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iP7300 X : Date Code
6. {5 B4
iP7300 [ Assembly Material
L Assembly Material G: Halogen and Lead Free Device

Note: inergy defines “Green” as lead-free ( RoHS compliant ) and halogen free ( Br or Cl does not exceed 900 ppm
by weight in homogeneous material and total of Br and Cl does not exceed 1500 ppm by weight ; Follow IEC
61249-2-21 and IPC/JEDEC J-STD-020C )
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9. X ERIETE
Parameter Symbol Value Unit
Supply voltage VDD 20 \%
Maximum voltage on FB, COMP, MUL, ISN, ZCD \% -0.3~6 \%
ESD capability, HBM model \% 2.0 kv
ESD capability, MM model \% 200 \%
10. B K D&
Parameter Symbol Value Unit
Maximum junction temperature Timax 150 °C
Operating junction temperature T; -40 ~ 150 °C
Storage temperature Tste -60to 150 °C
Thermal Resistance, Junction-to-ambient Rih j-amb 150 °C/W
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(VDD =15V, for typical values T;=25°C)

Parameter ‘ Symbol ‘ Conditions ‘ Min. Typ. Max. Unit
SUPPLY VOLTAGE SECTION
Operating Range VDD after turn-on 10.5 - 17.5 \%
Turn-on Threshold VDD on 10.5 115 125 \%
Turn-off Threshold VDD off 8.5 9.5 10.5 V
On/Off Hysteresis Hys 1.8 2 2.2 \%
SUPPLY CURRENT SECTION
Start-up Current IDDst (b \e/EJIrDe:tulrrI-\c;n) - 16 - uA
Quiescent Current Iq - 0.8 - mA
Operating Current IDDop f:z\(/)\mzl?%didinp - 3.6 - mA
ERROR AMPLIFIER SECTION
Input Bias Current les - - 1 uA
Input Reference Voltage Vref 2.45 25 2.55 \%
Line Regulation VDD =12to 18V - 2 5 mV
Voltage Gain Gv Open loop - 80 - dB
Bandwidth GB - 1 - MHz
Source Current | Veomr =4V, Vg =24V | 0.6 1 1.6 mA
Sink Current O IVeomp =4V, Veg = 2.6 V| 1.4 2.8 4.2 mA
Upper Clamp Voltage Vcowp Isource = 0.2 mA - 3.9 - Y,
MULTIPLIER SECTION
Input Bias Current ImuL - - 1 uA
Linear Operation Voltage VmuL Oto4 - O0to4.5 Vv
Gain K Vv =1V Veomp =3V | 0.45 0.5 0.55 v
ZERO CURRENT DETECTOR
Input Bias Current lzcp - - 1 uA
Zero Current Detect Vzcb Negative slope - 1.6 -
e IR - es |-
Delay To Turn On tzcb - 400 - ns
Upper Clamp Voltage Vzep Izcp = 20 UA - 4.8 - \%
Upper Clamp Voltage Vzep Izcp = 3 MA - 5.9 - \%
Lower Clamp Voltage Vzep Izcp = -3 MA - 0.2 - \%
Input Capacitance Cpar Vzcp=1.0V - 10 - pF
Maximum Off Time toFF 80 160 320 us
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Parameter ‘ Symbol ‘ Conditions | Min. ‘ Typ. ‘ Max. ‘ Unit
CURRENT SENSE COMPARATOR
Input Bias Current lcs - - 1 uA
Delay To Turn Off tdelay - 250 450 ns
LEB tLEB - 380 - ns
Current Sense Limit Viimit Vcomp = Upper Clamp 1.7 1.8 1.9 \%
OUTPUT SECTION
Output Clamp Vo_clamp - 18 - \%
IGDsource = 200 mA - 3.4 - \%
IGDsource = 20 mA - 0.8 - \%
Dropout Voltage Vep -
IGDsink = 200 mA - 2.8 - \%
IGDsink = 20 mA - 0.3 - V
PROTECTION SECTION
Vcomp Dynamic OVP lovp 28 40 52 uA
Vcomp Static OVP Vovp 0.9 1.0 1.1 \%
Veg Disable Threshold Vdis - 0.5 -
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13.1 Typical application circuit

Vin O
C1]
E1
Vout
Vac
(90V~264V )
]

O=

Suggesting Value: R3 = 1.5MQ, R4 = 18KQ

a. Power supply

Power is supplied between VDD and GND pin. At VDD below UVLO off, IC is in Under Voltage Lock
Out ( UVLO ) state. The IC does not operate and consumes very low current at this situation. As voltage
increases above UVLO on, the IC starts to operate. During this time, IC power is provided by E2 capacitor,
so its voltage decreases. Before the voltage drops to UVLO off, since some auxiliary power provides
continuous power, the IC continues to operate. However, if the voltage drops below UVLO off, it enters
UVLO state.

b. PWM

During operation, if the iP7300 is off for more than torr, an internal timer triggers the output on. It
happens at very beginning. The output drives the external MOSFET( Q1 ) on, and hence the current
passes through inductor, Q1 increases with di/dt = Vin/L, and the voltage across secondary winding of
inductor becomes negative.

The current is sensed through ISN pin by detecting voltage across a sense resistor. If the current
exceeds target values, output is turned off. As the current through inductor must be continuous, so it flows
through boost diode ( D1 ) to output capacitor( E1 ). Voltage of E1 is always higher than that of input, so
the current is decreasing with di/dt = -( Vout — Vin )/L, and the voltage across sensed by ZCD pin
secondary winding of inductor becomes positive.

Re-turn on is initiated by two mechanism: maximum off time and zero current detection( ZCD ). As
the current decreases to zero, the diode is off, and the drain voltage of Q1 is oscillating about Vin. As it
swings through Vin, the secondary winding voltage swings through zero. When it swings across 1.6 V,
ZCD trigger the output on. This process is repeated as PWM switching.
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c. Current shaping

For transition conduction mode, current always start from zero when Q1 is on; Q1 is off when current
reaches a target value that follows the input voltage. As Q1 is turn off, the current is diverted to output
capacitor and decreasing. The input current looks like a triangle, and its peak follows input voltage.

Therefore, if the current ripple at switching frequency is filtered ( using C1 ), the average input
current, which is half of its peak, would look like the input sinusoidal voltage. High power factor and low
total Harmonics Distortion ( THD ) could be achieved.

d. Feedback output control

As current is pumped in E1, output voltage, Vout, sensed through resistor divider (R1,R2) to FB pin
increases. A capacitor-resistor ( C2-R5 ) compensator is between FB and Comp pins, which constitutes an
error amplifier for output voltage controller. The controller’s output governs the amplitude of target input
current. Its form is referred to input voltage, which is sensed by Mul pin, through resistor divider ( R3, R4 ).
This combination is accomplished through internal analog multiplier.

The input current by purpose is proportional to sinusoidal input voltage. The output power is
pulsating twice line frequency, as cos® wt :(1+ COoS 2a)t)/2, and that is also for output current. The

constant term should match to load current, and the integration of sinusoidal current error becomes output
voltage error, which is inversely proportional to E1.

The comp output should resemble Vin voltage to produce target input current. In order to
compensate, the capacitor should be large enough to achieve the integration time which is larger than the
line period, 16ms for 60Hz or 20ms for 50Hz. Since the voltage error of output capacitor E1 is integral of
current error, if controller is pure integrator, the controller occurs 180 degree phase delay that leads to
instability. Therefore, a resistor ( R5 ) is put in series to add proportional factor for controller. This would
speed up controller and the phase is decreases. But it distorts the output comp voltage from quasi dc
signal. Therefore, proportional control should not be too large since this signal is proportional to output
error signal, which always exist for finite E1.

e. Output over voltage protection

On this structure, the FB pin is kept 2.5V. Since input is resistor, so output error may be detected by
the current output of error amplifier. When sink current at comp pin is detected higher than 40uA, OVP
protection is triggered. 40 uA x R1 corresponds to output error limit.

The other feature is static OVP. It works as comp decreases below zero output reference point, 1.0V.
When this happens, output is off.

In case output voltage sense resistor is open, the protection should be triggered. When lower
resistor is open, the FB sees high signal. The controller inherently decreases it output to zero. When upper
resistor is open, the FB see low signal below shutdown threshold. Under that situation, IC would be
shutdown.
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X4 Item PCB DECAL Value
IN40O7 " Cc1 S0805 103
—h———o
1N4DD7 E - Cc2 S0805 105
.
C3.C5 S0805 102
c4 DIP 0.1uF/400V
D1-4 DIP 1N4007
! = D5 DIP SF28G
o
D13 SD1 1N4148
E1 DIP 22F/450V
N
sqRm E2 DIP 10uF/25V
O F1 DIP 2A/250V
% = ! L1 DIP 560uH
oUT p—
COI:: Q1 TO220V (DIP) iH0850
3 |
—=]l5*<X JIGND U1 so8 iP7300
o u I !
={ I54=1ISN® ZCD R1-2 S0805 750K
R R3 S1206 220K
=B R5-6 S0805 100
op R7 S0805 51K
T R8 S0805 750K
AM—e R4 S0805 18K
=B
O R9 S0805 750K
s
= R10 R5 0.5/1W
—\\ -+ A R11 S0805 9.3K
©x ‘{\'E o
RS a = R12 S0805 150
= = =
R13 S0805 220K
T EI25/8-4 820uH
o 22uF /450V o 1 Sz1 18V
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Symbol Dimensions In Millimeters Notes
MIN. MAX. 1. Jedecoutline : MS-012AA
A 1.35 1.75 2. Dimensions " D ” does not include mold flash,
Al 0.00 0.25 protrusions and gate burrs shall not exceed
A2 1.15 1.50 15 mm (.006 in) per side .
3. Dimensions “ E1 ” does not include inter-lead
2 4.80 °.00 flash, or protrusions. Inter-lead flash and
E 5.80 6.20 protrusions shall not exceed .25 mm (.010 in)
E1l 3.80 4.00 per side.
c 0.19 0.27
b 0.33 0.53
e 1.27 BSC
L 0.40 1.27
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