would be advantageous to have a system and method for more quickly

determining the junction temperature of an IC under test.

SUMMARY OF THE INVENTION

One aspect of the invention is a method for controlling the temperature of an
integrated circuit (IC). The method includes sensing a surface temperature of the IC,
predicting a junction temperature, and adjusting the surface temperature based on the
predicted junction temperature. Preferably, predicting the junction temperature includes
measuring a power consumption of the IC and calculating a temperature adjustment value to
the measured surface temperature based on the power consumption and thermal profile of the
IC.

Another aspect of the invention is an IC temperature sensing and prediction device.
The device includes a sensing device to measure current through an IC and a temperature
control apparatus to change a surface temperature of the IC. The device also includes an

electronic controller that receives a first signal from the sensing device representing the
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measured current through the IC and a second signal from the temperature control apparatus
representing the surface temperature of the IC. Preferably, the temperature control apparatus
includes a temperature sensor to thermally contact the IC and measure the surface

temperature and a heater or cooler to directly contact the IC.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of embodiments of the invention will

become readily apparent by reference to the following detailed description when considered
in conjunction with the accompanying drawings.

FIG. 1 is a schematic block diagram illustrating an exemplary embodiment of an IC
temperature sensing and prediction device according to principles of the invention.

FIG. 2 is a shows a simplified diagram of one embodiment of the IC temperature sensing
and prediction device 20 in FIG. 1.

FIG. 3 is a simplified plan view of a system of testing boards within a testing or burn-in

chamber according to another embodiment of the invention.

DETAILED DESCRIPTION

As will be apparent to those skilled in the art from the following disclosure, the

invention as described herein may be embodied in many different forms and should not be
construed as limited to the specific embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will fully convey the principles of the invention to those
skilled in the art.

FIG. 1 shows a simple block diagram of an integrated circuit (IC) temperature sensing
and prediction device 20 to provide accurate temperature control of the IC according to
principles of the invention. Integrated circuits include individual dies and IC packages and
the term integrated circuit (IC) used throughout this specification encompasses all forms of
integrated circuits. The IC temperature sensing and prediction device 20 can be used during
testing which includes burning-in, testing, and programming of the IC or in applications
where accurate temperature control of the IC is desired.

A temperature control apparatus 28 is preferably positioned on the device under test
(DUT) 24. The temperature controller includes a sensor to sense the surface (or case)
temperature of the DUT 24 and a heater or cooler to conduct heat toward or away from the

DUT 24. The temperature control apparatus 28 may be similar to that described in
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commonly-owned U.S. Serial No. 10/920,531, entitled “Integrated Circuit Temperature
Sensing Device and Method,” published as US 2005/0189957 A1, incorporated by reference
herein.

For more accurate temperature control of the DUT 24, the junction (or die)
temperature is preferably measured along with the surface temperature. As is well-known in
the art, the junction temperature is a key characteristic in IC operation and long-term
reliability. However, the junction temperature cannot be measured directly due to intervening
material in the DUT 24, such as an encapsulating case material (i.e., the IC package). The
intervening material causes a thermal time delay between the junction temperature and the
surface temperature of the DUT 24.

One method to determine the junction temperature of the DUT 24 is based on a
simple thermal model (T = P6, where T is temperature, P is power dissipation, and 0 is the
thermal resistance) analogous to Ohm’s law (V = IR, where V is voltage, I is current, and R is
resistance). The thermal model equates temperature to voltage and power to current.
Package thermal resistance is the measure of the package’s heat dissipation capability from a
die’s active surface (the junction) to a specified reference point (the case, board, ambient,
etc.). For example, junction-to-case thermal resistance (6jc) measures the ability of the
device to dissipate heat from the surface of the die to the top or bottom surface of the
package. IC manufacturers typically provide information on thermal resistance for their
components. Commercial thermal analysis software packages such as FLOTHERM® are
also available to predict device thermal performance.

A power supply 22 provides power to the DUT 24. A current sensing device 26 is
preferably coupled between the power supply 22 and the DUT 24 and measures the current
passing through the DUT 24. In one embodiment, the current through the DUT 24 can be
measured by using a low impedance current sensing resistor 26 (for example, a 0.015 ohm
resistor) placed in series with the power supply 22.

A system controller 30 is preferably connected to the temperature control apparatus
28 and to the current sensing device 26. The system controller 30 receives a signal from the
temperature control apparatus that indicate the sensed case temperature of the DUT 24. The
system controller 30 also receives signals from the current sensing device 26. The current
consumed by the DUT 24 is determined by measuring the voltage drop across the current
sensing resistor 26. The system controller can then calculate an amount of power consumed
by the DUT 24. Power dissipation of the DUT 24 is given by the equation P = IV, where P is
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the power dissipation, I is the current consumption, and V is the voltage.

Once the amount of power consumed by the DUT 24 is known, the junction
temperature can then be predicted and, thus, controlled. Since the case temperature is
measured by the temperature control apparatus 28, the system controller 30 can then calculate
the junction temperature using the equation:

Tj = Tc + P6jc, where

Tj is the junction or die temperature;
Tc is the case or package temperature; and
P is the power dissipated by the device (in watts).

Thus, to determine if the DUT 24 should be heated or cooled to achieve a desired
testing temperature, the system controller 30 can more accurately control the temperature of
the DUT 24 by using, along with the sensed case temperature from the temperature control
apparatus 28, the calculated power consumption to control the junction temperature of the
DUT 24. The temperature sensing and prediction device 20 also provides an accelerated
temperature feedback loop to the system controller 30 since measuring the voltage drop
across the current sensing resistor 26 is not subject to the time delays associated with
measuring the case temperature.

Moreover, problems in a given DUT 24 can be readily identified if the sensed case

~ temperature differs greatly from the expected junction temperature for a given level of power

consumption. For example, a thermal profile may be predicted for a given device type. If the
device is manufactured incorrectly such that its actual thermal profile differs from the
expected thermal profile (such as when mispackaging creates a greater thermal resistance
between the junction and the case), the case temperature measured may be lower than
expected given a certain level of power consumption. Thus, measuring the case temperature
and calculating the power consumption of the DUT 24 provides additional information that
can identify defective ICs.

FIG. 2 shows a simplified diagram of one embodiment of the IC temperature sensing
and prediction device 20 in FIG. 1. In the embodiment shown, a DUT 24 is placed in an IC
testing socket 23 on a testing board 42. The testing socket 23 can be a socket designed to
receive an IC for testing which includes, burning-in, testing and programming of the DUT 24.
It should be appreciated that IC testing using testing sockets is merely one example in which
inventive principles of the invention can be applied. The invention can also be applied to

devices that are mounted directly to a printed circuit board (PCB).
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The IC testing socket 23 generally comprises a base 40 connected to a testing board
42 and a socket lid 44. The IC testing socket 23 includes a temperature control apparatus 28
for directly controlling the temperature of the IC during testing. A temperature sensor 48 in
the temperature control apparatus 28 measures the temperature of the top surface of the DUT
24.

The temperature control apparatus 28 is positioned in the socket lid 44 so that when
the IC testing socket 23 is in a closed position, the temperature control apparatus 28 thermally
contacts the DUT 24. The temperature control apparatus 28 then effects a change in the
temperature of the DUT 24 by conducting heat to or away from the DUT 24. Thus, the
temperature control apparatus 28 includes a heater or a cooler.

FIG. 2 also includes a simple circuit diagram showing a system controller 30 in
communication with the temperature sensor 48 and the temperature control apparatus 28. The
system controller 30 is further connected to a current sensing device 26 which may be located
on the board 42. In one embodiment, the system controller 30 may be embedded in the socket
lid 44.

FIG. 3 shows a simplified plan view of a system of testing boards 42 within a testing or
burn-in chamber 68 according to another embodiment of the invention. A matrix of DUTs 24
and IC temperature sensing and prediction devices 20 is located on each testing board 42. The
testing boards 42 are in communication with an outside power source and driver electronics 70.
The power source and driver 70 communicates with the testing boards 42 by means of a
data/power bus 71. The power source and driver electronics 70 serves as a system controller
which allows a user to determine a desired testing temperature for each DUT 24.

A typical testing chamber 68 is a burn-in chamber where air flow 67 from a fan or some
other source is maintained across the testing boards 42. The air flow 67 is preferably
maintained at a high enough rate to keep the IC packages below the selected temperature prior
to application of heat from the individual heaters 28. The heaters 28 can then more easily
maintain an independently selected temperature of each IC package 24. A more detailed
description of a system for testing of ICs in which the present invention can be incorporated is
shown in commonly-owned U.S. Serial No. 11/069,589, entitled “Burn-In Testing Apparatus
and Method,” published as US 2005/0206368 Al.
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Having described exemplary embodiments of the invention, it should be apparent that
10  modifications and variations can be made by persons skilled in the art in light of the above
teachings. Therefore, it is to be understood that changes may be made to embodiments of the

invention disclosed that are nevertheless still within the scope and the spirit of the claims.
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CLAIMS

1. A method for controlling the temperature of an integrated circuit (IC) (24),
comprising:

sensing a surface temperature of the IC (24);

predicting a junction temperature of the IC (24);

adjusting the surface temperature of the IC (24) according to the predicted junction
temperature of the IC (24).

2. The method of claim 1, wherein sensing the surface temperature of the IC (24)
comprises:

thermally connecting a temperature sensor (48) to the IC (24).

3. The method of claim 2, wherein the temperature sensor is located in an IC socket lid.

4. The method of claim 1, wherein predicting the junction temperature comprises:
measuring an amount of power consumed by the IC; and
calculating a temperature adjustment value to the measured surface temperature

according to the measured power consumption and a thermal profile of the IC.

5. The method of claim 4, wherein the thermal profile includes a thermal resistance

value of the IC.

6. The method of claim 4, further comprising:

comparing the measured surface temperature with the measured power consumption;
and

determining that the IC is defective if the measured surface temperature is not

consistent with the measured power consumption according to the thermal profile of the IC.

7. The method of claim 1, wherein adjusting the surface temperature of the IC
comprises:

thermally contacting a heater or cooler to the IC.
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8. The method of claim 7, wherein the heater or cooler is located in the IC socket lid.

9. The method of claim 7, wherein a temperature sensor is positioned within the heater
or cooler such that an insulating material thermally isolates the temperature sensor from the

heater or cooler.,

10.  The method of claim 1, further comprising:
placing the IC in a test socket;
thermally connecting the IC to measure the temperature;
measuring a current of the IC; and

adjusting a measured IC temperature based on the measured current.

11. A method for predicting a junction temperature in an integrated circuit (IC) (24),
comprising:

measuring an amount of power consumed by the IC (24);

sensing a surface temperature of the IC (24); and

determining a temperature adjustment value to the sensed surface temperature

according to measured power consumption and a thermal profile of the IC (24).

12.  The method of claim 11, wherein calculating the power consumed by the IC
comprises:
coupling a current sensing device to the IC;

measuring an amount of voltage drop across the current sensing device.

13.  The method of claim 11, wherein the thermal profile includes a thermal resistance
value of the IC.

14.  Anintegrated circuit (IC) temperature sensing and prediction device (20), comprising:
a current sensing device (26) arranged to measure an amount of current passing
through an IC package (24);
an electronic controller (30) to receive a first signal from the current sensing device
(26), the first signal representing the amount of current passing through the IC package (24);

and
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a temperature control apparatus (28) to change a surface temperature of the IC
package (24), wherein the electronic controller (30) further receives a second signal from the
temperature control apparatus(28), the second signal representing the surface temperature of
the IC package (24).

15.  The device of claim 14, wherein the temperature control apparatus comprises:
a temperature sensor arranged to thermally contact the IC package and measure the
surface temperature of the IC package; and

a heater or cooler arranged to directly contact the IC package.

16. The device of claim 14, wherein the electronic controller calculates an amount of
power consumed by the IC package according to an amount of voltage drop across the

current sensing device.

17.  The device of claim 16, wherein the controller is programmed to change the
temperature of the heater or cooler responsive to the measured surface temperature and the

calculated power consumed by the IC package.

18. A system for testing IC packages, comprising:

a testing chamber (68);

a testing board (42) arranged within the testing chamber (48);

an IC package (24) arranged on the testing board (42);

a temperature sensor (48) arranged to thermally contact the IC package (24);

a heater or cooler (28) arranged to directly contact the IC package (24);

a current sensing device (26) arranged to sense an amount of current passing through
the IC package (24);

an electronic controller (30) arranged to receive signals from the temperature sensor
(48) and the current sensing device (26), wherein the electronic controller (30) is
programmed to change the temperature of the heater or cooler (28) responsive to an amount
of power consumed by the IC package (24) and the measured surface temperature of the IC

package (24).

10
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19.  The system of claim 18, wherein the electronic controller calculates the amount of
power consumed by the IC package by measuring an amount of voltage drop across the

current sensing device.
20 The system of claim 18, wherein the electronic controller is further programmed to

determine if the IC package is defective according to a comparison of the amount of power

consumed by the IC package and the measured surface temperature of the IC package.

11
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