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GaN Based Ultra-high Power
Density Adapter 300 W

Description . _ ON Semiconductor®
This evaluation board user manual describes implementation of the
300 W Ultrathigh Power Density Adapter and its main parameters; WWW. onsemi.com

efficiency, noiload input power consumption, transient responses,

EMI signature etc. The evaluation board demonstrates

ON Semiconductes high performance controllers, drivers and EVAL BOARD USER’'S MANUAL
discrete semiconductor content capabilities that enable efficient
UHPD designs implementation. This reference design includes tr
Synchronous PFC boost converter which is operating in th
DiscontinuouConduction or Critical Conduction Mode (DCM/ CrM) ¢
depends on loading and LLC power stage with secondary sic (4
synchronous rectification. TH&-C front stage is driven by NCP1616 =
controller, which assures unity power factor and low input curren
THD. Synchronization of the PFC boost SR switch is secured by th™
NCP4306 high performance SR controller. The LLC stage operates
500 kHz switching frequency while nominal load is applied. Power

stage is managed by the NCP13992 high performance current mode

LLC controller. Thanks to the GaN High Electron Mobility Key Features

Transistors (HEMT) implemented in both power stages at primar§ GaN HEMT Based Design with Ultiigh
side, the high efficiency is easily maintained despite that system Power Density Up to 32 W/inéh

operatest high frequency. GaN Systen®S66504B are incorporated € Simple Two Layer PCB Design for all Board
as primary side power switches. Synchronous rectifier (SR) stage used/odules

in the secondary side composes from NCP4306 and two paralleled 800 W Maximum Power with Peak Power
y power MOSFETSs for ea_ch branch. SR MOSFETs and controllers areyp to 340 W at Fixed Output Voltage 19 V
|mplemented on the dedlcat_ed SR MODUITE daughter card _tc_) €388\ \/ide Input Voltage Range 90265 Vims

main power board PCB design and to achieve maximum efﬁmenc& . .

Ultra thigh powerdensity is achieved thanks to the modular design;, Synchronous CrM PFC with using GaN
used controllers/ drivers, GaN HEMT and dedicated power magneticsHEMT
design. This evaluation board manual focuses mainly on referene500 kHz LLC Stage Incorporated with
design description, adapter operation principles and connections. Fof00 V HB GaN Driver and High Performance
more comprehensive information please refer to datasheets ofCurrent Mode LLC Controller

individual parts that have been used. € Complies with CoC5 Tier2

Table 1. GENERAL PARAMETERS

Output Voltage /
Device Applications Input Voltage Current Vour Ripple 1/0 isolation
NCP51820 Notebook adapter, 90 — 265V 19V/16 A 500 mV @ full load Isolated
NCP1616 TV power supplies RMS 18 A max
NCP13992
NCP4306
FAN3180
NCP431
Operating
Efficiency Standby Power Temperature Cooling Topology Board size
see Figure 31 and | <150 mW @ 110 Vipg 0-50°C Passive cooling* refer to | Synchronous CrM | 55 x 159 x 18 mm
Table 3 <150 mW @ 230 Vimns Evaluation Demo iboard PFC, LLC + SR
Connections and
Power Tup and Test
Procedure notes
Semiconductor Components Industries, LLC, 2019 1 Publication Order Number:

November, 2019 i Rev. 0 EVBUM2684/D
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IMPORTANT NOTES

€ GaN Based Ultréhigh Power Density Adapter 300 W Shorticircuit protection enters to autorecovery fault
was designed as a traidf between fornifactor, after 5 consecutive pulses above 4.35V at CS pin
efficiency, output voltage ripple, noise and protection Maximum onitime protection is activated when
features 2.7 s onitime is exceeded, this results in

€ The maximum output voltage ripple is 550 mVipk autorecovery fault
during skip mode operation (full load 500 mV k), Brown iout pgohfc“?” allows LLC Stage for an
due to implemented high efficiency skip mode. %:)proprllate ulk voltage rangle h h
Additional post filter can reduce voltage ripple below SVer vo tage_ prﬁ_tec(:jtlor]mmay datc system; however
220 mV in skip operation range (full load < 120 mV It's not used In this demoar .
pk ipk) Over temperature protection latches controller in

case of overheating, but to applying this feature,
additional NTC resistor needs to be assembled
€ This reference design has not been optimized for surge,

€ For this design, the NCP13992 (the LLC Stage
Controller) is implementing dedicated setup:
Fixed deadtime 80 ns with additional adjustment

freedom via NCP51820, which enhancing ditade lightning, etc _ o
to 110 ns € Itis recommended to consider additional thermal
Output current is limited via auicecovery FBifault management especially at very low line voltage
timer 100 ms, which is triggered at load above

18 A

MODULAR CONCEPTIONS
The demdboard is constructed using a modular system brings several advantages as versatility, possibility to test
that composes from the MAIN BOARD (Figures 2, 3, 4, 5) own daughter cards, easy design update, opportunity for
and several daughtesard modules. Following checkingfunctionality separated module and spare room for

daughteificards are insertddto MAIN BOARD: additional features. These allow the user to enhance

€ BRIDGE RECTIFIER MODULE MOD101 (Figure 11,  experimenting with daughtécards. Used type of
Figure 12) constructiorhelps to reduce PCB area, thus increases power

€ CBULK MODULE MOD102 (Figures 13, 14) density and also allows reducing number of PCB layers

€ LLC STAGE MODULE MOD103 (Figures 83, 16, 17)  heeded. All PCBs are designed agagers with 70 m

€ SR MODULE MOD104 (Figures 21, 22, 23) copper plating for better thermal management. Also, the

70 m copper helps to reduce conduction losses especially

Each module is indicated in schematic diagram in 4t secondary side which carries relatively high output
Figure2 as MOD10x. Refer to Figure 1 for better , rent.

understanding of assembly approach. Modular concept

Detailed Descriptions of the Evaluation Board improve thermal management of the PFC stage power
The MAIN BOARDis portrayed in first few figures;  switches.

schematic diagram in Figure 2, PCB layout, assembly plan The MAIN BOARDis protected by the F101 5A

in Figure 3, Figure 4 and photographs in Figure 5. MAIN fastiactingtype fuse on the input which is capable withstand
BOARD contains input/ output terminals, protection the inrush current which is not significantly high, thanks to
elements, EMI filter, synchronous PFC stage, output filter selected bulk capacitor capacitance. The varistor R101
capacitors and slots or pins for inserting and connectingserves agput overvoltage protection in case of distribution
daughter card modules. It is also equipped with terminalsline voltage spikes or disturbances. A differential mode
needed for connecting of magnetic elements shielding adighting surge protection has not been optimized in this
PFC inductor, LLC transformer and so on. MAIN BOARD board. The inrush current limiting element as NTC
is based on 1.8 mm width core PCB with #@ copper thermistor is not used, see the schematic diagram in
plating. 70 m copper plating was selected in order to Figure 2. In case that higher bulk capacitor capacitance is
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necessanyior instance for longer holidip time, then the fuse  is used for bulk capacitor voltage regulation and protection
properties and inrush NTC resistor should be considered purposes. The boost diode D111 is rectifying current
The EMI Filterconsists from several components which are deliveredfrom PFC inductor L105 after power switches are
described further. The comm@émode power line chokes turnedioff. The synchronous switch Q105 GS66504B
L102 and L101 reduceommon mode noise in low—middle reduces conduction losses of D111 especially at higher
frequency band and higher frequency band respectively.output power levels. The synchronous switch driver IC101
L102 has implemented shielding to avoid noise coupling is implemented with NCP4306 with 5 V driver voltage
from PFC stage. The differential EMI noise in lower clamp option. Its local decoupling is done by ceramic
frequency region is limited by differential capacitor built capacitor C109. 200 V CS pin voltage range is enhanced
from C101 and C102. Threei¥apacitors CY101 - CY103 with MOSFET Q104. Supply voltage for IC101 is
are intended to minimize the commionode noise. CY103  bootstrapped through diode D104 with option for higher
usually attenuates the lowest frequency band. The inputboot voltage via R106 or lower voltage level R107. Supply
terminal PE is connected together with output ground voltagefor IC101 is prepared after several switching cycles
terminal.Connection is done via copper wire with diameter of power switches. PFC controller necessary compensation
1.5 mm and it has two purposes. First goal is safety circuitries and components are located very close to
grounding and second reason is creating short and lowcontroller itself. PFC Stage over temperature protection
impedance path for EMI filter to reduce EMI noise. PFC (OTP) is based on SMD NTC resistor R126 which is y
stage préfilter is arranged from polypropylene capacitor located close to the power switchdhe HV StariUp,
C103 and differential mode inductor L104. Hiker BrowniOut and X2 Discharge Capability both primary
mainly resolves noise that comes from commutation chargecontrollersare equipped with Higkioltage Stariup current

of PFC power stage to input side of EMI filter and thus helps sourcefNCP1616, NCP13992). The NCP1616 (IC103) has
to further EMI signature reductiohe PFC Front Stage  an integratedhigh voltage staf up circuit accessible by the
implements critical conduction mode PFC boost converter HV pin. The sta up circuit is rated at a maximum voltage
with activesynchronization of boost diode i.e. synchronous of 700 V. A star§ up regulator consists of a constant current
rectification. All elements needed to build PFC front stage source that supplies current from a high voltage rail to the
are located on MAIN BOARD except to bridge rectifier and supplycapacitors (C105, C106, C107) on the VCC pin. The
bulk capacitor. The PFC front stage (Figure 2) consists ofinternalhigh voltage staf up circuit eliminates the need for
below mentioned parts. BRIDGE RECTIFIER MODULE external staup components and thus helps to reduce
MOD101(Figure 11, Figure 123 replacing standard bridge  nofload power consumption. Once supply capacitors are
rectifier device. The controller NCP1616 1C103 is the charged to the st&tp threshold, the st&up current is
“brain” which is managing PFC stage. The CBULK disabled and the controller operation is enabled. The
MODULE MOD102 (C301307 in Figure 7, Figure 8)  starS up regulator remains disabled untigy/falls below
serves as energy storage bank. The MAIN BOAR®xal the lower supply threshold. Once reached, the PFC
highifrequency decoupling imade of multilayer ceramic controller isdisabled reducing the bias current consumption
capacitors (MLCC) C114, C116, C118 and C120. of the IC. The controller is also disabled once a fault is
Capacitors improve EMI signature thanks to covering detected. Operation is then restarted again when VCC
commutatiorcharge caused by PFC power stage transitions.reaches ¥c(on)or after all nos latching faults end. The
The inrush diode D108 creates alternative path for initial supply capacitor provides power to the controller during
bulk capacitor charging. Also it reduces boost diode D111 power up. The HV pifas additional features and provides
current stress in case connection to distribution line or lineaccess to the brownout and line voltage detectors. The
interruption. The sensing shunt composed of R121, R125prownout detector detects mains interruptions and the line
and R128 which set maximum peak current flowing through voltage detector determines the presesfasither 110 V or
inductor and power switches. The NCP1615 IC103 sense220 V AC mains. Depending on the detected input voltage
inductorcurrent directly as woltage drop at shunt via R119 range device parameters are internally adjusted to optimize
at combined CS/ZCD pin. The PFC inductor L105 features the system performance. The HV pin also offers X2
auxiliary winding that is intended for zero current detection capacitodischarge feature. The X@apacitor is discharged
(ZCD). \bltage from auxiliary windings rectified by D106.  after disconnecting power cord from the distribution line
This signal is divided by resistors divider R109, R119 socket.The HV pin connection to input (AC) side of adapter
connected ttNCP1616 CS/ZCD pin which guarantees zero is assured via serial circuit R103, R105, R108, and two
current sensing and detects power switches drain voltagaliodesD101 and D102 (Figure Zyhe Output Filteis built
valleys. The PFC GaN HEMT power switches GS66504B from the polymer electrolytic and ceramic capacitors
Q10617 from GaN Systems are used instead of standardC122i131, which are located on the MAIN BOARD to
Silicon MOSFETs. The driver FAN3180 IC102 drives PFC support easy PCB design. Polymer electrolytic capacitors
power switches, driver uses local decoupling capacitor were selected to handle high AC output current ripple and
C108.Driving slope is set by D110, R117, R120 and R124. suppress output voltage ripple. Ceramic capacitors reduce
The driver voltage prazegulator is made of Q101, R102 and ripple at high frequency range (above 1 MHz) at which
D103. Simple driver supply filter L103 and R114 is impedance oglectrolytic capacitors is relativebpor or can
implemented to reduce HF current flowing from auxiliary haveinductive character. #hould be noted that output filter
supply. The bulk voltagdivider R132, R133, R134, R135, capacitor bank is fed froBR MODULE MOD104 which is
R136, R137, R138 with filtering capacitor C119 is soldered directly on the secondary transformer turns.
connected tthe FB pin of PF@ontroller.This information
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Figure 2. Schematic Diagram of MAIN BOARD
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Figure 3. Top Layer PCB Layout and Assembly Plan of MAIN BOARD
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GaN HEMT based Power Staggplication requires  stored inductance energy, so voltage spikes at the drain of
several design rules to be met to secure proper and reliabl&aN power device becomes lower. Refer to Figure 6 in
systemoperation. Ishould berealized such way that power which flux cancelation loop example is depicted. Power
loop inductance is as small as possible. The optimumstage main devices are placed in one line to reduce area of
solutionfor loop inductance reduction is the flux cancelation the power loop and easily prepare space for ground return
loop technique. Usage of this technique results in lower path. Compagblacement also improves EMI performance.

Ceramic +Vbulk High Side Switch node or
GND capacitor rail GaN Switch HB node

Low Side GaN Switch Rsense VIA, GND
| L | L

GaN device GaN device

Gate turn on/off resistors Kelvin Source / driver GND

Driver Vcc Capacitor GaN Driver

GND at decoupling capacitor Switch or HB node TOP/ BOTTOM overlapped area should be minimized
L

GND return trace
IL

GND

Ceramic Switch
capacitor +Vbulkrail  High Side  node or HB Low Side Rsense -
Copper { ! ! GaN Switch node GaN Switch node Rsense VIA,
layer1  VIASES, ' I I I ! GND
GND -
Copper PCB
layer 2 core

Figure 6. GaN HEMT Power Stage Design Principle

The example provided in Figure 6 is a simple Haifige

overlapped arebetween switching node and return ground
stage with sensing shunt resistonnected to the source of

is minimized, see Figure 6 again. This reduces parasitic
low side switch. Resistor is necessary for positive type of capacitance created at switching node and possible noise

currentsensing and limitation. It can be omitted in case that coupling. Ground return trace beginning and end are
is not needed and the return ground should be connected tmterconnected through multiple vias. Because used GaN
the source of low side switch. Ground return trace should beHEMT devices are cooled through source pad, the cooling
routed fromlow side switch source to decoupling capacitor area should be considered and projected according to
ground, directly under GaN devices such way that generated losses. In generally, removing heat from GaN

WWW. onsemi.com
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device is advanced topic which is not focus of this manual Thus, careful design is very important to maintain reliable
and for more information refer to GaN Systenpsrt and safe operation. Proper implementing includes not only
datasheet and related application notes. Heaifige stage  power stage (which also influences driving loop), but also
needs to bdecoupled with a high voltage ceramic capacitor veryimportant is gate drive circuit itselBimple example is
which should be close to higiide switch draitto maximize proposed in upper part of Figure 6. Driver should be located
its decoupling effect. Power stage is supplied directly to as close to GaN HEMT device as possible to reduce loop
ceramic capacitor from main energy storage, usually bulk lengthand thus driving loop inductance. Both driving traces
capacitor, which shouldrbe too far from the power stage. need to be very close to each other. It is also advantageous
It is recommended to use at least 100 nF decouplingto use same technique for the driving loop as for the power
capacitor tchandle energy stored in power loop inductance loop (flux cancelation loop). For smooth tiiom process,
duringtransition states and also energy stored in power railsfree ofany ringing, it is desirable to place driver decoupling
inductances. Lower value capacitance capacitor is notcapacitor at driving ground. This further reduces ground
usually robust enough solution and ¢tameceive energy  trace inductance via which is charging loop closed. Driver
stored in stray inductances and thus may be destroyed duground pinmust be connected to a dedicated kelsource

to overcharging after appeared transition phenomenon.pad of the GaN HEMT device. If the GaN HEMT device
Simplifying, decoupling capacitor acts two ways, once is does® have a dedicated kelvisource pad, then it is
covering commutation charge of power stage, secondly itpreferred tgoin driver ground to point of source pad through
workslike a snubber and dumps voltage spikes. BddteS which minimum current is flowing. Such connection
improve EMI performance. For real PCB layout secures smallest influence of power current loop on the
implementation of synchronous PFC stage refer to figure driving process.

Figure 7 — device indexes correspond with schematic in

Figure 2. Design Tips for PFC Controller NCP1616

When PFC controller NCP1616 is going to be
incorporated, several design recommendations should be
taken into account to avoid unexpected or noisy
To MOD101 - performanceVcc decoupling capacitor should be sited next
to the Vcc and GND pins as demonstrates Figure 8.
Controllerground should be split into so call “quiet ground”
and driving/ Renseground. Splitting point should be located
very close to controller GND pin.dtrecommended to use
quiet ground for connecting compensation elements and
PFC feedback divider circuitries. Driving ogdRseground
should be directly connected to current sensing shunt

To PFC resistor. Because current sense (CS) and zero current
. detection (ZCD) features are available at shared CS/ZCD
inductor L105 pin via divider its reasonable to connect ZCD winding
beginning to Renseground. Bulk voltage or PFC feedback
divider istypically built from several resistors due to safety
Source reason. To keep good noise immunity it is important to use
careful feedback divider placement, which should be far
away from highdV/dt signals. In simple words it should be
copper separatedfom high voltage switching nodes. Divider can be
also shielded by copper polygon connected to quiet ground
for further improvement. For the supply voltage distributing

cooling

Figure 7. PCB Layout Implementation of to surrounding or auxiliary circuitries use star connection
Synchronous PFC Stage technique and properly select distributing point based on

o . ] current flowing to various loads. Distributing points are
GaN HEMT Gate driving consideration usuallylocated near to the decoupling capacitors. In case of

~ GaN HEMT exhibit with very low parasitic capacitances/ yse external driver, especially high speed switching driver,
inductances and different current conduction mechanismit important to implement filter inductor into Ve supply

compare tetandard silicon MOSFET. Thank to these, such |ine or at least few unit ohms resistor. This decreases high

device can achieve multiple times higher switching speedfrequency currents flowing into Vce supply line and also
and significantly better total power losses performance. O”separates Vee decoupling capacitors, which tend to cover
the other hand ruggedness is worse compare to standargharge each other in case of low supply line impedance.

silicon MOSFET. GaN HEMT gate capacitance is usually  afore mentioned practices minimize noise injected into
ten times lower compare to standard MOSFET sedsier all controller pins and secure stable operation.

to destroy GaN device with improper handling and design.

WWW. onsemi.com
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Compensation elements NCP1616 Vcc capacitors
1 I 1] |

+Vbulk .
rail

_ - - Current_

= g sense point
PFC FB
divider O — [ ]

m

— y [ 1N - Rsense GND
Quiet | b
GND |

— ]

= E g ﬂ' ’ﬁ ZCD winding

GND
Vaux y ]

= \ - B . )
Vee @ i—i : -l
trace / [ _— ﬂ:ﬁ:}\ﬁ- ZCD

Cvee winding

Figure 8. NCP1616 Recommended Connection Example

Design Tips for SR Driver NC4306 in High Voltage The precise turioff threshold, extremely low turioff
Application delay time and high drivesink current capability allow the
maximum synchronous rectification MOSFET conduction
|;<r time and enables maximum SMPS efficiency. The high
D109 /N 3 driver clamp voltage accuracy (5 V) enables the use of GaN
i 1712 HEMTs. The NCP4306 was designed to be used as
D104 0159107 secondary side co_ntroller for maximum CS pin voltage of
B 1 200 V. To enhance input voltage range the cascode MOSFET
IC101 R118Q10|5_ - Q104 was implemented, see detailed schematic diagram in
—8 vce orv [ L 2 Figure 9 Cascode MOSFET clamps maximum input
; , voltage tdevel Voc— Vih 0104 Because PFC stage is based
R1T5 MIN_TOFF  GND on GaN HEMT devices, it can achieve very high dV/dt
. slopes. Tguarantee that cascode clamp stays stable during
R116 MIN_TON cs transition small switching diode D109 has been used. This
NCP 4306DBAZZAA diode doesn't allow Q101 source runaway to high voltage

and thus protects IC101 CS pin against overvoltage. Further
protection which makes HV SR application stable is Zener
Diode D107. In case that supply voltage would rise, D107
o ) ) will clamp it to 18 VDespite that the synchronous PFC stage
The NCP4306 is high performance driver tailored 10 5 jmplemented, the boost diode is still mandatory to avoid
control a synchronous rectification MOSFET in switch 105 thermal runaway due to its high reverse conduction
mode power supplies. Thanks to its features and versatlllty,voﬁage dropparticularly while no driving pulses are made

it can be used in various topologies such as DCM or CCMp,y, 1c101. Driving pulses are not present whilst PFC stage
flyback, quasresonant flyback, forward and resonant LLC ig'i, startiup process avhen switching burst is initiated. As
converterThe combination of externally or fixed adjustable 4¢5rementioned. some minimum number of switching

minimum offitime and oritime blanking periods help to ¢y cjes must be taken to generate supply voltage for IC101.
fight the ringing induced by the PCB layout and other "4 jncorporate HV SR PCB layout design using NCP4306
parasiticelements. A reliable and noise free operation of the 54 GaN HEM device following considerations should be
SR system is insured due to the Self Synchronizationyowed. PCB layout design example is illustrated in
feature.The NCP4306 also utilizes Kelvin connection of the Figure 10.This layout is implemented in MAIN BOARD. In
driver to the SR MOSFET to achieve high efficiency generally, GaN HEMT devices require always the same

oper_ation at fuI_I load and l_Jti_Iizes the_Iight load det(_eqtion practice as is mentioned in previous sections. Simplifying,
architecture to increase efficiency at light load conditions.

Figure 9. Schematic Diagram of HighVoltage
Synchronous Rectifier using NCP4306
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the driver location is next to GaN HEMT device as physical driving ground, see Figure 10 below. Drain sensing point is
or manufacturing dimensions allows it. Driving traces selected lefidown in the drain pad corner i.e. place which
should bdied closely togethetUse aGaN HEMT dedicated is far away from main current path. Cascode protecting
kelvinisource pador separated source trace, to avoid diode D109 is positioned close to the cascode MOSFET
influence of power loop current to connect driver ground. Q104. Bootstrap diode trace to Vdecoupling capacitor is
Driver Vcc decoupling capacitor should be placed on separatedrom others and cannot beerged with Vcc traces
driving ground trace, next to Vcc pin. NCP4306 parameters for supporting circuitries.

adjusting pins need to use quiet ground separated from

Cascode Drain sensing point GaN HEMT SR switch
HV MOSFET|_| J L J

Cascode
protection Diode

SR adjusting

resistors
Quiet GND
Boot
Diode I 1
SR Driver Vcc Sensing and Driving
. NCP4306 Capacitor driving GND loop

NOTE: Trace widths were reduced for explanation purpose in order to clearly display each device connecting path. Appropriate trace
widths has to be used in final design, especially for Vcc and driving loops which carry high current peaks and need to have low
impedance to keep GaN HEMT device properly turned ion or off.

Figure 10. NCP4306 & GaN HEMT as Synchronous Switch Design Example

BRIDGE RECTIFIER MODULE MOD101
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Figure 11. Schematic Diagram of BRIDGE RECTIFIER MODULE MOD101 and its Photographs
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BRIDGE RECTIFIER MODULE MOD101schematic semiisynchronousbridge rectifier module or even more
diagram, photography and PCB layout are revealed inadvanced a fully synchronous bridge rectifier module if
Figure 11and Figure 12. This module is built from 4 pieces higher eficiency is required. Addition benefit of this design
of small SMD bridge rectifiers that support both sides approach is reduced PCB area needed than routing
assembling, which easies PCB layout design. Main idea isinterconnection for standard bridge rectifier.
to create versatile module, which can be replaced with

1

T

1]

Top side

ON SEMICONDUCTOR

B 204

Bottom side

il

B 202

B 203

—+

RAB565D_01

ON SEMICONDUCTOR

o

Figure 12. Top/ Bottom Layer PCB Layout and Assembly Plan of BRIDGE RECTIFIER MODULE MOD101

The semi'synchronous bridgeectifier module based on  scope of this user manual, but for reference few facts from
FCMTO099N65S3 an8iCP4306 was developed and tested. real measurements are showed in Table 2. Maximum
The FCMT099N65S3 is a 650 V SUPERFET Ill MOSFET efficiency improvement reached with seisynchronous
with typical 87 m onistate resistance, which is housed in bridge rectifier was +0.5% and in best case up to 1 W of
a Power88 package. This very small package (8 x 8 mm)losses were saved. Mentioned results are valid for specific
offersexcellent power density that is suitable for this design. configuration which was used and can differ in other
The semisynchronous bridge rectifier design is out of arrangement.

Table 2. STANDARD BRIDGE RECTIFIER VS. SEMI iISYNCHRONOUS BRIDGE RECTIFIER COMPARISON

Semi isynchronous bridge Semi isynchronous
Standard bridge rectifier rectifier improvement
Output power Input voltage Total Total power Total Total power Efficiency Power losses
level [V AC] effieciency [%)] losses [%] effieciency [%)] losses [%] increase [%] recudtion [W]
152 W 90 93 11.46 93.5 10.6 0.5 10.86
115 93.99 9.75 94.33 9.15 0.34 10.6
230 95.15 7.76 95.32 7.47 0.17 10.29
210 W 90 92.49 17.01 92.92 15.96 0.43 11.05
115 93.81 13.82 94.13 13.06 0.32 10.76
230 95.39 10.14 95.56 9.74 0.17 10.4
286 W 90 90.49 30.05 90.74 29.17 0.25 70.88
115 93.11 21.15 93.34 20.39 0.23 10.76
230 95.19 14.43 95.34 13.96 0.15 10.47
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The CBULK MODULE MOD10%s shown in Figure 13 MAIN BOARD (MB) PCB layout, which moved capacitors
and Figure 14 serves as energy storage bank which savesoldering pads from MB. It also prepares room for power
energy delivered from PFC Stage and provides it for LLC switches, creates interface for LLC Stage module and
Stage Main design strategy for this module was to simplify overall minimizes system volume.
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Figure 14. Top / Bottom Layer PCB Layout and Assembly Plan of CBULK MODULE MOD102
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LLC STAGE MODULE MOD103 is displayed in resonant inductdr404, resonant capacitors C42R25 and
Figure 83, Figure 16 and Figure 17. Module is constructedtransformeiX501. Resonant capacitors are based on NPO or
in such a way that it contains everything needed for LLC COG dielectric material. This material is very stable with
stage primary side implementation. LLC STAGE frequency, voltage and temperature. Other ceramic
MODULE is based on NCP13992 I1C401, NC51820 IC402 capacitorgnaterial is not recommended. Diodes D484
and GaN Systemd5S66504B Q40#405. Module also  clampresonant capacitor voltagwing to bulk voltage level
contains optocoupler U401 and shunt regulator NCP431and protect resonant capacitors against overvoltage stress.
IC403which insure output voltage regulation, see schematic Resonant inductor is built on RM5 core with shielding
diagram in Figure 83. connected to halbridge stage ground. The LLC

The primary side of LLC power stage formed by transformer X501 is connected to LLC STAGE MODULE
half ibridge configured from switches Q4G405. Diodes through flying wires. LLC transformer was designed as
D404 and D407 are used in parallel with power switches. hybrid type. The primary winding as well as auxiliary
Diodes help to reduce conduction losses during dead timewinding is made from triple insulated wires, which secures
period and protect power switches while system is in insulationand safely separates secondary side from primary
startiup process and higher operating current is present.side. Secondary windings are created from copper plates,
Half ibridge isdecoupled using ceramic capacitors C419, which are soldered directly to the SR MODULE.

C420 and C421. Resonant tank composed of discrete

WWW. onsemi.com
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Figure 15. Schematic Diagram of LLC STAGE MODULE MOD103
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Figure 16. Top/ Bottom Layer PCB Layout and Assembly Plan of LLC STAGE MODULE MOD103
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Figure 17. Photographs of LLC STAGE MODULE MOD103
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LLC Controller NCP13992 Implementation locatedMAIN BOARD (Figure 2close to C103). This kind
The NCP13992 is a high performance current mode of connection was implemented in order to simplify design
controllerfor half bridge resonant converters. The controller and reduce HV stafup circuit losses. Diode D401 is
implements 600 V gate drivers, simplifying layout and installed to avoid any possible influence of bridge rectifier
reducingexternal component count. In this case the HB pin voltage (especially at near zero crossing levels) on
is connected to GND and automatic déade function is controlless VCC supply voltage.
disabledcontroller operates with fix dedtime, both driver The auxiliary regulator and proper Vcc sequencing
outputs are referred to ground potential and work as signalneeded for auxiliary supplying is provided by auxiliary
buffers only. Eternal GaN HB driver (NCP51820 IC402) is winding of X501 which voltage is rectified by bridge
used tadrive power stage switches, see schematic in Figurerectifier diodes D40#412 and filtered by C418. \oltage
83. The builtin BrowniOut input function eases levelat C418 varies two times approximately fromiload
implementation of the controller as LLC stage operation is to full iload conditions. Thus the auxiliary regulator is
enabled after BO pin receives proper signal level. needed to clamp +VAUX4 (also +VAUX3) voltage to
Browniout divider information is used also as PFC FB and approximately 16 V. Auxiliary regulator is built from
thus voltage follower was implemented on MBdure 2 Q403, R422, D406 and C416. Small signal MOSFET was
Q108, C121, R140, and R141). Voltage follower acts as selected a®403 position to allow low bias for Zener diode
impedance separator which cancels BO hysteresis currenD406. This minimizes regulator power consumption,
influence on the PFC feedback voltage, so bulk voltage especially during néload condition. PFC controller 1IC103
regulation level is not changed, during states when supply voltage +VAUX4 and LLC controller IC401 supply
hysteresis current is enabled or disabled. The NCP1399%/0ltage +VAUX3 are separated by diode D405. It is
featuresa dedicated output, the PFC MODE pin, which can recommended to keemntrollers supply lines independent
be used to control PFC stage operation. This feature togethein case that some of controller needs restart after a fault
with skip mode technique helps to improve light load event.C401 supply must be present before BO enables LLC
efficiency of the whole application. The PFC MODE pin stage for proper staitip sequence of whole application.
controlsNCP1616 IC103 via divider network (R122, R123, GaN HB driver IC402 must be ready for operation before the
R126, R130, and C112). PFC controller is forced to enterfirst pulses are provided by IC401 to avoid missing pulses
skip orstandiby mode when it detects signal below 300 mV and perform suitable g/voltage building and proper LLC
at STDBY/FAULT pin. Consumption is the minimized and stagesoftistart sequence. Propegy and startup chaining
controller waits for bulk voltage restart level to recover further supports ¥c(on)level of each IC.
operation. STDBY/FAULTpin voltage ranges between 0.5  The CS Divider provides LLC controller 1C401 with
to 1.5 V in normal operation mode. Refer to NCP1616 information about current flowing through primary side of
datasheet to skip mode procedure details. The NCP13992nain stage. CS divider composes from R424, C426, C427,
provides a suite of protection features allowing safe R413 and C410. C410 capacitor action is regulated via
operation in any application. This includes: overload impedance of bidirectional switch (Q40Q402) which is
protection, ovefcurrent protection to prevent hard controlled based on feedback voltage though R409. Cs
switching cycles, browiout detection, open optocoupler divider gain is fixed when LLC stage operates in normal
detection, oveivoltage (OVP) and ovétemperature mode and feedback voltage is higher as Q@02 are
(OTP)protections. OTP protection can be easily introduced fully switched on. As load is decreasing, LLC stage needs to
by assembling RT401 which is placed close to Q405 sourceenter skip mode operation to reduce switching frequency
pad (see Figure 83 afigure 19. and keep efliient operation. Feedback voltage is reduced to
The NCP13992 controller features a HV startup current very small level then and switch Q40Q402 are turned off.
source (at HV pin) that allows fast startup time and C410 is thus disconnected and current sense divider gain is
extremely low standby power consumption. Two startup definedonly with R413. As feedback is rising to initiate skip
current levels are provided by the system for safety in caseburst, feedback voltage is approaching threshold level of
of short circuit between VCC and GND pins. In addition, the Q4011Q402, their impedance isodulated and system gain
HV startup current source features a dedicated smoothly passes from maximum to minimum value. This
overitemperaturegprotection to prevent IC damage under techniquehelps to regulate burst energy and set desired skip
any failure mode that may occur in the application. The HV in level, despite that resonant tank forces controller to
startupcurrent source is primarily enabled or disabled baseddeliver very high energy due to CS comparator delay.
on Vcc level however it can be also enabled by BO_OK  The CS Divider clamp is used to avoid short circuit
rising edge, autérecovery timer restart and TSD restart protection false triggering during high voltage swing
events. The HV startup current source charges the VCCtransition at CS pin, which appears especially whilst LLC
capacitor before IC staitip. The HV pin is interfaced to  stage starttup. High voltage peak is caused by transition
highivoltagethrough serial circuit R405, R406, D401 and phenomenon in CS divider which is suddenly biased by
HV_IN terminal at LLC STAGE MODULE (Figure 83) resonant capacitor voltage. CS Divider clamp composes of
Insulated wire is used to connect to HV_LLC terminal C413, Zener diodes D4G203 and R407. Zener diodes
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connected in series (with cathodes together) create voltagéeedback loop compensation network is created by resistor
off iset which in turn disconnects C413 in normal operation. R432and capacitor C430. The value of output voltage is set
The output voltage regulation is ensured by the shuntby voltage divider compriseaf resistordiR433, R434, R435.
regulator IC403-NCP435, see Figure 83 bottom right LLC STAGE MODULE MOD103 PCB layout implements
corner. The optocoupler U401 is driven via resistors R425 emptypart positions (C428, C429, C431, R410, R427, R428
and R426 which determines the feedback loop gain. Resistoand R431) which can be used to change feedback response
R430 biases the NCP431 in case that there is no currenin order to fulfil different application needs.
flowing through the optocoupler U401. The voltage

GaN Switches paralleled

GaN HB driver GaN Switches diodes, D404 and D407

HF decoupling

ceramic CAPS I Resonant

capacitors and
clamping diodes

HV Start Tup circuit —
— g8 OTP thermistor

= E s - RT 401
' IR
NC P13992 i e
power GND trace % -y CS Divider R424,
—~1 5 g} C426, C427
] S
o4
Vcc decoupling 4
capacitors C407, ! e = .
C408 1 v CS Divider
return ground
NCP13992 CS Divider
Clamp
Quiet GND Rectiber and

AUX regulator

Vcc storage
capacitor C409

Adjusting or o .
bltejzring garts CS bidirectional switch FB opto icoupler trances

Figure 18. NCP13992 Recommended Connection Example

Design Tips for LLC Controller NCP13992 in High splitting position should be selected appropriately
Frequency Application depending on auxiliary current flow. Splitting place is
High frequency applications exhibit higher dv/dt and di/dt mostly situated at positive pad of decoupling capacitors.
signals compare to standard low frequency designs. Propegtorage capacitor C409 doesmave to be located close to
PCB layout is thus highly required to minimize switching the controller, however it used as distribution point for
noise. Below recommendations help with NCP13992 LLC |C401 and 1C402. Each driver section of IC402 produces
controller integration into application and to avoid any currentglitches up to 2 A peak with duration up to few tens
unwanted or noisy behavior. of nanoseconds in supply line. L402 and L403 were
Ve decoupling capacitor should be located very close tojmplemented tsuppress high frequency currents flowing in
VCC and ground pins of each driver as demonstratesayxiliary supply lines. L401 is intended to filter Vcc line for

Figure 18. Use star connecting technique for the supply pFC stage controller and sidircuitries. It is very helpful to
voltage distribution to supplementary circuitries. The
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separate VCC pins between controllers and drivers usinggateisource ovefvoltage under various operating
resistor of few unit ohms. Higher supply line impedance conditions. The NCP51820 offers important protection
separates VCC decoupling capacitors, which then cannofunctions such as independent unieitage lockout
exchange electric charge each other like in case of low(UVLO), monitoring VDD bias voltage and VDDH and
impedance connection. VDDL driver bias and thermal shutdown based on die
Controller ground should be divided into “quiet ground” junction temperature of the device. Programmable
and power ground. Separating point should be located verydeaditime control can be configured to prevent
close tathe controller GND pinPower grounds connected  crossiconduction. Supply voltage applied to VDD provides
to Q405 source. Use quiet ground for connecting adjustingbiasfor the digital inputs, internal logic functions, hitgide
or controlling parts: BO, SKIP, FB, CS, FREEZE and floating bootstrap (VBST) bias supplying the internal
OVPIOTP protection circuitries. Each pin used for highiside regulator (VDDH) as well as providing bias
protectionor parameter setup, should be filtered by ceramic directly to the internal loviside regulator (VDDL). Single
capacitomwith capacitance at least 1 nF. The 10 nF capacitorsVDD bypass capacitor, CVDD, connected directly between
are used in this reference design. the VDD and SGND pins is sufficient for decoupling
CS divider return ground should be connected directly to because the GaN FETs receive source current locally
sourcepad of Q405. CS divider clamp should also use samethrough the dedicated internal regulators. Thepi
ground. This minimizes current flowing from resonant capacitorshould be a ceramic capacitor in the range from 10
capacitor, through CS divider (also CS divider clamp) via nF to 100 nF, located as close to the VDD and SGND pins
controller ground, back to power stage ground. Suchas possible to properly filter out all glitches caused by
situation can occur due to transient phenomena at resonargwitching. Under voltage lockout (UVLO) is important to
capacitor/ CSlivider during startup, skip burst or step load protect the GaN FETs and power stage. The NCP51820
is applied. CS divider bidirectional switch is placed close to includes UVLO thresholds of ppyv+> 8.5 V, ON and
the controller on quiet ground. Vppuv i< 8V, OFF.

HV pin uses relatively high voltage for controller Deaditime of 110 ns isised in this design as it fiafently
startiup. ThusHV pin needs to be routed separately from coverswhole application range. R415 is connected at DT pin
othersignals with reasonable creepatigance. The MODE  to adjust deaittime period. The deaidime resistor uses
pin is used for chaining with PFC controller. If this feature simplerule 1 k is equivalent to 1 ns DT increment. DT pin
is omitted then MODE pin should be left open without is decoupled by ceramic capacitor C412. GaN HEMTs
decoupling or loading. switchingturnion speed is defined by resistors R42820,

Few more techniques are important to assure good noiseurnioff speed is then defined by resistors RIR921.
immunity of the LLC controller stage. The CS divider Turnion process is slower and tsatay 33 resistors were
positionand FB optocouplgrlacement shouldnbe closeto  selected. On thether hand, turningpff speed must be fast
high dVv/dt signals. FB optocoupler traces should be routedto minimizeturnioff losses, because device is switched off
as closely coupled pair. One trace from the pair is groundat peak of resonant tank current, thus 2@rnioff resistor
extendedrom controller quiet ground. Use copper polygons were adopted. Another important portion of the driver is
connected to ground as a shielding against noise wheréootstrap circuit, which is supplying high side section and
possible. consists of R416, D404 and C417. Resistor R416 limits
chargingcurrent of C417 via diode D404 from C411. Do not
insertinductor in bootstrap loop or instead of R416 to reduce

o . . . bootstrap current peak as this may result in malfunction.
The NCP5.1820 h|ghspeed gate drlvc_ar_ is designed to R416 was set to 10 to assure correct function through
meet the stringent requirements of driving enhancement

N S . whole operating range. Vboot voltage is always built up
moc_Je (a mpo_le), HEMT and gate |njec_t|on traq5|st9r (GIT), after eactow side driver pulse and is at high enough level,
gallium nitride (GaN) power switches in dfine,

half ibridge power topologies. The NCP51820 offers low ngizgicg rLllz)cniégEeSi?Elr_att)iztlgt:/;p%i(:)?jip(lsjljllg 4ng§ t\;vel tgn
and matched propagation delays with advanced level shift

R . chosen due to its fast recovery character and very small
technology providingi3.5 V to +650 V (typical) common . . . : : :
- . _ unction capacitance. Low junction capacitance and low
mode voltage range for the higgide drive andi3.5 V to ] b J P

. . recovery charge are important to avoid discharging
3.5 \/_qommon mo_de volta_ge range for the ltuide d_r IVE. bootstrapcapacitor and EMI issues. Another key advantage
In addition, the device provujes stable dV/dt operation ré.ltedof ES1JFL is compact package taking just little area on the
up to 200 Vins for b‘?th driver output stages. Both drive PCB. Resistor R414 enabling drivers operation should be
stages employ a dedicated voltage regulator to accuratel)fow impedance to ensure that disable thresholdsvimn
maintain the gatésource drive signal amplitude and thus

protect the gate of the GaN power transistor againsttm‘gg(-:‘n-:‘d and no high side missing pulses appear, due to

excessive voltage stress. The circuit actively requlates theIogic rule “low side pulse first”. Please refer to NCP51820
X Ive voltag ' iredl Ively regu . datasheedand related application note AND9932/D for more
drivers bias rails and thus protects against potential

information regarding proper application of this driver.

The High Speed Half 1Bridge Driver for GaN Power
Switches NCP51820 Implementation
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Figure 19. NCP13992 Recommended Connection Example
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Design Tips for NCP51820 in High Frequency LLC mentioned order enables simplifying of bootstrap loop
Application layout and balancing of driving loop lengths. In this
NCP51820 is following design rules frdi@aN HEMT  application, SGND and PGND should be connected
Gate driving consideration$ection. Implementation of  together by the short trace, 98D9932/D.
NCP51820 is done under specific application limitation,  The NCP13992 with surrounding circuitries was added to
which include dimensions and shape see Figure 16,pCB right after NCP51820 PCB layout implementation had
Figure 17. Somef components as well as power terminals peen completed.
had predefinegositions which could not be changed. These SR MODULE MOD104 is portrayed in Figure 21,
limitations are very common in SMPS and it is usual that Figure 22, Figure 23 and. Figure 28. This module is built
design is processed according to them. The LLC STAGEbased on four single channel MOSFETs and two
MODULE MOD103 design approach is described below synchronous rectification drivers NCP4306. MOSFETs
and it tries to provide simple method how to implement Q502i505 arepackaged in S@BFL to support high power
NCP51820 into power stage step by step. As first step, thedensity. Two MOSFETs are arranged in two branches of
mandatory elements (all terminals and resonant inductor)center tapped rectifier. Each MOSFET branch is protected
had been placed on the PCB. Second step is placement ¢fgainst voltage spikes by the RC snubbers which are
Q404, Q405, D407, D408 and C4m21. Ceramic  connected across the FETs drains and sources. RC snubber
capacitors C418421 should be as close tothe high side cjrcuits are composed of C50R501iR503 and
switch drain pad as possible see Figure 19 (also betteic502iR502iR505. The synchronous rectifier drivers
visibility in Figure 18). Considering Q40Q405 losses IC5011502 NCP4306 drive MOSFETs based on drain
250 mW each at full power, both devices require relatively yoltageinformation. Each NCP430gses external adjusting
small area to remove heat and may be close each otheand decoupling elements. Module requires high frequency
DiodesD407i408 are place in parallel to Q404, Q405. This decoupling, which is done with ceramic capacitors C503,
arrangement allowed implementing flux cancelation loop €504 and C507, C508. R508513 and R508R512 set
mentioned iri{GaN HEMT based Power Stagegction. The minimum ONitime and minimum OFRime period
resonant capacitors C4X2425 together with clamping  respectively. Minimum ONtime is set to 110 ns and
diodes D413414 were located as next step in order t0 minimum OFFitime was adjusted to 680 ns. Automatic
minimize module area. Everything was placed close to | jght Load detection (LLD) timer can be tuned by
Vbulk rail terminals and resonant inductet04 while some R507iR514. ThelLLD pins must be decoupled with
place was left fo€S divider upper capacitors C4RBA27. C509iC510. LLD timer was tweaked to 68s which is
Resonantapacitors and related clamping diodes veéieel  syjtable value for most LLC converters and improves
next to each other. NC51820 with surrounding elementsnoiload consumption. For more information about LLD
were linked to power switches after power stage had beerteature refer to datasheet of NC4306. Above mentioned
routed. Positioning of NC51820 weene in such way that  timing values well cover SRetup for this reference design
the driving loops are approximately same for both jn whole operating range. SR MODULE contains spare
Q4041405 transistors see Figure 19 bottom picture. Both components which can build simple voltage regulator in
driving loops are almost symmetrical furthermore. Internal case that 10 V driver clamp would be used. NCP4306 with
regulator VDDL and VDDH decoupling capacitors 5V driver clamp option is recommended for this design to
C4141415 areboth placed near to related pins in the same reducedriving losses. dtal driving losses vérequency data
layer as NCP51820. Reason for this is to minimize driving gre provided in Figure 20, while two paralleled
loopinductance. VDD decoupling capacitor C4dgs next ~ NTMFS5C645NL MOSFETs are driven. Total driven
to VDD and SGND pins in bottom layer. Bootstrap loop capacitance is 4.6 nF.
(R416, D404 and C417) connection order is highly

important. Principally, VB capacitor C417 is charged from 600 - ————
the drain, when loviside switch turngon, subsequently 550 o Ve v Ve 5, e
C414voltage is built from C417 via internal regulator. C417 “0
was placed on TOP side of PCB to be closer to drain, this
remove part of inductance in bootstrap loop. This solution 450

400

alsohelps to shrink higifside driving path. Resistor R416 is
connected through copper via to C412. C415 serves as
primary source providing energy for bootstrap. D404
cathode is connected to C417 and from same positive pad
C417 isheading trace to VB pin through PCB via, while both
traces are routed separately. General rule for proper 200 10 460 480 500 520 540 560 580 600 620 640 660 6aC
decoupling says that one trace is entering to decoupling

capacitor pad from power supply and second trace must

leave it to IC supply pin, while both are separated. Afore ~ Figure 20. NCP4306 Total Losses vs. Operating
Frequency for 10 V and 5 V Clamp Option

350

300

250

Operating frequency [kHz]
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Figure 21. Schematic Diagram of SR MODULE MOD104
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Figure 22. Top/ Bottom Layer PCB Layout and Assembly Plan of SR MODULE MOD104

Figure 23. Photographs of SR MODULE MOD104

The LLC transformeobeys specific design rules to fit must be longer and vice versa. The limiting factor is
LLC power stage optimally. Two general solutions are used minimum energy whiclereates sufficient HB node voltage
in practice: discrete or integrated LLC transformer tank ring to activate power switch body diode, thus ZVS. It is
implementation. Discrete LLC transformer features small easier maintained ZVS for lower switching frequency (or
primary leakage inductance which influence on resonanthigher loads) and maximum input voltage. Operating
frequency is minimal when compare to integrated LLC voltage range needs to be limited. The lowest permissible
transformer. Primary winding inductance of discrete LLC voltage should be chosen for full load (or overload level),
transformer as well as integrated version is derived from while application is still in regulation. The highest voltage
zero voltage switching (ZVS) conditions. ZVS is present is usually defined by PFC stage regulation. PFC
only when energy stored in magnetizing inductance is highoverivoltageprotection may be triggered in case that bulk
enough to fully charge or discharge HB node parasitic voltage would achieve higher bulk voltage level.
capacitances within dedtime interval. The magnetizing Magnetizing inductance value should be chosen for the
inductancesnergy depends on tuion time, applied voltage  highest expected operating frequency in normal mode to
and inductance. If magnetizing inductance energy is lower,sustain ZVS.
then HB node transition takes longer time and dgam
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improving secondary side DC and AC resistance.
Disadvantage is little bit higher leakage inductance of
secondary side

€ Hybrid windings transformer, in our case it means, that
primary winding is done from TIW litawire and
secondary windings are created from copper plates.
Insulation ensures TIW at primary side and insulating
turn holders for secondary turns. This kind of
embodiment combines advantages of two solutions
above mentioned

Hybrid windings Transformer can be prepared with

multiple arrangements. During reference design

developing, three transformer structures from Figure 25

were evaluated and best of them was chosen for further

manufacturing. Structure number 1 in Figure 25 has three

primary sections, two secondary sections and one airgap.
Figure 24. Maximum Recommended Magnetizing Solution 1delivers highest SR MOSFET$Y peakvoltage,
Inductance vs. COSS and Operating Frequency which is very hard to suppress.

Magnetizing inductance is essential for proper LLC
converter operation and Figure 24 can be used to read its
value and simplify selection process. Chart in Figure 24 is
dedicated for halfbridge stage for first magnetizing
inductance approximatiott.is easy for using, firstly check
power switch output capacitancep§s most precise
number is energy related output capacitanggdgen Pick
it value up at @ssaxe and then readyagmax axe value for
specific frequency.

The high frequency transformers can be divided into
many categories, but further will be discussed only planar
core transformers as high power density candidates. Also,

integrated LLC transformers and PCB based planar . ) ) i
sections, two secondary sections and one airgap. This

transformers are not assumed. Considering winding ) o ) .
embodiment may be planar core based transformersconﬂguratlon improves magnetic coupling and decreases
separated to: secondary windings leakage inductance. Result of this is

, i - lowered SR MOSFETSs s peak voltage from 78 to
€ Transformer with fully planar windings. All windings . -
de of lat hile betw lates | 52 V. Four sections secondary winding enables use of 60 V

are rlnq €o coppleerhg eks(\j/v :ce N ¢ ceen piates 1 SR MOSFETSs, while for two sections secondary winding
Insu anqntm?te:la. 1S Itn ﬁ trans °|r_metT IS r’goret are 80 V SRMOSFETsstill marginal. Structureaumber 3 in
?p‘?“’g”‘"‘_ € for lower mpub Vo aé:;e appflca lon, due to Figure 25 features three primary sections, two secondary
Imite | primary turrs num er an trans orm ratio. sections anthree airgaps. Airgaps are distributed in center
Bengflt is simple mgnu_facturmg O_f vymdmgs. D_rawback leg of core. Each of them is aligned to primary winding
of this transformer is higher intérvinding capacitance section. Level of fringing flux which would enter to

Figure 25. Hybrid Windings Transformer Possible
Structures

Structure number 2 in Figure 25 has three primary

€ Trgnsformgr \./vith. all windings made of litz vyires. windings section is reduced thanks to distributed shorter
Primary winding is usually prepared from triple airgaps. Thus, fringing flux generated losses (resistive
insulated wire (TIW) to improve and reinforce character) are lowered. Main reason why this solution

insulation between primary and secondary side. Litz  (Figure 27) was introduced is further reduction of
wire enables to enhance primary tamumber and use  transformer resistive losses. Comparing performance of

transformer in higfivoltage application. Litz wire threementioned structures we can say that structure 1 is the
usage decreases impact of skin and proximity effects. worst and structure 3 provides best results see Figure 26 for
Secondary windings are typically paralleled for related achieved efficiency.
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Based on information from transformer evaluation
Sumida America Components Inc developed two
transformer samples T91706 and T91715. Sample T91706
is recommended for power level 300 W and T91715 has
higher power rating up to 400 W. For more information
abouttransformer samples referSamida contadh the end
of document.

Figure 26. Efficiency Comparison of Transformer
Structure 1 and 3

To summarize properties of transformer structure 3 in
Figure 25 and Figure 27:

€ Good manufacturability
€ Lower resistive losses
€ Lower leakage inductance

€ Small SR MOSFET ¥s peak voltage Figure 28. Photograph of SR MODULE MOD104 and
€ Better thermal management, thanks to four sections of Hybrid Windings Transformer
secondary turns more heat can be transferred
T91706 transformer sample has been used in this
reference design. Transformer is inserted and soldered into
the SR MODULE MOD104 PCB, see Figure 28 and then
whole module isattached to MAIN BOARD visible also in
Figure 1. Transformesecondary windings are connected in
such way, that one outer section operates together with
outlying inner section in parallel mode. This is the key for
better distribution of the magneto motoric force, which
supports previously mentioned benefits. Parallel operation
of windings is secured by PCB layout in Figure 22. Direct
Figure 27. Hybrid windings Transformer Sample parallel windings connection has been used in the design
(Manufactured by Sumida America Components Inc.) which is more effective solution than two independent SR
branches merged into one. The SR MODULE would be
Above mentioned advantages prioritize to implement Much more complicated in case of two independent SR
transformer structure 3 into reference design. TransformerPranches solution that would require SR driver with
could be further enhanced by using 5 sections of primarySurrounding components including extra MOSFET with
winding but this is too complicated from production point of Shubber.
view.
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Design Tips for NCP4306 in HF Application ground through which high output current is flowing. This
Most of the rules mentioned in previous text (mainly in secures that sensing and gate driving is not influenced by
“Design Tips for SR Driver ... can be applied to NCP4306 loadcurrent. Drain sensing point is selected as middle point
implementatiofin HF application as well. NCP4306 housed in between drains of Q508505, whilst related drain pad
in DFN T8 package (4x4 mm) has been selected for SRedge is close to sourtgate pads, see left picture in
MODULE MOD104. Beside the low thermal resistance, the Figure 28 This point is far away enough from main current
DFN'i8 package offers thermal pad that can be used agath,thus influence to sensing point is minimized. Common
ground distribution point. Vcc decoupling capacitor is GND for both MOSFET sources should similarly be in the
placednext to the thermal pad (GND pad) and close to Vcc middle between Q50@)505. Use at least 0.7 mm trace
pin, while quiet ground is taken from opposite site. Use few width and via drill diameter 0.6 mm tdak suficiently fast
units Ohms resistors (R510, R511) to separate VCCdriving. The ground via drill diameter should be +0.1 mm
decoupling capacitors between each other and from outpubigger as gate via diameter, in case of paralleled SR
voltage decoupling capacitors. This smooths chargeMOSFETs.Low impedance of gat@rive loop enables very
exchange between mentioned capacitors. Charge exchangrst turnioff of SR MOSFET. Practical tests proved that it
can happen for example in case of step load or when SRs better to use vias along edges of power traces and left
Driversgrounds are unbalanced. Adjusting parts should usecentral area untouched. This approach keeps trace
the quiet ground separated from driving grofiglre 28 impedance low. RC snubber placement is not so critical so
Ground of SR driver should not be connected to power it should be done in such a way that it eases PCB layout.

TOP SIDE VIEW — BOTTOM copper (blue) is forced to

foreground TOP SIDE VIEW (TOP copper ired)

RC Snubber Drains s_etnsmg : +Vout HF Vias to GNDJ Gate drive trace
poin Vias to | decoupling
GATES capacitors , ;
Drains : C507, C508 i /8 \ Quiet GND
q
SR | i Adjusting
Transformer MOSFETs | | Transformer D parts
terminals source i || terminals ;E -
GND =3
MOSEETSs : decoupling
; NCP4306 capacitor
Q503, Q505 Vias : C506
+Vout Source sensing GND | +Vout VIA from GND pin GND
terminal point terminal | terminal to source terminal
|
|
|

NOTE: The trace widths in Figure 29 were reduced, in order to clearly demonstrate connecting paths. Appropriate trace widths has to
be used in final design, especially for Vcc and driving loops. For proper trace width refer to PCB layout in Figure 22.

Figure 29. NCP4306 PCB Design Example

Evaluation Demo fiboard Connections and Power iup Power Tup Sequence:

and Test Procedure 1. Connect AC Supply to the demoboard AC input
Important notes: 2. Connect Electronic Load at the output terminals
€ Do not apply extreme voltage to the input terminals! with proper polarity — see figure Figure 30

3. Set AC Supply voltage in range 85 to 265V AC
4. Turn AC Supply on
5. Check output terminals voltage, approximately

€ Be careful, high DC voltage is presented!
€ Do not apply DC voltage to the input terminals!

€ The demo is not optimized for surge, lightning, etc 19V
€ This reference board requires thermal management 6. Modify electronic load current to desired level
especially at very low line voltage. Use fan for while output voltage is monitored

excessive heat spreading
€ Follow up poweiiup and poweidown sequences

WWW. onsemi.com
28




Power Tdown sequence:

1. Turn AC Supply off

AC Input:
85-265V AC

=

Measurements section

Table 3. EFFICIENCY SUMMARY

NCP13992UHD300WGEVB

2. Discharge bulk capacitor for manipulating further

High voltage is presented!

Up to 420 V DC

Figure 30. NCP4306 PCB Design Example

DC output:
19V/16 A

=)

To load

condition.It should be noted, that operating waveforms can
Table 3 provides summary information about system slightly vary depending on actual demoboard as well as
efficiency and ndload power consumption measured at components values are altering due to their tolerance. Step
several input voltage levels while synchronous PFC load response and output voltage ripple showed from
operation is enabled. Conduced EMI signatures offer Figure 66 to Figure 73, were measured directly at output
Figure 32 and Figure 33 as well as thermal images whilstterminals without any additional decoupling or filtering. If
full load was applied in Figure 34, Figure 35, Figure 36 and lower ripple is required simple additional post filter can be
Figure 37. Pictures from Figure 38 are demonstrating implemented to reduce ripple to desired level.
operating waveforms, which were captured at specified

Consumption [mW] or Efficiency [%]
LOAD 110 V AC 60 Hz 230 V AC 50 Hz

0 mw <150 mW <150 mW

120 mW < 300 mW <300 mW

250 mw <450 mW <450 mW

500 mW <750 mW <750 mW

1000 mwW <1300 mW <1300 mW
Load 1.0% 3w 77.8 79.6
Load 2.5% 5W 81.7 81.9
Load 5.0% 15w 85.2 84.7
Load 10% 30W 86.7 86.8
Load 20% 60 W 90.5 92.0
Load 25% 75W 91.5 92.9
Load 50% 150 W 93.5 94.8
Load 75% 225 W 93.1 95.0
Load 100% 300 W 92.5 94.8
4 point AVG 92.7 94.4
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Figure 31. Adapter Total Efficiency vs. Loading Power
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Figure 32. Conduced EMI Signature vs. Frequency at Input Voltage 115 V AC and 280 W Load

-g’

— ENb55011 CBG2 Conducted Qpeak LIMIT

— MAX PEAK HOLD: 230 V AC @ 280 W
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Figure 33. Conduced EMI Signature vs. Frequency at Input Voltage 230 V AC and 280 W Load
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Spot1 i 2 B201 — B204,
p BRIDGE RECTIFIER MODULE
Q404 High side GaN Switch,
Spot 3
LLC STAGE MODULE
Q405 Low side GaN Switch,
Spot 4
LLC STAGE MODULE
Spot 5 L404 resonant inductor,
P LLC STAGE MODULE
Spot 6 X501 LLC Transformer
Q503 & Q505,
SPot7 | Sk MODULE
Q502 & Q504,
SPot8 | Sk MODULE

Figure 34. Thermal Image taken at Input Voltage 110 V AC and 300 W Load (Component Side)

. BRIDGE RECTIFIER MODULE
Spot1 12 | connection to MAIN BOARD

Spot 3 R121 iR125 {R128 PFC shunt,
po MAIN BOARD

Q106 PFC GaN Switch, MAIN

Spot 4 BOARD

Q107 PFC GaN Switch, MAIN
Spot 5 BOARD

Spot 6 Q107 PFC Synchronous GaN Switch,
po MAIN BOARD

Spot 7 X501 LLC Transformer

Spot 8 SR MODULE connection to MAIN
po BOARD

Figure 35. Thermal Image taken at Input Voltage 110 V AC and 300 W Load (Bottom Side)
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Spot1 i 2 B201 — B204,
P BRIDGE RECTIFIER MODULE
Spot 3 Q404 High side GaN Switch,
LLC STAGE MODULE
405 Low side GaN Switch,
Spot 4 Q WSl W
LLC STAGE MODULE
Soot 5 L404 resonant inductor,
P LLC STAGE MODULE
Spot 6 X501 LLC Transformer
Q503 & Q505,
Spot7 SR MODULE
Q502 & Q504,
Spot 8 SR MODULE

-

gure 36. Thermal Image taken at Input Voltage 230 V AC and 300 W Load (Component Side)

BRIDGE RECTIFIER MODULE
Spot 1 72 connection to MAIN BOARD

R12171R1251R128 PFC shunt,

Spot3 MAIN BOARD
Q106 PFC GaN Switch,
Spot 4 MAIN BOARD
Q107 PFC GaN Switch,
Spot 5 MAIN BOARD
Spot 6 Q107 PFC Synchronous GaN
po Switch, MAIN BOARD
Spot 7 X501 LLC Transformer
SR MODULE connection to MAIN
Spot 8

BOARD

Figure 37. Thermal Image taken at Input Voltage 230 V AC and 300 W Load (Bottom Side)
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Operating Waveforms during Burst

CH1:
Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,

60 V/div
CH4:
LLC resonant tank current,
1 A/div
Figure 38. Primary Side, LLC Stage Burst Waveforms at Load 0 W (0 mA)
CH1:

Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 39. Primary Side, LLC Stage Burst Waveforms at Load 2 W (~ 100 mA)
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Operating Waveforms during Burst

CH1:

Q405 Gate drive voltage,
3 Vidiv

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 40.

Primary Side, LLC Stage Burst Waveforms at Load 7.7W (~ 400 mA)

CH1:

Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 41. Primary Side, LLC Stage Burst Waveforms at Load 19 W (~ 1 A)
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Operating Waveforms during Normal Mode at Loads: 30 and 100 W

CH1:

Q405 Gate drive voltage,
3 Vidiv

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 42. Pri

mary Side, LLC Stage Normal Mode Waveforms at Load ~40 W (~ 2.0 A)

CH1:

Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 43. P

rimary Side, LLC Stage Normal Mode Waveforms at Load 100 W (~5 A)
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Operating Waveforms During Normal Mode at Loads: 200 and 310 W

CH1:

Q405 Gate drive voltage,
3 Vidiv

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 44. Primary Side, LLC Stage Normal Mode Waveforms at Load 190 W (~10 A)

CH1:

Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 45. Primary Side, LLC Stage Normal Mode Waveforms at Load 310 W (~16 A)
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Operating Waveforms during Normal Mode at Extreme Load: 350 W

CH1:

Q405 Gate drive voltage,
3 Vidiv

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 46. Primary Side, LLC Stage Normal Mode Waveforms at Load 350 W & Vbulk Max (~18 A)

CH1:

Q405 Gate drive voltage,
3 V/div

CH2:

N/A

CH3:

LLC HB node voltage,
60 V/div

CH4:
LLC resonant tank current,
1 A/div

Figure 47. Primary Side, LLC Stage Normal Mode Waveforms at Load 380 W & Vbulk Min
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Rectifier Operating Waveforms during Burst

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 14 Drain isource
voltage,

20 Vv/div

CH3:

Q503 i5 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 48

. Secondary Side Synchronous Rectifier Driving Pulses at Load 0 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 4 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 49

. Secondary Side Synchronous Rectifier Driving Pulses at Load 2 W
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Secondary Side Synchronous Rectifier Operating Waveforms during Burst

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 14 Drain isource
voltage,

20 Vv/div

CH3:

Q503 i5 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 50. Secondary Side Synchronous Rectifier driving Pulses at Load 10 W (~ 500 mA)

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 4 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 51. Secondary Side Synchronous Rectifier Driving Pulses at 19 W (1 A)
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Secondary Side Synchronous Rectifier Operating Waveforms during Normal Mode at Loads: 60 and 100 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 14 Drain isource
voltage,

20 Vv/div

CH3:

Q503 i5 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 52. Secondary Side Synchronous Rectifier driving Pulses at Load 60 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 4 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 53. Secondary Side Synchronous Rectifier driving Pulses at Load 100 W
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Secondary Side Synchronous Rectifier Operating Waveforms during Normal Mode at Loads: 200 and 310 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 14 Drain isource
voltage,

20 Vv/div

CH3:

Q503 i5 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 54. Secondary Side Synchronous Rectifier Driving Pulses at Load 200 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 4 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 4 Drain isource
voltage,

20 V/div

Figure 55. Secondary Side Synchronous Rectifier Driving Pulses at Load 310 W
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Secondary Side Synchronous Rectifier Operating Waveforms during Normal Mode at Extreme Loads:
340 and 380 W

CH1:

Q502 i4 Gate drive voltage,
5 Vidiv

CH2:

Q502 14 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 14 Drain isource
voltage,
20 V/div

Figure 56. Secondary Side Synchronous Rectifier driving Pulses at Load 340 W

CH1:

Q502 14 Gate drive voltage,
5 V/div

CH2:

Q502 4 Drain isource
voltage,

20 V/div

CH3:

Q50315 Gate drive voltage,
5 V/div

CH4:

Q502 14 Drain isource
voltage,

20 V/div

Figure 57. Secondary Side Synchronous Rectifier driving Pulses at Load 380 W
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PFC Stage Operating Waveforms at Input Voltage 110 V C and Loads: 20 and 100 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q10617
Drain isource voltage,
100 V/div

CH4:

L105 i PFC inductor current,
4 Aldiv

Figure 58. PFC Stage Skip Mode at 110 V AC and Load 20 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q106 i7
Drain isource voltage,
100 V/div

CH4:

L105 1 PFC inductor current,
4 A/div

Figure 59. PFC Stage Normal Mode at 110 V AC and Load 100 W
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PFC Stage Operating Waveforms at Input Voltage 110 V AC and loads: 20 and 100 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q10617
Drain isource voltage,
100 V/div

CH4:

L105 i PFC inductor current,
4 Aldiv

Figure 60. PFC Stage Normal Mode at 110 V AC and Load 200 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q106 i7
Drain isource voltage,
100 V/div

CH4:

L105 1 PFC inductor current,
4 A/div

Figure 61. PFC Stage Normal Mode at 110 V AC and Load 310 W
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PFC Stage Operating Waveforms at Input Voltage 230 V AC and Loads: 20 and 100 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q10617
Drain isource voltage,
100 V/div

CH4:

L105 i PFC inductor current,
4 Aldiv

Figure 62. PFC Stage Skip Mode at 230 V AC and Load 20 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q106 i7
Drain isource voltage,
100 V/div

CH4:

L105 1 PFC inductor current,
4 A/div

Figure 63. PFC Stage Normal Mode at 230 V AC and Load 100 W
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PFC Stage Operating Waveforms at Input Voltage 230 V AC and Loads: 200 and 310 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q10617
Drain isource voltage,
100 V/div

CH4:

L105 i PFC inductor current,
4 Aldiv

Figure 64. PFC Stage Normal Mode at 230 V AC and Load 200 W

CH1:

PFC GaN Q106 i7
Gate drive voltage,
5 V/div

CH2:

PFC ZCD voltage
10 V/div

CH3:

PFC GaN Q106 i7
Drain isource voltage,
100 V/div

CH4:

L105 1 PFC inductor current,
4 A/div

Figure 65. PFC Stage Normal Mode at 230 V AC and Load 310 W
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Waveforms Captured during Applied Step Load. Measured at 110 V AC

CH1:

Output voltage,
AC coupled
300 mV/div

CH2:

N/A

CH3:

N/A

CH4:

Output load current,
1 A/div

Figure 66. Output Voltage Step Load Response: 0to 1 A (19 W)

CH1:

Output voltage,
AC coupled
300 mV/div

CH2:

N/A

CH3:

N/A

CH4:

Output load current,
1 A/div

Figure 67. Output Voltage Step Load Response: 0 to 5.25 A (100 W)

WWW. onsemi.com
48




NCP13992UHD300WGEVB

Waveforms Captured during Applied Step Load. Measured at 110 V AC

CH1:

Output voltage,
AC coupled
300 mV/div

CH2:

N/A

CH3:

N/A

CH4:

Output load current,
4 A/div

Figure 68. Output Voltage Step Load Response: 0to 13.2 A (200 W)

CH1:

Output voltage,
AC coupled
300 mV/div

CH2:

N/A

CH3:

N/A

CH4:

Output load current,
4 A/div

Figure 69. Output Voltage Step Load Response: 0 to 16 A (300 W)
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Waveforms Captured during Steady Load. Measured at 110 V AC

CH1:
Output voltage,
AC coupled
100 mV/div

CH2:

N/A

CH2:

N/A:

CH2:

N/A

Figure 70. Output Voltage Ripple at Load 0.1 A

CH1:
Output voltage,
AC coupled
100 mV/div

CH2:

N/A

CH2:

N/A:

CH2:

N/A

Figure 71. Output Voltage Ripple at Load 0.1 A
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Waveforms Captured during Steady Load. Measured at 110 V AC

CH1:
Output voltage,
AC coupled
100 mV/div

CH2:

N/A

CH2:

N/A:

CH2:

N/A

Figure 72. Output Voltage Ripple at Load 5.25 A (100 W)

CH1:
Output voltage,
AC coupled
100 mV/div

CH2:

N/A

CH2:

N/A:

CH2:

N/A

Figure 73. Output Voltage Ripple at Load 16 A (300 W)
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Tup and Vout building at 110 V AC

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 74. Start Tup Sequence without Loading (0 A)

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 75. Start Tup Sequence into Constant Current Load 1 A/
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Waveforms Captured during Start  Tup and Vout building at 110 V AC

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 76. Start Tup Sequence into Constant Current Load 5.25 A/ 100 W

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 77. Start Tup Sequence into Constant Current Load 10.5 A/ 200 W
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Waveforms Captured during Start  Tup and Vout building at 110 V AC

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 78. Start Tup Sequence into Constant Current Load 13.2 A/ 250 W

CH1:

IC103
Vcc voltage,
5 V/div

CH2:

PFC Bulk capacitor voltage
100 V/div

CH3:

Output voltage,
3 V/div

CH4:

AC line current,
5 A/div

Figure 79. Start Tup Sequence into Constant Current Load 16 A/ 300 W
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EMI INDUCTORS MODIFICATIONS
L101 is based on WURTH’s 744823201 common mode 3. Wound 9 turns on each core side. For both
inductors core. Follow up steps Kigure 80and afore windings use insulated copper wire with diameter
mentioned steps for desired tweaking of inductor. 0.7 mm
1. Untouched inductor sample

2. Carefully remove plastic pin holder and both Initial parameters: 2x 1.0 mH, 2x 45 mig = 2 A

Final parameters: 2x 0.45 mH, 2x 8 g 2 A

windings
1 2. 3. PAD 4 Diameter 16 mm
X =73 mm PAD 3
4 L 3 y=2mm X=3mm
T Dhilli3mm FolgE y=2mm
IWE 1 Drill 1.3 mm
PAD 1 ——H \___PAD?2
y=i2mm 8 mm
Figure 80. Common Mode Inductor L101 Modification Process
L102is built from WURTH’s 744823333 common mode 5. Usel9 mm Copper Foil Tap@M 1181 19MM) to
inductors core. Use formula ifigure 81 and below cover top side of the inductor
mentioned steps for desired tweaking of inductor. 6.12.7 mm Copper Foil Tap@M 1181 12MM)is
1. Untouched inductor sample used to create encircled turn around core between
2. Carefully remove plastic pin holder and both inductor pins
windings 7. Create a closed turn around core circumference
3. Wound 26 turns on each core side. For both with 12.7 mm Copper Foil Tape
windings use insulated copper wire with diameter 8. Solder copper foils together at touching edges
0.7 mm 9. Finally, inductor is taped out witt2 mm
4. Inductor is covered with Capton tape(l 1238 i Insulation Tapg3M 1350 12MM) to make it safe.
PPC222 to make insulation between windings and .
shielding In_|t|al parameters: 2x 3.3 mH, 2x 60 mir =25 A
Final parameters: 2x 6.3 mH, 2x 34 plgr 2.5 A
1. 2. 3. 4,
5 6 7 8
9. .
PAD 4 | | JDRiameter 22 mm
X=13.2 mm | PAD 3
4 L 3 Yy=3mm Ay’ x=10mm
“AAAS Drill 1.5 mn y=3mm
Y ~y- Drill 1.5 mm
1 2 |
I PAD 2
1 [

Figure 81. Common Mode Inductor L102 Modification Process
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L104 is slightly upgraded differential mode inductor 5. Copper Foil Tapel(81 TAPE (1/4"X18YDS)is
7447013 manufactured by WURTH. Refer to procedure used to create enclosed turn for shielding and short
below in Figure 82 how to change inductor for this fringing flux
demoiboard:Initial state of L104 = 90H, 40 m , Igr = 6. Extra pin is added and soldered to shielding turn.
4.6 A, WURTH 7447013. This pin is going to be connected to power GND

1. Sample initial state 7. Finally, inductor is covered with Capton tape for
2. Wire terminal shaped in 90 degrees to initial state safety reason

3. Outside terminal is insulated with insulation sleeve .

4. Inductor is covered with Capton tapeP( 1238 i Initial parameters: 90H, 40m , Ir = 4.6 A.

Final parameters: 90H, 40 m , Ir = 4.6 A, shielding

PPC222 to make insulation between winding and ) 8 i
with extra pin for grounding was added

shielding

1. 2. 3. 4.

750344558

PAD 1 Diameter 19 mm
o X =79.5 mm
PAD_ L pr11.3mm QU 3
— Y Y Shielding pad
1 2 PAD 2 X =12 mm
X =i1.9 mm y=0mm
y = 71 mm, Drill 1.3 mm Drill 1.0 mm

Figure 82. Differential Mode Inductor Shielding Upgrade Steps
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Table 4. BILL OF MATERIAL
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Part

Parts Qty Value Number Package Tolerance Replacement MANUFACTURER
C101, C102 2 ggg (}F‘Ac WURTH, 890324025045 58.50 1100X1 +10% Not allowed WURTH
103 1 AR PanasOne, poek $a201072XL 4 109 Allowed Panasonic
C104 1 47 pF/ 25V WURTH, 885012006036 C0603 +5% Allowed WURTH
C105 1 100 F/ 25V WURTH, 860020473008 E2,517 +20% Allowed WURTH
C106, C107 2 2.2 F/ 25V WURTH, 885012207079 C0805 +20% Allowed WURTH
C108 1 1 F/ 25V WURTH, 885012206076 C0603 +20% Allowed WURTH
C109 1 100 nF/ 25V WURTH, 885012206071 C0603 +20% Allowed WURTH
C110, C121 2 10 nF/ 25V WURTH, 885012206065 C0603 +10% Allowed WURTH
C111 1 NU T C0603 T T T
C112, C113 2 220 nF/ 25V WURTH, 885012206073 C0603 +10% Allowed WURTH
c114, c118 2 100 nF/ 450 V O X TTIW104K1G0AA 1206 +10% Allowed TDK
C115 1 22 F/16V WURTH, 885012106018 C0603 +10% Allowed WURTH
C116, C120 2 NU i C1206 i i i
C117 1 220 nF/ 50 V WURTH, 885012206073 C0603 +10% Allowed WURTH
C119 1 1nF/ 50V WURTH, 885012006063 C0603 +5% Allowed WURTH
C122, C124,
C126, C128, 5 330 F/25V WURTH, 870025575009 E5110,5 +20% Allowed WURTH
C130
C123, C125,
C127, C129, 5 2.2 F/ 25V WURTH, 885012208066 C1206 +20% Allowed WURTH
C131
g$18; 2 1nF/ 250V AC WURTH, 885352211003 C1812 +10% Not allowed WURTH
CY103 1 3.3nF/ CY wﬂ:f%’éZMCPE JOKR YC10B5 +20% Not allowed Vishay
D101, D102 2 S1JFL S1JFL SOD123 T Not allowed ON Semiconductor
D103 1 MM3Z7V5 MM3Z7V5T1G SOD323 i Not allowed ON Semiconductor
D104 1 ES1JFL ES1JFL SOD123 i Not allowed ON Semiconductor
D105 1 NU T SOD323 T T T
D106, D109 2 BAS16HT BAS16HT1G SOD323 i Not allowed ON Semiconductor
D107 1 MM3Z18V MM3Z18VT1G SOD323 i Not allowed ON Semiconductor
D108 1 S3M S3M SMC i Not allowed ON Semiconductor
D110, D112 2 BAT54H BAT54HT1G SOD323 i Not allowed ON Semiconductor
D111 1 ES3J ES3J SMC i Not allowed ON Semiconductor
F101 1 T5A Littelfuse, 0476005.MR LF15 i Allowed Littelfuse
IC101 1 NCP4306DBAZZAA NCP4306DBAZZAA TSOP6 i Not allowed ON Semiconductor
1C102 1 FAN3180TSX FAN3180TSX SOT23i5 i Not allowed ON Semiconductor
1C103 1 NCP1616A NCP1616A2DR2G SO10 i Not allowed ON Semiconductor
L1o1 1| MODIFICATED: | WURTH, 750344555 200 Not allowed WURTH  Sumida
L102 1 s " e orats i +20% Not allowed WURTH / Sumida
L103 1 1 H WURTH, 74479775210A L0805 +20% Not allowed WURTH
L104 1 O ICATED: \é\{ﬁ:}:'og%a#??fg i +20% Not allowed WURTH / Sumida
L105 1 180 H/ T91767 SUMIDA, T91767 T +20% Not allowed Sumida
Q101, Q108 2 BSS138L BSS138LT1G SOT23 i Not allowed ON Semiconductor
Q102 1 NU i SOT23 i i i
Q103 1 NU i SOT23 i i i
Q104 1 BSS127S17 Diodes, BSS127Si7 SOT23 i Not allowed Diodes
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Part
Parts Qty Value Number Package Tolerance Replacement MANUFACTURER

818? Q106 3 GS665048 GaN Systems, GS66504B GS66504B i Not allowed GaN System

VAR 275V AC, . . " .
R101 1 250 A, 50 pF Littelfuse, VARV430CH8S i i Allowed Littelfuse
R102 1 47 k Various R0603 +1% Allowed Various
Eigg R105, 3 330 Various R0805 +1% Allowed Various
R104, R110, R R R R
R113, R139 4 NU i RO603 i i i
R106 1 10 Various R0805 +1% Allowed Various
R107, R112 2 NU Il R0805 T T T
R109 1 6.2k Various R1206 +1% Allowed Various
R111, R141 2 2.2k Various R0603 +1% Allowed Various
R114 1 10 WURTH, 560050316012 R0603 +1% Allowed WURTH
R115, R123 2 20k Various R0603 +1% Allowed Various
R116 1 15k Various R0603 +1% Allowed Various
Eﬁz R120, 3 51 Various R0603 +1% Allowed Various
R118 1 0 Various R0603 +1% Allowed Various
R119 1 3.9k Various R1206 +1% Allowed Various
R121, R125, BB, .
R128 3 0.15 CRL2512 iJW iR150ELF R6332 +5% Allowed Various
R122 1 470 k Various R0603 +1% Allowed Various
R126 1 470k /NTC TDK, B57371V2474J060 R0603 +5% Allowed Various
R127 1 75k Various R0603 +1% Allowed Various
R129 1 150 k Various R0603 +1% Allowed Various
R130 1 51k Various R0603 +1% Allowed Various
R131 1 30k Various R0603 +1% Allowed Various
R132, R133, . .
R134. R135 4 1.8M Various R0805 +1% Allowed Various
R136 1 91k Various R0805 +1% Allowed Various
R137 1 24k Various R0603 +1% Allowed Various
R138 1 22k Various R0603 +1% Allowed Various
R140 1 82k Various R0603 +1% Allowed Various
B201,B201, . . . .
B203. B204 4 800V/4A ZADGP408L THF Z4iD i Not allowed Compchip
C301, C302, .
€303 C304 4 22 F/400V WURTH, 860021375012 E5110,5x25 +20% Allowed WURTH
c308. C306, 3 10 F/400V WURTH, 860021375011 E5110,5x13 +20% Allowed WURTH
C401, C402,
C404, C405 4 10nF/25V WURTH, 885012206065 C0603 +10% Allowed WURTH
C403 1 470 pF /50 V WURTH, 885012006061 C0603 +5% Allowed WURTH
C406 1 33pF/50V WURTH, 885012006054 C0603 +5% Allowed WURTH
gig; C414, 3 100nF/25V WURTH, 885012207072 C0805 +10% Allowed WURTH
C408, C416 1 1 F/25V WURTH, 885012207078 C0805 +10% Allowed WURTH
C409 1 100 F/25V WURTH, 860020473008 E2,517 +20% Allowed WURTH
C410 1 1nF/50V WURTH, 885012006063 C0603 +5% Allowed WURTH
C411 1 470nF/25V WURTH, 885012208062 C1206 +10% Allowed WURTH
C412 1 1nF/50V WURTH, 885012006063 C0603 +5% Allowed WURTH
C413 1 12nF/50V various C0603 + 5% Allowed Various
C417 1 220nF/25V WURTH, 885012206073 C0603 +20% Allowed WURTH
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Part
Parts Qty Value Number Package Tolerance Replacement MANUFACTURER
C418 1 47 F/50V WURTH, 860020673013 E2,517 +5% Allowed WURTH
C419, C420, TDK,
Ca21 3 100 nF/ 450V C3216X7T2W104K160AA C1206 +10% Allowed TDK
C422, C423, TDK,
C424 C425 4 2.7nF /630 V COG CGABLACOG2I272160AA C1206 +5% Not allowed TDK
C426, C427 2 100 pF / 1 kV COG Murata, C1206 +50% Not allowed Murata
! GRM31A5C3A101JW01D -
C428, C429, ) ; .
C431 3 NU i C0603 +10% i i
C430 1 2.2nF/50V WURTH, 885012206085 C0603 +10% Allowed WURTH
D401 1 S1JFL S1JFL SOD123 i Not allowed ON Semiconductor
D402, D403 2 BZX84C2V4LT1G BZX84C2V4LT1G SOT23 T Not allowed ON Semiconductor
Do, Da0T: 3 ES1IFL ESLIFL SOD123 i Not allowed ON Semiconductor
D405 1 BAT54HT1G BAT54HT1G SOD323 i Not allowed ON Semiconductor
D406 1 MM3Z18VT1G MM3Z18VT1G SOD323 i Not allowed ON Semiconductor
D209, Da10. 4 MBR2H100SFT3G MBR2H100SFT3G SOD123 i Not allowed ON Semiconductor
D413, D414 2 MURA160 MURA160T3G SMA2 i Not allowed ON Semiconductor
1C401 1 NCP13992 NCP13992 SO16 i Not allowed ON Semiconductor
1C402 1 NCP51820 NCP51820A DFN i Not allowed ON Semiconductor
1C403 1 NCP431BCSNT1G NCP431BCSNT1G SOT23 i Not allowed ON Semiconductor
tig;’ L402, 3 1H WURTH, 74479775210A L0805 +20% Not allowed WURTH
L404 1 8 H Sumida, T91760 RM510 i Not allowed Sumida
838; Q402, 3 BSS138LT1G BSS138LT1G SOT23 1 Not allowed ON Semiconductor
Q404, Q405 2 GS66504B GaN Systems, GS66504B GS66504B i Not allowed GaN System
R401 1 20k various R0603 +1% Allowed Various
R402 1 4.3k various R0603 +1% Allowed Various
R403 1 15k various R0603 +1% Allowed Various
R404 1 10k various R0603 +1% Allowed Various
R405, R406 2 1.2k various R1206 +1% Allowed Various
R408 1 100 various R0805 + 5% Allowed Various
R409, R433 2 11k various R0603 +1% Allowed Various
R410, R427, . N .
R428, R431 4 NU i R0603 +1% i i
R413 1 22k various R0603 +1% Allowed Various
R414 1 1k various R0603 +1% Allowed Various
R415 1 110 k various R0603 +1% Allowed Various
R416 1 10 various R0805 + 5% Allowed Various
R418, R420 2 33 various R0603 +1% Allowed Various
R419, R421 2 2.2 various R0603 + 5% Allowed Various
R422 1 22k various R0603 +1% Allowed Various
R423 1 2.2 various R1206 + 5% Allowed Various
R424 1 1 various R1206 + 5% Allowed Various
R425 1 820 various R0603 +1% Allowed Various
R430, R434 2 68 k various R0603 +1% Allowed Various
R432 1 47 k various R0603 +1% Allowed Various
R435 1 150 k various R0603 +1% Allowed Various
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Part
Parts Qty Value Number Package Tolerance Replacement MANUFACTURER
NOTE: Recommended i
RT101 1 NU NTC 470k, R0603 i i i
B57371V24743060
U401 1 TCLT1008 Vishay, TCLT1008 SOPi4 1 Not allowed Vishay
C501, C502 2 470 pF /100 V WURTH, 885012006083 C0603 +5% Allowed WURTH
gggg gggg 4 47uF/25V WURTH, 885012107018 C0805 +20% Allowed WURTH
C505, C506 2 22 F/25V various C0603 +20% Allowed Various
C509, C510 2 1nF/25V WURTH, 885012006044 C0603 +5% Allowed WURTH
D501 1 NU T SOD323 T T T
IC501, IC502 2 NCP4306 NCP4306ABAZZZA DFNi8 T Not allowed ON Semiconductor
Q501 1 NU T 28'8(?5 T T T
828421: 8282 4 NTMFS5C645 NTMFS5C645NLT1G SO8FL i Not allowed ON Semiconductor
gggé: Ro%a. 4 16 various R0805 +1% Allowed Various
R504 1 NU various R0603 T T T
R506 1 0 various R0603 +1% Allowed Various
R507, R514 2 27k various R0603 +1% Allowed Various
R508, R513 2 11k various R0603 +1% Allowed Various
R509, R512 2 6.8k various R0603 +1% Allowed Various
R510, R511 2 5.1 various R0603 + 5% Allowed Various
X501 1 N=10:1:1:1:1 SUMIDA, T91706 T i Not allowed Sumida

NOTES: All parts are Pb ifree.

WWW. onsemi.com

60




NCP13992UHD300WGEVB

LITERATURE

High Performance Current Mode Resonant Controller with Integrated High Voltage Drivers:
NCP13992http://www.onsemi.com/PowerSolutions/product.do?id=NCP13992

Power Factor Controller, High Voltage Active X2:
NCP1616:http://www.onsemi.com/PowerSolutions/product.do?id=NCP1616

Secondary Side Synchronous Rectifier Controllers:
NCP4306 http://www.onsemi.com/PowerSolutions/product.do?id=NCP4306

Voltage Reference, Programmable Shunt Regulator
NCP431:http://www.onsemi.com/PowerSolutions/product.do?id=NCP431

High Performance, 650 V Half Bridge Gate Driver for GaN Power Switches
NCP51820:http://www.onsemi.com/PowerSolutions/product.do?id=NCP51820

NCP51820 GaN Driver, PCB Design and Layout Application Note
https://wwwonsemi.com/pub/Collateral/AND993R.PDF

Highispeed lowiside gate driver with a 3.3 V output LDO
FAN3180:http://www.onsemi.com/PowerSolutions/product.do?id=FAN3180

Single NiChannel Power MOSFET 60 V, 100 A, 4.0 m
NTMFS5C645NLT1Ghttp://www.onsemi.com/PowerSolutions/product. doNEMFS5C645NLT1G

GaN Systems 650V Enhancement Mode GaN Transistor
GS66504Bhttps://gansystems.comAipontent/uploads/2019/07/GS66504BS iIRevi190717.pdf
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Additional information
For additional information or samples of external resources use following contacts:

Sumida America Components Inc
Hiroki Miura

Field Application Engineering Manager

1885 Lundy Ave, Suite 250, San Jose, CA, 95131
Direct: +11408132119660 Ext 6104

Mobile: +11847125414919

E Tmail; hiroki_miura@us.sumida.com

Website www.sumida.com

Wiirth Eletrkonik eiSos GmbH & Co. KG
Ina Franjic

Product Definition Engineer
Parkring 29, 85748 Garching, Germany
Direct: +491891242936i 131

E imail: ina.franjic@wei online.de

Website www.wei online.com
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THE BOARD IS PROVIDED BY ONSEMI TO YOU “AS IS” AND WITHOUT ANY REPRESENTATIONS OR WARRANTIES WHATSOEVER. WITHOUT LIMITING THEF OREGOING,
ONSEMI (AND ITS LICENSORS/SUPPLIERS) HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES IN RELATION TO THE BOARD, ANY
MODIFICATIONS, OR THIS AGREEMENT, WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY AND ALL
REPRESENTATIONS AND WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE, NON iINFRINGEMENT, AND THOSE ARISING FROM A
COURSE OF DEALING, TRADE USAGE, TRADE CUSTOM OR TRADE PRACTICE.

onsemi reserves the right to make changes without further notice to any board.

You are responsible for determining whether the board will be suitable for your intended use or application or will achieve your intended results. Prior to using or distributing any systems
that have been evaluated, designed or tested using the board, you agree to test and validate your design to confirm the functionality for your application. Any technical, applications or
design information or advice, quality characterization, reliability data or other services provided by onsemi shall not constitute any representation or warranty by onsemi , and no additional
obligations or liabilities shall arise from onsemi having provided such information or services.

onsemi products including the boards are not designed, intended, or authorized for use in life support systems, or any FDA Class 3 medical devices or medical devices with a similar
or equivalent classification in a foreign jurisdiction, or any devices intended for implantation in the human body. You agree to indemnify, defend and hold harmless onsemi , its directors,
officers, employees, representatives, agents, subsidiaries, affiliates, distributors, and assigns, against any and all liabilities, losses, costs, damages, judgments, and expenses, arising
out of any claim, demand, investigation, lawsuit, regulatory action or cause of action arising out of or associated with any unauthorized use, even if such claim alleges that onsemi was
negligent regarding the design or manufacture of any products and/or the board.

This evaluation board/kit does not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC,
CE or UL, and may not meet the technical requirements of these or other related directives.

FCC WARNING - This evaluation board/kit is intended for use for engineering development, demonstration, or evaluation purposes only and is not considered by onsemi to be a finished
end product fit for general consumer use. It may generate, use, or radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant
to part 15 of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this equipment may cause interference with radio
communications, in which case the user shall be responsible, at its expense, to take whatever measures may be required to correct this interference.

onsemi does not convey any license under its patent rights nor the rights of others.

LIMITATIONS OF LIABILITY: onsemi shall not be liable for any special, consequential, incidental, indirect or punitive damages, including, but not limited to the costs of requalification,
delay, loss of profits or goodwill, arising out of or in connection with the board, even if onsemi is advised of the possibility of such damages. In no event shall onsemi 's aggregate liability
from any obligation arising out of or in connection with the board, under any theory of liability, exceed the purchase price paid for the board, if any.

The board is provided to you subject to the license and other terms per onsemi’s standard terms and conditions of sale. For more information and documentation, please visit
WWw.onsemi.com.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS : ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical idocumentation For additional information, please contact your local Sales Representative at

onsemi Website: www.onsemi.com Www.onsemi.com/support/sales




