NCP4308

Synchronous Rectifier
Controller

The NCP4308 is a synchronous rectifier controlbersivitch mode
power supplies. The controller enables high efficie designs for
flyback, quasi resonant flyback and LLC topologies.

Externally adjustable minimum off-time and on-tirblanking
periods provides flexibility to drive various MOSFET package types
and PCB layout. A reliable and noise less operatidhe SR system is
insured due to the Self Synchronization featdiiee NCP4308 also
utilizes Kelvin connection of the driver to the MEEST to achieve high
efficiency operation at full load.

The precise turn—off threshold, extremely low turn—off delay time
and high sink current capability of the driver alldhe maximum
synchronous rectification M8FET conduction time. The high
accuracy driver and 5 V gate clamp make it idestiiyed for directly
driving GaN devices.

Features

e Self-Contained Control of Synchronous Rectifie€Ci@M, DCM and
QR for Flyback or LLC Applications

Precise True Secondary Zero Current Detection

Rugged Current Sense Pin (up to 150 V)

Adjustable Minimum ON-Time

Adjustable Minimum OFHime with Ringing Detection
Adjustable Maximum ON-Time fa€CM Controlling of Primary
QR Controller

Improved Robust Self Synchronization Capability

8 A/ 4 A Peak Current Sink / Source Drive Capapili
Operating Voltage Range up te¥= 35V

GaN Transistor Driving Capability (options A and C)

Low Startup Current Consumption

Maximum Operation Frequency up to 1 MHz

SOIC8, DFN-8 (4x4) and WDFN8 (2x2) Packages

These are Pb—Free Devices

Typical Applications

Notebook Adapters

e High Power Density AC/DC Power Supplies (Cell Ph@margers)
e |CDTVs

e All SMPS with High Efficiency Requirements
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NCP4308
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PIN FUNCTION DESCRIPTION

NCP4308

ver.A,B,C,D ver. Q Pin Name Description

1 1 VCC Supply voltage pin

2 2 MIN_TOFF Adjust the minimum off time period by connecting resistor to ground.

3 3 MIN_TON Adjust the minimum on time period by connecting resistor to ground.

4 4 NC Leave this pin opened or tie it to ground.

5 - NC Leave this pin opened or tie it to ground.

6 6 Cs Current sense pin detects if the current flows through the SR MOSFET and/or its body
diode. Basic turn—off detection threshold is O mV. A resistor in series with this pin can
decrease the turn off threshold if needed.

7 7 GND Ground connection for the SR MOSFET driver, V¢ decoupling capacitor and for mini-
mum on and off time adjust resistors. GND pin should be wired directly to the SR
MOSFET source terminal/soldering point using Kelvin connection. DFN8 exposed flag
should be connected to GND

8 8 DRV Driver output for the SR MOSFET

- 5 MAX_TON Adjust the maximum on time period by connecting resistor to ground.
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Minimum ON time U
generator
EN
VDD |
<
guow« CS_ON DRV Out LDRV
CS >
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detection = - Control logic
CS RESET o
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Figure 5. Internal Circuit Architecture — NCP4308A,

B,C,D
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NCP4308

MIN_TON

Voo

Cs

—

MIN_TOFF

MAX_TON

ELAPSED -
ADJ| Minimum ON time
generator
EN
¢
1001A
¢ CS_ON
Ccs - '
detecti CS_OFF -
etection CS_RESET
I >
RESET|
apy| Minimum OFF | ELAPSED
time generator | gy
ELAPSED
ADJ H . .;
Maximum ON time
generator
EN
¢

Control logic

DRV Out

Voo

T

Vee managment
UVLO

NC

DRV

VCC

GND

Figure 6. Internal Circuit Architecture — NCP4308Q

WWW. onsemi.com

5

(CCM QR) with MAX_TON


 http://www.onsemi.com/

ABSOLUTE MAXIMUM RATINGS

NCP4308

Rating Symbol Value Unit
Supply Voltage Vee -0.3t0 37.0 \Y
MIN_TON, MIN_TOFF, MAX_TON Input Voltage VMIN_TON: -0.310 Ve v
VMIN_TOFF
VMAX_TON
Driver Output Voltage VpRv -0.3t017.0
Current Sense Input Voltage Vcs -4 to 150
Current Sense Dynamic Input Voltage (tpyy = 200 ns) Vs pyn -10 to 150
MIN_TON, MIN_TOFF, MAX_TON, Input Current IMIN_TON: IMIN_TOFF: -10t0 10 mA
IMAX_TON
Junction to Air Thermal Resistance, 1 0z 1 in? Copper Area, SOIC8 RgJ-A_soics 160 °C/W
Junction to Air Thermal Resistance, 1 oz 1 in? Copper Area, DFN8 RoJ-A_DFN8 80 °C/W
Junction to Air Thermal Resistance, 1 0z 1 in? Copper Area, WDFN8 RoJ-A_WDFNS 160 °C/IW
Maximum Junction Temperature TImMAX 150 °C
Storage Temperature Tste —-60 to 150 °C
ESD Capability, Human Body Model, Except Pin 6, per JESD22-A114E ESDygm 2000 \%
ESD Capability, Human Body Model, Pin 6, per JESD22-A114E ESDygm 1000 \%
ESD Capability, Machine Model, per JESD22-A115-A ESDym 200 Y
ESD Capability, Charged Device Model, Except Pin 6, per JESD22-C101F ESDcpm 750 \Y
ESD Capability, Charged Device Model, Pin 6, per JESD22-C101F ESDcpm 250 Y

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 latch-up tests defined by JEDEC Standard JESD78D Class I.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Max Unit
Maximum Operating Input Voltage Vee 35 \%
Operating Junction Temperature T; -40 125 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.

WWW. onsemi.com
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NCP4308

ELECTRICAL CHARACTERISTICS -40°C < T3<125°C; Ve =12 V; Cpry = 0 nF; Rpin Ton = Rmin Torr = 10 k; Ves=-1to0
+4 V; fcs = 100 kHz, DC¢cs = 50%, unless otherwise noted. Typical values are at Ty = +25°C  ~ -

Parameter Test Conditions Symbol | Min | Typ | Max | Unit |
SUPPLY SECTION
VCC UVLO (ver. B & C) Ve fising, Veg = 0 V Vecon 8.3 8.8 9.4 \Y
Ve falling, Veg = 0 V Vecorr 7.3 7.8 8.3
VCC UVLO Hysteresis (ver. B & C) VceHys 1.0 \Y,
VCC UVLO (ver. A, D & Q) Ve fising, Veg =0V Vecon 420 | 4.45 | 4.80 \Y
Ve falling, Ves =0 V Vecore 3.70 | 3.95 | 4.20
VCC UVLO Hysteresis VceHys 0.5 \%
(ver. A,D & Q)
Start-up Delay Ve rising from 0to Vecon + 1V @ tr =10 us, tSTART_DEL 75 125 us
Ves=0V
Current Consumption, Cpryv = 0 nF, fcg =500 kHz A, C Icc 3.0 4.0 5.6 mA
RmIN_ToN = Rmin_TorF = 0 kQ2 B.D.Q oy a5 60
Cprv = 1 nF, fcg = 500 kHz A C 45 6.0 7.5
B,D, Q 7.7 9.0 10.7
Cpry = 10 nF, fcg=500kHz  [A, C 20 25 30
B,D, Q 40 50 60
Current Consumption N%ivgvzitching, Ves =0V, Rmin_Ton = RmIN_ToFF lcc 15 2.0 25 mA
No switching, Vcs = 0 V, Ryin_Ton = RmIN_TOFF Icc 1.0 2.0 25 mA
=0 k2, DFN8, WDFN8
Current Consumption below UVLO | No switching, Vcc = Vecorr — 0.1V, Ves =0V lcc_uvio 75 125 uA
DRIVER OUTPUT
Output Voltage Rise-Time Cpryv = 10 nF, 10% to 90% VprymAX tr 40 55 ns
Output Voltage Fall-Time Cpryv = 10 nF, 90% to 10% VprymAX t¢ 20 35 ns
Driver Source Resistance Rprv_source 1.2 Q
Driver Sink Resistance Rprv_sink 0.5 Q
Output Peak Source Current IDRV_SOURCE 4 A
Output Peak Sink Current IDRV_SINK 8 A
Maximum Driver Output Voltage Vce =35V, Cpry > 1 nF (ver. B, D and Q) VDRVMAX 9.0 9.5 10.5 \%
Vce =35V, Cpry > 1 nF (ver. A, C) 43 4.7 5.5
Minimum Driver Output Voltage Vce = Vecorr + 200 mV (ver. B) VDRVMIN 7.2 7.8 8.5 \
Vcee = Vecorr + 200 mV (ver. C) 4.2 4.7 5.3
Vce = Vecorr + 200 mV (ver. A, D and Q) 3.6 4.0 4.4
CS INPUT
Total Propagation Delay From CS | Vg goes down from 4to -1V, t cgs=5ns tpp_ON 35 60 ns
to DRV Output On
Total Propagation Delay From CS [ Vcs goes up from-1t0 4V, t; cs=5ns tpp_OFF 12 23 ns
to DRV Output Off
CS Bias Current Ves =-20 mV Ics -105 | -100 -95 uA
Turn On CS Threshold Voltage VTH_cs on | —120 =75 -40 mV
Turn Off CS Threshold Voltage Guaranteed by Design VTH_cs_OFF -1 0 mV
Turn Off Timer Reset Threshold VTH_cs_Rreset| 0.4 0.5 0.6 \%
Voltage
CS Leakage Current Vcs =150V lcs_LEAKAGE 0.4 uA

WWW. onsemi.com
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NCP4308

ELECTRICAL CHARACTERISTICS -40°C < TJ < 125°C; VCC =12V, CDRV =0nF; RMIN TON = RMIN TOFF = 10 kQ, VCS =-1to
+4 V; fcg = 100 kHz, DCcs = 50%, unless otherwise noted. Typical values are at T; = +25°C B

Parameter Test Conditions Symbol | Min | Typ | Max | Unit |
MINIMUM toy and t opr ADJUST
Minimum tgy time RmIN_TON =0 Q ton_MIN 35 55 75 ns
Rmin_Ton = 0 Q, DFN8, WDFN8 tON_MIN 25 50 75 ns
Minimum togg time RMmIN_TOFF =0 Q toFF_MIN 190 245 290 ns
RmiN_ToFF = 0 Q, DFN8, WDFN8 tOFF_ MIN 160 | 245 290 ns
Minimum tgy time Rmin_Ton = 10 kQ2 ton_MIN 0.92 1.00 1.08 us
Minimum togg time RmIN_TOFF = 10 kQ toFr_MIN 0.92 1.00 1.08 us
Minimum tgy time RmIN_TON = 50 k2 ton_MIN 4.62 5.00 5.38 us
Minimum topg time RmIN_TOFF = 50 k€2 torFF_MIN 4.62 5.00 5.38 us
MAXIMUM tony ADJUST
Maximum toy Time Vmax_Ton =3V ton_max 4.3 4.8 5.3 us
Maximum toy Time Vmax_ton = 0.3V ton_max 41 48 55 us
Maximum toy Output Current Vmax_ton = 0.3V Imax_ToN -105 | -100 -95 uA

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.

WWW. onsemi.com
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TYPICAL CHARACTERISTICS
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NCP4308

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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NCP4308

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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NCP4308

APPLICATION INFORMATION

General description resistors connected to GND. If needed, blanking periods can
The NCP4308 is designeddperate either as a standalone be modulated using additional components.
IC or as a companion IC to a primary side contratiehelp An extremely fast turn—off comparator, implemented on

achieve efficient synchronous rectification in switch mode the current sense pin, allows for NCP4308 impletéoni
power supplies. This controller features a highentrgate in CCM applications without any additional compotseor
driver along with high—speed logic circuitry to provide external triggering.
appropriately timed drive signals to a synchronous An output driver features capability to keep SRisistor
rectification MOSFET. With its novel architecture, the closed even when there is no supply voltage for ABDB.
NCP4308 has enough versatility to keep the synchronousSR transistor drain voltage gags and down during SMPS
rectification system efficient under any operatingde operation and this is transferred through drain gate
The NCP4308 works from an available voltage witlyean  capacitance to gate and may turn on transistor. NCP4308
from 4 V(A, D & Q options) or 8 V (B & C options) to 35V useshis pulsing voltage &R transistor gate (DRV pin) and
(typical). The wide ¢c range allows direct connection to uses it internally to provide enough supply to activate
the SMPS output voltage of most adapters such asinternal driver sink transistor. DRV voltage is ledl low
notebooks, cell phone chargers and LCD TV adapters.  (not to zero) thanks to this feature and eliminagerisk of
Precise turroff threshold of the current sense comparator turned on SR transistor before enoughc\s applied to
together with an accurate offset current source allows theNCP4308.
user to adjust for any required teoff current threshold of Some ICversions include a MAX_TON circuit that helps
the SR MOSFET switch using a single resis@mpared a quasi resonant (QR) controller to work in CCM mod
to other SR controllers that provide tofi thresholds inthe ~ when a heavy load is present like in the example of a
range of —10nV to -5 mV, the NCP4308 offers a twoff printer’s motor starting up
threshold of 0 mV. When using a lowpRon)SR (1 n§2)
MOSFET our competition, with a =10 mV turn off, Wilrn Current Sense Input _ _
off with 10 A still flowing through the SR FET, wikiour _Figure 36 shows the internal connection of the CS
0OmV turn off turns off the FET at O A; significayt circuitry ont.he .current sense input. When the voltagg on the
reducing the turoff current threshold and improving secondary /mding of the SMPS reverses, the body d,lode Qf
efficiency. Many of the competitor parts maintain a drain M1 starts to _conduct current and the \_/oltage of M1’s drain
source voltage across the MOSFET causing the grdropsapproximately to 1 V. The CS pin sources cyrrént o]
MOSFET to operate in the linear region to reduce-taff 100uA that creates a voltage drop on theyfR1_cgesistor
time. Thanks to the 8 A sink current of the NCP430g (resistor is optional, we recommend shorting this resistor).
significantly reduces turn off time allowing for a minimal ©Once the voltage on the CS pin is lower thaf \ts_on

drain source voltage to be utilized and efficiency threshold, M1 is turned-on. Because of parasitic
maximized. impedances, significant ringing can occur in theliaption.

To overcome false sudden turn—off due to mentioned
turn—off eventsthe NCP4308 provides adjustable minimum '1nging, the minimum conduction time of the SR MESF

ontime and offtime blanking periods. Blanking times can IS activated. Minimum conduction time can be adjdst
be adjusted independently of IC VCC using external USiNg the Run_ton resistor.

To overcome false triggering issues after tomand

WWW. onsemi.com
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I O+ Uout
SR MOSFET
ol . . . @ GND
(Led <
i
GHD +
Vi os_on
CS_0N
QSHIFT_CS[] ORY Udd *
Tos C5_OFF
ICST l 188uA * -
| i To internal logic
LI
Cs - CS_RESET
- _

~ YiH es_reser

Figure 36. Current Sensing Circuitry Functionality

The SR MOSFET is turnedff as soon as the voltage on
the CS pin is higher thantyy cs orr(typically —0.5 mV
minus any voltage dropped on the optionghRt c9. For
the same ringing reason, a minimum-iffie timer is
asserted once thec¥ goes above ¥y cs reser The
minimum offtime can be externally adjusted using
RmIN_TOFF resistor The minimum off-time generator can
be re-triggered by MIN_TOFF reset comparator if gom
spurious ringingccurs on the CS input after SR MOSFET
turn—off event. This feature significantly simplifies SR
system implementation in flyback converters.

In an LLC converter the SR MOSFET M1 channel
conducts while secondary side current is decreasing toefer

Figure 37) Therefore the turn—off current depends on
MOSFET Ryson The —0.5 mV threshold provides an
optimum switching period usage while keeping enough time
margin for the gate turoff. The RsyiFT cs resistor
provides the designer with the possibility to modify
(increase}he actual turn—on artdrn—off secondary current
thresholdsTo ensure proper switching, the migggt timer

is reset, when theps of the MOSFET rings and falls down
past the ¥y cs reset The minimum off-time needs to
expirebefore another drive pulse can be initiated. Minimu
off-time timer is started again whenp¥ rises above

VTH_CcS_RESET

WWW. onsemi.com
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Vbs = Vcs

ISEC

V1u_cs_reset — (Rswirr_cs*lcs)

Vrh_cs_orr— (RsniFr_cs*lcs)

T
V1u_cs_on— (RswiFr_cs*les) = — — — — i f- — — — - —— I 1
| ! L
| |
Vbrv | ' | I | |
| l L
I Turn-on delay: Turn -off delay | l— : | |
I \ [ I N
| | 1 T |
) . } Il |
Min ON-time N I |
| tvin_ToN I | [ | Min torr timer was
1 | | l | | stopped here because
| 1] ' | : / of Vcs<VTH_cs RESET
. _ I I I
Min OFFtime 1 | ¥
|1 [ | tMin_TOFF|
I ' I N
Ll | Ll
T T
“ | " t

The tMlNiTON and tMINiTOFF are adeStable by RMINiTON and RMINiTOFF resistors

Figure 37. CS Input Comparators Thresholds and Blan  king Periods Timing in LLC

Vbs = Vcs
Isec
Vrr_cs_reser — (RsuiFr_cs*lcs)
Vru_cs_orr— (Rshier_cs*les)
V1u_cs_on— (RsuiFr_cs*lcs) i
|
| | |
VDRV | | | I
| | | |
| Turn-on dela;l Turn-off delay. | P | | |
| ! ool
| ; | i |
; ; } I |
Min im X
ONime | ¢ Il | | | Mintogr timer was
MIN_TON | stopped here b
| stopped here because
I I | | of Ves<V1H_cs_reseT
| N |/
i . I I |
Min OFFime 1 | I
I l Il tvin_TOFF
I ' I
H | H .
" l ) . ) t

The tuin_ton @nd tuin_torr are adjustable by Run_ton and Ruin_tore resistors

Figure 38. CS Input Comparators Thresholds and Blan  king Periods Timing in Flyback

WWW. onsemi.com
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If N0 RspieT csresistor is usedhe turnon, turnoff and Note that Ryt csimpact on turron and My cs RESET
V1H_cs_resetthresholds are fully given by the CS input thresholds is less critical than its effect on the turn-off
specification (please refer to electrical characteristics)table threshold.

The CS pin dbet current causes a voltage drop that is equal It should be noted that when using a SR MOSFET in a
to: through hole package the parasitic inductance ef th
Vesuier cs = R MOSFET package leads (refer to Figure 39) causes a
- turn—off current threshold increase. The current that flows
Finalturn—on and turn ofthresholds can be then calculated through the SR MOSFET experiences a hift)/At that

sHIFT cs " lcs (eq. 1)

as: induces an error voltage on the SR MOSFET leads due to
v _v B (R .| ) 5 their parasitic inductance. This error voltagerigortional
CS_TURN_ON — ¥TH_CS_ON sHIFT_cs " lcs) (€d-2) to the derivative of the SR MOSFET current; andtshihe
Vv _ v 3 (R % ) CS input voltage to zero when significant curreititffows
CS_TURN_OFF = VTH_Cs OFF ~ \"sHIFT_cs "~ 'cs) (€d- 3) throughthe MOSFET channel. As a result, the SR MOSFET
v _v _(r . is turned—off prematurely and tlefficiency of the SMPS is
CS_RESET ~ YTH_CS_RESET ( SHIFT_CS CS) (eq. 4) not optimized - refeto Figure 40 for a better understanding.

UL _Lavout L_DRAIN Urps_on UL _source UL _Lavout
_— _—
_— ES
D S
__ — __
L
L Lavout L oram Rops_on SOURCE L avourt

MOSFET equivalent circuit
o)

|
i

ii To Ucc
L uce u DRV
MIN_TOFF GND i@[]izpouipulipmg
capacitors
MIN_TON Cs
NC NC
D NCP4308

Figure 39. SR System Connection Including MOSFET an  d Layout Parasitic Inductances in LLC Application
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Orain Current

34 Primary Current

14

Ch1 100y Chz ooy
Ch3 208 Q Cha o0 Q@ Chz

Figure 40. Waveforms From SR System Implemented in ~ LLC Application and Using MOSFET in TO220 Package
With Long Leads — SR MOSFET channel Conduction Time  is Reduced

Note that the efficiency impact caused by the errtiage current Ai/At and high operating frequency is to use
due to the parasitic inductance increases with lowe lead-less SRIOSFET i.e. SR MOSFET in SMT package.
MOSFETSs Bys(on)and/or higher operating frequency The parasitic inductance of a SMT package is negligible

It is thus beneficial to minimize SR MOSFET package causing insignificant CS turn—off threshold shift and thus
leads length in order to maximize applicatidiicéfncy. The minimum impact to efficiency (refer to Figure 41).
optimum solution for applications with high secondary

WWW. onsemi.com
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Prirnary Current

Dir ity Current

Ch1 1004 Chiz
Ch3 204 £ Chid

Figure 41. Waveforms from SR System Implemented in

Chz

LLC Application and Using MOSFET in SMT Package wit h
Minimized Parasitic Inductance — SR MOSFET Channel

Conduction Time is Optimized

It can be deduced from the above paragraphs on thes not easy task and designer has to paid loterftiin to do
induced error voltage and parameter tables that turn—offsymmetric Kelvin connection.

threshold precision is quite critical. If we consider a SR
MOSFET with Rys(onyof 1 m€2, the 1 mV error voltage on
the CS pin results in a 1 A tuoff current threshold
difference; thus the PCB layout is very critical when
implementing the SR system. Note that the CS-tdin
comparator is referred to the GND pin. Any parasitic
impedance (resistive or inductive — even on thenitade

of mQ and nH values) can cause a high error voltagaghat
then evaluated by the CS comparator. Ideally the CS
turn—off comparatoshould detect voltage that is caused by
secondary current directly on the SR MOSFET channel
resistance. Imeality there will be small parasitic impedance
on the CS path due to the bonding wires, leadsa@ddring.

To assure the best efficiency resudt¥elvin connection of
the SR controller to the power circuitry should be
implemented. Th&ND pin should be connected to the SR
MOSFET source soldering point and current sense pin
should be connected to the SR MOSFET drain soldering
point — refer to Figure 39Jsing a Kelvin connection will
avoid any impact of PCB layout parasitic elements erSiR
controller functionality; SR MOSFET parasitic elame

will still play a role in attaining an error voltagFigure 42
and Figure 43 show examples of SR system layoung us
MOSFETs in TO220 and SMT packag#sds evident that

the MOSFET leads should be as short as possible to
minimize parasitic inductances when using packages with
leads (like TO220). Figure 43 shows how to layout design
with two SR MOSFET in parallel. It has to be noted that it

To GND

Figure 42. Recommended Layout When Using SR
MOSFET in TO220 Package

To Transformer

Te Ut

L

Figure 43. Recommended Layout When Using SR
MOSFET in SMT Package (2x SO8 FL)

WWW. onsemi.com
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Vbs = Vcs o (——

VH_cs REseT [ - - — :‘m— _— — —
V1H cs oFr F— — : u —:— —_—
VTH7C570N__;_J:‘ _ i | P | I | M _;_‘T_L__

o tNot compleltg | Q_MOFF o o “_MOFF
i — 4 MIN_TOFF = Complete Nl )
Min OFF- time is not activated tvin ToRF ‘ tmin_Torr is stopped
L activates IC ! due to Vps drops
& L ‘ below V1 cs reser
o o e L1
Min ON-time| ' S e P
Vorv| 11 S 1 S
Vce Co SRR o ST
Veeon [ ‘ :::_ - T :_:_ -_ T Y —:u 7 — ——
t1 t3 t5 t7 t9 t11 t13 t15
2 t4 16 t8 t10 t12 t14
Figure 44. NCP4308 Operation after Start—-Up Event
Self Synchronization t7 and t8 allowing the IC to activate a driver atgfter time

Self synchronization feature during start-up caiséden t8.
at Figure 44. Figure 44 shows how the minimuifrtohe
timer is reset when CS voltage is oscillating through Minimumt oy and torr Adjustment
VTh cs resetevel. The NCP4308 starts operation at time The NCP4308 offers an adjustable minimum on-time and
t1. Internal logic waits for one complete minimurf-tifne off-time blanking periods that ease the implemeoitedif 2
period to expire before the NCP4308 can activateitiver ~ Synchronous rectification system in any SMPS topology.
after astart-up event. The minimum off-time timer stapts t ~ 1hese timers avoid false triggering on the CS irfter the
run at time t1, becausec¥is higher than Vi cs reser ~ MOSFET is turned on or off. _
The timer is then resebefore its set minimum bftime The adjustment of minimunpk and brr periods are
period expires, at time t2 thanks to CS voltageeiothan done based on an internal timing capacitance and external
VTH_cs_RreseT threshold. The aforementioned reset resistors connected to tEND pin — refer to Figure 45 for
situation can be seen again at time t3, t4, t5 and t6. A2 better understanding.
complete minimunoff-time period elapses between times

WWW. onsemi.com
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To internal logic

sl
-

Uref

’ S + TMIN_TON

IQ,MIN,TONJ; [

|
AE: C_t__ Discharge

switch

MIN_TON

ll R_MIN_TON

H Ran_ron  |NCP4308

GND

|
Figure 45. Internal Connection of the MIN_TON Gener ator (the MIN_TOFF Works in the Same Way)

Current through the MIN_TON adjust resistor can be 10
calculated as:

_ Vref
Ir_MIN_TON = R (eq. 5)
MIN_TON
If the internal current mirror creates the samerentr
through Rn_ton as used the internal timing capacitor (Ct)
charging, then the minimum on-time duration can be
calculated using this equation.
\Y Y, (eq. 6)
_ ref _ ref _
tMIN_TON = CtI = C, v =Cy- RMIN_TON
R_MIN_TON ref
R

tMIN_TON (us)

oOFr N W » 00 O N 00 ©

MIN_TON 0 10 20 30 40 50 60 70 80 90 100
The internal capacitor size would be too large if Rmin_ton (K<)

IR MIN Ton Was used. The internal current mirror uses a Figure 46. MIN_TON Adjust Characteristics

proportional current, given by the internal current mirror

ratio. One can then calculate the MIN_TON and

MIN_TOFF blanking periods using below equations:

=
o

_ -4
tain_ton = 1.00% 107" * Ry 1o [us] (eq.7)

_ -4
tin_tore = 1.00* 107 * R\ rore [us] (eq. 8)

Note thatthe internal timing comparator delay affects the
accuracy of Equations 7 and 8 when MIN_TON/
MIN_TOFF times are selected near to their minimum
possible values. Please refer to Figures 46 andoa7
measured minimum on and off time charts.

tmin_ToFE (uS)

OFr N W b 00 O N © ©

0O 10 20 30 40 50 60 70 80 90 100
RmiN_ToFF (KR2)
Figure 47. MIN_TOFF Adjust Characteristics
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The absolute minimunply duration is internally clamped  The total offtime blanking period is prolonged due to the
to 55 ns and minimunpkg duration to 245 ns in order to  ringing in the application (refer to Figure 37)
prevent any potential issues with the MIN_TON and/or = Some applications may require adaptive minimumrzh a
MIN_TOFF pins being shorted to GND. off time blanking periods. With NCP4308 it is pdssito

The NCP4308 features dedicated anti—ringing prisiect modulate blanking periods by using an external NPN
system that is implemented with a MIN_TOFF blank transistor —refer to Figure 48The modulation signal can be
generator. The minimum off-time one-shot generator is derived based on the load current, feedback regulator
restarted in the case when the CS pin voltage crossewoltage or other application parameter
VT1H_cs_resetthreshold and MIN_TOFF period is active.

To internal logic

L6l |
Bl

=

IR7M1N7T0N¢ l‘
—
Discharge
CT suitch
MIN_TON
Modulation current IR_MIN_TON
— [ ]

L

R _ron 2 Ruv_tox - |NCP4308

TGND

Figure 48. Possible Connection for MIN_T on and MIN_T g Modulation

.

MIN_TON modulation
voltage input

©

Maximum t gy adjustment The Internal connection of the MAX_TON feature is
The NCP4308Q offers an adjustable maximum on-time shown in Figure 49. Figure 49 shows a method thavs

(like the min_gn and min_grr settings shown above) that  for a modification of the maximum on-time according to

can be very useful for QR controllers at high loadisder output voltage. At a lower yyT, caused by hard overload

high load conditions the Q&ontroller can operate in CCM  or at startup, the maximum on-time should be lotfggn at

thanks tahis feature. The NCP4308Q version has the ability nominal voltage. Resistor /Rcan be used to modulate

to turn—off the DRVsignal to the SR MOSFET before the maximum on-time according to ¢t or any other

secondary side current reaches zero. The DRV signal fromparameter.

the NCP4308Q can be fed to the primary side thraugh The operational waveforms at heavy load in QR type

pulse transformer (see Figure 4 for detail) taaagistor on SMPS are shown in Figure 50. Aftafislx Ton time is

the primary side to emulate a ZCD event beforecinaa exceeded, the synchronous switch is turned off and the

ZCD event occurs. This feature helps to keep themuim secondary current is conducted by the diode. Information

switching frequency up so that there is better energyféians  aboutturned off SRMOSFET is transferred by the DRV pin

through the transformer (a smaller transformer carebe through a small pulse transformer to the primadg svhere

used). Also another advantage is that the IC clsrtine SR it acts on the ZCD detection circuit to allow the primary

MOSFET and turns off from secondary side before the switch to be turned on. Secondary side current disappears

primary side is turned on in CCM to ensure no cross before theprimary switch is turned on without a possibility

conduction. By controlling the SR MOSFET’s turn off of cross current condition.

before the primary side turn off, producing a zeross

conduction operation, this will improve efficiency.
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OPTIONAL

| l ]

| | |

! Yourt ! I

| | ' Uad udd

| |

: : To internal logic
| | [ 1] |
o []Re :l:

I I <

L - TON

|

[ T
L]

MAX_TON _ Uref

L |

R C ~—— Discharge
suitch
[] Rrax_ToN

NCP4308Q

P

I_l_IGND

Figure 49. Internal Connection of the MAX_TON Gener ator, NCP4308Q

Vbs = Vcs

ISEC

Vrh_cs_reset — (Rshier_cs*lcs)

Vru_cs_orr— (RsmiFr_cs*lcs)

Vru_cs_on— (RswiFr_cs*lcs)

Primary virtual ZCD
detection delay

VDRV

Min ON-time

tvin_Ton | | |

Min OFF+ime

tvin_ToFF

Max ON-time

tmax_ToN |

t
The twin_ton and twin_torr are adjustable by Ryn_ton and Rwin_tore resistors, tuax_ton is adjustable by R yax_ton

Figure 50. Function of MAX_TON Generator in Heavy L  oad Condition

WWW. onsemi.com
23



 http://www.onsemi.com/

NCP4308

Power Dissipation Calculation Therefore, the input capacitance of a MOSFET operat

It is important to consider the power dissipation in the in ZVS mode is given by the parallel combinatiorthaf gate
MOSFET driver of a SR system. If no external gagéstor to source and gate to drain capacitances (zgc&pacitance
is used and the internal gate resistance of the MEISs for given gate to source voltage). The total gate charge
very low, nearly all energy losses related to garge are Qg tota) Of most MOSFETSs on the market is defined for hard
dissipated irthe driver. Thus it is necessary to check the SR switching conditions. In order to accurately calculate the
driver power losses in the target application to avoid over driving losses in a SR system, it is necessargterchine the
temperature and to optimize efficiency. gate charge of the MOSFET for operation specifjcialla

In SR systems the body diode of the SR MOSFET startszVs system. Some manufacturers define this pararaste
conductingoefore SR MOSFET is turned—drecause there  Qy zys Unfortunately most datasheets do not provide this
is some delay from ¥;_cs_ondetect to turn-on the driver.  data. Ifthe Gss (or Qy_zv9) parameter is not available then
On the other handhe SR MOSFET turnff process always it will need to be measuredPlease note that the input
starts before the drain to source voltage rises upcapacitance is not linear (as shown Figure 51) and it needs
significantly. Therefore the MOSFET switch always to be characterized for a given gate voltage cliwel.
operates under Zero \oltage Switching (ZVS) conditions
when in a synchronous rectification system. Step 2 - Gate Drive Losses Calculation:

The following steps show how to approximately cadtail Gate drive losses are affected by the gate driver clamp
the power dissipation aflE temperature ahe NCP4308 voltage.Gate driver clamp voltage selection depends on the
controller. Note that real results can vary due to the effectstyPe of MOSFET used (threshold voltage versus céiann

of the PCB layout on the thermal resistance. resistance). The total power losses (driving loses and
conduction losses) should be considered when sejetie
Step 1 — MOSFET Gate-to Source Capacitance: gate driver clamp voltage. Most of today's MOSFETSR

During ZVS operation thgate to drain capacitance does systems feature low d¥(on) for 5 V Vgs voltage. The
not have a Miller effect like in hard switching systems NCP4308 offers both a 5 V gate clamp and a 10 V gate
because the drain to source voltage does not change (or itslamp for those MOSFET that require higher gatoiarce

change is negligible). voltage
The total driving loss can be calculated usingsttlected
000 e OV Ves =0V gate driver clamp voltage and the input capacitaridbe
7000 == N MOSFET:
:;%Ezzz Porv ol = Vee " Vewamp © Cg zvs * fsw (ea. 9)
§4ooo Cree \ Where:
anoo \ ~— Cus | Vce is the NCP4308 supply voltage
5_2000 VcLaMP is tEe driver clamp voltage )
e Coss Cq zvs is the gate to source capacitance of the
1000 \C\& . MOSFET in ZVS mode
0 0 . |0 g - 0 fsw is the switching frequency of the target
Vas | Vbs application
GATE-TO-SOURCE OR DRAIN-TO-SOURCE VOLTAGE (VOLTS) The total driving power loss won't only be dissipated in
the IC but also in external resistances like the extegat
8 resistor (if used) and the MOSFET internal gate resistance
| (Figure 50). Because NCP4308 features a clamped driver,
Cgéﬂ* = it's high side portion can be modeled as a regdiarer
ot s switch with equivalent resistance and a series voltage
LB source. The lovgide driver switch resistance does not drop
® immediately at turn—off, thus it is necessary to use an
S

equivalent value (Brv sin_eqQ for calculations. This
method simplifies power losses calculations and still
provides acceptable accuracy. Internal driver power
dissipation can then be calculated using Equation 1

Ciss = CgS + ng

Crss = ng

Coss = Cygs + Cyq

Figure 51. Typical MOSFET Capacitances
Dependency on V pg and V gg Voltages
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[ ]
L

J ;ﬁ\‘ RDreu,soupcg{@
DRU
[]

J Roru_sTnk_Fa
GND

L] 1

SR MOSFET
-

Figure 52. Equivalent Schematic of Gate Drive Circu itry

R

1 2 DRV_SINK_EQ
Pprv_ic = 5 Cg_zvs Vorawp “ fsw R IR TR +Cq zvs " Verawp fsw (Vcc - VCLAMP)
DRV_SINK_EQ G_EXT g_int
(eq. 10)
1 2 RDRV_SOURCE_EQ )
+=-C -V - f . = =
ZVS CLAMP SW
2 % (RDRV_SOURCE_EQ +Rg ext + Ry int
Where: Step 4 - IC Die Temperature Arise Calculation:
Rporv_sink_EQ  is the NCP4308x driver low side switch The die temperature can be calculated now that the total
- equivalent resistance (0¢3) internal power losses have been determined (dibgses
Rprv_Source_E@S the NCP4308x driver high side switch ~ plus internal IC consumption losses). The packagental
equivalent resistance (1€2) resistance is specified in the maximum ratings table for a
Re_EXT is the external gate resistor (if used) 35um thin copper layer with no extra copper platesion
Rg_int is the internal gate resistance of the pin (i.e. just 0.5 mm trace to each pin with staddaidering
MOSFET points are used).

The DIE temperature is calculated as:

Step 3 - IC Consumption Calculation:

In this step power dissipation related to the internal IC
consumption is calculated. This power loss is given by the
Icc current and the IC supply voltage. The:lcurrent

ton and brg periods because there is current flowing out " €€
from the min $n and brg pins. The most accurate method

for calculating these losses is to measure gaeclrrent 0JA
when Gry=0nF and the IC is switching at the target
frequency with given MIN_TON and MIN_TOFF adjust Ta
resistors. IC consumption losses can be calcubsed

Pec = Vee * lec (eq. 11)

WWW. onsemi.com

Where:

depends oswitching frequency and also on the selected min PoRv_IC

25

ToE = (PDRV_IC + Pcc) "Reja+ Ta (ea.12)

is the IC driver internal power dissipation
is the IC control internal power
dissipation

is the thermal resistance from junction to
ambient

is the ambient temperature
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PRODUCT OPTIONS
OPN Package UVLO [V] DRV clamp [V] Pin 5 function Usage
NCP4308ADR2G SOIC8 4.5 4.7 NC
NCP4308AMTTWG WDFN8 4.5 4.7 NC
LLC, CCM flyback, DCM flyback, QR,
NCP4308DDR2G SOIC8 4.5 9.5 NC QR with primary side CCM control
NCP4308DMNTWG DFN8 4.5 9.5 NC
NCP4308DMTTWG WDFN8 4.5 9.5 NC
NCP4308QDR2G S{e]lex:] 4.5 9.5 MAX_TON QR with forced CCM from secondary side
ORDERING INFORMATION
Device Package Package marking Packing Shipping T
NCP4308ADR2G SOIC8 NCP4308A SOIC-8 2500 /Tape & Reel
(Pb—Free)
NCP4308DDR2G NCP4308D
NCP4308QDR2G NCP4308Q
NCP4308DMNTWG DFN8 4308D DFN-8 4000 /Tape & Reel
(Pb—Free)
NCP4308AMTTWG WDFN8 EA WDFN-8 3000 /Tape & Reel
(Pb—Free)
NCP4308DMTTWG ED

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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ON Semiconductor®

DATE 26 FEB 2010

NOTES:
DIMENSIONING AND TOLERANCING PER

w N

r b -
[] :lr " ASME Y14.5M, 1994.
| L1 . CONTROLLING DIMENSION: MILLIMETERS.
| . DIMENSION b APPLIES TO PLATED

TERMINAL AND IS MEASURED BETWEEN
0.15 AND 0.30 MM FROM TERMINAL TIP.

MILLIMETERS
DIM [ MIN | mAX
A | 070 | 080
Al | 000 | 005
A3 0.20 REF
b | 020 [ 030
D 2.00BSC
E 2.00BSC
e 050 BSC
L | 040 | 060
| -— | 045
L2 | 050 | 070
GENERIC
MARKING DIAGRAM*
1[0
XXM=

XX = Specific Device Code
M = Date Code
. = Pb-Free Device
(Note: Microdot may be in either location)
*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “ =”,
may or may not be present.

RECOMMENDED
SOLDERING FOOTPRINT*

7X PACKAGE
0.78 —¢ OUTLINE

iy
LI e S

- 00gn |

L e fy S

8X
0.30 —» |le— PITCH
DIMENSIONS: MILLIMETERS

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM)/D.

Electronic versions are uncontrolled except when accessed directly from the Document Repository.
DOCUMENT NUMBER: | 98AON48654E " ! poston

Printed versions are uncontrolled except when stamped “CONTROLLED COPY” in red.

DESCRIPTION: | WDFNS8, 2X2, 0.5 P
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MECHANICAL CASE OUTLINE Onsem2

PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07
ISSUE AK

SCALE 1:1 DATE 16 FEB 2011

NOTES:
v 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
«~— A —> 2. CONTROLLING DIMENSION: MILLIMETER.
e 3. DIMENSION A AND B DO NOT INCLUDE
HH H A 4 MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
T 5 PER SIDE.
s 5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
|$| 0.25 0010 ® | Y® | PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
‘HL\L\ MAXIMUM MATERIAL CONDITION.
Y- H H \ 6. 751-01 THRU 751-06 ARE OBSOLETE. NEW
—0— — STANDARD IS 751-07.

—»I G |<— MILLIMETERS INCHES
M| MIN MAX MIN | MAX

4.80 | 5.00 | 0.189 | 0.197
—C N x45° |<—
SEATING

3.80 4.00 | 0.150 | 0.157
i /’ PLANE N\ LJF

=

Ea

1.35 | 1.75 | 0.053 | 0.069
i | i _]' —
~

0.33 0.51 0.013 | 0.020
T T [ 0.10 (0.004) -
H M

0.10 0.25 | 0.004 | 0.010
0.19 0.25 | 0.007 | 0.010
0.40 1.27 | 0.016 | 0.050

0° 8 ° 0° 8 °
0.25 0.50 | 0.010 | 0.020
5.80 6.20 | 0.228 | 0.244

1.27 BSC 0.050 BSC
D J

»ZIER-(T|DOO|0>

| 025 0010® [ 2] YO X®]

GENERIC
MARKING DIAGRAM*

8HAHAA SHAAEH 8HAHAA sHAAHREH
N3 XXXX XXXX XOOOXXK | | HXXXX

0.060
1HHHH+HHEHH 1HHHHE «HHHH
| _f IC IC Discrete Discrete
I (Pb-Free) (Pb-Free)

I
I
— = Specific Device Code = Specific Device Code
0.275 | | 04125 XXXXX = Specific Device Cod XXXXXX = Specific Device Cod
’ | : A = Assembly Location A = Assembly Location
I
I

L = Wafer Lot Y = Year
Y = Year WwW = Work Week
I:l I:l ;
_‘_ -

= Work Week . = Pb-Free Package
‘.‘ 1.270 *This information is generic. Please refer to
0.024 024

SOLDERING FOOTPRINT*

= Pb-Free Package
0.050 device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “=”, may
mm ) or may not be present. Some products may

SCALE 6:1 (m not follow the Generic Marking.

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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STYLE 1:
PIN1. EMITTER
COLLECTOR
COLLECTOR
EMITTER
EMITTER
BASE
BASE
EMITTER

PNOOrOP

STYLE 5:
PIN 1. DRAIN
DRAIN
DRAIN
DRAIN
GATE
GATE
SOURCE
SOURCE

eNOO RGN

STYLE 9:
PIN 1. EMITTER, COMMON
COLLECTOR, DIE #1
COLLECTOR, DIE #2
EMITTER, COMMON
EMITTER, COMMON
BASE, DIE #2
BASE, DIE #1
EMITTER, COMMON

eNOO RGN

STYLE 13:
PIN1. N.C.

2. SOURCE
3. SOURCE
4. GATE

5. DRAIN

6. DRAIN

7. DRAIN

8. DRAIN

STYLE
PIN 1
2

3

4

5

6

7

8

STYLE

PIN 1.

STYLE

PIN 1.

STYLE

PIN 1.

PNOOrOP

2
3
4.
5.
6
7
8

PNOO LGN

17:
. VcC
. V20uT
. V1oUuT
. TXE
. RXE
. VEE
. GND
. ACC

21:
CATHODE 1
CATHODE 2
CATHODE 3
CATHODE 4
CATHODE 5
COMMON ANODE
COMMON ANODE
CATHODE 6

25:

VIN
N/C
REXT
GND
10UT
10UT
10UT
10UT

29:

BASE, DIE #1
EMITTER, #1
BASE, #2
EMITTER, #2
COLLECTOR, #2
COLLECTOR, #2
COLLECTOR, #1
COLLECTOR, #1

SOIC-8 NB

CASE 751-07
ISSUE AK
STYLE 2: STYLE 3
PIN1. COLLECTOR, DIE, #1 PIN 1. DRAIN, DIE #1
2. COLLECTOR, #1 2. DRAIN, #1
3. COLLECTOR, #2 3. DRAIN, #2
4. COLLECTOR, #2 4. DRAIN, #2
5. BASE, #2 5. GATE, #2
6. EMITTER, #2 6. SOURCE, #2
7. BASE, #1 7. GATE, #1
8. EMITTER, #1 8. SOURCE, #
STYLE 6: STYLE 7
PIN1. SOURCE PIN1. INPUT
2. DRAIN 2. EXTERNAL BYPASS
3. DRAIN 3. THIRD STAGE SOURCE
4. SOURCE 4. GROUND
5. SOURCE 5. DRAIN
6. GATE 6. GATE3
7. GATE 7. SECOND STAGE Vd
8. SOURCE 8. FIRST STAGE Vd
STYLE 10: STYLE 11:
PIN1. GROUND PIN1. SOURCE 1
2. BIAS 1 2. GATE1
3. OUTPUT 3. SOURCE 2
4. GROUND 4. GATE2
5. GROUND 5. DRAIN 2
6. BIAS 2 6. DRAIN 2
7. INPUT 7. DRAIN 1
8. GROUND 8. DRAIN 1
STYLE 14: STYLE 15:
PIN1. N-SOURCE PIN1. ANODE 1
2. N-GATE 2. ANODE 1
3. P-SOURCE 3. ANODE 1
4. P-GATE 4. ANODE 1
5. P-DRAIN 5. CATHODE, COMMON
6. P-DRAIN 6. CATHODE, COMMON
7. N-DRAIN 7. CATHODE, COMMON
8. N-DRAIN 8. CATHODE, COMMON
STYLE 18: STYLE 19:
PIN1. ANODE PIN1. SOURCE 1
2. ANODE 2. GATE 1
3. SOURCE 3. SOURCE 2
4. GATE 4. GATE2
5. DRAIN 5. DRAIN 2
6. DRAIN 6. MIRROR 2
7. CATHODE 7. DRAIN 1
8. CATHODE 8. MIRROR 1
STYLE 22: STYLE 23:
PIN 1. 1/O LINE 1 PIN1. LINE1IN
2. COMMON CATHODE/NCC 2. COMMON ANODE/GND
3. COMMON CATHODE/NGCC 3. COMMON ANODE/GND
4. IOLINES3 4. LINE2IN
5. COMMON ANODE/GND 5. LINE 2 OUT
6. I/O LINE 4 6. COMMON ANODE/GND
7. JOLINES 7. COMMON ANODE/GND
8. COMMON ANODE/GND 8. LINE10UT
STYLE 26: STYLE 27
PIN1. GND PIN1. ILIMIT
2. dv/dt 2. OVLO
3. ENABLE 3. UVLO
4. 1LMIT 4. INPUT+
5. SOURCE 5. SOURCE
6. SOURCE 6. SOURCE
7. SOURCE 7. SOURCE
8. VCC 8. DRAIN
STYLE 30:
PIN1. DRAIN 1
2. DRAIN 1

3. GATE2

4. SOURCE 2

5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE 1

DATE 16 FEB 2011

STYLE 4:

PIN 1.

PNOOP O

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
COMMON CATHODE

STYLE 8:

PIN 1.

eNOOrGN

COLLECTOR, DIE #1
BASE, #1

BASE, #2
COLLECTOR, #2
COLLECTOR, #2
EMITTER, #2
EMITTER, #1
COLLECTOR, #1

STYLE 12:

PIN 1.

PNOO LGN

SOURCE
SOURCE
SOURCE
GATE
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 16:

PIN 1.

PNOO AP

EMITTER, DIE #1
BASE, DIE #1
EMITTER, DIE #2
BASE, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #1

COLLECTOR, DIE #1

STYLE 20:

PIN 1.

@NDGA BN

SOURCE (N
GATE (N)
SOURCE (P)
GATE (P)
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 24:

PIN 1.

@NDOA BN

BASE

EMITTER
COLLECTOR/ANODE
COLLECTOR/ANODE
CATHODE

CATHODE
COLLECTOR/ANODE
COLLECTOR/ANODE

STYLE 28:

PIN 1.

2
3
4.
5.
6
7
8

SW_TO_GND
DASIC_OFF
DASIC_SW_DET
GND

V_MON
VBULK
VBULK

VIN

DOCUMENT NUMBER: | 98ASB42564B B e e o e T2 GO amert Repostory
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onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

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