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＜High Voltage Safety Precautions＞ 

 

◇ Read all safety precautions before use 

 

  Please note that this document covers only the GaN power devices evaluation board 

(GNP2130TEC-1-EVK-001) and its functions. For additional information, please refer to 

the datasheet.  

 

To ensure safe operation, please carefully read all precautions before 

handling the evaluation board 

 

  Depending on the configuration of the board and voltages used,  

 

Potentially lethal voltages may be generated. 
 
Therefore, please make sure to read and observe all safety precautions described in 

the red box below. 
 

Before Use 
[1] Verify that the parts/components are not damaged or missing (i.e. due to the drops).  
[2] Check that there are no conductive foreign objects on the board.  
[3] Be careful when performing soldering on the module and/or evaluation board to ensure that 

solder splash does not occur. 
[4] Check that there is no condensation or water droplets on the circuit board.  
  
 During Use 
[5] Be careful to not allow conductive objects to come into contact with the board.  
[6] Brief accidental contact or even bringing your hand close to the board may result in 

discharge and lead to severe injury or death.  
Therefore, DO NOT touch the board with your bare hands or bring them too close to the board. 
In addition, as mentioned above please exercise extreme caution when using conductive tools such 
as tweezers and screwdrivers. 
[7] If used under conditions beyond its rated voltage, it may cause defects such as short-circuit or, 

depending on the circumstances, explosion or other permanent damages. 
[8] Be sure to wear insulated gloves when handling is required during operation. 
  

 After Use 
[9] The ROHM Evaluation Board contains the circuits which store the high voltage. Since it stores the 

charges even after the connected power circuits are cut, please discharge the electricity after 
using it, and please deal with it after confirming such electric discharge. 

[10] Protect against electric shocks by wearing insulated gloves when handling. 

 

 

This evaluation board is intended for use only in research and development facilities and 

should by handled only by qualified personnel familiar with all safety and operating 

procedures. 

We recommend carrying out operation in a safe environment that includes the use of high 

voltage signage at all entrances, safety interlocks, and protective glasses. 

 

http://www.rohm.com/
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GaN Power Device 

GNP2130TEC-1-EVK-001 User’s Guide 

Overview 

This user’s guide describes how to use evaluation board (EVK) to evaluate GaN power devices 

for DFN8080.  

In order to take advantage of good switching performance and heat dissipation for GaN power 

devices, it is necessary to evaluate them under various drive conditions, but these evaluations 

are not easy. 

The EVK has been released to evaluate the switching performance. 

 

 

Features 

 Compact size 100W PFC + LLC converter  

(104 mm x 53mm x 23mm) 

 High power density: 1.18 W/cc = 19.5 W/inch3 

 Peak efficiency: 95.0% with VIN=230V 

 No-load power consumption: <0.3W 

 

Application 

 Telecom 

 Industry 

 Robot
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1. EVK appearance and topology 

The EVK appearance is shown in Figure 1. 

The GaN power devices are connected to the daughter board 

shown in the red frame of the Figure 1. 

In addition, the GaN power devices are connected with the 

cold plate to cool GaN, but a cooling fan is not used. 

 

 As shown in Figure 2., the EVK topologies are two blocks (a 

diode bridge PFC and an LLC circuit). 

To optimize the efficiency, the transformer secondary of the 

LLC circuit is a synchronous rectifier. 

 

 

Figure 1. EVK appearance 

 

 

Figure 2. Circuit topology 

 

 

2. EVK specification 

The EVK specifications are shown in table 1. 

The input AC voltage is covered world-wide value, and the 

load regulation of output voltage is stabilized. 

For operation up to 150 W, a separate fan for forced air 

cooling is required. 

 

 

 

 

 

 

 

 

Table 1. EVK specifications 

 

 

 

 

 

 

 

 

 

 

3．Circuit diagram 

The motherboard circuit diagram on the EVK is shown in 

Figure 3., and the daughterboard circuit diagram is shown in 

Figure 4. 

Control IC is on the motherboard and gate drive circuit is on 

the daughterboard. 

The motherboard and daughterboard are connected by 

solder. (CB1) 

 

The drain, gate and source of the GaN power devices (Q301, 

Q401, Q402) are connected with the motherboard, and gate 

drive circuits have speedup capacitor, (C11, C401, C402) gate 

protection circuits and gate voltage clamp circuits. 

 

To protect thermal issue, the daughterboard has thermal 

protection part (NTC3).  

 

 To adjust the gate resistance, please change R11, R13, 

R401, R402, R403, R404.  

Note: If the gate resistance is made too small, there is 

concerns regarding circuit malfunction and control IC loss. 

 

The zener diode ZD, ZD401, ZD402 are connected to clamp 

gate voltage. 

The Gate clamp voltage Vz can be modified by changing 

the zener diode. 

If Vz is changed to a larger one, the voltage between gate 

and source is applied beyond  

the breakdown voltage of 6V. 
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Figure 3. Motherboard circuit diagram 
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Figure 4. Daughterboard circuit diagram 

 

 

4. BOM lists 

Table 2. and Table 3. show BOM lists for the motherboard and daughterboard.  
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Table 2. EVK motherboard BOM list 
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Table 3. EVK daughterboard BOM list 

 

 

 

 

5.  EVK PCB  

 Figure 5. shows PCB of motherboard and Figure 6. Shows 

PCB of daughterboard. 

 

(a) Top side view 

 

 

(b) Bottom side view 

Figure 5. EVK PCB (motherboard) 

 

 

(a) Top side view 

 

(b) Bottom side view 

Figure 6. EVK PCB (daughterboard) 

 

 

6. Operation method of EVK 

Section 6 describes operation method of EVK to use safety. 

 

6-1.  How to connect of EVK  

Connect AC input wire and DC output wire.  

Please refer to Figure 7, connect the four wires with input AC 

on the left and output DC on the right. 

 

On the AC input side, the upper terminal is “L” (ungrounded 

side) and the lower terminal is “N” (grounded side). 

Also on the DC output side, the upper terminal is “Positive 

(OUT side)” and the lower terminal is “Negative (GND side)”. 

 

 

Figure 7. Wiring diagram of EVK 
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6-2. ON sequence and OFF sequence 

ON sequence and OFF sequence are shown in Figure 8. 

To prevent over current in case of short circuit, electric load 

should be no-load state before turning on the AC input. 

No need for another power supply to start up.  

 

After applying the AC voltage of 90 V or higher, confirm that 

the DC voltage is 24 V. 

If the output voltage is swinging from 0V to 24V, the EVK is not 

operating correctly. 

 

Since poor connection of GaN power devices, poor 

connection of wiring, or failure of control IC are suspected, 

please check the EVK.  

 

In OFF sequence, the electronic load is turned off first, and 

then the AC input is turned off, then a voltage of 380 V is stored 

in the output electrolytic capacitor C3 of the PFC circuit, thus 

touching the EVK may cause an electric shock. 

Make sure to discharge the C3 with a discharging jig before 

touching the EVK. 

 

 

Figure 8. ON sequence and OFF sequence 

 

 

7. EVK characteristic 

 

7-1. Load regulation 

After confirming the wiring and sequence, start measuring 

the characteristic.  

Figure 9. Is shown the road regulation for the EVK.  

 

 

 

 

In output current from 0A to 4.17A (Output power from 0W to 

100W), delta-VOUT=0.2V was confirmed. 

delta- VOUT is output voltage variation. 

 

Figure 9. Load reguration 

 

 

7-2. Startup waveforms 

The startup waveforms for an input AC voltage of 115V are 

shown in Figure 10. (a), (b). 

At no-electric load, tr=1.6ms for the output voltage after the 

applying of the input voltage. 

tr is the time for the output voltage to rise from 0% to 100%. 

 

 

 

 

 

 

 

(a)Startup waveform            (b) Startup waveform 

Figure 10. Startup waveforms (VIN=115Vac, IOUT=0A) 

 

 

 

 

7-3. Shutdown waveforms  

The shutdown time tr is defined by the following equation. 

 

IC = IOUT = COUT * dVOUT / tf   (1) 

 

 tf = COUT * dVOUT / IOUT       (2) 

 

 

 

 

Ch1 : VOUT (5V/div) 

Ch3 : VIN 200V/div) 

20ms/div 
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where IC is the capacitor current; COUT is the output capacitor 

C201 and C202; IOUT is the output current; dVOUT is the output 

voltage  

variation; tf is the time for the output voltage to fall from 100% 

to 0%. 

 

Calculated with IOUT=0.1A, 

tf=440*106*24/0.1≈106ms  

 

The measurement tf=110ms with IOUT=0.1A. (Figure 11.) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Shutdown waveform (VIN=115Vac, IOUT=0.1A) 

 

 

7-4. Efficiency 

The maximum efficiency of EVK is 95%, as shown in Figure 

12. 

The average efficiencies are 92.6% for VIN= 115V and 93.4% 

for VIN= 230V, both of them satisfying the requirement of 88% 

of standard. 

Also, the no-load power is less than 0.3W, satisfying the 

requirement of 0.5W of standard. 

 

 

Figure 12. Efficiency of EVK  

 

 

7-5. Switching waveforms 

Figure 14. and Figure 15 show the switching waveforms for 

the PFC circuit. 

Figure 14. are waveforms of no-load power, there are 

operating as burst mode  

This EVK is decreased the switching loss (turn on loss) since 

control IC has bottom switching function. 

The slew rate dVDS/dt in VDS at no load is dVDS/dt=4V/ns, 

indicating fast switching at no load. 

 

(a) Switching waveform for the PFC circuit  

 

(b) Turn on wave form         (c) Turn-off waveform 

Figure 14. Switching waveforms for the PFC circuit 

(VIN=115Vac, IOUT=0A) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

110ms 

Ch1 : VOUT (5V/div) 

Ch3 : VIN 200V/div) 

20ms/div 
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Figure 15. shows switching waveforms of the PFC circuit for 

100W power. 

Burst mode has been shifted to continuous switching, but 

bottom switching is still used to reduce switching loss. 

The slew rate dVDS/dt in VDS at 100W load is dVDS/dt=47V/ns. 

 

(a) Switching waveform for the PFC circuit  

(b) Turn on waveform       (c) Turn-off waveform 

Figure 15. Switching waveforms for the PFC circuit 

(VIN=115V, IOUT=4.17A) 

 

 

The following waveforms are regarding the LLC circuit. 

Figure 16. are no-load waveforms of the LLC circuit. 

The LLC circuit also operates in burst mode, just like the 

PFC circuit. 

 

The slew rate dVDS/dt that no-load of the LLC circuit is 

0.9V/ns, this value is smaller than the PFC circuit. 

However, the deadtime is 500ns, and fall 

time tf_LLC of VDS is 360ns. 

 

 

Thus, the GaN power devices operates 

ZVS (Zero Volt Switching) in turn-on 

operation since the GaN power devices 

have high speed switching.  

 

(a) Switching waveform for the LLC circuit 

(b) Low side turn-on (c) Low side turn-off 

Figure 16. Switching waveforms for the LLC circuit 

(VIN=115V, IOUT=0A) 

 

Switching waveforms that IOUT=4.17A are shown in Figure 

17. 

 

 

 

 

 

 

 

 

 

(a) Switching waveform for the LLC circuit 

 

(b) Low side turn-on      (c) Low side turn-off 

Figure 17. Switching waveforms for the LLC circuit 

(VIN=115V, IOUT=4.17A) 
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7-6. Thermal evaluation result 

The thermal evaluation for the GaN power devices are shown 

in Figure 18. and figure 19.  

The temperature that a GaN power device for the PFC circuit 

is 75degC. 

 And the temperature of the LLC circuit is 70degC. 

 

Figure 18. Temperature for the PFC circuit 

 

 

Figure 19. Temperature for the LLC circuit 

 

 

7-7. Thermal evaluation result 

 The conduction emission (CE) and the radiation emission 

(RE) are shown in Figure 20. and Figure 21., CE and RE are 

both satisfying the noise standards. 

 

Figure 20. Conduction emission 

 

Figure 21. Radiation emission 
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The information contained in this document is intended to introduce ROHM Group (hereafter 
referred to asROHM) products. When using ROHM products, please verify the latest specifications 
or datasheets before use.

ROHM products are designed and manufactured for use in general electronic equipment and 
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication 
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore, 
please contact the ROHM sales representative before using ROHM products in equipment or 
devices requiring extremely high reliability and whose failure or malfunction may cause danger or 
injury to human life or body or other serious damage (such as medical equipment, transportation, 
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including 
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in 
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages, 
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for 
Specific Applications. 

Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please 
be sure to implement, at your own responsibilities, adequate safety measures including but not 
limited to fail-safe design against physical injury, and damage to any property, which a failure or 
malfunction of products may cause. 

The information contained in this document, including application circuit examples and their 
constants, is intended to explain the standard operation and usage of ROHM products, and is not 
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual 
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your 
own independent verification and judgment in the use of such information contained in this 
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or 
losses incurred by you or third parties arising from the use of such information. 

When exporting ROHM products or technologies described in this document to other countries, you 
must abide by the procedures and provisions stipulated in all applicable export laws and regulations, 
such as the Foreign Exchange and Foreign Trade Act and the US Expor t Administration 
Regulations, and follow the necessary procedures in accordance with these provisions.

The technical information and data described in this document, including typical application circuits, 
are examples only and are not intended to guarantee to be free from infringement of third parties 
intellectual property or other rights. ROHM does not grant any license, express or implied, to 
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or 
any third parties with respect to the information contained herein.

No part of this document may be reprinted or reproduced in any form by any means without the 
prior written consent of ROHM.

All information contained in this document is current as of the date of publication and subject to 
change without notice. Before purchasing or using ROHM products, please confirm the latest 
information with the ROHM sales representative. 

ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in 
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties 
resulting from errors contained in this document. 

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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