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48 VV GaN motor drive with diode-Less

operation and short 30 ns dead time for
70A/100kHz systems
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Introduction Figure 1. Basic schematic and PCB picture
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High-performance motor-control systems for applications such as robotics, power T B '™
tools, e-mobility, and drones increasingly demand higher efficiency, reduced size, Zowm ] T R g |8 | &1
and improved thermal behavior. Gallium Nitride (GaN) power devices are attractive T s 2 T g 'TLEL e _T'_f?',&m o e
in 48 V systems because of their low switching losses, negligible reverse-recovery n AeN— B é
charge, and ability to operate at high switching frequencies and short dead times. e e e *‘Z‘*Mfﬁ_;—f = _.__qu
The work presented here evaluates a 48 V GaN-based three-phase motor drive 2 s s b DR 1=
incorporating parallel e-mode GaN HEMTs with a dedicated controller, developed gﬁfﬂ%_mi’ﬁ: i
to demonstrate the advantages of GaN in real motor-control applications.
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» The evaluation system is a 48 V GaN-based three-phase inverter board. T ekl i R
It incorporates 12 eMode-GaN transistors (GANE1R8-100QBA) across three SES e b
independently controlled half-bridges. Each half-bridge uses four devices per ”"‘) i L
phase: two in parallel for the high-side switch and two for the low-side switch. R e RS
> This lowers conduction losses and equalizes thermal stress per FET, enhancing - - ERR
reliability under high-current operation. The system is shown in Figure 1 below ﬂ rEr e el D28y
reported and the basic switching behavior in Figure 2. ) L A0 R
GaN HEMTs bring key advantages to motor-control systems: Figure 2. Switching at 100kHz (steady state and turn off zoom)
»Very low Rps(on) and Qg for fast, efficient switching
> Low Qqss, and negligible Q,, basically just linked to Q.. and its capacitive peak
current, (charging and discharging peaks) minimizing especially turn-on losses
> Low-inductance SMD packaging enabling clean switching without oscillations e a T p— Y T g ] s S | WM
root of EMI/EMC. i (-
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These characteristics translate into clear system-level advantages: | T ERR e

» Lower switching losses and higher or faster frequency capability ] S I " [ F— J(
» Shorter dead times and improved efficiency

> Reduced ripple, smoother and quitter motor operation

> Lower winding/core losses and smaller, denser power stage.

Thermal measurements were captured using IR imaging. At 75 A phase current (150 A peak-to-peak), the maximum measured FET temperature was 135 °C (Figure 3).
Considering the extremely short dead time [3] and removal of diodes, this thermal performance demonstrates the robustness of GaN devices in high-current

48 V motor-control environments. Efficiency measurement were caught at 48V using a dynamometer bench at the conditions defined in the side table (Figure 4).
The final peak achieves 96.2% as reported in Figure 4.

Figure 3. Thermal picture Figure 4. Testing conditions and efficiency results at Vin = 48V

GaN Inverter Efficiency mapping 48V 100kHz 25ns DeadTime

! (0)
1 134 7€ 62.2 440 8160 8750 9020 9200 9320 9400 9490 9540 9580 9560
57.3 40.5 8120 8670  90.00 9220 9330 9410  94.80 ---
- PWM sw frequency 100kHz 54.0 38.2 81.10 8730 9010 9200  93.10 9410  94.90 ---
- -' 49.9 35.3 80.60  87.00  90.20  92.00  93.10 9410  94.80
o | o550 920 sea
o , Max output power 1200W 45.3 32.0 80.00 8670  89.80 9220 9340 9420 9480 9580 9590 9620
W e | < 406 28.7 7940 8610 8960 9190 9260 9410 9480 9550 9580  96.10
e | T e : ' S 369 26.1 7830 8560  89.70 9190  93.00  94.00  94.90
1Y s Sl Max phase current Irms 44 S % o1 TN G0 70 9190 900 %00 M S5 S8 %6
bR il 334 23.6 7740 8530 8920  91.50 9280 9390 9450 9530 9590  96.00
5 8 o
} ‘ l 5C BUS Volk 5460V Y 291 20.6 7580 8450 8890 9110 9230 9360 9450 9510 9560  96.00
1:: B l oltage - 2
it , 2 7 17.5 7450 8270  87.40 9010 9190 9320 9400 9480 9500 9560
21.2 15.0 7000 8130  86.80  89.10  90.00 9240  93.50 : -
Dead Time 25ns 16.7 11.8 6710  78.00  83.60 8730  89.70 9170 9230  93.10 9420  94.40
13.0 9.2 61.00 7450 8090 8440 8690 8930  90.80  91.60 9230  93.40
8.4 5.9 51.50 64.40 7450  80.50  83.10 8550 8650  89.60  90.80  90.70
4.6 3.3 - 4990  61.60 6950 7240 7820  80.50 8210 8250  84.60
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