NCP1249

High-Voltage Current-Mode
PWM Controller Featuring
Peak Power Excursion and
Extremely Low Stand-by

Power Consumption

The NCP1249 is a highly integrated high—voltage PWM controller
capable of delivering a rugged and high performance offline power
supply with extremely low no-load consumption. WatBupply range
up to 30 V, the controller hosts a jittered 65-kHz switching circuitry
operated in peak current mode control. When the power on the
secondary side starts to decrease, the controller automatically folds
back its switching frequency down to a minimum lexfe26 kHz. As
the power further goes down, the part enters skitecnvhile freezing
the peak current setpoint.

To help build rugged converters, the controller features several key
protective features: a internal brown—out, a non-dissipative Over
Power Protection for a constant maximum outputenurregardless of
the input voltage and two latched over voltage protection inputs —
either through a dedicated pin or via the VCC input

The controller architecture is arranged to autleaizransient peak
power excursion when the peak current hits the.litithis point, the
switching frequency is increased from 65 kHz to 130 kHz until the
peak requirement disappears. The timer duratitimeis modulated as
the converter crosses a peak power excursion mbdey)( or
undergoes a short circuit (short).

NCP1249 comes in both Active ON (A and B versiarg] Active
OFF (C and D versions).

Features

e High-voltage Current Source for Lossless Start-eguence

o Remote Input for Standby Operation Control

e Automatic and Lossless X2 Capacitors Discharge iamc

® 65-kHz Fixed-frequency Current-mode Control Operatiith
130-kHz Excursion

ON Semiconductor®
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SOIC-9 NB
D SUFFIX
CASE 751BP

MARKING DIAGRAM

NCP1249x65 = Specific Device Code

X =AB,C,D
A = Assembly Location
L = Wafer Lot
Y = Year
w = Work Week
. = Pb-Free Package
PIN CONNECTIONS
X2 l:ll:o o HV
REM
FB = Fo VCC
CsS — Fo DRV
OPP/LATCH = Fo GND
NCP1249A/B (Top View)
1
X2 50| F= HV
FB/REM z Ly
OPP/Latch | - bRy
Timer o FO GND

NCP1249C/D (Top View)

e Internal and Adjustable Over Power Protection (OPP) e +300 mA/ -500 mA Source/Sink Drive Capability

Circuit
e |nternal Brown—Out Protection Circuit

Light Load Conditions

e Adjustable Ramp Compensation

e Internally Fixed 4-ms Soft-start

® 100% to 25% Timer Reduction from Overload to
Short—circuit Fault

® Frequency Jittering in Normal and Frequency Fol&bac
Modes

e Latched OVP Input for Improved Robustness and
Latched OVP on ¥

e Upto 30 V \c Maximum Rating

Stations

© Semiconductor Components Industries, LLC, 2015 1
May, 2015 - Rev. 2

Typical Applications
e Converters Requiring Peak—power Capability such as
Printers Power Supplies, ac—dc Adapters for Game

Extremely Low No-load Standby Power

Option for Auto—Recovery or Latched Short-Circuit
® Frequency Foldback down to 26 kHz and Skip-cycle in  Protection

Internal Thermal Shutdown with Hysteresis

These are Pb—Free Devices

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 3 of this data sheet.

Publication Order Number:
NCP1249/D
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Figure 1. Typical Application Example — NCP1249 (A/ B)
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Figure 2. Typical Application Example — NCP1249 (C/ D)-
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Table 1. PIN FUNCTIONS

A/B C/D Pin Name Function Pin Description
1 1 X2 X2-capacitors discharge When the voltage on this pin disappears,
the controller ensures the X2-capacitors discharge.
2 2 REM Remote input Initiates ultra low consumption mode (off-mode) when brought
above 8 V (A/B) or below 0.4 V (C/D).
3 2 FB Feedback pin Connecting an opto—coupler to this pin allows regulation.
4 3 CS Current sense + ramp This pin monitors the primary peak current but also offers
compensation a means to introduce slope compensation.
5 4 OPP/Latch | Adjust the Over Power Protection | A resistive divider from the auxiliary winding to this pin sets the
Latches off the part OPP compensation level. When brought above 3V, the part is
fully latched off.
6 6 GND - The controller ground.
7 7 DRV Driver output The driver’s output to an external MOSFET gate.
8 8 VCC Supplies the controller This pin is connected to an external auxiliary voltage and supplies
the controller. When above a certain level, the part fully latches off.
9 9 NC - Increases insulation distance between high and low voltage pins.
10 10 HV High-voltage input This pin provides a charging current during start-up and

auto-recovery faults but also a means to efficiently discharge
the input X2 capacitors.

X 5 TIMER Fault timer adjustment A resistor to ground adjusts the timer duration in fault condition.

Table 2. MAXIMUM RATINGS TABLE

Symbol Rating Value Unit
Vee Power Supply voltage, VCC pin, continuous voltage -0.3t0 30 vV
Vhv High Voltage (HV) Pin (pin 10) —-0.3 to 500 \%
[y, High Voltage (pin 10) Input Current 20 mA

Vpin_x Maximum voltage on low power pins (X2, REM, FB, CS, OPP) -0.3t0 10

VpRv Maximum voltage on drive pin -0.3t0 Vc+0.3
lopp Maximum injected current into the OPP pin -2 mA
Rgj-a Thermal Resistance Junction—to—Air 211 °C/W
T3 max Maximum Junction Temperature 150 °C
Storage Temperature Range —-60 to +150 °C
ESD Capability, HBM model (All pins except HV) per JEDEC standard JESD22, Method A114E 2 kv
ESD Capability, Machine Model per JEDEC standard JESD22, Method A115A 200 \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 contains latch—up protection and exceeds 100 mA per JEDEC Standard JESD78.

Table 3. OPTIONS AND ORDERING INFORMATION

Overload Switching
Device Protection Frequency Peak Frequency Package Shipping 1
NCP1249AD65R2G Latched 65 kHz 130 kHz
NCP1249BD65R2G Autorecovery 65 kHz 130 kHz sSOIC-9 2500 / Tape &
NCP1249CD65R2G Latched 65 kHz 130 kHz (Pb-Free) Reel
NCP1249DD65R2G Autorecovery 65 kHz 130 kHz

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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Table 4. ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25°C, for min/max values Tj = —-40°C to +125°C, Max T3 = 150°C, V¢ = 12 V unless otherwise noted)

Symbol

Rating

| Pin | Min | Typ | Max |Unit

HV STARTUP CURRENT SOURCE

VHV_min Minimum voltage for current source operation (Vcc = 4V) 10 - 30 60 Y
Istart1 Current flowing out of VCC pin (Vcc =0 V) 8,10 0.2 0.7 1 mA
Istart2 Current flowing out of VCC pin (Vcc = Vee_on— 0.5 V) 8, 10 6 10 15 mA
Ve inhibit Ve level for lgigry tO lstarte transition 8 0.5 1 1.25 \Y
Istart_off Off-state leakage current (Vy =500V, Vcc = 15 V) 10 - 15 - uA
IHV_off—mode_1 HV pin leakage current when off-mode is active (Vpy = 141 V) 10 - - 15 A
IHV_off— mode_2 HV pin leakage current when off-mode is active (Vy = 325 V) 10 - - 19 uA
VHV_min_off-mode | Minimum voltage on HV pin during off-mode (V_rgm = 10V, Vcc = 0V) 10 - - 10 \%
SUPPLY SECTION
Vece onN V¢ increasing level at which driving pulses are authorized 8 16 18 20 \%
Vce ofFF V¢ decreasing level at which driving pulses are stopped 8 9.5 10 11 \%
Ve _HysT Hysteresis Vcc_on— Vec_orr 8 6 - - \Y
Vee bias V¢ level during a fault 8 4.7 55 6.5 Y
lcc1 Internal IC consumption with Irg=75 uA, fsyw=65 kHz and C =0 8 - 1.6 2.6 mA
lcco Internal IC consumption with Irg=75 nA, fgyw=65 kHz and C_ = 1 nF 8 - 23 3.4 mA
lccs Internal IC consumption with Irg=75 uA, fsy=130 kHz and C| =0 8 - 1.9 2.9 mA
lcca Internal IC consumption with Irg=75 uA, fsw=130 kHz and C| =1 nF 8 - 3.3 4.4 mA
lcc_skip Internal IC consumption while in skip mode 8 660 960 1360 uA
lcc_latch Internal IC consumption during Latch — off mode 8 - 350 520 uA
BROWN-OUT
V BO on Brown-Out turn—on threshold (Vyy going up) 10 92 101 110 \%
V BO_off Brown-Out turn—off threshold (Vv going down) 10 84 93 102 \%
BO_Timer Timer duration for line cycle drop—out 10 40 - 100 ms
X2 DISCHARGE CIRCUITRY
Vih_x2 X2 timer disable switch threshold voltage 1 1 15 2 \%
Vth x2_hyst Hysteresis on the X2 pin 1 - 100 - mV
V x2_clamp X2 input clamp voltage 1 - 4 - Y
X2_Timer X2 timer duration 1 70 - 140 ms
| x2_leak X2 input leakage current (V_xp =2.5V) 1 - - 0.3 uA
| x2_dis Maximum discharge switch current (V¢ = 10V) 10 6 10 13 mA
DRIVE OUTPUT
T, Output voltage rise—-time @ C|_ = 1 nF, 10-90% of output signal 7 - 40 80 ns
Tt Output voltage fall-time @ C_ = 1 nF, 10-90% of output signal 7 - 30 70 ns
Ron Source resistance 7 - 13 - Q
RoL Sink resistance 7 - 6 - Q
lsource Peak source current, Vgg =0V — note 1 7 300 mA
lsink Peak sink current, Vgg =12 V —note 1 7 500 mA

2. Guaranteed by design

3. See characterization table for linearity over negative bias voltage — we recommend keeping the level on pin 5 below —300 mV.

4. A 1-MQ resistor is connected from pin 4 to the ground for the measurement.

*C/D version
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Table 4. ELECTRICAL CHARACTERISTICS
(For typical values Tj = 25°C, for min/max values Tj = -40°C to +125°C, Max T3 = 150°C, V¢ = 12 V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit
DRIVE OUTPUT
VDRV _low DRV pin level at Vcc close to Vee ofr With a 33-kQ resistor to GND 7 8 - - \%
VDRV _high DRV pin level at Vcc= Voyp —0.2 V, DRV unloaded 7 10 12 14 \%
CURRENT COMPARATOR
s Input Bias Current @ 0.8 V input level on pin 4 4, 3* 0.02 uA
Viimit Maximum internal current setpoint — Tj = 25 °C — pin 5 grounded 4,3* | 0.744 0.8 0.856 Y
Viimit Maximum internal current setpoint — 4, 3* 0.72 0.8 0.88 \%
Tj from —40° to 125°C — pin 5 grounded
Viold_cs Default internal voltage set point for 4, 3* 475 mV
frequency foldback trip point = 47% of Vimit
Vireeze cs Internal peak current setpoint freeze (=31% of Vjimit) 4, 3* 250 mV
ToEL Propagation delay from current detection to gate off-state 4, 3* 100 150 ns
TLEB Leading Edge Blanking Duration 4, 3* 300 ns
Tss Internal soft-start duration activated upon startup, auto—recovery - 4 ms
loppo Setpoint decrease for pin 5 biased to —250 mV — (Note 2) 4, 3* 31.3 %
loopv Voltage setpoint for pin 5 biased to -250 mV — (Note 2) 4, 3* 0.5 0.55 0.62 \%
Tj from -40° to 125 °C
lopps Setpoint decrease for pin 5 grounded 4, 3* 0 %
INTERNAL OSCILLATOR
fosc_nom Oscillation frequency, Vig < VEgtrans, PiN 5 grounded -, 4* 57 65 71 kHz
VEBtrans Feedback voltage above which fg,, increases 3, 2% 3.2 Y
fosc_max Maximum oscillation frequency for Vg above Vigmax - 115 130 140 kHz
VEBmax Feedback voltage above which fg,, is constant 3, 2% 3.8 4 4.2 \%
Dmax Maximum duty ratio - 76 80 84 %
fitter Frequency jittering in percentage of fosc - +5 %
fswing Swing frequency over the whole frequency range - 240 Hz
REMOTE SECTION
V_REM_on (A/B) Remote pin voltage below which is the off-mode deactivated 2 1 15 2 \%
(Vrem going down) (Vcc =0V)
V_ReM_off (A/B) Remote pin voltage above which is the off-mode activated 2 7.2 8 8.8 \%
(Vrem going up)
V_ReM_off (C/D) Feedback voltage below which the part enters into off-mode 2 0.4
V_REM_on (C/D) Feedback voltage above which is the off-mode deactivated 2 15 2 25
IrBrEM (C/D) Feedback current that lifts the feedback pin upon off-mode exit 2 2.4 4 A
REM_Timer Remote timer duration 2 70 - 140 ms
R sw_REM Internal remote pull down switch resistance 2 1000 - 3000 Q
| REM_leak Remote input leakage current (VgRgm = 9 V) (Note 1) 2 - 0.02 1 uA
FEEDBACK SECTION
Rup(Fe) Internal pull-up resistor 3, 2% 17 kQ
Req Equivalent ac resistor from FB to gnd 3, 2* 10 15 20 kQ

2. Guaranteed by design

3. See characterization table for linearity over negative bias voltage — we recommend keeping the level on pin 5 below -300 mV.

4. A 1-MQ resistor is connected from pin 4 to the ground for the measurement.

*C/D version
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Table 4. ELECTRICAL CHARACTERISTICS
(For typical values Tj = 25°C, for min/max values Tj = -40°C to +125°C, Max T3 = 150°C, V¢ = 12 V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit
FEEDBACK SECTION

Iratio Pin 3 to current setpoint division ratio 3,4, 4 -
(2.3)*
Vireeze FB Feedback voltage below which the peak current is frozen 3, 2% 1 Y

FREQUENCY FOLDBACK

Vfold_FB Frequency foldback level on the feedback pin — 3, 2% 1.9 \Y
=47% of maximum peak current
frans Transition frequency below which skip—cycle occurs - 22 26 30 kHz
Viold_end End of frequency foldback feedback level, fsy, = fmin 3, 2% 15 \Y
Vskip Skip—cycle level voltage on the feedback pin 3, 2* 400 mV
Skip hysteresis Hysteresis on the skip comparator — note 1 3, 2* 30 mV

INTERNAL SLOPE COMPENSATION

Vramp Internal ramp level @ 25°C — note 3 4, 3* 25 \%
Rramp Internal ramp resistance to CS pin 4, 3* 20 kQ
PROTECTIONS
Vatch Latching level input 5, 4* 2.7 3 3.3 \%
Tiatch-blank Blanking time after drive turn off 5, 4* 1 us
Tlatch-count Number of clock cycles before latch confirmation - 4 -
Tlatch—del OVP detection time constant 5, 4* 600 ns
VovL Feedback voltage at which an overload is considered — 3, 2% 3.2 Y,
OPP pin is grounded
Vsc Feedback voltage above which a short—circuit is considered 3, 2% 3.9 4.1 4.3 Y
Timery (A/B) Fault timer duration when 3.2 < Vg <4.1 V - overload - 100 200 300 ms
Timer; (A/B) Fault timer duration when Vgg > 4.1V is Timery/4 — short—circuit condition - 25 50 75 ms
Timer, (C/D) Fault timer duration for a 22 kQ resistor from pin 5 to ground — overload 5* 350 500 650 ms

Fault timer duration when Vgg > 4.1V is Timerq/4 — short—circuit

Timer, (C/D) condition 5* 88 125 162 ms
Timer fauira (C/D) Timer duration when pin 5 is shorted to ground — fault condition 5* 50 ms
Timer tayir2 (C/D) Timer duration when pin 5 is open — fault condition 5* 1000 ms

Vovp Latched Over voltage protection on the V. rail 8 26 27.5 29 \%
Tovp_del Delay before OVP on V. confirmation 8 20 30 us
Ta-rec_timer Auto-recovery timer duration - 0.7 - - S
TEMPERATURE SHUTDOWN
Ttsp Temperature shutdown T; going up - 150 °C
TTSD(HYS) Temperature shutdown hysteresis - 30 °C

2. Guaranteed by design

3. See characterization table for linearity over negative bias voltage — we recommend keeping the level on pin 5 below =300 mV.
4. A 1-MQ resistor is connected from pin 4 to the ground for the measurement.

*C/D version

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
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

71 140
69
135
~ ~
L 67 z
£
g £ 130
|
(@] Q | =t
"
,8 65 5 |
125
63
61 120
-40-25-10 5 20 35 50 65 80 95 110 125 -40-25 -10 5 20 35 50 65 80 95 110 125
TEMPERATURE (°C) TEMPERATURE (°C)
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Figure 53. Fault Timer Duration — Overload, Figure 54. Fault Timer Duration — Short—circuit
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Figure 55. Fault Timer Duration — Overload, Figure 56. Fault Timer Duration — Short—circuit
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Figure 58. Fault Timer Duration when Pin 5 is
Open - Fault Condition, Timer  5,t2, C/D
Version
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TYPICAL CHARACTERISTICS
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Figure 59. Internal IC Consumption, | ¢c1 Figure 60. Internal IC Consumption, | ¢cc2
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APPLICATION INFORMATION

Introduction easily by summed up to the sensed current. Sub

The NCP1249 implements a standard current mode harmonic oscillations can thus be compensatecheia t
architecture where the switch—off event is dictated by the inclusion of a simple resistor in series with the
peak current setpoint. This component represents the ideal current—sense information.
candidate where low part-count and cost effectiveness are Frequency excursion:when the power demand forces
the key parameters, particularly in low—castdc adapters, the peak current setpoint to reach the internat (@8
open-frame power supplies etc. The NCP1_249 brithgsea V/Rsensdypically), the frequency is authorized to
necessary components normally needed in today modem ncrease to let the converter deliver more powbe T
power supply designs, bringing several enhancenserts frequency excursion stops when 130 kHz are reached.
as a non—dissipative OPP, a brown—out protection or peak ) . . .

: o . . e Internal OPP: by routing a portion of the negative
power excursion for loads exhibiting variations iotime. voltage present during the on—time on the auxilia
Accounting for the new needs of extremely low standby windi% ‘:0 the dedica?ed OPP pin (pin 5), the rya
power requirements, the part includes an automatic sim Iegand non—dissipative meF;ns Ft)o altér the
X2-capacitor dischargarcuitry that prevents the designer P P .

maximum peak current setpoint as the bulk voltage

from installing power—-consuming resistors across the . if the pin i ded OPP ) t
front—endfiltering capacitors. The controller is also alde t INCreases. € pin IS grounded, no compemsa
occurs. If the pin receives a negative voltage dtiwn

enter a deep sleep mode via its dedicated remote pi i
. ] —250 mV, then a peak current reduction down to 31.3%
e High—-Voltage start-up: low standby power results : . .
typical can be achieved. For an improved perforraanc

cannot be obtg ined with 'the classical resistiv-sta the maximum voltage excursion on the sense resgstor
network. In this part, a high—voltage current-seurc limited to 0.8 V.

rovides the necessary current at start-up and tffn o . .
gfterwards y P e EMI jittering: an internal low—frequency modulation
e Internal Br own—Out protection: a portion of the bulk zggih\&?;iz tr‘]’?\izar::;;?st \évr?rlgz(;;z %ii";f:;ﬁ?y
voltalge.is intgrnally sensed via the high—volj[a'gp_e P conducted nc;ise analysis. To improve the EMI
monitoring (pin 10). When the voltage on this pindo signature at low power levels, the jittering wititrbe

IOW.’ the part stops pulsing. No re-start attgmpumie disabled in frequency foldback mode (light load
until the controller senses that the voltage ikbac conditions)

within its normal range. When the brown—-out —_ ,

comparator senses the voltage is acceptable,dssen ¢ Freque_n cy foldback gapab_lllty. a contm.uous flow of

general reset to the controller (de-latch occund) a pulses is not compatible with no-load/light-load

authorizes to re—start standby power requirements. To excel in this domain
o X2—capacitors discha.rge capability:per IEC-950 the controller observes the feedback pin and when i

. ’ i reaches a level of 1.5V, the oscillator then sttt

standard, the time constant of the front—end filter . o '

capacitors and their associated discharae resi reduce its switching frequency as the feedback leve

beﬁe than 1 s. This is to avoid elect '3al ¢ N continues to decrease. When the feedback pin reache

SS s- NS IS Vol rical s 1V, the peak current setpoint is internally frozenl

the user unplugs the convertgr and madve_rtgntly the frequency continues to decrease. It can go down
touches the power cord terminals. By providing an 26 kHz (typical) reached for a feedback level of

ﬁlucth;Zg means ttotﬂlscczjhar_ge th? X2 .caealtlz_ltori,‘the 450 mV roughly. At this point, if the power contirsue
. prevents the designer from instafiing the to drop to 400 mV, the controller enters classical
discharge resistors, helping to further save power. skip—cycle mode
® Off-mode: Off-mode helps to achieve low power e Internal soft-start: a soft—start precludes the main

_(I:_(;]nslucmptlon_oI agf?_l\/lPdeuang ntﬁ Iosgl\cjlon_dlt}ons. power switch from being stressed upon start—ughim
€ I% goes into mode when the pin IS controller, the soft-start is internally fixed tos.

br](c)ught h'ghﬁr (A/B, lower %D)Jharglthg '”tff"‘a' led Soft-start is activated when a new startup sequence
o, VOO capacio i diseharged and consumpton of _ CCCUrS O during an auto-recovery iccup.
' b g P e Latch input: the NCP1249 includes a latch input (pin

all internal blocks is reduced once the off-mode is h b q | diti
activated. Off mode is terminated when remote pin 5) that can be used to sense an overvoltage conditi
the adapter. If this pin is brought higher than the

voltage crosses threshold or application is ) L
9 ~REM_on PP internal reference voltagey:t, then the circuit

unplugged from the mains.
° Cu?re?w?—mode operation with internal slope permanently latches off. The VCC pin is pulled down
b b to a fixed level, keeping the controller latchetleT

compensation:implementing peak current mode | -
. atch reset occurs when the user disconnects tged
control at a fixed 65-kHz frequency, the NCP1249 from the mainsu W ! !

offers an internal ramp compensation signal that ca
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® Vcc OVP: a latched OVP protects the circuit against
V¢ runaways. The fault must be present at leasts20
to be validated. Reset occurs when the user digo&n
the adapter from the mains.

Short—circuit protection: short—circuit and especially

over—load protections are difficult to implementenha

strong leakage inductance between auxiliary andepow
windings affects the transformer (the aux windiexgel
does not properly collapse in presence of an output
short). Here, every time the internal 0.8—V maximum

peak current limit is activated (or less when OPP i

used), an error flag is asserted and a time pestarts,

thanks to the programmable timer. The controller ca
distinguish between two faulty situations:

+ There is an extra demand of power, still within the
power supply capabilities. In that case, the feekiba
level is in the vicinity of 3.2—4 V. It correspontis
0.8 V as the maximum peak current setpoint without
OPP. The timer duration is then 100% of its normal
value. If the fault disappears, e.g. the peak cdirre
setpoint no longer hits the maximum value (e.g.
0.8 V at no OPP), then the timer is reset.

+ The output is frankly shorted. The feedback lesel i
thus pushed to its upper stop (4.5 V) and the tiser
reduced to 25% of its normal value.

In either mode, when the fault is validated, alsps
are stopped and the controller enters an
auto—recovery burst mode, with a soft-start
sequence at the beginning of each cycle. Please not
the presence of a divider by two which ignores one
hiccup cycle over two (double hiccup type of burst)
As soon as the fault disappears, the SMPS resumes
operation. Please note that some version offers an
auto-recovery mode as we just described, some do
not and latch off in case of a short circuit.

Start—up Sequence

The start-up sequence of the NCP1249 involves a
high—voltage current source whose input is in 9inAls this
start-upsource also performs line sensing for brown-out
operation, it is recommended to wire it according to
Figure 64 sketch.

% % Vbulk
N
20
Dll ~— to X2 discharge
D L1 1] o~ ]10—
]2 T 2] 09
v
3] 8 cc
.
VAN 05 I L
5] - T
=
Figure 64. The startup resistor can be connected to the input mains for further power dissipation redu ction

In this drawing, the high—voltage pin is not corteeco
the bulk, but to the full-wave rectified ac input.is
important to keep this configuration as the X2 wiry will
also use it.

The first step starts with the calculation of thedes \&c
capacitor which will supply the controller until the auei
winding takes over. Experience shows that this tipeah

capacitor at first and experiments in the laboratory will let
us know if we were too optimistic fof.tThe \cc capacitor
being known, we can now evaluate the charging time to
bring the \&¢ voltage fromD to theVec onof the IC, 18 V
typical. This time sequence can actually be split into two
events: 0 V toVcc innibit @8N0 Vec innibic 10 Vec_on This is
because the HV source is protected from short—circuits on

be between 5 and 20 ms. Considering that we need at leaghe VCC pin. In case this happens, the source ddtetthe

an energy reservoir for atime of 10 ms, the ¥ capacitor
must be larger than:

I (eq. 1)

3m x 10
MX22M 375uF

18 — 10

cca Xy
Vee oFF

CVcc = v

CC ON —

Vcc voltage is less thaVicc inninic @nd only deliversslart
which is below 1 mA: the die power consumption is
maintained to the lowest value. In normal operation, when
the voltage has normally reach&dc s the source
toggles to the full current and charges the-\¢apacitor at

In this calculation, we adopted the consumption at the a larger currentgiario. The first time duration involvesiart1

highest switchindgrequency since this is the point at which
the IC will work in cold-start case. Let us selact.7uF

andVee innibit,
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~ Vec inhibit X Cvec _1x47y

t = =~ 6.7 ms eq. 2
startt lstart1 700 n (¢a-2)
The second duration involves¥ _onand Liartd
¢ B (VCC_ON B VCC_inhibit)CVcc (8- x47n 8 ms (eq. 3)
start2 lstartz 10 m
The total start—up time is thus around 14-15 ms.
AV VCC pias level. The HV current source maintaingyat
& Vcc pias level until the input voltage is back abo¥eso on
The controller then fully dischargesc¥ capacitor first to
7 restart internal logic. Standard startup attemftteés placed
v ce by the controller.
CC ON  A|-mmmmeeeeees
ng ZSD 3 Lot g Piver stageR5
4 H D5y
ICC_OFF ___________________ margin B :_:'_rl—wv
[0 T A I A
=T to HV startup
7 N\ v
D2 |D4
ICCﬁjnhibﬁ B T | toX2sense divider Rbo_H
Il
> ! clzlxz_b Rbo_L
fsmrrl L start2 E BO TIMER

Figure 65. The V ¢ at start-up is made of two
segments given the short—circuit protection
implemented on the HV source

In case the ¥c capacitor must be increased to cope with
no-loadstandby requirements, there is plenty of margin to
keep the total start—up sequence duration below $ssinie
the Vcc capacitor is 10QF, then the total start—-up time
would be below 400 ms.

Brown-out Circuitry
The NCP1249 features, on its HV pin, a true AC line
monitoring circuitry — refer to Figure 66. This system

includes a minimum start—-up threshold and auto-recovery

brown-out protection; both of them independenhefihput

voltage ripple. The thresholds are fixed, but they are
designed to fit most of the standard AC-DC converter

applicationsWhen the HV pin voltage drops bel&go off
threshold for more than 50 ms, the brown-out caowlis
detected and confirmed. Thus the controller st@esaiion
— refer to Figure 67. The ¢ capacitor is discharged to

I

O INPUT

Figure 66. Simplified Block Diagram of
Brown-out Detection Circuitry

The Internal HV BO sensing network is formed by high
impedance resistor divider with minimum resistance of
20 MQ. This solution reducing power losses during
off-modeand thus helps to pass maximum standby power
consumption limit. The internal BO network solution
provides excellent noise and PCB leakage currents
immunity that is hard to achieve when using externaltoesis
divider built from SMT chip resistors.
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Vi 4

' 5
VBo_on- _____ A T MY NN N Brownout |

VBO_OH.... -k f--- - . D e rnaccncnssananna

50 ms BO timer

DRV

time
Figure 67. Brown—out Event Detection

X2 and V¢ Discharge Circuitry consuming X2imer disable circuitry. The internal X2 timer
The NCP1249 X2 discharge circuitry uses dedicated pinwith typical duration of 100 ms is used to overcome
(X2) together with external charge pump sensing netteork  unwanted activation of the X2 discharge switch in case of

detect whether is application plugged into the mainnot. AC line dropout. The internal X2 discharge switch is
Advantage of this solution is that the internal IC activated once the X2 timer elapses. The HV startup current
consumption can be reduced to extremely low level by source isnabled in the same time thus the discharge path fo
keeping all internal blocksnbiased except simple and low X2 capacitor exists — refer to Figure 68.

-+ to power stage
C3
ZSD ZSDS Tk R6 R7
1
o —— —
Dépy pHy
N R R2 e
m D4 From Vec management
— activates to charge Voo
c:)(2" - ey A HV startup

to Vee
management

[ s
L

100ms
X2 TIMER

=
o Vi
N SZ manaazemenl
F1 rRIN=> D7[D8 &toremote  From Vec management
\ 4 discharge Ve before
= entering off-mode
AC CZ_ R5 X2sense and before new Voo ramp-up
INPUT

1 ' =
T GND

Figure 68. Simplified Block Diagram of X2 and Vcc C  apacitor Discharge Circuitry

The time duration of X2 capacitors discharging ddeg unwanted overheat that could occur in case the X2 pin is

calculated by: opened and the high voltage is present on the HV pin (like
UCX12 during open — short pins testing for instance).
t= = Cyy (eq. 4) The X2 discharge switch is also activated to discharge
-X2_dis Vcc capacitor when entering into fault mode (latch mode,
The X2 capacitor discharging process can be inézdl auto—recoverymode or the HV pin voltage drops below
by increasing voltage on X2 pin back abaye xo. V Bo_offthreshold for more than 50 ms), off-mode and also

The over temperature protection block is active during before controller ¢ restart.
discharging process to protect controller chip @gfai

WWW. onsemi.com
22



 http://www.onsemi.com/

NCP1249

Remote Input with Remote Timer — A/B Version remote pin voltage exceed$ rem off threshold (8 V
The NCP1249A/B features dedicated input (REM pin) typically). Normal operating mode (i.e. on—-mode) is then
that allows user to activate ultra low consumptioade initiated again when remote input voltage drops back below

during which the IC consumption is reduced to ordyy V Rrem_onthreshold1.5 V typically) — refer to Figure 69 for
low HV pin leakage current (refer @y off-mode_1and better understanding.
IHV off-mode_2parameters). Thefeimode isactivated when

REM o
to Voo management to Vee
g C_vee
| AL,

i winding

: D2

: | L1

-RER. ™~

% .
RE Ok
I
100ms | _ﬁ,IMZ
7 REM IfL j_
TIMER
Tl
——
GHD
Figure 69. Simplified Block Diagram of Remote Contr ol Input
The off-mode is activated when the remote inputiieg e Restart after OVP/OTP event
up by auxiliary remote supply (refer to Figure 69he The remote timer helps to assure correct applicatiart

normal operation mode is then activated when dedicatedor re-start from fault conditions by forcing controller
opto—couplerpulls the remote input down. There could operation for 100 ms typically. However, the secondary
occur situation, in the application, that the aaxyl remote  controllerdrives remote pin via opto—coupler during normal
supplystays charged while the secondary bias has been los gperating conditions in order to switch between on-mode
The application then cannot restart until the aaxilremote and off-mode states. The on-mode is activated éoy v
supply capacitor fully discharges. Thus the remote input shorttime during no-load conditionsjtist to refill primary
hosts internal pU" down switch and remote timer with and Secondary Capacitors to keep app"cation biaEeel
durationREM_timer The controller pulls down remote pin  remote timer thus cannot be used in this case keciu
using this Circuitry in order to allow correct application would increase no-load power Consumption by forcing
restart incase the auxiliary bias capacitor (C1) stays chargedapplication on-mode operation for longer time than it is
while the secondary side is fully discharged already. The naturally needed. The remote timer with internal gown
remote timer is activated each time the applicaiamts  switch isthus not activated in this case (i.e. when apjtioat

after these events: restarts fronoff-mode operation).
e Start after application was plugged into the méx _
discharger signal resets remote timer latch indag) Feedback/Remote Input — C/D Version

The off mode is activated when the remote pin is o
Ve orrthreshold irossed i.e. when the skip mode takes
so long time that ¥c is lost. \&c capacitor is then
discharged by internal consumption. Maximum skipdmo

e Start after application has been un-latched by
re—plugging to the mains (X2 discharger signaltese
remote timer latch in this case)

* Restart from fault conditions in auto-recovery @s durationbefore the NCP1249 enters off-mode is thus given

¢ Restart after ¥c has been lost while remote pin was at by value of \&¢ capacitor, total consumption during skip
low state mode and voltage level onc¢ capacitor in the time when

® Restart after BO event flyback controller enters skip mode.
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IFBPEH $

Uref :
|
REM .
to Ucc management gdl,tliz on [] !
off-mode
_—
j N
/ s
FB/REM
to PWM comp. _P’IVEEZ
GND I
T “1
Figure 70. Simplified Block Diagram of FB/REM Contr ol Input
To force the controller entering the off mode, Yiotage inhibition comparator. At this moment, the high-voltage

on the feedback pin has to go below the skip cycle level,source iggood to go and it refuels thec¥ capacitor until a
400 mV typically. At this moment, all pulses are blocked new start-up sequence occurs. If the feedbackspiniven
and the auxiliary ¥c declines down to 0 V at a pace fixed by a dedicated off-mode controller, shortly aftee new
by the \&¢ capacitor and the controller consumption. When start-up sequence, the feedback pin will go dowairag
it passes below thec o threshold, because the FB pin is initiating another off cycle. The resulting output voltage
still maintained low, the controller does not rézate the exhibits a large low-frequency ripple, naturally decreasing
high-voltagestart-up source and the circuit remains locked, the overall consumption budget of the convertepidsl
consuming the least power. The circuit remains off as longVcc and feedback signals while in this mode are drawn in
as the feedback pin pulled to ground. Figure 71.

When the feedback pin is released, an internal current
source (tsrem), pulls the feedback voltage up, above the

IFBREM
LAV I O SR W
Normal |skip | Off

mode mode; mode

V_REM_on

Off-mode
released
V_rem_off /Vskip \
HV on on
source off .

Vee

VEE.ON reriprermrmennseneennenen 8 SRR SOOI SOV S SRS

Ve _oFfF M S

5V i

Figure 71. Combined FB/REM Pin Behavior

Operating Status Diagram
The NCP1249A/B ¥c management behavior is clearly
described in status diagram on Figure 72.
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Efficient operating Extra Low
mode Consumption
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(CID)
X2discharge=0
VSCS?E\‘/U“ %COC ia;,"
DRV=0
e
+ 1,455\///{
@" /é\rtj
X2 Timer \y; timer=0 X2 cap > g ,@74/
4 Vee=xV = Discharge \ X2 detect=1 €
DRV =x DRV =0 <
X2_timer = 1 quvc:;gvv DRV=0 R
&Xizdjtl‘;"et: 2 ngmgt: 0 Vee> 1v
Figure 72. V cc Management Status Diagram
Internal Over Power Protection
There areseveral known ways to implement Over Power >§
Protection (OPP), all suffering from particular problems. o time
These problems range from the added consumptiatehur NV V) N
on the converter or the skip—cycle disturbance brought by L ————\
the current-sense offset. A way to reduce the power _\ \
capability ahigh line is to capitalize on the negative voltage ° t
swing present on the auxiliary diode anode. During the
turn—on time, this point dips to —NWN being the turns ratio — =N,V
between the primary winding and the auxiliary wingdiThe
negative plateau observed on Figure 73 lndlfe amplitude on-time
depending on the input voltage. The idea implemented in
this chip is to sum a portion of this negative sywwith the Figure 73. The signal obtained on the auxiliary
0.8 V internal reference level. For instance, & tholtage winding swings negative during the on—time
swings down to =150 mV during the on time, then the
internal peak current set point will be fixed t8 6.0.150 = Let's assume we need to reduce the peak curremt fro
650 mV. The adopted princip|e appears in F|gurmﬁd_ 2.5A at low ”ne, to 2 A at hlgh line. This Cormds toa
shows how the final peak current set point is qolsed. 20% reduction or a set point voltage of 640 ifd/reach this
level, then the negative voltage developed on the OPP pin
must reach:

Vopp = 640m — 800 m = -160mV  (eq. 5)
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RoppU

Vee _ Vaux swings to:
=} | =<

Vout during toff
~NVin during ton

This point will
be adjusted to
reduce the ref
at hi line to the

desired lev el

from FB
Vdd v reset
)

Ki— 1 -
app . ref cs . |
— SUM2 ="\ i

lopp — | K2 AN i B "F
0.8V |
+- 5%

RoppL ‘

i | ) ref=0.8V + VOPP T {
cs
(VOPP is negative) ]
o
i} ] |

GND

Figure 74. The OPP circuitry affects the maximum pe  ak current set point by
summing a negative voltage to the internal voltage reference

Let us assume that we have the following converter To obtain a level as imposed by (Eg. 5), we neaastall

characteristics: a divider featuring the following ratio:

Vout=19V .

Vir = 85 to 265 V rms Div = 22 = 24m (eq. 7)

N1 = Np:Ng=1:0.25 If we arbitrarily fix the pull-down resistd®opp to 1 K2,

N2 = Np:Nayx=1:0.18 then the upper resistor can be obtained by:
G?ve_n the turns rat_io betwedme primary and the auxiliary R _ 675 =016 _ 451 k0 €q.9)
windings, the on-time voltage at high line (265 Mai the OPPU 0.16/1k :
auxiliary winding swings down to: If we now plot the peak current set point obtairgd

Vaux = “NaVi max = ~0-18 X 375 = ~-67.5V (eq. 6) implementing the recommended resistor values, we obtain

the following curve (Figure 75):

Peak current
setpoint

A

100%

80%

»  Vhuk
375

Figure 75. The peak current regularly reduces down to 20% at 375 V dc

The OPP pin is surrounded by Zener diodes stacked tomaximum peak reduction is kept to 40%. If the voltage
protect the pin against ESD pulses. These diodespac finally forward biases the internal zener diodegrtlcare
some peak current in the avalanche mode and aigndds  must be taken to avoid injecting a current beyond —2 mA.
to sustain a certain amount of energy. On the other sideGiven the value oRoppy, there is no risk in the present
negative injection into these diodes (or forward bias) canexample. Finally, please note that another comparator
causesubstrate injection which can lead to an erraticudi internally fixes the maximum peak current set point to 0.8 V
behavior. Taavoid this problem, the pin is internal clamped even if the OPP pin is adversely biased above 0 V.
slightly below —300 mV which means that if more currentis  For optimum performance over temperature, we
injected before reaching the ESD forward drop, then the recommendeeping the low-side OPP resistor belowtB k
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Frequency Foldback

The reduction of ho—load standby power associafidd w
the need for improving the efficiency, requiresharge in
the traditional fixed—frequency type of operatiorhis
controller implements a switching frequency foldbaden
the feedback voltage passes below a certain leyg), Vs,
set around 1.9 V. At this point, the oscillator turns into a
\Voltage—ControlledOscillator and reduces its switching
frequency. The peak current setpoint is following the

feedbackpin until its level reaches 1 V. Below this valthe
peak current freezes tGy¥eze Fa(250 mV or=31% of the
maximum0.8 V setpoint) and the only way to further reduce
the transmitted power is to diminish the operafiequency
down to 26kHz. This value is reached at a voltage feedback
level of 450 mV typically. Below this point, if the output
power continues to decrease, the part enters gkip éor

the best noise—free performance in no-load conwitio
Figure 76 depicts the adopted scheme for the part.

Frequency Peak current setpoint
f'sw VCS
A A
FB 130 kHz max
max
I_._’ 65 kHz 0.80V
=047V
26 kHz v
min \QQ/
"J, R
/ =025V ; o
»Veg | LV,
400mV 1.5V 1.9V3.2V 4V Vo Vireeze FB Viold FB 3.2V
Viold_end Viold_FB oav 1.0V 1.9V

]

Figure 76. By observing the voltage on the feedback
its switching frequency for an improved performance

Auto-recovery Short—circuit Protection
In case of output short—circuit or if the power supply
experiences severe overloading situation, an inteerabr

pin, the controller reduces
at light load

thus to restart converter operation in case the input line
voltage is above \go onthreshold. The controller is then
checkingfor the absence of the fault. If the fault is tikere,

flag is raised and starts a countdown timer. If the flag is the supply enters another cycle of so—called hictfujne

asserted longer than fatilher duration, the driving pulses
are stopped and thec¥ capacitor is discharged down to
10V (Vec_orr threshold) by controller Icc consumptidt.
this point, the controller activates 2 s auto-recguimer
that starts to count down the time to new resttetrgt. The
total restart time from fault confirmation is thgen by
sum of two times: VCC capacitor discharge time fgiven
Vcce level (present at fault confirmation eventvig orr
level and 2 s internal auto—recovery timer duratiore e
capacitor is discharged to Vgfys level when
auto—recovery timer starts counting. Thedis maintained
at Vcc pigs level during this operation to keep timer and
other internal circuitry running.

The V¢ capacitor is fully discharged by X2 discharge
switch before controller tries for restart from faulbdiion.
The restart from fault condition is caused when
auto-recoventimer elapses or §c is forced below 4 V

fault has disappeared, the power supply resumeatapes.
Please note that the soft-start is activated during @able
re—start sequence.

Slope Compensation

The NCP1249 includes an internal ramp compensation
signal. This is the btdred oscillator clock delived during
the on time only. Its amplitude is around 2.5 Vtiag
maximum authorized duty-ratio. Ramp compensation is a
known means used to cure sub harmonic oscillations in
CCM-operated current-mode  converters.  These
oscillations take place at half the switching frequency and
occur only during Continuous Conduction Mode (CCM)
with a duty-ratio greater than 50%. To lower therent
loop gain, one usually mixes between 50 and 100%ef
inductor downslope with the current-sense signal.
Figure 77 depicts how internally the ramp is generated.

externally. The HV startup current source is activated to Please note that the ramp signal will be disconnected from

charge the Vcc capacitor in fast manner ¢ \Von level and

the CS pin, during the off-time.
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25V

ov

ON >—>
1
latch
reset 20k
— Rcomp
L.E.B | —T
CSs
Rsense
from FB )
setpoint

Figure 77. Inserting a resistor in series with the current sense information
brings slope compensation and stabilizes the conver ter in CCM operation

In the NCP1249 controller, the oscillator ramp éitsia A resistor of the above value will then be inseftech the
2.5V swing reached at a 80% duty-ratio. If thecklo sense resistor to the current sense pin. We recommend
operates at 85-kHz frequency, thetie available oscillator  adding asmall 100 pF capacitor, from the current sense pin
slope corresponds to: to the controller ground for improved noise immunity.
(eq.9) Please make sure both components are locatedleegyto

\Y,
ramp__ ___ 2.5 _508kV/s or 208mV/us the controller.

Samp =5 — T~ 08 x 15 u
In our flyback design, let's assume that our primary Latching Off the Controller

inductance is 770uH, and the SMPS delivers 19V with  The OPP pin not only allows a reduction of the peak

aNy:Ns turns ratio of 1:0.25. The off-time primary curren ~ current set point in relationship to the line voltage, it also
slope$, is thus given by: offers a means to permanently latch—off the paheWthe

part islatched—off, the VCC pin is internally pulled dowm
Vce biasand the part stays in this state until the user

N (eq. 10)
P
Vo +V
( out f)NS _(19+0.8) x 4

Sp = - =5 = 103 kA/s un—plugsthe converter from the mains ouﬂet _obfyis
p " forcedbelow 4 V externally. The latch detection is magle b
Given asense resistor of 330@nthe above current ramp  observing the OPP pin by a comparator featuring a 3 V
turns into a voltage ramp of the following amplieud reference voltage. However, for noise reasons and in
(eq. 11) particular to avoid the leakage inductance contribution at
Ssense = SpRsense = 103 k X 0.33 = 34 kV/s or 34 mV/us turn off, a 1us blanking delay is introduced before the

output of the OVP comparator is checked. ThenQk@®

If we select 50% of the downslope as the requiraduant . . e .
of ramp compensation, then we shall inject a ramp whoseComparatooutput is validated only if its high—state duration
lasts a minimum of 600 ns. Below this value, the event is

slope is 17 m\Is. Our internal compensation being of

o : : i d. Then, a counter ensures that only four successive
208 mVs, the divider ratiodjvratio) betweerReomp and Ignore ' .
the internal 20 ® resistor is: OVP events have occurred before actually latchiegoart.

17m There are several possible implementations, depending on
divratio = ——— = 0.082 (eqg. 12) the needed precision and the parameters you weahtmml.
208 m . . L o -
) : _ _ _ The first and easiest solution is the additional resistive
The series compensation resistor value is thus: divider on top of the OPP one. This solution is#rand
(eq. 13) inexpensive but requires the insertion of a diaderevent
Rcomp = Rramp divratio = 20 k x 0.082 = 1.64 kQ disturbing the OPP divider during the on-time
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D2
le 1N4148
L, L
| S| 11 N
RoppU
421k
| S|
vee =——K}—
OPP 1 aux.
all " T winding
cl1T 1 ROPPL 1
1000 T | |1k — - -4
. OVP g]PP _
- Vlatch(")

Figure 78. Simple resistive divider brings the OPP pin above 3V in case ofaV . voltage runaway above 18 V

First, calculate the OPP network with the aboveatoos. Viageh = Vvop 18 -3 15
R = = = —— = 5kQ (eq. 15)
Then, suppose we want to latch off our controlleem\byt OVP ™ Voup/RoppL 3/1k  3m

tehxceectjs fS \1.t0ﬂnebal:r>]< '“?W Wlncjt[ngt,) t?e platteau refledcts In nominal conditions, the plateau establishes to around
€ output voltage by the wrns ratio between theepan 14 V. Given the divide—by ratio 6, the OPP pin willing to

tlhge\;a\wgha:y V\{['r?dmlgi' In ca_ﬁe of voita-ge runaviagyour 14/6 = 2.3V during normal conditions, leaving 700 mV for
adapter, the plateau will go up to: the noise immunity. A 100 pF capacitor can be added
Vaovp = 25 X % =18V (eq. 14) improve it and avoids erratic trips in presence of external

, . surges. Do not increase this capacitor too much otherwise
Since our OVP comparator trips ata 3 V level, sefbe  the Opp signal will be affected by the integrattiige

1 kQ2 selected OPP pull-down resistor, it implies a 3 MA nstant.

current. From 3 V to go up to 18 V, we need an éufuil A second solution for the OVP detection alonegpisge

15 V. Under 3 mA and neglecting the series diode/dod a Zener diode wired as recommended by Figure 79.
drop, it requires a series resistor of:

D3
v IN4148
N K
RoppU
421k
| S|
vee =——K}—
OPP 1 aux.
] " T winding
ct | []roppL T
2pF T | |1k - mi
+5 v )

Figure 79. Zener Diode in Series with a Diode Helps  to Improve the Noise Immunity of the System

WWW. onsemi.com
29



 http://www.onsemi.com/

NCP1249

In this case, to still trip at a 18 V level, we have selected ended and ¥c is between ¥c_onand \ec_ordevels, the
a 15V Zener diode. In nominal conditions, the agé on controller immediately stops driver pulses. Aftdret
the OPP pin is almost 0 V during the off time as Ziener temperature falls back below the lower threshold, the V
is fully blocked. This technique clearly improvée hoise capacitor is fully discharged by X2 discharge switch to
immunity of the system compared to that obtained from arestart the controller.
resistivestring as in Figure 78. Please note the reduction o0 The TSD protection can be activated at some otsg
the capacitor on the OPP pin to 10-22 pF. Thiséaume of (charging \&c capacitor - start-up sequence and
the potential spike going through the Zener partasit discharging X2 or ¥c capacitors). The TSD protection
capacitor andhe possible auxiliary level shortly exceeding only interrupts current operating sequence — ihe t
its breakdown voltage during the leakage inductaaset operation sequence continue after the temperature faks bac
period (hence the internalys blanking delay at turn off).  below the lower threshold. The controller is not reset by
This spikedespite its very short time is energetic enough to TSD activation in these cases.
charge the added capaci@y and given the time constant, In a lot of designs, the adapter must be proteatednst
could make it discharge slower, potentially disturbing the thermal runaways, e.g. when the temperature ingide
blanking circuit. When implementing the Zener optii is adapter box increases beyond a certain value. Figure 80
important to carefully observe the OPP pin voltage (short shows how to implement a simple OTP using an external
probeconnections!) and check that enough margin exasts t NTC and a series diode. The principle remains tmes

that respect. make sure the OPP network is not bothered by the@ulit
) NTC hence the presence of this diode. When the NTC
Internal and External Over Temperature Protection resistor will diminish as the temperature increases, the

The NCP1249 includes a temperature shutdown qiage on the OPP pin during the off time will slowly
protection. When the temperature rises above the highin rease and, once it crosses 3 V for 4 consecutive clock
threshold during stable operation - i.e. start-eguence is cycles, the controller will permanently latch off.

D2
NTC 1N4148
RoppU
841k
vee =——K}—
OoPP aux.
] + T g winding
H ROPPL
2.5k - V —
* full latch OPP
L Vlatch(")

Figure 80. The internal circuitry hooked to pin 1 ¢ an be used to implement over temperature protection (OTP)
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Back to our 19 V adapter, we have found that théspl
voltage on the auxiliary diode was 13 V in nominal 200 mV decrease from the 0.8 V set point and theiore
conditions. Wehave selected an NTC which offers a 4¥D k
resistor at 29C and drops to 8.8¢k at 110C. If our

limit at the chosen output power level. Suppose we need a

swing onthe auxiliary anode is —67.5 V, then we need tp dro
overRoppy a voltage of:

auxiliary winding plateau is 14 V and we consider a 0.6 V Vg =67.5-02 =673V (eq. 19)

forward drop for the diode, then the voltage actbedNTC oPPU- _ _
in fault mode must be: The current circulating in the pull down resisResppr in

this condition will be:

Vyte =14 -3-06 =104V (eq.16)
. 2
Based on the 8.8¢k NTC resistor at 111, the current I _200m _ 80 uA (eq. 20)
. - . oPPL 25k
inside the device must be: . ) )
The Roppy value is therefore easily derived:
e = % ~12mA (eq. 17) 673
' oPPU = _80'M = 841 kQ (eq. 21)

As such, the bottom resistBppp, can easily be calculated:

Combining OVP and OTP
The OTP and Zener-based OVP can be combined
Now that the pull-down OPP resistor is known, we can together as illustrated by Figure 81.

calculate the upper resistor valkgppy to adjust the power

= 2.5kQ (eq. 18)

_ 3
ROPPL T 12m

D3
15v

I/k D2

NTC 1N4148

e K

vee <+——K}—gs

oPP aux.
[
10| s

H ROPPL
2.5k 5— ~ v o

1 Vlatch C) OVP OPP

winding

Figure 81. With the NTC back in place, the circuit  nicely combines OVP, OTP and OPP on the same pin
In nominal \cc/output conditions, when the Zener is not Filtering the Spikes
activated, the NTC can drive the OPP pin and trigger the The auxiliary winding is the seat of spikes that canple
adapter in case of a fault. On the contrary, in nominal to the OPP pin via the parasitic capacitances asdiby the
temperature conditions, if the loop is broken, the voltage Zener diode and the series diode. To prevent an adverse
runaway will be detected and acknowledged by the triggering of the Over Voltage Protection circuitiy is
controller. possible to install a smaRC filter before the detection
In case the OPP pin is not used for either OPP\WG?, @ network. Typical values are those given in Figure 82 and
can simply be grounded. must be selected to provide the adequate filtering function
without degrading the stand-by power by an excessive
current circulation.
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1D53V additional filter
N 4 . N\
4N D2 T
NTC 1N4148
@ k1 C1
o N < 330pF
RoppU R3
841k 220
| S| i | S|
- %
OPP vee <+—o—K
J.UD a— + 1 g aux.
T winding
H ROPPL
25k 1) -
. V =
L Vlatch C) OVP OoPP
Figure 82. A small RC filter avoids the fast rising spikes from reaching the protection pin of the
NCP1249 in presence of energetic perturbations supe  rimposed on the input line
Latching Off with the VCC pin Peak Power Excursions
The NCP1249 hosts a dedicated comparator on the VCC There are applications where the load profile heavily
pin. When the voltage on this pin exceeds 27.5pically changes from a nominal to a peak value. For instance, it is
for more than 2@s, a signal is sent to the internal latch and possible that a 30 W ac-dc adapter accepts power
the controller immediately stops the driving pulsésle excursions up to 60 W in certain conditions. Iniggnters

remaining in a lockout state. The part can be reken the typically fall in that category of peak power adapters.

user disconnects the adapter from the mains. @bisitque However, toavoid growing the transformer size, an existing

offers a simple and cheaper means to protect the convertetechnique consists in freezing the peak current to a

against optocoupler failures withauging the OPP pinand maximum value (0.8%ensein our case) but authorizes

a Zener diode. frequencyincrease to a certain point. This point is intdynal
fixed at 130 kHz.

/
Ves[V]
4.5 T Maximum frequencyis fosne, 00
0sC
B <psegmesamnnst i S R e el B T s e Peak current
f, increases is clamped
32 T R gl g T s R
fsw is fixed Ipeak max
65 kHz
19 v 22 65 kHz Peak current
15 J,_fow decreases 26 kH can change
S R > e z
1.0 oo v__ lpea Min
0.4 Peak current
' 0 duty-ratio is frozen
Figure 83. The feedback pin modulates the frequency up to 130 kHz Output Load

(short—circuit, maximum power) or down to 26 kHz in frequency foldback
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Figure 83shows the voltage evolution from almost 0 V to p 1 | 20 (eq.22)
the open-loop level, around 4.5At low power levels or in max,DCM = 2 7P TOSC_max “peak.max
no-load operation, the feedback voltage staysarvitinity P _ 1 (I 2| 2) (eq. 23)
of 400 mV and ensures skip—cycle operation. Inriosle, max,CCM — 2 =P '0SC_max | peak,max valley ) " (€4
the peak current is frozen to 31% of its maximunueaind Where peak,maxis the maximum peak current authorized

the operating frequency is 26 kHz. This freezeslastlong by the controller and ey the valley current reached just
as kg stays below 1 V. Beyond 1V, the peak current is before a new switching cycle begins. This current i
authorized to follow ¥g through a ratio of 4. When the expressed by the following formula:

power demand goes further up, the feedback pirsesa V.o 4V

level of 1.5 V where the switching frequency linearly I out * 7t
increases from 26 kHz up 6 kHz, a value reached when

the feedback voltage exceeds 1.9 V. Beyond 1.9 &, th In DCM, the valley current is equal to O.
frequency no longer changes. AggVstill increases, the
controller is in a fixed—frequency variable peakrent
mode control type of operation until the feedback voltage "
hits 3.2 V. At this point, the maximum current is limited to currentthe cqntroller krjows t_hat an overload condition has
0.8 VRsense If Vg further increases, it means the converter Stérted. An internal timer is operated as soon as the
undergoes an overload and requires more power from thdnaximum peak is reached. If the feedback voltage comstinue

source. As the peak current excursion is stopped, the onl))ts rise, it means that the conver'Fer ‘?UtPUt \{(dt@going
way to deliver more power is to increase the swiiigh down further, close to a short—circuit situation. When the

frequency. From 3.2 V up to 4.1V, the frequency linearly feedbackvoltage reaches the open-loop level (above 4.1 v
increases from 65 kHz to 130 kHz. Beyond 4.1 V, the typically), the original timer duration is divided by 4. Of
frequency is fixed to 130 kHz. The maximum power course, if the feedback does not stay that lorierregion

delivered by the converter depends whether it operates inmc congern, the timer is rgset when returning to a normal
Discontinuous Conduction Mode (DCM) or in Continuous level. Figure 84hows the timer values versus the feedback

valley — Ipeak - NL, Lot (eq. 24)

Two Levels of Protection
Once the feedback voltage asks for the maximum peak

Conduction Mode (CCM): voltage.
Vg [V] fow [kHz]
4.5 —=
41 Open loop voltage 25% timer — short-circuit 130
100% timer — overload
39 Max |peax
1'9 Fixed-frequency variable peak current 65
1'5 Frequency foldback variable peak current
1.0 | Froencurent _____Fixed frequency variable peak current 31% max lpey | 26
0.4 Frozen peak current

Skip cycle

Figure 84. Depending on the feedback level, the tim  er will take two different values: it will
authorize a transient overload, but will reduce as  hort—circuit duration
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Please note that the overload situation (OVL) iected
when the maximum peak current limit is hit. It dan3.2 V
as indicated in the graph in case of no Over P&n&ection
(OPP). If you have programmea OPP levebf —200 mV

for instance, the OVL threshold becomes (0.8 - 0.2) x 4 =

2.4 V. When the maximum peak current situation is lifted,

the converter returns to a normal situation, thetiis reset.
The short circuit situation is detected by sensifegdback
voltage beyond 4.1 V. For the sake of the explanation, we
have gathered two different events in Figure 8%:(i¢
voltage on internal capacitor which defines fault timer
duration).

Ves

130 kHz 41 V

3.2V

VCl t VCt
e ety fa_u_l_t__7 _____________

sc /|
SC ovL / ovL |SC
OVL
t t
Figure 85.
Whenthe feedback voltage exits a fault region beforeti 1000 ms

completion, the timer is reset. On the contrary, if the timer
elapses, the part enters an auto—recovery hiccup or latche ¢

off depending on the operated version.

In the first case, the feedback is pushed to thdémam
uponstart-up. Theimer starts with a charging slope of the
short—circuit condition (SC). As soon as regulatacurs,
the timer gets reset. An overload occurs shortlr §@VL).
The internal timer immediately starts to count when the
3.2V level is crossed @g with no OPP). As the overload
lasts less than the fault timer elapses, the feedieaatins to
its regulation level and resets the timer.

In the second case, the overload occurs afteratguibut
the feedback voltage quickly jumps into the sharttit
area. At this point, the countdown is acceleratedhe
charging slope changed to a steeper one. The tmxdllgack
to an OVL mode and the counter slows down. Finaligk
to short circuit again and the timer trips the fault circuitry
after completion: all pulses are immediately stappe

The OVL timer is adjusted by wiring a resistofrifr)
from pin 5 to ground. Theelow chart shows what value to
adopt to fit your timer duration needs. Typically, a 22 k
pull-down resistor will set the OVL duration to 561. In

case of the pin short-circuit to ground (safety test), the

duration will be reduced to 500/4 or 125 ms.

101

750 ms -

Overload timer durat

250 ms -+

1]

10 O 10kQ  100kQ  1MQ
Rimer
Figure 86. This Curve Shows How to Program the

OVL Timer Duration

100 Q2 1 ka2

Please note that pin 5 includes a circuitry that marthges
timer current in case of pin opening or shortemnground.
In both cases, the timer is set to known valuésgedl in the
parameters sheet. The given duration is that of the OVL
timer.
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POINT ON THE PACKAGE BODY.
MILLIMETERS
DIM[ MIN [ MAX
Al 125 | 1.75
Al| 010 [ 025
A3 | 017 | 025
b | 031 [ 051
D | 480 | 5.00
M E | 380 | 4.00
e 1.00 BSC
-\ H | 580 [ 620
/ h 0.37 REF
L | 040 [ 127
L2 0.25 BSC
M o° [ 8°
GENERIC
MARKING DIAGRAM*
9
XXXX
LYWX

XXXXX = Specific Device Code

A = Assembly Location
L = Wafer Lot

Y = Year

w = Work Week

= Pb-Free Package

*This information is generic. Please refer
to device data sheet for actual part
marking. Pb—Free indicator, “G”, may
or not be present.
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