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The NCP1380 hosts a high—performance circuitry dinte

powering quasi-resonant converters. Capitalizing on a proprietary QUASI-RESONANT PWM

valley—lockout system, the controller shifts gears and reduces the
switching frequency as the power loading becomes lighter. This CONTROLLER FOR HIGH POW -

results in sstable operation despite switching events alwagsming ER AC-DC WALL
in the drain—source valley. This system works down to thealley ADAPTERS
and toggles to a variable frequency mode beyondurérg an
excellent standby power performance.

To improve the safety in overload situations, thetmwller includes
an Over Power Protection (OPP) circuit which clamps the delivered

power at high-line. Safety—wise, a fixed interriaidr relies on the sS0IC-8
feedback voltage to detect a fault. Once the timer elapses, the D SUFFIX
controller stops and stays latched for option A &hdr enters CASE 751
auto—-recovery modgr option B and D.

Particularly well suited for adapter applications, the controller MARKING DIAGRAMS
features a pin to implement either a combined ovéagel /
overtemperature protection (Version A and B) or @nbined 8HAAN
brown-out/overvoltagerotection (Version C and D). Iﬁ?ﬁ’/’\;
Features REEE
® Quasi—Resonant Peak Current—-Mode Control Operation
® Valley Switching Operation with Valley—Lockout fdloise-Immune 1380x = Spe_cificODe}/ice AColgieC 5

Operation | | A acsemblyLocaton
® Frequency Foldback at Light Load to Improve thehtigoad L = Wafer Lot

Efficiency Y = Year
e Adjustable Over Power Protection W =Work Week

. . = = Pb-Free Package

e Auto—Recovery or Latched Internal Output Short—Qir€rotection
e Fixed Internal 80 ms Timer for Short-Circuit Prdten PIN CONNECTIONS
e Combined Overvoltage and Overtemperature Prote¢ficand B

\ersions) 0o
® Combined Overvoltage Protection and Brown—Out (€ &n ZCDE E| cT

Versions) FBE j FAULT
+500 mA/-800 mA Peak Current Source/Sink Capability

[ J

e Internal Temperature Shutdown cs[3 6] vee
® Direct Optocoupler Connection GNDE E| DRV
e Extended \¢c Range Operation Up to 28 V

[}
[}
[ J

Extremely Low No-Load Standby Power

SO-8 Package . ORDERING INFORMATION
These Devices are Pb—Free and are RoHS Compliant See detailed ordering and shipping information in the package
dimensions section on page 25 of this data sheet.

Typical Applications
e High Power ac—dc Converters for TVs, Set-Top Beetes
e Offline Adapters for Notebooks

© Semiconductor Components Industries, LLC, 2013 1 Publication Order Number:
February, 2018 - Rev. 6 NCP1380/D
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TYPICAL APPLICATION EXAMPLE
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NCP1380

PIN FUNCTION DESCRIPTION

Pin N° Pin Name Function Pin Description
1 ZCD Zero Crossing Detection Connected to the auxiliary winding, this pin detects the core
reset event.
Adjust the over power protection Also, injecting a negative voltage smaller than 0.3 V on this
pin will perform over power protection.
2 FB Feedback pin Hooking an optocoupler collector to this pin will allow
regulation.
3 CS Current sense This pin monitors the primary peak.
4 GND - The controller ground
5 DRV Driver output The driver’s output to an external MOSFET
6 Vee Supplies the controller This pin is connected to an external auxiliary voltage.
7 Fault Over voltage and Over temperature Pulling this pin down with an NTC or up with a zener diode
protection (A and B versions) allows to latch the controller.
Over-voltage and Brown-out This pin observes the HV rail and protects the circuit in
protection (C and D versions) case of low main conditions. It also offers a way to latch the
circuit in case of over voltage event.
8 Cr Timing capacitor A capacitor connected to this pin acts as the timing
capacitor in foldback mode.

NCP1380 OPTIONS

Auto—Recovery Latched
Overcurrent Overcurrent
OTP OVP Brown—-Out Protection Protection
NCP1380/A Yes Yes Yes
NCP1380/B Yes Yes Yes
NCP1380/C Yes Yes Yes
NCP1380/D Yes Yes Yes

WWW. onsemi.com
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INTERNAL CIRCUIT ARCHITECTURE
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MAXIMUM RATINGS

Symbol Rating Value Unit
Veemmax) | Maximum Power Supply voltage, Vcc pin, continuous voltage -0.3to0 28 \Y
lccmax) Maximum current for V¢ pin +30 mA
Vprv(max) | Maximum driver pin voltage, DRV pin, continuous voltage -0.3to0 20 \Y
Iprv(MAX) | Maximum current for DRV pin +1000 mA
VMAx Maximum voltage on low power pins (except pins DRV and V¢c) -0.3t0 10 \%
Imax Current range for low power pins (except pins ZCD, DRV and V() +10 mA
Izcomaxy | Maximum current for ZCD pin +3/-2 mA
Roia Thermal Resistance Junction—to—Air 120 °C/W
Tamax) Maximum Junction Temperature 150 °C
Operating Temperature Range -40 to +125 °C
Storage Temperature Range —-60 to +150 °C
ESD Capability, HBM Model (Note 1) 4 kv
ESD Capability, MM Model (Note 1) 200 \%
ESD Capability, CDM Model (Note 1) 2 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. This device series contains ESD protection and exceeds the following tests:
Human Body Model 4000 V per JEDEC Standard JESD22, Method A114E
Machine Model 200 V per JEDEC Standard JESD22, Method A115A
Charged Device Model 2000 V per JEDEC Standard JESD22-C101D.
2. This device contains latchup protection and exceeds 100 mA per JEDEC Standard JESD78.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted: For typical values Tj = 25°C, Vcc =12V, Vzcp =0V,

VEg =3V, Vs =0V, Vet = 1.5V, C1 = 680 pF) For min/max values T = —40°C to +125°C, Max T; = 150°C, V¢ = 12 V)

Symbol Condition | Min | Typ | Max | Unit |
SUPPLY SECTION - STARTUP AND SUPPLY CIRCUITS
Supply Voltage Y
Vec(on) Startup Threshold Vcc increasing 16 17 18
Vee(off) Minimum Operating Voltage V¢ decreasing 8.3 9 9.4
VeeHys) Hysteresis Vccon) =~ Vec(off) . 7.2 8.0 9.2
Vec(ateh) Clamped V¢ when latched—off V¢ decreasing, Icc = 30 uA 6.2 7.2 8.2
Vec(reset) Internal logic reset 6 7 8
tvec(off) VCC(Off) noise filter - 5 - us
tVCC(reset) VCC(reset) noise filter - 20 -
Icc(start) Startup current FB pin open - 10 20 uA
Vee = Vegon) ~ 0.5V
lcc(disch) Current that discharges V¢ when the controller Vee=12V 3.0 4.0 5.0 mA
gets latched
Icciateh) Current into V¢ that keeps the controller latched Vce = Vec(ateh) 30 - - uA
(Note 3)
Supply Current mA
lcc Device Disabled/Fault (Note 3) B, C, and D only Vee > Vec(offy - 1.7 2.0
lcc2 Device Enabled/No output load on pin 5 Fsw = 10 kHz - 1.7 2.0
lccaa Device Switching (Fsw = 65 kHz) Cprv = 1 nF, Fgw = 65 kHz - 2.65 3.0
lcc3s Device Switching VCO mode Cprv =1nF Vgg =125V - 2.0 -
CURRENT COMPARATOR — CURRENT SENSE
Vium Current Sense Voltage Threshold VEg =4V, Vg increasing 0.76 0.8 0.84 \%
tLEB Leading Edge Blanking Duration for V| jm Minimum on time minus ) ;u 210 275 330 ns
Ibias Input Bias Current (Note 3) DRV high -2 - 2 UA
tium Propagation Delay Vcs > Vi m to DRV turn—off - 125 175 ns
Ipeak(vCO) Percentage of maximum peak current level at VEg = 0.4V, Vg increasing 15.4 17.5 19.6 %
which VCO takes over (Note 4)

WWW. onsemi.com
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ELECTRICAL CHARACTERISTICS (continued) (Unless otherwise noted: For typical values Ty = 25°C, Vec =12V, Vzcp =0V,
Vig =3V, Ves = 0V, Vg = 1.5 V, Ct = 680 pF) For min/max values T; = —40°C to +125°C, Max Tj = 150°C, Vcc = 12 V)

Symbol Condition | Min | Typ | Max | Unit
CURRENT COMPARATOR — CURRENT SENSE
Vopp(MAX) Setpoint decrease for Vzcp = =300 mV (Note 5) Vzcp = -300mV, Vgg =4V, 35 37.5 40 %
Vs increasing
Ves(stop) Threshold for immediate fault protection activation 1.125 | 1.200 | 1.275 \%
tecs Leading Edge Blanking Duration for Vg stop) - 120 - ns
DRIVE OUTPUT - GATE DRIVE
Drive Resistance Q
RSNK DRV Sink VDRV =10V - 12.5 -
RSRC DRV Source VDRV =2V - 20 -
Drive current capability mA
ISNK DRV Sink VDRV =10V - 800 -
ISRC DRV Source Vpry =2V - 500 -
tr Rise Time (10% to 90%) Cprv = 1 nF, Vpgry from 0 to - 40 75 ns
12V
tf Fall Time (90% to 10%) Cprv = 1 nF, Vpgry from 0 to - 25 60 ns
12V
VDRV(IOW) DRV Low Voltage Vee = VCC(Of‘f) +0.2V 8.4 9.1 - \%
Cprv = 1 nF, Rpry =33 ke
VDRV(high) DRV High Voltage (Note 6) Vee = VCC(MAX) 10.5 13.0 15.5 \%
CDRV =1nF
DEMAGNETIZATION INPUT - ZERO VOLTAGE DETECTION CIRC UIT
Vzep(Th) ZCD threshold voltage Vzcp decreasing 35 55 90 mV
VzcD(HYS) ZCD hysteresis Vzcp increasing 15 35 55 mV
Input clamp voltage \%
VcH High state lpiny = 3.0 MA 8 10 12
VoL Low state lpin1 = =2.0 MA -0.9 -0.7 -0.3
tpEm Propagation Delay Vzcp decreasing from 4 V to - 150 250 ns
-0.3V
CpaRr Internal input capacitance - 10 - pF
tBLANK Blanking delay after on—time 2.30 3.15 4.00 us
toutss Timeout after last demag transition During soft-start 28 41 54 us
tout After the end of soft-start 5.0 5.9 6.7
Rzcb(pdown) Pulldown resistor (Note 3) 140 320 700 kQ
TIMING CAPACITOR
VCT(MAX) Maximum voltage on CT pln VFB < VFB(TH) 5.15 5.40 5.65 \
leT Source current Ver=0V 18 20 22 uA
VeT(MINy Minimum voltage on Cy pin, discharge switch - - 90 mV
activated
Ct Recommended timing capacitor value 220 pF
FEEDBACK SECTION
RFB(pullup) Internal pullup resistor 15 18 22 kQ
lratio Pin FB to current setpoint division ratio 3.8 4.0 4.2
VEB(TH) FB pin threshold under which Cy is clamped to 0.26 0.3 0.34 \%
Vetvax)

WWW. onsemi.com

7



 http://www.onsemi.com/

NCP1380

ELECTRICAL CHARACTERISTICS (continued) (Unless otherwise noted: For typical values Ty = 25°C, Vec =12V, Vzcp =0V,
Vig =3V, Ves = 0V, Vg = 1.5 V, Ct = 680 pF) For min/max values T; = —40°C to +125°C, Max Tj = 150°C, Vcc = 12 V)

Symbol Condition | Min | Typ | Max | Unit |
FEEDBACK SECTION
Valley threshold \%
VH2D FB voltage where 15t valley ends and 2nd valley Vg decreases 1.316 14 1.484
VH3Dp Isitgr\tliltage where 2nd valley ends and 3" valley Vg decreases 1.128 1.2 1.272
VHabp Isitgr\tliltage where 3 valley ends and 4t valley Vg decreases 0.846 0.9 0.954
Vhvcob Isitgr\tliltage where 4t valley ends and VCO starts Vg decreases 0.732 0.8 0.828
Vhvcol FB voltage where VCO ends and 4th valley starts Vg increases 1.316 14 1.484
VHai FB voltage where 4! valley ends and 3" valley Vg increases 1.504 1.6 1.696
VH3| Isitgr\tlf)ltage where 3 valley ends and 2nd valley Vg increases 1.692 1.8 1.908
V2o Isitgr\tliltage where 2nd valley ends and 15t valley Vg increases 1.880 2.0 2.120
starts

FAULT PROTECTION (ALL VERSIONS)

TSHDN Thermal Shutdown Device switching (Fsw 140 - 170 °C
around 65 kHz)

TSHDN(HYS) Thermal Shutdown Hysteresis - 40 - °C

tovLD Overload Timer Ve =4V, Ves > Vium 75 85 95 ms

tSSTART Soft-start duration Vgg =4V, Vg ramping up, 2.8 3.8 4.8 ms

measured from 15t DRV
pulse to Vcs(peak) = 90% of

ViLm
RFault(clamp) Clamp series resistor 1.3 1.55 18 kQ
Vovp Fault detection level for OVP VEault iNcreasing 2.35 25 2.65 \Y
Yatch(delay) Delay before latch confirmation 22.5 30 375 us
FAULT PROTECTION A & B VERSIONS
loTP(REF) Reference current for direct connection of an VEaut = Votp + 0.2V 85 91 97 uA
NTC (Note 7)

Vortp Fault detection level for OTP VEault decreasing 0.744 0.8 0.856 \%
VEault(clamp) Clamped voltage (Fault pin left open) Fault pin open 1.13 1.35 1.57 \%
FAULT PROTECTION C & D VERSIONS

Veo Brown-Out level VEault decreasing 0.744 0.8 0.856 \%

IO Sourced hysteresis current Vegyit > Veo VEault = Veo + 0.2V 9 10 11 uA
tBo(delay) Delay before entering and exiting Brown—out 22.5 30 375 us
VEault(clamp) Clamped voltage (Fault pin left open) Fault pin open 1.0 12 14 \Y

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.

Guaranteed by design.

The peak current setpoint goes down as the load decreases. It is frozen below Ipeak(vco) (Ipeak = CSt)

If negative voltage in excess to —300 mV is applied to ZCD pin, the current setpoint decrease is no longer guaranteed to be linear
Minimum value for Ty = 125°C

NTC with R119 = 8.8 kQ.

Nookrow
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APPLICATION INFORMATION

Th.e NCP1380 implgments a standard current-modee Fault input (A and B versions) By combining a dual
architecture operating In quasi—-resonant mode. Due to a threshold on the Fault pin, the controller allots t

proprietary  circuitry, the  controller  prevents
valley—jumping instability and steadily locks ontdelected

valley as the power demand goes down. Once the fourth
valley is reached, the controller continues to reduce the

frequency further down, offering excellent efficiency over

a wide operating range. Thanks to a fault timerlzioed to

an OPP circuitry, the controllerable to efficiently limit the

output power at high-line.

® Quasi—Resonance Current-mode operatian
implementing quasi—-resonance operation in peak
current—-mode control, the NCP1380 optimizes the
efficiency by switching in the valley of the MOSFET
drain—source voltage. Thanks to a proprietary dirngu
the controller locks—out in a selected valley and
remains locked until the output loading signifidgint
changes. When the load becomes lighter, the cdatrol
jumps into the next valley. It can go down to tife 4
valley if necessary. Beyond this point, the comgrol
reduces its switching frequency by freezing thekpea
current setpoint. During quasi—resonance operaition,
case of very damped valleys, a htimer emulates
the missing valleys.

® Frequency reduction in light-load conditions when
the 4h valley is left, the controller reduces the
switching frequency which naturally improves the
standby power by a reduction of all switching I@sse

e Overpower protection (OPP) When the voltage on
ZCD pin swings in flyback polarity, a direct imaife
the input voltage is applied on ZCD pin. We carsthu
reduce the peak current depending gEN during the
on-time.

e Internal soft-start: A soft—start precludes the main
power switch from being stressed upon startup. Its
duration is fixed and equal to 4 ms.

direct connection of an NTC to ground plus a zener
diode to a monitored voltage. In case the pin aught
below the OTP threshold by the NTC or above the OVP
threshold by the zener diode, the circuit permadpent
latches—off and ¥c is clamped to 7.2 V.

Fault input (C and D versions) The C and D versions
of NCP1380 include a brown-out circuit which safely
stops the controller in case the input voltagedslow.
Restart occurs via a complete startup sequena (lat
reset and soft-start). During normal operation, the
voltage on this pin is clamped tq¥mpto give enough
room for OVP detection. If the voltage on this pin
increases above 2.5V, the part latches—off.
Short—circuit protection: Short—circuit and especially
over—load protections are difficult to implementemha
strong leakage inductance between auxiliary andepow
windings affects the transformer (where the auxilia
winding level does not properly collapse in preseotc
an output short). Here, when the internal 0.8 V
maximum peak current limit is activated, the timer
starts counting up. If the fault disappears, threeti
counts down. If the timer reaches completion witike
error flag is still present, the controller stops pulses.
This protection is latched on A and C version (iker
must unplug and re—plug the power supply to regtart
controller) and auto-recovery on B and D versidhs (
the fault disappears, the SMPS automatically resume
operation). In addition, all versions feature adify
short—circuit protection, that senses the CS signdll
stops the controller if ¥sreaches 1.5 x Vv (after a
reduced LEB ofgcg). This additional comparator is
enabled only during the main LEB duratiggg, for
noise immunity reason.

NCP1380 OPERATING MODES

NCP1380 has two operating mode: quasi-resonant

operation and VCO operation for the frequency falb
The operating mode is fixed by the FB voltage as

portrayed by Figure 26:

® Quasi—resonant operation occurs for FB voltagedrigh
than 0.8 V (FB decreasing) or higher than 1.4 V (FB
increasing) which correspond to high output powet a
medium output power. The peak current is variaht a
is set by the FB voltage divided by 4.

® Frequency foldback or VCO mode occurs for FB
voltage lower than 0.8 V (FB decreasing) or loviemt
1.4V (FB increasing). This corresponds to low otitp

power.
During VCO mode, the peak current decreases down to
17.5% of its maximum value and is then frozen. The
switching frequency is variable and decreaseseas th
output load decreases.

The switching frequency is set by the end of chaifge

the capacitor connected to the @in. This capacitor is
charged with a constant current source and the
capacitor voltage is compared to an internal ttolkesh
fixed by FB voltage. When this capacitor voltage
reaches the threshold the capacitor is rapidlyhdisyed
down to 0 V and a new period start.

WWW. onsemi.com
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Operating Mode

: ! : ! : ! : : @V decreases

VCO e ——————] - os-resmime-imts] sV gincreases
| N | | | :

4t . A S S AR
N S 5

ST TR ST S — AN

. S - Fault!

S S— TN S O O NN
AR S 2 :

S S S AU SO A S "N

0.8 09 1.2 14 16 1.8 2.0 2.2 3.2 VeelV)

Figure 26. Operating Valley According to FB Voltage

VALLEY DETECTION AND SELECTION

The valley detection is done by monitoring the \gdtaf threshold. When a valley is detected, an internal counter is
the auxiliary winding of the transforméx.valley is detected  incremented. The operating valleysi(12nd, 3d or 4h) is
when the voltagen pin 1 crosses down the 55 mV internal determined by the FB voltage as shown by Figure 26.

VDD VDD

- I

LOGIC BLOCK

S DRV
= \% ICt \ Q
Ci -
t|—| N QpP—
— J A A
R

| I

4
L]
g
<
E

N

 EEEE—
- - _/L Time Out  CS comparator
Discharge
—/
ZCD,
—l 1 . .
| -
) demag
0V . P [
ESD Vth leakage
blanking
= = 3 us pulse
DRV

=

Laux

— Figure 27. Valley Detection Circuit
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As the output load decreases (FB voltage decreabes) necessary output power. This allows achieving very low

valleys are incremented from the first to the fourth. When standby power consumption.

the fourth valley is reached, if FB voltage furtldecreases The Figure 28 shows a simulation case where thgubut

below 0.8 V, the controller enters VCO mode.

current of a 19 V, 60 W adapter decreases from 2t8 A

During VCO operation, the peak current continues to 0.1 A. No instability is seen during the valleyrns#ions

decrease until it reaches 17.5% of the maximum peak(Figures 29, 30, 31 and 32)

current: the switching frequency expands to delither

230
——

$ 1.80

< 1.50

= B—

— 110 Vo= 14y \
FB T —
700m 20 valley starts Veg = 1.2 \ﬁ
N rVFB_Ogv VFB_OSV

Zoom2

ZoomB

4.00

L 20
=~ 100

A
5.30m 7.30m 8.30m
time in seconds

Figure 28. Output Load is Decreased from 2.8 A Down
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230 lo
— 190
i(: 150 |
_2110 'out
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220 v
gwu B
20
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z F‘W‘\I"WF‘WI"WF‘MF‘“\I\F".AF‘MF‘WM’J%
i e e L I ¥ drain

300 v
cT

UL———’I—/M——/I.—/L/’L/I_/I_/L_/[_/F
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Figure 29. Zoom 1: 1 St to 2nd Valley Transition
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200 cr
(=]

> 1.00
1111 1 1 —1 —10
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Figure 30. Zoom 2: 2 nd to 3™ Valley Transition
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Figure 31. Zoom 3: 3 ' to 4th Valley Transition
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Figure 32. Zoom 4: 4 th Valley to VCO Mode Transition

Ver(M)

Time Out

In case of extremely damped free oscillations, the ZCD introduced by the Over Power Compensation diode
comparator can be unable to detect the valleys. To avoid(Figure 40), thevoltage on the ZCD pin is very low and the
such situation, NCP1380 integrates a Time Out fundiian ZCD comparator might be unable to detect the valléy
acts as a substitute clock for the decimal countéde the this condition, setting the DRV Latch with the 5uS
logic bloc. The controller thus continues its nokma time-out can lead to a continuous conduction mode
operation. To avoid having a too big step in frequency, theoperation (CCM) at the beginning of the soft-start. This
time out duration is set to 545. Figures 34nd 35 detail the ~ CCM operation only last a few cycles until the voltage on

time out operation. ZCD pin becomes high enough to be detected by @i Z
The NCP1380 also features an extended time outgluri comparator. Tavoid this, the time—out duration is extended
the soft—start. to 40us during the soft-start in order to ensure that the

Indeed, at startup, the output voltage reflected on thetransformer is fully demagnetized before the MOSRET
auxiliary winding is low. Because of the voltage drop turned-on.

WWW. onsemi.com
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VDD
ZCD T
D I I demag
LOGIC BLOCK
leakage blanking
- DRV 3us pulse
TN w=o .
2
£
E
5.5 us time out
40 us time out
Figure 33. Time Out Circuit
1 L 1
1 1 1 1 \
1 i I 1
T LI T VZCI]
iy iy A1 L,‘\ s5-m\ threshold | /5 o
L v T | i o T =
A =" -
] [ T
T UL T
. 1 1 1 1
high--- Tt
| 1 1 1
1 1 1 2I‘Il:|,
lowy---- Rl e R ®
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comp
|QW____ ---------- ___Jl 'l L N R R N I @
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I | 1
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1 1 1 1 LEDI’ t]:'I.B rmssmg 3]“1 ‘VEJ].BE,(
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Figure 34. Time Out Case n °1: the 31 Valley is Missing
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Figure 35. Time Out Case n °2: the 31 and 4th Valley are Missing

VCO MODE OR FREQUENCY FOLDBACK

VCO operation occurs for FB voltage lower than 0.8 V Figure 27). When this capacitor voltage reaches the
(FB decreasing), or lower than 1.4 V (FB increakiitnis threshold, the capacitor is rapidly discharged down to 0 V
corresponds to low output power. and a new period start. The internal thresholdvelisely

During VCO operation, the peak current is fixed to 17.5% proportional to FB voltage. The relationship betweesg V
of his maximum value and the frequency is variable and and \Vkgth is given by Equation 1.
expands as the output power decreases. Vegy = 65 — (10/3)Vpg (eq. 1)

The frequency is set by the end of charge of thaa
d Y y g ot When kg is lower than 0.3 V, ¥t is clamped to

connected to theCpin. This capacitor is charged with a o ) :
constant current source and its voltage is compared to arCT(ax) Which is typically 5.5 V. Figure 38hows the

internal threshold (Mgy) fixed by FB voltage (see YCO mode atworks.

B00m
E00m
T —— I
S0om B S out
e =

0 0
7.00 | InteralFB
500 - . 7]9 threshold
300 b i i il i LA A1 7 J1 7

FY T A AA T AN A AAAAAZLZ AW WAWA WEWE VSV
] PV FiF WAV FAVATAVAV AVAVAVA FAVAVA| 4 VARV SRV A VA VA VAR FARVAE T SRV v
VY VP VPV VUV UV vV ¥ ¥ T
oo f
[ I

30.0 I
200
10.0 DRV

: o
-10.0 | |

7.57m 7.78m 7.99m 8.20m 5.40m

time in seconds

Figure 36. In VCO Mode, as the Power Output Decreas es, the Frequency Expands
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SHORT-CIRCUIT OR OVERLOAD MODE

Figure 37 shows the implementation of the fauletim

vdd

——= DRV
o— au x

Ol O

Vee
management

latch
— VCCstop
cS CsStop
—' LEB1 l * PW Mr eset

Rsense = _ Bown |

|

L Up TIMER |

= IpFlag |

ZCDIOPPD OPP Reset :

* A&C:
v Latched
ILIMIT -

= Soft-start =~ SSend
Soft-start end ? S

then 1 o
Laux else 0 Olo—
= —| LEB2 l CsStop
R
. P grand >_—|
VCS(StOp reset
Figure 37. Overload Detection Schematic

When the current in the MOSFET is higher thanyy / On A and C versions, when the timers finishes dagnt

Rsense “Max Ip” comparator trips and the digital timéags 80 ms, the circuit goes in latch mode (Figure 88:DRV

counting: the timer count is incremented each 10Wiften pulses stop and 3¢ is pulled down to ¥c(iatchyWhich is

the current comes back within safe limits, “Max Ip” 7.2V typically. The circuit un-latches when therremt

comparator becomes silent and the timer count down: thecirculating in \cc pin drops belowdc atch)

timer countis decremented each 10 ms. In normal overload In parallel to the cycle—by-cycle sensing of the CS pin,

conditions the timer reaches its completion when it hasanother comparator with a reduced LEBcd) and a

counted up 8 times 10 ms. threshold ofL.2 V is able to sense winding short—circuit and
On B and D version, when the timers reaches its immediately shut down the controller. Depending on the

completion, the circuit enter auto-recovery mode: the version, this additional protection is either latched or

circuit stops all operations angt¥ decreases via the circuit auto-recovery, according to the overload protection

own consumption dcy). When \&c reaches ¥c(off), the behavior.

circuit goes in startup mode and restart switchifsge

Figure 38) This ensures a low duty—cycle burst djmran

fault mode.
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VCC Vcc(on) Cutput 12 overloaded (aux 15 alive)
Vecpm 3 t
r 7 ]
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by Lo
V ~
FE »—le— Soft-Start Soft-Stant > %
—
~ N ."
IpFlag .
DY
—®
Timer | /
80 ms
V »~ E \
- . >
ORWY =80 ms 30 ms

Figure 38. Auto—Recovery Short-Circuit Protectiono  n B and D Versions

A Cutput iz overloaded (aux is alive)
Vee Ve o
rp SCR pulls
Vocwm Wee down
Vocoma; !
S
Veg | | - \
The user has unplugged
FB % Soft-Start the power supply Feset Soft-Start >
i Reg. i"n‘
IR} A [
L i LA
o A [
R B
IpFlag P U e
\\ | \\ * |
4 oY
]
Timer | / i /
80 ms R T i
i a a
i a a
.\ n, .\‘i
Y | i | |
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VDRV i = 80 ms E B0 ma i |
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Figure 39. Latched Short-Circuit Protectionon Aan  d C Versions
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OVER POWER COMPENSATION

The over power compensation is achieved by mongorin the input voltage. As the auxiliary winding is aldy
the signal on ZCD pin (pin 1). Indeed, a negatiokage connected to ZCpin for the valley detection, by selecting
applied on this pin directly affects the internal voltage the right values for i, and Ry, we can easily perform
reference setting the maximum peak current (FigOje over power compensation.

When the power MOSFET is turned-on, the auxiliary
winding voltage becomes a negative voltage proportional to

Rzcd

Ropu
cs
ZCDI/OPP
{1}
§ |}

ESD
[ i
Ropl protection \Y2
Aux P il:\ ILIMIT

OPP IpFlag

D—> Demag

Figure 40. Over Power Compensation Circuit

To ensure optimal zero—crossing detection, a diode isDesign example:

needed to bypassR, during the off-time. Vaux= 18V

If we apply the resistor divider law on the pinuridg the Vg=0.6V
on-time, weobtain the following relationship: Np,aux= 0.18

R,cp + Ropu Np.auVin = Vopp 0.2 If we want at least 8 V on ZCD pin, we have:
= — eq. 2
Ropl Vopp Rzcop _ Vaux = Vg = Vzep
. R \

Where: opl zco (€q. 5)
Np,auxis the auxiliary to primary turn ration:gMux= Naux _18-06-8 _ 12
/' Np 8 '
Vin is the DC input voltage We can choose: R&p = 1 k2 and Rpj = 1 k2.

Vorris the negative OPP voltage , For the over power compensation, we need to dectease t
By selecting a value fordg), we can easily deducep; peak current by 37.5% at high line (370 Vdc). The

using Equation 2. While selecting the value fgpRwe corresponding OPP voltage is:

must becareful not choosing a too low value for this resis

in order to have enough voltage for zero—crossetgation Vopp = 0.375 XV y = =300 mV (€9. 6)

during the of-time. Werecommend having at least 8 V on  ysing Equation 2, we have:

ZCD pin, the maximum voltage being 10 V.

. . . R +R N V.. —V
During the of-time, ZCD pin voltage can be expressed as _2¢0 ~ P4 "Pa&X7iin  "OPP
follows: Ropt Vopp
Rop 018 %370 - (0.3 (eq. 7)
Ve = — > (Vam — V) (eq.3) - , -
ZcD aux d (-0.3)
Rzep + Ropl
We can thus deduce the relationship betwegy &hd Thus,
Rzco: Ropu = 221goy — Ryep = 221 X 1k — 1k = 220 kQ
eq. 8
Rzep Vax = Vg = Vzep (eq.8)
= (eq. 4)
Ropl VZCD
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OVERVOLTAGE/OVERTEMPERATURE DETECTION (A AND B VERS IONS)

Overvoltage and overtemperature detection is achieved
by reading the voltage on pin 7 (See Figure 41).

vee VDD Vovp
+ noise delay
Dz - ' I

Ceed
l0TP(REF) + _I.
Fault OVPcomp

=1 —

Q [—™="Latch

noise delay

- Qo—
H 2
NTC ‘_8 +
OTPcomp R
= grand ; |
_—__ reset
SSend
Figure 41. OVP/OTP Circuitry

The lbotpreF)current (91uA typ.) biases the Negative In case of overvoltage, the zener diode starts to conduct

Temperature Coefficient sensor (NTC), naturally @sipg and inject current inside the internal clamp resisigsp

a dc voltage on the OTP pin. An internal clamp tithe thuscausing the pin 7 voltage to increase. When thiage

pin 7 voltage to 1.2 V when the NTC resistancegs liFor reaches the OVP threshold (2.5 V typ), the controller is
example, at 28, Rytc > 100 K2). When the temperature  latched—-off: all the DRV pulses stops andc¥ is
increases, the NTC's resistance reduces bringiagiti 7 pulled-down to “c(atch) (7.2 V typ). The circuit
voltage down until it reaches a typical value of 0.8 V: the un-latchesvhen the current circulating ind¢ pin drops
comparator trips and latches—off the controller (see below lccatch) thus the user must unplug and replug the

Figure 42). power supply.
’
ver voltage !
VCC 8¢ 1 —.)
Pulldown,
Vet | SCR action —
Vecwm
Latched state
Voo
Ve AN/ R
’
VDRV User reget
’ >
VFault Vave Fault! Temperature
increases!
Vclam; \
¥
\ Vore [

Figure 42. Overvoltage and Overtemperature Chronogr ~ ams
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OVERVOLTAGE PROTECTION/BROWN-OUT (C AND D VERSIONS)

The C and D versions of NCP1380 combine brown-out
and overvoltage detection on pin 7.

Hv-Buk  VCC noise delay I

> oI

Dz + 3 S
VOVP{ T = Latch °
OVP/BO ° O

rand 3 I
Rbol <3 ’

. reset
noise delay

' ™1 I
-
Rclam + .
T CS comp
ey BO reset
+ =
Vclamp VBO

Figure 43. Brown—out and Overvoltage Protection

E

Ol ©

] e

Ol ©

N

Clamp

In order to protect the power supply against low input when \cc reaches ¥c(on) (Figure 44): thinsures a clean
voltage condition, the pin 7 permanently monitors aifsact  startup sequence with soft-start. The hysteresis for the
of the bulk voltage through a voltage divider. When this brown-out function ismplemented with a high side current
image of bulk voltage is below thegy threshold, the  source sinking 1QA when the brown—-out comparator is
controller stops switching. When the bulk voltagenes high (Vbuik < Vbulk(on)
back within safe limits, the circuit will restart pulsing only

V.. * The controller re-start but the output pulses are

cc inhibited. V.. decreases via the controller own
consumption.

VCC(Dn)

V

Veop

VCC(reset)

T L1118

o] /

comp “—; Fau.].t' >

VDRV

Figure 44. Brown—out Operating Chronograms

In order to avoid having a too high voltage on Pifithe Reclamp thus causing pin 7 voltage to increase. When this
bulk voltage is high, an internal clamp limits tratage. voltage reaches yp the controller latches—off and stays

In case of overvoltage, the zener diode will start to latched until the user cycles down the power supply
conduct andnject current inside the internal clamp resistor (Figure 45).
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r
Vbulk \ ]
4 Over voltage ! —,
VCC
Pulldown,
— .
\/ VCC(on) SCR action
Vet
Latched state
Vet +
VCC(reset) / >
Y
VDRV ||||||| ||||||| ||||||||||| -
Y >
VFault Vo\,rp Fault!
Vclamp

~ Vio \ e

Figure 45. Operating Chronograms in Case of Overvol tage

The following equations show how to calculate the Vv (V _v )
brownout resistors. BO\ " bulk(on) bulk(off) (eq.9)
First of all, select the bulk voltage value at whibe Rpol = ey v '
controller must start switching (Mikon) and the bulk BO( bulkon) ~ BO)
voltage for shutdown (Mik(off)). Then use the following R (V Y )
equation to calculategg, and Ry b = bol\ " bulkion) BO (eq. 10)
VBO
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