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Description

This evaluation board user’s manual provides elementary EVAL BOARD USER’S MANUAL

information about a high efficiency, low light load power consumption
reference design that is targeting power adapter or similar type of
equipments that accepts 24 V.

The design utilizes NCP1616 for PFC front stage to assure unity
power factor, NCP4390 for current mode LLC power stage with
secondary side SR drive. And NCP1072 control the fly-back
converter for secondary side VCC power supply.

The NCP1616 is a high voltage PFC controller with CrM operation.
Additionally, it has an innovative Current Controlled Frequency
Foldback (CCFF) method to maximizes the efficiency at both nominal
and light load condition.

The NCP1072 integrate a fixed frequency current mode controller Figure 1. NCP4390GEVB Evaluation Board
with a 700 V MOSFET. The NCP1072 offer a high level of
integration, including soft-start, frequency—jittering, short—circuit
protection, skip—cycle, a maximum peak current set point, ramp
comensation, and a Dynamin Self-Supply.

The NCP4390 is an advanced Pulse Frequency Modulated (PFM)
controller for LLC resonant converters with Synchronous
Rectification (SR) that offers best in class efficiency for isolated
DC/DC converters. It employs a current mode control technique based
on a charge control, where the triangular waveform from the oscillator
is combined with the integrated switch current information to
determine the switching frequency. Closed—loop soft start prevents
saturation of the error amplifier and allows monotonic rising of the
output voltage regardless of load condition. A dual edge tracking
adaptive dead time control minimizes the body diode conduction time
thus maximizing efficiency.

Key Features

High Voltage Start—Up Circuit with Integrated Brownout Detection
Wide Input voltage Range

High Efficiency

Fast Line / Load Transient Compensation

PWM operation mode in light load condition for Improved Efficiency
Overvoltage Protection

Auto recovery Overload Protection

Auto recovery Over Current Protection

Auto recovery Output Short Circuit Protection

Adaptive Synchronous Rectification Control with Dual Edge
Tracking

® Programmable Dead Times for primary side switches and secondary
side Synchronous Rectifiers

© Semiconductor Components Industries, LLC, 2020 1 Publication Order Number:
June, 2020 - Rev. 0 EVBUM2726/D
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NCP4390GEVB

Table 1. GENERAL INFORMATIONS

Parameter Test Conditions Min Typ Max Unit
Input Voltage Vac 90 - 264 Vac
Input Voltage Brown Ouput - 70 - Vac
Output voltage No Load Condition - 24 - Vbc
Full Load Condition - 24 - Vpc
Maximum Output Current - 12 - A
Output Power - 312 - w
Operating Frequency of LLC Full Load Condition 100 105 110 kHz
System Efficiency 110Vac @ Full Load - 92.74 - %
220Vac @ Full Load - 95.05 - %
Power Factor 90 VAC ~ 264 VAC @ Over 50% Load - 0.95 0.99 M
Board Dimension - 215x 125 - mm

CIRCUIT DESCRIPTION

For the PFC front stage, utilizes the NCP1616 to optimize
the efficiency and Power Factor throughout the load range.
NCP1616 has an integrated high voltage start up circuit
accessible by the HV pin. The rectified input voltage
supplies to HV pin at start up. After then Supply to VCC
directly from the auxilirary winding of LLC transformer. In
operation mode, the NCP1616 achieves power factor
correction using the Current Controlled Frequency
Foldback (CCFF) topology. In CCFF the circuit operates in
the classical Critical Conduction Mode (CrM) when the
inductor current exceeds a programmable value. Once the
current falls below this preset level, the frequency is linearly
reduced, reaching about 26 kHz when the current is zero.
Also NCP1616 enter to skip mode at the Input current near
the line zero crossing where the current is very low. Both
CCFF and Skip mode optimize PFC stage efficiency. To
protect the application system under abnormal condition,
the NCP1616 has OVP, OCP, Brown Out and FB pin open
protection.

In the secondary side, the NCP4390 LLC controller
provides a high efficiency and high power density by zero
voltage switching (ZVS) of half-bridge MOSFETs. The

power stage operates in above resonance area at around the
resonant frequency caused by a resonant capacitor Cr and a
resonance inductor Lr. It can provide PWM operation for
higher efficiency with less frequency variation for light load
condition.

The NCP4390 included secondary side SR driver for
higher efficiency without additional circuit. It uses a dual
edge tracking adaptive gate drive method that anticipates the
SR current zero crossing instant with respect to two different
time references. The first tracking circuit measures SR
conduction time using dv/dt of SR MOSFET drain voltage
and uses this information to generate the first adaptive drive
signal. The second tracking circuit measures the turn—off
extension time which is defined as time duration from the
falling edge of the primary side drive to the corresponding
SR turn—off instant. This information is then used to
generate the second adaptive darive signal and
compensation next switching cycle.

To protect the application system under abnormal
condition, the NCP4390 has OLP, OCP, OVP and OSP
protection.
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NCP4390GEVB
EVALUATION BOARD SCHEMATIC
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Figure 2. Evaluation Board Schematic


http://www.onsemi.com/

NCP4390GEVB

PCB LAYOUT

Board Dimension: 215 mm x 125 mm
PCB material: FR4
Copper Thickness: 2 oz
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Figure 4. BOTTOM Side View
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NCP4390GEVB

BOARD PICTURES

Board Dimension: 170 mm x 100 mm
PCB material: FR4
Copper Thickness: 2 oz
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Figure 6. BOTTOM Side View
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Table 2. BILL OF MATERIALS

NCP4390GEVB

Reference Vendor Part Number Type Value PC/Board
BD101, BD102 ON Semiconductor DFB2560 TS-6P-4L 600V /25A 2
CX101 PILKO PCX2 337 /470 nF MKP RADIAL 275 Vac / 470 nF 1
(Pitch: 22.5 mm)
CX102 PILKO PCX2 337 /1 uF MKP RADIAL 275 Vac /1 uF 1
(Pitch: 22.5 mm)
CY103 TDK CD45B2GA472K Y-Cap 400V /4.7 nF 1
CY104, CY105 TDK CD45B2GA222K Y-Cap 400V /2.2nF 2
c101 PILKOR PCMP 372J /1 uF MKP RADIAL 500V /1 uF 1
(Pitch: 22.5 mm)
C102 SAMYOUNG KMF-series: 35 x 37 KMF 450V / 330 uF 1
C105, C119, C222, C225 SAMYOUNG KMF-series: 5 x 11 KMF 50V /47 uF 4
C106, C107, C113, C117, TDK C2012X7R1E105K085AB MLCC_2012 25V /1 uF 10
C205, C206, C210, C211,
C213, C219
C108, C112 TDK C2012CH1H472J085AA MLCC_2012 50V /4.7 nF 2
C109, C216 TDK C2012X7R1H224K125AE MLCC_2012 50V /220 nF 2
C110, C123 TDK C2012C0G1H103J060AA MLCC_2012 50V /10nF 2
C111, C208 TDK C2012 COG1E101J060AA MLCC_2012 25V /100 pF 2
C114, C115 Yageo RC1206JR-07000RL CHIP_R_3216 OR 2
C116 Rubicon FILM Capacitor (10 mm Pitch) Lead type 650V /2.2nF 1
C118 PILKOR PCMP 384 /33 nF 630 V 33 nF 630 V/ 33 nF 1
(Pitch: 15 mm)
C120 TDK C2012C0G1H153J060AA MLCC_2012 25V /15nF 1
c121 PILKOR PCMP 384 / 15 nF 630 V MMKP RADIAL 630V /15nF 1
(Pitch: 15 mm)
C201, C202, C203, C204 SAMYOUNG NXB-series: 12.5 x 25 NXH 35V /1200 uF 4
C207, C209 TDK C2012C0G1H152J060AA MLCC_2012 25V /1.5nF 2
C212 TDK C2012 COG1E200J060AA MLCC_2012 25V /20 pF 1
C214 TDK C2012 COG1E471J060AA MLCC_2012 25V /470 pF 1
C215 TDK C2012C0G1H102J060AA MLCC_2012 25V /1nF 1
C217, C218 Yageo RC0805JR-075R6L CHIP_R_2012 56R 2
C221, C224 TDK C2012X7R1H154K125AE MLCC_2012 50V /150 nF 2
C223 TDK C2012X7R1H104K125AE MLCC_2012 50V /100 nF 1
D101, D102, D116 ON Semiconductor US1MFA SOD-123FA 1000V /1A 3
D103, D105, D118, D219 | ON Semiconductor S210FA SOD-123FA 100V/2A 4
D104 ON Semiconductor S3MB SMB 1000V /3 A 1
D106 ON Semiconductor FFPF30UAB0S TO-220F-2L 600V /30A 1
D107 ON Semiconductor MMSZ18T1G (Zener Diode) SOD-123 18V/05W 1
D108, D109, D201, ON Semiconductor MBR0540 SOD-123 40V/05A 5
D202, D207
D117 ON Semiconductor UF4007 DO-41 1000V/1A 1
D205, D206 ON Semiconductor OPEN OPEN OPEN 2
F101 (Fuse) Little Fuse 021 7004.MXP 5x20 250Va/4 A 1
Fast-acting
F101 (Holder) STELVIO PTF78 5x20 Fuse Holder 1

www.onsemi.com
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Table 2. BILL OF MATERIALS (continued)

NCP4390GEVB

Reference Vendor Part Number Type Value PC/Board
1ISO1 ON Semiconductor FOD817B 4-pin DIP Optocoupler 1
J1 MOLEX 5273-03A 3-pin Connector 1
LF101 EMC parts CV240260SK 133T-F 300Va/4A 1
LF102, LF103 TNC NVL200N-60150 Vertical 150 uH /6 A 2
PT101, PT102 FEELUX EE10/11 2mH 2
Q101, Q107 ON Semiconductor FCPF125N65S3 TO-220F 650V /24 A 2
Q102, Q105, Q106 ON Semiconductor NSS20200L SOT-23 -20A/4A 3
Q103, Q104 ON Semiconductor FCB199N65S3 D2 PAK 650V /14 A 2
Q108, Q109 ON Semiconductor 2N7002 SOT-23 60V /115mA 2
Q201, Q202 ON Semiconductor FDB045AN08AO D2 PAK 75V /235 A 2
R101 Yageo RC1206JR-07272RL CHIP_R_ 3216 2.7 kQ 1
R106 Yageo RC0805JR-07622RL CHIP_R_2012 6.2kQ 1
R107 Yageo RC1206JR-07620RL CHIP_R 3216 62 Q 1
R108, R124 Yageo RC0805JR-07100RL CHIP_R_2012 10Q 2
R109, R125, R128, Yageo RC0805JR-07103RL CHIP_R_2012 10 kQ 5

R135, R234

R110 PILKO MPR5W 0.02EJ Metal plate R 0.02Q 1
R111, R112 Yageo RC0805JR-07185RL CHIP_R_2012 1.8 MQ 2
R113, R114 Yageo RC0805JR-07155RL CHIP_R_2012 1.5 MQ 2
R115 Yageo RC0805JR-07184RL CHIP_R_2012 180 kQ 1
R116 Yageo RC0805JR-07433RL CHIP_R_2012 43 kQ 1
R117, R214, R219 Yageo RC0805JR-07303RL CHIP_R_2012 30 kQ 3
R118 Yageo RC0805JR-07753RL CHIP_R_2012 75 kQ 1
R119 Yageo RC0805JR-07154RL CHIP_R 2012 150 kQ 1
R120, R232, R238 Yageo RC0805JR-07203RL CHIP_R_2012 20 kQ 3
R121, R137, R138, R139 Yageo RC0805JR-07204RL CHIP_R_2012 200 kQ 4
R122 Yageo RC0805JR-07392RL CHIP_R_ 2012 3.9kQ 1
R126 Yageo Axial type 1/2W Axial 1/2W 150 kQ 1
R127 Yageo RC1206JR-07100RL CHIP_R_3216 10 Q 1
R129, R131 Yageo RC1206JR-07103RL CHIP_R_3216 10 kQ 2
R130, R132 Yageo RC1206JR-07560RL CHIP_R_3216 56 Q 2
R133, R134 Yageo RC0805JR-07301L CHIP_R_2012 300 Q 2
R136 Yageo RC0805JR-07474RL CHIP_R_2012 470 kQ 1
R140 Yageo RC0805JR-07622RL CHIP_R_2012 6.2 kQ 1
R141 Yageo RC1206JR-07302RL CHIP_R_3216 3 kQ 1
R204 Yageo RC0805JR-07203RL CHIP_R_2012 20 kQ 1
R205, R206 Yageo RC0805JR-07153L CHIP_R_2012 15 kQ2 2
R207 Yageo RC0805JR-07332L CHIP_R_2012 3.3kQ 1
R208 Yageo RCO0805JR-07222L CHIP_R_2012 2.2kQ 1
R209 Yageo RC0805JR-07223L CHIP_R_2012 22 kQ 1
R211 Yageo RC0805JR-07513RL CHIP_R_ 2012 51 kQ 1
R212, R213 Yageo RC1206JR-07203RL CHIP_R_3216 20 kQ 2

www.onsemi.com
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Table 2. BILL OF MATERIALS (continued)

NCP4390GEVB

Reference Vendor Part Number Type Value PC/Board
R215, R216 Yageo RC0805JR-07000RL CHIP_R_2012 0Q 2
R217, R218 Yageo RC0805JR-072R2L CHIP_R_2012 22Q 2
R220 Yageo RC0805JR-07272L CHIP_R_2012 2.7kQ 1
R221 Yageo RC0805JR-07303L CHIP_R_2012 30 kQ 1
R222 Yageo RC0805JR-07300RL CHIP_R_2012 30Q 1
R223, R229 Yageo RC0805JR-07201L CHIP_R 2012 200 Q 2
R224 Yageo RC0805JR-07302L CHIP_R_2012 3kQ 1
R227, R233 Yageo RC0805JR-07122L CHIP_R_2012 1.2 kQ 2
R230 Yageo RC0805JR-07152L CHIP_R_2012 1.5 kQ 1
R231 Yageo RC0805JR-07183L CHIP_R_2012 18 kQ2 1
R235, R237 Yageo RC0805JR-07823L CHIP_R_2012 82 kQ 1
R236 Yageo RCO0805JR-07472L CHIP_R_2012 4.7 kQ 1
R239 Yageo RC0805JR-07102RL CHIP_R_2012 1 kQ 1
R240, R241 PILKO MPR5W 0.01 Q J Metal plate R 0.01 Q 2
SW101 DECO AT1D-2M3 Toggle SW 3 pin 1
CT101 FEELUX EE10/11 45:1 1
T101 FEELUX PQ4121 230 uH 1
T102 FEELUX SRV5018 300 uH 1
T103 FEELUX RM6-8pin 1.2mH 1
U101 ON Semiconductor NCP1616 SOIC-9 PFC 1
U102 ON Semiconductor NCP1072 SOT-223 Flyback 1
U103 ON Semiconductor NCP4390 SOIC-16 LLC 1
U202 ON Semiconductor LM431SBCM3X SOT-23 Shunt 1
U203, U204 ON Semiconductor FAN3225 SOIC-8 Gate Driver 2
U205 ON Semiconductor NCP4352 TSOP-6 CC/cv 1
VA101 HIEL HVR431D10 VARISTOR 1

www.onsemi.com
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NCP4390GEVB

TRANSFORMER SPECIFICATIONS

There are five kinds of transformer used in this EVB.
PFC,LLC,Fly-back,Current Sensing transformer and Pulse
Transformer.

PQ4121

26.00

B=

M=32.00£0.3 |
|=6—21.00+£0.03 J=2—2q0.B0£0.03 S _
- =E-21.000.03 q = SECTION A-4A

Figure 7. Transformer Dimension and Shapes (PFC)

Table 3. TRANSFORMER SPECIFICATION (PFC)

Pin Barrier Tape
(Start — Finish) Wire Turns Winding Method TOP BOT
Np 6—-8 0.1 ¢ x 60 USTC 44 Solenoid winding - -

Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Na | 43 | 02¢ | 2 | 3mm | 3mm

Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Ng | 152 | 02¢ | 6 | 3mm | 3mm

Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Copper Tape | -5 | Copper | 1 | 9 mm - | -
Insulation: Polyester Tape t = 0.025 mm, 2 Layers
Pin Spec. Remark
Inductance 6-8 230 uH 100 kHz, 1V

www.onsemi.com
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SRV5018EV

NCP4390GEVB

Figure 8. Transformer Dimension and Shapes (LLC)

Table 4. TRANSFORMER SPECIFICATION (LLC)

Pin Barrier Tape
(Start — Finish) Wire Turns Winding Method TOP BOT Ts
Np 152 0.1 ¢ x60 USTC 28 Solenoid winding - - -
Insulation: Polyester Tape t = 0.025 mm, 2 Layers
Ns 457 0.10 ¢ x 150 USTC 3 Bifilar - - -
12515
Insulation: Polyester Tape t = 0.025 mm, 2 Layers
Ng 6—-9 0.10 ¢ x 150 USTC 3 Bifilar - - -
14 > 17
Insulation: Polyester Tape t = 0.025 mm, 2 Layers
Pin Spec. Remark
Inductance Lm 1 - 2 (other pin open) 330 uH 100 kHz, 1V
Inductance LIkg 1-2 (seconﬂar%/))side pins all 58 uH 100 kHz, 1V
shor

www.onsemi.com
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Figure 9. Transformer Dimension and Shapes (Fly-back)

Table 5. TRANSFORMER SPECIFICATION (FLY-

BACK)

Barrier Tape

(Start ilnFinish) Wire Turns Winding Method TOP BOT Ts

Np 1-4 0.2¢ 48 Solenoid winding - - -
Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Na | 352 | 02¢ | 6 | 2 mm | 2 mm 1
Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Ns | 558 | 0.2¢ | 7 | 2mm | 2mm 1

Insulation: Polyester Tape t = 0.025 mm, 2 Layers

Pin

Spec.

Remark

Inductance

1.2mH

100 kHz, 1V

www.onsemi.com
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NCP4390GEVB
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Figure 10. Transformer Dimension and Shapes (Current Sensing Transformer)

Table 6. TRANSFORMER SPECIFICATION (CURRENT SENSING TRANSFORMER)

Barrier Tape

Pin (S—F) Wire Turns Winding Method TOP BOT Ts
Ng 85 0.15 ¢ 44 Solenoid 1.5 1.5 3
Insulation: Polyester Tape t, 3 Layers
Np 1-4 0.6 ¢ 1 Solenoid 1.5 1.5 1
Insulation: Polyester Tape t, 3 Layers
Pin Spec. Remark
Inductance 8-5 - 100 kHz, 1 V

www.onsemi.com
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NCP4390GEVB
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Figure 11. Transformer Dimension and Shapes (Pulse Transformer)

Table 7. TRANSFORMER SPECIFICATION (PULSE TRANSFORMER)

Barrier Tape

Pin (S —F) Wire Turns Winding Method | TOP BOT Ts

Np 154 0.15¢ 50 Solenoid 0 0 0

Insulation: Polyester Tape t, 3 Layers

Ng 58 0.15¢ 50 Solenoid 1.5 1.5 3

Insulation: Polyester Tape t, 3 Layers

Pin Spec. Remark

Inductance 1-45-8 2mH 100 kHz, 1 V

www.onsemi.com
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NCP4390GEVB

START UP PFC STAGE

Figure 12 show that the NCP1616 start up waveforms by
high voltage start up circuit. The output voltage reflects
rectifiered voltage around 150 V by bridge diodes until the
Vc voltage reaches start up threshold 17 V. Once Vc is
charged to the start up threshold voltage, the HV start up

i

L1
BAETG0D =
&£

L i i i
Measure P11 e,
wa ue 10134
Satus

( , CH2: V¢, CHB: VpRry, CH4: PFC output)

. 1 Ill | IllIi l-.H|ll.‘I II' 'l.! llll ‘llhlji h ."Ilill-l‘:“

TGN F4 plsp ol

regulator is disabled and the controller is enabled. After PFC
start up switching by Dynamic Self Supply of NCP1616,
Vcc bias comes from the auxiliary winding of PFC
transformer. After then PFC stage operating by Vcc supply
of PFC transformer auxiliary winding and the PFC output
voltage regulated target voltage.

Fager adiC4y

PEp kL

Figure 12. PFC Stage Start Up Waveforms

START UP FLY-BACK STAGE

When the power supply is first powered from the Drain
pin, the internal current source is biased and charges up the
Vcc capacitor. Once the voltage on this Vec reaches the Vee
on level, the current source turns off and pulses are delivered
by the output stage. And then auxiliary Vcc winding supply
to the Vcc. But the PFC output detection circuit is include for
( , CH2: Vg

i
i
1
1
i
L
1
i

FZfreq(C4)

Measure P1ms(C1)
walug 5.49Y

8, CH3: Vprain, CH4: Output Voltage)

Farms(C1)

stable start up LLC stage. When the Vcc voltage reaches turn
on threshold level, PFC output detection circuit pull down
the FB pin voltage til the output voltage reaches around 370
V. During this time, NCP1072 is not transfer to the output.
After then the PFC output voltage over than around 370 V,
Fly—back start up and supply Vcc voltage for LLC stage.

X
T

Fdpkpk(Gz) F3pkpk(C3) Faperiod(G4)

imebase 400 ms)

M= -701.7872ms  Ax= T02.3832mg
RI= 1.5860 ms 1Ae= 14217001 Hz

Figure 13. Flyback Stage Start Up Waveforms
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NCP4390GEVB

START UP LLC STAGE

The NCP4390 located in the secondary side and the
supply voltage is charged by the NCP1072. To prevent OCP
at start up condition, the V¢ voltage should be supply after
the PFC output voltage reaches around target level. As you

(

can see the below waveforms, V¢ voltage supply to the
LLC stage after the PCB voltage reaches around target level.
When the Vc voltage reaches turn on threshold level,
NCP4390 start up switching and the LLC output start with
Soft Start function.

, CH2: VPROUTZ! CH3: LLC Output, CH4: PFC Output)

Cil

c4j

c2

Cc2

Measure
walue
status

P2 freiC1)
883V

ParmSIC) P4 pkpk(C2) P& pkpk(C 3) PB period(C4)

¥1= -200.0573ms

Figure 14. LLC Stage Start Up Waveforms

START UP SR STAGE

The NCP4390 integrated in SR driver with LL.C controller
and directly driving SR MOSFET in secondary side. During
no load or light load condition, NCP4390 is not generate SR
gate signal. When the output load increased, the Current

(

, CH2: V|cg, CH3: SROUT1, CH4: Output Voltage)

Sensing Transformer reflect a primary side average current
information to Vics pin. When the Vics pin peak voltage
reaches threshold level around 0.2 V, NCP4390 generate SR
gate signal as like below waveforms.

Measure
valug
status

P1rms(c1)

P2freqiC1)
9.00 Y

P 3rms(C1) P4 pkpk(C2) PSpkpk(C3) PE period(C4)

Figure 15. SR Stage Start Up Waveforms
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NCP4390GEVB

CURRENT CONTROLLED FREQUENCY FOLDBACK

The NCP1616 PFC controller achieves power factor
correction using the novel Current Controlled Frequency
Foldback (CCFF) topology. In this mode, the circuit
operates in classical Critical Conduction Mode (CrM) with
ZCD when the inductor current exceeds a programmable

value. When the current falls below this preset level, the
NCP1616 linearly reduces the operating frequency down to
a minimum of about 26 kHz when input current reaches
Zero.

(CH2: Vpg, CH3: DRV, CH4: Input Current)

o 8 o ) o o

Measure P1rmsict PZ:rms(C3
value 164 mv 9.0

status 4 [

P3rms(C2) P4:freqiC1) P&--- PEi---
202.2%  1.057002652 kHz

W

e
¥1= 4.040072ms = 4968 ps
H2= 4045040ms k= 201.3 kKHZ

Measure P1msiC 1) PZirms(CH
value 165 mv B.74W
status

P3HNS(C2) PafragiC1) Ps--- PB:- - -

1874y 584.775018 Hz

®l= 9736 = T5748p
Wi= 85484 ps Tikk= 132017 kHz

Figure 17. Current Controlled Frequency Foldback Operation
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PWM OPERATION AT LIGHT LOAD CONDITION
The conventional PFM control method at the light load
condition, it has a poor efficiency due to the high frequency
operation and the large circulating primary side current. To
improve the light load efficiency, NCP4390 employs PFM
operation at light load condition. In the PWM control, the

switching frequency is fixed by the clamped internal COMP
voltage and the duty cycle is determined by the difference
between COMP voltage and the PWM mode threshold
voltage. The PWM operation threshold can be programmed
between 1.5 V and 1.9 V using a resistor on the PWM pin.

( , CH2: PROUT2, CH3: Vgomp, CH4: Output Voltage)

%

Measure P1ms(C3) PZiImMs(C4) P3rms(C1) Pd:phpkiC2) PS5 pkpkiG3) PEperiod(C4)
valug 1279 2431
status L v

0 56
¥i= 3690T22ms 1 1778 kHz

Figure 18. PWM Control Operation Waveforms
LLC OPERATION

Below waveform is normal operation mode of LLC in
heavy load condition. The LLC operated in above resonance
area.

( , CH2: PROUT2, CH4: Primary Current)

Pa:period(C4)

i
Measure P1.ms(C3) P2 freqiC4)
value TEmMY 10352416 kHz
status L4 b

Pamsicl) Pd:pkpkiC2) P pkpk(CG3)

irmebase - 25.0 ug [Tt

10.0p
S00kE

=)
Wi= T408G8ps  A¥= 00

ns
¥2= TA98998 ps k=

Figure 19. LLC Operation Waveforms
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SYNCHRONOUS RECTIFICATION CONTROL AND NORMAL OPERATION

The NCP4390 controls the SR MOSFET using the dv/dt guarantee stable SR operation during light load operation,
of SR MOSFET drain voltage. Before SR gate is turned on, the NCP4390 operate in Shrink mode. During this time, the
SR body diode conducts as the conventional diode rectifier. SR dead time is increased resulting in SR gate shink. And
When the Vics peak voltage reaches threshold level around then, the SR dead time is reduced to the programmed value
0.2 'V, NCP4390 generate the SR gate signal. At this time, to when Vics peak value rises about 0.25 V.

( , CH2: SROUT2, CH3: V/cg, CH4: SR1DS)

o it : 5
Measure P1msicy P2 fregiCd) PIImsic Pd:pHpkIGT) PS5 pkpk(G3) P pEriod(Cd)
valug 608 my 10688825 kHz

status L &
1 4] imebase -25.0 ug

10

s g ?
Measure P1ims(C 3 PregiCd) F3rmmsic) P pknkiC2) P3pkpk(C3) PE:perod(G4)
value n.zmy 10771709 kHz

status o i

1= 740888ps A= 00ns
K2z 749998 ps k==

Figure 21. SR Gate Operation at Light Load Condition
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( , CH2: SROUT2, CH3: V|cs, CH4: SR1DS)

1

2 : : ! i
Measure P1orms=(c S P2 fregiCd) F3rms{C1) Pd-pkpkis2) P& pkpkiC3) FEperiadiC4)
value 1389 my 107.69081 kHz

status L iy

Wi= 74009815 &= 0.0ns
Xi= 7409985 T -

Figure 22. SR Gate Operation at Middle Load Condition

( , CH2: SROUT2, CH3: V|cg, CH4: SR1DS)

1

F

I ; :
Measure F1rmsic3H F2ireqiCd) P3.rms(C1) Pd pkpk(C2) P& pkpkic3 FE.period(C4)
valug 403 my 106473281 kKHz

v i

status

H2= 749998 ps 1Ax=

Figure 23. SR Gate Operation at Heavy Load Condition
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SYSTEM EFFICIENCY & PF

Figure 24 presents the system efficiency of the EVB with efficiency at high line. Also the PF is over 0.96 at wide input
various input voltage. The EVB demonstrated that the range.
288 W power application can approach 95% peak system

96 100
[ —— " - 99.5
\ ____..---""" i gg
a4 f.—_.--‘" i..---------__ —-...\ - - 98.5
£ 0 sl i - 98
% 7 5
_§ / L 97.5 L
S 92 ; '
£/ \ - 97
g1 - 96.5
—Efficiency
- 9B
g0 —_—
RE - 8955
89 ! ! 95
90 110 130 150 170 190 220 240 264
Input Voltage (Wac)
Figure 24. System Efficiency by the Input Voltage
Table 8. MEASURING RESULTS OF EFFICIENCY & PF
Vac 90 110 130 150 170 190 220 240 264
Efficiency 91.52% 92.74% 93.70% 94.20% 94.57% 94.82% 95.04% 95.21% 95.38%
PF 99.60% 99.50% 99.20% 98.80% 98.70% 98.60% 98.50% 98.00% 96.60%
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Figure 25 and Figure 26 show system efficiency & PF by

the output load condition, respectively.

100
g0 —
i
70
¥ 60
g
5 950
S
E 40
L
30
20 —Efficioncy@110vac — |
10 ——Efficiency@220Wac —
0 —t
1 2 4 5 4] 7 8 9 10 11 12 13
Qutput Load (A)
Figure 25. Comparison Efficiency by the Low and High Line
Table 9. MEASURING RESULTS OF EFFICIENCY BY LOAD CONDITION
Output Current 1A 2A 3A 4A 5A 6A
Efficiency @ 110 Vac 80.27% 87.65% 89.73% 91.31% 92.14% 92.67%
Efficiency @ 220 Vac 78.45% 88.77% 91.72% 92.88% 93.11% 93.57%
Output Current 7A 8A 9A 10A 1A 12A
Efficiency @ 110 Vac 92.91% 93.01% 93.01% 92.99% 93.15% 92.82%
Efficiency @ 220 Vac 94.02% 94.34% 94.55% 94.59% 94.73% 94.93%
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90

80

70

PF ()

60

50

40

30

Qutput Load (A)

—|
.--""".-
——PF@110Vac
—PF@220Vac |
I T
B 5 6 7 8 9 10 11 12 13

Figure 26. Comparison PF by the Low and High Line

Table 10. MEASURING RESULTS OF PF BY LOAD CONDITION

Output Current 1A 2A 3A 4A 5A 6A
PF @ 110 Vac 92.2% 98.2% 98.6% 98.8% 98.9% 99.1%
PF @ 220 Vac 63.9% 85.0% 89.6% 93.0% 95.0% 96.5%

Output Current 7A 8A 9A 10A 11A 12A
PF @ 110 Vac 99.2% 99.3% 99.4% 99.4% 99.5% 99.5%
PF @ 220 Vac 97.2% 97.6% 97.9% 98.1% 98.3% 98.4%
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CONDUCTED EMISSION

The following figures illustrate conducted EMI signatures
under full loading for different input line voltage levels.

100 100
20 g0
80 80
0 70

Level in dBF

Level in dBE

20 20
0 10
0
160K 300 400500 800 1M 2M SM 4M BV & 8 10M 20M  30M 160K 300 400600 800 1M 2M SM 4MEM B 8 10M 20M  30M
Frequency in Hz Frequency in Hz
——  MePeakClaarwiite-Fie Average-CleatWiite-AVG ————  MaPask-Claaiite-Fre Avarage-ClaaWile-AVG
ENB5D22 Volinge on Meins OF ENES022 Voliage an Mains A4 ENSS022 Volinge onMains P~ ——— EN 55022 Valtage on Mains AY

Figure 27. EMI Result both 110 VAC and 220 VAC & Full-Load
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