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Off-Line CV/CC Flyback Switcher IC with Integrated 650 V MOSFET,
Sync-Rect, Feedback and Constant Power Profile for USB-PD and QC 3.0

Product Highlights

nghly Integrated, Compact Footprint
« Incorporates flyback controller, 650 V MOSFET, secondary-side
sensing and synchronous rectification driver

» Delivers constant power to simplify USB-PD and QC 3.0 designs

e FluxLink™ integrated, HIPOT-isolated, feedback link

« Exceptional CV accuracy, independent of transformer design or
external components

EcoSmart™- Energy Efficient

e <10 mW no-load at 230 VAC when supplied by transformer bias
winding

« Easily meets all global energy efficiency regulations

Advanced Protection / Safety Features

¢ Primary sensed output OVP

Secondary sensed output overshoot clamp

Secondary sensed output OCP to zero output voltage
Hysteretic thermal shutdown

Input voltage monitor with accurate brown-in/brown-out and
overvoltage protection

Full Safety and Regulatory Compliance
e 100% production HIPOT compliance testing equivalent to
6 kV DC/1 sec
* Reinforced insulation
« Isolation voltage >3,500 VAC
e UL1577 and TUV (EN60950) safety approved
« EN61000-4-8 (100 A/m) and EN61000-4-9 (1000 A/m) compliant

Green Package
+ Halogen free and RoHS compliant

Applications
e QC 3.0 and USB PD chargers

Description

The InnoSwitch™-CP family of ICs dramatically simplify the development
and manufacturing of low-voltage, high current power supplies,
particularly those in compact enclosures or with high efficiency require-
ments. The InnoSwitch-CP architecture is revolutionary in that the
devices incorporate both primary and secondary controllers, with sense
elements and a safety-rated feedback mechanism into a single IC.

Close component proximity and innovative use of the integrated
communication link permit accurate control of a secondary-side
synchronous rectification MOSFET and optimization of primary-side
switching to maintain high efficiency across the entire load range.
Additionally, the minimal DC bias requirements of the link, enable the
system to achieve less than 10 mW no-load.

Figure 3. High Creepage, Safety-Compliant eSOP Package.
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Figure 1.  Typical Application/Performance.
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Figure 2 Output Characteristics.

Output Power Table

230 VAC £15% 85-265 VAC
Product? Peak or
1
Adapter Open Frame!?

INN2214K 15w 20w
INN2215K 22 W 22 W
Table 1.  Output Power Table.

Notes:

1. Minimum continuous power in a typical non-ventilated enclosed typical size
adapter measured at 40 °C ambient. Max output power is dependent on the
design. With condition that package temperature must be < = 125 °C.

2. Minimum peak power capability.

3. Package: K: eSOP-R16B.
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Figure 3. Primary-Side Controller Block Diagram.
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Figure 4. Secondary-Side Controller Block Diagram.

[ 2] PRELIMINARY

This document contains information on a new product. Specifications and information herein

Rev. A 11/15
are subject to change without notice.

Poower

integrations”
WWww.power.com


http://www.power.com

Pin Functional Description

DRAIN (D) Pin (Pin 1)
This pin is the power MOSFET drain connection.

SOURCE (S) Pin (Pin 3-6)
This pin is the power MOSFET source connection. It is also the
ground reference for the PRIMARY BYPASS pin.

PRIMARY BYPASS (BPP) Pin (Pin 7)
It is the connection point for an external bypass capacitor for the
primary-side controller IC supply.

INPUT VOLTAGE MONITOR (V) Pin (Pin 8)
A 8 MQ resistor is tied between the pin and the input bulk capacitor
to provide input under and overvoltage protection.

FORWARD (FWD) Pin (Pin 10)
The connection point to the switching node of the transformer output
winding for sensing and other functions.

OUTPUT VOLTAGE (VOUT) Pin (Pin 11)
This pin is connected directly to the output voltage of the power
supply to provide bias to the secondary IC.

SYNCHRONOUS RECTIFIER DRIVE (SR) Pin (Pin 12)
Connection to external SR FET gate terminal.

SECONDARY BYPASS (BPS) Pin (Pin 13)
It is the connection point for an external bypass capacitor for the
secondary-side controller supply.

FEEDBACK (FB) Pin (Pin 14)
This pin connects to an external resistor divider to set the power
supply CV voltage regulation threshold.

SECONDARY GROUND (GND) (Pin 15)
Ground connection for the secondary IC.

ISENSE (IS) Pin (Pin 16)

Connection to the power supply output terminals. An external
current sense resistor is connected between this pin and the SECOND-
ARY GROUND pin.

If secondary current sense is not required, the ISENSE pin should be
connected to the SECONDARY GROUND pin.

16 IS

15 GND
14 FB
13 BPS
12 SR
11 VOUT
10 FWD
9 NC

PI-7454-082715

Figure 5. Pin Configuration.

InnoSwitch-CP Functional Description

The InnoSwitch-CP combines a high-voltage power MOSFET switch,
along with both primary-side and secondary-side controllers in one
device. It has a novel inductive coupling feedback scheme using the
package leadframe and bond wires to provide a reliable and low-cost
means to provide accurate direct sensing of the output voltage and
output current on the secondary to communicate information to the
primary IC. Unlike conventional PWM (pulse width modulated)
controllers, it uses a simple ON/OFF control to regulate the output
voltage and current. The primary controller consists of an oscillator, a
receiver circuit magnetically coupled to the secondary controller, current
limit state machine, 5.95 V regulator on the PRIMARY BYPASS pin,
overvoltage circuit, current limit selection circuitry, over temperature
protection, leading edge blanking and a 650 V power MOSFET. The
InnoSwitch-CP secondary controller consists of a transmitter circuit that
is magnetically coupled to the primary receiver, constant voltage (CV)
and constant current (CC) control circuitry, a 4.4 V regulator on the
SECONDARY BYPASS pin, synchronous rectifier MOSFET driver,
frequency jitter oscillator and a host of integrated protection features.
Figures 3 and 4 show the functional block diagrams of the primary and
secondary controllers with the most important features.

PRIMARY BYPASS Pin Regulator

The PRIMARY BYPASS pin has an internal regulator that charges the
PRIMARY BYPASS pin capacitor to V,, by drawing current from the
voltage on the DRAIN pin whenever the power MOSFET is off. The
PRIMARY BYPASS pin is the internal supply voltage node. When the
power MOSFET is on, the device operates from the energy stored in
the PRIMARY BYPASS pin capacitor. Extremely low power consump-
tion of the internal circuitry allows the InnoSwitch-CP to operate
continuously from current it takes from the DRAIN pin.

In addition, there is a shunt regulator clamping the PRIMARY BYPASS
pin voltage to V,,,,; when current is provided to the PRIMARY BYPASS
pin through an external resistor. This facilitates powering the
InnoSwitch-CP externally through a bias winding to decrease the
no-load consumption to less than 10 mW (5V output design).

PRIMARY BYPASS Pin Capacitor Selection

The PRIMARY BYPASS pin can use a ceramic capacitor as small as

0.1 uF for decoupling the internal power supply of the device. A
larger capacitor size can be used to adjust the current limit. A 1 puF
capacitor on the PRIMARY BYPASS pin will select a higher current limit
equal to the standard current of the next larger device. A 10 uF
capacitor on the PRIMARY BYPASS pin selects a lower current limit
equal to the standard current limit of the next smaller device.

PRIMARY BYPASS Pin Undervoltage Threshold

The PRIMARY BYPASS pin undervoltage circuitry disables the power
MOSFET when the PRIMARY BYPASS pin voltage drops below
ViopVeepg iN Steady-state operation. Once the PRIMARY BYPASS pin
voltage falls below this threshold, it must rise back to V_,, to enable

(turn-on) the power MOSFET.

PRIMARY BYPASS Pin Output Overvoltage Latching Function
The PRIMARY BYPASS pin has an OV protection latching feature. A
Zener diode in parallel to the resistor in series with the PRIMARY
BYPASS pin capacitor is typically used to detect an overvoltage on the
primary bias winding to activate this protection mechanism. In the
event the current into the PRIMARY BYPASS pin exceeds (1) the
device will disable the power MOSFET switching. The latching
condition is reset by bringing the primary bypass below the reset
threshold voltage (V

BPP

BPP(RESET))'
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Over-Temperature Protection

The thermal shutdown circuitry senses the primary die temperature.
This threshold is typically set to 142 °C with 75 °C hysteresis. When
the die temperature rises above this threshold the power MOSFET is
disabled and remains disabled until the die temperature falls by 75 °C,
at which point it is re-enabled. A large hysteresis of 75 °C is provided
to prevent over-heating of the PC board due to continuous fault
condition.

Current Limit Operation

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 switch cycle. The
current limit state-machine reduces the current limit threshold by
discrete amounts under medium and light loads.

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 secondary-side rectifier reverse recovery
time will not cause premature termination of the switching pulse.
Each switching cycle is terminated when the Drain current of the
primary power MOSFET reaches the current limit of the device.

Auto-Restart

In the event of a fault condition such as output overload, output
short-circuit or external component/pin fault, the InnoSwitch-CP
enters into auto-restart (AR) operation. In auto-restart operation the
power MOSFET switching is disabled for t There are 2 ways to
enter auto-restart:

AR(OFF)"

1. Continuous switching requests from the secondary for time period
exceeding t,..
2. No requests for switching cycles from the secondary for a time

period exceeding t,; .

The first condition corresponds to a condition wherein the secondary
controller makes continuous cycle requests without a skipped-cycle
for more than t,, time period. The second method was included to
ensure that if communication is lost, the primary tries to restart
again. Although this should never be the case in normal operation,
this can be useful in the case of system ESD events for example
where a loss of communication due to noise disturbing the secondary
controller, is resolved when the primary restarts after an auto-restart
off time.

The auto-restart alternately enables and disables the switching of the
power MOSFET until the fault is removed. The auto-restart counter is
gated by the switch oscillator in SOA mode the auto-restart off timer
may appear to be longer.

The auto-restart counter is reset once the primary PRIMARY BYPASS

pin falls below the undervoltage threshold Vy,,-Veops)-

Safe-Operating-Area (SOA) Protection

In the event there are two consecutive cycles where the primary
power MOSFET switch current reaches current limit (I ,,) within the
blanking (t ;) and current limit (t, ) delay time, the controller will
skip approximately 2.5 cycles or ~25 psec. This provides sufficient
time for reset of the transformer without sacrificing start-up time into
large capacitive load. Auto-restart timing is increased when the
device is operating in SOA-mode.

Primary-Secondary Handshake Protocol

At start-up, the primary initially switches without any feedback
information (this is very similar to the operation of a standard
TOPSwitch™, TinySwitch™ or LinkSwitch™ controllers). If no
feedback signals are received during the auto-restart on-time,

the primary goes into auto-restart and repeats. However under
normal conditions, the secondary chip will power-up through the
FORWARD pin or directly from VOUT and then take over control.
From then onwards the secondary is in control of demanding
switching cycles when required.

The handshake flowchart is shown in Figure 6 below.

In the event the primary stops switching or does not respond to cycle
requests from the secondary during normal operation when the
secondary has control, the handshake protocol is initiated to ensure
that the secondary is ready to assume control once the primary
begins switching again. This protocol for an additional handshake is
also invoked in the event the secondary detects that the primary is
providing more cycles than were requested.

P: Primary Chip
S: Secondary Chip

Start
P: Powered Up, Switching
S: Powering Up

< P: Auto-Restart
S: Powering Up

A

). 2s

S: Has powered
up within 64 ms?

P: Goes to Auto-Restart Off
S: Bypass Discharging

A

64 ms

P: Switching
S: Sends Handshaking Pulses

|

P: Has Received
Handshaking
Pulses

P: Continuous Switching
S: Doesn't Take Control

P: Stops Switching, Hands
Over Control to Secondary

|

S: Has Taken

Control? P: Not Switching
ontrol?

S: Doesn't Take Control

End of Handshaking,
Secondary Control Mode

PI-7416-102814

Figure 6. Primary —Secondary Handshake Flowchart.
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The most likely event that could require an additional handshake is
when the primary stops switching resulting from a momentary line
drop-out or brown-out event. When the primary resumes operation,
it will default into a start-up condition and attempt to detect hand-
shake pulses from the secondary.

In the event the secondary does not detect that the primary responds
to requests for 6 consecutive cycles, or if the secondary detects that
the primary is switching without cycle requests for 6 or more
consecutive cycles, the secondary controller will initiate a second
handshake sequence.

This protection mode also provides additional protection against
cross-conduction of the SR MOSFET while the primary is switching.
This protection mode also prevents output overvoltage in the event
the primary is reset while the secondary is still in control and light/
medium load conditions exist.

Line Voltage Monitor
The VOLTAGE MONITOR pin is used for input under and overvoltage
sensing and protection function.

A 8 MQ resistor is tied between the high voltage bulk DC capacitor
after the bridge or connected through a set of diodes from the AC
side of bridge and small high-voltage capacitor and bleed resistor
(for fast AC reset) and VOLTAGE MONITOR pin to enable this function.
To disable this function the VOLTAGE MONITOR pin should be tied to
the PRIMARY BYPASS pin.

At power-up after the BPP is charged and the I, is latched, prior to
switching the state of VOLTAGE MONITOR pin current is checked to
determine that it is above brown-in (I;,,) And below the overvoltage
shutdown threshold (I,,.) To proceed with start-up.

OV+:

If during normal operation the VOLTAGE MONITOR pin current falls
below the brown-out (I,,) threshold and remains below brown-in
(I, for longer than t, the controller enters into auto-restart with
a short auto-restart off-time (~200 ms). Switching will only resume
once the VOLTAGE MONITOR pin current is above the brown-in
threshold (I,,,.) for a time period exceeding ~150 ms.

In the event during normal operation the VOLTAGE MONITOR pin
current is above the overvoltage threshold (I,,,) for longer than t
the controller will enter auto-restart with a short auto-restart off-time
(~200 ms). Switching will only resume once the VOLTAGE MONITOR
pin current fall below (I,,) for a time period exceeding ~150 ms.

UV+

Secondary Controller

Once the device enters the short auto-restart OFF-time, the PRIMARY
BYPASS pin will activate an internal bleed to discharge the input bulk
capacitor. The feedback driver block is the drive to the FluxLink
communication loop transferring switching pulse requests to the
primary IC.

As shown in the block diagram in Figure 4, the secondary controller
is powered through a 4.45 V Regulator block by either VOUT or
FORWARD pin connections to the SECONDARY BYPASS pin. The
SECONDARY BYPASS pin is connected to an external decoupling
capacitor and fed internally from the regulator block.

The FORWARD pin also connects to the negative edge detection
block used for both handshaking and timing to turn on the synchro-
nous rectifier MOSFET (SR FET) connected to the SYNCHRONOUS
RECTIFIER DRIVE pin. The FORWARD pin is also used to sense when
to turn off the SR FET in discontinuous mode operation when the

voltage across the FET on resistance drops below V...

In continuous mode operation the SR FET is turned off when the
pulse request is sent to demand the next switching cycle, providing
excellent synchronization free of any overlap for the FET turn-off
while operating in continuous mode.

The mid-point of an external resistor divider network between the
VOUT and SECONDARY GROUND pins is tied to the FEEDBACK pin
to regulate the output voltage. The internal voltage comparator
reference voltage is V. (1.265V).

The external current sense resistor connected between IS and
SECONDARY GROUND pins is used to regulate the output current in
constant current regulator mode. The internal current sense
comparator threshold is IS ,,, used to determine the value at which
the power supply output current is regulated.

Secondary Controller Oscillator
The typical oscillator frequency is internally set to an average
frequency of 100 kHz.

The oscillator incorporates circuitry that introduces a small amount of
frequency jitter, typically 6 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 average and quasi-peak emissions.

Output Overvoltage Protection

In the event the sensed voltage on the FEEDBACK pin is 2% higher
than the regulation threshold, a bleed current of ~10 mA is applied on
the VOUT pin. This bleed current increases to ~140 mA in the event
the FEEDBACK pin voltage is raised to beyond ~20% of the internal
FEEDBACK pin reference voltage. The current sink on the VOUT pin
is intended to discharge the output voltage for momentary overshoot
events. The secondary does not relinquish control to the primary
during this mode of operation.

FEEDBACK Pin Short Detection
In the event the FEEDBACK pin voltage is below the V.. threshold
at start-up, the secondary will complete the primary/secondary hand-
shake and will stop requesting pulses to initiate an auto-restart. The
secondary will stop requesting cycles for sy 1O begin primary-side
auto-restart of t,; ... In this condition, the total apparent AR
off-time is t,p ) + tapormsy: DUring normal operation, the secondary
will stop requesting pulses from the primary to initiate an auto-restart
cycle when the FEEDBACK pin voltage falls below VFB(OFF) threshold.
The deglitch filter on the V... is less than 10 psec. The secondary
will relinquish control after detecting the FEEDBACK pin is shorted to
ground.

Cable Drop Compensation (CDC)

The amount of cable drop compensation is a function of the load with
respect to the constant current regulation threshold as illustrated in
Figure 7.

=g
o
o
X
<
-
@

Cable Drop
Compensation

FEEDBACK Pin
Voltage
<
@

No-Load Onset of CC

Load Current Regulation

PI-7417-110714

Figure 7. Cable Drop Compensation Characteristics.

The lower feedback pin resistor must be tied to the SECONDARY
GROUND pin (not ISENSE pin) to have output cable drop compensa-
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OUTPUT VOLTAGE Pin Auto-Restart Threshold

The VOUT pin also includes a comparator to detect when the output
voltage falls below the V., threshold for a duration exceeding
tourar TNe secondary controller will relinquish control when it
detects the FEEDBACK pin has fallen below V.., for a time duration
longer than t, - This threshold is meant to limit the range of

constant current (CC) operation.

Output Constant-Current and Constant Power Regulation
The InnoSwitch-CP regulates the output current through a resistor
between the ISENSE and SECONDARY GROUND pins as well controls
the output power in conjunction with ouput voltage sensed on the
VOUT pin. If constant current regulation or constant power is not
required, this pin must be tied to the GROUND pin.

SR Disable Protection

On a cycle by cycle basis the SR is only engaged in the event a cycle
was requested by the secondary controller and the negative edge is
detected on the FORWARD pin. In the event the voltage on the
ISENSE pin exceeds approximately 3 times the IS, ., threshold, the SR
MOSFET drive is disabled until the surge current has diminished to
nominal levels.

InnoSwitch-CP Operation

InnoSwitch-CP devices operate in the current limit mode. When
enabled, the oscillator turns the power MOSFET on at the beginning
of each cycle. The MOSFET is turned off when the current ramps up
to the current limit or when the DC,, limit is reached. Since the

coce || [ [ [ [ ] 1]

DMAX

Ipran

VpRrain L
|
|

PI-7041-101014

L I I

IpraIn

VDRAIN L
I I
I I

PI-7040-101014

Figure 8.  Operation at Near Maximum Loading.

Figure 9.  Operation at Moderately Heavy Loading.
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PI-7038-101014

cocc || | 1T [ 1 1]
| |
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VDRAIN
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Figure 10. Operation at Medium Loading.

Figure 11. Operation at Very Light Load.
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highest current limit level and frequency of a InnoSwitch-CP design
are constant, the power delivered to the load is proportional to the
primary inductance of the transformer and peak primary current
squared. Hence, designing the supply involves calculating the
primary inductance of the transformer for the maximum output power
required. If the InnoSwitch-CP is appropriately chosen for the power
level, the current in the calculated inductance will ramp up to current
limit before the DC,,, limit is reached.

InnoSwitch-CP senses the output voltage on the FEEDBACK pin using
a resistive voltage divider to determine whether or not to proceed
with the next switching cycle. The sequence of cycles is used to
determine the current limit. Once a cycle is started, it always
completes the cycle. This operation results in a power supply in
which the output voltage ripple is determined by the output capacitor,
and the amount of energy per switch cycle.

200

100 |— Vbc-nput ]

PI-7042-053013

10

5 Vepp /

400

200

g

Time (ms)

Figure 12. Power-Up.

ON/OFF Operation with Current Limit State Machine

The internal clock of the InnoSwitch-CP runs all the time. At the
beginning of each clock cycle, the voltage comparator on the
FEEDBACK pin decides whether or not to implement a switch cycle,
and based on the sequence of samples over multiple cycles, it
determines the appropriate current limit. At high loads, the state
machine sets the current limit to its highest value. At lighter loads,
the state machine sets the current limit to reduced values.

At near maximum load, InnoSwitch-CP will conduct during nearly

all of its clock cycles (Figure 8). At slightly lower load, it will “skip”
additional cycles in order to maintain voltage regulation at the power
supply output (Figure 9). At medium loads, cycles will be skipped and
the current limit will be reduced (Figure 10). At very light loads, the
current limit will be reduced even further (Figure 11). Only a small
percentage of cycles will occur to satisfy the power consumption of
the power supply.

The response time of the ON/OFF control scheme is very fast
compared to PWM control. This provides accurate regulation and
excellent transient response.

200

100 y

% Vpc-input
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30

o

200 i

- (il I
: HH
0 2.5 5
Time (s)

Figure 13. Normal Power-Down Timing.
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Absolute Maximum Ratings!?

DRAIN Pin VOItage.......cccvvmrrrrrrieeeeessinnirnnrnerreeseeennnnns -0.3Vto 650V
DRAIN Pin Peak Current® INN2214 1360 (2550) mA

INN2215 1680 (3150) mA
PRIMARY BYPASS/SECONDARY BYPASS Pin Voltage........ -0.3Vto9V
PRIMARY BYPASS/SECONDARY BYPASS Pin Current...............
FORWARD Pin Voltage

FEEDBACK/CURRENT SENSE Pin Voltage..........ccccocuvvinennne -0.3to9V

Notes:

1. All voltages referenced to Source and Secondary Ground,

T, =25°C.

Maximum ratings specified may be applied one at a time without
causing permanent damage to the product. Exposure to Absolute
Maximum Ratings conditions for extended periods of time may
affect product reliability.

2.

SR/P Pin VOIAGe...cevvviiiiiiiiiiiiiiireeeee e ...-0.3to 9 V¢ 3. Higher peak Drain current is allowed while the Drain voltage is
OUTPUT VOLTAGE Pin Voltage........cccovviiiniinnnnnnnnns ..m0.3 to 158V simultaneously less than 400 V.
Storage Temperature .........oocccvrrereeerrenssssssssnnnnnneens ...-65 to 150 °C 4. Normally limited by internal circuitry.
Operating Junction Temperature® .........ceuvvvvvreiiiinnnennn. -40 to 150 °C 5. 1/16” from case for 5 seconds.
Ambient Temperature .........cccoviiiiiiniii -40 to 105 °C 6. -1.8 V for a duration of <500 nsec. See Figure 23.
Lead TemMPerature® .......ccccvreerreeeeeesrsrirrrrrrrrr e e e ssnnnnreeeees 260 °C 7. The maximum current out of the FORWARD pin when the
FORWARD pin is below Ground is -40 mA.
8. Maximum current into VOUT pin at 15 V should not exceed 10 mA.
Thermal Resistance
Thermal Resistance: K Package: Notes:
A 65 °C/W?, 69 °C/W* 1. Solder to 0.36 sg. in (232 mm?), 2 oz. (610 g/m?) copper clad.
T P 12 °C/W? 2. Solder to 1 sq. in (645 mm?), 2 oz. (610 g/m?) copper clad.
3. The case temperature is measured at the plastic surface at the top
of the package.
Parameter Conditions Rating Units
Ratings for UL1577 (Adapter power rating is derated power capability)
Primary-Side — .
Current Rating Current from pin (3-6) to pin 1 1.5 A
Primary-Side T = 25 °C 1.35 W
Power Rating (Device mounted in socket resulting in T, = 120 °C) ’
-Si = o
Secondary_ Side - Twe=25°C 0.125 W
Power Rating (Device mounted in socket)
Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to +125 °C Min Typ Max Units
(Note C) (Unless Otherwise Specified)
Control Functions
Output Frequency Average 93 100 107
Applies to Both Primary f T = 25 oC KHz
and Secondary osc J )
Controllers Peak-to-Peak Jitter 6
Maximum Duty Cycle DC,.x T,=0°Cto 125°C 60 %
T,=25°C, V,,, +0.1V
L, (MOSFET not Switching) 260
PRIMARY BYPASS Pin See Note B WA
I
Supply Current T, =25°C, V,,, + 0.1V INN2214 790
I, (MOSFET Switching at f_ )
See Note A, C INN2215 930
[ s | PRELIMINARY power
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to +125 °C Min Typ Max Units
(Unless Otherwise Specified)
Control Functions (cont.)
I T,=25°C,V,,=0V 68
CH1 "
PRIMARY BYPASS Pin See Notes D, E A
Charge Current . T,=25°,V,, =4V »
cH2 See Notes D, E ’
PRIMARY BYPASS Pin v See Note D 5.70 5.95 6.15 v
Voltage BPp
PRIMARY BYPASS Pin
Voltage Hysteresis Voot 040 0.56 0.70 v
PRIMARY BYPASS
Shunt Voltage Vet I, =2mA 6.15 6.45 6.75 v
Line Fault Protection
UV/O0V Pin Brown-In T,=25°C
Threshold Tows See Note F 12.3 HA
UV/OV Pin Brown-Out I T,=25°C 0.87 x
Threshold uv- See Note A, F, G, H Love
Brown-Out Delay Time t. See Note F, H 32 ms
UV/OV Pin Line Over- _ o
voltage Threshold Lovs T,=25°C 55.75 pA
UV/0V Pin Line Ovevolt- I 0.95 x
age Recovery Threshold ov- Tove
UV/OV Pin Overvoltage t 5 s
Deglitch Filter ov H
VOLTAGE MONITOR Pin v 37 v
Threshold Voltage v ’
Circuit Protection
it = 198 T INN2214 799 850 901
Standard Current Limit Lo ’ mA
(BPP) Capacitor = 0.1 uF | See Note E )
di/dt = 213 mA/us
T,=25°C INN2215 893 950 1007
difdt = 168 mA/us INN2214 682 750 818
.. T,=25°C
Reduced Current Limit | ’ mA
(BPP) Capacitor = 10 uF | See Note E .
di/dt = 213 mA/us
T,=25°C INN2215 773 850 927
it = 198 s INN2214 864 950 1036
Increased Current Limit I ’ mA
(BPP) Capacitor = 1 uF See Note E .
difdt = 213 mA/us INN2215 955 1050 1145
T,=25°C
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to +125 °C Min Typ Max Units

(Unless Otherwise Specified)

Circuit Protection (cont.)

Standard Current Limit, 0.87 x 115 x
P =T vy X Toscrve) INN2214-2215 'sz I*f 'sz
See Note A
Reduced Current Limit, 0.84 x 118 x
Power Coefficient f Pf = T mearvey ¥ foscrvey | INN2214-2215 "B If I A’Hz
See Note A
Increased Current Limit,
PF = Ly X foscrey | INN22142215 | 082 rf b8
See Note A
. i T,=25°C 0.75 x
J
Initial Current Limit Lt See Note A Lo mA
Leading Edge T,=25°C
Blanking Time bes See Note A 170 250 ns
- T,=25°C
J
Current Limit Delay to See Note A, F 170 ns
Thermal Shutdown Te See Note A 135 142 150 °C
Thermal Shutdown o
Hysteresis Teom See Note A 75 C
PRIMARY BYPASS Pin
Shutdown Threshold I, 5.6 7.6 9.6 mA
Current

Primary Bypass
Power-Up Reset Veepresen) T,=25°C 2.8 3.0 3.3 \Y
Threshold Voltage

Auto-Restart On-Time T,=25°C

atf .. tar See Note G o4 77 %0 ms
Auto-Restart t T,=25°C 1 s

Trigger-Skip Time AR(SK) See Note A, G

Auto-Restart Off-Time ¢ T,=25°C 2 s

atfoq AR(OFP) See Note G

Short Auto-Restart t T,=25°C 05 s

Off-Time at f AR(OFF)SH See Note A, G '
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Conditions
SOURCE=0V . .
Parameter Symbol T, = -40 °C to +125 °C Min Typ Max Units
(Unless Otherwise Specified)
Output
T,=25°C 2.30 2.70
INN2214
— = [}
I, = 850 mA oy 3.60 4.20
ON-State Resistance Rosony Q
T,=25°C 1.70 2.00
INN2215
I, = 1050 mA T, =100 °C
) See Note A 2.70 3.10
OFF-State Drain I Voep = 6.2V, V=560V, T, = 125 °C 200 WA
Leakage Current bsst See Note H
OFF-State Drain I Vg = 6.2V, V=325V, T)=25°C 15 oA
Leakage Current pss2 See Note A, H
V,,=62V, T =25°C
Breakdown Voltage BV s " See Note I 725 \
Drain Supply Voltage 50 \
Secondary
FEEDBACK Pin Voltage Ve T,=25°C 1.250 1.265 1.280 v
OUTPUT VOLTAGE Pin v 3.15 v
Auto-Restart Threshold OUT(AR) ’
SECONDARY BYPASS _ o
Pin Current at No-Load Lo Ty=25°C 300 HA
Cable Drop . T =25°C INN2214 250 300 350 o
Compensation Factor o See Note J INN2215 290 300 390
SECONDARY BYPASS
Pin Voltage Veps 4.25 4.45 4.65 \Y
SECONDARY BYPASS
Pin Undervoltage Vepswwio) 3.45 3.8 4.15 \Y
Threshold
SECONDARY BYPASS
Pin Undervoltage Vepsgive) 0.10 0.65 1.2 \Y
Hysteresis
Output (IS Pin) Current o
Limit Voltage Threshold Bymy T,=25°C 2 mv
VOUT Pin ¢ 50 ms
Auto-Restart Timer VOUT(AR)
FEEDBACK Pin
Short-Circuit Vescorn 0.1 v
Constant Power Coco INN2214 5.35
Threshold Vi T,=25°C v
INN2215 6.35
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Conditions
SOURCE =0V . .
Parameter Symbol T, = -40 °C to +125 °C Min Typ Max Units
(Unless Otherwise Specified)
Synchronous Rectifier*
SYNCHRONOUS
RECTIFIER Pin Verh T,=25°C -19 -24 -29 mV
Threshold
SYNCHRONOUS T = 250°C
RECTIFIER Pin | - LT 162 mA
Pull-Up Current Clono = 2 1F, f = 100 khz
SYNCHRONOUS T = 250°C
RECTIFIER Pin Ten LT 280 mA
Pull-Down Current Clono = 2 1F, f = 100 kHz
SYNCHRONOUS
RECTIFIER Pin Ver See Note A 4.2 44 4.6 \Y
Drive Voltage
T,=25°C 0-100% 71
Rise Time t Ciomp = 2 NF ns
See Note A 10-90% 40
T,=25°C 0-100% 32
Fall Time t Ciomp = 2 NF ns
See Note A 10-90% 15
- = o —
Output Pull-Up R T,=25°C, Vg, =44V 115 O
Resistance PU I, = 10 mA, See Note A
Output Pull-Down R T,=25°C, Vg,s =44V 35 o
Resistance Po I, = 10 mA, See Note A
NOTES:
A. This parameter is derived from characterization.
B. I, is an estimate of device current consumption at no-load, since the operating frequency is so low under these conditions. Total device
consumption at no-load is sum of I, and I ., (this does not include secondary losses)
C. 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 PRIMARY BYPASS pin current at 6.2 V.

D. The PRIMARY BYPASS pin is not intended for sourcing supply current to external circuitry.

m

To ensure correct current limit it is recommended that nominal 0.1 uF/1 pF/10 uF capacitors are used. In addition, the BPP capacitor value
tolerance should be equal or better than indicated below across the ambient temperature range of the target application. The minimum and
maximum capacitor values are guaranteed by characterization.

Nominal PRIMARY Tolerance Relative to Nominal
BYPASS Pin Capacitor Capacitor Value
Value Minimum Maximum
0.1 uF -60% +100%
1 pF -50% +100%
10 uF -50% N/A

This parameter is derived from the change in current limit measured at 1X and 4X of the di/dt shown in the I . specification.

Auto-restart on-time has same temperature characteristics as the oscillator (inversely proportional to frequency).

. Is is the worst-case OFF-state leakage specification at 80% of BV, and the maximum operating junction temperature. I
specification under worst-case application conditions (rectified 230 VAC) for no-load consumption calculations.

oss; 1S @ typical

Breakdown voltage may be checked against minimum BV specification by ramping Drain voltage up to but not exceeding minimum BV .

DSS

When used with current source/xx circuit (like CHY103), it is 6% of secondary output voltage if adjusted by changing feedback divider
(like CHY100/101).
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Typical Performance Characteristics
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Figure 25. SYNCHRONOUS RECTIFIER DRIVE Pin Negative Voltage.

oower

integrations”
WWW.power.com

PRELIMINARY

This document contains information on a new product. Specifications and information herein

are subject to change without notice.

Rev. A 11/15


http://www.power.com

€ A9y 89T¥-d0S°-a0d
PICTTT-9669-1d

'9/S/v/€ pea| apim 03 Ajjeusajul
Pa3o3uuo0d ‘Z pue g spe3] uaamiaq deyins/auiano Apoq abeyded oiseld ay3 je je3aw pasodx3y ﬁ

*H wnjeq ul paulwialap 3q 03 g pue y swinjeq ‘9

*[wwi] sayoui ui suoisuawip Bujljjoijuo) 's
*suoisnJjoad 4o yseyy peaj-1a3ul dpnjdul Jou ssoq @
*ssawyoIy} bunzeld Jo sAIsnpul dle pajou suoisuswiq @

[HONI] ww _”mw.mw.“_ *apis 4ad [8T°0] £000 S! uoisnijoad pjow wnwixepy *Apoq dnasejd ayj jo wojjoq pue
. doj ay3 usamiaq yojewsiw Aue buipnpui 3nq ‘yseyy pesj-iaul pue ‘sinq ajeb ‘siinq Jeq an ‘yseyy
[oog’]
~—¢9z " pIow Jo 3AISNPX3 Apoq 213sejd ay3 JO SaWAIIXD JSOW.IDIN0 Y] JB Paulwidlap d4e pajou suoisudwiq @
o [s9T°1 | "$66T-WS'VTA JWSY 4od Bupuess|oy pue Buluoisuawiqg T
7 6Tt iS9JON
[eor] o
B suoisusuig [ mamnana_| [(marnaass |
M I ped Jopjos Hopugis
M} E ' E 0UDIRJY sdwng papjonW
spea1Z1 0} sue|d buyess
[81°Z] 9800 [5[for0] 700'0 | [0T°0] ¥00°0
[o9v'] [ve'zl z60'0 [og'0l 210’0
89°TT [0z0°] ‘ pa—_ aueld
ﬁ 8L'T I d bupess 4 '
Y A Eﬂ‘ Fy numn_ﬂ_|r_bnj
aa_H__H__H__H__H__H_ [8z'0] TT0'0 T 7 ) { ] J
T [t¥'0] 910'0 S
& [o1" . 9 [9€'2] £60°0 _|
. . 9T'1] 9v0°0 . .
losol .| |- ‘7 [gzo] [ez'1] 6t0°0 v [e9°2] sor0
$3¥ [££'£1 90€°0
Vv liereq '$oU[10°6]1 95€'0
'y [sz°0] oﬁo.o@
[v£ 0] 6200 g [1z:0]1 8Z0'0
[1g'0lzeo0 |
/N '$94 [€0°2] 080°0 [=—
N |_[98'€] zsT'0 -ou [T'T] Sp0°0—| |~ (podep J9se)
'Jou g o [Tov] 8sT°0 'a’I T# uld
[8t°0] m.n.o.o ] . \\ [bz'0l oﬂo.clﬁ vV &/ sdi] pest ¢
394 [95°0]1 220'0 —— T:m.wuow_no.c 1 Ylev s o ¢« s [2][ST'01900°0 | 8 T -
b 1T 11 00— T

1
aue|d buijeas

o8- ooz

v 1Iviaa @
[ vmviza | ahy you ] N
[os't] 650'0
[1£:0] 8200 @ [6£°TT] ¥ot'0 [68'8] 0S€'0
[z0°T] 0+0'0 ‘dAL pu \%
« [0s°t] 650°0

[}

i oE \1‘
sueld sbnes f I E E TUOO  [eetorel seoo =
[sz'0] o100 oT ST ¥T €1 zT 11 T [o][sT 019000 [ ] 6 o1 O
_W_ sdiL peaT 8
[91'01] 00O+"0 g\l [a[v[o[W[sz'0] 0T0°0 [+]
7 [[zz'T1 050°0] I [9t°0] 810°0
o [s1] 2500 [£z'1] 0S0'0 ~—XET [gg-0] £20'0
[v[o[[0T'0] ¥00°0 <] X2 VY

g49TYd-dOS®

PRELIMINARY

This document contains information on a new product. Specifications and information herein

Regritors

Rev. A 11/15

www.power.com

are subject to change without notice.


http://www.power.com

PACKAGE MARKING

eSOP-R16B

INN2214K
© 1530

M4N343-1

Power Integrations Registered Trademark

Assembly Date Code (last two digits of year followed by 2-digit work week)
Product Identification (Part #/Package Type)

Lot Identification Code

O 0Owx

PI-7786-111015
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MSL Table
Part Number MSL Rating
INN2214 3
INN2215 3

ESD and Latch-Up Table

Test Conditions Results
Latch-up at 125 °C JESD78D > £100 mA or > 1.5 V (max) on all pins
Human Body Model ESD ANSI/ESDA/JEDEC ]S-001-2014 > +2000 V on all pins
Machine Model ESD JESD22-A115C > +200 V on all pins

Part Ordering Information

o InnoSwitch-CP Product Family

e 22x Series Number
Package Identifier
K ‘ eSOP-R16B

N Tape & Reel and Other Options

INN 2214 K - TL TL | Tape & Reel, 1000 pcs min/mult.
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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.power.com. Power Integrations grants its customers a license under certain patent rights as set
forth at http://www.power.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 (ii) supports or sustains life, and (iii) 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.

The PI logo, TOPSwitch, TinySwitch, LinkSwitch, LYTSwitch, InnoSwitch, DPA-Switch, PeakSwitch, CAPZero, SENZero, LinkZero, HiperPFS,
HiperTFS, HiperLCS, Qspeed, EcoSmart, Clampless, E-Shield, Filterfuse, FluxLink, StakFET, PI Expert and PI FACTS are trademarks of Power
Integrations, Inc. Other trademarks are property of their respective companies. ©2015, Power Integrations, Inc.

Power Integrations Worldwide Sales Support Locations

Taiwan

World Headquarters

5245 Hellyer Avenue

San Jose, CA 95138, USA.
Main: +1-408-414-9200
Customer Service:

Phone: +1-408-414-9665
Fax: +1-408-414-9765
e-mail: usasales@power.com

China (Shanghai)

Rm 2410, Charity Plaza, No. 88
North Caoxi Road

Shanghai, PRC 200030
Phone: +86-21-6354-6323
Fax: +86-21-6354-6325
e-mail: chinasales@power.com

China (Shenzhen)

17/F, Hivac Building, No. 2, Keji Nan

8th Road, Nanshan District,
Shenzhen, China, 518057
Phone: +86-755-8672-8689
Fax: +86-755-8672-8690
e-mail: chinasales@power.com

Germany

Lindwurmstrasse 114

80337 Munich

Germany

Phone: +49-895-527-39110
Fax: +49-895-527-39200
e-mail: eurosales@power.com

India

#1, 14th Main Road
Vasanthanagar
Bangalore-560052 India
Phone: +91-80-4113-8020
Fax: +91-80-4113-8023
e-mail: indiasales@power.com

Italy

Via Milanese 20, 3rd. Fl.

20099 Sesto San Giovanni (MI)
Italy

Phone: +39-024-550-8701
Fax: +39-028-928-6009
e-mail: eurosales@power.com

Japan

Kosei Dai-3 Bldg.

2-12-11, Shin-Yokohama,
Kohoku-ku

Yokohama-shi, Kanagawa
222-0033 Japan

Phone: +81-45-471-1021

Fax: +81-45-471-3717

e-mail: japansales@power.com

Korea
RM 602, 6FL

Korea City Air Terminal B/D, 159-6

Samsung-Dong, Kangnam-Gu,
Seoul, 135-728, Korea

Phone: +82-2-2016-6610

Fax: +82-2-2016-6630

e-mail: koreasales@power.com

Singapore

51 Newton Road
#19-01/05 Goldhill Plaza
Singapore, 308900
Phone: +65-6358-2160
Fax: +65-6358-2015

e-mail: singaporesales@power.com

5F, No. 318, Nei Hu Rd., Sec. 1
Nei Hu Dist.

Taipei 11493, Taiwan R.O.C.
Phone: +886-2-2659-4570

Fax: +886-2-2659-4550

e-mail: taiwansales@power.com

UK
Cambridge Semiconductor,
a Power Integrations company

Westbrook Centre, Block 5, 2nd Floor

Milton Road

Cambridge CB4 1YG

Phone: +44 (0) 1223-446483
e-mail: eurosales@power.com
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