SC1145DG

Energy-Efficient, Low Power Off-Line
Switcher IC

®

EDOWER

Product Highlights

Optimized for Lowest System Cost

e Fully integrated auto-restart for short circuit and open-loop
protection

e Frequency jittering greatly reduces EMI

e Meets high-voltage creepage requirements between DRAIN and
all other pins both on the PCB and at the package

e | owest component count switcher solution

Features Superior to Linear/RCC

e Accurate hysteretic thermal shutdown protection —
automatic recovery improves field reliability

e Universal input range allows worldwide operation

e Simple ON/OFF control, no loop compensation needed

e \ery low component count — higher reliability and single
side printed circuit board

e Auto-restart reduces delivered power by 95% during
short circuit and open-loop fault conditions

e High bandwidth provides fast turn-on with no overshoot
and excellent transient load response

e |deal for Buck/Buck-Boost configuration

e Simplified feedback in non-isolated flyback configuration

EcoSmart™"'- Extremely Energy-Efficient

e FEasily meets all global energy efficiency regulations with no
added components

e No-load consumption <300 mW without bias winding at
265 VAC input (<30 mW with bias winding)

e ON/OFF control provides constant efficiency to very light loads
— ideal for mandatory CEC regulations

Applications
e Supplies for appliances, industrial systems, and metering

Description

SC1145DG incorporates a 700 V power MOSFET, oscillator,
simple ON/OFF control scheme, a high-voltage switched current
source, frequency jittering, cycle-by-cycle current limit and thermal
shutdown circuitry onto a monolithic IC. The startup and operat-
ing power are derived directly from the DRAIN pin, eliminating the
need for a bias winding and associated circuitry.
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Figure 1. Typical Application Schematic. Flyback Non-Isolated.

Output Power Table

230 VAC +15% 85-265 VAC
Product® o
pen Open
Adapter’ Frame? Adapter’ Frame?
SC1145DG 12W 15W 9w 10w
Table 1. Qutput Power Table.
Notes:

1. Minimum continuous power in a typical non-ventilated enclosed adapter
measured at +50 °C ambient.

2. Maximum practical continuous power in an open frame design with adequate
heat sinking, measured at 50 °C ambient.

3. Packages: D: SO-8C.
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Figure 2. Functional Block Diagram.
Pin Functional Description
DRAIN (D) Pin:
Power MOSFET drain connection. Provides internal operating
current for both startup and steady-state operation. D Package (SO-8C)

BYPASS (BP) Pin:

Connection point for a 0.1 pF external bypass capacitor for the
internally generated 5.8 V supply. If an external bias winding is BP I}
used, the current into the BYPPASS pin must not exceed 1 mA. FB 2]

FEEDBACK (FB) Pin:
During normal operation, switching of the power MOSFET is D 3
controlled by this pin. MOSFET switching is disabled when a
current greater than 49 pA is delivered into this pin.

SOURCE (S) Pin: PI-5553-041910

This pin is the power MOSFET source connection. It is also the
ground reference for the BYPASS and FEEDBACK pins.

Figure 3. Pin Configuration.
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SC1145DG Functional Description

SC1145DG combines a high-voltage power MOSFET switch with
a power supply controller in one device. Unlike conventional
PWM (pulse width modulator) controllers, a simple ON/OFF
control regulates the output voltage. The controller consists

of an oscillator, feedback (sense and logic) circuit, 5.8 V
regulator, BYPASS pin undervoltage circuit, over-temperature
protection, frequency jittering, current limit circuit, and leading
edge blanking integrated with a 700 V power MOSFET. The
SC1145DG incorporates additional circuitry for auto-restart.

Oscillator

The typical oscillator frequency is internally set to an average of
66 kHz. Two signals are generated from the oscillator: the
maximum duty cycle signal (DC,,,,) and the clock signal that
indicates the beginning of each cycle.

The oscillator incorporates circuitry that introduces a small
amount of frequency jitter, typically 4 kHz peak-to-peak, to
minimize EMI emission. The modulation rate of the frequency
jitter is set to 1 kHz to optimize EMI reduction for both aver-
age and quasi-peak emissions. The frequency jitter should be
measured with the oscilloscope triggered at the falling edge of
the DRAIN waveform. The waveform in Figure 4 illustrates the
frequency jitter.

Feedback Input Circuit

The feedback input circuit at the FEEDBACK pin consists of

a low impedance source follower output set at 1.65 V. When
the current delivered into this pin exceeds 49 pA, a low logic
level (disable) is generated at the output of the feedback circuit.
This output is sampled at the beginning of each cycle on the
rising edge of the clock signal. If high, the power MOSFET

is turned on for that cycle (enabled), otherwise the power
MOSFET remains off (disabled). Since the sampling is done
only at the beginning of each cycle, subsequent changes in the
FEEDBACK pin voltage or current during the remainder of the
cycle are ignored.

5.8 V Regulator and 6.3 V Shunt Voltage Clamp

The 5.8 V regulator charges the bypass capacitor connected to
the BYPASS pin to 5.8 V by drawing a current from the voltage
on the DRAIN, whenever the MOSFET is off. The BYPASS pin is
the internal supply voltage node. When the MOSFET is on, the
SC1145DG runs off of the energy stored in the bypass capacitor.
Extremely low power consumption of the internal circuitry allows
the device to operate continuously from the current drawn from
the DRAIN pin. A bypass capacitor value of 0.1 pF is sufficient
for both high frequency decoupling and energy storage.

In addition, there is a 6.3 V shunt regulator clamping the
BYPASS pin at 6.3 V when current is provided to the BYPASS
pin through an external resistor. This facilitates powering of
the device externally through a bias winding to decrease the
no-load consumption to less than 50 mW.

BYPASS Pin Undervoltage

The BYPASS pin undervoltage circuitry disables the power
MOSFET when the BYPASS pin voltage drops below 4.85 V.
Once the BYPASS pin voltage drops below 4.8V, it must rise
back to 5.8 V to enable (turn-on) the power MOSFET.

Over-Temperature Protection

The thermal shutdown circuitry senses the die temperature.
The threshold is set at 142 °C typical with a 75 °C hysteresis.
When the die temperature rises above this threshold (142 °C)
the power MOSFET is disabled and remains disabled until the
die temperature falls by 75 °C, at which point it is re-enabled.

Current Limit

The current limit circuit senses the current in the power
MOSFET. When this current exceeds the internal threshold
(I the power MOSFET is turned off for the remainder of that
cycle. The leading edge blanking circuit inhibits the current
limit comparator for a short time (t ;) after the power MOSFET
is turned on. This leading edge blanking time has been set so
that current spikes caused by capacitance and rectifier reverse
recovery time will not cause premature termination of the
switching pulse.

Auto-Restart

In the event of a fault condition such as output overload, output
short circuit, or an open-loop condition, SC1145DG enters

into auto-restart operation. An internal counter clocked by the
oscillator gets reset every time the FEEDBACK pin is pulled high.
If the FEEDBACK pin is not pulled high for approximately 50 ms,
the power MOSFET switching is disabled for 800 ms. The
auto-restart alternately enables and disables the switching of
the power MOSFET until the fault condition is removed.
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Figure 4. Frequency Jitter.
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Absolute Maximum Ratings®

DRAIN Voltage ......ccooiiiiiiiiiiiiiiiiiiiie e -0.3Vto 700V Notes:

Peak DRAIN Current (SC1117)...cccvvvvinen. 1400 mA (2600 mA)® 1. All voltages referenced to SOURCE, T, = 25 °C.
FEEDBACK VOItagE .....cvvvveiiiiieiiiiiiiecccc i e -0.3V1to9V 2. The higher peak DRAIN current is allowed if the DRAIN to
FEEDBACK Current..........ccooviiiiiiieiiiiiieeeee 100 mA BYPASS SOURCE voltage does not exceed 400 V.

VORAGE v e -0.3Vto9V 3. Normally limited by internal circuitry.

Storage Temperature ..........ccccvveeeeiiiinneeeeeeinnn, -65 °C to 150 °C 4. 1/16in. from case for 5 seconds.

Operating Junction Temperature®
Lead Temperature™ .........ccoovveiieeiieiieie e 260 °C

Thermal Resistance

......... -40°C to 150 °C 5. Maximum ratings specified may be applied, one at a time,
without causing permanent damage to the product.

Exposure to Absolute Maximum Rating conditions for
extended periods of time may affect product reliability.

Thermal Resistance: D Package: Notes:
(0, oo, 100 °C/W®; 80 °C/W®W 1. Measured on pin 8 (SOURCE) close to plastic interface.
(0,0)" e 30 °C/W 2. Soldered to 0.36 sq. in. (232 mm?), 2 oz. (610 g/m?) copper clad.
3. Soldered to 1 sq. in. (645 mm?), 2 oz. (610 g/m?) copper clad.
Conditions
Parameter Symbol SOURCE =0V, T,=-401t0 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Control Functions
Average 62 66 70
g”tp”t fos T,=25°C kHz
requency Peak-Peak Jitter 4
Maximum Duty Cycle DG, ux S2 Open 66 69 72 %
FEEDBACK Pin Turnoff o
Threshold Current e T,=25°C 80 49 68 MA
FEEDBACK Pin Voltage
at Turnoff Threshold Ves 1.54 1.65 1.76 v
Vg 22V
lg, (MOSFET Not Switching) 160 220 pA
See Note A
DRAIN Supply Current FEEDBACK Open
(MOSFET
ls, Switching) SC1145DG 290 310 pA
See Notes A, B
KN il
INTEGRATIONS
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Conditions
Parameter Symbol SOURCE =0V, T ,=-40t0 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Control Functions (cont.)
| Ver = OZ/ SC1145DG 75 -4.6 25
. CH1 T,=25°C
BYPASS Pin J
mA
Charge Current V. =4V
BP T - - -
oo T 05°C SC1145DG 4.5 3.3 1.5
BYPASS Pin
Voltage Vo 5.55 5.8 6.10 \Y
BYPASS Pin
Voltage Hysteresis Veen 08 0.95 1.2 v
BYPASS Pin
Supply Current lepso 68 MA
Circuit Protection
di/dt = 75 mA/ms
T =25°C 450 482 515
Current Limit e SC1145DG mA
di/dt = 500 mA/ms
T =25°C 508 578 647
Minimum On Time tonmm SC1145DG 400 500 675 ns
Leading Edge T,=25°C
Blanking Time e See Note C 170 215 ns
Thermal Shutdown T 135 142 150 °c
Temperature SD
Thermal _Shutdown T See Note D 75 °c
Hysteresis SHD
- POWER [ s |
INTEGRATIONS
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Conditions
Parameter Symbol SOURCE =0V, T ,=-40t0 125 °C Min Typ Max Units
(Unless Otherwise Specified)
Output
T,=25°C 7 8.1
ON-State Resistance Roson Sc1148DG : Q
I, =35 mA T,=100°C 11 18.9
: . Vg =62V, V22V,
OFF State Drain lee V., =560V, SC1145DG 70 WA
9 T,=25°C
V. =62V,V_>2V,
BP '’ 'FB '
Breakdown Voltage BVoss T =25 700 \Y
Rise Time tR Measured in a Typical Buck 50 ns
Fall Time t Converter Application 50 ns
DRAIN Supply Voltage 50 \Y
Output Enable Delay toy 10 us
Output Disable
Setup Time fosr 05 Hs
Auto-Restart T,=25°C
J
ON-Time See Note E SC1145DG 50 ms
Auto-Restart 9
Duty Cycle SC1145DG 6 %
NOTES:

A. Total current consumption is the sum of I, and |, when FEEDBACK pin voltage is >2 V (MOSFET not switching) and the sum of
s, and | o when FEEDBACK pin is shorted to SOURCE (MOSFET switching).

B Since the output MOSFET is switching, it is difficult to isolate the switching current from the supply current at the DRAIN.
An alternative is to measure the BYPASS pin current at 6 V.

C. This parameter is guaranteed by design.

O

. This parameter is derived from characterization.
E. Auto-restart on time has the same temperature characteristics as the oscillator (inversely proportional to frequency).
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S0-8C (D Package)

A (2] 0.10 (0.004) [c[A-B] 2x

DETAILA

/a\[B]-4

4.90 (0.193) BSC

R

T

/2\ 3.90 (0.154) BSC —f -——}—-—] | 6.00 (0.236) BSC

0.25 (0.010)
BSC

1.04 (0.041) REF - -

0.40 (0.016)
1.27 (0.050)

[ 0.10 (0.004) [ D] /
X Pin1ID 11 i 4 £ 0.20 (0.008)| C

1.27 (0.050) BSC—— i ‘4 2X
| ) 7X 0.31 - 0.51 (0.012 - 0.020)

[©]0.25 (0.010)@[c[a-B[D

1.35 (0.053) 1.25-1.65

1.75 (0.069) ; ; (0.049 - 0.065) DETAILA
0100008 T ey | [010 000 ] ;
0.25 (0.010) * %ij X

***** SEATING PLANE
* ; { 0.17 (0.007)

0.25(0.010)

Reference -
Solder Pad |:|
Dimensions T
T Notes:

1. JEDEC reference: MS-012.

2.00 (0.079) 4.90 (0.193) APackage outline exclusive of mold flash and metal burr.
3. Package outline inclusive of plating thickness.
¢ Datums A and B to be determined at datum plane H.
v 5. Controlling dimensions are in millimeters. Inch dimensions
are shown in parenthesis. Angles in degrees.
D07C 1.27 (0.050) — - -t | |~ 0.60(0.029)
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Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability. Power
Integrations does not assume any liability arising from the use of any device or circuit described herein. POWER INTEGRATIONS MAKES
NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

Patent Information

The products and applications illustrated herein (including transformer construction and circuits external to the products) may be covered
by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A
complete list of Power Integrations patents may be found at www.powerint.com. Power Integrations grants its customers a license under
certain patent rights as set forth at http://www.powerint.com/ip.htm.

Life Support Policy
POWER INTEGRATIONS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS. As used herein:

1. A Life support device or system is one which, (i) is intended for surgical implant into the body, or (i) supports or sustains life, and (i)
whose failure to perform, when properly used in accordance with instructions for use, can be reasonably expected to result in significant
injury or death to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause
the failure of the life support device or system, or to affect its safety or effectiveness.
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