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BridgeSwitch allows building compact, high-voltage brushless DC motors drives without having to use a 
physical heatsink;  the half-bridge architecture makes it ideally suited for 3-phase inverters. Each package 
handles only a third of the total losses occurring in the inverter while facilitating heat transfer to the printed 
circuit board through exposed pads. Optimizing the PCB layout concerning device arrangement, inter device 
distance, and copper clad area play an important role in the thermal performance of the three devices.
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Introduction

BridgeSwitch is a half-bridge motor driver, which incorporates two high-voltage N-channel power 
FREDFETs with low and high-side drivers in an InSOP-24C surface mount package [1]. The half-bridge 
architecture makes BridgeSwitch ideal for 3-phase inverters driving brushless DC motors. Each 
package handles a third of the total inverter losses. The distribution of the heat to three devices allows 
the construction of a motor drive that does not require a metal heatsink. Two exposed pads facilitate 
heat transfer from the power switch to the printed circuit board (PCB). They are marked HD and HB as 
shown in Figure 1.

Figure 1 BridgeSwitch InSOP-24C Bottom View

PCB layout plays an important role in the thermal performance of each BridgeSwitch device. The 
configuration of the three devices and distance between each, the area of the PCB copper connected 
to the exposed pads, and thickness of that copper all effect thermal performance. The following study 
compares the effect of mounting configurations, copper areas and device distances on device 
temperature rise.

Test Setup

Figure 2 depicts the schematic of the test setup used to determine the thermal performance of each 
layout.
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Figure 2 Test Setup Circuit Diagram

The three BridgeSwitch BRD1265C devices U1, U2, and U3 were connected in series and DC voltage 
source VS induced a DC current to flow through the resulting chain of body diodes. Resistor R limited 
the current such that the dissipation per body diode is (V) x (A) = 0.75 W, resulting in a well-defined 
total dissipation per package of 1.5 W.

For the thermal performance study, tests were performed PCBs mounting the BridgeSwitch devices 
into two triangular configurations and a linear configuration as depicted in Figure 3. Triangular 
configurations included an equilateral triangle (Triangular A) or an isosceles triangle (Triangular B). 
Additionally device distance D varied between 17 mm and 25 mm; area A of the copper was varied 
between 150 mm2, 300 mm2, and 600 mm2. The PCB was a dual layer board with copper cladding of 
area A on both sides, connected by thermal vias. The effective total copper clad area was 2 x A for 
each exposed pad. The thermal vias resided directly under the exposed pads of the InSOP-24C 
package and had an outer diameter of 0.8 mm and an inner diameter of 0.5 mm. The printed board 
used FR4 laminate with a copper thickness of 70 µm (610 g/m2).
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Figure 3 Linear and Triangle A / B Device Configurations (Bottom Layer)
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Test Results

Figure 4 plots the measured average rise of device temperature above ambient temperature at 1.5 W 
package dissipation over copper clad area A per layer at different device distances D for the two 
triangular configurations and for the linear configuration.

Figure 4 Average Device Temperature Rise vs. Configuration, per Layer Copper Clad Area, and Device Distance

Table 1 summarizes test results with a PCB copper area A = 600 mm2 per layer.

Device Distance D 17 mm 25 mm

Average Temperature Rise 
Triangular A Configuration (A = 600 mm2) 55.1 °C 51.8 °C

Average Temperature Rise 
Triangular B Configuration (A = 600 mm2) 50.8 °C 48.4 °C

Average Temperature Rise 
Linear Configuration (A = 600 mm2) 63.8 °C 56.9 °C

Table 1 Average Temperature Rise Above Ambient Temperature with A = 600 mm2 per Layer Copper Clad Area
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Both triangular configurations significantly reduced average device temperature rise compared to the 
linear configuration. For a device distance D = 25 mm and copper clad area A = 600 mm2, Triangular A 
configuration reduced average device temperature rise by 5.1 °C and Triangular B configuration 
reduced the average temperature rise by 8.5 °C compared to the linear configuration. For a device 
distance D = 17 mm and A = 600 mm2, the average temperature rise was 8.7 °C lower for Triangular A 
and 13.0 °C lower for Triangular B, respectively, compared to the linear configuration. Note, that both 
triangular configurations still had lower device temperature rise in a more dense design with 
D = 17 mm compared to the linear configuration in a less dense design—device distance D = 25 mm.

Figure 5 depicts thermal device scans for triangular configurations and the linear configuration with a 
PCB per layer copper clad area of A = 600 mm2 and a device distance D = 17 mm at 1.5 W total 
dissipation in the package.

Linear Configuration, 
 D = 17 mm, A = 600 mm2

Triangular B Configuration, 
 D = 17 mm, A = 600 mm2

Triangular A Configuration, 
 D = 17 mm, A = 600 mm2

Figure 5 Thermal Device Scans of Triangular vs. Linear Configurations and a 1.5 W Package Dissipation

Both triangular configurations resulted in a more equal temperature match between the three 
BridgeSwitch devices compared to the linear configuration. For Triangle B, the temperature difference 
between all three devices was only 2.2 °C. This compared to 4.5 °C temperature difference between all 
devices in the linear configuration with the center device operating at the highest temperature.

Conclusion

PCB layout plays a key role on the package temperature in a 3-phase inverter using BridgeSwitch. The 
test results showed that triangular configurations lowered device temperature significantly compared 
to a linear configuration and reduced temperature variation between devices. The advantage of the 
triangular configuration becomes even more prominent in denser designs.
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