NCP4304A, NCP4304B

Secondary Side
Synchronous Rectification
Driver for High Efficiency
SMPS Topologies

The NCP4304A/B is a full featured controller ander tailored to
control synchronous rectification circuitry in seht mode power
supplies. Due to its versatility, it can be used in variopslogies such
as flyback, forward and Half Bridge Resonant LLC.

The combination of externally adjustable minimunmaon off times
helps to fight the ringing induced by the PCB layout and other
parasiticelements. Therefore, a reliable araise less operation of the
SR system is insured.

The extremely low turn off delay time, high sink current capability
of the driver and automatic package parasitic indace
compensation system allow to maximize synchronous rectification
MOSFET conduction time that enables further inazea SMPS
efficiency.

Finally, awide operating ¥c range combined with two versions of
driver voltage clamp eases implementation of the SR system in 24 V
output applications.

Features
e Self-Contained Control of Synchronous RectifieCiGM, DCM,
and QR Flyback Applications

® Precise True Secondary Zero Current Detection Adljustable
Threshold
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4304x = Specific Device Code

x=AorB
A = Assembly Location
L = Wafer Lot
Y = Year
W = Work Week

= Pb-Free Package

(*Note: Microdot may be in either location)

e Automatic Parasitic Inductance Compensation Input
e Typically 40 ns Turn off Delay from Current Senspunto Driver PINOUT INFORMATION
e Zero Current Detection Pin Capability up to 200 V vcCeld1 g DRV
e Optional Ultrafast Trigger Interface for Furthergroved MIN_TOFF = 12 7 = GND
Performance in Applications that Work in Deep CCM MIN_TON =513 & = COMP
_ ) TRIGDIS== 14 SFmcCs
Disable Input to Enter Standby or Low Consumptioodg
Adjustable Minimum On Time Independent of¥Level (NOTE: For DFN the exposed pad must be either
. o . unconnected or preferably connected to ground.
Adjustable Minimum Off Time Independent ot¥ Level The GND pin must be always connected to ground.)

5 A/2.5 A Peak Current Sink/Source Drive Capability
Operating Voltage Range up to 30 V

ORDERING INFORMATION

Gate Drive Clamp of Either 12 V (NCP4304A) or 6 V (R€304B)

Low Startup and Standby Current Consumption
Maximum Frequency of Operation up to 500 kHz

SOIC-8 Package
These are Pb—Free Devices

Typical Applications

e Notebook Adapters
e High Power Density AC/DC Power Supplies

Device Package Shipping T

NCP4304ADR2G SOIC-8 2,500/
(Pb—-Free) Tape & Reel

NCP4304BDR2G SOIC-8 2,500/
(Pb-Free) | Tape & Reel

NCP4304AMNTWG DFN8 4,000/
(Pb—-Free) Tape & Reel

NCP4304BMNTWG DFN8 4,000/
(Pb-Free) | Tape & Reel

® Gaming Consoles
e All SMPS with High Efficiency Requirements
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including part orientation and tap

TFor information on tape and reel specifications,

e sizes, please
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NCP4304A, NCP4304B
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NCP4304A, NCP4304B

PIN FUNCTION DESCRIPTION

Pin No. Pin Name Function Pin Description
1 VCC Supplies the driver Supply terminal of the controller. Accepts up to 30 V continuously.
2 MIN_TOFF Minimum off time adjust Adjust the minimum off time period by connecting resistor to ground.
3 MIN_TON Minimum on time adjust Adjust the minimum on time period by connecting resistor to ground.
4 TRIG/DIS Forced reset input This ultrafast input turns off the SR MOSFET in CCM applications. Activates

sleep mode if pulled up for more than 100 us.

5 CS Current sense of the SR This pin detects if the current flows through the SR MOSFET and/or its body
MOSFET diode. Basic turn off detection threshold is 0 mV. A resistor in series with this
pin can modify the turn off threshold if needed.
6 COMP Compensation inductance | Use as a Kelvin connection to auxiliary compensation inductance. If SR
connection MOSFET package parasitic inductance compensation is not used (like for

SMT MOSFETS), connect this pin directly to GND pin.

7 GND IC ground Ground connection for the SR MOSFET driver and V¢ decoupling capacitor.
Ground connection for minimum ton, toff adjust resistors and trigger input.
GND pin should be wired directly to the SR MOSFET source
terminal/soldering point using Kelvin connection.

8 DRV Gate driver output Driver output for the SR MOSFET.
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Figure 3. Internal Circuit Architecture
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NCP4304A, NCP4304B

MAXIMUM RATINGS

Symbol Rating Value Unit
Vee IC Supply Voltage -0.3t0 30 \
VpRv Driver Output Voltage -0.3to0 17 Y,
Vcs Current Sense Input dc Voltage -4 to 200 \
Vesdyn Current Sense Input Dynamic Voltage (tpy = 200 ns) -10 to 200 \Y,
VTRIG/DIS Trigger Input Voltage -0.3t0 10 \%
VMIN_ToNs VMIN_ToFF | MIN_TON and MIN_TOFF Input Voltage -0.3t0 10 \Y,
ImiN_ToNs IMIN_ToFF | MIN_TON and MIN_TOFF Current -10to +10 mA
Vcomp Static Voltage Difference between COMP and GND Pins (Internally Clamped) -3to0 10 \%
Vcomp_dyn Dynamic Voltage Difference between COMP and GND Pins (tp, = 200 ns) -10to 10 \Y,
lcomp Current into COMP Pin -5t05 mA
Rgia Thermal Resistance Junction-to-Air, SOIC - A/B Versions 180 °C/W
Reia Thermal Resistance Junction-to-Air, DFN — A/B Versions, 50 mm2 - 1.0 oz. Copper 180 °C/W
Spreader
Rgia Thermal Resistance Junction-to-Air, DFN — A/B Versions, 600 mm?2 - 1.0 oz. Copper 80 °C/W
Spreader
T Imax Maximum Junction Temperature 150 °C
Tsmax Storage Temperature Range —-60 to +150 °C
TLmax Lead Temperature (Soldering, 10 s) 300 °C
ESD Capability, Human Body Model except Pin Vcg — Pin 5, HBM ESD Capability on 2 kv
Pin 5 is 650 V per JEDEC Standard JESD22-A114E
ESD Capability, Machine Model per JEDEC Standard JESD22-A115-A 200 \%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

1. This device meets

latchup tests defined by JEDEC Standard JESD78.

ELECTRICAL CHARACTERISTICS
(For typical values T; = 25°C, for min/max values Ty = -40°C to +125°C, Vcc = 12V, Cpry = 0 nF, Rmin_Ton = Rmin_TorFr = 10 k€2,

VTRrIGDIS =0V, fes =

100 kHz, DCcg = 50%, Vcs_high = 4 V, Vcs_jow = —1 V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit |
SUPPLY SECTION
Vee on Turn-on threshold level (Vcc going up) 1 9.3 9.9 10.5 \
Ve off Minimum operating voltage after turn-on (V¢ going down) 1 8.3 8.9 9.5 \
Vee_hyste Vcc hysteresis 1 0.6 1.0 14 \Y,
lcc1 A Internal IC consumption (no output load on pin 8, fgy = 500 kHz, 1 - 4.5 6.6 mA
ICCl:B ton_min =500 ns, tof‘f_min =620 ns) - 4.0 6.2
lcco A Internal IC consumption (Cpry = 1 nF on pin 8, fg\y = 400 kHz, 1 - 9.0 12 mA
ICCZ:B tonimin =500 ns, toffimin =620 ns) - 6.5 9
lcca A Internal IC consumption (Cpry = 10 nF on pin 8, fgy = 400 kHz, 1 - 57.0 80 mA
ICC3_B ton_min =500 ns, toff_min =620 ns) - 35.0 65
lcc_startup Startup current consumption (Vcc = Vee on — 0.1V, no switching at 1 - 35 75 uA
a CS pin) -
lcc_pisable_1 Current consumption during disable mode (No switching at CS pin, 1 - 45 90 uA
VTRIGIDIS = 5 V)
Icc_pisable_2 Current consumption during disable mode (CS pin is switching, 1 - 200 330 uA
fsw =500 kHz, Vs high =4 V. Ves_low ==1 V, VRriGIDIS =5 V)
DRIVE OUTPUT
tr A Output voltage rise-time for A version (Cpry = 10 nF) 8 - 120 - ns
t g Output voltage rise-time for B version (Cpry = 10 nF) 8 - 80 - ns
A Output voltage fall-time for A version (Cpry = 10 nF) 8 - 50 - ns
t B Output voltage fall-time for B version (Cpry = 10 nF) 8 - 35 - ns
Roh Driver source resistance (Note 1) 8 - 1.8 Q
Rol Driver sink resistance 8 - 1 Q

WWW.onsemi.com
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NCP4304A, NCP4304B

ELECTRICAL CHARACTERISTICS (continued)
(For typical values T; = 25°C, for min/max values Tj = —40°C to +125°C, Vcc = 12V, Cpry = 0 nF, Rmin_ToN = RmiN_ToFF = 10 KQ,
V1rigiDIs =0V, fcs =100 kHz, DCcs = 50%, VCS_high =4V, VCS_lOW = -1V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit
DRIVE OUTPUT
IDRV_pk(source) Output source peak current 8 - 25 - A
IDRV_pk(sink) Output sink peak current 8 - 5 - A
VDRV(min_A) Minimum drive output voltage for A version (Vcc = Ve off + 200 mV) 8 8.3 - - \
VDRV(min_B) Minimum drive output voltage for B version (Vcc = Ve off + 200 mV) 8 4.5 - - \
VDRV(CLMP_A) Driver clamp voltage for A version (12 < V¢ <28, Cpry = 1 nF) 8 10 12 14.3 \%
VDRV(CLMP_B) Driver clamp voltage for B version (12 < V¢ < 28, Cpry = 1 nF) 8 5 6 8 \%
CS INPUT
tpd_on The total propagation delay from CS input to DRV output turn on 5,8 - 60 90 ns
(Vcs goes down from 4 Vto -1V, t; cs = 5 ns, COMP pin connected
to GND)
tpd_off The total propagation delay from CS input to DRV output turn off 58 - 40 55 ns
(Vcs goes up from -1V to 4V, t; ¢cs =5 ns, COMP pin connected to
GND), (Note 1)

Ishift_cs Current sense input current source (Vcs =0 V) 5 95 100 105 uA
Vth_cs_on Current sense pin turn-on input threshold voltage 5,8 -120 -85 -50 mV
Vih_cs_off Current sense pin turn-off threshold voltage, COMP pin connected to 58 -1 - 0 mV

GND (Note 1)
Geomp Compensation inverter gain 5,6,8 -1 -
Ics_Leakage Current Sense input leakage current, Vcg = 200 V 5 - - 1 uA
TRIGGER/DISABLE INPUT
trRIG/DIS pw_min | Minimum trigger pulse width (Note 1) 4 30 - - ns
VTRIG/DIS Trigger input threshold voltage (V1riG/DIS 90€S up) 4 15 - 25 \Y,
tp_TRIG/DIS Propagation delay from trigger input to the DRV output 4 - 13 30 ns
(VTrRIG/DIS g0€s up from 0 to 5V, t; Trig/pDIS = 5 NS)
tTRIG/DIS light_load | Light load turn off filter duration 4 70 100 130 us
tTRIG/DIS light_ IC operation recovery time when leaving light load disable mode 4 - - 10 us
load_rec. (VTrIiG/DIS go€es down from 5to O V, t; TriG/DIS = 5 NS)
tTRIG/DIS_blank Blanking time of trigger during DRV rising edge (Vcs < Vih ¢s_ons 4 - 120 - ns
single pulse on trigger trrig/pis_pw = 50 NS)

ITRIG/IDIS Trigger input pull down current (Vtrig/pis =5 V) 4 - 10 - uA

ton_min AND toff min ADJUST

ton_min Minimum ton period (Ryin_ton = 0 Q) 3 - 130 - ns

toff_min Minimum tos period (Rmin_torr = 0 L) 2 560 600 690 ns

ton_min Minimum to period (Rpin_ton = 10 k<) 3 0.9 1.0 11 us
toff_min Minimum tog period (Rmin_Torr = 10 k<2) 2 0.9 1.0 11 us
ton_min Minimum ton period (Rmin_ton = 50 k<) 3 - 4.8 - us
toff_min Minimum tos period (Rmin_Torr = 50 K€2) 2 - 4.8 - us
ton_min Minimum ty, period (Rmin_ton = 100 kQ) (Note 2) 3 8.64 9.6 10.56 us
toff min Minimum tof period (Rpin Torr = 100 kQ2) (Note 2) 2 8.55 9.5 10.45 us

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.
1. Guaranteed by design.
2. Guaranteed by design and verified by characterization, see Figure 4. ton_min ON Rpmin_ToN dependency.
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NCP4304A, NCP4304B

TYPICAL CHARACTERISTICS
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NCP4304A, NCP4304B
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Figure 12. Driver High Level — B Version,
VCC =12V and CDRV =10 nF

6.40

6.30 —

6.20

6.10

Vprv(min_g) (V)

6.00 /

5.90

TEMPERATURE (°C)

Figure 13. Minimal Driver High Level — A Version,
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Figure 16. Driver Clamp Level — A Version,
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NCP4304A, NCP4304B
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Figure 34. Internal IC Consumption
(A Version, No Load on Pin 8, f gy = 500 kHz,
ton min =500 NS, tof min = 620 Nns)
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Figure 35. Internal IC Consumption (B version, Figure 36. Internal IC Consumption (A Version,
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Figure 37. Internal IC Consumption Figure 38. Internal IC Consumption (A Version,
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Figure 39. Internal IC Consumption

(B Version, C pry = 10 nF, fgy = 400 kHz,
ton min =500 NS, toff min = 620 nS)
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NCP4304A, NCP4304B

APPLICATION INFORMATION

General Description To overcome issues after turn on and off events, the
The NCP4304A/B is designed to operate either as NCP4304A/B provides adjustable minimum on time and off
a standalone IC or as a companion IC to a primary sidetime blanking periods. Blanking times can be adjdst
controller to help achieve efficient synchronous independently of IC ¥ using resistors connected to GND.
rectification in svitch mode power supplies. This controller If needed, blanking periods can be modulated using
features a high current gate driver along with high-speedadditional components.
logic circuitry to provide appropriately timed drive signals  An ultrafast trigger input helps to implement syrcious
to a synchronous rectification MOSFET. With its novel rectification systems in CCM applications (like CCM
architecture, the NCP4304A/B has enough versatility to flyback or forward). The time delay from trigger input to
keep the synchronous rectification efficient under any driver turn off event is 10 ns (typicaly). Additionally, the
operating mode trigger input can be used to disable the IC andateta low
The NCP4304A/B works from an available bias supply consumption standby mode. This feature can be used to
with voltage range from 10.4 V to 28 V (typicalh&wide decrease standby consumption of an SMPS.
Vcc range allows direct connection to the SMPS output  Finally, the NCP4304A/B features a special input that can
voltage of most adapters such as notebook and LCD TVbe used to automatically compensate for SR MOSFET
adapters. As a result, the NCP4304A/B simplifies circuit parasitic inductance effect. This technique achieves the
operation compared to other devices that require specificmaximum available on-time and thus optimizes efficiency
bias power supplies (e.g. 5 V). The high voltage capability when a MOSFET in standard package (like-220 or
of the Vcc is also a unique feature designed to allow TO247) is used. If a SR MOSFET in SMT package with
operation for a broader range of applications. negligible inductance is used, the compensation input is
Preciseurn off threshold othe current sense comparator connected to GND pin.
together with accurate offsetirrent source allows the user
to adjust for any required turn off current thradhaf the SR~ Zero Current Detection and Parasitic Inductance
MOSFET switch using a single resistGompared to other ~ COMPpensation _ _
SR controllers that provide turn off thresholds in the range Figure 40 shows the intemal connection of the ZCD
of =10 mV to =5 mV, the NCP4304A/B offers a turn off Circuitry on the current sense input. The synchusp_o
threshold of 0 m\that in combination with a lowgRs(on) SR rectification MOSFET is depicteq with it's parasiti '
MOSFET significantly reduces the turn off current inductances to demonstrate operation of the compensation

threshold and improves efficiency. system.

! * @ +Vout
SR MOSFET Ji
r—————— !
| LDRAIN LSOURCE LCOMP

Y Y Y\ GND

| | —--
I_____'\E —_ DRV’J] Vdd
L

§ RSHIFT_CS lshitt CS
shift_
J; 100 pA
T Ishift_cs cs

L
—

VREF = Vith_cs_on

:+ ZCD SET

+
L To Internal Logic
P

1

- ZCD RESET

T comp T GND

Figure 40. ZCD Sensing Circuitry Functionality

WWW.onsemi.com
13



 http://www.onsemi.com/

NCP4304A, NCP4304B

When the voltage on the secondary winding of théSM The SR MOSFET is turned-off as soon as the voltage
reversesthe body diode of M1 starts to conduct current and the CS pin is higher thangV cs off For the same ringing
the voltage of M1's drain drops approximately to\-The reason, a minimum off time timer is asserted once the
CS pin sources current of 108 that creates a voltage drop turn-off is detected. The minimum off time can be extllyna
on the RSHIFT_CS resistor. Onibe voltage on the CS pin  adjusted using fAn Torr resistor. MOSFET M1 conducts
is lower than V, cs orthreshold, M1 isurned on. Because  when the secondary current decreases, thereforertheftu
of parasitic impedances, significairiging can occur inthe  time depends on itsg¥(ony The 0 mV threshold provides
application. Toovercome sudden turn-off due to mentioned an optimum switching period usage while keepingueho
ringing, the minimum conduction time of the SR MOSFET time margin for the gate turn off. The RSHIFT_CSistor
is activated. Minimum conduction time can be adjdst provides the designer with the possibility to modify
using Ran_Ton resistor. (increase) the actual tuoff current threshold

Vin_cs_off ~ (RSHIFT_CS - Ighitt_cs) - -|

Vth_cs_on - (RSHIFT_CS - |shift_CS) - -

VpRrv

Blank

| | >

ton_min tof'f_mi n

The ton min and tof min are adjustable by R win_ton and Rwin_ToFr resistors.

Figure 41. ZCD Comparators Thresholds and Blanking Periods Timing

If no RSHIFT_CS resistor is used, the turn-on ama-off If using a SR MOSFET in TO-220 package (or other
thresholds are fully given by the CS input specification package which features leadd)e parasitic inductance of
(please refer to parametric table). Once non-zerothe package leads causes a turn-off current thicesho
RSHIFT_CS resistor is used, both thresholds move downincrease. This is because current that flows thrdhg SR
(i.e. higher MOSFET turn off current) as the CS pin offset MOSFET has quite high di(t)/dt that induces erroltage
current causes a voltage drop that is equal to: on the SR MOSFET leads inductance. This error voltage,

Veser os = RSHIFT_CS - I os (€q. 1) thz_it is propo_rtional to the secondary current aene,

- - shifts the CS input voltage to zero when signiftaanrent

Final turn-onand turn-off thresholds can be then calculated still flows through the channel. Zero current threshelthiis

as: detected when current still flows through the SRSFBT
_ _ ) channel -please refer to Figure 42 for better understanding.

v = Vi oo on = (RSHIFT_CS * Ly cs)  (ea.2) As a result, the SR MOSFET is turned-off premaguaeid
the efficiency of the SMPS is not optimized.

CS_turn_on

VCS_turn_off = Vth_cs_off - (RSH”:T_CS : Ishiﬂ_CS) (eq. 3)

Note that RSHIFT_CS impact on turn-on threshold is les
critical compare to turn-off threshold.
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Drair Eurren ;

Prirary Current

Ch1 10.0Y% Chz 5.0
Ch3 2.04 2 Ch4 1008 2 Chz

Figure 42. Waveforms from SR System Using MOSFET in  TO-220 Package Without Parasitic Inductance
Compensation — SR MOSFET Channel Conduction Timeis  Reduced

Note that the efficiency impact of the error caused by The NCP4304A/B offers a way to compensate for
parasitic inductance increases with lowerpsRn) MOSFET parasitic inductances effect — refer to G

MOSFETSs and/or higher operating frequency.

VLDRAIN VRDS(0n) VLSOURCE Vicomp
D _— _— _— s -
e (¥ 2288 AN 2288 ) -
LDRAIN Rps(on) LSOURCE LCOMP
CS GND COMP

Figure 43. Package Parasitic Inductances Compensati  on Principle

Dedicated input (COMP) offers the possibility to use an current sense comparator thus “sees” betweerritsrials
external compensation inductance (wire strap or PCB). If a voltage that would be seen on the SR MOSFET @iann
the value of this compensation inductance is LCOMP resistance in case the lead inductances wouldn't exist. The
LDRAIN + LSOURCE, the compensation voltage created current sense comparator of the NCP4304A/B isdblesto
on this inductance is exactly the same as the sum of errodetect the secondary current zero crossing very precisely.
voltages created on drain and source parasitic inductanceMore over, the secondary current turn-off threshslihen
i.e. VLpraIN + Visource The internal analog inverter di(t)/t independent thus the NCP4304A/B allowsiréase
(Figure 40) inverts compensation voltagec¥wp and operating frequency of the SR system. One shouklthat
offsets thecurrent sense comparator turn-off threshold. The the parasitic resistance of compensation inductahoald

WWWw.onsemi.com
15



 http://www.onsemi.com/

NCP4304A, NCP4304B

be as low as possible compared to the SR MOSFEThehan compensated SR system can be seen in Figure 44&dbne
and leadsesistance otherwissampensation is not efficient. ~ see the conduction time has been significantlyeimeed and
Typical value of compensation inductance for @-220 turn-off current reduced.

package is 7 nH. Waveforms from the application with

O airy Current . !

Chi 10.0% Chiz S0y
Ch3 204 o Chd o048 @ Chiz

Figure 44. Waveforms SR System Using MOSFET in TO-2 20 Package with Parasitic Inductance Compensation —
SR MOSFET Channel Conduction Time is Optimized

Note that using the compensation system is only comparator. Ideally the CS turn-off comparator should
beneficial in applications that are using a lowsRn) detect voltage that is caused by secondary currentigioec
MOSFET in non-SMT package. Using the compensation the SR MOSFET channel resistance. Practicallyishiot
method allows for optimized efficiency with a standard possible becaus# the bonding wires, leads and soldering.
TO-220package that in turn results in reduced costd)eas t To assure the best efficiency results, a Kelvimeation of
SMT MOSFETs usually require reflow soldering praces the SR controller to the power circuitry should be
and more expensive PCB. implemented (i.e. GND pin should be connected to the SR

From the above paragraphs and parameter tables it isMOSFET source soldering point and current sense pin
evident that turn-off threshold precision is quite critical. If should be connected to the SR MOSFET drain soldering
we consider a SR MOSFET witlpB(on)of 1 2, the 1 mV point). Any impact of PCB parasitic elements on the SR
error voltage on the CS pin results in a 1 A tuifncarrent controller functionality is then avoided. Figures and 46
threshold difference. Thus the PCB layout is very critical show examples of SR system layouts using parasitic
when implementing the SR system. Note that the CSofirn  inductance compensation (ifer low Rps(on)MOSFET in
comparator as well as compensation inputs are referred tarO-220 package ) and not using compensation (i.e. for
the GND pin. Any parasitic impedance (resistive or higher Rysion) MOSFET in TO-220 package or SMT
inductive - talking about @ and nH values) can cause a package MOSFETS)
high error voltage that is then evaluated by the CS
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Input Output

Input Output
from transformer to capacitor b P

from transformer to capacitor

T3FSOM_He

NCP4304

. Trigger
Trigger .
Bottom View Bottom View
Figure 45. Recommended Layout When Parasitic Figure 46. Recommended Layout When Parasitic
Inductance Compensation is Used Inductance Compensation is Not Used
Trigger/Disable Input (above 2.5 V) the driver is disabled immediatedycept

The NCP4304A/B features an ultrafast trigger irthat during DRV rising edge when TRIG/DIS is blanked for
exhibits a typically of 10 ns delay from its actioa to the 120 ns. If the trigger signa high for more than 100s the
turn-off ofthe SR MOSFET. The main purpose of this input driver enters standby mode. The IC consumption is reduced
is to turn-off the SR MOSFET in applications operatin below 100puA during the standby mode. The device
CCM mode via a signal coming from the primary side or recovers operation in 1@s when the trigger voltage is
direct synchronization SR MOSFET turn-on and tuifn-o  increasedo exit standby mode. TRIG/DIS input is superior
event according to primary controller signal$he to CS input except blanking period@RIG/DIS signal
NCP4304A/B operation can be disabled using the turns-OFF the SR MOSFET or disable its turn-ON if
TRIG/DIS input. If the TRIG/DIS input is pulled Hig TRIG/DIS is pulled above ¥RG/Dis:

100us | . - SLEEP MODE
Timer o -
VtriGDis =2V Inv\/ One Shot
! ! TRIG/DIS I S Q —>:@ DRV RESET
. I >
> ) L ZCD RESET N
Trigger Information — R Q| A

from the Primary

Inv
> DRV SET ENABLE
AND >—| >o »
Trigger Blanking A Inv one Shot toff min Generator Start
120 ns I e -
During DRV Rising Edge 120 ns

LA o TERYERm s
I%‘ GND

Figure 47. Trigger Input Internal Circuitry
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Figure 48 depictdriver turn-ON events. Turn-ON of the  pulled LOW and CS (¥s) is still under \, ¢s onthreshold
SR MOSFET is possible if CS f¢) signal falls under  then the DRV is turned-ON (t7 marker).
Vin cs onthreshold and TRIG/DIS is pulled LOW (t1 to t3 Time markers t14 and t15 in Figure 48 demonstrate
time interval). situation when CS (¥s) is above W cs onthreshold and
When the CS (9s) reached the ¥ ¢s onthreshold and ~ TRIG/DIS ispulled down. In this case the driver stays LOW
TRIG/DIS ispulled HIGH the driver stays LOW (16, t7 time  (t12 to t15 marker).
markers) if the TRIG/DIS is HIGH. If the TRIG/DIS i

| |
| |
| |
Vos J',"’ Y I
/ ! |
Vihesoff ~-[-7it{ccco-z--------- 1 e ---1
Vth_cs_on"'."l" """ --------- I'"" """ -d---
L | . L1
L | 1 | |
TRiGDIS |\ | ! | A + |
\\ | L
\ |
N | - |
ory |1 | G |
| | | | |
T | | | |
t0 t1t21t3 t4 15 6 t7 t8 9 t10

Figure 48. DRV Turn ON Events

The TRIG/DIS input is blanked for 120 ns after D&t spikes that are present on the TRIG/DIS input pin duhiag
signal to avoid undesirable behavior during SR MOSFET SR MOSFET turn-on process. DRV response to thet shor
turn-ON event. The blanking time in combinationhnliigh needle pulse on the TRIG/DIS pin is depicted in Figure 49
threshold voltage (2 V) prevent triggering on ringing and — this short pulse turns-on the DRV for 120 ns.

Vbs

Vth_cs_oﬂ -----------F--------- - - - - - - - - p—

Vthfcsfon I _(T\ """"""""""""" -

TRIG/DIS

Disable of Trigger

Min_ON_Time

DRV

[ e e e s

t0 t I I
120 ns

——f

2 t3

Figure 49. Trigger Needle Pulse and Trigger Blank S equence

WWW.onsemi.com
18



 http://www.onsemi.com/

NCP4304A, NCP4304B

Advantage of the trigger blanking time during DRV performance of the trigger logicould turn-OFF the SR
turn-ONevent is evident from Figure 50. Rising edge of the MOSFET in inappropriate timelmplementation of the
DRV signal may cause additional spikes on the TRIS/ trigger blanking time period helps to avoid sudhation
input. These spikes, in combination with ultra-fast

Vbs

Vth_cs_off I e I e { -

Vihcson "~ -""---- [~ f """ R
|
TRIG/DIS \ AI

I I
I I
Disable of Trigger I I I
[T Il
Min_ON_Time : : | :
1 |
DRV |7 T I
1] | | |
| | ' I
10 al | jogps ¥ 15 t6

Figure 50. Trigger Blanking Masked-out Noise in Tri  gger Signal During Switch-ON Event

Figure 51depicts driver turn-OFF events in details. If the (t1-t2,t5-t6, t9—t10 markers). DRV is turned-OFF if CS
CS (Wpg) stays below W cs off threshold driver is (Vps) signal reaches cs ofithreshold (t4 marker). The
turned-OFF according to rising edge of the TRIG/DIS DRV ON-time is prolonged till minimum-ON time pedo
signal. TRIG/DIS can turn-OFF the driver also during falling edge if the CS (Ms) reaches \, cs off before
minimum-ON time period (time marker t2 and t3 in minimum-ON time period elapsed (t7-t8, t11-t12 neask
Figure 51). Figure 54 depicts entering into the sleep modehéf

Figure 52 depicts another driver turn-OFF events in TRIG/DIS is pulled up for more than 10Qs the
details. Driver is turned-OFF according to the CH4V NCP4304A/B enters low consumption mode. The DRV
signal (t2 marker) and only after minimum-ON time stays LOW (disabled) during entering sleep mode.
elapsed. TRIG/DIS signal needs to be LOW during this Figure 55 shows sleep mode transition 2nd case.— i.
event. If the CS (Hs) voltage reachesy ¢s offthreshold TRIG/DIS rising edge comes during the trigger blank
before minimum-ON time period ends and TRIG/DISipin  period.

LOW the DRV is turned-OFF on the falling edge oé th Figure 56 depicts entering into sleep mode and vugke
minimum-ON time period (t4 and t6 time markers in sequence.
Figure 52). Figures 57 and 58 show wake-up situations in detHil

Figure 53 depicts performance of the NCP4304A/B the NCP4304A/B is in sleep mode and TRIG/DIS idgull
controller when trigger pin is permanently pulle@W. In LOW NCP4304A/B requires up to 13 period to recover
this case the DRV is turned ON and OFF according t&€®e  all internal circuitry to normal operation mode. The driver
(Vps) signal. The driver can be turned off only after is then enabled in the next cycle of C$ €Y/ signal only.
minimum-ON time period elapsed. The driver is tar@N The DRV stays LOW during waking-up time period.
in the time when CS (¥s) reaches W cs_onthreshold
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Vbs

Vihesoff 1~ -f~--"-"-1-""""""1""""2{(~""“"“"F~"p """ -

Vih_cs_on - "'_"(L """" --F-1Tt--""""-- 'j' """ -

Min_ON_Time

I
|
TRIG/DIS :T\
I
I
I
|
I

|
I
|
I
I
) I
.y | b |L« —+L

I I I
0 1 2 3

Figure 51. Driver Turn-OFF Events Based on the TRIG /DIS Input

Vbs

Vth_cs_off T
Vth_cs_on

TRIG/DIS

Min_ON_Time

DRV

t5 t6

Figure 52. Driver OFF Sequence Chart 2
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Vbs
| |
Vth_CS_Off_-___ _____________ ---J---- -------- --l----_--
VtthSfOn_ -TrFr---"rq4-"-"-~"-~""-"-"-- - |---- -------- --l----_--
\
| . | I
IR I I
TRIGIDIS I I I
I — T IBE
| | | | |
Min_ON_Time I | | 1R A Il 1y.
4 — R BN Y | B RS
[ (- [op [
’ /7 /7
DRV I V¢ | ‘ I P
1K | | |
1 I [ Tl
0 tlt2 13 t4 56 (7 8 9t
10 12
Figure 53. TRIG/DIS is LOW Sequence Chart
Vps
Vth_cs_off 177" - -
Vth_cs_on N - -
|
TRIG/DIS |
i .
|| .
Min_ON_Time I | "
N i \
. 1 X
Power Consumption [ // Y
H
I // 100 s I
DRV r // 'I
I I
@2 t

t0 t1

Figure 54. TRIG/DIS from LOW to HIGH Sequence 1
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Vthfcsfoff - T
Vth_cs_on - T

TRIG/DIS

Min_ON_Time

Power Consumption

120 ns / / 100 us

DRV
Figure 55. TRIG/DIS from LOW to HIGH Sequence 2
Vbs
I I
“ 1 | B

TRIG/DIS 00 us |
| i

Power | 10 us | .

Consumption | / Sleep Mode
| T

T T
| I
DRV I |
I ||
/ I [
t0 2 3 t4

Figure 56. Sleep Mode Sequence
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Vbps
Vth_cs_off - 1--=--=-=-==-99---- | - -I -fr--"-----"-"r-----"--"r--"=--=-=-"-"{14°-"=—- - - - -1
Vthfcsfon -1---=-=-=-=-=--4---- I- -I -fF--"-"-"----F- | ---- :I -Fr------- - [ ---- | --
T 1
I | | |
TRIG/DIS I | | Al A
I I I I
10 us | | |
Power Sleep Mode vy T 1 | !
Consumption | .~ [ 1 | | [ |
] | | | | | | | |
1 1 1 | | 1 1 | 1
I Driver I I I I I
DRV | tow || | I \ I v
I | DI I I
| T | |
t0 t1 2 3 t4 t5 6 t7 8 t9
Figure 57. Waking-up Sequence
Vps
Vi es off = ---1--------1---------}--"-"-"-"-"-"-"}-"-"""""""f--"72-----
Vth_cs_on -{---1--------494---------f---"-----fFp-------- -fF1-----
[ [
I
TRIGDIS | Sleep I
Mode |
[
I I I .
DRV I I I
| | |
t0 | T | | t4 t5
= I
2
L Waking-up Time J Waked Up _
< > -
t1 t3

Figure 58. Wake-up Time Sequence
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Figure 59 shows IC behavior in case the triggenaig  sequence elapses in time t4 the DRV is turned ON. In time
features two pulses during one cycle of thgs{YCS) signal. t5 Trigger signal rises up and terminates thiseptithe CS
TRIG/DIS enables driver at time t1 and DRV turns ON signal intime t5. Next cycle starts iime t6. Trigger enables
because the s voltage is under ¥ cs on threshold DRV and \bs s under \, ¢s_ornthreshold voltage so DRV
voltage. The trigger signal and consequently DRV output turns ON intime t6. TRIG/DIS signal rises up to HIGH level
fall down in time t2. The minimum OFF time generator is in time t7, consequently DRV turns OFF and this starts
triggered intime t2. TRIG/DIS drops down to LOW level in  minimum OFF time generator. Because minimum OFF time
time t3but there is still minimum OFF time sequence presen period is longer then the rest of time to the ehdycle of
so the DRV output stayew. When the minimum OFF time  Vpg— DRV is disabled.

Vbs

Vihesoff T~ " |pmmmag - """ """ 7 ]

Vth_cs_on' "|"" -- - --l ----------- |: ________ - -
! |
lll 1—
TRIG/DIS a
| .
. , I
Min_ON_Time |
I

| I
I ||
I ||
1 1 1
| | |
I | I [ |
i i I | I |
Min_OFF_Time Y
| [ | [ |
\
I [ Y I [
| [
DRV A |
[ T
t0 t1 2 t3 t4 t5 t6 t7 t8 t9 t10

Figure 59. IC Behavior when Multiple Trigger Pulses Appear on TRIG/DIS Input

Note that the TRIG/DIS input is an ultrafast inghdt is transformer can be famstance prepared on a small toroidal
sensitive even to very narrow voltage pul§duis it is wise  ferrite core with diameter of 8 mm. Proper safesulation
to keep this input on a low impedance path and provide itbetween primanand secondary sides can be easily assured
with aclean triggering signal in the time this inputigbled by using triple insulated wire for one or even bethdings.
by internal logic. The primary MOSFET gate voltage rising edge is d=lay

A typical application schematic of a CCM flyback by external circuitry consisting of transistors Q1, Q2 and
converter with the NCP4304A/B driver can be seen in surrounding components. The primary MOSFET is thus
Figure 60. In this application the trigger signaltaken turned-on with a slight delay so that the secondangroller
directly from the flyback controller driver outpwnd turns-off the SR MOSFET by trigger signal prior to the
transmitted tdhe secondary side by pulse transformer TR2. primary switching. This method reduces the commutation
Because the TRIG/DIS input is edge sensitive, it is not losses and the SR MOSFET drain voltage spike, which
necessary to transmit the entire primary driver pulse to theresults in improved efficiency.
secondary. The coupling capacitor C5 is used tovabulse It is also possible to use capacitive coupling (use
transformer core reset and also to prepare a ngedie additional capacitor with safety insulation) between the
(a pulse with width lower than 100 ns) to be transmitted to primary andsecondary to transmit the trigger signal. We do
the NCP4304A/B TRIG/DIS input. The advantage of lmed not recommend this technique as the parasitic capacitive
trigger pulse usage is that the required volt-séguoduct currents between primary and secondary may affect the
of the pulse transformer is very low and that allows the trigger signal and thus overall system functiogalit
designer tause very small and cheap magnetics. The trigger

WWW.onsemi.com
24



 http://www.onsemi.com/

NCP4304A, NCP4304B

Vbulk

I
| +Vout
| +—0
Delay Generator ol I—LI
Vee i_ _____ ‘_____‘—i . .I M2 + o7
FLYBACK ;L D4 | TI T
ND
CONTROL | , | - ca | G >
CIRCUITRY |pRy ! Q I {7
1 — C6
| ) | M1 | »—' |—0
FB |Cs | R3¢ ¢
R4 R9 Hvece DRV [1—
| | ¢\ N\ MIN_TOFF GND [-¢
| D2 | R6 LAAAAMN TON comeH 7N D5
| g | R7 R10 f{TRIGDIS  cs
L ~N OK1 LAAA —|
x
LRy
C5 ?7 [
| |

TR2
|| olo
| R11
% |

Figure 60. Typical Application Schematic when NCP43  04A/B is Used in CCM Flyback Converter

ton_min @nd toff min Adjustment timers avoid false triggering on the CS input after the
The NCP4304A/B offers adjustable minimum ON and MOSFET isturned on or off. The adjustment is based on an

OFF time periods that ease the implementation ef th internal timing capacitance and external resistorsiected

synchronous rectification system in a power supphese to the GND pin — refeio Figure 6Xfor better understanding.

Vdd
/-f To Internal Logic
L':: r ::—‘J VRerF —I_I—
L T — -
t .
= h on_min
e 1l > >
|
P
M
L Discharge
Ct Switch
MIN_TON I“I J;IRMIN_TON 1

RmiN_TON

Figure 61. Internal Circuitry of t

on_min Generator (t off min Generator Works in the Same Way)

Current through the f&n_Ton adjust resistor can be VREF
calculated as: B VRer VRer
ton_min =Cy- | =Ci- R
VRer RMIN_TON MIN_TON
lrmiN_TON = R (eq. 4)
MIN_TON

. . L = C¢ Ryin_ton
As the same current is used for the internal timing -

capacitor (¢ charging, one can calculate the minimum
on-time duration using this equation.
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internal capacitor size would be too high if we Vdbuse minimum 4, and g blanking periods from measured
directly lrmin_Ton current thus this current is decreased by values in Figures 62 and 63.
the internal current mirror ratio. One can thenneste

6 6
5 5 / -
4 4 e
g Z d
£ 3 s 3
E| EI
g 5
-2 / - 2
1 1
[~
0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Rmin_Ton (KQ) Rmin_Torr (KR2)
Figure 62. MIN_TON Adjust Characteristic Figure 63.  MIN_TOFF Adjust Characteristic

The absolute minimumy duration is internally clamped to modulate blanking periods by using an external NPN
to 130 ns and minimumy duration to 600 ns in order to  transistor —+efer to Figure 64The modulation signal can be

prevent any potential issues with the minimyggahd/or & derived based on the load current or feedback regulator
input being shorted to GND. voltage.

Some applications may require adaptive minimumrazh a
off time blanking periods. With NCP4304A/B it isgmible

= ]
i | :i o

Discharge
Modulation Current MIN_TON | Switch
G— _ | é RMIN_TON
LI

—\

To Internal Logic

JH_

IRMIN_TON
q_

0
11
f [
T

RmiN_TON
ton_min Modulation
Voltage Input

i I

Figure 64. Possible Connection fort  on_min and teff min Modulation

In LLC applications with aery wide operating frequency may then be too sint. To overcome possibissues with the
range it imecessary to have very short minimum on time and LLC operating under low line and light load coralits, one
off time periods in order to reach the required imaxn can prolonghe minimum off time blanking period by using
operating frequency. However, when a LLC converter resistors RBraint and Rrain2 connected from the
operates under low frequency, the minimum off tpedod opposite SR MOSFET drain — refer to Figure 65
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Figure 65. Possible Connection fort o min Prolongation in LLC Application with
Wide Operating Frequency Range

Note that Rraint and BHrain2 should be designed in off process always starts before the drain to souottage
such a way that the maximum pulse current into therises up significantly. Therefore, the MOSFET switch
MIN_TOFF adjust pin is below 10 mA. \oltage on the always operates under Zero \oltage Switching (ZVS)
MIN_TOFF and MIN_TON pins is clamped by internal conditions when implemented in a synchronous

zener protection to 10 V. rectification system.
o ) The following steps show how to approximately catail
Power Dissipation Calculation the power dissipation and DIE temperature of the

It is important to consider the power dissipation in the \cp4304A/Bcontroller. Notethat real results can vary due
MOSFET driver of a SR system. If no external ga@stor 4 the effects of the PCB layout on the thermabteace.
is used and the internal gate resistance of the MEJSs

very low, nearly all energy losses related to gatEge are Step 1 — MOSFET Gate-to-Source Capacitance:

dissipated inthe driver. Thus it is necessary to check the SR During ZVS operation thgate to drain capacitance does

driver power losses in the target application to avoid over not have a Miller effect like in hard switching systems

temperature and to optimize efficiency. because the drain to source voltage is close to zero and its
In SR systems the body diode of the SR MOSFET startschange is negligible.

conducting before turn on because thg ¥ onthreshold

level isbelow 0 V. On the other hantthe SR MOSFET turn
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Figure 66. Typical MOSFET Capacitance Dependency on  Vpg and V gg Voltage

Therefore, the input capacitance of a MOSFET ojeyat The total driving loss can be calculated using tiecsed
in ZVS mode is given by the parallel combinationhaf gate gate driver clamp voltage and the input capacitaridbe
to source and gate to drain capacitances (sgc&pacitance  MOSFET:
for given gate to source voltage). The total gate charge
Qg_totas Of most MOSFETSs on the market is defined for hard
switching conditions. In order to accurately calculate the Where:

Porv total = Vee " Veamp © Cg zvs “fsw  (eq. 6)

driving losses in a SR system, it is necessargterchine the Vce is the supply voltage

gate charge of the MOSFET for operation specifjcalla Vclamp  is the driver clamp voltage

ZVS system. Some manufacturers define this pararaste Cqy zvs is the gate to source capacitance of the

Qg_zvs Unfortunately most datasheets do not provide this MOSFET in ZVS mode

data. Ifthe Gss (or Q4 zvs) parameter is not available then fsw is the switching frequency of the target

it will need to be measured. Please note that the input application

capacitance is not linear (as shown Figure 66) and it needs . , o :

to be characterized for a given gate voltage cliwel. The total drlv_lng power Ioss_ won't on_ly be dissipated in
the IC but also in external resistances like the exteyatd

Step 2 — Gate Drive Losses Calculation: resistor (if used) and the MOSFET internal gate resistance

Gate drive losses are affected by the gate driver clamp(Figure 67). Because NCP4304A/B features a clamped
voltage.Gate driver clamp voltage selection depends on thedriver, it's high side portion can be modeled azgular
type of MOSFET used (threshold voltage versus chlann driver switch with equivalent resistance and a seriesgelt
resistance). The total power losses (driving loses andsource. The lovgide driver switch resistance does not drop
conduction losses) should be considered when sejetie immediately at turn-off, thus it is necessary to use an
gate driver clamp voltage. Most of today’s MOSFEFSR equivalent value (Bv_jow_eq for calculations. This method
systems feature lowdon)for 5 V Vs voltageand thus it simplifies power losses calculations and still provides
is beneficial to use the B version. However, tliestill a big acceptable accuracy. Internal driver power dissipation can
group of MOSFETs on the market that require higjae then be calculated using Equation 7:
to source voltage - in this case the A version lshbe used.
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Figure 67. Equivalent Schematic of Gate Drive Circu itry

P Lc Veiamo 2 ( o Jon e ) +c Veamp * Fsw * (Voe = Velamp)
DRV_IC = 5 ° zvs " Vel “Jsw® zvs " Vel “Jsw T \Yec T Vel
_ 2 g_. clamp Rdrv_low_eq + Rg_ext + Rg_int g_. clamp clamp
(eq.7)
R, ..
1 drv_high_eq
+=-C .V 2 faw ( )
ZVS | SwW
2 9 camp Rdrv_high_eq + Rg_ext + I:Qg_int
Where: Step 4 — IC Die Temperature Arise Calculation:
Rdrv_low_eq iS the Ddriver low side switch equivalent The die temperature can be calculated now that the total
~ resistance (1.5Q) internal power losses have been determined (didases
Rdrv_high_egs the driver high-side switch equivalent plus internal IC consumption losses). The SO-8 package
resistance (R2) thermalresistance is specified in the maximum ratingsetabl
Rg_ext is the external gate resistor (if used) fora 3_5ur_n thi_n copper layer with no extra copper plates on
Rg_int is the internal gate resistance any pin (i.e. just 0.5 mm trace to each pin witénsiard
of the MOSFET soldering points are used).

. . The die temperature is calculated as:
Step 3 — IC Consumption Calculation:

In this step, power dissipatipn related to t.he ?nternal IC ToE = (PDRV_IC + P|cc> “Rgja+Ta  (eq.9)
consumption is calculated. This power loss is given by the
Icc current and the IC supply voltage. Theclcurrent — Where: _ o o
depends on switching frequency and also on the selected Pbrv_ic is the IC driver internal power dissipation

ton_min@nd bff min Periods because there is current flowing ~ Picc is the IC control internal power dissipation
out from the MIN_TON and MIN_TOFF pins. The most ~ Resa is the thermal resistance from junction to
accurate method for calculating these losses is to measure ambient

the lcc current when 6ry = O nF and the IC is switching Ta is the ambient temperature

at the target frequency with giveghtminand bt min adjust
resistorsRefer also to Figure 68 for typical IC consumption
charts when the driver is not loaded. IC consumgtigses
can be calculated as:

Picc = Vee * lec (eq. 8)
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