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Disk-Shaped Miniature Heat Pipe (DMHP)
With Radiating Micro Grooves for a
TO Can Laser Diode Package
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Abstract—A mounting base integrated with disk-shaped Laser Diode

miniature heat pipe (DMHP) is designed for laser diode TO can

package in the present study. The heat spreading performance Submount
of the disk-shaped miniature heat pipe is also presented. The

present mounting base is made of aluminum (6061 T6) other than

the conventional TO can package with oxygen free copper. The

mounting base shows different thermal resistance with different

working fluid charge volume. By optimizing the working fluid

charge volume, the thermal resistance of the present mounting

base will become lower than the conventional base with an oxygen Through hole
free copper disk for TO can package. Moreover, this novel design

can be manufactured on a massive scale and the fabrication cost

Photo Diode

Mounting Base
(heat spreader)

Gold Wire

can thus be effectively reduced. Fig. 1. TO can package of a laser diode.
Index Terms—Heat spreader, micro groove heat pipe, TO can
laser diode packaging. diode is highly related with the material used, the ohmic contact,

the confinement layer, laser stripe morphology, and packaging
technology[1]. Various cooling devices such as heat spreader
_ and heat sink have been proposed to control the laser diode’s
L ASER DIODES, known as semiconductor lasers, haygmperature [2]. For a conventional TO can package of laser
been popularly used as light source in many applicatioggde shown in Fig. 1, a copper disk is attached to the laser
such as laser pointer, CD ROM drive, laser printer, opticgiode as a heat spreader due to its high thermal conductivity of
commumcauon system, _and bar code scanner. Laser dloq% W/m-K. To avoid the oxidation of copper plate, the purity
provide stable coherent light beam and are usually packageq,frbopper disk for a TO can package is 99.999%.
very compact forms. Therefore, high heat flux will be generated jiniature heat pipe (MHP) has become one of the best
while emitting light in such compact volumes. Consequentlygices to dissipate heat generated by the chips in electronic
the temperature ofllaser d.IOde might rise rap|dlyw!th9utprop@auipments because of its low cost, compact size, passive
application of cqollng device that can effectively dissipate he@beration, packaging flexibility, large thermal conductance,
from the laser diode to the surrounding atmosphere. and high reliability. The application of MHP in improving heat
Temperature rise in the active region ofasemlconductorIaﬁgsipaﬂon rate on electronic devices can be dated to 1984
diode can cause a significantimpact on the laser beam charaq@]r_-Many attempts have so far been proposed, especially on
is_tics. The wavelength tolerance of optical communication dgye \wick structure of heat pipe, to obtain a greater capillary
vice can be deeply affected by the large temperature change.ff@e to drive the flow of condensed coolant to evaporator in
laser diode is operated under a constant current condition, a tefRser to improve the thermal performance. Nevertheless, the
perature rise will cause a peak shift in the emitting wavelengilyst of manufacturing these proposed wick structure should
of an approximate value of 0.2 nm/K and a decrease in outi§ considerably inexpensive and the reliability should be lies
laser power of approximately 0.2 mw/K. The wavelength drifipove an acceptable level for practical application in electronic
of the emitted light results in the mode-hopping phenomentfieyices. Hammest al.[4] proposed a silicon heat spreader with
Therefore, itis critical to control the laser diode’s temperature {gicrowhisker structure. which was proved to have a heat dissi-
assure the standard operation. The control on the laser diod&"gon rate of 6W /cm?. Ponnappan [5] presented a miniature
temperature can be achieved by coupling an effective coolifgat pipe with groove-wick structure. The evaporator heat flux
device to the laser diode packages. The heat generation in a Iasghe design can be up to 1125/01112 with a thermal resistance
of 0.16 K/W. Zuoet al. [6] developed a heat pipe with a closed
Manuscript received September 1, 2002; revised February 8, 2003. This W§&rpentln§ |F)Op in which the pU|Sa“”9 flowis th_erma”y dr!ven'
was recommended for publication by Associate Editor T. Lee upon evaluatidiie prediction showed that the cooling capacity could rise to
of the reviewers’ comments. , o ~ 250W /cm” with a thermal resistance of 0.16 K/W. Both Take
The authors are with the Mechanical Engineering Department, Nation al. [7] and Take and Webb [8] conducted measurements
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with an aluminum plate. The measured results showed tha
heat flux of 14.5W /cm?* could be dissipated with a thermal
resistance of 0.59 K/W.

In this study, a novel packaging base for the TO can packa
of laser diode is proposed to replace the conventional copy
base. A configuration with multiple micro-grooves that radiat
from the center of the base is designed. Besides, few studies
so far been conducted to investigate the thermal performar Unit:mm
of DMHP and to study the ptential of DMHP as heat spreader () ©
of laser diodes. Therefore, the thermal resistance of DMHPlg'is 3. (a) Eight — umi b lat .

" .3 ghteen micro-grooves on aluminum base plate, (b) top view of a
measured. In addition, the effect of charge volume on thernyﬂgm groove, and (c) cross-sectional view of B-B plane.
performance of DMHP is also reported. A comparison is also
made between thermal performance of DMHP and the conven-
tional pure copper disk used in the TO can packages.

7

2) rectangular micro-groove provides enough capillary force
Il. DESIGN OF DMHP AND ESTIMATE HEAT for carrying condensed working fluid back to evaporator;
TRANSFER LIMITATION 3) micro-grooves are radially distributed such that heat gen-
. . . . erated by the laser diode vaporizes the returned liquid
A. Design of Disk-Shaped Miniature Heat Pipe (DMHP) flow at the inner end of micro-groove, and heat dissipates
Fig. 2(a) and (b), respectively, show the prototype and a into atmosphere by condensing the vapor flow at the outer
three dimensional view of the present DMHP. Micro-grooves end.
were fabricated on aluminum base by a precise metal formingsince heat transfer coefficient of boiling is much higher than
process. The micro-grooves can provide capillary pumpifBe convective heat transfer coefficient of vapor flow, the heat
force to drive the flow of |IC]U|d from condenser to evaporator. /?”pe requires much |arger heat exchange area at the condenser
same diameter and shape as conventional copper base are gggdhan that at evaporator end. The difference in the design of
for the proposed packaging base. The diameter and thicknggat exchange area is needed to avoid the dry-out phenomenon.
of aluminum base are 9 mm and 2 mm, respectively. Thgere, additional fins are usually attached to the condenser for
base material is aluminum alloy (6061 T6). Although thermahe dissipation of heat into the atmosphere. In this study, the
conductivity of aluminum alloy is lower than pure copper, thgresent design of the radiating micro-grooves arrangement can
aluminum aIon is chosen as the base material for its low pri?ﬁovide enough heat exchange area between vapor flow and at-
and easier to be machined. mosphere for condensation of the vapor flow.
A total number of 20 micro-grooves were evenly distributed Fig. 4 shows the schematic view of heat flow and vapor-liquid
on the aluminum base, as shown in Fig. 3. The depth and widfé in a DMHP micro-groove. A silicone rubber was sealed on
of micro-grooves are 0.4 mm and 0.35 mm, respectively. Thige top of the aluminum base with vacuum grease, and the en-

main features of the DMHP can be summarized as: closed micro-grooves were charged with working fluid. Deion-
1) metal forming process of micro-grooves is easily exzed (DI) water was used as the working fluid of DMHP due to
tended for mass production; its high merit number [9] and environmental concern of other re-
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Fig. 4. Heat flow and liquid-vapor flow in a DMHP micro-groove. Fig. 5. Measuring systems.
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TABLE | average thermal resistance (R,,)
MAXIMUM HEAT TRANSFERRATE OF THREEMAIN LIMITATIONS IN THE DMHP o 18% charge volume .35
3.0 1
©  37% charge volume 4.80
0,
Heat Transfer Limitation Maximum Heat Transfer Rate (W) ° SSOA) charge volume
25 = 74% charge volume
A 92% charge volume
Capillary Limitation 596 ~
2.0 1
Q
o
N’
Boiling Limitation 0.6
& SIRE 239
We =2.71x107 » We <1 0 18] -
Entrainment Limitation ' )
Q- ®
0.5

frigerants. For the present study, water charge volumes with 1 000 01 02 03 0.4 05 0.6 07
37, 55, 74, and 92% of the total void volume respectively wer

used in the measurement. For practical application, an upg Q (W)

aluminum disk will be welded with the aluminum base by a

hlgh_power Iaser. TO test for Ieakage, a tested DMHP was Va(ﬁ!ﬂ' 6. Thermal performance of tested DMHP at various fluid Charge volumes.
umed to a level of about 103 torr and held for 3 h. The test

shows no obvious increase in the pressure reading.

Ill. EXPERIMENTAL MEASUREMENT

B. Estimation on the Heat Transfer Limitations of DMHP A schematic view of the measuring System for the thermal

Althouah heat bi Hicient heat t fer devi erformance of DMHP is shown in Fig. 5. The tested DMHP

ough heat pipes are very eficient neat transter deviceg, < fived on the through hole of a holder. The plexiglas holder
they are subject to a number of heat transfer limitations. L'm'taias positioned horizontally and had a through hole with a diam-
tions to heat transfer arise mainly from the ability of the wicktgter of 8.5 mm. The local temperatures on the DMHP were, re-

return condensate to evaporator, and from thermodynamic bgfctively, measured by five thermocouples of type-T. Two ther-
riers encountered in the flow of the vapor. These limitations dg;ocouples were attached at the center of aluminum base plate
termine the maximum heat transfer rate that a specific heat pigeneasure the evaporator's temperature, and three were evenly
can achieve under certain working conditions, and can be pggstributed at the circumference to measure the condenser’s tem-
dicted by Faghri’s models. [10]. As most heat pipe applicatiopgsrature. All thermocouples were calibrated against a quartz
[9]-{11], there are three main limitations in the DMHP, namelyhermometer. The uncertainty in temperature measurement is
the capillary limitation, boiling limitation and entrainment lim-4-¢.1 °C.

itation. The calculated limitations for the present DMHP are To ensure the practical heat dissipation ability of the present
listed in Table I. As listed in Table I, the boiling limit will be the DMHP on the application of laser diode, a laser diode was em-
dominant effect that limits the transport capacity of the presepibyed as the applied heat source in the measurement. The laser
heat pipe. diode has an emission power of 0.68 W, and the heating power
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Fig. 9. Thermal performance of conventional pure copper base.

was measured by an optical power meter (Vector H410, Scien-

tech) with a resolution of 0.001W. The laser beam was focused

on the center of aluminum base where was painted with black IV. RESULTS AND DISCUSSION
paint of 0.95 absorptivity.

Once both the heating logd)) and the temperature differ- Fig. 6 shows the measured results at different fluid charge
ence(dl’ = Tevaporator — Leondenser) Were measured, the volumes. Note that the thermal resistance of each fluid charge

thermal resistancéR) could then be evaluated from the equavolume can be evaluated from the best fit of measured data. The
tion, R = dT'/Q. The evaporator temperatufk, . ,o,.t-, de- corresponding values of thermal resistance are found as 5.35,
notes the average temperature obtained at the focused spci.08, 1.81, 2.39, 4.80C/W for fluid charge volume of 18,
laser irradiation on the aluminum base; While,,,jonser de- 37, 55, 74, and 92%, respectively. As listed in Table I, the es-
notes the average temperature obtained on the periphery oftitheated heat transfer limitation of the present DMHP is 0.6 W.
DMHP. For all tested fluid charge volumes, no dry-out phenomenon has
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been observed in the experimental results of DMHP with a heat
transfer rate of 0.64 W. The reason of this discrepancy is due tqq;
the conservative estimate of the heat transfer limitation assumed
with a higher nucleation radius of 2.5410~° m. Therefore, the
estimated heat transfer rate is lower to ensure a proper operatiop,
and to prevent the damage of device.

Fig. 7 shows the dependency of thermal resistances on he
transfer rate. The thermal resistance of the DMHP shows a little
different under each heat transfer rate, because the two- phadél
phenomenon is changed with different heating power. A thin
layer of liquid near to the heated surface is superheated to a suf-
ficient degree to allow nucleation. The nucleation occurs at thel5]
heating surface within 0.2—0.3 W in Fig. 7. At low heat fluxes,
the vapor structure changes by starting at a few individual sites.
Finally, the bubbles coalesce. The vapor patches and columns
are formed close to the surface at high heat fluxes. After the nui”
cleation boiling, the two-phase forced convection reach within
0.3-0.4 W in the experiment. The growth bubbles escape fromis]
the surface on the channels rapidly and a higher degree of tur-
bulence will be produced [12]. The heat transfer coefficient in [g]
forced convective boiling may be strongly dependent upon ei-
ther the heat flux or the mass quality. Because extremely higH
heat transfer coefficients are possible in this forced convectivg 1
boiling regime, the temperature drop will be flatter. As a result,
the thermal resistance is lower under 0.3—0.4 W in Figs. 6 and ?12]
The experimental data shows that a low charge volume of 18%
and 37% can apparently reduce the thermal resistance within
0.3-0.4 W. It is obvious that the two-phase convective boiling
phenomenon will not easily occur with a higher charge volume.

The effect of fluid charge volume on the thermal performanc
of tested DMHP is shown in Fig. 8. It is found that the optime
fluid charge volume is about 55% for the present tested DMH
Fig. 9 shows the thermal performance of pure copper base u
in conventional laser diode package. The thermal resistance
found to be 2.97C/W. Consequently, the present measure
data verify that the proposed DMHP have a lower thermalres
tance as compared with the pure copper base under the optiriar
fluid charge volume (55%).

V. CONCLUSION

A novel packaging base for the TO can package of las
diode, the disk-shaped miniature heat pipe (DMHP), is pr
posed as substitute for the conventional copper base in
present study. An aluminum base with multiple micro-groove
that radiate from the center was prototyped to verify t
thermal performance of DMHP and the potential of using
DMHP as heat spreader of laser diodes. For the present tested
DMHP, the optimal working fluid filling volume is found to
be 15-16ul. Meanwhile, an average decrease of 40% in tt
thermal resistance is also achieved as compared with traditio
copper base. Therefore, the mounting base integrated w
DMHP tolerates the high output power of laser diode, and al
decreases the operation temperature of laser diode. As a re:
the low fabrication cost and high heat spreading features of t
present design have proved the potential as a substitute for
conventional oxygen free copper base.
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