Analysis of the Thermal Management Performance
Of the TDK 12V DC-DC Converter Used in the
Nissan X-Trail Hybrid

Purpose:
To analyze the TDK-manufactured 12V DC-DC converter, from the viewpoint of the thermal

management, to asses the heat removal performance. The temperature of critical devices and
components is computed and compared with specifications.

Analyzed system:
12V Output DC-DC converter
(DAA-HNT32, 2015 model)
Converter ASSY DCDC(292A0-4BCOA)
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1. Executive Summary




2. Technology roadmap for the TDK-manufactured DC-DC converter
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Fig.1: Technology roadmap. GEN-5 is used in the Nissan X-TRAIL
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Fig.4 : Cooling system for Lithium-lon battery
Airflow is distributed to the DC-DC converter by blower fand0) and duct ).



Overall appearance

Fig.5:NISSAN XTRAIL TDK DC—DC Converter



TDK DC-DC Converter Case
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Fig.6:NISSAN XTRAIL TDK DC—DC Converter configuration
Air inlets for cooling



Fig.8: DC—DC Converter configuration
Images of each of the PCB Cu layers.
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5. DC-DC converter :
Circuit block diagram and main heat generation sources.

R e p— — . — — g — . - e e e — e — ——
e Sy W e s o e - - -
G — W W e e Nt o D e

—— - e

Fig.9 Block Diagram
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SPICE simulation results of the power dissipated in (1) the Full-Bridge transistors, (2) the output rectifier diodes
and (3) the output load.
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SPICE simulation results of voltage waveforms




Load Current, lo

Load Power, Po

Rectifier Schottky Diodes

Upper side
Lower side

Full-Bridge Transistors
Q503
Q504
Q501
Q502 |

Output Coil L1014
Transformer Secondary

Transformer Primary

Total Power Loss, Ploss

Efficiency n=Po/(Po+Ploss)

Summary of SPICE simulated power losses in the DC-DC Converter.
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6. DC-DC converter: Heat sources and mounting to heat sink.

Device/Component Tjmax [ PKG Rinjc Mounting to the heat sink Rihc hs
[°C] [W/C] [W/°C]
Full-Bridge Transistors 150Y) TO-247
STW75NF30
Rectifier Schottky Diodes 1751) D2PAK
STPS41H100C-Y
Full-Bridge Transformer 1302
TR802 (Planar PCB
transformer with partial
ferrite core)
Smoothing coil L1014 125

(MB1H Ferrite core)

Notes:
1) From datasheet

2) Maximum allowable operating temperature for conventional FR4 laminate.
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7/.TDK DC-DC converter: Heat
sink overview

Fin side of the heat sink

oot




Insulation heat
conduction sheet

Full-Bridge Transistor
Area

Heat source mounting area on the heat sink

18






8 TDK DC-DC Converter: Heat sink thermal resistance (1)

NISSAN XTRAIL HYBRID: 12V Battery DC-DC Converter

Heat Sink Dimensions

Units
Heatsink material
Wb Heatsink base width mm
Lb Heatsink base length mm
Whs Fin Heatsink width mm
L Fin Heatsink length mm
Hf Heatsink fin height mm
t Fin thickness mm .
T Considering
P Fin pitch mm )
S Fin spacing s=p—t mm % GBI P
tb Heatsink base thickness mm
Afin Heatsink Fin Area mm2
Nfin,chan Number of fin channels
Af Total Fin Convection area mm2 ”
cm2 [
Am Fin profile area Am=Lc x t mm2
Abf Area of Heatsink base for convection s*L*(Nfin—1) mm2
Vhs Heatsink Volume= Hf x L x Whs mm3
cm3 |
s/L Heatsink Air Channel width/Length ratio
km Heatsink material thermal conductivity W/m.K
kair,o0 Air thermal conductivity W/m.K
0 Air density Kg/m3
% Air viscosity m2/s
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8 TDK DC-DC Converter: Heat sink thermal resistance (2)

h Forced convection heat transfer coefficient W/m?=°C
hnv Natural convection Vertical heat transfer coeff W/m?%-°C
hnhb Natural convection Horizontal heat transfer coeff W/m?+°C
Y Hf
nf Fin efficiency
Natural Convection
Rth fin Heatsink Fin thermal resistance °C/W
Rth,base,conv |Heatsink base convection thermal resistance °C/W
Rth,hs Heatsink thermal resistance °C/W
Forced Convection
Rth.fin Heatsink Fin thermal resistance °C/W
Rth,base,conv |Heatsink base convection thermal resistance °C/W
Rth,hs Heatsink thermal resistance °C/W

5

=

Results of computed thermal resistance for the finned area of the heat sink.
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9. Two-dimensional (2D) heat transfer
analysis in the heat sink.
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Material Parameters

km |Thermal conductivity of heatsink metal W/m.°C 210
heff |Finned heatsink Effective heat convection coefficient W/m2.°C 180
hn Unfinned Effective heat convection coefficient W/m2.°C 10
tb Thickness of Heatsink base plate mm 10
A x |Unit analysis cell size mm 4
C Fractional base thickness for lateral thermal conduct. 0.5
r Heatsink base lateral thermal resistance 1
Rhc |Fiined Effective heatsink convection resistance 347
Y r/Rh 0.0027
Rhn |Unfined Effective heatsink convection resistance 6250
n r/Rhn 0.0002
Thermal
Conductivity
k [W/m*°C]
Case, Heat sink Heat sink Aluminum 210
Islseuelitlng Thermally conductive Transistor—-Heat sink |Furukawa Electric 5
TIM (Thermal Interface Material) |[Diode—Heat sink 5
Mitsubishi Gas
PCB Laminate PCB Chemical 04
FR-4(EL190T, FL700)
Copper PCB traces Cu 380
. . . TDKIZ S MIE
Magnetic Core (Ferrite) Transformer, Coil TDK-EPCOS 5
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TDK DC-DC Converter Thermal Performance:
Simulation(1)
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Heat sources temperatures for
Ta=50°C and P1=P2=35W
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10. Equivalent Thermal circuit for the DC-DC converter (1)

e 4
Full-Bridge Heatsink ™ Ricl | MOSFET Junction-pkgcase
. Rjc, Rchs, T Rchsl MOSFET pkg case-heatsink
Chip temperature T, hs1 * Insulating conductive heat sheet
PB T Risa1
o
Rhs12 Ris13 Rchs3 Diode pkg case-heatsink
T. | ] * Effect of PCB Viais dominant
Trafo Rt Rchs S I Rke | Output Coil Core-Surface
’ Ths ...Rechs4 | Output Coil Surface-heatsink
...... Rhsal | Full-Bridge Heatsink-Ambientair
PT T R .|| Rhsa2 | Transformer Heatsink-Ambient air
= N Rhsa3 | Diode Heatsink-Ambientair
- Rs 2 | | | | Rhsa4 | Output Coil Heatsink-Ambientair . . ...
- | ] | = Rhs12 | Thermal coupling Full-Bridge-Transformer
Rectifier . T Rhs13 Thermal coupling Full-Bridge-Rectifier
Ric;  Rchs, Tl || Rhs23 | Thermal coupling Transformer-Rectifier
Chip temperature T, - .. Rhs34 | Thermal coupling Rectifier-Coil |
PD Tes L
Rhas | | T Semiconductor Junction temperature
~ Rsa = || e Tc.......|.Device/Component Case temperature ..
........ Ths | Heatsink Component side temperature
( Coil TaH Ambient (Heatsink Fin surface) temperature
Rkc  Rehs, T _...PB___| Full-Bridge powerloss (k=4) . . . . .. .
e | PD_.. | Rectifier Diode dissipation . . .. ... ...
PK Tea B Transformer powerloss ..
R o PR Output Coil powerloss
hsa4
N\
. J

Extracted DC-DC converter equivalent thermal network (TM) including the main heat generation sources and

effective thermal resistances.
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11.1 PCB via structure and the wiring thickness
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11.2 PCB Cu pad (L1-L4) thermal resistance

Rectifier diode (1)
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