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Enhanced Off-line Switcher
for Robust and Highly
Efficient Power Supplies

NCP1075A/B, NCP1076A/B,
NCP1077A/B, NCP1079A/B

The NCP107xuz products integrate a fixed frequency current mode
controller witha700 V MOSFET. Availablein atwo different pin-out
of the very common PDIP-7 package, the NCP107xuz offers a high
level of integration, including soft-start, frequency-jittering,
short-circuit protection, skip-cycle, a maximum peak current
set-point, ramp compensation, and a dynamic self-supply (DSS,
eliminating the need for an auxiliary winding).

Unlike other monoalithic solutions, the NCP107xuz is quiet by
nature: during nominal load operation, the part switches at one of the
available frequencies (65, 100 or 130 kHz). When the output power
demand diminishes, the IC automatically enters frequency foldback
mode and provides excellent efficiency at light loads. When the power
demand reduces further, it enters into a skip mode to reduce the
standby consumption down to ano load condition.

Protection features include: a timer to detect an overload or a
short-circuit event, Over-voltage Protection with auto-recovery. Ac
input line voltage detection prevents lethal runaway in low input
voltage conditions (Brown-out) as well as too high an input line (Ac
line Over-voltage Protection). This aso alows an Over-power
Protection to compensate all internal delays in high input voltage
conditions and optimize the maximum output current capability.

For improved standby performance, the connection of an auxiliary
winding stops the DSS operation and helps to reduce input power
consumption below 50 mW at high line.
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MARKING
DIAGRAMS
PDIP-7 lexiﬁ’
(PDIP-8 LESS PIN 6)
CASE 626A
T b0
P107xPuzy
D AWL
PDIP-7 O YYWWG
(PDIP-8 LESS PIN 3) = 4
CASE 626AS Fr 1
X = Power Version (5, 6, 7, 9)
u = Pin Connections (A, B)
z = 2nd level OCP enabled/disabled (A, B)
y = Oscillator Frequency 65, 100, 130 (A, B, C)
A = Assembly Location
WL = Wafer Lot
Y,YY =Year
W, WW = Work Week
G = Pb-Free Package

ORDERING INFORMATION
See detailed ordering and shipping information on page 31 of
this data sheet.

NOTE: Some of the devices on this data sheet have been
DISCONTINUED. Please refer to the table on page 32.

Features

* Built-in 700 V MOSFET with Rpgon) of 13.5Q ¢ Adjustable Brown-out Protection and OVP
(NCP1075uz), 4.8 Q (NCP1076uz/77uz) and 2.9 Q » 2nd|_eading Edge Blanking — Current Protection
(NCP1079uz) (NCP107xuA version only)

¢ Large Creepage Distance Between High Voltage Pins e Over Power Protection

* Current-mode Fixed Frequency Operation — * Frequency Jittering for Better EMI Signature
65/100/130kHz * No Load Input Consumption < 50 mW

¢ Various Options for Maximum Peak Current: see below N

* Fixed Slope Compensation .

¢ Skip-cycle Operation at Low Peak Currents Only

¢ Dynamic Self-supply: No Need for an Auxiliary
Winding

* Interna 10 ms Soft-start

¢ Auto-recovery Output Short-circuit Protection with
Timer-based Detection

¢ Auto-recovery Over-voltage Protection with Auxiliary
Winding Operation

0 Semiconductor Components Industries, LLC, 2017 1
February, 2025 - Rev. 5

Frequency Foldback to Improve Efficiency at Light
table

Load
These are Pb-free Devices

Typical Applications

¢ Auxiliary / Standby Isolated Power Supplies
* Major Home Appliances Power Supplies

* Power Meter SMPS

¢ Wide Input Industrial SMPS

Publication Order Number:
NCP1076A/D
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NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

PIN CONNECTIONS

-/ —/
vee (O [~ GND 1|0 1 BO/AC_OVP
BO/AC_OVP :(: 3:. GND vce :(: :):. GND
GND |:<: :): GND
FB I__/ \_—I DRAIN DRAIN I—_/ \_—I GND
(Top View) (Top View)
PDIP-7 PDIP-7
NCP107xA NCP107xB
PIN FUNCTION DESCRIPTION
Pin No
PDIP 7 A PDIP 7 B Pin Name Function Pin Description
1 2 VCC IC supply pin This pin is connected to an external capacitor.
The Vcc management includes an auto-recovery
over-voltage protection.
2 8 BO/AC_OVP Brown-out / Ac Line Detects both input voltage conditions (Brown-out)
Over-voltage protection and too high an input voltage (Ac line OVP). Do
not leave this pin floating — if this pin is not used it
should be directly connected do GND.
3 5 GND The IC Ground
4 1 FB Feedback signal input By connecting an opto-coupler to this pin, the
peak current set-point is adjusted accordingly to
the output power demand.
5 4 DRAIN Drain connection The internal drain MOSFET connection
6 3 NC This un-connected pin ensures adequate creep-
age distance
7 6 GND The IC Ground
8 7 GND The IC Ground

PRODUCTS INFOS & INDICATIVE MAXIMUM OUTPUT POWER

230 Vrms +15% 85-265 Vrms
Product Rps(on) Ipk Adapter Open Frame Adapter Open Frame
NCP1075uz 135Q 400 mA 85W 14 W 6 W 10W
NCP1076uz / NCP1077uz 48Q 800 mA 19W 31w 14 W 23 W
NCP1079uz 29Q 1050 mA 25w 41 W 18 W 30w

NOTE:

on minimum copper area as recommended.

Informative values only, with Tymp = 25°C, Tease = 100°C, PDIP-7 package, Self-supply via Auxiliary winding and circuit mounted

QUICK SELECTION TABLE

Device Frequency [kHz] Rps(on) [€] Ipk [MA] Package type
NCP1075uz 65, 100, 130* 135 400
NCP1076uz 65, 100, 130* 4.8 650 PDIP-7
NCP1077uz 65, 100, 130* 4.8 800 (Pb-Free)
NCP1079uz 65, 100, 130* 29 1050

*NOTE: 130 kHz option available in pin connection B only
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Figure 1. Typical Isolated Application (Flyback Converter), Enable Brown-out, Ac Line OVP and OPP Functions
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MAXIMUM RATINGS TABLE (All voltages related to GND terminal)

Rating Symbol Value Unit

Power supply voltage, VCC pin, continuous voltage Vee -0.3t0 20 \Y
Voltage on all pins, except DRAIN and VCC pin Vinmax -0.3t0 10 \Y
DRAIN voltage BVpss -0.3to 700 \%
Maximum Current into VCC pin Icc 15 mA
Drain Current Peak during Transformer Saturation (T = 150°C): Ips(Pk) A

NCP1075uz 0.9

NCP1076uz/77uz 2.2

NCP1079uz 36
Drain Current Peak during Transformer Saturation (T; = 25°C):

NCP1075uz 15

NCP1076uz/77uz 3.9

NCP1079uz 6.4
Thermal Resistance Junction-to-Air — PDIP7 0.36 Sqg. Inch Roj-a 77 °CIW

1.0 Sqg. Inch 68

Maximum Junction Temperature Timax 150 °C
Storage Temperature Range -60 to +150 °C
Human Body Model ESD Capability (All pins except HV pin) per JEDEC JESD22-A114F HBM 2 kv
Human Body Model ESD Capability (Drain pin) per JEDEC JESD22-A114F HBM 1 kv
Charged-Device Model ESD Capability per JEDEC JESD22-C101E CDM 1 kv
Machine Model ESD Capability per JEDEC JESD22-A115-A MM 200 Vv

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. This device contains latch-up protection and exceeds 100 mA per JEDEC Standard JESD78.
2. Maximum drain current Ipsp) is obtained when the transformer saturates. It should not be mixed with short pulses that can be seen at turn

on. Figure 4 below provides spike limits the device can tolerate.

ip(t)
N < 1.5 X Ipgpx)

< tes

lbspx)

Transformer

N\, Saturation

Figure 4. Spike Limits
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ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted)

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

SUPPLY SECTION AND VCC MANAGEMENT

Vecon) V¢ increasing level at which the switcher starts operation 1(2) 8.0 8.4 8.9 \Y
Veeming V¢ decreasing level at which the HV current source restarts 1(2) 6.5 6.9 7.3 \Y
Vec(oFF) V¢ decreasing level at which the switcher stops operation (UVLO) 1(2) 6.1 6.5 6.9 \%
Vecgreset) | Vec voltage at which the internal latch is reset (Guaranteed by design) 1(2) 4 \Y
lcc1 Internal IC consumption, MOSFET switching (fsyy = 65 kHz) 1(2) mA
NCP1075uz - 1.10 -
NCP1076uz/77uz - 1.26 -
NCP1079uz - 1.40 -
lcc(skip) Internal IC consumption, Vgg is 0 V (No switching on MOSFET) 1(2) - 400 - A
POWER SWITCH CIRCUIT
Rps(on) Power Switch Circuit on-state resistance (Iprain = 50 mA) 5(4) Q
NCP1075uz
T3=25°C - 135 | 16.8
Ty=125°C - 26.0 | 316
NCP1076uz/77uz
T3=25°C - 4.8 6.8
Ty=125°C - 9.3 11.6
NCP1079uz
T3=25°C - 29 3.9
Ty=125°C - 53 75
BVpss Power Switch Circuit & Start-up breakdown voltage 5(4) 700 - - \%
(IpraIN(OFF) = 120 A, Ty = 25°C)
Ipss(oFF) Power Switch & Start-up breakdown voltage off-state leakage current 5(@4) - 85 - UA
T3 =125°C (Vpg = 700 V)
Switching characteristics (R = 50 Q, Vpg set for Iprain = 0.7 X ljim) 5 (4) ns
R Turn-on time (90% - 10%) - 20 -
te Turn-off time (10% - 90%) - 10 -
INTERNAL START-UP CURRENT SOURCE
Istart1 High-voltage current source, Vcc = Vecony — 200 mV 5(4) 4.0 9.0 12.0 mA
Istart2 High-voltage current source, Vcc =0V 5(4) - 0.5 - mA
VHV(MIN) Minimum start-up voltage, Vcc =0V 5 (4) - 21 -
Vee(mH) Ve Transient level for lsiarty tO lstart2 toggling point 1(2) - 1.6 -
CURRENT COMPARATOR
Ipk Maximum internal current set-point at 50% duty-cycle mA
FB pin open, T; = 25°C
NCP1075uz - - 400 -
NCP1076uz - - 650 -
NCP1077uz - - 800 -
NCP1079uz - - 1050 -
Ipk(0) Maximum internal current set-point at beginning of switching cycle mA
FB pin open, BO/AC_OVP pin voltage < 0.8V, T; =25°C
NCP1075uz - 420 470 520
NCP1076uz - 690 765 840
NCP1077uz - 850 940 | 1030
NCP1079uz - 1110 | 1230 | 1350

3. The final switch currentis: Ipk o) / (Vin/Lp + Sa) X Vin/Lp + Vin/Lp X tprop, With S the built-in slope compensation, Vi, the input voltage, Lp
the primary inductor in a flyback, and tyop the propagation delay.
4. Oscillator frequency is measured with disabled jittering.
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NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

ELECTRICAL CHARACTERISTICS

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

| Symbol Rating | Pin | Min | Typ | Max | Unit
CURRENT COMPARATOR
IPksw(65) Final switch current with a primary slope of 200 mA/us, mA
fsw = 65 kHz (Note 3)
NCP1075uz - - 450 -
NCP1076uz - - 710 -
NCP1077uz - - 860 -
NCP1079uz - - 1100 -
Ipksw(ioo) | Final switch current with a primary slope of 200 mA/us, mA
fsw =100 kHz (Note 3)
NCP1075uz - - 440 -
NCP1076uz - - 685 -
NCP1077uz - - 825 -
NCP1079uz - - 1040 -
Ipksw(izo) | Final switch current with a primary slope of 200 mA/us, mA
fsw =130 kHz (Note 3)
NCP1075uz - - 450 -
NCP1076uz - - 685 -
NCP1077uz - - 820 -
NCP1079uz - - 1020 -
Ipk(oPP) Maximum internal current set-point at beginning of switching cycle mA
FB pin open, BO/AC_OVP pin voltage = 2.65 V, T; = 25°C
NCP1075uz - - 375 -
NCP1076uz - - 610 -
NCP1077uz - - 750 -
NCP1079uz - - 985 -
tss Soft-start duration (Guaranteed by design) - - 10 - ms
tprop Propagation delay from current detection to drain OFF state - - 100 - ns
tLEB1 Leading Edge Blanking Duration 1 - - 300 - ns
tLeB2 Leading Edge Blanking Duration 2 (NCP107xuA version only) - - 100 - ns
INTERNAL OSCILLATOR
fosc(es) Oscillation frequency, 65 kHz version, T; = 25°C (Note 4) - 59 65 71 kHz
fosc(100) Oscillation frequency, 100 kHz version, Tj = 25°C (Note 4) - 90 100 110 kHz
fosc(130) Oscillation frequency, 130 kHz version, Tj = 25°C (Note 4) - 117 130 143 kHz
fitter Frequency jittering in percentage of fogc - - +6 - %
fswing Jittering modulation frequency - - 300 - Hz
Dmax Maximum duty-cycle - 64 68 72 %
FEEDBACK SECTION
IFB(fault) FB current for which Fault is detected 4(1) - -35 - uA
IFB100% FB current for which internal current set-point is 100% (Ipk o)) 4(1) - -44 - uA
IFB(freeze) FB current for which internal current set-point is lgeeze 4(1) - -90 - A
VEB(REF) Equivalent pull-up voltage in linear regulation range 4(1) - 3.3 - \%
(Guaranteed by design)
ReguP) Equivalent feedback resistor in linear regulation range 4(1) - 195 - kQ
(Guaranteed by design)

3. The final switch currentis: Ipk o) / (Vin/Lp + Sa) X Vin/Lp + Vin/Lp X tprop, With S the built-in slope compensation, Vi, the input voltage, Lp
the primary inductor in a flyback, and tyrop the propagation delay.
4. Oscillator frequency is measured with disabled jittering.
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NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

ELECTRICAL CHARACTERISTICS

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

| Symbol Rating | Pin | Min | Typ | Max | Unit
FREQUENCY FOLDBACK & SKIP
IEBfold Start of frequency foldback FB pin current level 4(1) - -68 - uA
IrBroidenD) | End of frequency foldback FB pin current level, fsy = fyin 4(1) - -100 - uA
fMIN The frequency below which skip-cycle occurs, Ty = 25°C (Note 4) - 23 27 31 kHz
IFB(skip) The FB pin current level to enter skip mode 4(1) - -120 - uA
lfreeze Internal minimum current set-point (Irg = Irg(freeze)) mA
NCP1075uz - - 165 -
NCP1076uz - - 270 -
NCP1077uz - - 330 -
NCP1079uz - - 430 -
SLOPE COMPENSATION
Sa(65) The internal slope compensation @ 65 kHz: mA/us
NCP1075uz - - 9 -
NCP1076uz - - 15 -
NCP1077uz - - 18 -
NCP1079uz - - 23 -
Sa(100) The internal slope compensation @ 100 kHz: mA/us
NCP1075uz - - 14 -
NCP1076uz - - 23 -
NCP1077uz - - 28 -
NCP1079uz - - 36 -
Sa(130) The internal slope compensation @ 130 kHz: mA/us
NCP1075uz - - 18 -
NCP1076uz - - 30 -
NCP1077uz - - 36 -
NCP1079uz - - 46 -
PROTECTIONS
tscp Fault validation further to error flag assertion - 35 48 - ms
trecovery OFF phase in fault mode - - 420 - ms
Vovp V¢ voltage at which the switcher stops pulsing 1(5) 17.0 18.0 18.8 \%
tovp The filter of Vcc OVP comparator - - 80 - us
VBO(EN) Brown-out level detection 2 (8) - 50 - mV
VBO(©ON) Brown-out level, the switcher starts pulsing, OPP starts to decrease Ipk 2(8) | 0.76 | 0.80 | 0.84 \Y
VBoHysT) | Brown-out hysteresis (Guaranteed by design) 2(8) - 100 - mV
Vacovpon | OVP level when the switcher stops pulsing 2(8) | 275 | 290 | 3.04 \Y
) 5 0 5
Vacovpor | OVP level when the switcher starts pulsing 2(8) 2.3 2.6 2.9 \Y
F
tgorilter Vgo filter - - 20 - us
tBo Brown-out timer - - 50 - ms
VHV(EN) The drain pin voltage above which the MOSFET operates. Checked after 5(4) 72 91 110 \%
one of the following events: TSD, UVLO, SCP, or Vcc OVP mode, BO/
AC_OVP pin=0V
IpK(150) High current protection, percent of max limit Ipx (NCP107xuA version only) - - 150 - %

3. The final switch currentis: Ipkg) / (Vin/Lp + Sa) X Vin/Lp + Vin/Lp X tprop, With S the built-in slope compensation, Vi, the input voltage, Lp
the primary inductor in a flyback, and tyop the propagation delay.
4. Oscillator frequency is measured with disabled jittering.
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NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

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

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

TEMPERATURE MANAGEMENT

TSD Temperature shutdown (Guaranteed by design) - 150 - - °C

TSDpyst | Hysteresis in shutdown (Guaranteed by design) - - 20 - °C

3. The final switch currentis: Ipkg) / (Vin/Lp + Sa) X Vin/Lp + Vin/Lp X tprop, With S the built-in slope compensation, Vi, the input voltage, Lp
the primary inductor in a flyback, and tyrop the propagation delay.
4. Oscillator frequency is measured with disabled jittering.

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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APPLICATION INFORMATION

Introduction
Thanks to onsemi Very High Voltage Integrated Circuit

technology, the circuit hosts a high-voltage power

MOSFET featuring a 13.5/4.8/2.9 Q Rpgion) — Ty = 25°C.

An internal current source delivers the start-up current,

necessary to crank the power supply.

* Current-mode operation: The controller uses
current-mode control architecture.

® 700V Power MOSFET: Thanksto onsemi Very High
Voltage Integrated Circuit technology, the circuit hosts
a high-voltage power MOSFET featuring a 4.8 and
2.9 Q Rpsion) — Tg=25°C. Thisvalue lets the designer
build a power supply up to 28 W operated on universal
mains. An interna current source deliversthe start-up
current, necessary to crank the power supply.

¢ Dynamic Self-Supply: Thisdevice could be used in an
application without an auxiliary winding to provide
supply voltage viaan internal high-voltage current
source.

¢ Short-circuit protection: By permanently monitoring
the feedback line activity, the IC is able to detect the
presence of a short-circuit, immediately reducing the
output power for atotal system protection. A tscp timer
is started as soon as the feedback current is below
threshold, g (fault), Which indicates a maximum peak
current condition. If at the end of thistimer the fault is
till present, then the device enters a sefe,
auto-recovery burst mode, affected by a fixed timer
recurrence, trecovery- ONce the short has disappeared, the
controller resumes and goes back to normal operation.

¢ Built-in VCC Over-Voltage Protection: When the
auxiliary winding is used to bias the VCC pin (no
DSS), an internal comparator is connected to VCC pin.
In case the voltage on the pin exceeds the Voyp level
(18 V typically), the controller immediately stops
switching and awaits a full timer period (trecovery)
before attempting to re-start. If the fault is gone, the
controller resumes operation. If the fault is till there,
e.g. in the case of a broken opto-coupler, the controller
protects the load through a safe burst mode.

¢ Linedetection: Aninternal comparator monitors the
drain voltage. If the drain voltage is lower than the
internal threshold (Vv eny)), the internal power switch
isinhibited. This avoids operating at too low an ac
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input. Line detection is active, when BO/AC_OVP pin
is grounded.

Brown-out detection and AC line Over -Voltage
Protection: The BO/AC_OVP input monitors bulk
voltage level viaresistive divider and thus assures that
the application is working only for designed bulk
voltage. When BO/AC_OVP pin is connected to
ground, Line detection isinhibited.

Internal OPP: Aninternal function using the bulk
voltage to program the maximum current reduction for
agiven input voltage. Internal OPP is active when
BO/AC_OVP pinis connected viaresistive divider to
the bulk voltage.

2nd | EB (NCP107xuA only): Second level of current
protection. If peak current is 150% max peak current
[imit, then the controller stops switching after three
pulses and waits for an auto-recovery period (trecovery)
before attempting to re-start.

Frequency jittering: Aninterna low-frequency
modulation signal varies the pace at which the
oscillator frequency is modulated. This helps spreading
out energy in conducted noise analysis. To improve the
EMI signature at low power levels, thejittering remains
active in frequency foldback mode.

Soft-Start: A 10 ms soft-start ensures a smooth
start-up sequence, reducing output overshoots.
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 current
information and when it reaches alevel of Irgiqlg, the
oscillator then starts to reduce its switching frequency
as the feedback current continues to increase (the power
demand continues to reduce). It can go down to 27 kHz
(typical) reached for a feedback level of |IrgtoldEND)
(100 pA roughly). At this point, if the power continues
to drop, the controller enters classical skip-cycle mode.
Skip: If SMPS naturally exhibits a good efficiency at
nominal load, they begin to be less efficient when the
output power demand diminishes. By skipping
un-needed switching cycles, the NCP107xuz
drastically reduces the power wasted during light load
conditions.
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Start-up Sequence

When the power supply is first powered from the mains
outlet, the internal current source (typicaly 9.2 mA) is
biased and charges up the V ¢ capacitor from thedrain pin.
Oncethevoltageon thisV cc capacitor reachestheV cc(ony)
level (typically 8.4V), the current source turns off and
pulsesare delivered by the output stage: thecircuit isawake
and activates the power MOSFET if the bulk voltage is
above Vv (en) level (Brown-in protection) or voltage on
BO/AC_OVP pin is above Vgoon) level (Brown-out
protection). Figure 34 details the simplified internal
circuitry.

Being loaded by the circuit consumption, the voltage on
theV c¢ capacitor goesdown. WhenV ccisbelow Ve
level (7 'V typicaly), it activatesthe internal current source
tobring V¢ toward Vec(on) level and stops again: acycle
takes place whose low frequency depends on the V¢
capacitor andthelC consumption. A 1.5 V rippletakesplace
on the VCC pin whose average value equals (Vcc(on) +
Veeminy)/2. Figure 35 portrays atypical operation of the
Dss.

VBULK
(o,
Iy
Rllml‘
o
vee DRAIN
‘ &
Y,
V
—_ C CC(ON)
1~ Cvce Vee miny
p
Ve > 18V >
OVP fault GND
T Vove

e i

Figure 34. The Internal Arrangement of the
Start-up Circuitry

Vac(mh

Startup Duration

Device
Internal
Pulses

time [ms]

Figure 35. The Charge / Discharge Cycle Over a 1 uF V¢ Capacitor
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As one can see, even if there is auxiliary winding to
provide energy for Vg, it happens that the device is still
biased by DSS during start-up time or some fault mode
when the voltage on auxiliary winding is not ready yet. The
V ¢ capacitor shall be dimensioned to avoid V¢ crosses
Vcc(orr) level, which stops operation. The AV between
Veeminy and Vec(orr) is0.5 V. Thereis no current source
to charge V cc capacitor when driver ison, i.e. drain voltage
is closeto zero. Hence the V ¢ capacitor can be calculated
using

lcc1 - Pwax
> 2w 0O VRA
Cyece fooe - AV (eq. 1)

Take the 65 kHz device as an example. Cycc should be

above
. -3.
R

A marginthat coversthetemperature drift and thevoltage
drop dueto switchinginside FET should be considered, and
thus a capacitor above 0.1 uF is appropriate.

The V¢ capacitor has only a supply role and its value
does not impact other parameters such as fault duration or
the frequency sweep period for instance. As one can see on
Figure 34, aninternal OV P comparator protectsthe switcher
against lethal V cc runaways. This situation can occur if the
feedback loop opto-coupler fails, for instance, and you
would like to protect the converter against an over-voltage
event. In that case, the over-voltage protection (OVP)
circuit immediately stops the output pulses for trecovery
duration (420 ms typically). Then a new start-up attempt
takesplaceto check whether thefault hasdisappeared or not.
The OVP paragraph gives more design details on this
particular section.

Fault Condition — Short-circuit on VCC

In some fault situations, a short-circuit can purposely
occur between Ve and GND. In high line conditions
(Vv =370V dc) the current delivered by the start-up
device will seriously increase the junction temperature. For
instance, since lga11 equals4.9 mA (themin correspondsto
the highest Tj, the device would dissipate
370x 4.9x103=1.81W. To avoid this situation, the
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controller includes a novel circuitry made of two start-up
levels, Igat1 and lgartp. At power-up, as long as Ve is
below a 1.6V leve, the source delivers lgato (around
500 pA typical), then, when V¢ reaches 1.6 V, the source
smoothly transitionsto | g4t1 and deliversitsnominal value.
Asaresult, in case of short-circuit between V cc and GND,
the power dissipation will drop to 370x 500x 106=
185 mW. Figure 35 portrays this particular behavior.

The first start-up period is calculated by the formula
CxV=Ixt, which implies a 1x10-6x16
/ (500 x 10-6) = 3.2 msstart-up time for the first sequence.
The second sequence is obtained by toggling the source to
89mA with a AV of Vccony-VeerH) =
84V -16V=6.8V, which findly leads to a second
start-up time of 1x10-6x6.8/(8.9x 10-3)=0.76 ms.
The total start-up time becomes 3.2ms+ 0.76 ms=
3.96 ms. Please notethat thiscal cul ation i sapproximated by
the presence of the knee in the vicinity of the transition.

Fault Condition — Output Short-circuit

As soon as Ve reaches Vecon), drive pulses are
internally enabled. If everything is correct, the auxiliary
winding increases the voltage on the V CC pin as the output
voltage rises. During the start-sequence, the controller
smoothly ramps up the peak drain current to maximum
setting, i.e. Ipk, which is reached after a typical period of
10 ms. When the output voltageis not regulated, the current
coming through FB pin is below Irgiayt: level (35 uA
typically), which is not only during the start-up period but
also anytime an overload occurs, an internal error flag is
asserted, |pFiag, indicating that the system has reached its
maximum current limit set-point. The assertion of thisflag
triggers afault counter tscp (48 mstypically). If at counter
completion, IpFiag remains asserted, all driving pulses are
stopped and the part stays off in trecovery duration (about
420 ms). A new attempt to re-start occurs and will last
48 ms providing the fault is still present. If the fault still
affects the output, a safe burst mode is entered, affected by
a low duty-cycle operation (11%). When the fault
disappears, the power supply quickly resumes operation.
Figure 36 depicts this particular mode:
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Figure 36. In Case of Short-circuit or Overload, the NCP107xuz Protects ltself and the Power Supply Via a Low

Frequency Burst Mode. The V¢ is Maintained by

Auto-recovery Over-voltage Protection

The particular NCP107xuz arrangement offers a simple
way to prevent output voltage runaway when the
opto-coupler fails. As Figure 37 shows, a comparator
monitorsthe VCC pin. If the auxiliary winding deliverstoo
much voltage to the Cycc capacitor, then the controller
considers an OV P situation and stops the internal drivers.
When an OV P accurs, all switching pulses are permanently
disabled. After trecovery delay, the circuit resumes
operations. If the failure symptom still exists, e.g. feedback
opto-coupler fails, the device keepsthe auto-recovery OVP
mode. We recommend the insertion of a resistor (Rjimit)
between theauxiliary dclevel andtheV CC pinto protect the
| C against high voltage spikes, which can damagetheIC. It

Vecon) = 8.4V
VCC(MIN) =69V

the Current Source and Self-supplies the Controller.

is aso recommended to filter out the VCC line to avoid
undesired OVP activations. Rjjmit should be carefully
selected to suppress fase-triggers of the OVP as we
discussed, but also to avoid disturbing the V cc inlow / light
load conditions.

Self-supplying controllers in extremely low-standby
applications often puzzlesthe designer. Actually, if aSMPS
operated at nominal load can deliver an auxiliary voltage of
an arbitrary 16 V (Vnom), this voltage can drop below 10 V
(Vaby) when entering standby. This is because the
recurrence of the switching pulses expands so much that the
low frequency re-fueling rate of the V¢ capacitor is not
enough to keep a proper auxiliary voltage.

DRAIN

¢ lyata

vce D1

Riimit

T

Shut down
Internal DRV

+

80 us
filter

T

Vove T

1

Naux

GND

Figure 37. A More Detailed

X—+

View of the NCP107xuz Offers

Better Insight on How to Properly Wire an Auxiliary Winding
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Figure 38. Describes the Main Signal Variations When the Part Operates in Auto-recovery OVP

Soft-start

The NCP107xuz features a 10 ms soft-start which
reduces the power-on stress but also contributes to lower
the output overshoot. Soft-start isrunning every timewhen
IC starts switching. It means afirst start, a new start after

OVP, TSD, Brown-out, etc. Figure 39 shows a typical
operating waveform. The NCP107xuz features a novel
patented structure which offers a better soft-start ramp,
amost ignoring the start-up pedestal inherent to traditional
current-mode supplies:

]
[ Vec [ Vecon)
lr\ i
OV (fresh PON) |
|
DRAIN current ( Max lpx |
I il I }
(LT
= =
= 10 ms =

Figure 39. The 10 ms Soft-start Sequence
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Jittering

Frequency jittering is a method used to soften the EMI
signature by spreading the energy inthevicinity of themain
switching component. The NCP107xuz offers a +6%
deviation of thenominal switchingfrequency. Thesweeping

sawtooth isinternally generated and modulatesthe clock up
and downwithafixedfrequency of 300 Hz. Figure40 shows
the relationship between the jitter ramp and the frequency
deviation. It is not possible to externally disable the jitter.

Jitter ramp

|
\/JRGB.Q kHz

g

N

nternal \

( E 61.1kHz
adjustable

sawtooth

I

Figure 40. Modulation Effects on the Clock Signal by the Jittering Sawtooth

Line Detection

When BO/AC_OVP pinisgrounded (voltage on thispin
is below Vpoen)) Figure 2, then an internal comparator
monitors the drain voltage as recovering from one of the
following situations:
¢ Short-Circuit Protection,
* Ve OVPis Confirmed,
* UVLO

e TSD

VBULK

RUPPER

BO/AC_OVP
D ¥

1~
I VaoeEn)
L= i
i
1~

| VBo(on)

Riower

L.
I

P I

I Vac(ovp)

If the drain voltage is lower than the internal threshold
Vhv(Een) (91V dc typicaly), the internal power switch is
inhibited. This avoids operating at too low ac input.

Brown-out Function, Ac Line Over-voltage Protection

The Brown-out circuitry offers a way to protect the
application from operation under too low an input voltage.
Below agivenlevel, the controller blocksthe output pulses,
aboveit, it authorizesthem. Theinternal circuitry, depicted
by Figure41l, offersaway to observethe high-voltage (HV)
rail.

Line
20
. HS —> detection
filter ;

disable
20us

B |

filter H tso ]—> O enable

20us
filter

AC OVP

Figure 41. The Internal Brown-out Configuration
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A resistive divider made of Rypper and R ower, brings
a portion of the HV rail on BO/AC_OVP pin. Below the
VBo(eN) = 50 mV isthe Brown-out function disabled, over
the Vgoen) Brown-out function is enable and against Line
detection is inhibited. If voltage on BO/AC_OVP pin is

higher than Vgo(on), switcher startspulsing. If voltagefalls
down under Veo(orr) - level Vgoon) minus VeoHysr).
the switcher waits 50 msand then stops pul sing, depicted by
Figure42. Bulk voltageat which I C starts switching isset by
resistive divider.

y | | | | |
é:;::— v T::::%:%:::::::%::r—_ T::::::%::F;ﬁ
! - _— | _—
| | R | |
Veoon| J— |__l_ R __L__L___ P __L__I___
S N~— 1 N
VBO/AC_OVP i i i i i i i i
) | | 3o | soms)
B B B S S o A
B i s s e
I 00

Figure 42. Brown-out Input Functionality with 50 ms Timer
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The IC aso includes over-voltage protection. If the voltage on BO/AC_OVP pin exceed Vacovpon), the switcher
immediately stops pulsing until the voltage on BO/AC_OVP pin drops under Vacovp(orr), depicted by Figure 43.

Veeon ™ T
Veemny™ T

VCC

Vacoveon™ ]
Vavove (orF) ™ T

Veoony™ T~~~ """~ T T T T o oo o
Veoors™ T

VBO/ACfOVP

DRV _ | I”|””l”””””””””l !

internal h 1

é

l___

Figure 43. Brown-out Input Functionality with Ac Line OVP Function

Calculation of the resistive divider:

Riower _ VBO(ON) 2
R =V —vV (eq.2)
UPPER BULK BO(ON)
If we decide to start pulsing a VgyLkon) = 113 V dc (80 V rms at ac mains):
Riower _ VBo(on) __ 08 _-.im
Rupper VBULK(ON) - VBO(ON) 113-0.8
We choose R ower = 100 k<2
100 - 108
Rupper = 771 103 — 14 MQ
Then power losses on resistive divider for worst case (VgyLk =409 V dc)
N VL u2 _ 4092 _
P =Y = R = Ryoen + Riowen 14 - 106 + 100 - 108 ~ 22MW (4-3)

For VguLk(on) = 113V dc will be over-voltage protection (voltage when the switcher stops pulsing):

VBULK(ON) _

ACOVP(ON) ~ "/

Riower + Rupper _ |,
Riower

\% \%

29 - 113 _ 409 vdc = 290 Vims (eq. 4)

BULK(OVP) — 0.8

ACOVP(ON) * BO(ON)
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Figure 44. Brown-out Functionality in Soft-start

If voltage on VCC pinishigher thanV cc(on) and voltage
on BO/AC_OVP pin is higher than Vgo(on) then IC starts
pulsing, drain current is increasing for 10 ms (Soft-start).
Brown-out is inhibited during Soft-start, when Soft-start
ended, Brown-out checked if is voltage on BO/AC_OVP
pinhigher thanVgo(orr. If thevoltageislower, timer count
50 ms and if the voltage don't increase over Vgo(orr) then
| C stops switching as one can see on Figure 44.

Frequency Foldback

The reduction of no-load standby power associated with
the need for improving the efficiency, requiresto changethe
traditional fixed-frequency type of operation. This device
implements a switching frequency folback when the
feedback current passes above a certain level, Irgiolg, Set
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around 68 pA. At this point, the oscillator enters frequency
foldback and reduces its switching frequency.

The internal peak current set-point is following the
feedback current information until its level reaches the
minimal freezing level point of lfeeze. BelOw thisvalue, the
peak current set-point is frozen to 30% of the Ipk (). The
only way to further reduce the transmitted power is to
diminish the operating frequency down to fyn (27 kHz
typically). Thisvalueisreached at afeedback current level
of IrsfoldEND) (100 HA 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. Figures 45 and 46 depi ct the adopted schemefor
the part.

Share Feedback

23

Your Opinion Matters


http://www.onsemi.com/
https://cx.onsemi.com/jfe/form/SV_2co9s03RTjSwGHQ?tdid=NCP1076A-D&tdt=DATASHEET&palcodes=PG&pal3codes=PGN&page=23

NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

140

120

100

80

N
\\\

e 130 kHz
=100 kHz

65 kHz

60

NN

Frequency [kHz]

40

20

R\
N\

50

60

70
Ies [MA]

80 9

0 100

Figure 45. By Observing the Current on the FB pin, the Controller Reduces its
Switching Frequency for an Improved Performance at Light Load
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Feedback and Skip

The FB pin operates linearly as the absolute value of
feedback current (Igg) is aove 40 uA. In this linear

Figure 46. lpk Set-point is Frozen at Lower Power Demand

(Rre(up)) and theeffective pull up voltageis 3.3 V typically

operating range, thedynamicresistanceis19.5kQ typically

(VeB(Rer). When Igg is decreased, the FB voltage will
increaseto 3.3 V.
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Figure 47 depictsthe skip mode block diagram. Whenthe comparator isminimized to lower the ripple of the auxiliary
FB current information reaches | rg(ip), the internal clock voltagefor VCC pinand V oyt of power supply during skip
to set the flip-flop is blanked and the internal consumption mode. It easies the design of V ¢ overload range.
of the controller isdecreased. The hysteresisof internal skip

o N
Jittering |—( osc J :)_
M 7y
Veegeen) (| Foldback ) f S
Q —> DRV stage

-~

R
Res wp)
IFB (ski -
o | SKIP J_
FB & ® + CS comparator

Figure 47. Skip Cycle Schematic

Over-power Protection
Thisfunction letsyou limit the maximum dc output current regardl ess of the operating input voltage. For acorrect operation,
the BO/AC_OVP pin must be connected via aresistive divider to observe the bulk voltage.

MOSFET

Vramp + Vsense

e}

les
° °

A

lreeze  Ipk(o)

|

|

| Ieg to CS setpoint L 4
| —

|

I e
|

|

1__=
|

BO/AC_OVP lek(0)

L ok ope )|

: Veo(on)
RLOWER I
|
—_ I

Figure 48. The OPP Circuity Affects the Maximum Peak
Current Set-point in Relationship to the Input Voltage.
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Figure 49. Current Set-point Dependence on BO/AC_OVP Pin Voltage

Thereare several known waysto implement Over-power Maximum peak current isreduced internally according to
Protection (OPP), al suffering from particular problems. bulk voltage. When V go(opp) ismaximum, the peak current
These problems range from the added consumption burden set-point is reduced by 10%. Bulk voltage at which will be
on the converter or the skip-cycle disturbance brought by maximum current peak reduced by 20% (10% in
the current-sense offset. In this case is added consumption NCP1075uz):
due to resistive divider (Equation 2).

v R +R (¢4
BULK(ON) _ LOWER UPPER _ 5 g5 . 100 - 103 + 14 - 105 _ 405 \/4c — 265 Vims

BULK(OPP) — VBO(OPP) ’ VBO(ON) = VBO(OPP) ’ RLOWER 100 - 103

\Y
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Second LEB — Peak Current Protection (NCP107xuA

only)

NCP1075A/B, NCP1076A/B, NCP1077A/B, NCP1079A/B

Thereisasecond level of current protection with 100 ns
propagation delay to prevent |C against high peak current.
If peak current is 150% max peak current limit, then the
controller stops switching after three pulsesand waitsfor an
auto-recovery period (trecovery) before attempting to

Slope Compensation and Ipk Set-point

In order to let the NCP107xuz operate in CCM with a
duty-cycle above 50%, a fixed slope compensation is
internally applied to the current-mode control.

Below appearsatabl e of the slope compensationlevel, the
initial current set-point, and the final current set-point of
different versions of switcher.

re-start.
NCP1075uz NCP1076uz NCP1077uz NCP1079uz
fsw [kHz] 65 100 130 65 100 130 65 100 130 65 100 130
Sz [mA/ps] 9 14 18 15 23 30 18 28 36 24 37 46
Ipk (Duty-cycle = 50%) [mA] 400 600 800 1050
Ipk (o) [MA] 470 765 940 1230

Figure 50 depicts the variation of |px set-point vs. the power switcher duty ratio, which is caused by the internal ramp

compensation.

I,k Set-point [mA]
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=
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Figure 50. Ipk Set-point varies with Power Switch On Time, which is Caused by the Ramp Compensation
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Design Procedure

The design of an SMPS around a monoalithic device does
not differ from that of a standard circuit using a controller
and aMOSFET. However, one needs to be aware of certain
characteristics specific of monolithic devices. Let usfollow
the steps:

ViNmIN =90V rmsor 127 V dc once rectified,

assuming alow bulk ripple

VINMAX =265V rmsor 375V dc 2.

VOUT =12V

POUT =10W

Operating modeis CCM

n=0.8

1. Thelateral MOSFET body-diode shall never be

forward biased, either during start-up (because of
alarge leakage inductance) or in normal operation,
depicted by Figure 51. This condition setsthe

maximum voltage that can be reflected during tg
As aresult, the flyback voltage which is reflected
on the drain at the switch opening cannot be larger
than the input voltage. When selecting
components, you thus must adopt a turn ratio
which adheres to the following equation:

N~ (VOUT + VF) < ViNMIN (eq. 6)

In our case, since we operate from a 127 V dc rail
while delivering 12 V, we can select areflected
voltage of 120 V dc maximum. Therefore, the turn
ratio Np:Ns must be smaller than

Veflect _ 120
Vour T Vg 12+ 05

Here we choose N = 8 in this case. We will seelater
on how it affects the calculation.

=9.60rNp:Ns < 9.6

350

250

150

|

1.004M 1.011M 1.018M

1.025M 1.032M

Figure 51. The Drain-Source Wave Shall Always be Positive

—————7 ——————————— Ipeax
Al

IVALLEY

Iavg

Y

> t

A A

DTsw

TSW

Figure 52. Primary Inductance Current
Evolution in CCM
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4 3. Lateral MOSFETSs have a poorly doped

body-diode which naturally limits their ability to
sustain the avalanche. A traditional RCD clamping
network shall thus be installed to protect the
MOSFET. In some low power applications,
asimple capacitor can also be used since

VDRAINMAX = T €. 7)
E eq.
Vin t N - (VOUT + VF) + lpgak "/ Cror

where Lg isthe leakage inductance, Crot the total
capacitance at the drain node (which isincreased by
the capacitor you will wire between drain and
source), N the Np:Ng turn ratio, VoyT the output
voltage, VE the secondary diode forward drop and
finaly, lpeak the maximum peak current. Worse
case occurs when the SMPS is very close to
regulation, e.g. the VpyT target is almost reached
and lpgak is till pushed to the maximum. For this
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design, we have selected our maximum voltage
around 650 V (at Vi =375V dc). This voltage is
given by the RCD clamp installed from the drain to
thebulk voltage. Wewill seehow to calculateit later
on.

4. Calculate the maximum operating duty-cycle for
this flyback converter operated in CCM:

N - (Vour + Ve
N - (VOUT + VF) + VinmiN

Dyax = = (eq. 8)

1 = 0.44
VIN,MIN

+V)

1+
N-(Vour

5. To obtain the primary inductance, we have the
choice between two equations:

(V- D)’
L = _\VTIN T (eq. 9)
fsw K- Py
Al
where K= I (eq. 10)
Lavg
and defines the amount of ripple we want in CCM,
depicted by Figure 51.

* Small K: deep CCM, implying alarge primary
inductance, alow bandwidth and alarge leakage
inductance.

¢ Large K: approaching DCM where the conduction
losses are worse, but smaller inductance, leading to a
better leakage inductance.

From Equation 9, aK factor of 1 (50% ripple), gives an inductance of:

_ _(127-044° _ _Vn-D_ 127-044  _
L= 65Kk -1-12.75 3.8 mH Al = [-foy 38 1079-65-10° 223 mA (eq. 12)
peak-to-peak
The peak current can be evaluated to be:
lag  Al, 98 -10-3  223-10-3
L Tl - 12
ek =5 T2 044 T 2 335mA (eq. 12)
On I, I avg Can also be calculated
Al . 10-3
L - 223 - 10
lLavg = lpeak — - = 335 - 107 — S55520— = 223 mA (eq. 13)

6. Based on the above numbers, we can now evaluate the conduction losses:

Al 2 2
L 0.223
ID’RMS = \/D(IPEAKZ — lpgak " Al + 3 ) = \/0.44(0.3352 —0.335-0.223 + 3 ) = 154 mA (eq. 14)

If we take the maximum Rpg(on) for a 125°C junction temperature, i.e. 10.1 Q, then conduction losses worse case are:

Peono = lorus? - Rosony = (154 - 107%)” - 13.6 = 323 mw (eq. 15)
7. Off-time and on-time switching losses can be estimated based on the following calculations:
[ (v +V ) -t 0.335- (127 + 120 - 2) - 10 - 10-°
_ _PEAK BULK CLAMP: F_ = .16
Porr 2-Tgow 2-15.4-10% 40 mw (6q. 16)
Where, assumethe Vi ampisequal to 2 times of reflected voltage.
! *(Vauk + N (Vour + VP) “tr ~ 0.112 - (127 + 100) - 20 - 10-°
VALLEY BULK ouT F R .
= = = .17
Pon 6154 -10° Semw. (e D

6 - Tow

It is noted that the overlap of voltage and current seen on MOSFET during turning on and off duration is dependent on the
snubber and parasitic capacitance seen from drain pin. Thereforethetr and tg in Equations 16 and 17 have to be modified after

measuring on the bench.

8. The theoretical total power isthen
Pvoseer = 323 + 40 + 5.5 = 368.5 mW

9. If the NCP107xuz operates at DSS maode, then the losses caused by DSS mode should be counted as losses of this

device on the following calculation:

Poss = lect * Vinmax = 1.5 - 1078 - 375 = 563 mw

www.onsemi.com

(eq. 18)
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MOSFET Protection

Asin any flyback design, it isimportant to limit the drain excursion to asafe value, e.g. below the MOSFET BV psswhich

is700 V. Figure 53 a-b-c present possible implementations:

HU HU

HU

Rclamp

|

.||§
L)
s
NCP1BZ7XA

NCPLB7XA

E GND NCP107 XA
CUcc 2

[ ﬁ'{ T
1

GND GNO

Figure 53. Different Options to Clamp the Leakage Spike

Figure 53a: the simple capacitor limits the voltage
accordingtothelateral MOSFET body-diode shall never be
forward biased, either during start-up (because of a large
leakage inductance) or in normal operation as shown by
Figure 51. Thiscondition setsthe maximum voltagethat can
bereflected during t=. Asaresult, theflyback voltagewhich
is reflected on the drain at the switch opening cannot be
larger than the input voltage. When selecting components,
you must adopt a turn ratio which adheres to the following
Equation 6. This option is only valid for low power
applications, e.g. below 5 W, otherwise chances exist to
destroy the MOSFET. After evaluating the leakage
inductance, you can compute C with (Equation 7). Typical
values are between 100 pF and up to 470 pF. Large
capacitors increase capacitive |0sses...

Figure 53b: the most standard circuitry is called the RCD
network. You calculate Ropamp and Ceoamp using the
following formulae;

2 - Verawe (Vorawe + Wour + V) * N)

Retawe = L 1 2. f
LEAK ~ 'LEAK” " Tsw (eq. 19)
\%
_ CLAMP
Celavp =y . R (eq. 20)
RIPPLE ~ Tsw * Reravp

VcLamp is usually selected 50-80V above the reflected
value N X (MVouT + VE). The diode needs to be a fast one

www.onsemi.com

and a MUR160 represents a good choice. One major
drawback of the RCD network lies in its dependency upon
thepeak current. Worse case occurswhen Ipgak andVj are
maximum and VoyT isclosetoreach the steady-stateval ue.

Figure 53c: this option is probably the most expensive of
all three but it offers the best protection degree. If you need
avery precise clamping level, you must implement a Zener
diode or a TVS. There are little technology differences
behind astandard Zener diodeand aTV S. However, thedie
areaisfar bigger for atransient suppressor thanthat of Zener.
A 5W Zener diode like the IN5388B will accept 180 W
peak power if it lastslessthan 8.3 ms. If the peak current in
the worse case (e.g. when the PWM circuit maximum
current limit works) multiplied by thenominal zener voltage
exceedsthese 180 W, then the diode will be destroyed when
the supply experiences overloads. A transient suppressor
like the PEBKE200 still dissipates 5 W of continuous power
but is able to accept surges up to 600 W @ 1 ms. Select the
Zener or TVS clamping level between 40 to 80 volts above
the reflected output voltage when the supply is heavily
loaded.

As a good design practice, it is recommended to
implement one of thisprotectionto ensureamaximumdrain
pin voltage below 650V (to have some margin between
drain pin voltage and BVpsg) during most stringent
operating conditions (high VN and peak power condition).
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Power Dissipation and Heatsinking

The NCP107xuz welcomes two dissipating terms, the
DSS current-source (when active) and the MOSFET. Thus,
Protr=Ppss+ PvosreT. It is mandatory to properly
manage the heat generated by losses. If no precaution is
taken, risks exist to trigger the internal thermal shutdown
(TSD). To help dissipating the heat, the PCB designer must
foresee large copper areas around the package. Take the
PDIP-7 package as an example, when surrounded by a
surface approximately 200 mm?2of 35 um copper, the
maximum power the device can thus evacuate is:

TJ(max) - TAMB(max)

Puax = (eq. 21)

RGJA

which givesaround 1300 mW for an ambient of 50°C and
a maximum junction of 150°C. If the surface is not large
enough, the Rgga is growing and the maximum power the
device can evacuate decreases. Figure 54 gives a possible
layout to help drop the thermal resistance.

+ |

Figure 54. A Possible PCB Arrangement to Reduce
the Thermal Resistance Junction-to-Ambient

Bill of Material:

C, Bulk capacitor, input dc voltageis
connected to the capacitor

Cy, Ry, Dq Clamping elements

C3 V cc capacitor

OK1 Opto-coupler
ORDERING INFORMATION

Frequency | Rpsioon) Ipk 2nd jevel
Device [kHz] [Q] [mA] ocpP Package Type Shipping

NCP1075AAP065G 65 13.5 400 enabled PDIP8 (Less pin#6)
NCP1075AAP100G 100 13.5 400 enabled PDIP8 (Less pin#6)
NCP1075BAP100G 100 13.5 400 enabled PDIP8 (Less pin#3)
NCP1076BAP130G 130 4.8 650 enabled PDIP8 (Less pin#3)
NCP1077AAP100G 100 48 800 enabled PDIP8 (Less pin#6) 50 g;‘iilts /
NCP1079AAP100G 100 2.9 1050 enabled PDIP8 (Less pin#6)
NCP1076ABP100G 100 4.8 650 disabled PDIP8 (Less pin#6)
NCP1076BBP100G 100 4.8 650 disabled PDIP8 (Less pin#3)
NCP1077BBP100G 100 4.8 800 disabled PDIP8 (Less pin#3)
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ORDERING INFORMATION

Frequency | Rpsioon) Ipk 2nd Jevel
Device [kHz] Q [mA] ocP Package Type Shipping

DISCONTINUED (Note 5)

NCP1075BAP065G 65 135 400 enabled PDIP8 (Less pin#3)
NCP1075BAP130G 130 135 400 enabled PDIP8 (Less pin#3)
NCP1076AAP065G 65 4.8 650 enabled PDIP8 (Less pin#6)
NCP1076AAP100G 100 4.8 650 enabled PDIP8 (Less pin#6)
NCP1076BAP065G 65 4.8 650 enabled PDIP8 (Less pin#3)
NCP1076BAP100G 100 4.8 650 enabled PDIP8 (Less pin#3)
NCP1077AAP065G 65 4.8 800 enabled PDIP8 (Less pin#6)
NCP1077BAP065G 65 4.8 800 enabled PDIP8 (Less pin#3)
NCP1077BAP100G 100 4.8 800 enabled PDIP8 (Less pin#3)
NCP1077BAP130G 130 4.8 800 enabled PDIP8 (Less pin#3)
NCP1079AAP065G 65 2.9 1050 enabled PDIP8 (Less pin#6)
NCP1079BAP065G 65 2.9 1050 enabled PDIP8 (Less pin#3)
NCP1079BAP100G 100 2.9 1050 enabled PDIP8 (Less pin#3)
NCP1079BAP130G 130 2.9 1050 enabled PDIP8 (Less pin#3)
NCP1075ABP065G 65 135 400 disabled PDIP8 (Less pin#6)
NCP1075ABP100G 100 135 400 disabled PDIP8 (Less pin#6) 50 g;‘iilts /
NCP1075BBP065G 65 135 400 disabled PDIP8 (Less pin#3)
NCP1075BBP100G 100 135 400 disabled PDIP8 (Less pin#3)
NCP1075BBP130G 130 135 400 disabled PDIP8 (Less pin#3)
NCP1076ABP065G 65 4.8 650 disabled PDIP8 (Less pin#6)
NCP1076BBP065G 65 4.8 650 disabled PDIP8 (Less pin#3)
NCP1076BBP130G 130 4.8 650 disabled PDIP8 (Less pin#3)
NCP1077ABP065G 65 4.8 800 disabled PDIP8 (Less pin#6)
NCP1077ABP100G 100 4.8 800 disabled PDIP8 (Less pin#6)
NCP1077BBP065G 65 4.8 800 disabled PDIP8 (Less pin#3)
NCP1077BBP130G 130 4.8 800 disabled PDIP8 (Less pin#3)
NCP1079ABP065G 65 2.9 1050 disabled PDIP8 (Less pin#6)
NCP1079ABP100G 100 2.9 1050 disabled PDIP8 (Less pin#6)
NCP1079BBP065G 65 29 1050 disabled PDIP8 (Less pin#3)
NCP1079BBP100G 100 2.9 1050 disabled PDIP8 (Less pin#3)
NCP1079BBP130G 130 2.9 1050 disabled PDIP8 (Less pin#3)

5. DISCONTINUED: These devices are not recommended for new design. Please contact your onsemi representative for information. The
most current information on these devices may be available on www.onsemi.com.
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NOTES:

1.
2.
3.

4.

DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994.
CONTROLLING DIMENSION: INCHES.

DIMENSIONS A, A1 AND L ARE MEASURED WITH THE PACK-
AGE SEATED IN JEDEC SEATING PLANE GAUGE GS-3.
DIMENSIONS D, D1 AND E1 DO NOT INCLUDE MOLD FLASH
OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS ARE
NOT TO EXCEED 0.10 INCH.

. DIMENSION E IS MEASURED AT A POINT 0.015 BELOW DATUM

PLANE H WITH THE LEADS CONSTRAINED PERPENDICULAR
TO DATUM C.

. DIMENSION eB IS MEASURED AT THE LEAD TIPS WITH THE

LEADS UNCONSTRAINED.

. DATUM PLANE H IS COINCIDENT WITH THE BOTTOM OF THE

LEADS, WHERE THE LEADS EXIT THE BODY.

. PACKAGE CONTOUR IS OPTIONAL (ROUNDED OR SQUARE

CORNERS).

INCHES
DIM| MIN

MILLIMETERS
MAX | MIN MAX
0210 | —— 5.33
0.38 —
2.92 4.95
0.35 0.56
1.52TYP
0.20 0.36
9.02 | 10.16
0.13 —
7.62 8.26
6.10 7.1
2.54 BSC
0430 | - 10.92
0.115 | 0.150 3.81
— 10° -— 10°

A

A1 | 0.015

A2 | 0.115 | 0.195
b | 0.014 | 0.022
b2 0.060 TYP
C | 0.008 | 0.014
D | 0.355 | 0.400
D1
E
E1
e
eB
L
M

0.005 | ———-

0.300 | 0.325

0.240 | 0.280
0.100 BSC
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XXXX = Specific Device Code
A = Assembly Location
WL = Wafer Lot

YY = Year

Ww = Work Week

G = 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.
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XXXX = Specific Device Code

A = Assembly Location
WL = Wafer Lot

YY = Year

WWwW = Work Week

G = 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.

DOCUMENT NUMBER: | 98AON06190G Prated versons ars nonioled xept ahen skimped -CONTROLLED COPY- mred -
DESCRIPTION: | PDIP8 LESS PIN 3 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

