NCP4353, NCP4354

Secondary Side SMPS OFF
Mode Controller for Low
Standby Power

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 detecting “no load” conditions
and entering the power supply into a low consumption OFF mode.
During OFF mode, the primary side controller is turned off and energy
is provided by the output capacitors thus eliminating the power
consumption required to maintain regulation. During OFF mode, the
output voltage relaxes and is allowed to decrease to an adjustable
level. Once more energy is required, the NCP4353/4 automatically
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 pull-down the FB pin
of the primary controller.

During normal power supply operation, the NCP4353/4 provides
integrated voltage feedback regulation, replacing the need for a shunt
regulator. The A versions include a current regulation loop in addition
to voltage regulation. Feedback control as well as ON/OFF signal can
be provided with only one optocoupler.

The NCP4354 includes a LED driver pin implemented with an open
drain MOSFET driven by a 1 kHz square wave with a 12.5% duty
cycle when primary side is in regulation for indication purpose.

The NCP4353 is available in TSOP-6 package while the NCP4354
is available in SOIC-8 package.

Features

® Operating Input Voltage Range: 2.5 V to 36.0 V

® Supply Current < 100 uA

+0.5% Reference Voltage Accuracy (Ty = 25°C)

Constant Voltage and Constant Current (A versions) Control Loop
Indication LED PWM Modulated Driver (NCP4354x)

This is a Pb—Free and Halide—Free Device

Typical Applications
e Offline Adapters for Notebooks, Game Stations and Printers

® High Power AC-DC Converters for TVs, Set—Top Boxes, Monitors, etc.

DEVICE OPTIONS

Designed for use with NCP1246 Fixed Frequency PWM Controller

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
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Figure 1. Simplified Block Diagrams NCP4353A and NCP4353B
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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
provides 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 ampilifi-

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 Vce -0.310 40 \
DRIVE, ON/OFF, FBC, LED Voltage VbRIvE: VONOFR -0.3to Vg + 0.3 Y,

Vesc: Viep
VSNS, ISNS, OFFDET, VMIN Voltage Vsns, VisNs, -0.3t010 Y,
VorrpET VMIN

LED Current ILeD 10 mA
Junction Temperature Ty -40 to 150 °C
Storage Temperature TstG -60 to 150 °C
ESD Capability, Human Body Model (Note 1) ESDypm 2000 \Y
ESD Capability, Machine Model (Note 1) ESDmm 250 \Y

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
1. 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

Latchup Current Maximum Rating tested per JEDEC standard: JESD78D.

ELECTRICAL CHARACTERISTICS
0°C < Ty £125°C; Vg = 15 V; unless otherwise noted. Typical values are at T = +25°C.

Parameter Test Conditions Symbol Min Typ Max Unit
Maximum Operating Input Vce 36.0 \%
Voltage
VCC UVLO V¢ rising VccouvLo 3.3 3.5 3.7 \
Vcc falling 2.3 25 2.7
VCC UVLO Hysteresis VCCUVLOHYS 0.8 1.0 \Y
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ELECTRICAL CHARACTERISTICS
0°C < Ty £125°C; Vg = 15 V; unless otherwise noted. Typical values are at T = +25°C.

Parameter Test Conditions Symbol Min Typ Max Unit
NCP4353A lce 101 125 A
NCP4353B 82 105
Quiescent Current in Regulation NCPAS5aA T8 i
NCP4354B 95 120
Quiescent Current in OFF Mode Vgns < 1.12V Icc,0FFmode 90 110 uA
VOLTAGE CONTROL LOOP OTA
Transconductance Sink current only gmy 1 S
Reference Voltage 28V <Vc<36.0V,Ty=25°C VREE 1.244 1.250 1.256
28V<Vgg<36.0V,T;=0-85C 1.240 1.250 1.264
2.8V <Vgg<36.0V,T;=0-125°C 1.230 1.250 1.270
Sink Current Capability In regulation, Vpryve or Vegg > 1.5V ISINKV 2.5 mA
In OFF mode, VpRive or Vegg > 1.5V 1.2 1.5 2.0 mA
Inverting Input Bias Current In regulation, Vgns = VREr IBlASY -100 100 nA
In OFF mode, Vgng > 1.12V -13 -1 -10 uA
Inverting Input Bias Current In OFF mode VSNSBIASTH 1.07 1.12 117 \Y
Threshold
CURRENT CONTROL LOOP OTA (NCP435xA only)
Transconductance Sink current only amg 3 S
Reference Voltage VREFC 60 62.5 65 mV
Sink Current Capability VpRive of VEgg > 1.5V ISINKC 25 mA
Inverting Input Bias Current Isns = VREFC IBlasC -100 100 nA
MINIMUM VOLTAGE COMPARATOR (except NCP4353A)
Threshold Voltage VREEM 355 377 400 mV
Hysteresis Output change from logic high to logic low VMINH 40 mV
OFF MODE DETECTION COMPARATOR
Threshold Value 25V<Vgc<36.0V VOFFDETTH 10% Vco \%
Voo =15V 1.47 1.50 1.53
Hysteresis Output change from logic high to logic low VOFFDETH 40 mV
LED DRIVER (NCP4354x only)
Switching Frequency fswLED 1 kHz
Duty Cycle DieD 10.0 12,5 15.0 %
Switch Resistance ILep =5 MA Rsw2 50 Q
OFF MODE CONTROL
Sink Current In OFF mode, VpRrive of Vonore > 0.6 V IDRIVEOEF | 140 | 160 180 | uA
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

A typical application circuit for NCP435x series is shown
in Figure 28, done with an imaginary IC with all features in
one. Pin functions are available in pin description table.

Simplified typical application circuit for NCP4353B that
shows only available features in this IC is shown in
Figure 27. Figure 29 shows possible connection of the
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 single supply
up to 36 V. It starts to operate when VCC voltage reaches
3.5 V and stops when VCC voltage drops below 2.5 V. V¢
can be supplied by direct connection to the VOUT voltage
of the power supply. It is highly recommended to add a RC
filter (R1 and C3) in series from VOUT to VCC pin to reduce
voltage spikes and drops that are produced at the converter’s
output capacitors. Recommended values for this filter are
220 Q and 1 pF.

Voltage Regulation Path

The output voltage is detected on the VSNS pin by the R4,
RS and R6 voltage divider. This voltage is compared with
the internal precise voltage reference. The voltage
difference is amplified by gmy of the transconductance
amplifier. The amplifier output current is connected to the
FBC or DRIVE pin. The compensation network is also
connected to this pin to provide frequency compensation for
the voltage regulation path. This FBC (DRIVE) pin drives
regulation optocoupler that provides regulation of primary
side. The optocoupler is supplied via direct connection to
VOUT line through resistor R2.

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

The VSNS voltage divider is shared with VMIN voltage
divider. The shared voltage divider can be connected in two
ways as shown in Figure 26. The divider type is selected
based on the ratio between VN and Vour. When the
condition of Equation 1 is true, divider type 1 should be
used.

(eq. 1)
VRer
Output voltage for divider type 1 can be computed by
Equation 2

R4 + R5 + R6
Vv =V X — eq. 2
ouT = VREF R5 + R6 (ea. 2)
and for type 2 by Equation 3.
R4 + R5 + R6
Vour = VRer X " Re (ea. 3)

vouT vouT
R4 R4
R7
VSNS VMIN [
R5 RS5
VMIN VSNS O
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 resistor R12 in
series with the load. Voltage drop on R12 is compared with
internal precise voltage reference Vgrgpc at IgNg
transconductance amplifier input.

Voltage difference is amplified by gmc to output current
of amplifier, connected to FBC or DRIVE pin.
Compensation network is connected between this pin and
ISNS input to provide frequency compensation for current
regulation path. Resistor R13 separates compensation
network from sense resistor. Compensation network works
into low impedance without this resistor that significantly
decreases compensation network impact.

Current regulation point is set to current given by
Equation 4.

| _ Veerc
ouTLM = "Ry

(eq. 4)
OFF Mode Detection

OFF mode operation is advantageous for ultra low or zero
output current condition. The very long off time and the ultra
low power mode of the whole regulation system greatly
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 switched on until output capacitor C1 is charged
again to the nominal voltage.

The OFF mode detection is based on comparison of output
voltage and voltage loaded with fixed resistances (D2, C2,
R8 and RY). Figure 30 shows detection waveforms. When
output voltage is loaded with very low current, primary
controller goes into skip mode (primary controller stops
switching for some time). While output capacitor C1 is
discharged very slowly (no load condition), the capacitor C2
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is discharged through a fixed load, by R8 and R9 faster than
output voltage on C1.

Once OFFDET pin voltage is lower than VoprpgTTH (this
threshold is derived from Vgyrt), OFF mode is detected. In
OFF mode SW1 is switched on to allow IprivEQFF current,
going through ON/OFF pin (NCP4354B) or DRIVE pin, to
keep switch off primary controller.

A higher sink current on primary FB pin is needed to keep
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
Ig1asv injected into VSNS pin provides the requested offset
(VSNS voltage is higher than VRgp). Primary IC should
detect OFF mode before VSNS is lower than 90% of VRgg
while Igjasy is switched off to reduce consumption.

This offset, defined by R7 and the internal current source,
should be large enough to secure off mode detection of the
primary controller and avoid restart when Vgns < VReR

Minimum Output Voltage Detection (Except
NCP4353A)

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

Minimum voltage level is given by Equation 5 for divider

type 1

R4 + R5 + R6
\Y, =V X ———— (eq. 5)
MIN REF R6
and for type 2 by Equation 6.
R4 + R5 + R6
Vun = Veeg X ———— (eq. 6)
MIN = VREF R5 + R6 q

NCP4353A has no external adjustment and uses the
internal minimum voltage level specified by minimum
falling operation supply voltage.

LED Driver (NCP4354x only)

LED driver is active when VCC is higher than Vcomn
and output voltage is in regulation (driver is off in OFF
mode). LED driver consists of an internal power switch
controlled by a PWM modulated logic signal and an external
current limiting resistor R3. LED current can be computed
by Equation 7.

Vour =~ VF Lep
R3

PWM modulation is used to increase efficiency of LED.

llep = (€a.7)

Operation in OFF Mode Description

Operation waveforms 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) of the
convertor. At first, primary controller’s DSS charges VCC
capacitor over the UVLO level (2). When primary Vcc is

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

Primary FB pin voltage is above regulation range until
Vour is at set level. Once Vour is at set level, the secondary
controller starts 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 VoppperTH (typically 10% of V().

After some time, the load current decreases to low level
(5) and primary convertor uses skip mode (6) to keep
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 power.

While both C1 and C2 are discharged during the missing
cycles, C2 discharge will be faster than C1 without output
current, Vopppgt drops below VoprperTH and OFF mode
is detected (7). This situation is shown in Figure 30 in detail.
When OFF mode is detected, internal pull-up current
Igiasyv is switch on (7), VSNS voltage increases (due to
Igiasv) and voltage amplifier sinks full current to keep
primary FB voltage below skip level until OFF mode is
detected by the primary side controller (8). Current into
ONOFF pin or 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
injected current decreases to a lower level to reduce overall
power consumption. Optocoupler current, can also be
reduced from that time to keep the level below restart level.
Secondary side controller decreases optocoupler current
(voltage transconductance amplifier stops to sink current)
when VSNS voltage drops below VRgr (9) and Igjasy is
also switch off when Vgng is lower than 90% of VRgF to
reduce overall consumption. This point is defined by Igjasv
current, R6, R4 and RS resistors and discharging time of
output capacitor C1. Discharging of C1 continues (10) until
output voltage drops below level set by voltage divider at
VMIN pin (except NCP4353A where minimum Voyr is
defined only by VCC UVLO) (11). ONOFF current stops
and thanks to internal pull-up, the primary FB voltage rises
above restart level (12) and primary controller starts
switching (13). Output capacitor C1 is recharged (14) to set
voltage. If there is still light load condition primary
controller goes to skip mode (15) again and after some time
secondary controller detects OFF mode by very light or no
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 Voyr is discharged to VN level. There exists
another connection that allows transition to normal mode
faster without waiting some time for Vgyr to discharge to
Vmin- This schematic is shown at Figure 32. The basic idea
is that C3 is discharged by the IC faster than C1 by output
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load in OFF mode. When an output load is applied, capacitor mode because voltage at its FB pin rises above OFF mode
Cl1 is discharged faster and this 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 detection
current is injected into the OFFDET divider through R17. connection and improved load detection waveforms are

OFFDET voltage higher than 10% of V¢ ends OFF mode shown in Figure 33.
and ON/OFF current stops. Primary controller leaves OFF
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Figure 29. Typical Application Schematic for NCP4353B with Flyback
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Figure 30. OFF Mode Detection
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Figure 31. Typical Application States and Waveforms in OFF Mode with NCP1246 Primary Controller
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Figure 33. Typical and Improved Load Detection Comparison Waveforms

ORDERING INFORMATION

Adjustable Current LED
Device Marking Vmin Regulation Driver Package Shipping’

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.

http://onsemi.com
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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.

4. DIMENSIONS D AND E1 DO NOT INCLUDE MOLD FLASH,
PROTRUSIONS, OR GATE BURRS. MOLD FLASH, PROTRUSIONS, OR
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.

L~ MILLIMETERS
M SEATING

NOTE 5 |<_ b PLANE DIM| MIN | NOM | MAX
DETAIL Z A 0.90 1.00 1.10

e Al | 001 0.06 | 0.10

b | 025 | 038 | 050

¢ c | 010 | 018 | 026

¢ ~ D | 290 | 300 | 3.10

A 1 7 \ E | 250 | 275 | 3.00

Em |8y E1 | 1.30 150 | 1.70
B - e | 08 | 095 | 1.05

Al /T L | 020 | 040 | 060

DETAILZ L2 0.25 BSC
M 0 [ - T 10
RECOMMENDED

SOLDERING FOOTPRINT*

- | 0.60

L0

1]

6X

jO.QS

—| <095

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.

http://onsemi.com
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PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07
ISSUE AK

NOTES:

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

2. CONTROLLING DIMENSION: MILLIMETER.
A 3. DIMENSION A AND B DO NOT INCLUDE
HHHH MOLD PROTRUSION.
T 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
B

5 PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

S |$| 0.25 (0_010)@| Y @| 2 [ PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
4 ‘H[\L_ MAXIMUM MATERIAL CONDITION.
-Y H H K 6. 751-01 THRU 751-06 ARE OBSOLETE. NEW
=ttt — STANDARD IS 751-07.

—>| G |<— MILLIMETERS | INCHES
| MIN | MAX | MIN | MAX |
—C N x45° |<—
SEATING

4.80 5.00 | 0.189 | 0.197
3.80 4.00 | 0.150 | 0.157
PLANE \
(-z-1 v T /_
O] 0.10 (0.004) ~
H- D M

1.35 1.75 | 0.053 | 0.069
0.33 0.51 | 0.013 | 0.020
1.27 BSC 0.050 BSC
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

ngxuzooom>|§

[©]0250010® 2| YO XO] g0 peRING FOOTPRINT*

T000 0

!
7.0 l
|

|

!

0.275

I
I
| 0.155
I
I

_I_I:l I:l
0.024 0.050
mm

SCALE 6:1 (m)

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

copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC

reserves the right to make changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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