





Temperature Sensing Output

* Real-Time Junction Temperature Output Through Digital Outputs
— The sensing resistor in the 2DEG region is used to measure the junction temperature T; in real-time.
The op-amp, ramp generator circuit, and comparator converted the T; to a digital output: the duty
cycle represents different junction temperature.

- T; feedback enables active thermal control (reducing power in compromised thermal conditions) and
facilitates the prototype testing process.

 Exemplary Waveforms in Hard-switching Conditions
— Buck converter operation at 400V bus, f;, = 70 kHz, I; =10 A, and R4, =0 Q at 150 V/ns.
— Both high-side and low-side GaN's TEMP outputs can be measured, and high-side shows higher T;.

657'8,96'("&%*#

,%8&%)5;
<)1)

..............

), H4032"77
( 4 H40012"77I




Ideal Diode Mode Operation

« Operation Principle and Example
— At high-frequency operation, the reverse conduction loss during deadtime becomes significant.

— The ideal diode mode (IDM) helps to reduce the 3 quadrant conduction loss by implementing
synchronous FET operation shortly (~50ns) after a reverse conduction is detected.

— The reverse conduction detection helps to optimize deadtime loss across different load conditions.
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Ideal Diode Mode Operation Benefits

 Condition and Result

— The soft-switching device’s deadtime loss before turning-on is considered: I, = 10.5 A, Vsp at high
T;, and the soft-switching transition time is 35 ns.

— The IDM helps to save reverse conduction loss during deadtime, especially at high frequency or
large deadtime conditions.
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Deadtime Loss vs. Pre-set Deadtime at 200kHz Operation
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Over Temperature Shut Down (OTSD)
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Over temperature shut down when current is
in 1st quadrant conduction:

» The device will stop switching and remains OFF to
avoid further over-heating through conduction or
switching losses.

Over temperature shut down when current is
in 3rd quadrant conduction:

» The GaN device is turn ON to avoid further over-
heating through the reverse conduction losses.
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Setup for Over Temperature Shut Down (OTSD)

 Low Duty Cycle Buck Operation
— On the EVM, the heatsink is removed for over-temperature protection test.

- Vyus = 30V, 5A, and low duty cycle (20%, 70 kHz) is implemented such that the load current is
heating up the low-side device to trigger over-temperature protection.

B 1 R S 1560 S 0 [ 0 N 0 [N 04 S 504 | Bt | Rt B 7500 [ 0 CHN 7 N [N N 4 | B0 S 5 S 150 S 0 [N | 1 S 154 [

- 5 I A O R
I l :

i |
_I> .
L
I, (5A/div) & H

CCM Buck with Load 20% Duty Cycle at 30V



https://www.ti.com/tool/LMG3522EVM-042

Benefits of Ideal Diode Mode of Tl Gen-ll Device in OTSD

 Testing Results
— Current is increased to 10A to trigger over-temperature protection, and its T; is indeed high from
sensing signal.

— The fault signal goes low to indicate the over-temperature fault, and reset all the PWM signals to
OFF state.

— When a reverse current is flowing under OTSD condition, instead of going through the high reverse
conduction (with the device in OFF state), the device will be in ON state to reduce its power loss.

— This helps to protect the device from further heating and damages.
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Summary: Tl GaN Integrated for High Frequency and Robust Operation

100 V/ns

oA

400V
(100 V/ns)

55Vins

Integration and Features + Compact SMD package - Design simplicity & confidence

* Integrated gate drive e Low parasitic lead inductance = ¢  Robust switching at high dv/dt.

* Integrated gate driver supply.  Enhanced thermal with Gen-lII «  EMI consideration.

 OC/SC protection through current 12x12 QFN vs. Gen-l 8x8 QFN «  Allows different power supply
sensing. for 2x power output. solutions.

« T sensing for advanced power * Flexible thermal management « Compact PCB footprint.
management. with top-side and bottom-side  Robust system with on-chip

« Ideal diode mode operation cooling. protections.

*  Over-temperature shut down scheme.




