NCP4353, NCP4354

Secondary Side SMPS OFF
Mode Controller for Low
Standby Power

ON Semiconductor®

The NCP4353/4 is a secondary side SMPS controller designed for
use in applications which require extremely low no load power
consumption. The device is capable of detectingléad” conditions
and entering the power supply into a low consunmp@¥~F mode.

During OFF mode, the primary side controller is turnecaofl energy

is provided by the output capacitors thus elimimgtthe power
consumption required to maintain regulation. During OFF mode, the

output voltage relaxes and is allowed to decreasant adjustable %
level. Once more energy is required, the NCP4353/4 automatically 1
restarts the primary side controller. The NCP4353/4 controls the
primary side controller with an “Active OFF” signal, meaning that it
drives optocoupler current during OFF mode to midiwn the FB pin

of the primary controller.

During normal power supply operation, the NCP435%@vides
integrated voltage feedback regulation, replacing the need for a shunt
regulator. The A versions include a current regulation loopdidlition
to voltage regulation. Feedback control as welDAEOFF signal can
be provided with only one optocoupler.

The NCP4354 includes a LED driver pin implementetth\&h open
drain MOSFET driven by a 1 kHz square wave with a 12.5% duty
cycle when primary side is in regulation for indioa purpose.

The NCP4353 is available in TSOP-6 package whéeN@EP4354
is available in SOIC-8 package.

{ S
8

1

rs<r>»

WWW. onsemi.com

TSSOP-6
CASE 318G

SOIC-8
CASE 751

MARKING
DIAGRAMS

[1 11 []

XXXAYW=

OI
U

s f

=

f

f
X

1%
%

10 HHH

= Assembly Location

= Wafer Lot

Year

Work Week

= Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

Features

Operating Input Voltage Range: 2.5V to 36.0 V

Supply Current < 100A

+0.5% Reference Voltage Accuracy;@ 25°C)

Constant Voltage and Constant Current (A versi@w)trol Loop
Indication LED PWM Modulated Driver (NCP4354x)
Designed for use with NCP1246 Fixed Frequency PWivit@ller
These Devices are Pb—Free, Halogen Free/BFR FreararRoHS
Compliant

Typical Applications
e Offline Adapters for Notebooks, Game Stations anatérs
e High Power AC-DC Converters for TVs, Set-Top Boxdsnitors, etc.

DEVICE OPTIONS

NCP4353A NCP4353B NCP4354A NCP4354B
Adjustable No Yes Yes Yes
Vmin
Current Yes No Yes No
Regulation
LED Driver No No Yes Yes
Package TSOP-6 TSOP-6 SOIC-8 SOIC-8

© Semiconductor Components Industries, LLC, 2015

April, 2015 - Rev. 4

See detailed ordering, marking and shipping information in the
package dimensions section on page 15 of this data sheet.

Publication Order Number:

NCP4353/D
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Figure 1. Simplified Block Diagrams NCP4353A and NC  P4353B
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PIN FUNCTION DESCRIPTION

NCP4353A NCP4353B NCP4354A NCP4354B Pin Name Description

1 1 8 8 VCC Supply voltage pin

2 2 7 7 GND Ground

6 6 1 1 VSNS Output voltage sensing pin, connected to output
voltage divider

5 5 2 2 OFFDET OFF mode detection input. Voltage divider pro-
vides adjustable off mode detection threshold

- 4 3 3 VMIN Minimum output voltage adjustment

4 - 4 - ISNS Current sensing input for output current regulation,
connect it to shunt resistor in ground branch.

- - 5 4 LED PWM LED driver output. Connected to LED cath-
ode with current define by external serial resist-
ance

- - - 6 FBC Output of current sinking OTA amplifier or amplifi-

ers driving feedback optocoupler’s LED. Connect
here compensation network (networks) as well.

- - - 5 ON/OFF OFF mode current sink. This output keeps primary
control pin at low level in off mode.

3 3 6 - DRIVE Combination of FBC and ON/OFF pins

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage Vee -0.3to 40 \%
DRIVE, ON/OFF, FBC, LED Voltage VpRrIVE: YVONOFE -0.3to Ve +0.3 \%
Vesc: VieD
VSNS, ISNS, OFFDET, VMIN Voltage Vsns: Visns, -0.3t0 10 \Y
VorrpET: VMIN

LED Current ILeD 10 mA
Thermal Resistance — Junction-to—Air (Note 1) NCP4353A Roja 315 °C/W

NCP4353B 324

NCP4354A 260

NCP4354B 277
Junction Temperature Ty —40 to 150 °C
Storage Temperature Tste —60 to 150 °C
ESD Capability, Human Body Model (Note 2) ESDpgm 2000 \%
ESD Capability, Machine Model (Note 2) ESDym 250 \%
ESD Capability, Charged Device Model (Note 2) ESDcpm 1000 Vv

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. 50 mm2, 1.0 oz. Copper spreader.
2. This device series incorporates ESD protection and is tested by the following methods:
ESD Human Body Model tested per JESD22-A114F
ESD Machine Model tested per JESD22-A115C
ESD Charged Device Model tested per JESD22-C101F
Latchup Current Maximum Rating tested per JEDEC standard: JESD78D.

WWW. onsemi.com
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ELECTRICAL CHARACTERISTICS
0°C £ T3<125°C; Ve = 15V, unless otherwise noted. Typical values are at Ty = +25°C.

Parameter Test Conditions Symbol Min Typ Max Unit
Maximum Operating Input Volt- Vce 36.0 \Y
age
VCC UVLO Vcc rising VceuvLo 3.3 35 3.7 \Y
Vcc falling 2.3 25 2.7
VCC UVLO Hysteresis VCCUVLOHYS 0.8 1.0 \%
NCP4353A Ilcc 101 125 uA
NCP4353B 82 105
Quiescent Current in Regulation NCPA35AA ) v
NCP4354B 95 120
Quiescent Current in OFF Mode Vgns < 1.12V lcc,0FFmode 90 110 uA
VOLTAGE CONTROL LOOP OTA
Transconductance Sink current only gmy 1 S
Reference Voltage 28V<Vcc<36.0V,Ty;=25°C VREF 1.244 1.250 1.256
28V<Vcc<36.0V,T;=0-85°C 1.240 1.250 1.264
28V<Vcc<36.0V,T;=0-125°C 1.230 1.250 1.270
Sink Current Capability In regulation, Vpryve of Vege > 1.5V IsINKV 25 mA
In OFF mode, Vprive Of VEgc > 1.5V 1.2 15 2.0 mA
Inverting Input Bias Current In regulation, Vgns = VREp IglASY -100 100 nA
In OFF mode, Vgns > 1.12 V -13 -1 -10 uA
Inverting Input Bias Current In OFF mode VSNSBIASTH 1.07 1.12 1.17 \%
Threshold
CURRENT CONTROL LOOP OTA (NCP435xA only)
Transconductance Sink current only gme 3 S
Reference Voltage VREFC 60 62.5 65 mV
Sink Current Capability VpRIvE Of VEgc > 1.5V Isinke 25 mA
Inverting Input Bias Current Isns = VREFC Igiasc -100 100 nA
MINIMUM VOLTAGE COMPARATOR (except NCP4353A)
Threshold Voltage VREFM 355 377 400 mV
Hysteresis Output change from logic high to logic low VMINH 40 mV
OFF MODE DETECTION COMPARATOR
Threshold Value 25V<Vcc<36.0V VOFFDETTH 10% Vcc \%
Vee =15V 1.47 1.50 1.53
Hysteresis Output change from logic high to logic low VOFEDETH 40 mV
LED DRIVER (NCP4354x only)
Switching Frequency fswLED 1 kHz
Duty Cycle Diep 10.0 12,5 15.0 %
Switch Resistance ILep =5 MA Rsw2 50 Q
OFF MODE CONTROL
Sink Current In OFF mode, VpRrive 0f Vonorr > 0.6 V IDRIVEOFF | 140 | 160 | 180 | 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.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

35 2.0
3.4 19
3.3
32 1.8
3.1 T 17
£
3.0 >~ 16
z
2.9 o 15
2.8 1.4
2.7
1.
2.6 3
2.5 12
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
T3, JUNCTION TEMPERATURE (°C) T3, JUNCTION TEMPERATURE (°C)
Figure 21. Voltage OTA Current Sink Figure 22. Voltage OTA Current Sink
Capability in Regulation Capability in OFF Mode
3.5 1.40
3.4
3.3 1.30
3.2
. 1.20
3.1 N
=3
3.0 o 1.10
4
2.9 2
< 1,00
2.8
2.7 0.90
2.6
25 0.80
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
T3, JUNCTION TEMPERATURE (°C) T3, JUNCTION TEMPERATURE (°C)
Figure 23. Current OTA Current Sink Figure 24. LED Switching Frequency at
Capability Vee=15V
100
90
80
/’
a 7 -
e —
% 60 4/
i //
50 e
/
/
40
30
-40 -20 0 20 60 80 100 120

T3, JUNCTION TEMPERATURE (°C)
Figure 25. Rgwo at Ve =15V

WWW. onsemi.com



 http://www.onsemi.com/

NCP4353, NCP4354

APPLICATION INFORMATION

A typical application circuit for NCP435x seriessisown
in Figure 28, done with an imaginary IC with alferes in
one. Pin functions are available in pin descriptavie.

Simplified typicalapplication circuit for NCP4353B that
shows only available features in this IC is shown in
Figure 27. Figure 29 shows possible connection hef t
NCP4353B to flyback primary controller.

IC will be derived in multiple versions with different
features for each of them.

Power Supply
The NCP435x is designed to operate from a singlplgup

up to 36 V. It starts to operate when VCC voltage reaches

3.5V andstops when VCC voltage drops below 2.5 ¥aV
can be supplied by direct connection to the VOUTTage
of the power supply. It is highly recommended td adRC
filter (R1 and C3) in series from VOUT to VCC pin to regluc
voltage spikes and drops that are produced at the cerisert
output capacitors. Recommended values for thierfdre
220Q and 1uF.

Voltage Regulation Path
The output voltage is detected on the VSNS pin byR#,
R5 and R6 voltage divider. This voltage is compawitti

VOUT VOUT

R4 R4

VSNS VMIN &8

VMIN VSNS L}

R6 R6

TYPE 1 TYPE 2

Figure 26. Shared Dividers Type

Current Regulation Path (A versions only)

The output current is sensed by the shunt redit@rin
series with the load. Voltagiop on R12 is compared with
internal precise voltage referencerpféc at Isns
transconductance amplifier input.

\oltage difference is amplified by gfo output current
of amplifier, connected to FBC or DRIVE pin.

the internal precise voltage reference. The voltage Compensation network is connected between this pin and

difference is amplified by g of the transconductance
amplifier. The amplifier output current is connected to the
FBC or DRIVE pin. The compensation network is also
connected tehis pin to provide frequency compensation for
the voltage regulation path. This FBC (DRIVE) piivds
regulation optocoupler that provides regulation of primary

ISNS input to provide frequency compensation for current
regulation path. Resistor R13 separates compensation
network from sense resistor. Compensation netwantksv
into low impedance without this resistor that significantly
decreases compensation network impact.

Current regulation point is set to current given by

side. The optocoupler is supplied via direct connection to Equation 4.

VOUT line through resistor R2.

Regulation information is transferred through the
optocoupler to therimary side controller where its FB pin
is usually pulled down to reduce energy transferted
secondary output.

The VSNS voltage divider is shared with VMIN voléag
divider. The shared voltage divider can be conmkictéwo
ways as shown in Figure 26. The divider type ieced
based on the ratio betweenyW and Vout. When the
condition of Equation 1 is true, divider type 1 should be
used.

Vout X Vrerm

Vuin > (eq. 1)
VREF
Output voltage for divider type 1 can be computed by

Equation 2
R4 + R5 + R6

Vv =V X (eq. 2)
ouT REF R5 + R6
and for type 2 by Equation 3.
R4 + R5 + R6
Vour = VRrer ~ Re (eq. 3)

VREFC

— (eq. 4)
R12

loutum =

OFF Mode Detection

OFF mode operation is advantageous for ultra lozeos
output current condition. Theery long off time and the ultra
low power mode of the whole regulation system dyeat
reduces the overall consumption.

The output voltage is varying between nominal and
minimal in OFF mode. When output voltage decreases
below set (except NCP4353A) minimum level, primary
controller is swiched on until output capacitor C1 is charged
again to the nominal voltage.

The OFF mode detection is based on comparison péibut
voltage and voltage loaded with fixed resistances (D2, C2,
R8 and R9). Figure 30 shows detection waveformseWh
output voltage is loaded with very low current,npairy
controller goes into skip mode (primary controltgops
switching for some time). While output capacitor C1 is
dischargedery slowly (no load condition), the capacitor C2

WWW. onsemi.com
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is discharged through a fixéohd, by R8 and R9 faster than
output voltage on C1.

Once OFFDET pin voltage is lower thapppeTTH (this
threshold igderived from \byT), OFF mode is detected. In
OFF mode SW1 is switched on to alloyg|yveorr current,
going throughON/OFF pin (NCP4354B) or DRIVE pin, to
keep switch off primary controller.

A higher sink current on primary FB pin is neede#eep
primary controller FB below the skip level until the OFF
mode is detected on primary side.

Despite output voltage on C1 may go down, the current

over UVLO level (3), primary controller starts to operate.
VCC capacitor is charged above DSS level from auxiliary
winding, Vout is slowly rising according to primary
controller start up ramp to nominal voltage (4).

Primary FB pin voltage is above regulation range until
VourT s at set level. Onced()T is at set level, the secondary
controllerstarts to sink current from optocoupler LED’s and
primary FB voltage is stabilized in regulation region. With
nominal output power (without skip mode) OFFDET pin
voltage is higher than MrpeTTH (typically 10% of \&o).

After some time, the load current decreases to low level

Igiasy injected into VSNS pin provides the requested offset (5) and primary convertor uses skip mode (6) to keep

(VSNS voltage is higher thanr¢p). Primary IC should
detect OFF mode before VSNS is lower than 90%gdp/
while Igjasy is switched off to reduce consumption.

This ofset, defined by R7 and the internal current squrce
should be large enough to secure off mode deteofitime
primary controller and avoid restart whegNs< VRer

Minimum Output Voltage Detection (Except
NCP4353A)

Minimum output voltage level defines primary controller
restart from OFF mode. It can be set by sharedcagelt
divider with voltage regulation loop. When VMIN vage
drops below Vepm, OFF mode is ended and primary
controller restarts.

Minimum voltage level is given by Equation 5 for divider
type 1

R4 + R5 + R6

\% =V X (eq. 5)
MIN REF R6
and for type 2 by Equation 6.
R4 + R5 + R6
Vi = Vepe X ——————— (eq. 6)
MIN REF R5 + R6

regulation of output voltage at set level. The skip mode
consists of few switching cycles followed by missing ones
to provide limited energy by light load. The number of
missing cycles allows regulation for any output pow

While both C1 and C2 are discharged during theimgss
cycles, C2 discharge will be faster than C1 withmutiput
current, \bprpeTtdrops below WerpeTTHand OFF mode
is detected (7)This situation is shown in Figure 30 in detail.
When OFF mode is detected, internal pull-up current
Igiasy is switch on (7), VSNS voltage increases (due to
Igiasy) and voltage amplifier sinks full current to keep
primary FB voltage below skip level untii OFF mode is
detected by the primary side controller (8). Current into
ONOFF pinor DRIVE pin begins to flow at the same time,
when entering into OFF mode (7). When OFF mode is
detected by primary side controller (8a), primary FB
injectedcurrent decreases to a lower level to reduce dveral
power consumption. Optocoupler current, can also be
reduced from that time to keep the level belowant$tvel.
Secondary side controller decreases optocoupler current
(voltage transconductance amplifier stops to sink current)
when VSNS voltage drops belowg¥r (9) and kjasy is

NCP4353A has no external adjustment and uses theyso switch off when Ynsis lower than 90% of Mer to

internal minimum voltage level specified by minimum
falling operation supply voltage.

LED Driver (NCP4354x only)

LED driver is active when VCC is higher thag:Main
and output voltage is in regulation (driver is off OFF
mode). LED driver consists of an internal powertshi
controlled by #2WM modulated logic signal and an external
current limiting resistor R3. LED current can be computed
by Equation 7.

Vour ~ VF_LED
R3
PWM modulation is used to increase efficiency obDLE

llep = (eq. 7)

Operation in OFF Mode Description

Operationwaveforms in off mode and transition into OFF
mode with NCP1246 primary controller are shown in
Figure 31.

Figure shows waveforms from the first start (1)thod
convertor. At first, primary controller’s DSS charges VCC
capacitor over the UVLO level (2). When primaryis

reduce overall consumption. This point is defineddpydy
current, R6, R4 and R5 resistors and dischargime tf
output capacitor C1. Discharging of C1 continuéy (intil
output voltage drops below level set by voltagdaddiv at
VMIN pin (except NCP4353A where minimumgyt is
defined only by VCC UVLO) (11). ONOFF current stops
and thanks to internal pull-up, the primary FB vpdtaises
above restart level (12) and primary controller starts
switching (B). Output capacitor C1 is recharged (14) to set
voltage. If there is still light load condition primary
controllergoes to skip mode (15) again and after some time
secondary controller detects OFF mode by very lighto
load condition (16) and whole cycle is repeated.

Fast Restart From OFF Mode

The IC ends OFF mode when a load is connected to the
output and \byT is discharged to Mn level. There exists
another connection that allows transition to normal mode
faster without waiting some time forgyjt to discharge to
Vmin- This schematic is shown at Figure 32. The bdsia i
is that C3 is discharged by the IC faster than €buiput

WWW. onsemi.com
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load inOFF mode. When an output load is applied, capacitor mode because voltage at its FB pin rises above OFF mode
Clis discharged faster atids creates a voltage drop at D8. end level and switching resumes.

When there is enough voltage at D8, T2 is opened and Normal operation waveforms for typical load deteati
current is injected into the OFFDET divider through7. connection and improved load detection waveforms are
OFFDET voltage higher than 10% of¥ends OFF mode  shown in Figure 33.

and ON/OFF current stops. Primary controller leaDe§
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Figure 27. Typical Application Schematic for NCP435 3B
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Figure 28. Typical Application Schematic for All Fe  atures
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Figure 29. Typical Application Schematic for NCP435 3B with Flyback
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Figure 31. Typical Application States and Waveforms
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Figure 32. Improved Load Detection Connection
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Figure 33. Typical and Improved Load Detection Comp  arison Waveforms

ORDERING INFORMATION

Adjustable Current LED
Device Marking Vimin Regulation Driver Package Shipping T

NCP4353ASNT1G A53 No Yes No TSOP-6 3000 / Tape & Reel
(Pb-Free)

NCP4353BSNT1G B53 Yes No No TSOP-6 3000 / Tape & Reel
(Pb-Free)

NCP4354ADR2G NCP4354A Yes Yes Yes SOIC-8 2500 / Tape & Reel
(Pb—Free)

NCP4354BDR2G NCP4354B Yes No Yes SOIC-8 2500 / Tape & Reel
(Pb-Free)

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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PACKAGE DIMENSIONS

TSOP-6
CASE 318G-02
ISSUE U
NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994.
2. CONTROLLING DIMENSION: MILLIMETERS.
3. MAXIMUM LEAD THICKNESS INCLUDES LEAD FINISH. MINIMUM
LEAD THICKNESS IS THE MINIMUM THICKNESS OF BASE MATERIAL.
L2 4. DIMENSIONS D AND E1 DO NOT INCLUDE MOLD FLASH,
GAUGE PROTRUSIONS, OR GATE BURRS. MOLD FLASH, PROTRUSIONS, OR
PLANE GATE BURRS SHALL NOT EXCEED 0.15 PER SIDE. DIMENSIONS D
AND E1 ARE DETERMINED AT DATUM H.

5. PIN ONE INDICATOR MUST BE LOCATED IN THE INDICATED ZONE.

M SEATING MILLIMETERS
Cl pranE DIM [ MIN NOM | MAX

b y
‘J L_: DETAIL Z A 0.90 1.00 1.10
e Al | 001 0.06 0.10

b 0.25 0.38 0.50
c 0.10 0.18 0.26
c ~ D 2.90 3.00 3.10
1 7 \ E 2.50 2.75 3.00
y El1| 1.30 1.50 1.70
e 0.85 0.95 1.05
T L 0.20 0.40 0.60
DETAIL Z L2 0.25 BSC

M -

0° 10°
RECOMMENDED

SOLDERING FOOTPRINT*

—| G0
rooC

3.20

Lonm

—| <0095

PITCH
DIMENSIONS: MILLIMETERS

6X
0.95

*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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PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07
ISSUE AK

s [@] 0250010 @[ Y @]

|

—C

+ PLANE

I=ml==lm=]

SEATING

Ko

Nx45°

Li

HDL—D

[ [0250010® 2] YO[ XxB|

' |
7.0 | 40
0.275 : | 0.155

|
I

__‘ 1.270

0.024 024 0.050

SCALE 6:1 (

] 0.10 (0.004)

o000

\/T

J

SOLDERING FOOTPRINT*

v

1.52

.

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSION A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

6. 751-01 THRU 751-06 ARE OBSOLETE. NEW
STANDARD IS 751-07.

MILLIMETERS INCHES

DIM| MIN MAX MIN | MAX

A 4.80 5.00 | 0.189 | 0.197
B 3.80 4.00 | 0.150 | 0.157
C 1.35 1.75 | 0.053 | 0.069
D 0.33 0.51 | 0.013 | 0.020
G 1.27 BSC 0.050 BSC

H 0.10 0.25 | 0.004 | 0.010
J 0.19 0.25 | 0.007 | 0.010
K 0.40 1.27 | 0.016 | 0.050
M 0° 8 ° 0° 8°
N 0.25 0.50 | 0.010 | 0.020
S 5.80 6.20 | 0.228 | 0.244

inches)

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

ON Semiconductor and ».‘) are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC owns the rights to a number of patents, trademarks,
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