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Abstract—This study investigates the thermal management of
high-power GaN-based blue laser diodes packaged with
silicon carbide (SiC) and aluminum nitride (AIN) submounts
through finite element analysis (FEA) and experimental
validation. Simulated thermal resistances are 7.34 K/W (SiC)
and 10.78 K/W (AIN), while measured values are 7.78 K/'W
and 11.20 K/W respectively, demonstrating model-experiment
agreement within 6%. The SiC-packaged laser achieves 24%
higher output power (3.62 W vs. 2.92 W at 3.0 A) and 2.3
percentage points higher peak wall-plug efficiency (28.9% vs.
26.6%). These results confirm that SiC submounts
significantly enhance thermal dissipation and electro-optical
performance.
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Introduction

High-power GaN-based blue laser diodes (LDs) are critical
for laser displays, solid-state lighting, and visible light
communications [1]. While state-of-the-art devices achieve
wall-plug efficiencies exceeding 51% [2], thermal management
remains challenging at multi-watt output levels. Elevated
junction temperatures degrade threshold current, slope
efficiency, and device reliability [3].

The submount material significantly influences heat
extraction. Aluminum nitride (AIN, ~230 W-m-K™) offers
favorable CTE matching with GaN, while silicon carbide (SiC,
~390 W-m™-K™") provides higher thermal conductivity [4]. This
study quantitatively compares these materials through FEA
simulation and experimental characterization.

I. THERMAL SIMULATION

A. Model Configuration

A three-dimensional steady-state thermal model was
developed for a flip-chip packaged 445 nm GaN laser. The chip
(1.2 x 0.2 x 0.1 mm?) was bonded via AuSn solder onto SiC or
AIN submounts (5.75 x 0.45 x 0.33 mm?), mounted on a copper
heat sink. Material properties are listed in Table I. The heat
source was defined in the active region (1.2 x 0.14 x 0.00003
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mm?). At 28% wall-plug efficiency with 3.0 W optical output,
the thermal dissipation is 7.71 W with heat density of 1.53 x 10°
W/mm?®. The heat sink base was fixed at 300 K.

TABLE L. RELATIVE MATERIAL PARAMETER
Material Thermal conductivity | Length Xwidth Xheight
(W-m-K1) (mm)
active area 130 1.2XX0.14X0.001
chip 130 1.2X0.2X0.1
Au/Sn 57 4.5X0.9X0.005
AIN 230 5.75X0.45X0.33
SiC 390 5.75X0.45X0.33
Cu 398 /

B. Simulation Results

Fig. 1(a—b) shows the temperature distributions. The
maximum junction temperature reaches 383.16 K for AIN
versus 356.64 K for SiC—a 26.5 K reduction. Fig. 1c presents
the temperature profile along the cavity, showing higher front-
facet temperature due to asymmetric heat spreading paths.

The simulated thermal resistances are7.34 K/W
(SiC) and 10.78 K/W (AIN), representing a 32% reduction with
SiC submount.
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Fig. 1. Temperature distribution of of packaged laser chip with (a) AIN-
submount and (b) SiC-submount. (¢) Compared temperature distribution along
the cavity of packaged.



II. RESULTS AND DISCUSSION

A. Spectral and Electro-optical Performance

Laser chips were flip-chip bonded onto metallized
submounts using AuSn eutectic soldering at 320°C. Fig. 2 shows
spectral evolution from 1.0 A to 3.5 A. The wavelength red-shift
was 7.04 nm for AIN versus 6.06 nm for SiC—14% smaller shift
confirming superior temperature control with SiC submount.

P-I-V characteristics (Fig. 3a—b) show that at 3.0 A, AIN-
packaged laser outputs 2.92 W with thermal saturation, while
SiC delivers 3.62 W—a 24% improvement. Efficiency curves
(Fig. 3c) reveal peak efficiency of 26.6% at 1.62 A for AIN
versus 28.9% at 1.99 A for SiC submount, with threshold
currents of 0.42 A and 0.38 A respectively. The 2.3 percentage
point efficiency improvement and 23% higher optimal current
indicate enhanced thermal headroom with SiC submount.

B. Thermal Resistance and Model Validation

Thermal resistance measured by T3Ster testing (Fig. 4)
yielded 11.20 K/W for AIN and 7.78 K/W for SiC. Table II
compares simulation and experiment. The 4-6% deviation is
attributed to solder voids and interface imperfections not
captured in the idealized model. This close agreement validates
the FEA methodology for thermal design optimization.

THERMAL RESISTANCE COPARISON

Submoun Simulated Measured (K/W) Deviation
t (K/'W)
SiC 7.34 7.78 +6.0%
AIN 10.78 11.20 +3.9%
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Fig. 2. Spectral distribution of of packaged laser chip with (a) AIN-submount
and (b) SiC-submount.

C. Design Implications

The 32% thermal resistance reduction with SiC translates
directly to improved high-power performance. However, SiC’s
larger CTE mismatch with GaN (4.0 vs. 5.6 ppm/K) compared
to AIN (4.5 ppm/K) may affect long-term reliability under
thermal cycling [5]. Additionally, SiC costs 3—5% more than
AIN. For applications prioritizing thermal performance over
cost and where reliability can be validated, SiC presents a
compelling choice.
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Fig. 3. Electro-optical characterization of laser chips with (a) AIN-submount
and (b) SiC-submount. (c) Efficiency-current characteristics of laser diodes
packaged by SiC-submount and AIN- submount.
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Fig. 4. Thermal resistance of laser diodes packaged by (a) AIN-submount and
(b) SiC-submount.

III. CONCLUSION

This study demonstrates that SiC submounts provide
significant advantages for high-power blue LD packaging: 32%
thermal resistance reduction, 24% higher output power at 3.0 A,
2.3 percentage points higher peak efficiency, and simulation-
experiment agreement within 6%. These results establish
quantitative guidelines for submount selection in high-power
laser diode thermal management.
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