NCP1251

Current-Mode PWM
Controller for Off-line
Power Supplies

The NCP1251 is a highly integrated PWM controller capable of

ON Semiconductor®

delivering a rugged and high performance offline power supply in a WWW. onsemi.com

tiny TSOP-6 package. With a supply range up to 28& controller

hosts gittered 65 kHz or 100 kHz switching circuitry opézd in peak MARKING

current mode control. When the power on the seagraide starts to DIAGRAM

decrease, the controller automatically folds batk switching TSOP—6 M0

frequency down to a minimum level of 26 kHz. As the power further ? (SOT23-6) SxyAYWa

goes down, the part enters skip cycle while lingitihe peak current. 5@ SN SUFFIX o =
Over PowelProtection (OPP) is a difficult exercise especialhen 1 CASE 318G NERERE

no-loadstandby requirements drive the converter specifications. The STYLE 13

ON proprietary integrated OPP lets you harness rifaximum 5xy = Specific Device Code

delivered power without affecting your standby performance simply X =Aoru

via two external resistors. A latched Over Voltaget&ction (OVP) is y =A,2,C,D,orF

combinedon the same pin. For ease of implementatidatched OVP A = Assembly Location

also monitors the ¥ line. They offer an efficient protection in case \\/(v zx;rk Week

of optocoupler destruction or adverse open loopaijza. .

4 ) A ! = Pb-Free Package
Finally, a timer-based short—circuit protection offers the best

protectionscheme, letting you precisely select the protedtiprpoint
irrespective of a loose coupling between the auxiliary and the power

(Note: Microdot may be in either location)

windings. PIN CONNECTIONS

Features GND |I o) E DRV

® Fixed—Frequency 65 or 10z Current—-Mode Control Operation

e Internal and Adjustable Over Power Protection (OBiRuit F8 [2] [5]vee

e Frequency Foldback Down to 26 kHz and Skip—Cyclkight Load OPP/Latch [ 3] 2] cs
Conditions

e Internal Ramp Compensation (Top View)

® |nternal Fixed 4 ms Soft-Start

e 100 ms Timer—Based Auto—Recovery Short-Circuit &tion ORDERING INFORMATION

° Frequency Jittering in Normal and Frequency Fol&bdodes See detaileq ordering, marking and shipping information on

i i i X page 2 of this data sheet.

e Option for Auto—Recovery or Latched Short-Circuibtection

® OVP Input for Improved Robustness

e Up to 28 V \c Operation

e | atched or Auto—Recovery OVP Protection ogc/

® +300 mA / -500 mA Source/Sink Drive Capability

® | ess than 100 mW Standby Power at High Line

e EPS 2.0 Compliant

® These are Pb—Free Devices

Typical Applications
e ac—dc Converters for TVs, Set—-top Boxes and Psnter
o Offline Adapters for Notebooks and Netbooks

© Semiconductor Components Industries, LLC, 2015 1 Publication Order Number:
June, 2015 - Rev. 14 NCP1251/D
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Figure 1. Typical Application Example
Pin N° | Pin Name Function Pin Description
GND - The controller ground.
FB Feedback pin Hooking an optocoupler collector to this pin will allow regulation.
OPP/OVP | Adjust the Over Power Protection A resistive divider from the auxiliary winding to this pin sets the OPP
Latches off the part compensation level. When brought above 3V, the part is fully latched off.

4 CS Current sense + ramp This pin monitors the primary peak current but also offers a means to

compensation introduce ramp compensation.

5 Vee Supplies the controller This pin is connected to an external auxiliary voltage and supplies the
controller. When the V¢ exceeds a certain level, the part permanently
latches off.

6 DRV Driver output The driver’s output to an external MOSFET gate.

OPTIONS
Controller Frequency OCP Vce OVP OVP/OTP
NCP1251ASN65T1G 65 kHz Latched Latched Latched
NCP1251BSN65T1G 65 kHz Autorecovery Latched Latched
NCP1251CSN65T1G 65 kHz Autorecovery Autorecovery Latched
NCP1251FSN65T1G 65 kHz Autorecovery Latched Latched
NCP1251ASN100T1G 100 kHz Latched Latched Latched
NCP1251BSN100T1G 100 kHz Autorecovery Latched Latched
NOTE: F version has a different foldback scheme for improved efficiency.
ORDERING INFORMATION
Package Vce OVP Switching
Device Marking OCP Protection Protection Frequency Package Shipping T
NCP1251ASN65T1G 5AA Latch Latch 65 kHz
NCP1251BSN65T1G 5A2 Autorecovery Latch 65 kHz
NCP1251CSN65T1G 5AE Autorecovery Autorecovery 65 kHz TSOP-6 3000/
NCP1251FSN65T1G 5AF Autorecovery Latch 65 kHz (Pb—Free) | Tape & Reel
NCP1251ASN100T1G 5AC Latch Latch 100 kHz
NCP1251BSN100T1G 5AD Autorecovery Latch 100 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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NCP1251

MAXIMUM RATINGS TABLE

Symbol Rating Value Unit
Vee Power Supply voltage, V¢ pin, continuous voltage 28 \Y,
Vprvtran | Maximum DRYV pin voltage when DRV in H state, transient voltage (Note 1) Vee +0.3 \Y,
Maximum voltage on low power pins CS, FB and OPP -0.3t0 10 \Y
I0PP Maximum injected negative current into the OPP pin (pin 3) -2 mA
Iscr Maximum continuous current into the V¢ pin while in latch mode 3 mA
Roia Thermal Resistance Junction—to—Air 360 °C/W
T3 max Maximum Junction Temperature 150 °C
Storage Temperature Range —-60 to +150 °C
ESD Capability, Human Body Model (HBM), all pins 2 kv
ESD Capability, Machine Model (MM) 200 \
ESD Capability, Charged Device Model (CDM) 1 kv

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. The transient voltage is a voltage spike injected to DRV pin being in high state. Maximum transient duration is 100 ns.

2. This device series contains ESD protection and exceeds the following tests: Human Body Model 2000 V per JESD22, Method A114E.
Machine Model Method 200 V per JESD22, Method A115A. Charged Device Model per JEDEC Standard JESD22-C101D

3. This device contains latch—up protection and exceeds 100 mA per JEDEC Standard JESD78.

WWW. onsemi.com
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NCP1251

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

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

SUPPLY SECTION

VCCon | Vcc increasing level at which driving pulses are authorized 5 16 18 20 \Y
VCCmin) [ Vcc decreasing level at which driving pulses are stopped 5 8.2 8.8 9.4 Y
VCChyst | Hysteresis VCCon — VCCmin) 5 6.0 \%

VZENER Clamped V¢ when latched off / burst mode activation @ Icc = 500 uA 5 7.0 \%

ICC1 Start-up current 5 15 A
ICC2 Internal IC consumption with Igg = 50 uA, Fsw = 65 kHz and C| =0 nF 5 14 2.2 mA
ICC3 Internal IC consumption with Igg = 50 uA, Fgw = 65 kHz and C| =1 nF 5 2.1 3.0 mA
ICC2 Internal IC consumption with Irg = 50 pA, Fgy = 100 kHz and C_ = 0 nF 5 17 2.5 mA
ICC3 Internal IC consumption with Irg = 50 pA, Fgw = 100 kHz and C|_ =1 nF 5 3.1 4.0 mA
ICCsthy [ Internal IC consumption while in skip cycle (Ve = 12V, driving a typical 6 A/600 V 5 550 uA
MOSFET)
ICCLaTcH | Current flowing into V¢ pin that keeps the controller latched (Note 4) 5 uA
Tj=-40°C to +125°C 40
T;=0°Cto +125°C 32
Riim Current-limit resistor in series with the latch SCR 5 4.0 kQ
DRIVE OUTPUT
T, Output voltage rise—-time @ C, = 1 nF, 10-90% of output signal 6 40 ns
Tt Output voltage fall-time @ C_ = 1 nF, 10-90% of output signal 6 30 ns
RoH Source resistance 6 13 Q
RoL Sink resistance 6 6.0 Q
Isource Peak source current, Vgg = 0 V — (Note 5) 6 300 mA
lsink Peak sink current, Vgg = 12 V — (Note 5) 6 500 mA

Vprviow | DRV pin level at Ve close to VCCyiny with a 33 k2 resistor to GND 6 8.0 \Y

VbRvhigh | DRV pin level at Vcc = 28 V — DRV unloaded 6 10 12 14 \%
CURRENT COMPARATOR

Iis Input Bias Current @ 0.8 V input level on pin 4 4 0.02 uA

VLimity Maximum internal current setpoint — Ty = 25°C — pin 3 grounded 4 0.744 | 0.8 0.856

VL imit2 Maximum internal current setpoint — Ty = =40°C to 125°C — pin 3 grounded 4 0.72 0.8 0.88
Vsold Default internal voltage set point for frequency foldback trip point — 45% of Vjimit 3 357 mV
Vireeze Internal peak current setpoint freeze (=31% of V|imi) 3 250 mV
ToEL Propagation delay from current detection to gate off-state 4 100 150 ns
TLeB Leading Edge Blanking Duration 4 300 ns
TSS Internal soft-start duration activated upon startup, auto—recovery - 4 ms

I0PPo Setpoint decrease for pin 3 biased to —250 mV — (Note 6) 3 31.3 %

I00PV Voltage setpoint for pin 3 biased to -250 mV — (Note 6), T; = 25°C 3 0.51 | 0.55 | 0.60 \%

I00PV Voltage setpoint for pin 3 biased to -250 mV — (Note 6), T; = -40°C to 125°C 3 0.50 | 0.55 | 0.62 \%

IOPPs Setpoint decrease for pin 3 grounded 3 0 %

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.

4. For design robustness, we recommend to inject 60 pA as a minimum at the lowest input line voltage.

5. Guaranteed by design

6. See characterization table for linearity over negative bias voltage

7. A1 MQ resistor is connected from pin 3 to the ground for the measurement.

WWW. onsemi.com
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NCP1251

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

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

INTERNAL OSCILLATOR

fosc Oscillation frequency (65 kHz version) - 61 65 71 kHz
fosc Oscillation frequency (100 kHz version) - 92 100 108 kHz
Dmax Maximum duty—cycle - 76 80 84 %
itter Frequency jittering in percentage of fosc - 15 %
fswing Swing frequency - 240 Hz
FEEDBACK SECTION
Rup Internal pull-up resistor 2 20 kQ
Req Equivalent ac resistor from FB to GND 2 16 kQ
Iratio Pin 2 to current setpoint division ratio - 4.2
Vireeze Feedback voltage below which the peak current is frozen 2 1.05 \%

FREQUENCY FOLDBACK

Vsold Frequency foldback level on the feedback pin — =45% of maximum peak current - 15 \%
VioldF Frequency foldback level on the feedback pin — =59% of maximum peak current - 1.9 \%
(F version only)

Ftrans Transition frequency below which skip—cycle occurs - 22 26 30 kHz
Vioidend | End of frequency foldback feedback level, Fsy, = Fyin 350 mV
Violdrend | End of frequency foldback feedback level, Fsy, = Fyin 15 Y

(F version only)

Vskip Skip—cycle level voltage on the feedback pin - 300 mV

Skip Hysteresis on the skip comparator — (Note 5) - 30 mV
hysteresis

INTERNAL SLOPE COMPENSATION

Vramp Internal ramp level @ 25°C — (Note 7) 4 25 \%
Rramp Internal ramp resistance to CS pin 4 20 kQ
PROTECTIONS
Vatch Latching level input 3 2.7 3 3.3 \%
Tiatch-blank | Blanking time after drive turn off 1 1.0 us
Tiatch—count | Number of clock cycles before latch confirmation - 4.0
Tiatch-del | OVP detection time constant 1 600 ns
Timer Internal auto—recovery fault timer duration - 100 130 160 ms
Vovp Latched Over voltage protection on the V¢ rail 5 24 255 27 Y
Tovedel | Delay before OVP on V¢ confirmation 5 20 us

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

4. For design robustness, we recommend to inject 60 pA as a minimum at the lowest input line voltage.

5. Guaranteed by design

6. See characterization table for linearity over negative bias voltage

7. A1 MQ resistor is connected from pin 3 to the ground for the measurement.
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NCP1251

TYPICAL CHARACTERISTICS
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NCP1251

TYPICAL CHARACTERISTICS
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NCP1251

TYPICAL CHARACTERISTICS
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NCP1251

APPLICATION INFORMATION

Introduction

The NCP1251 implements a standard current mode
architecture where the switch—off event is dictated by the

26 kHz (typical) reached for a feedback level of
roughly 350 mV. At this point, if the power contgsito
drop, the controller enters classical skip—cyclelmo

peak current setpoint. This component represents the idead |nternal soft-start: A soft-start precludes the main
candidate where low part—count and cost effectiveness are power switch from being stressed upon start-ughit

the key parameters, particularly in low—castdc adapters,

open—frame power supplies etc. Capitalizing on the
NCP120X series success, the NCP1251 packs all the
necessary components normally needed in today moderrl

power supply designs, bringing several enhancenseicts

as a non-—dissipative OPP.

e Current-mode operation with internal ramp
compensation Implementing peak current mode
control at a fixed 65 kHz or 100 kHz, the NCP1251
offers an internal ramp compensation signal that ca
easily by summed with the sensed current. Sub
harmonic oscillations are eliminated via the intasof
a single resistor in series with the current-sense
information.

e Internal OPP: By routing a portion of the negative
voltage present during the on—time on the auxiliary
winding to the dedicated OPP pin (pin 3), the tsera
simple and non-dissipative means to alter the
maximum peak current setpoint as the bulk voltage
increases. If the pin is grounded, no OPP compiemsat
occurs. If the pin receives a negative voltage dtwn
—250 mV, then a peak current reduction down to%1.3
typical can be achieved. For an improved performanc

the maximum voltage excursion on the sense ressstor

limited to 0.8 V.

® | ow startup current: Achieving a low no-load
standby power always represents a difficult exercis
when the controller draws a significant amount of
current during start-up. Due to its proprietary
architecture, the NCP1251 is guaranteed to drasv les
than 15uA typical, easing the design of low standby
power adapters.

e EMI jittering : An internal low-frequency modulation
signal varies the pace at which the oscillatordeay
is modulated. This helps by spreading out energy in
conducted noise analysis. To improve the EMI
signature at low power levels, the jittering rensain
active in frequency foldback mode.

® Frequency foldback capability: A continuous flow of
pulses is not compatible with no—load/light-load
standby power requirements. To excel in this domain
the controller observes the feedback pin and when i
reaches a level of 1.5V, the oscillator then start
reduce its switching frequency as the feedbacH leve

continues to decrease. When the feedback pin reache

1.05V, the peak current setpoint is internallyzéo and
the frequency continues to decrease. It can go down

controller, the soft-start is internally fixed tovs. The

soft-start is activated when a new startup sequence

occurs or during an auto—-recovery hiccup.

OVP input: The NCP1251 includes a latch input

(pin 3) that can be used to sense an overvoltage

condition on the adapter. If this pin is brougtgter

than the internal reference voltaggi, then the
circuit permanently latches off. Thex¥ pin is pulled
down to a fixed level, keeping the controller ladh

The latch reset occurs when the user disconnegts th

adapter from the mains and lets thec\falls below the

Vccreset.

e Latched OVP on \c: It is sometimes interesting to
implement a circuit protection by sensing thecdV
level. This is what the NCP1251 does by monitoriag
Vcc pin. When the voltage on this pin exceeds 25 V
typical, the pulses are immediately stopped angh#ne
latches off. The Vcc is maintained to 7 V typicatla
remains in this state until the user unplugs thequo
supply.

® Short—circuit protection: Short-circuit and especially
over—load protections are difficult to implement fo
transformers with high leakage inductance between
auxiliary and power windings (the aux winding level
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 pstats,
thanks to an internal timer. If the timer reaches
completion while the error flag is still preseret
controller stops the pulses and goes into a latith—o
phase, operating in a low—frequency burst-mode.tWhe
the fault is cleared, the SMPS resumes operation.
Please note that some versiaffer an auto—recovery
mode as described and some latch off in case lobr s
circuit.

Start—up Sequence

The NCP1251 start-up voltage is made purposelythigh
permit a largenergy storage in a smalg¥ capacitor value.
This helps to operate with a small start—up curveimtch,
together with a small §c capacitor, will not hamper the
start-uptime. To further reduce the standby power, the
start—upcurrent of the controller is extremely low, below
15uA maximum. The start-up resistor can therefore be
connected tthe bulk capacitor or directly to the mains input
voltage to further reduce the power dissipation.

WWW. onsemi.com
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The first step starts with the calculation of thecV
capacitor which will supply the controller wherojterates
until the auxiliary winding takes over. Experiensgows
that this time £ can be between 5 ms and 20 ms. If we
consider waneed at least an energy reservoir fortare of
10 ms, the ¥ capacitor must be larger than:

lecty 3m X 10m
> >
VCCqp — VCC s 9

> 3.3uF
(eq. 1)

Let us select a 4j1F capacitor at first and experiments in
the laboratory will let us know if we were too opistic for
the time {. The V¢ capacitor being known, we can now
evaluate the charging current we need to bring the V
voltage from O to the VCg; of the IC, 18 V typical. This
current has to be selected to ensure a start-tine &west
mains (85 V rms) to be less than 3 s (2.5 s for desaygin):

VCConCyec
>
2.5

CVie

>
charge =
(eq. 2)

If we account for the 1pA that will flow inside the
controller, then the total charging current delivered by the
start—-up resistor must be 49. If we connect the start-up
network tothe mains (half-wave connection then), we know
that the average current flowing into this startregistor
will be the smallest when 3¢ reaches the VCg; of the
controller:

Vac,rms'2
1

R

— VCCoqp (eq. 3)

levee,min =
start—up

To make sure this current is always greater thapA49
then the minimum value fd&tart-up Can be extracted:

Vac,rms’'2
1

85x1.414
= —

— VCCop
<

R < 413.5k&

(eq. 4)

<
start—up = =
levee,min 49

the Input Mains for Further Power Dissipation Redu

ction

This calculation is purely theoretical, and assuraes
constant charging current. In reality, the takerdivee can
be shorter (or longer!) and it can lead to a reduction of the
V cc capacitor. Hence, decrease in charging current and an
increase of the start—up resistor, thus reducing the standby
power. Laboratory experiments on the prototype are thus
mandatory tdine tune the converter. If we chose the 498 k
resistoras suggested by Equation 4, the dissipated power at
high line amounts to:

2
; Ve peak (230 x JE)
Rstart—up ARgiart —up 4 x 413k €q.5)
= ___Eégfzf___ = 6;1 nq\A/
0.827Meg

Now that the first \éc capacitor has been selected, we
mustensure that the self-supply does not disappear imhen
no—loadconditions. In this mode, the skip—cycle can be so
deep that refreshing pulses are likely to be widely spaced,
inducing a largeipple on the \¢c capacitor. Ithis ripple is
too large, chances exist to touch the (Gand reset the
controller into a new start-up sequence. A solut®to
grow this capacitor but it will obviously betdenental to the
start-uptime. The option offered in Figure 40 elegantly
solves this potential issue by adding an extra capaxittite
auxiliary winding. However, this component is separated
from the \¢ pin via a simple diode. You therefore have the
ability to grow this capacitor as you need to easihre
self-supply ofthe controller without jeopardizing the
start—-up timeand standby power. A capacitor ranging from
22 to 47uF is the typical value for this device.

One note on the start-up current. If reducing lp&eo
improve the standby power, its value cannot fall below a
certain level at the minimum input voltage. Failtoénject
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enough current (3@A) at low line will turn a converter in  the current-sense offset. A way to reduce the power
fault into an auto-recovery mode since the SCR won't capability athigh line is to capitalize on the negative voltage
remain latched. To build a sufficient design margime swing present on the auxiliary diode anode. During the
recommend t&eep at least 60A flowing at the lowest input ~ power switch on—time, this point dips to —-[NMN being the

line (80 V rms for 85 V minimum for instance). Axcellent turns ratio between the primary winding and theilary

solution is to actually combine X2 discharge and start-up winding. The negative plateau observed on Figure 42 will
networks as proposed in Figure 13 of application note have aramplitude dependant on the input voltage. The idea

AND8488/D. implemented irthis chip is to sum a portion of this negative
) swing with the 0.8 V internal reference level. kwstance,
Internal Over Power Protection if the voltage swings down to =150 mV during thetiome,

There areseveral known ways to implement Over Power an, theinternal peak current set point will be fixed t6 6.

Protection (OPP), all suffering from particular problems. 0.150 =650 mV. Theadopted principle appears in Figure 42
These problems range from the added consumptiafebur 5,4 shows how the final peak current set point is

on the converter or the skip—cycle disturbance brought by -ynstructed.

@ V(24
40.0
off-time
«—>

200 N1(Vout +V1)
g 0O
e/ \
>

-20.0 =N2Vpuik I

on-time

-40.0

464u 472u 480u 488u 496u
time (s)

Figure 41. The Signal Obtained on the Auxiliary Win  ding Swings Negative During the On-time

Let's assume we need to reduce the peak curremt fro level, then the negative voltage developed on the OPP pin
2.5 A at low line, to 2 A at high line. This corpemds to a must reach:

20% reduction or a set point voltage of 640 ifd/reach this Vopp = 640m — 800m = -160 mV (eq. 6)

WWW. onsemi.com
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RoppU

VCC swings tq:
aux Vout during toff

* E =N Vin during ton

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

from FB
reset

lopp
08V
+5%

ref=0.8 V + VOPP (]
(VOPP is negative) AEL

Figure 42. The OPP Circuitry Affects the Maximum Pe  ak Current Set Point by Summing a Negative Voltage  to the
Internal Voltage Reference

R oppL

I

Let us assume that we have the following converter . 0.16
L Div = — = 2.4m (eq. 8)
characteristics: 67.5
Vout=19 V If we arbitrarily fix the pull-down resistdRopp to 1 K2,
Vin = 85 to 265 Vns then the upper resistor can be obtained by:
N1 = Np:Ns=1:0.25 67.5 — 0.16
N2 = Ng:Nayx= 1:0.18 Roppu = 0 Te/1k P 421 kQ (9. 9)

Given the turns ratio betwedme primary and the auxiliary
windings, the on—time voltage at high line (265 Maw the
auxiliary winding swings down to:

Vauw = ~N,V, = -0.18 x 375 = 675V (eq.7)

in,max

If we now plot the peak current set point obtaitgd
implementing the recommended resistor values, we obtain
the following curve (Figure 43):

To obtain a level as imposed by Equation 6, we need to
install a divider featuring the following ratio:

Peak current
setpoint
A

100%

80% =

\Y
375 bulk

Figure 43. The Peak Current Regularly Reduces Down  to 20% at 375 Vdc

The OPP pin is surrounded by Zener diodes stacked toclamped slightly below —300 mV which means thandfre
protect the pin against ESD pulses. These diodespac  current is injected before reaching the ESD forwanap,
some peak current in the avalanche mode and aignéds  then the maximum peak reduction is kept to 40%hédf
to sustain a certain amount of energy. On the other sideyoltagefinally forward biases the internal zener diodenth
negative injection into these diodes (or forward bias) cancare must be taken to avoid injecting a currentohdy
causesubstrate injection which can lead to an erraticud —2 mA. Given the value of gbpy there is no risk in the
behavior. To avoid this problem, the pin is internally present example.
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Finally, please note that another comparator internally to reduce the operating frequency down to 26 kHz. This
fixes the maximum peak current set point to 0.8 V &ube value is reached at a voltage feedback level of 350 mV
OPP pin is inadvertently biased above 0 V. typically. Below this point, if the output power continues to
decrease, the part enters skip cycle for the best noise—free
performance in no-load conditions. Figure 44 depicts the
adopted scheme for the part.

The NCP1251F version offers a means to improve
light-load eficiency by folding the switching frequency
sooner compared to the other versions. With thd 258
and C versions, the minimum frequency is reacheW fgr
equals 350 mV. With the 1251F, this minimum frequency
will be obtained at a feedback voltage equal to \,.5

Frequency Foldback
The reduction of ho—load standby power associafdd w

the need for improving the efficiency, requiresharmge to

the traditional fixed—frequency type of operatiorhis
controller implements a switching frequency foldbaden

the feedback voltage passes below a certain leyg), get
around 1.5 V. At this point, the oscillator entéeqquency
foldback and reduces its switching frequency. The peak

current setpoint follows the feedback pin until liesel naturally offering a better efficiency for lighter load

reaches 1.05 V. Below this value, the peak current fseteze o qitions Figure 45portrays the specific foldback scheme
Vioig/4.2 (250 mV or 31% of the maximum 0.8 V setpoint) implemented in the NCP1251F.

and the only way to further reduce the transmitteger is

Frequency Peak current setpoint
st VCS
FB | t
max
65 kHz 08V max
min ~036 V4 —
26 kHz ” ~0.25y j_min
> Ves >V
350mvV 15V 3.4V Vireeze Viold 3.4V
Viodena ~ Viold 105V 15V
A

Figure 44. By Observing the Voltage on the Feedback  Pin, the Controller Reduces its Switching Frequenc  y for an
Improved Performance at Light Load

Frequency Peak current setpoint
st VCS
F 3 s
F B V[nllin!i Vﬁd
| |_._.. 65 kHz 08v —
26 kHz =047V
min ‘_&’
;? =025V L
>/ I .
08V 18y 15V o2V dv Vskﬂﬁme Vg '32;VFB
ca\; 1 1.9V ’
F 9

Figure 45. with NCP1251F, the frequency foldback oc  curs sooner as the load gets lighter.
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Auto—Recovery Short-Circuit Protection due to the resistive starting network. Whegc\teaches

In case of output short—circuit or if the power supply VCCqy, the controller attempts to re—start, checkingtfier
experiences a severe overloading situation, amilterror absence dhe fault. If the fault is still there, the supjglters
flag is raised and starts a countdown timer. If the flag is another cycle of so—called hiccup mode. If the fault has
asserted longer than 100 rtfee driving pulses are stopped cleared, the power supply resumes normal operation. Please

and the \c pin slowly goes down to around 7 V. At this note that the soft—start is activated during ed¢heore—start
point, the controller wakes—up and thgdbuilds up again ~ sequence.

@vec @vav @ ilprim

Voo (8

I VDRV (t)
2]

236 159 432

148 990 335

lts
olts
mperes

—

z &
6.05 £ 389 & 238

Plot1
varv in vol
vee in

ilprim

-272 -212 141

ss L ®
NG ;

-115 -813 445m

500u 2.50m 3.50m 450m

time in seconds

Figure 46. An Auto—Recovery Hiccup Mode is Activate  d for Faults Longer than 100 ms

Slope Compensation converters. These oscillations take place at half the
The NCP1251 includes an internal ramp compensationswitching frequency and occur only during CCM with a
signal. This is the buffered oscillator clock delivered only duty—cyclegreater than 50%. To lower the current loop gain,
during the on time. Its amplitude is around 2.5 t\tree one usually injects between 50% and 100% of theditut
maximum duty—-cycle. Ramp compensation is a known downslope. Figure 47 depicts how internally the ramp is
means used to cure sub harmonic oscillatior@ontinuous generated. Please note that the ramp signal will be
Conduction Mode (CCM) operated current-mode disconnected from the CS pin, during the off time.

25V

/\M ov
ON HI
latch %

reset 20k

Rcomp

1
T

LEB

g L]

J%
ﬁ Rsense

from FB
setpoint
Figure 47. Inserting a Resistor in Series with the Current Sense Information Brings Ramp Compensation and
Stabilizes the Converter in CCM Operation.
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In the NCP1251 controller, the oscillator ramp teas a pin to the controller ground for an improved immuyni the
2.5V swing reached at a 80% duty-ratio. If thecklo noise. Please make sure both components are located very
operates at a 65 kHz freency, then the available oscillator close to the controller.

slope corresponds to: _
Latching Off the Controller

Vramp peak _ 2.5 The OPP pin not only allows a reduction of the peak
DmaxT gy 0.8 x 154 (eg. 10) current set point in relationship to the line voltage, it also
offers a means to permanently latch—off the patieWthe
= 208 kV/s or 208 mV/us part islatched—off, the ¢ pin is internally pulled down to
In our flyback design, let's assume that our primary around 7 Vand the part stays in this state until the usdesyc
inductance, is 770uH, and the SMPS delivers 19 V with  the V¢ down and up again, e.g. by un-plugging the
aNy:Ns ratio of 1:0.25. The off-time primary current séop  converter from the mains outlet. It is importanhtiie that

Sramp =

S is thus given by: the SCR maintains its latched state as long asjeeted
Np current stays above the minimum value ofu20 As the

(Vout + Vf)N_s (19+08) x 4 SCR delatches for an injected current below thigeyat is

Sp = L, = 7701 = 108 kA/(zq. 11) the designer duty to make sure the injected cuisehigh

enough at the lowest input voltage. Failure to maintain a
. X o sufficiently high current would make the device auto
turns into a voltage ramp of the following ampleud recover. A good design practice is to ensure at leaghA60
Ssense = SpRsense = 103k x 0.33 (eq. 12) at the lowest input voltage. The latch detection is made by
= 34 kV/s or 34 mV/us ' observing the OPP pin by a comparator featuring a 3 V

If we select 50% of the downslope as the requirsoat reference voltage. However, for noise reasons and in
of ramp compensation, then we shall inject a ramp Whoseparticular to avoid the leakage inductance contribution at

slope is 17 m\is. Our internal compensation being of turn off, a 1us blanking delay is introduced before the

208 mV{us, the divider ratiodivratio) betweerR.omp and output of the OVF.) corlr)é)aradmr 'IS (_;heclr?e i;ThenfjlldP'
the internal 20 ® resistor is: comparatoputput is validated only if its high—state duration

lasts a minimum of 600 ns. Below this value, the event is

Given asense resistor of 330¢nthe above current ramp

divratio = Am 0.082 (eq. 13) ignored. Then, a counter ensures that 4 successive OVP
events have occurred before actually latching the Pagte
The series compensation resistor value is thus: are several possible implementations, depending on the
Reomp = Rramp - divratio = 20k x 0.082 ~ 1.6 kQ needed_precision ar]d the paramgters you v_vgnt toorton _
(eq. 14) The first and easiest solution is the additional resistive

A resistor of the above value will then be inseftech the ~ divider on top of the OPP one. This solution ispl#rand
sense resistor to the current sense pin. We recommend1€Xpensive but requires the insertion of a diadprevent
adding a small capacitor of 100 pF, from the current sensedisturbing the OPP divider during the on time.

D2

R3 1N4148

5k

— 1
 — 7 1N
RoppU
421k
1
 E—
+ winding
10 L 4
1
- ROPPL _
C1 1k 5 v —
100p +
OovP OPP
p— Vlatch ()

Figure 48. A Simple Resistive Divider Brings the OP P Pin Above 3V in Case of aV ¢ Voltage Runaway above
18V
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First, calculate the OPP network with the aboveations. Viageh = Vvop 18 =3 15
Then, suppose we want to latch off our controllbem\f ¢ Rowe = = = — = 5kQ (eq. 16)
- - Vove/Ropp. ~ 3/1k  3m
exceeds 25 V. Othe auxiliary winding, the plateau reflects _ s )
the auxiliary winding. In case of voltage runaway 6ur 14 V. Given the divide-by-6 ratio, the OPP pin ilVing
19 V adapter, the plateau will go up to: to 14/6 = 2.3 V during normal conditions, leaving 700 mV
0.18 margin. A 100 pF capacitor can be added betwee@H®
Vauxovp = 25 X —2 =18V (eq. 15) pin and GND to improve noise immunity and avoicager

. ‘ trips in presence of external surges. Do not irsdhis
Since our OVP comparator trips ata 3 V level, s&tbe  anacitor too much otherwise the OPP signal will be affected
1 kQ selected OPP pulldown resistor, it implies a 3 mA by the integrating time constant.
current. From 3 V to go up to 18 V, we need an éatuid A second solution for the OVP detection alonepisge
15 V. Under 3 mA and neglecting the series diode/dod a Zener diode wired as recommended by.
drop, it requires a series resistor of:

D3
D2
BV 1N4148
N Il
s N
ROPPU
421k
1
| S|
OPP aux.
" winding
10|_| 4
L ROPPL 1
c1 1k 5 | v =
22pF +
Viatch () ovpP opPP

Figure 49. A Zener Diode in Series with a Diode Hel ps to Improve the Noise Immunity of the System

For thisconfiguration to maintain an 18 V level, we have probeconnections!) and check that enough margin exasts t
selected a 15 V Zener diode. In nominal conditions, the that respect.
voltage orthe OPP pin is almost 0 V during the off time as

the Zener is fully blocked. This technique cleanproves - .
the noise immunity of the system compared to thttioed In a lot of designs, the adapter must be protesgethst
from a resistive string as in Figure 48. Please note thethermal runaways, e.g. when the temperature intide
reduction of the capacitor on the OPP pin to 16-{# pF. adapter box increases above a certain value. Figure 50
This capacitor is necessary because of the potespilee shows how to |_mple_ment a S|mp_le QTP using an external
coupling through the Zener parasitic capacitance from theNTC and a series diode. The principle remains #ses
bias winding due tthe leakage inductance. Despite thesl ~ Make sure the OPP network is afiected by the additional
blankingdelay at turn off. Thispike is energetic enough to NTC hence the presence of this isolation diode. Mthe
charge the added capaci@r and given the time constant, NTC resistance decreases as the temperature iasréas
could make it discharge slower, potentially disturbing the VOlt@ge on the OPP pin during the off time will slowly
increase and, once it passes 3 V for 4 consecutive clock

blanking circuit. When implementing the Zener optit is -
important to carefully observe the OPP pin voltage (short €Y¢les, the controller will permanently latch off.

Over Temperature Protection
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D2
NTC 1N4148

o—K

ROPPU
841k

H ROPPL _
2.5k

+
Viatch ()

full-latch

Figure 50. The Internal Circuitry Hooked to Pin 3C  an Be Used to Implement Over Temperature Protection

Back to our 19 V adapter, we have found that thésplu
voltage on the auxiliary diode was 13 V in nominal

1
| S|
VCC <——IQ—
OoPP
[ * T

aux.
winding

oPP

(OTP)

limit at the chosen output power level. Suppose we need a
200 mV decrease from the 0.8 V set point and thdime

conditions. We have selected an NTC which offers a swing onthe auxiliary anode is —67.5 V, then we need tpdro

resistance of 470k at 25C and drops to 8.&kat 110C.
If our auxiliary winding plateau is 14 V and we siger a
0.6 Vforward drop for the diode, then the voltage actbss
NTC in fault mode must be:

Vyre = 14 —3-06 =104V (eq.17)

Based on the 8.8k NTC resistor at 110C, the current
through the device must be:

10.4

— = 1.2 mA

| = eq. 18
NTC — g.8k (6a- 18)

As such, the bottom resistoroRp;, can easily be
calculated:

3
R = ——=25kQ
OPPL 1.2m
Now that the pulldown OPP resistor is known, we can

calculate the upper resistor valugdpyto adjust the power

(eq. 19)

over Roppya voltage of:

Vioppy = 67.5 = 0.2 = 67.3V  (eq. 20)

The current flowing in the pulldown resistppp, in this
condition will be:

200m

| = ——=80uA eq. 21
ROPPU = 5o w (eq. 21)
The Roppy value is therefore easily derived:
67.3
R = —— = 841 kQ eq. 22
OPPU = ‘5o (eq. 22)

Combining OVP and OTP
The OTP and Zener-based OVP can be combined
together as illustrated by Figure 51.
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l/lk D2
NTC 1N4148
L1
11 N
ROPPU
841k
1
| S|

ROPPL
2.5k

Vlatch ()

OovpP

Figure 51. With the NTC Back in Place, the Circuit

oPP

vce <|——|<}
9

8
aux.
winding

Nicely Combines OVP, OTP and OPP on the Same Pin

In nominal \cc / output conditions, when the Zener is not network. Typical values are those given in Figure 52 and
activated, the NTC can drive the OPP pin and trigger themust be selected to provide the adequate filtering function
adapter in case of an over temperature. During nominalwithout degrading the stand—-by power by an excessive
current circulation.

temperature if the loop is broken, the voltage waawill
be detected and the controller will shut down theverter.
In case the OPP pin is not used for either OPPW®, @

can simply be grounded.

Filtering the Spikes

The auxiliary winding is the seat of spikes that cauple
to the OPP pin via the parasitic capacitances é&Hiby the

triggering of the Over \oltage Protection circujtiy is
possible to install a smaRC filter before the detection

D3
15v

N
I/U\ D2
NTC 1N4148
o K
T N 2

Latched OVP onV ¢
The Vcc pin is permanently monitored by a comparator.
When the \¢c exceeds 25.5 V (typical), all pulses are
immediately stopped and thec¥ falls to the SCR
latched-level around 7 V typical. The controllemagns in
this state as long assafficient current flows in the SCR, at
Zener diode and the series diode. To prevent an adverséeast 30uA. We recommend to put a design margin there,
with a minimum current around QA at the lowest input
line. With the C version, the OVP orncl is autorecovery.

ROPPU
841k

additional filter

L8

ROPPL
2.5k

10

Vlatch ()

ovpP

oPP

Figure 52. A Small RC Filter Avoids the Fast Rising Spikes from Reaching

Presence of Energetic Perturbations Superimposed on

WWW. onsemi.com

veet—5 K

aux.
winding

the Protection Pin of the NCP1251 in

the Input Line


 http://www.onsemi.com/

MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

onsemi

? TSOP-6
5@ CASE 318G-02
1 ISSUE V
SCALE 2:1 DATE 12 JUN 2012
, NOTES:
D 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
PLANE DIM | MIN NOM MAX
DETAIL Z A | 090 | 1.00 | 1.0
AT | 001 [ 006 | 0.10
b | 025 | 038 | 050
c | 010 | 018 | 026
c - D | 290 [ 3.00 | 3.10
1 7 \ E | 250 2.75 3.00
Y E1| 1.30 | 1.50 | 1.70
T e | 08 | 095 | 1.05
T L | 020 | 040 | 0.60
DETAIL 2 L2 0.25 BSC
] 0 [ - T 1o
STYLE 1: STYLE 2: STYLE & STYLE 4: STYLE 5: STYLE 6:
PIN 1. DRAIN PIN 1. EMITTER 2 PIN 1. ENABLE PIN 1. N/C PIN 1. EMITTER 2 PIN 1. COLLECTOR
2. DRAIN 2. BASE 1 2. N/C 2. Vin 2. BASE 2 2. COLLECTOR
3. GATE 3. COLLECTOR 1 3. RBOOST 3. NOT USED 3. COLLECTOR 1 3. BASE
4. SOURCE 4. EMITTER 1 4.Vz 4. GROUND 4. EMITTER 1 4. EMITTER
5. DRAIN 5. BASE 2 5. Vin 5. ENABLE 5. BASE 1 5. COLLECTOR
6. DRAIN 6. COLLECTOR 2 6. Vout 6. LOAD 6. COLLECTOR 2 6. COLLECTOR
STYLE 7: STYLE &: STYLE o: STYLE 10: STYLE 11: STYLE 12;
PIN1. COLLECTOR  PIN1. Vbus PIN 1. LOW VOLTAGE GATE ~ PIN 1. D(OUT)+ PIN 1. SOURCE 1 PIN 1. /O
2. COLLECTOR 2. D(in) 2. DRAIN 2. GND 2. DRAIN 2 2. GROUND
3. BASE 3. D(in)+ 3. SOURCE 3. D(OUT)- 3. DRAIN 2 3. 1/0
4. N/C 4. D(out)+ 4. DRAIN 4. D(IN)- 4. SOURCE 2 4.1/0
5. COLLECTOR 5. D(out) 5. DRAIN 5. VBUS 5. GATE 1 5. VCC
6. EMITTER 6. GND 6. HIGH VOLTAGE GATE 6. D(IN)+ 6. DRAIN 1/GATE 2 6. 1/0
STYLE 13: STYLE 14: STYLE 15: STYLE 16: STYLE 17:
PIN 1. GATE 1 PIN 1. ANODE PIN 1. ANODE PIN 1. ANODE/CATHODE ~ PIN 1. EMITTER
2. SOURCE 2 2. SOURCE 2. SOURCE 2. BASE 2. BASE
3. GATE 2 3. GATE 3. GATE 3. EMITTER 3. ANODE/CATHODE
4. DRAIN 2 4. CATHODE/DRAIN 4. DRAIN 4. COLLECTOR 4. ANODE
5. SOURCE 1 5. CATHODE/DRAIN 5. N/C 5. ANODE 5. CATHODE
6. DRAIN 1 6. CATHODE/DRAIN 6. CATHODE 6. CATHODE 6. COLLECTOR
GENERIC
RECOMMENDED

MARKING DIAGRAM*

[1 1] [1 1]

SOLDERING FOOTPRINT*

6X
_'| |‘_ 0.60 XXXAYWs XXX M=
LU il inl
L 1 UL NERERN
3.20 8’.(95 IC STANDARD
— XXX = Specific Device Code XXX = Specific Device Code
A =Assembly Location M = Date Code
Y = Year . = Pb-Free Package
W = Work Week

—| <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.

= Pb-Free Package

*This information is generic. Please refer to device data
sheet for actual part marking. Pb—Free indicator, “G”
or microdot “=”, may or may not be present. Some
products may not follow the Generic Marking.

DOCUMENT NUMBER: | 98ASB14888C Prited versons e unconsoled sxeept ahen e CONTROLLED COPY- mred. -
DESCRIPTION: | TSOP-6 PAGE 1 OF 1

onsemi and ONSEMI. are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019

www.onsemi.com




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

ADDITIONAL INFORMATION

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



https://www.onsemi.com/site/pdf/Patent-Marking.pdf
https://www.onsemi.com/design/resources/technical-documentation
https://www.onsemi.com/
https://www.onsemi.com/support?utm_source=techdocs&utm_medium=pdf
https://www.onsemi.com/support/sales

