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Abstract

RNT’s NanoBond technology was adapted to bond Light Emitting R®dLED’s) to metal
core boards (MCPCB’s). This report details a corajpee study of the thermal performance
of NanoBond to that of a thermal adhesive on aaserfmount commercial LED package.
The study shows that the thermal adhesive curreatgmmended to bond the LEDs has a 5-
6 X higher thermal resistance than NanoBond.
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1 Introduction

The lifetime of an LED is directly related to thengtion temperature of the die during steady
state operation However, high-brightness LED’s produce consitkraheat during
operation. Typically, the heat is extracted thoaiher a center slug at the base of the LED or
through the electrical interconnects into a metaed®CB (MCPCB) or heat sink. One of the
most widely used thermal interfaces is thermal ogpexy. Bonds produced using these
epoxies, however, have relatively high thermalstesices and suffer from large variations in
thermal resistance due to inconsistent bond lirekilesses. In contrast, a solder bond created
using NanoBon is expected to provide the thermal benefits alua metallic bond, without
the need for conventional reflow processing. Iditoh, the NanoBond process allows for an
extremely consistent and uniform bond line thiclene¥he process can be readily automated
and integrated into an existing assembly line andampleted in less than a second. The
present report outlines the tests conducted toactemnize NanoBond and epoxy thermal
interfaces on Platinum Dragon LED's attached to \IBR.

2 Brief Process Description and Test Vehicle

The LED NanoBond process is illustrated in Figurearid consists of a) sandwiching a
NanoFoil preform between the tinned board pad aed_ED; b) applying approximately 20
pounds (9kg) of bonding force on the LED, and a)itigg the reaction in the NanoFoil
preform electrically, optically, or thermally. Upagnition, the reaction in the NanoFoil
generates approximately 1200J/g which is enough teemelt the adjacent solder material.
Upon cooling, the solder material solidifies andates a true metallic bond between the LED
and board pad.
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NanoFoif — 5 ™~ Sn solder
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Figure 1: Diagram illustrating the LED NanoBond qees

! Philips LumiLEDs Technology White Paper “UndersteugdPower LED Lifetime Analysis”
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2.1 Test Vehicle and Analysis Tools

The 3.4W OSRAM Platinum DragBrsurface mount LED was used as a test vehicle. LHi2 is
designed to have the generated heat extractedgthrmdmm diameter copper slug in the base of the
package. The slug is typically glued to a matctpag on a MCPCB. For these tests, the LED was
either glued or NanoBonded to a standard MCPCB witktomized electrical trace design. A
populated LED test card is shown in Figure 2. TiEDLcopper slug comes standard with 5um of
matte Sn on the surface, and the pad surface®dé#h cards were immersion coated with 1pm thick
Sn.
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Figure 2: Photograph of MCPCB test card populat&®R@M DRAGON® series LEDS.

The test procedure is based on a modified versiantbermal test procedure developed by
Nichia titled, “Thermal management design of pow&Ds.” The description of the test
follows:

1. Apply controlled, fixed, source current to each LBBvice with a short pulse while
the LED is maintained at a controlled ambient terapge and measure the forward
voltage required to drive the current. The pusskept as short as possible to prevent
thermal drift of the voltage measurement, whil# ptoducing repeatable results.

2. Apply controlled source current to each LED devita steady state fashion, allowing
the system to reach thermal equilibrium.

3. Compare voltage measurements between pulsed ardystate regimes and
extrapolate the steady state temperature of thaigum

Test Setup:

1. Custom Populated LED Test Card Fixture (Fig. 3)
The fixture is used to characterize bonded LEDtsrahounting to the board and compare
the NanoBond and epoxy mounting technologies. Tusom fixture uses Duralloy test

probes to prevent gold-tin intermetallic formatifivom skewing the data. The fixture is
wired such that each LED can be powered indepelydent
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Duralloy
Tips

Figure 3: Photograph of populated LED test cardntiaé test fixture

2. Data logger and RNT Proprietary LabVIEW Thermal Test software
a. National Instruments LabVIEW PXI 1010 Chassis
b. PXI 8186 Controller
c. PXl 4130 Power SMU and
d. PXITB2627 Terminal Block

The data logger and test software is used for guppkhe fixed forward current |
and pulse width ftis9 as well adogging the measured voltage f{Vand ambient
temperature ()

3. Thermo NESLAB Chiller @ 25°C with cold plate

Used to control Je, during testing

2.2 Test Procedure and Materials

Two MCPCB test boards were fabricated with nine @BRPlatinum Dragofi LED
packages each. One of the boards was assembladNaioBond while on the other,
AbleBond 84-1LMI thermal epoxy was used. They wien put through the following test
sequence:

1. Apply thermal grease to back side of LED card undstand secure in fixture.
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2. Attach thermocouple to top surface of LED test Gand secure in place with Kapfon
tape.

3. Secure test fixture to cold plate.

4. Pulse the LED’s at 700mA for 1 msec on and 2 sédonf10 repetitions at 25°C.
During each pulse, measure and log the forward (Mgsrequired to drive the current
though the LED.

5. Finally, run each of the LED’s in turn at 700mA \ehusing the cold plate to maintain
Toco at 28C. After one hour measurg.V

3 Results

The data gathered is shown in Table 1. Based onRADBs data sheet
(LA_LR_LY_W5SN_Pb_free), the operating temperatoir¢he junction can be calculated by
subtracting the measured steady state voltage fhmm25C calibration voltage and then
multiplying by 400 (i.e. effectively 2.5mV/degreelgased on this approximation, the average
junction temperature for the NanoBonded LED’s &@mi@ was 32C while that of the epoxy
bonded LED’s was €. While more data is needed to make this observatatistically
significant, one can infer that at a steady stareeat of 700mA there is a difference in the
junction temperature of this LED between NanoBond thermal epoxy.

4 Analysis

Based on the published data, NanoBond thermaltaesis of this bonding area of 4mm in
diameter is 0.4K/W and market available epoxy th@rmasistance of this bonding area is 2-
3K/W, so, the theoretical thermal resistance défifiee between NanoBond and epoxy is about
1.6-2.6K/W for this LED bond.

As shown in the above experimental results tablandBond exhibits a lower junction

temperature of 7°& than the thermal epoxy. Th@h-brightness LEDs used for this test have

3.4W power input and assume the worst situatioh tE®Ds generate 100% heat. The tested thermal
resistance difference between NanoBond and epoiyedf ED bond is 2.06-2.35K/W, which matches

the theoretical calculation based on published.ddte NanoBond exhibited a thermal resistance
approximately 1/6 that of the adhesive.

3 Conclusions

Based on these preliminary observations and estingtNanoBond provides a considerably
lower thermal resistance bond between the LED pgelkand the heat sinking PCB than the
equivalent adhesive bond. Further testing is undgnw statistically quantify this advantage.
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Table 1: Results of tests conducted at 700mA &t 2igtween NanoBond and Thermal Epoxy
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