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M.2 NVMe SSD (Non-Volatile Memory express Solid-State Drive), which have higher computational speed and reliability
than conventional devices, have come to be widely used. Recent studies have reported that M.2 NVMe SSD are beginning
to have thermal issues due to the increasing heat generation occurring with the high chip density and high-performance
operation in a limited space. Thermal issues in the controller and memory units of M.2 NVMe SSD lead to increased failure
rates and decreased data retention times. In this study, we propose a compact and optimized thermal solution for
commercial M.2 NVMe SSD installed between the mainboard and GPU (Graphic Processing Unit). A thermal and fluid
dynamics simulation of an M.2 NVMe SSD, including the heatsink, was performed, and the Genetic Algorithm method was

used to optimize the heatsink size.
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NOMENCLATURE
C, = Specific Heat at Constant Pressure
A% = Velocity
T = Temperature
Timax = Maximum Temperature
Tmin = Minimum Temperature
Tese = Case Temperature
W = Watt
L = Length
w = Width
(x) = Heatsink Fin Height
(y) = Heatsink Base Height
t = Heatsink Fin Thickness
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Table 1 Thermophysical properties of M.2 NVMe SSD components

. Thermal
Material ][?;/“;% 0 /k(;'iK] C({)\r;;i/lrlgtgity
Domain  Air 1225 1,00643 0.0242
Heatsink Al 2,719 871 2024
PCB FR4 2,719 871 02
CTRL Si 2,329 713 124
(é:i]r‘ Cu 8,978 381 387.6
NAND i 2,329 713 124
T\i’gi? ZEOS;‘; 1,800 1,209 0.7
DRAM Si 2,329 713 124
DCI:V:? E;aj;‘yc 1,800 1,209 0.7
Thlf:;al Silicone 3,100 713 2.9
Mainboard  FR4 2,719 871 02
Pillar Al 2,719 871 2024
Slot Al 2,719 871 2024
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Fig. 1 Schematic of M.2 NVMe SSD
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Fig. 2 Mesh for the numerical simulation
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Table 2 Boundary conditions

Top surface T [°C] 93
Side surface T [°C] 522
Mainboard surface T [°C] 50.3
Inlet T [°C] 27
Inlet V [m/s] 0.672

(a) Mainboard surface (b) GPU slot surface

Fig. 3 Measurement temperature of IR camera
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Table 3 Design variables and constraint conditions

Optimization target CTRL T Minimization
Heatsink width w=22
Heatsink length L=280
Fin number Fin : 4-8
Fin height 1<(x)<4.7
Total height x)+(y)<5.7
4.75 [4Fin]
3.6 [5Fin]
Fin thickness 1<t< 2.83 [6Fin]
2.285 [7Fin]
1.875 [8Fin]

Fig. 5 Design variables of the heatsink
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Table 4 Optimization results

(x) [mm] t [mm] CTRL Tpax [°C]
4Fin 2.1 34 74.6
5Fin 3.73 2.7 68.2
6Fin 2.92 1.87 70.6
7Fin 2.19 1.55 73.8
8Fin 2.11 1.71 74.8
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(0]
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s ——7Fin 8Fin
75 v———_—
o —

65 1 1 1 1
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Fig. 8 Temperature of each component depending on the number of
fin
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APPENDIX

A1. Mesh S|&E HAE
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Table A1 Temperature of detail components

CTRL DRAM NANDI1 NAND2
4Fin [°C] 74.6 72.6 75.9 76.4
SFin [°C] 68.2 66.6 70.0 70.6
6Fin [°C] 70.6 68.9 72.3 72.8
7Fin [°C] 73.8 71.9 75.2 72.7
8Fin [°C] 74.8 72.8 76.1 76.6
355
—— CTRL Temp.
354 —— DRAM Temp.
——— NAND1 Temp.
353 —— NAND2 Temp.

Temperature (K)

0.18 0.16 0.14 0.12 0.10
Mesh Size (mm)

Fig. Al Simulation results depending on the minimum mesh size
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