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Features
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Figure 1A: PGA26E07BA-SWEVBO008 Board Photo
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Description of the Evaluation board

PGA26E07BA-SWEVB008 Figure 1A is a complete Half bridge power circuit featuring Panasonic High
Efficiency 600V 70mQ X-GaN transistor in 8X8 SMD package and Panasonic own X-GaN driver AN34092B.
The SWEVBO008 provides the flexibility to be configured easily to Buck, Boost, Half bridge and Full bridge
power circuit topology.

Shown in Figure 1A, High / Low side Isolated DCDC module provide the necessary bias of the gate drivers
IC1 and IC2. The isolation of these modules are more than 3000V. SMA2 is a connector for measuring the
Vs of the low side device QA. J1 jumper is for disconnecting the high side DCDC isolated power supply when
operating the half bridge circuit with bootstrap bias. DBS fast recovery diode and RBS provides the bootstrap
bias. IC5 is Silicon Lab 2 input half bridge isolator/general purpose driver Si8275GB. Inputs for the half bridge
isolator driver are IN_L, IN_H and EN. There is an LED mounted on the board to indicate EN input is high.
Typical Voltage for EN pin is 3.3V-5.5V. SWEVBO008 can also be modified to use single input PWM
isolator/general purpose driver e.g. Si8274GB.

The evaluation board offers a general platform for testing and developing power circuits using high efficiency
X-GaN in half bridge or full bridge configuration. Figure 1B shows the basic block diagram of this board. The
power loop is made up of QB and QA (GaN-Tr devices), C2, C3, C1 and RS. C2 and C3 are high frequency
bypass capacitors. C1 is the DC link capacitor. RS 47mQ resistor is use for measuring the Ios flowing through
QA device. X-GaN drivers IC1 and IC2 provides the correct driving voltage and precise current to safely drive
the output transistors QB and QA.

|
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IN H¢ WA T | xcandiver | ] j— i :
T 1 AN340928 MW :
I =
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Figure 1B: Block diagram
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Recommended Operating Conditions

Table 1 shows the operating conditions used to achieve the switching performance reported in this evaluation
manual. All the components used in the evaluation board are rated for the recommended operating conditions
only.

Please read the measurement procedure before starting the evaluation. It is necessary to refer to the X-GaN
transistor and X-GaN driver datasheet when using this user’s guide. The detailed operation of the gate driver
IC and the design of its peripheral components are described in the OPERATION section of the datasheet.

Table 1: Recommended operating conditions

Parameter Condition
Input voltage (DC Power (1)) 100V-400V
Maximum Rated Power * 800w
Driver IC power supply voltage (DC Power (3)) 12v

Driver IC power supply for input stage and External clock

voltage (DC Power (2)) 3:3-5.5V

External clock Double pulse

(pulse generator input) dV/dT Tests P

External clock fre_quency (Dgty Cycle) 50kHz-200kHz (20%-80%)
(pulse generator input) Continuous Pulse Tests

External inductor 100uH-360uH @ DC Current>18A
Room Temperature 25°C

(M(@)(3) Power supply equipment number as illustrated in page 18, 20 and 22

* Using attached heatsink

PGA26E07BA-SWEVBO0S8 Ver. 1.2 5



Figure 2: SWEVBO008 Schematic
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- Schematic Diagram of optional parts
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Figure 3: Schematic for optional isolated DCDC power supply and Optoisolator
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Bill of Materials

Table 2: Bill of Materials

Parts Symbol Specification Part Number Manufacturer Package
RA1,RB1 15Q ERJ-6ENF15R0V Panasonic SMD2012
RA2, RB2 0Q ERJ-6GEYOROOV Panasonic SMD2012
RA3,RB3 10 ERJ-6ENF1R0OV Panasonic SMD2012
RA4,RB4 - N.M. - SMD1608
RA5,RB5 39kQ ERJ-3GEYJ393V Panasonic SMD1608
Chip RA6,RB6 * Bleeder Resistor - SMD1608
Resistor RA7,RB7 00 ERJ-3GEYOROOV Panasonic | SMD1608
RA8,RB8 51Q ERJ-3GEYJ510V Panasonic SMD2012
RA9,RB9 3kQ N.M. - SMD2012
RBS - Bootstrap resistor - SMD3216
RLED 1.8 kQ ERJ-3GEYJ182V Panasonic SMD1608
RLO/RHI 10kQ ERJ-3GEYJ103V Panasonic SMD1608
C1 5uF/630V B32674D6505K000 TDK Axial
C2,C3 0.1uF/1000V |GRMS55DR72J104KW90L Murata SMD5750
C4 4. 7uF/10V GRM21BR71A475KA73K Murata SMD2012
C5 0.1uF/50V GRM155R61H104KE14D Murata SMD1608
CAl1,CB1 2.2uF/25V GRM31MR71E225KA93L Murata SMD3216
CA2,CB2 2.2uF/25V GRM31MR71E225KA93L Murata SMD2012
Chip CA3,CB3 2.2nF/50V GRM2165C1H222JA01D Murata SMD2012
Capacitor CA4,CB4 0.22uF/25V | GRM155R61E224KEQ1D |  Murata SMD1608
CA5,CB5 0.47uF/25V | GRM188R71E474KA12D Murata SMD1608
CA6,CB6 4.7uF/16V GRM21BR71C475KA73L Murata SMD1608
CA7,CB7 1uF/16V GRM21BR71C105KA01L Murata SMD1608
CA8,CB8 4. 7uF/25V GRM21BR71E475KA73L Murata SMD2012
CA9,CB9 100pF/50V GRMO0335C1H101GA01D Murata SMD1608
CA10,CB10 - N.M. - SMD1608
CAl1l1,CB11 10uF/25V GRM32DR71E106KA12L Murata SMD3216
CAl12,CB12 47pF/50V GRMO0335C1H470JA01D Murata SMD1608
CAl14,CB14 22uF/25V GRM32ER71E226KE15L Murata SMD3225

*RA6 and RB6 are bleeder resistors but a 0.1uF/50V decoupling cap is mounted instead

PGA26E07BA-SWEVBO0S8 Ver. 1.2
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- Bill of Materials continued

Parts Symbol | Specification Part Number Manufacturer Package
Shunt resistor RS 47mQ RL7520WT-R047-F SUSUMU SMD3008
Rectifier Diode DBS 600V / 1A ES1J Fairchild DO-214AC
LED LeD | GgnPuRose LNJB26W86RA Panasonic SMD
Screw Terminal VPIEI)'(VS' - 8174 Keystone Thru Hole
Terminal Block CN1 - 1727052 Phoenix Contact| Pitch: 3.81mm
Terminal Block CN2,CN3 - 1727010 Phoenix Contact| Pitch: 3.54mm
SMA connector Semi-rigid - SMA(PJ)—X-UT47-63 TecAhF;I(E)Tf)gy -
SMA connector SMA2 - 19-46-2-TGG Multicomp SMD
Isolated DCDC IC6,IC7 | 12vin/ 12Vout MiJfZSPlZleZZSSC Murata SIP(?)
Isolator IC5 briﬁ;gﬂ:gzér‘i'\fler Si8275GB SiLab SOIC-16
GaN Transistor QA,QB | 600V /70 mQ PGA26E07BA Panasonic SMgrﬁSm X
Gate Driver IC1,IC2 gate driver AN34092B Panasonic QFN16

Table 3: Additional Parts use if Si8274 Isolator is used (single input version of SWEVB008)

Parts Symbol| Specification Part Number Manufacturer Package
Chip Resistor RDT 51kQ ERJ-3GEYJ513V Panasonic SMD1608
RO 0Q ERJ-3GEYOROOV Panasonic SMD1608
. . SMD1608
Chip Capacitor C6 100pF/50V  |GRM0335C1H101GA01D Murata
Inverter IC8 [ Single inverter SN74LVC1G04 TI SOT-23
1 Input Half
Isolator IC5 bridge Si8274GB SiLab SOIC-16
iso/driver

PGA26E07BA-SWEVBO0S8 Ver. 1.2
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PCB Layout

PCB Specifications:
Double-sided

Size: 82mm x 122mm
Copper thickness: 70um
Board thickness: 1.6mm
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Figure 4: Top and Bottom PCB Layout
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Test circuits
- Slew rate test circuit
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Figure 5: Low Side slew rate Test circuit

When the inductor L1 is connected between VPN and LX, boost configuration is formed (also refer as low
side test). The low side GaN transistor QA is active in boost mode. The pulses generated by dead time
circuit to drive isolator SI8275GB must not be overlapping. This is to prevent both QA and QB turn on at the
same time and the shoot-through current could damage the circuit.
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Figure 6: High Side slew rate Test circuit

When the inductor L1 is connected between LX and VS, buck configuration is formed (also refer as high side
test). Please note that the output connection of the dead time circuit is changed accordingly so the high side
GaN transistor QB acts as active power switch in buck mode.

PGA26E07BA-SWEVBO0S8 Ver. 1.2 11
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- Switching loss test circuit

Inductor L1 is connected between VPN and LX, same as low side dV/dT test. The Vbs connection is between
QA Drain and Source?2 pin. The Ves is not monitored to avoid shorting the Sourcel and Source2 pin of the
GaN device QA. The voltage across RS is measured by connecting an SMA cable to a 50 ohm terminated
channel of the oscilloscope. Loss Test procedure is explained further in page 17.
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Figure 7: Low Side Loss Test circuit

- Dead time circuit
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Figure 8: Dead Time Circuit

Dead time circuit is required to ensure both GaN transistor QA and QB do not turn ON at the same time. Figure
8 shows a simple example of dead time adjustment circuit. The phasing of inverting and non-inverting outputs
can be fine-tuned by adjusting resistor R1. XOR1 and XOR4 logic gate produce compliment of the input signal.
XOR2 and XOR3 logic gate output the signals with the delay time. The delay times can be set by adjusting the
passive components R2 and R3.

PGA26E07BA-SWEVBO0S8 Ver. 1.2 12
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- Efficiency test circuit

Figure 9 Shows SWEVBO008 in DCDC synchronous boost with bootstrap high side bias circuit. The high side

Isolated DCDC was disconnected by removing the jumper JP. Bootstrap bias circuit is possible because of
the fix duty of 50%. The bootstrap resistor, Rss, is set to 0.5Q for 100 kHz operation. For higher frequency
operation, do consider reducing the resistance or adopting an isolated DC-DC as shown in Figure 10. The

bootstrap resistor is not mounted on the board.
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Figure 9 Circuit for efficiency test with high side circuit powered by bootstrap diode circuit.
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Figure 10 Circuit for efficiency test with high side circuit powered by isolated DCDC.
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Equipment

The equipment used in the evaluation test circuits is shown in Table 4. This is for reference only.

Table 4: List of Equipment used

No. |Equipment Specifications Suggested Model
1 [DC Power D DC:ZL é)()L(J)‘\I’/P;(J)‘(I;W Keysight N5752A
o [PC Power Q@ [fc?l;\T/TSTA Kenwood PW18-3
3 |Pulse Generator - Agilent 33250A
4 |Dead time circuit - General purpose / Basic dead time circuit 100ns
5 |Power meter 3 channel power meter [Yokogawa WT500
6 |Electronic Load 450V/4.5kwW Chroma 63804
7 |Oscilloscope - Tektronix DPO7104C
- TCP0030 Current Probe (IL)
- P6139B Voltage Probe (Vps, Vas)
8 |Probe
- P5205A Differential Voltage Probe (Vps)
- BNC to SMA Cable (Vrs)

PGA26E07BA-SWEVBO0S8 Ver. 1.2 14
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Measurement Procedures
1) Slew Rate dV/dT tests
‘u’c-ltage Probe

Initial steps:

Do all the necessary connection between the evaluation board,

components and equipment. Coil Wire

>  Connect DC power (U to VPN and VS of the board with HH‘"‘

the screw terminal block.
» Connect deadtime circuit to the IN_H, IN_L, VDD, EN and
GND terminal of the board. Please note that the connection of
dead time circuit to the IN_H and IN_L depending on low side
test or high side test (please refer to page 11).
Connect the inductor from VPN to LX for boost mode (low side test)
or connect inductor from LX to VS for buck mode (high side test).
The VDD voltage must be 3.3V-5V, Isolator VDDI voltage range.
Fix the dead time to 100ns.
Connect the dead time generator to a pulse generator.
Connect DC power (2) to VDD/GND terminal of the board t03.3/5V.
Connect DC power (3) to AUXH+/AUXH-, AUXL+/AUXL- terminal of
the board.
»  Probe the point where you want to monitor and observe the
waveform using oscilloscope.
Be careful not to short with other parts. It is recommended to use a coil
wire fixture mounted near SMA2 on the evaluation board for Vbs monitoring
refer to Figure 11.
Use an SMA to Tektronics probe adaptor as shown in Figure 12.

+— Evaluation Board

Figure 11: Usage of coil wire

VVV VYV V

Figure 12: SMA to Probe

Start-up:
»  Set up the Dead time generator circuit with the amplitude 0-5V and having the double pulse profile as

shown below: ) )
Table 5: Double Pulse Setting with L=320uH

IL #1
#1 5us 0.8us
o gy 2.5A 2.2us
Drive Signal gy
5A 4.6ps
2.5A/BAIT 5 —
10A/12.5A/15A
IL 7.5A 6.8us
VDS 10A 9.1us
T T 12.5A 11.1ps
T . Monitoring Point
15A 13.1ps

Figure 13: Double Pulse

» Again, ensure that the pulse generated occurs only in the burst mode. If the pulse is generated
continuously, the transistor will be damaged by high current flows.

» Set DC power @to 5V. LED will glow to indicate EN (Si8275GB Enable pin) is high

>  Adjust DC power 3) to 12V gradually.

»  Check Ves waveform when a double pulse is inputted from pulse generator. Ensure to carry out this step
with DC power (@) is set to 0V.

> Then, the voltage of DC power (1) is gradually increased from OV to predetermined voltage (400V).

Monitor the VDS voltage with oscilloscope and confirm that the Vps voltage rises to the set value.

» Input a double pulse with the pulse generator again and check the Ves, Vbs and IL waveform.
Observation of waveform will be easier if the trigger is applied at the rising / falling edge of Vss or Vps as
shown on Figure 13 above.

»  If different inductor value is used other than the suggested, please set the pulse width until the desired IL
value is achieved.

PGA26E07BA-SWEVBO0S8 Ver. 1.2 15
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Shutdown:

Set the DC power (1) slowly to 0V and then follow by the DC power (2) and (3) to 0V.

Turn off the power. Check the Vbs waveform and ensure that the capacitor between VPN and VS terminals
has fully discharged. There is risk of electric shock due to the residual charge.

Measurement of dV/dt for Turn On/Off Switching Characteristics:

» The range used is 10%~90%

» IL condition is set at 2.5A / 5A / 7.5A / 10A [ 12.5A/ 15A with 16 times averaging
»  Therefore, the dv/dt at turn on: 320V / T-on and the dv/dt at turn off: 320V / T-off

Vs dV/dT measurement during Low side device (QA) testing

Vs at Vs at
Turn On Turn Off
400V \
360V
40V
ov
—> — — e
T-on T-off

Figure 14: Measurement points for Low side device

Vs dV/dT measurement during High side device (QB) testing

Vs at Vbps at
Turn On Turn Off
400V
360V \
40V
ov
T-on T-off

Figure 15: Measurement points for High side device
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2) Switching Loss

Initial steps:

Do all the necessary connection between the evaluation board, components and equipment.

>  Connect DC power (1) to VPN and VS of the board with the screw terminal block.

Connect dead time circuit to the IN_H, IN_L, VDD, EN and GND terminal of the board. The loss test is
done in boost mode (low side test). Therefore, Inductor is connected from VPN to LX.

The VDD voltage must be the same as the Isolator VDD voltage. Fix the dead time to 100ns.

Connect the dead time generator to a pulse generator.

Probe the point where you want to monitor and observe the waveform using oscilloscope.

Be careful not to short with other parts. Use the coil wire fixture mounted on the evaluation board for Vps
and IL monitoring.

Use the semi-rigid to monitor Vrs waveform. Use the Math Function on the oscilloscope to get

Ips waveform. Ios = Vrs /RS. RS is 47mQ as shown in the BOM List (page 9).

» Use the math function on oscilloscope to find the multiplication of Vps and Ips, then use the

measure function on the oscilloscope to find the area under the curve (power loss). See Figure 16.

>
>
>
>

A\

QAV

QA IDS
Power Loss
(Turn On)

Figure 16: Power Loss measurement waveform

Start-up:

»  Set up the Dead time generator circuit with the amplitude 0-5V and having the double pulse profile as
shown in the Figure 13.

» Again, ensure that the pulse generated occurs only in the burst mode. If the pulse is generated
continuously, the transistor will be damaged by high current flows.

>  Setthe DC power (2) to 5V gradually. Set the DC power (3) to 12V gradually.

» Check Ves waveform when a double pulse is inputted from pulse generator. Please carry out this step
with DC power ) is set to OV.

» Then, the voltage of DC power @ is gradually increased from OV to predetermined voltage (400V).
Monitor the Vs voltage with oscilloscope and confirm that the Vps voltage rises to the set value.

» Input a double pulse with the pulse generator again and check the Ves, Vbs, Ibs and power loss (area
under the curve for multiplication of Vps and Ips) waveform.

»  Observation of waveform will be easier if the trigger is applied at the rising / falling edge of Ves or Vps as
shown on Figure 16 above.

» If different inductor value is used other than the one provided, please set the pulse width until the desired
IL value is achieved.

Shutdown:

Set the DC power (1) slowly to 0V and then follow by the DC power (2) and (3) to 0V.

Turn off the power. Check the Vbs waveform and ensure that the capacitor between VPN and VS terminals
has fully discharged. There is risk of electric shock due to the residual charge.
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Low Side dV/dT test

Figure 17 shows all the necessary connections for Low Side GaN device (QA) dV/dT testing. Figure 18 shows
the evaluation test circuit. Please refer to pages 15-16 for evaluation procedures.

RE - == E. ™ 3 51524 0C POWER D PW18-3

DC power @@

Dead
Time
Circuit

33250A

Figure 17: Connection for Low Side GaN testing

SWEVB008 Inductor DS Tow Towa
AUXH+ VEN 320uH 25A 2.2us 0.8us
5A 4 6ps 0.8us
AUXH- 400V 7.5A 6.8us 0.8us
AUXL+ Lx i 10A 9.1ps 0.8us
AUXL- "_ 12.5A 11.1ps 0.8us
VS () 19A 13.1ps 0.8ps
IN_L Input pulse pattern 1‘ L_ege_r?d . .
- - Monitoring Point
GND -
IN_H t
IN_H
TQ’H._. Tonz
GND
IN_L Sus t
EN
VDD IL s t
r h
QA Turn Off QA Turn Cn

Figure 18: Evaluation Schematic for Low side GaN test
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Switching Characteristics Result:

Condition: VPN=400V, Vauxn, Vaux.=12V, (Rgon) RA1,RB1=15/47/100Q, RA2,RB2=0Q, RA3,RB3=1Q, CA3,CB3=2.2nF

Important Note: The data presented is meant to demonstrate the high switching capability of Panasonic X-GaN.
The dV/dT data is for reference use only and measured data maybe different depending on evaluation environment.

l. Low side device (QA) dV/dt Measurement Data

T-off 10-90% Boost
100
90 | ==Rgon 15Q
30 - Rgon 470
« 70 | =®=Rgon 100Q
< P
S 60
,3 50 /
4 e
& 20 e
0 '/
10
0
0 5 10 15 20
ILA]

SlewRate (V/ns)

T-on 10-90% Boost

100
90
80
70
60
50
40
30
20
10

=3=Rgon 150
w Rgon 47Q)

bﬁ ==f==Rgon 1000}

\
\’\H:

10 20

LAl

Figure 19: dV/dT at turn off for QA

Ves, Vos and Ips Measurement Waveform with (Rgon) RA1,RB1=15Q

Figure 20: dV/dT at turn on for QA
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VPN=400V, Ips=15A
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Figure 21: QA turn on/o
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High Side dV/dT test

Figure 23 shows all the necessary connections for High Side GaN device (QB) dV/dT testing. Figure 24 shows
the evaluation test circuit. Please refer to pages 15-16 for evaluation procedures.

{ [ &= _;_‘;- =30 5752000 PowER ©)

PW18-3
DC power @@

Dead
Time
Circuit

320uH
Inductor

33250A

Figure 23: Connection for High side GaN test

SWEVBO008 Inductor IDS Tont Tonz
AUXH+ VPN 320uH 2.5A 2.2ps 0.8ps
5A 4 Bys 0.8ps
AUXH- 75A 6.8 0.8
. Bus Bus
AUXL+ LX 400V
— 10A 9. 1ps 0.8ps
AUXL- 12.5A 11.1ps 0.8ps
VS( 15A 13.1ps 0.8ys
IN L Legend
- Input pulse pattern T :Monitoring Point
GND TONl : TONZ
IN_H 5 t
- IN_H i
GND N _
EN IN_L B
VDD B! 5
IL B : t
QB Turn off | taB Tum on

Figure 24: Evaluation schematic for High side GaN test
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Switching Characteristics Result:
Condition: VPN=400V, VauxH, Vaux.=12V, (Rgon) RA1,RB1=15/47/100Q, RA2,RB2=0Q, RA3,RB3=1Q, CA3,CB3=2.2nF

Important Note: The data presented is meant to demonstrate the high switching capability of Panasonic X-GaN.
The dV/dT data is for reference use only and measured data maybe different depending on evaluation environment.

High side device (QB) dV/dt Measurement Data

T-off 10-90% Buck T-on 10-90% Buck
100 100
00 |- =#*—=Rgon 150 90 Rgon 150
y Rgon 47Q)
80 - Rgon 47Q 80 Nc-\% =4=—Rgon 1000°
T 70 |- =#=Rgon 1000 } @ 70 ———
£ =
= 60 3 60
E a0 % 40 L _ o
@ 30 e @ 30
20 / 20
10 s 10
0 0
8] 5 10 15 20 0 5 10 15 20
LAl Al
Figure 25: dV/dT at turn off for QB Figure 26: dV/dT at turn on for QB
Il Vgs, Vbs and Ips Measurement Waveform with (Rgon) RA1,RB1=15Q
VPN=400V, Ips=2.5A VPN=400V, Ips=15A
RS 1 (S EINE INRER NN RN B e e |
'S = - | i A
VGS 4V/div Time scale:20ns/div VGS 4V/div Time stale:20ns/div
5GS/s : 5GS/s
VDS 100V/div__
VDS 100V/div AR SR DRG] A TR S IR SNBSS DI
Turn - IL 5A/div L o
g T s A e IL 5A/div
ON : 3 |
Toovidiv MO B, 500M 720 (& E )(20psiew suass  200parpt =
Ml SR EL | BE_SEE= e e T
R e - comuteme _ uzss S animny | pon e a3
- e R T
R E o S bt E
el S S
I e 3 @ [l et b
R e
dv/dt = 80.8[V/ns] dVv/dt = 63.4[V/ns]
& it ISEEE AEREL SARERERY ]
& ——— : e G i |
¢ 5 G s e 3 o
VGS 4vidiv VGS 4V/div
VDS 100V/div s 4 - , .
‘ Time scale:20ns/div VDS 100V/div Time scale:20ns/div_
5GS/s N TR SR SN TG T 65 ) NG W T Y P
IL 5A/div :
e o e RN i e g a e o iR sk B moeundie sos SHf e eindion S IL 5A/div
Turn | « .
OFF | @= =mm.jsw Al R T e
—rlomatin ol [ Lo ot . — gl S ool | o T R
- i |G w omemmn vn| | (@B mem e | @ L T
@ [ Taew e e @ fiov—lmmeor —he —r e
Sw S e isr & B e—f e
dv/dt = -10.34[V/ns] dv/dt = -64.8[V/ns]

Figure 27: QB turn on/off waveforms at Ips=2.5A

PGA26E07BA-SWEVB0O08 Ver. 1.2

21

Figure 28: QB turn on/off waveforms at Ips=15A




Panasonic

Low Side Switching Loss test
Figure 30 shows all the necessary connections for Low Side GaN device (QA) Switching Loss testing. Figure
29 shows the evaluation test circuit. Please refer to page 17 for details and evaluation procedures.

PW18-3
DC power @®

0E = BE58 &7 3 \s752a0c POWER @

Figure 29: Connection for Low side switching loss test

SWEVBO008 Inductor IDS Tous Tonz
AUXH+ VEN 320uH 25A | 22us | O8us
( 5A 4.6ps 0.8ys
AUXH- 400V 7.5A 6.8ys 0.8ps
AUXL+ X 1 1A | 9tps | osps
AUXL- IL 12.5A 11.1ps 0.8us
VS () 15A 13.1ps | 0.8ps
IN_L Input pulse pattern 1 Legend A
- :Monitoring Point
GND LB
IN_H t
IN_H
Tons i iTome
< GND
IN_L 5us t
EN >
VDD IL T
— 5V m — A —>
| i QA Turn Off QA Turn On
50Q Coaxial cable 1 :

to oscilloscope

Time
Circuit

Figure 30: Test Circuit for Low side GaN switching lost test
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Switching Characteristics Result:
Condition: VPN=400V, Vauxx, Vaux.=12V, (Rgon) RA1,RB1 =15Q, RA2,RB2=0Q, RA3,RB3=1Q ,CA3,CB3=2.2nF

Important Note: The data presented is meant to demonstrate the low switching loss feature of Panasonic X-GaN.
The loss data is for reference use only and measured data maybe different depending on evaluation environment.

I Low side device (QA) Switching loss Measurement Data

Turn On Loss Vs. IL Turn Off Loss Vs. IL
30 30

25

20 /

// P
: N

v

N
w

N
o

Loss (ul)
o
w

Loss (uJ)
&

-
o
=
o

0 25 5 75 10 125 15 0 2.5 5 75 10 125 15
IL(A) IL(A)

Figure 31: Turn on switching loss for QA Figure 32: Turn off switching loss for QA

1. Loss Test Measurement Waveform
VPN=400V, Ips=2.5A VPN=400V, Ips=15A
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Figure 33: QA loss test waveforms at Ips=2.5A Figure 34: QA loss test waveforms at Ips=15A
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Efficiency test
To test the efficiency of Panasonic GaN-Tr in hard switching operation, SWEVBO008 board is connected in
synchronous boost configuration. The input frequency for this test is 50kHz, 100kHz and 200kHz.

SWEVB0038
AUXH+ VPN
AUXH-
AUXL+ LX 22007 J3
AUXL- Inductor 200V I E-load
VS ()——I—<

GND
IN_H
GND
EN

VDD

Figure 35: Evaluation schematic for Boost DCDC Efficiency Evaluation

Test Conditions:

Vauxn/Vauxt=12V, RA1,RB1=15Q, RA2,RB2=0Q, RA3,RB3=1Q, CA3,CB3=2.2nF

Test Circuit Figure 9 High Side bias: Figure 10 High Side bias:

(See page 13) using bootstrap diode using Isolated DCDC
Frequency 50kHz 100kHz 200kHz
VIN 200V 200V 200V
Inductor 320uH 200uH 100uH
Duty 50% 50% 50%

Cooling Method: Natural convection, Ta=25°C

Efficiency of SWEVB008

100
98
96
94
92

=== F=100kHz

Efficiency %

22 1‘/ == F=200kHz
86 ‘

84
82
80

100 300 500 700 900
Power[W]

Figure 36: Boost DCDC Efficiency data with 3 different frequencies
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Thermal Profile

The thermal profile is captured during DCDC Synchronous boost test with the following test conditions:

Vauxn/Vaux =12V

Vin = 200V

Vout = 390V@800W
Frequency 100kHz, Duty=50%
Dead Time: 100ns

Cooling Method: Natural convection

Ta =25°C
Measurements °C  19/10/2016 1:01:54 PM 6
Bx1 QA Max 89.3 5 ] 67611
Min 64.8
Average 81.7
Bx2 QB Max 76.9
Min 63.1
Average 71.9
Parameters
Emissivity 0.99
Refl. temp. 20 °C

28.3

Figure 37: Thermal Profile of SWEVBO008 in DCDC boost at 800W output power
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Thermal Cooling
Thermal Sheet/Gap filling interface pad

Laird Technologies T-flex 600 Series™
Flammability Rating: UL 94V0
Material: Silicon with Boron Nitride filler
Thermal conductivity: 3.0 W/mK
Breakdown voltage : > 5,000 Vac
Operating temperature: -40 — 160°C

Heat Sink: Standard Quarter Brick
Wakefield 537-45AB

Footprint Forced Convection
Standard Dimensions Height Fin Number Thermal Resistance
PN in. (mm) in. (mm) Orientation of Fins at 300 ft/min (C/W)
537-95AB 2.28 (57.9) x 1.45 (36.8) 0.95 (24.1) Horizontal 8 2.1
537-45AB 2.28 (57.9) x 1.45 (36.8) 0.45 (11.4) Horizontal 13 2.3
537-24AB 2.28 (57.9) x 1.45 (36.8) 0.24 (6.1) Horizontal 14 4.2
547-95AB 1.45 (36.8) x 2.28 (57.9) 0.95 (24.1) Vertical 1 2.2
547-45AB 1.45 (36.8) x 2.28 (57.9) 0.45 (11.4) Vertical 20 2.1
547-24AB 1.45 (36.8) x 2.28 (57.9) 0.24 (6.1) Vertical 22 3.5

537 SERIES DIMENSIONS

2.280 [57.91] et .070 [1.78]

|— 1.860 [47.23] — 39 5° —] |— MACHINED THERMAL INTERFACE
7& DEPTH /_ (SEE BELOW)

) %

1.450[36.82] | { 1.030 [26.16]

=

HEIGHT
2.125 [@3.17] "~ (SEE BELOW)

Figure 38: Mounted Heatsink information and picture
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Important Notice
Please read and understand the following items, "Restriction”, and "Caution" before using the evaluation board:

Restriction

e The evaluation board is intended for use as engineering development, verification or evaluation purposes
only.

e This evaluation board is not intended for a finished end-product fit for general consumer use.

¢ Do not operate in condition other than the recommended settings.

e The evaluation board must be used only by qualified engineers and technicians that have electronics
training, familiar with handling of high-voltage electrical systems and observe good engineering practise
standards.

e The evaluation board is meant to be operated in lab environment under the safe conditions.

e Please use a protective case (accessory) during evaluation.

o All of the specifications and evaluation data in this manual are for reference only and not guaranteed. The
information may subject to change without notice. Please contact to Panasonic representative for the latest
information.

e The user assumes all responsibility and liability for proper and safe handling of this evaluation board.
Further, the user indemnifies Panasonic from all claims arising from the handling or use of the evaluation
boards.

e The technical information described in this document is intended only to show the main characteristics and
application circuit examples of the products. No license is granted in and to any intellectual property right
or other right owned by Panasonic Corporation or any other company. Therefore, no responsibility is
assumed by our company as to the infringement upon any such right owned by any other company which
may arise as a result of the use of technical information described in this document.

Caution

e The evaluation board carries hazardous high voltage. Do not touch when power is applied. Otherwise, it
may cause severe injury, disability or death.

e Electric charge may be accumulated in the capacitors. To prevent electrical shock, please ensure all the
capacitors are properly discharged before touching the evaluation board.

e It is the user’s responsibility to confirm that the voltages, isolation requirements, and rated value are
identified and understood, prior to handling the evaluation board.

¢ Do not leave the evaluation board unattended while power is applied and do not perform other activity near
the evaluation board while power is applied.

e This board contains parts that are susceptible to damage by electrostatic discharge (ESD). It is the user’s
responsibility to take any and all appropriate precautions with regard to electrostatic discharge when using
the evaluation board.

e Should the evaluation board does not meet the specification indicated in the application note, the board
may be exchanged with a new one within 30 days from the date of delivery. When exchanging the
evaluation board, please return the board with all items included.

e The warranty on this evaluation board is considered void once a part on the board is removed or modified.

e The evaluation board does not fall within the scope of the technical requirements of the following directives
or other related directives:

- Restriction of Hazardous Substances (RoHS)

- Directive on Waste Electrical and Electronic Equipment (WEEE)

- Mandatory conformity marking for products sold in the European Economic Area (CE)
- Federal Communications Commission (FCC)

- Underwriters Laboratories, Inc. (UL)
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