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DEMO BOARD TEST REPORT

50W High Performance LED Filament Lamp Driver
with KP1352+GaN FET

FEATURES INTRODUCTION
® High Operating Frequency and High Power The demo board is designed to demonstrate a high-
Density with GaN FET performance S0WLED filament lamp solution with a
® Full Input Voltage for 120™277Vac full input voltage range. The demonstration board is
® PF>0.9, THD<20% realized through a highly integrated high-frequency
® High Peak Efficiency >96% direct drive gallium nitride boost boost PFC constant
® Excellent Line Regulation<0.5% current controller KP1352, with 650V power GaN
FET. The highest switching frequency of KP1352 is
APPLICATIONS 600kHz, and it can operate in the critical conduction
mode in a full range, reducing the volume of the
® E40LED Filament Lamp magnetic device and thereby increasing the power
density.

The demo board is typically designed for 50W
application with 120VAC to 277VAC, High PF>0.9,
THD<20%, and with output 450V/110mA within LED
Filament Lamp.

DEMO BOARD SEPCIFICATION

Description Symbol Min. Typ. Max. Unit Note
Input Voltage Vin 120 277 Vac 50W
OQutput Vout/ lout 450V110mA
System Efficiency n 94.5 % @120~277Vac
Power Factor PF 0.9 @120™~277Vac
Line Regulation Tsr 0.5 % @120™~277Vac
CE 3 dB EN55015
EMI Margin
RE 6 EN55015CDN
Surge Test 4 kV Differential Mode

Note: The table above shows the minimum acceptable performance of the design. Actual performance is listed in the results
section.
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IneTRUsSnTS 50W High Performance LED Filament Lamp Driver
V with KP1352+GaN FET

Demo Board

Printed Circuit Board Layout
KP1352SGA_D01_REV1.1
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50W High Performance LED Filament Lamp Driver

with KP1352+GaN FET

Bill of Material

No. Designator Value Description Package Manufacturer Part Number
1 BD1 1000V/2.5A BRD 2.5A 1000V 1.1V MSB World WRMSB25M
2 c1 100pF/1000V Ceramic Cap 1000V +5% NPO 1206 WE 885342008009
3 c2 2.2uF/50V Ceramic Cap 50V +10% X7R 0805 YAGEO CCOSOE’;(;;GRQBB
4 c3 1UF/50V Ceramic Cap 50V £10% X7R 0603 WE 885012206126
7 CE1 33uF/500V Electrolytic Cap 500V 12.5*25 P7.5 TH Any
8 cxi 470nF/450V CBB 450Vdc 12*5*15 P10 TH Any
9 cx2 330nF/450V CBB 450Vdc 12*5*15 P10 TH Any
10 cvi 4.7nF/1000V Ceramic Cap 1000V +10% X7R 1206 WE 885342208020
11 D1 600V/1A DIO FRD 1A 600V 35nS 1.7V SMA MDD ES1J
12 D2 1000V/1A DIO FRD 1A 1000V 1.1V SMA MDD M7
13 D3, D4, D5 75V/0.15A DIO SW 0.15A 75V 4nS 1.25V SOD-523 cJ niacivil
14 L1 1.6mH Inductor Isat 0.80A Rdc=11Q 10*14 TH Any
15 L2 400uH EF1(‘:’)_11°r;1Ln‘flf14§)?‘2“?6'_\‘2?;1"r§=60 TH Any
16 LR 1100Q Bead Core 1 1%%-{ 252 18" 1206 WE 74279221111
17 af BS0VE00MO | o Teanoictn Raete0oma | BDF 5'6 INN INN650DAG00A
18 R1 4.99R Chip Resistor +1% 1/4W 1206 FH RS-06K10ROFT
19 R2 51R Chip Resistor £1% 1/8W 0805 FH RS-05K1000FT
20 R3 2% Chip Resistor £1% 1/8W 0805 FH RS-05K2001FT
21 R4, R5 M Chip Resistor +1% 1/4W 1206 FH RS-06K1004FT
22 R6, R9 0.3R Chip Resistor +1% 1/4W 1206 RALEC RTTOSR300FTP
23 R7 0R Chip Resistor £1% 1/8W 0805 FH RS-05000FT
24 RS 51K Chip Resistor +1% 1/8W 0805 FH RS-05K5102FT
25 R10 10R Chip Resistor +1% 1/8W 0805 FH RS-05K5102FT
26 R11 510R Chip Resistor £1% 1/8W 0805 FH RS-05K5102FT
27 R12 10K Chip Resistor +1% 1/10W 0603 FH RS-03K1002FT
28 R13 47R Chip Resistor +1% 1/4W 1206 FH RS-06KA47ROFT
29 RV 10D471 VARISTOR 300VAC 70J 2500A TH WE 820513011
30 Ui KP1352 Boost LED Sontraller With PP and | sop.g KIWI KP1352SGA
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Transformer Manufacture Guide --- L2

1. Electrical Diagram

50W High Performance LED Filament Lamp Driver
with KP1352+GaN FET

Bobbin TOP View 30
(EE1310) N1 60T ®
s
10 Of10 ®0.1mm*12P
2O @ o %0
3| @ Ols §o e EE1310
40 @7 Na 2Ts
50 @ s ®0.2mm*1P
(O No Connection Pin /0

. Winding Connection Pin The core is connected to Pin 7.

2. Winding Diagram

The core is shielded with copper
foil and connected to pin 7

3. Winding Order

Number Winding Layer Start End Wire Size Turns
1 N1 Primary 3 9 0.1d*12P 60Ts
2 Na Auxiliary 6 7 0.2d*1P 2Ts
4. Electrical Specification
ltems Test Condition Test Pin Specification
Primary Inductance Measured at 40kHz, 1.0 VRMS Pins 3-9 400pH = 5%
DC Resistance Measured at 40kHz, 1.0 VRMS Pins 3-9 0.44Q
5. Transformer BOM
Items Description
1 Core: EE1310, AE=35
2 Bobbin: EE1310, 5+5 Pin
3 Wire: ®0.2mm, 2UEW, Class B
4 Wire: ®0.1mm*12P, 2UEW, Class B
5 Tape: 8mm(W) x 0.06mm(TH)

Kiwi Instruments Corp.
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50W High Performance LED Filament Lamp Driver
with KP1352+GaN FET

Test Result

1. Steady Characteristics

1.1 System Efficiency
Test Conditions: Input: 120-277Vac; Output: 450V110mA,;

Standard: Eff > 96%, PF>0.9, THD<20%.

Result: Pass
Vin(V) F(Hz) PF THD Pin(W) Vo(V) lo(V) Eff(%)
120 60 0.985 14.0% 52.04 449.15 0.110 94.57%
140 60 0.979 15.3% 51.72 449.07 0.110 95.10%
160 60 0.972 16.2% 51.53 449.16 0.109 95.45%
176 60 0.977 11.3% 51.40 449.01 0.109 95.63%
198 50 0.967 13.2% 51.26 448.97 0.109 95.86%
220 50 0.955 14.8% 51.22 448.91 0.110 95.97%
230 50 0.948 15.9% 51.21 448.88 0.109 95.97%
240 50 0.941 15.7% 51.21 448.86 0.109 95.95%
264 50 0.922 17.5% 51.23 448.82 0.109 95.86%
277 50 0.910 19% 51.32 448.82 0.110 95.81%
Line Regulaitin 0.12%
Efficiency VS. Vin PF VS. Vin THD VS. Vin
96.5% 100 20%
AT ol A yd
s - oss \\\ 2 i ///\
Fn| g N I 17
/ N
94.5% 0.92 \\ w0
001
viny viny viny
1.2 Output Current Ripple
Test Conditions: Input: 120-277Vac; Output: 450V110mA,;
Standard: No light flicker;
Result: Pass
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50W High Performance LED Filament Lamp Driver
with KP1352+GaN FET

. Current Ripple .
Vin(V) F(Hz) lo(mA) D é‘ak_p eak'F(’rﬁ’] a) | Pk-pkRipple (%)
120 60 110.6 82.42 74.5%
230 50 110.6 87.83 79.4%
277 50 110.6 87.66 79.2%
Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output

Tek #3

Test Condition: 230Vac/50Hz Input, 450V110mA Output

i I Tek #1358 i
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(CH4-lo) (CH4-lo)
Comments: Ipeak-peak=82.42mA

Test Condition: 277Vac/50Hz Input, 450V110mA Output

Tek H#AL i
X BUBHERHHHE BB O PR s BB HHHMHW
1 ifit I HIiH 1]
o
5 & WLE  BEE  WEE
(CH4-Io)

Comments: Ipeak-peak=87.66mA
2. Dynamic Characteristics
2.1 Power On
Test Conditions: Input: 120-277Vac; Output: 450V110mA,;.

Standard: Smoothly, no flicker and no overshoot

Result: Pass

Comments: Ipeak-peak=87.83mA

Vin(Vac) lo(mA) AC to lo current rise (ms) AC to lo current rise to 90%lo (ms)
120 100% 216 676
220 100% 105 434
277 100% 36 317

DBTR_1352_01_REV1.0
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InsTRUMSnTS 50W High Performance LED Filament Lamp Driver
V with KP1352+GaN FET
Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

Test Condition: 277Vac/50Hz Input, 450V110mA Output
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

2.2 Power Off

Test Condition: 220Vac/50Hz Input, 450V 110mA Output

ok L — Y I
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

Test Conditions: Input: 120-277Vac; Output: 450V110mA;

Standard: Smoothly, no flicker and no overshoot
Result: Pass

Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output
Tek #152 . i ¥ .
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

Test Condition: 220Vac/50Hz Input, 450V110mA Output

Tek ¥ I § I
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

DBTR_1352_01_REV1.0
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50W High Performance LED Filament Lamp Driver
V with KP1352+GaN FET

Test Condition: 277Vac/50Hz Input, 450V110mA Output
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot

2.3 Fast Power ON/OFF
Test Conditions: Input: 120-277Vac; Output: 450V110mA;

Standard: Smoothly, no flicker and no overshoot
Result: Pass

Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output Test Condition: 220Vac/50Hz Input, 450V110mA Output
Tek 1k L
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(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo) (CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot Comments: OK, No flicker and no overshoot
Test Condition: 277Vac/50Hz Input, 450V110mA Output
Tek 1k I 1 1
[ﬁ S0V ~~ [} x_ l‘«_\(m _‘.l.w “&1._1 101
|2 (3] 108 28 13:2
(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, No flicker and no overshoot
DBTR_1352 01 _REV1.0 Kiwi Instruments Corp.
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IneTRUsSnTS 50W High Performance LED Filament Lamp Driver
V with KP1352+GaN FET

3. Reliability Testing
3.1 Open Load Protection
Test Conditions: Input: 120-277Vac; Output: 450V110mA,;
Standard: Output is recoverable and no component damaged.
Result: Pass
Waveforms:
Test Condition: 120Vac/60Hz Input, 450V110mA Output Test Condition: 120Vac/60Hz Input, 450V110mA Output

Open Load Open Load Recovery
Tek H5 I H 1 Tek #1E I i 1

["O . g - N : “A'\;“*‘e 0'7‘[-—[ 0 t]q:; |’¢ v & g A ‘mt'\;“"a 6'):—1 0 I]E&\i
(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo) (CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, Vovwr=507.5V Comments: OK
Test Condition: 277Vac/50Hz Input, 450V110mA Output Test Condition: 277Vac/50Hz Input, 450V110mA Output
Open Load Open Load Recovery
Tek L& I i 1 Tek ¥ I i 1

(@ v ‘Q — ; '4\_:(:1'-:. :fl.l;l«T/;‘dv @7 | o xiﬁ,‘-.-:e‘ Iib v @ — N 400ms s @7 | O 10732023
L (4] l 108 22 0.00 v J 133442 | L (7] [ 1084 2% 0.00V J 133457
(CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo) (CH1-Vin, CH2-VDD, CH3-Vo, CH4-lo)
Comments: OK, Vovp=507.5V Comments: OK

3.2 Maximum Stress of GaN FET
Test Conditions: Input: 120-277Vac; Output: 450V110mA; GaN FET: INN650DA600A (650V600mQ)

Standard: Vbs _peak < 90% *Vbsmax=585V.

Result: Pass

Kiwi Instruments Corp.
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V with KP1352+GaN FET
Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output Test Condition: 277Vac/50Hz Input, 450V110mA Output

Tek H5 ¥ Tek (12 ¥
4 O 4525V > 5}
o i i 42 4 ? VT o ®
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W = L : |

u
S PR el X C e R S
@ex & L0 H@ ma me | g [gnx By 38 BE s | po
(CH1-Vps, CH4-Ips) (CH1-Vps, CH4-Ips)
Comments: OK, Vbs_peak=488V, Ips_peak=1.53A; Comments: OK, Vbs_peak=473V, Ips_peak=1.09A;

3.3 Maximum Stress of Output Diode

Test Conditions: Input: 120-277Vac; Output: 450V110mA; Diode: ES1J (600V1A).
Standard: Vb_peak < 90% *Vpmax=540V.
Result: Pass

Waveforms:

Test Condition: 120Vac/60Hz Input, 450V110mA Output Test Condition: 277Vac/50Hz Input, 450V110mA Output
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95 476 475 i 36:02:02 !.pl 455V 4 h p
(CH1-Vp, CH4-Ip) (CH1-Vp, CH4-Ip)
Comments: OK, Vbs peak=475V Comments: OK, Vbs_peak=485V

3.4. Thermal Test

Test Condition: Burn in for 1 hour within E40 LED filament lamp cavity @ confined container

(60cm*40cm*40cm plastic box) and steady environment with no airflow, Ta is the temperature inside the plastic
box.

Standard: The temperature of the IC is below 120°C;

Result: Pass

Kiwi Instruments Corp.
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Test Condition: CW Mode, Input Power 5W

120Vac 220Vac 277Vac
Component Ta=34.4C Ta=36.2°C Ta=35.3C
T(C) Trise(C) T(C) Trise(C) T(C) Trise(C)

KP1352SG 116.2 81.8 103.8 67.6 102.5 67.2
GaN FET 129.8 954 111.5 75.3 118 82.7
L1(1.6mH, 1014) 118.2 83.8 94 57.8 90 54.7

L2(400uH, EE1310) 116 81.6 103.5 67.3 99.3 64
Cout 85.3 50.9 82.5 46.3 82.6 47.3
Screw Lamp Holder 76.5 421 72.2 36 71.2 35.9

3.5. EMC Test Result
Test Conditions: Input :120/220VAC; Output: 450V110mA

Standard:
Standard EN55015
Content CE/CDN
Requirement CE Margin>=3dB
i CDN Margin>=6dB

Result: Pass

Test Condition: Vin=120VAC/60Hz, CE

______________ et result
120 120
1 11
] 1
37 - = i
= ] ] o B Pawer | 93 = Jef-- - PWH“.K'
Frhc, AR I} s
el il 2 Dot NS ; N\
e e ﬁ{‘ MR v | i s L Y, bk i
”"W IVMM LAl e i "V" W:”'“ i M it 2
P I i 0. 009 o ) 30
0. 009 0. 05 L :Lfﬂs, — 10 30
e oo Tinal test
(3 req (MHz) & (Lim-L
(&) Freq (Hz) Lev(dBuV) Lim(dBuV) A (Lin-Lev) iijuiﬁz IEB .l 143?: .
0. 150 51.046 56. 000 4.954 0.150 51,979 1791
Conduction EMI --- LINE Conduction EMI --- NEUTRAL
Kiwi Instruments Corp.
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Test Condition: Vin=220VAC/50Hz, CE

100 100
20 20
80 80
70 T0
e e €0 =T -
i"*‘ Z\ g 'n-rv-t—&.D_QP7 o N N - f:‘.:‘c:é’.[w.»&.u;-uf‘_
L " WWWW«JW WMMWM« - PR NS S S W 1 S o
30 30
] 20
10 10
03() o ’ {:,331 300 50 |(:‘h DO
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1t
ap Freq(MHz) Lev(dB uV) Lin(dB1 Lim Freq/iiiz Lev(dB u Lir ALl
189. 000 47. 380 54.000 6.620 189, 200 47. 784 54,000 6.216
189. 600 47. 992 54.000 6.008 190. 700 18. 000 54.000 6.000
194.700 47. 100 54.000 6.900 192. 100 18. 100 54,000 5.900
195. 800 46. 832 54.000 7.168 183, 900 17. 700 54,000 6.300
196. 000 46. 640 54.000 7.360 194. 500 47. 500 54.000 6. 500

Conduction CDN --- 120VAC/60Hz Conduction CDN --- 220VAC/50Hz

3.6. Surge Test

Line to Line 4kV surge testing was completed according to IEC61000-4-5. Input voltage was set at 220VAC/50Hz.
Output was loaded at full load and operation was verified following each surge event. Each injection phase below is
tested with 5 times and hold for 30 seconds before next one.

Input Voltage Surge Level Injection Injection Phase Test Result
(VAC) (V) Location (°) (Pass/Fail)
+4000 LtoN 0 Pass
+4000 LtoN 90 Pass
+4000 LtoN 180 Pass
+4000 LtoN 270 Pass
220Vac/50Hz
-4000 LtoN 0 Pass
-4000 LtoN 90 Pass
-4000 LtoN 180 Pass
-4000 LtoN 270 Pass

Test Setup Guide
1. Setthe AC Power Source between 120VAC and 277VAC.

2. Connectthe AC Power Source terminal to the “L” and “N” terminals on the Demo Board.

Kiwi Instruments Corp.
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Revision History
DATE REV DESCRIPTION
2023/10/12 1.0 First Release
Disclaimer

Kiwi reserves the right to make any change to its product, datasheet or specification without any notice. Users
shall obtain the latest information before placing an order. Kiwi herein makes no guarantee or warranty,
expressed or implied, including without limitation the warranties of merchantability, fitness for any purpose or
non-infringement of third party rights, nor does Kiwi convey any license or permission including without
limitation the intellectual property rights of Kiwi or any third party. Users should warrant that third party
intellectual property right or other right is not infringed when integrating Kiwi products into any application or in
use. Kiwi will not assume any liability arising from any said application or use, and especially disclaim any
liability including without limitation any consequential or incidental damage. Without written declaration, Kiwi
products are not designed for use in surgical device implant into the body or other life sustain systems. This
disclaimer supersedes the disclaimers in previous versions.
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