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Abstract : This paper presents electromagnetic interference(EMI) suppression method applied on the direct
current{DC) motor driver for power tail gate control. EMI noise is generated by the fast switching of power devices
connected to electric loads. It has become a matter of concern because of the vast increase in the number and
sophistication of electronic system in automotive environment. The proposed EMI reduction method is based on the
principle of reducing the transient speed of power devices by changing the parameters of the driver circuit related to the
power MOSFET. In this paper, power losses were calculated by loss equations and thermal simulation was used to
evaluate the effect on printed circuit board. Based on these results, the DC motor driver was fabricated and tested. The
proposed method can help to design a DC motor driver which allows it to obtain an acceptable compromise between

power losses and EMI.
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(b) Motor stop-mode; (b-1) right-turn mode to stop(3),
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(¢) Motor left-turn mode

Fig. 1 Operation modes of the full-bridge motor dfiver
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Fig. 2 Measurement-based simulation scheme used for
estimating power losses of power-MOSFET
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Table 2 Averaged power loss of units under test(UUT) at the

intial state
Averaged power loss UUT-1 UUT-2
(W] open close open close
MOSFET QI 6.4 0.4 3.7 0.4
MOSFET Q2 2.1 3.2 2.1 1.4
MOSFET Q3 0.0 3.2 0.0 | 14
MOSFET Q4 6.4 0.0 3.7 0.0
P = 1 V, 1.t (2)
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Fig. 3 Simulation model and result of PCB implemented
with the power-MOSFET; (a) cross-sectional view of
3D-model, (b) meshed model, (c) temperature
distribution (top view)

Table 3 Properties of materials used in element model

, Thermal conductivity | Density | Specific heat

Silicon 163 2330 703

Copper 400 8700 385

Epoxy 1 2 0.2066

Solder 50 9000 150

FR4 0.35 1900 1369
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Table 4 Parameters of motor driver and DC motor

Parameter UUT-1 | UUT-2
Dram.-source on-state 6.6mO
resistance, Raon
Power- [nput capacitance, Cis; 1870pF
MOSFET | Output capacitance, Cogy 482pF
Rise time, # 104nsec
Fall time, ~ Slnsec
Impedance of gate driver, Z, 2009 | 4802
PWM switching frequency, f | 20kHz
| Armature resistance, R, 0.1682
DC Motor .
Armature inductance, L, 0.18mH

(a) (b)
Fig. 4 Experimental setup for measuring the temperature of
power-MOSFETs(Q1, Q2,Q3,Q4) on PCB

Table 5 Operation conditions of tailgate simulator

Open cycle time 7 .0sec
Close cycle time 10.5sec
Gate [ . ;
Latch cinch time 3.5sec
travel
Latch release time 2.5sec
Stop time(at full open/close) 3.5sec
Opening angle 73°
Operating voltage 13.5V
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Fig. 5 Experimental setup of radiated emission test(a, b, ¢)
and conducted emission test(d); (a) monopole antenna
test (0.15SMHz~30MHz), (b) biconical antenna test
(30MHz~300MHz), (¢) log-periodic antenna test
(300MHz~1000MHz), (d) conducted emission on
power line,
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MOSFET under simulation (a) and experiment (b)
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