NCP1608

Critical Conduction Mode
PFC Controller Utilizing a
Transconductance Error
Amplifier

The NCP1608 is an active power factor correction (PFC)
controller specifically designed for use as a pre—converter in ac—dc
adapters, electronic ballasts, and other medium power off-line
converters (typically up to 350 W). It uses critical conduction mode
(CrM) to ensure near unity power factor across a wide range of input
voltages and output power. The NCP1608 minimizes the number of
external components by integrating safety features, making it an
excellent choice for designing robust PFC stages. It is available in
a SOIC-8package.

General Features

® Near Unity Power Factor

e No Input Voltage Sensing Requirement

e | atching PWM for Cycle—by-Cycle On Time Control (Voltage
Mode)

e Wide Control Range for High Power Application (>150 W) Noise
Immunity

e Transconductance Error Amplifier

e High Precision Voltage Referencel(6% Over the Temperature

Range)

Very Low Startup Current Consumptiof 85 uA)

Low Typical Operating Current Consumption (2.1 mA)

Source 500 mA/Sink 800 mA Totem Pole Gate Driver

Undervoltage Lockout with Hysteresis

Pin—to—Pin Compatible with Industry Standards

This is a Pb—Free and Halide—Free Device

Safety Features
e Overvoltage Protection
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e Undervoltage Protection

Device Package Shipping T

Open/Floating Feedback Loop Protection
Overcurrent Protection
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Typical Applications

e Solid State Lighting

e Electronic Light Ballast

o AC Adapters, TVs, Monitors

o All Off-Line Appliances Requiring Power Factor Correction
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Table 1. PIN FUNCTION DESCRIPTION

Pin Name Function

1 FB The FB pin is the inverting input of the internal error amplifier. A resistor divider scales the output voltage to Vrgr to
maintain regulation. The feedback voltage is used for overvoltage and undervoltage protections. The controller is disabled
when this pin is forced to a voltage less than Vyp, a voltage greater than Vgyp, or floating.

2 Control | The Control pin is the output of the internal error amplifier. A compensation network is connected between the Control pin
and ground to set the loop bandwidth. A low bandwidth yields a high power factor and a low Total Harmonic Distortion (THD).

3 Ct The Ct pin sources a current to charge an external timing capacitor. The circuit controls the power switch on time by
comparing the Ct voltage to an internal voltage derived from Vontrol- The Ct pin discharges the external timing capacitor
at the end of the on time.

4 Cs The CS pin limits the cycle—by-cycle current through the power switch. When the CS voltage exceeds V, u, the drive
turns off. The sense resistor that connects to the CS pin programs the maximum switch current.

ZCD The voltage of an auxiliary winding is sensed by this pin to detect the inductor demagnetization for CrM operation.

GND | The GND pin is analog ground.

DRV | The integrated driver has a typical source impedance of 12 Q and a typical sink impedance of 6 Q.

(N[O O

Vee The Vcc pin is the positive supply of the controller. The controller is enabled when V¢ exceeds Vcc(on) and is disabled
when V¢ decreases to less than Vec(off)-

Table 2. MAXIMUM RATINGS

Rating Symbol Value Unit

FB Voltage VEB -0.3t0 10 \%
FB Current IFB +10 mA
Control Voltage Vcontrol -0.3t06.5 \%
Control Current Icontrol -21t0 10 mA
Ct Voltage Vet -0.3t06 \%
Ct Current Ict +10 mA
CS Voltage Ves -0.3t0 6 \%
CS Current Ics +10 mA
ZCD Voltage Vzecp -0.3t0 10 \%
ZCD Current Izcp +10 mA
DRV Voltage VpRv -0.3to Ve \%
DRV Sink Current IDRV(sink) 800 mA
DRV Source Current IDRV(source) 500 mA
Supply Voltage Vee -0.3t0 20 \%
Supply Current lcc 120 mA
Power Dissipation (TA = 70°C, 2.0 Oz Cu, 55 mmZ Printed Circuit Copper Clad) Pp 450 mwW
Thermal Resistance Junction-to—Ambient °C/W

(2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad) Rgia 178

Junction—to—Air, Low conductivity PCB (Note 3) Roia 168

Junction—to—Air, High conductivity PCB (Note 4) Reia 127
Operating Junction Temperature Range (Note 5) T; -55to0 +125 °C
Maximum Junction Temperature Timax) 150 °C
Storage Temperature Range TsTe —65 to +150 °C
Lead Temperature (Soldering, 10 s) TL 300 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. This device series contains ESD protection and exceeds the following tests:
Pins 1 — 8: Human Body Model 2000 V per JEDEC Standard JESD22-A114E.
Charged Device Model 1000 V per JEDEC Standard JESD22-C101E.
2. This device contains Latch—-Up protection and exceeds £100 mA per JEDEC Standard JESD78.
3. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 80 mm?2 of 2 0z copper traces and heat spreading area. As specified for
a JEDEC 51 low conductivity test PCB. Test conditions were under natural convection or zero air flow.
4. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 650 mm?2 of 2 0z copper traces and heat spreading area. As specified
for a JEDEC 51 high conductivity test PCB. Test conditions were under natural convection or zero air flow.
5. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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Table 3. ELECTRICAL CHARACTERISTICS
VEg =2.4V, Veontrol =4V, Ct=1nF, Vcs =0V, Vzcp =0V, Cpry = 1 nF, Ve = 12V, unless otherwise specified
(For typical values, T3 = 25°C. For min/max values, Tj = -55°C to 125°C (Note 6), Vcc = 12 V, unless otherwise specified)

Characteristic Test Conditions Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘
STARTUP AND SUPPLY CIRCUITS
Startup Voltage Threshold Ve Increasing Vee(on) 11 12 12.5 \%
Minimum Operating Voltage V¢ Decreasing Vee(off) 8.8 9.5 10.2 \%
Supply Voltage Hysteresis HuvLo 2.2 25 2.8 \%
Startup Current Consumption 0V <Vce < Veg(on) — 200 mV lec(startup) - 24 35 uA
No Load Switching Cprv = open, 70 kHz Switching, lec1 - 14 1.7 mA
Current Consumption Ves=2V
Switching Current Consumption 70 kHz Switching, Veg =2V lec2 - 2.1 2.6 mA
Fault Condition Current Consumption No Switching, Veg =0 V lec(fault) - 0.75 0.95 mA
OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
Overvoltage Detect Threshold VEg = Increasing Vovp/VRer 105 106 108 %
Overvoltage Hysteresis VovpPHYS) 20 60 100 mV
Overvoltage Detect Threshold Vg =2V to 3V ramp, tovp ns
Propagation Delay dv/dt =1 Vius
VEg = Vovp 10 Vpry = 10%
Ty =-40°C to +125°C 300 500 800
Ty =-55°C to +125°C (Note 6) 210 500 800
Undervoltage Detect Threshold Vg = Decreasing Vuvp 0.25 0.31 0.4 \%
Undervoltage Detect Threshold Propa- Veg =1V to 0V ramp, tuvp ns
gation Delay dv/dt =10 Vl/us
VEg = Vuvp t0 Vpry = 10%
Ty =-40°C to +125°C 100 200 300
Ty =-55°C to +125°C (Note 6) 50 200 300
ERROR AMPLIFIER
Voltage Reference T;=25°C VREF 2.475 2.500 2.525 \%
Ty =-40°C to 125°C 2.460 2.500 2.540
Ty =-55°C to 125°C (Note 6) 2.450 2.500 2.540
Voltage Reference Line Regulation Veeon) +200mV <Vee <20V VREF(line) -10 - 10 mV
Error Amplifier Current Capability Vg =26V IEA(sink) 6 10 20 uA
Veg = 1.08*VRrer IEAGsink)OVP 10 20 30
VEg=05V IEA(source)
Ty =-40°C to +125°C -250 -210 -110
Ty =-55°C to +125°C (Note 6) -250 -210 -88
Transconductance VEg=24V1t026V gm uS
Ty3=25°C 90 110 120
Ty =-40°C to 125°C 70 110 135
Ty =-55°C to +125°C (Note 6) 70 110 150
Feedback Pin Internal Pull-Down VEg = Vuvp t0 VRep Reg 2 4.6 10 MQ
Resistor
Feedback Bias Current Vg =25V IF uA
Ty =-40°C to +125°C 0.25 0.54 1.25
Ty =-55°C to +125°C (Note 6) 0.2 0.54 1.25
Control Bias Current Vg =0V Icontrol -1 - 1 uA
Maximum Control Voltage Icontrol(puliup) = 10 WA, VEg = VRer VEAH \%
Ty =-40°C to +125°C 5 55 6
Ty =-55°C to +125°C (Note 6) 5 5.5 6.05

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.
6. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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Table 3. ELECTRICAL CHARACTERISTICS (Continued)
VEg =2.4V, Veontrol =4V, Ct=1nF, Vcs =0V, Vzcp =0V, Cpry = 1 nF, Ve = 12V, unless otherwise specified
(For typical values, T3 = 25°C. For min/max values, Tj = -55°C to 125°C (Note 6), Vcc = 12 V, unless otherwise specified)

Characteristic Test Conditions Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘
ERROR AMPLIFIER
Minimum Control Voltage to Generate Vcontrol = Decreasing until Ct(offset) \%
Drive Pulses VpRry is low, Ve =0V
Ty =-40°C to +125°C 0.37 0.65 0.88
Ty =-55°C to +125°C (Note 6) 0.37 0.65 11
Control Voltage Range VEaH — Cloffset) VEA(DIFF) 4.5 4.9 5.3 \%
RAMP CONTROL
Ct Peak Voltage Vcontrol = OpeNn Veymax) 4.775 4.93 5.025 \%
On Time Capacitor Charge Current Vcontrol = Open Icharge 235 275 297 uA
Ver =0 V1o Veymax)
Ct Capacitor Discharge Duration Vcontrol = Open tet(discharge) - 50 150 ns
Vet = VCt(MAX) —100 mV to 500 mV
PWM Propagation Delay dv/dt = 30 Vius tpwMm - 130 220 ns
Vet = Veontrol = Cloffset)
to Vpryv = 10%
CURRENT SENSE
Current Sense Voltage Threshold Vium 0.45 0.5 0.55 \%
Leading Edge Blanking Duration Ves =2V, Vpry = 90% to 10% tLeB 100 190 350 ns
Overcurrent Detection Propagation De- dv/dt =10 Vl/us tcs 40 100 170 ns
Iay VCS = VILIM to VDRV =10%
Current Sense Bias Current Ves=2V Ics -1 - 1 uA
ZERO CURRENT DETECTION
ZCD Arming Threshold Vzcp = Increasing Vzcparm) 1.25 14 1.55 \%
ZCD Triggering Threshold Vzcp = Decreasing VzeD(TRIG) 0.6 0.7 0.83 \%
ZCD Hysteresis VzeD(HYS) 500 700 900 mvV
ZCD Bias Current Vzcp=5V Izcp -2 - +2 uA
Positive Clamp Voltage lzcp =3 MA VeL(pos) \%
Ty =-40°C to +125°C 9.8 10 12
Ty =-55°C to +125°C (Note 6) 9.2 10 12
Negative Clamp Voltage lzcp=—-2mA VCL(NEG) \%
Ty =-40°C to +125°C -0.9 -0.7 -0.5
Ty =-55°C to +125°C (Note 6) -1.1 -0.7 -0.5
ZCD Propagation Delay Vzcp=2Vto 0V ramp, tzcp - 100 170 ns
dVv/dt = 20 V/us
Vzeb = Vzep(triG) 10 Vpry = 90%
Minimum ZCD Pulse Width tsync - 70 - ns
Maximum Off Time in Absence of ZCD Falling Vpry = 10% to tstart 75 165 300 us
Transition Rising Vpry = 90%
DRIVE
Drive Resistance lsource = 100 mA RoH - 12 20 Q
lsink = 100 mA RoL - 6 13
Rise Time 10% to 90% trise - 35 80 ns
Fall Time 90% to 10% trall - 25 70 ns
Drive Low Voltage Vee = Veg(on)=200 mV, Vout(start) - - 0.2 \%
lsink = 10 mA

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.
6. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Introduction °
The NCP1608 is a voltage mode, power factorection

(PFC) controller designed to drive cost—effective
pre-converters to comply with line current harmonic
regulations. This controller operates in critical conduction
mode (CrM) suitable for applications up to 350 W. Its
voltage mode scheme enables it to obtain near unity power,
factor without the need for a line-sensing network. A high
precision transconductance error amplifier regulates the
output voltage. The controller implements comprehensive

Overcurrent Protection (OCP). The inductor peak
current is accurately limited on a cycle-by-cycle basis.
The maximum inductor peak current is adjustable by
modifying the current sense resistor. An integrated
LEB filter reduces the probability of noise

inadvertently triggering the overcurrent limit.

Shutdown Feature. The PFC pre-converter is shutdown
by forcing the FB pin voltage to less thagwa In
shutdown mode, the:¢ current consumption is

safety features for robust designs.
The key features of the NCP1608 are:

reduced and the error amplifier is disabled.

Application Information

Constant On Time (Voltage Mode) CrM Operation. Most electronic ballasts and switching power supplies
A high power factor is achieved without the need for ~ use a diode bridge rectifier and a bulk storage capacitor to
input voltage sensing. This enables low standby power Produce a dc voltage from the utility ac line (Figure 24).
consumption. This DC voltage is then processed by additional circuitry
Accurate and Programmable On Time Limitation. The to drive the desired output.

NCP1608 uses an accurate current source and an

. . Rectifiers Converter
external capacitor to generate the on time. T— ————
Wide Control Range. In high power applications |_Airc]:e | I l | I
(> 150 W), inadvertent skipping can occur at high I z g;‘;‘r‘age | ‘ ‘ I Load
input voltage and high output power if noise immunity | Capacitorl |
is not provided. The noise immunity provided by the e L

NCP1608 prevents inadvertent skipping.

High Precision Voltage Reference. The error amplifier
reference voltage is guaranteed at 2.51V6% over
process and temperature. This results in accurate
output voltages.

Low Startup Current Consumption. The current
consumption is reduced to a minimum (<8%)

during startup, enabling fast, low loss charging of

Vce The NCP1608 includes undervoltage lockout and
provides sufficient ¢ hysteresis during startup to
reduce the value of thed¢ capacitor.

Powerful Output Driver. A Source 500 mA/Sink

800 mA totem pole gate driver enables rapid turn on
and turn off times. This enables improved efficiencies
and the ability to drive higher power MOSFETSs.

A combination of active and passive circuits ensures
that the driver output voltage does not float high if
Vcc does not exceeddéony

Accurate Fixed Overvoltage Protection (OVP). The
OVP feature protects the PFC stage against excessive
output overshoots that may damage the system.
Overshoots typically occur during startup or transient
loads.

Undervoltage Protection (UVP). The UVP feature
protects the system if there is a disconnection in the
power path to gy (i.e. Guikis unable to charge).
Protection Against Open Feedback Loop. The OVP ) ) ) ] ) HY
and UVP features protect against the disconnection of implemented with either a passive or an active circuit to

the output divider network to the FB pin. An internal comply with regulations. Passive circuits contain a
resistor (Rg) protects the system when the FB pin is combination of large capacitors, inductors, and rectifiers
floating (Floating Pin Protection, FPP) that operate at the ac line frequency. Active circuits use a

Figure 24. T ypical Circuit without PFC

This rectifying circuit consumes current from the line
when the instantaneous ac voltage exceeds the capacitor
voltage. This occurs near the line voltage peak and the
resulting current is non-sinusoidal with a large harmonic
content. This results in a reduced power factor (typically
< 0.6). Consequently, the apparent input power is higher
than the real power delivered to the load. If multiple
devices are connected to the same input line, the effect
increases and a “line sag” is produced (Figure 25).

AC Line Current

Figure 25. Typical Line Waveforms without PFC

Government regulations and utilities require reduced
line current harmonic content. Power factor correction is
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high frequency switching converter to regulate the input significantly reduces the harmonic current content. Active
current harmonics. Active circuits operate at a higher PFC circuits are the most popular way to meet harmonic
frequency, which enables them to be physically smaller, content requirements because of the aforementioned
weigh less, and operate more efficiently than a passivebenefits. Generally, activieFC circuits consist of inserting
circuit. With proper control of an active PFC stage, almost a PFC pre—converter between the rectifier bridge and the
any complex load emulates a linear resistance, whichbulk capacitor (Figure 26).

Rectifiers PFC Pre—Converter Converter
r———— = r—————— - r————— =
| | Ty ] |
I I _ I I I I

ACLine | | | High | | .| Buk I I
| =< Frequency | | < Storage | H I Load
NCP1608
| CB:I;pzscTtor | _I | Capacitor | I
| P | T | | |
| | S |
- | - | |

Figure 26. Active PFC Pre—Converter with the NCP1608

The boost (or step up) converter is the most popular conductionmode (CCM). In CrM, the driver on time begins
topology for active power factor correction. With the when the boost inductor current reaches zero. CrM
proper control, it produces a constant voltage while operation is an ideal choice for medium power PFC boost
consuming a sinusoidal current from the line. For medium stages because it combines the reduced peak currents of
power (< 350W) applications, CrM is the preferred control CCM operation with the zero current switching of DCM
method. CrM occurs at the boundary between operation. The operation and waveforms in a PFC boost
discontinuous conduction mode (DCM) and continuous converter are illustrated in Figure 27.

The power switch is ON The power switch is OFF

With the power switch voltage being about zero, the
input voltage is applied across the inductor. The inductor
current linearly increases with a (Vj,/L) slope.

The inductor current flows through the diode. The inductor volt-
age is (Vout — Vin) and the inductor current linearly decays with a
(Vout — Vin)/L slope.

Diode Bridge | | Diode Bridge I
L >
: | ' . -
| N Vin r | ] + V_ln NT_Y\Vd_ram I
+ I l+ k +
AC Line Vgran | AC Line - = Vout
| | | |
) ip 1 0 ip s
- I
I
I
I
|

4 Inductor
Current Vin/L / I (Vout = Vin)/L Critical Conduction Mode:
IL(peak) I Next current cycle starts
I when the core is reset.
| |
| 5>
Av, .. |
drain |
Vout -_—

N
TN
R U B
\\_/
If next cycle does not start _——%
then Vyrain rings towards Vi,

Figure 27. Schematic and Waveforms of an Ideal CrM Boost Converter
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When theswitch is closed, themductor current increases A /Vin(t)
linearly to the peak value. When the switch opens, the Vin(peak) | —————— =
inductor current linearly decreases to zero. When the ILpeak) [ === = IL(t)

inductor current decreases to zero, the drain voltage of the
switch (Myrain is floating and begins to decrease. If the next
switching cycle does not begin, theg/Mn rings towards lin(peak) [~ — = lin(t)
Vin. A derivation of equations found in AND8123 leads to
the result that high power factor in CrM operation is
achieved when the on timegy} of the switch is constant
during an ac cycle and is calculated using Equation 1.

2Py L MOSFETSFNFHH MM

Vag? (eq. 1)

Where RBytis the output power, L is the inductor value, Figure 28. Inductor Waveform During CrM Operation
is the efficiency, and Vac is the rms input voltage.
A description of the switching over an ac line cycle is Error Amplifier Regulation

illustrated inFigure 28 The on time is constant, but the off The NCP1608 regulates the boost output voltage using

time varies and is dependent on the instantaneous linean internal error amplifier (EA). The negative terminal of

voltage. The constant on time causes the peak inductothe EA is pinned out to FB, the positive terminal is

current (| (peak) to scale with the ac line voltage. The connected to a 2.5 ¥ 1.6% reference (¥ep), and the EA

NCP1608 represents an ideal method to implement aoutput is pinned out to Control (Figure 29).

constant ortime CrM control in a cost—ffctive and robust A feature of using a transconductance error amplifier is

solution by incorporating an accurate regulation circuit, a that the FB pin voltage is only determined by the resistor

low current consumption startup circuit, and advanced divider network connected to the output voltage, not the

protection features. operation of the amplifier. This enables the FB pin to be
used for sensing overvoltage or undervoltage conditions
independently of the error amplifier.

ton =

l

Vcontrol

r T T T T T T T T T T T T T T T T T
|

| “OVP |

| ] 1 OVP Fault I

| ;L Vovp |

Vout | POK |

I UVP Fault I

|

Routt I Enable EA PWM BLOCK I

FB nanble

L] |

I \ |

| Res +] ton(MAX) |

| T VRer |

ROU[Z | % |

I \V4 |

= |
|

Control '_L| Vcontrol |

N »| ton |

i |

Ccomp I |

| tPwm I

I |

} |

Figure 29. Error Amplifier and On Time Regulation Circuits
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A resistor divider (Byt1 and Rytp) scales down the boost Vo (eq.3)
output voltage (¥,¢ and is connected to the FB pin. If the Roun = I bias(out) ¢
output voltage is less than the target output voltage, then _ o )

Vgg is less than Wgr and the EA increases the control Where hias(out)is the output divider network bias current.
voltage (Mcontro)- This increases the on time of the driver, Rgytz is dependent ongyy, Rout1, and Reg.

yvhich ingrea;es the power delivered_ to the output. Ther, s calculated using Equation 4:

increase irdelivered power causegto increase until the

. . . . R ‘R
target output voltage is achieved. Alternatively, i\s Routz = out P8 (eq. 4)
greater than the target output voltage, thegontol R - Vour _ 1] - Rr
i ; FB \vy outl
decreases to cause the on time to decrease uhfil V REE

decreases tihe taget output voltage. This cause anief
regulates Yt so that the scaled down,){that is applied
to FB through Byi1 and Ryt is equal to Wer The
presence of R (4.6 MQ typical value) for FPP is included
in the divider network calculation.

The output voltage is set using Equation 2:

The PFC stage consumes a sinusoidal current from a
sinusoidal line voltage. The converter provides the load
with a power that matches the average demand only. The
output capacitor (gyix) compensates for the difference
between the delivered power and the power consumed by
the load. When the power delivered to the load is less than

the power consumed by the load,,fk discharges. When
+ 1) (eq.2) the delivered power is greater than the power consumed by
the load, Gy charges to store the excess energy. The
situation is depicted in Figure 30.

Roue + Reg
Vout = VRer - (Routl ‘R R

The divider network bias current is selected to optimize
the tradeoff of noise immunity and power dissipatiofn:R
is calculated using the bias current and output voltage using
Equation 3:

Rouz " Res

VARAVARAVERVRVARN

A
Vout

Figure 30. Output Voltage Ripple for a Constant Output Power

Due to the charging/discharging ofk, Vout contains Where trossis the crossover frequency and gm is the
a ripple at a frequency of either 100 Hz (for a 50 Hz line error amplifier transconductance. The crossover frequency
frequencyin Europe) or 120 Hz (for a 60 Hime frequency is set below 20 Hz.
in the USA). The Y ripple is attenuated by the regulation

loop to ensure ¥ontrol iS constant during the ac line cycle ©On Time Sequence _ _
for the proper shaping of thiae current. To ensuredéntrol The switching pattern consists of constant on times and

is constant during the ac line cycle, the loop bandwidth is Variable off imes for a given rms input voltage and output
typically set below20 Hz. A type 1 compensation network load. The NCP1608 Co_ntrols the on time with the capacitor
consists of a capacitor (gup) connected between the conne_cted to the Ct pin. A current source charges the Ct
Controland groungpins (see Figure 1¥he capacitor value capacitor to avoltz_ige derived from the Cont_rol pin voltage
that sets the loopandwidth iscalculated using Equation 5:  (Vct(off)- Vcioff) is calculated using Equation 6:

2P,y LI
am _ _ out charge
(ed. 5) VCt(off) = Veontrol ~ Ct(offset) - n - Vac? - Ct (ed. 6)

C = 97
COMP .
2 -1 feposs

When \ci(ofr) is reached, the drive turns off (Figure 31).
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r—— - V _________ 1 I_A MOSFET Conduction
Control Control I Diode Conduction
I I (peai) [F— G
I I I I
| f f f I/II 0A
| | | | |
[ I DRV | [
| I |
| | |
I I Vdrain I | | ov
| | Vout |——— |
' : :
I
| I :
I
—
| | Vzepwinb) 4 | I ov
| -, —> I | o
I DRV | Vzeownoyoft | I
T ] ov
Figure 31. On Time Generation |
VzcD(WIND),0n —
V control Varies with the rms input voltage and output Vzep A | | | [
load, which naturally satisfies Equation 1. The on time is I I I I
constant during the ac line cycle if the values of Vewpos) |——— I
compensation components are sufficient to filter out the N
Vout ripple. The maximum on time of the controller occurs Vzeoprm) [ ===~~~ T~ [T |
when VcontroliS at the maximum. The Ct capacitor is sized Vzeprig) |- ——T———F —— T~ [ 1
to ensure that the required on time is reached at maximum VeLnEG) — ———ti 0V
output power and the minimum input voltage condition. ‘_,|<_1I
The on time is calculated using Equation 7: fon | tdiode
Ct - Veymax |
ton=—— (eq.7) >
charge Tsw
Combining Equation 7 with Equation 1, results in Figure 32. Ideal CrM Waveforms Using a ZCD
Equation 8: Winding
ot = 2 Poyt * Lyax " Icharge o5 The voltage induced on the ZCD winding during the switch
~ m-Vac, % Vcimax) (ed.8) on time (Mzcpwinp),on is calculated using Equation 9:
To calculate the minimum Ct value: V2eniND).on = L (eq. 9)
Vcymax) = 4.775 V (minimum value), v Ng:Nycp
lcharge = 297 pA (maximum value), Vag is the Where \4, is the instantaneous input voltage apgNycp
minimum rms input voltage, andyiax is the maximum s the turns ratio of the boost winding to the ZCD winding.
inductor value. The voltage induced on the ZCD winding during the
Off Time Sequence SEWIj;ItIior(])f;_Ot'Ime (MzcpwinD)off) is calculated using
In CrM operation, the on time is constant during the ac q ’
line cycle and the off time varies with the instantaneous v _ Vou = Vin (eq. 10)
input voltage. When the inductor current reaches zero, the ZCDWIND)Off ™ N = Ny '

drain voltage (Mrain in Figure 27) resonates towardg,.V
Measuring \jrain is @ way to determine when the inductor voltage (\Vocp) follows the ZCD winding voltage

cgrrent _reaches zero. To measure the high _VOIIM”V (Vzcpwinp)) and begins to decrease and ring towards zero
directly is generally not economical or practical. Instead, \,5ts The NCP1608 detects the falling edge afyand
a winding is added to the boost inductor. This winding, turns the driver on. To ensure that a ZCD event is not

calle_d the Zero Current De_tection (Z_CD) winding, inadvertently detected, the NCP1608 logic verifies that
provides a scaled representation of the inductor voltagevZCD exceeds Yeparw and then senses thatzah
that issensed by the controlléfigure 32 shows waveforms decreases to less th(alzdf))(TRIG) (Figure 33)

of ideal CrM operation using a ZCD winding.

When the inductor current reaches zero, the ZCD pin
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14



 http://www.onsemi.com/

NCP1608

Ng
Vin YYYYhe
L)
ng\l T T T T T T T T T T T T T T T T T T T T |
= | I
| » Demag |
S QL — »
J | T Reset |
| * = Vzcpparm) DE;’}E}? nt I
I ; . DRIVE R o) |
Rsense | - |
- | = VzeD(TRIG) I
zcp |
IW\' 41 |_. |
Rzep | |
| &’ 7CD Clamp |
I v |
- __
Figure 33. Implementation of the ZCD Block
This sequence achieves CrM operation. The maximum MOSFET Ig_or&ducc:tiortlj _
Vzcparwm) sets the maximum turns ratio and is calculated iode Conduction
using Equation 11: I '_Lﬁ
Vou = (2 Vacy N PANIZONE
Ng :Nyep < —— (eq. 11) N | oa
ZCD(ARM) IL(Dngsl) L _lL/'_l_ R _IlM_
Where Vag is the maximum rms input voltage and | | |‘
Vzeparm) = 1.55 V (maximum value). : - -0V
The NCP1608 prevents excessive voltages on the ZCD Vg/rain ] | I L
pin by clamping ¥cp. When the ZCD winding is negative, out | | I
the ZCD pin is internally clamped tocY(neg). Similarly, : | I :
when the ZCD winding is positive, the ZCD pin is | |
internally clamped to ¥ (pos) A resistor (Rcp in T < + =0V

Figure 33) is necessary to limit the current into the ZCD VzCDWIND) Minimum Voltage Turn on

I

. i ) L v — M
pin. Themaximum ZCD pin current £tpmax)) is limited ZCD(WIND) off | I
| |

to less than 10 mA. Rp is calculated using Equation 12:
/2 - Vacy,

%
Rzcp = IZCD(MAX) “Ng: Nyop) (eq. 12) ZCD(WIND),on
Vzep
The value of Rcp and the parasitic capacitance of the Veipos)

ZCD pin determine when the ZCD winding signal is

” - Vzep@arm)  —
detected and the drive turn on begins. A largedRvalue v |
. . ZCD(TRIG)
creates dong delay before detecting the ZCD event. In this VeLNEG)

case, the controller operates in DCM and the power factor e &) ldiode
is reduced. If the Rp value is too small, the drive turns
on when the drain voltage is high anficééncy is reduced.
A popular strategy for selectingzBp is to use the ip
value that achieves minimum drain voltage turn on. This Tsw |
value is found experimentalllyigure 34shows the realistic
waveforms for CrM operation due tg& and the ZCD pin
capacitance.

Figure 34. Realistic CrM Waveforms Using a ZCD
Winding with R 7cp and the ZCD Pin Capacitance
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During the delay caused by&b and the ZCD pin capacitance, the equivalent drain capacitapegifsn) discharges
through the path shown in Figure 35.

3

T Chbuik

—
EMI TCn (-
AC Line Filter —

— CEQ(drain)

g
/
/
-

Figure 35. Equivalent Drain Capacitance Discharge Path

Ceq(drain)is the combined parasitic capacitances of the stored in the inductor (L) to be reduced. The result is that
MOSFET, thediode, and the inductor;{Js charged by the  Vzcp does not exceedé¢parm) and the drive remains off
energy discharged by gg(drainy The charging of g until tgiarrexpires. This sequence results in pulse skipping
reverse biases the bridge rectifier and causes the inpuaind reduced power factor.
current (Jp) to decrease to zero. The zero input current

causesTHD to increase. To reduce THD, the ratigo/ (Tsw) Noise Induced Voltage Spike
. o . . _ Vcontrol 4 /

is minimized, whereztis the period from when I=0 A to !

when the drive turns on. The rati@ (tTsw) is inversely Coftset) N

proportional to the square root of L.

| Low Vcontrol Voltage
During startup, there is no energy in the ZCD winding |
I

and no voltage signal to activate the ZCD comparators. Ve i
This means that the drive never turns on. To enable the PFC Verefy = ————+— [~ T — Veontol ~ Cloftsey
stage to start under these conditions, an internal watchdog V—

timer (ki) IS integrated into the controller. This timer

. . . Low Vcyoff) Voltage
turns the drive on if the drive has been off for more than

I
I
I
165us (typical value). This feature is deactivated during a DRV i
fault mode (OVP or UVP), and reactivated when the fault |
is removed. I
Wide Control Range Vaeo | v 5
N ZCD(ARM
The Ct charging threshold €Yof) decreases as the Vzep(ARM) ____JI_A"I'/is Not E(xcee)ded
output power is decreased from the maximum output 1
Vzeparig) ————H—FHy—————-

power to the minimum output power in the application. In |
high power applications (> 150 W),c¥ntrol iS reduced to VeLnEG) —
a low voltage at a large output power anghfstt) remains I |

constant. The result is thatc\ofr) is reduced to a low | | |
| | DRV Remains Off
)|—"I

ov

voltage at a large output power. The low oMol and = tonoop
Vci(off) VOItages are susceptible to noise. The large output | | |
power combined with thiew Vcontroland \ei(ofr) iNncrease |

the probability of noisenterfering with the control signals le— ton —=—— tstar —=
and on time duration (Figures 86d 37).The noise induces

voltage spikes on the Control pin and Ct pin that reduces the ~ Figure 36. Control Pin Noise Induced On Time
drive on time from the on time determined by the feedback Reduction and Pulse Skipping

loop (bn(oop)- The reduced on time causes the energy

e RS
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Vcontrol A <0.55 I
\ Zoeol— v, = ,
Cloftset) - — — — — —— — g 0.50— Vj, =265 Vac
Low Voo Voltage 7 0.45 NCP1608
| w 0.40
| [a g
Vet | T 035
| Noise Induced Voltage Spike % 0.30 //’
Vewof) [=———F—> | — % "~ Vcontrol ~ Cl(offset) g 0.25 3\ Control
0.20 ontro|
I Z _—
| Low Vcyoff) Voltage g 0.15 -~ Range
| £0.10
DRV 1 ' £0.05F
| > 0
| r 25 75 125 175 225 275
v G Pout, OUTPUT POWER (W)
P v | Figure 38. Comparison of Ct Charging Threshold
v | |1~ VzCD(ARM)
ZCD(ARM) | is Not Exceeded | vs. Output Power
I
Vzep(tric) —————IL— —————— I Startup
|T ¢« | Generally, a resistor connected between the rectified ac
Vetnee) iR = oV line and \ec ch h i he |
| | | ine and ¢ charges the ¥c capacitor to c(ony The low
| | | startup current consumption (< @B) enables minimized
| . | | DRV Remains Off | standby power dissipation and reduced startup durations.
| °”('°°p),_>| | When Ve exceeds ¥c(ony the internal references and
| | | logic of the NCP1608 are enabled. The controller includes
e to, —>fe——— tsm—,! an undervoltage lockout (UVLO) feature that ensures that
the NCP1608 is enabled untilo¥ decreases to less than
Figure 37. Ct Pin Noise Induced On Time Vce(of- This hysteresis ensures sufficient time for the
Reduction and Pulse Skipping auxiliary winding to supply ¥c (Figure 39).

The wide control range of the NCP1608 increases
Vcontroland Vcyoff) in comparison to devices with less
controlrange. Figure 38 comparegb of the NCP1608 Vee
to a device with a 3 V control range for an application with
the following parameters:

Pout = 250 W

L = 200uH Figure 39. Typical V ¢ Startup Waveform

= 92% Whenthe PFC pre-converter is loaded by a switch-mode
Vacy L =85 Vac power supply (SMPS), it is generally preferable for the
Vacy = 265 Vac SMPS controller to startup first. The SMPS then supplies

Figure 38 shows that 3ot of the NCP1608 is 50% the NCP1608 ¥c. Advanced controllers,_ such as the
larger than the 3 V control range device. The 50% increaseNCP1230 or NCP1381, control the enabling of the PFC

enables the NCP1608 to prevent inadvertent skipping atstage (see Figure 40) and achieve optimal system
high input voltages and high output power. performanceThis sequenceliminates the startup resistors

and improves the standby power dissipation of the system.

WWW. onsemi.com
17



 http://www.onsemi.com/

NCP1608

VYo

55

L
c
Y PFC(Vee) — oV . I bulk

7]

7
V
5 CC

1l Fl E]
1] *
LRl Fl F
™

NCP1608 NCP1230

Figure 40. NCP1608 Supplied by a Downstream SMPS Controller (NCP1230)

Soft Start

When \tc exceeds ¥c(on) tstartbegins counting. When Vee
tstart €Xpires, the error amplifier is enabled and begins
charging the compensation network. The drive is enabled
when Vcontrol €Xceeds Géisety The charging of the
compensation network slowly increases the drive on time
from the minimum time M) to the steady state on time.
This creates a natural soft stambde that reduces the stress
of the power components (Figure 41). FB

Iswitch

Output Driver VReF
The NCP1608 includes a powerful output driver capable
of sourcing 500 mA and sinking 800 mA. This enables the

I

| |

! - . Control e '

controller todrive power MOSFETSs efficiently for medium [ I

power € 350 W) applications. Additionally, the driver [ I

stage provides both passive and active pull-down circuits ., | _I_I I=Z Natural Soft Start -i
(Figure 42). The pull-downircuits force the driver output M{f:::

I
to a voltage less than the turn—on threshold voltage of a I| I |
power MOSFET when ¥c(on)is not reached. (I

I
*| [+ tstart

Figure 41. Startup Timing Diagram Showing the
Natural Soft Start of the Control Pin

UVLO>— DRV
P Voo DRV IN >—] I“ ElI—O
_,— . VddGD I
Vbp REG § I
uwVpp I
o HE
l: |

Figure 42. Output Driver Stage and Pull-Down Circuits
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Overvoltage Protection (OVP) The value of @y is sized to ensure that OVP is not
The low bandwidth of the feedback network causes inadvertently triggered by the 100 Hz or 120 Hz ripple of

active PFC stages to react to changes in output load or inputv/, . The minimum value of Gk is calculated using

voltages slowlyConsequentiythere is aisk of overshoots Equation 14:

during startup, load steps, and line steps. For reliable P

operation, it is critical that overvoltage protection (OVP) Couk =

prevents the output voltage from exceeding the ratings of

the PFC stage components. The NCP1608 detect

excessive output voltages and disables the driver ugtil V

decreases to a safe level, which ensures thais/within

the PFC stage component ratings. An internal comparator

out

(eq. 14)

2-m-V “Vout

ripple(peak-peak) fine
SWhere Vipple(peak-peakis the peak-to—peak output voltage
ripple andfjine is the ac line frequency.

V'ripple(peak-peakjS calculated using Equation 15:

connected to the FB pin provides the OVP protection. The Viipple(peak-peak) < 2 ° (Vout(OVP) - Vout) (eq. 15)
OVP detection voltage is calculated using Equation 13:
(eq. 13) The OVP logic includes hysteresis qVpHys) to

ensure that ¥{,; has sufficient time to discharge before the
. Rouz + Rep + 1) NCP1608 attempt® restart and to ensure noise immunity.
Rouz * Res The output voltage at which the NCP1608 attempts a restart
(Vout(ovpL) is calculated using Equation 16:

Vovp
Vout(OVP) = Veer “Vger * | Roun

Where \oyvp/VRer is the OVP detection threshold.

V R +R
ovP out2 FB
Vout(OVPL) = ((_VREF : VREF) - VOVP(HYS)) ’ (Routl ’ —Routz “Reg + 1) (eq. 16)

Figure 43 depicts the operation of the OVP circuitry.

[
Vout | |

Vout(OvP)
Vout(OvPL)

DRV

OVP Fault

Figure 43. OVP Operation

Undervoltage Protection (UVP) Open Feedback Loop Protection

When the input voltage is applied to the PFC stagg, V The NCP1608 features comprehensive protection
is forced to equate to the peak of the line voltage. Theagainst open feedback loop conditions by including OVP,
NCP1608 detects an undervoltage faultgfs unusually UVP, and FPP. Figure 44 illustrates three conditions in
low, such that ¥g is less than Wyp . During an UVP fault, which the feedback loop is open. The corresponding
the drive and error amplifier are disabled. The UVP feature number below describes each condition shown in
protects the system if there is a disconnection in the powerFigure 44.

path to Gy (i.e. Gyuikis unable to charge) or ifgg is 1. UVP Protection: The connection from §it1 to
disconnected. the FB pin is open. &2 pulls down the FB pin
The output voltage that causes an UVP fault is calculated to ground. The UVP comparator detects an UVP
using Equation 17: fault and the drive and error amplifier are
disabled.
Rouz * Rep 2. OVP Protection: The connection from & to
Vouwvr) = Yuve | Routt - R . rR. T 1 (ea.17) ) . ) 2
outz ~ °FB the FB pin is open. &1 pulls up the FB pin to

Vout The ESD diode clamps the FB voltage to
10 V and Ryy1 limits the current into the FB pin.
The OVP comparator detects an OVP fault and
the drive is disabled.
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3. FPP Protection: The FB pin is floating. Rs conditions. IfFPP isnot implemented and a manufacturing
pulls down the FB voltage belowyyp. The UVP error causes the FB pin to float, thepgMs dependent on
comparator detects an UVP fault and the drive the coupling within the system and the surrounding
and error amplifier are disabled. environment. The coupled P may be within the

UVP and OVP protect the system from low bulk voltages regulation limits (i.e. Vyyvp < Vrg < VRgp and cause the
and rapid operating point changes respectively, while FPPcontroller todeliver excessive poweFhe result is that 3t
protects the system against floating feedback pinincreases until a component fails due to the voltage stress.

""" """ "7/ V777 77— 77— 1
I I
I I
I I
I I
| |—< POK |
I I
Chulk | |
I Condition 1 I (Enable EA) I
= Condition2 X  Condition 3 I S I
R I I
out2 | L) D>Faut |
I I
Control | Veontrol I
* I
I il VEAH I
Ccowmp Clamp
L | T I
= | I
I I
- _I

Figure 44. Open Feedback Loop Protection

Overcurrent Protection (OCP) Shutdown Mode

The dedicated CS pin of the NCP1608 senses the The NCP1608 enables the user to set the controller in a
inductor peak current and limits the driver on time if the standby modef operation. Teshutdown the controller, the
voltage of the CS pin exceeds ). The maximum FB pin is forced to less thangyp When using the FB pin

inductor peak current is programmed by adjustigghf for shutdown (Figure 46), the designer must ensure that no
The inductor peak current ¢alculated usingequation 18: significantleakage current exists in the shutdown circuitry.
Vi Any leakage current affects the output voltage regulation.
I = .18
L(peak) Reense (eq. 18) Vout
An internal LEB filter (Figure 45) reduces the
probability of switching noise inadvertently triggering the Rout1
overcurrent limit. This filter blanks out the CS signal for a NCP1608
duraIion (_)f teg. If additional filtering isnecessary, z?lsmall 1] ~
RC filter is connected betweendiseand the CS pin.
(2]
__________ _I — § K 6]
ocP | Shutdown ~| f— Rout2
| — > (4]
I
I
I

Figure 45. OCP Circuitry with Optional

External RC Filter Figure 46. Shutting Down the PFC Stage
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Application Information The electronic design tool allows the user to easily

ON Semiconductor provides an electronic design tool, adetermine most of the system parameters of a boost
demonstration board, and an application note to facilitate pre—converter. The demonstration board is a boost
the design of the NCP1608 and reduce development cyclgore—converter that delivers 100 W at 400 V. The circuit

time. All the tools can be downloaded or ordered at schematic is shown ingiire 47. The pre—converter design

WWw.onsemi.com is described in Application Note AND8396/D.

Rstartl Rstart2

J3

o Lboost Dboost NTC
~N M
— —
[ ]
Bridge| | RL C3 - DI
2 Rctupl $—w—ii »—-- Rolat
Daux & CVcc ;I: A Dvce T
Rzcd J_—_ Ro1lbZ
2 Rctup2 AW
i oy Chulk |+
T NCP1608 -~
Cin A Ccvee2
1 8 L Ddrv
> FB Vce 7 '_
3] Control DRV 5 —me I',: Q1
i Ct GND 5 Rdrv —r
— ] Rout2al
Rotg [LCS_ 2£CD 3 3
Rcompl$ Res < & = Rout2b
= CCOm = = == CZCd L S 9 9
P | cioTeuT Tees Rs3|Rs2|Rs1
Ccompll-

Figure 47. Application Schematic
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BOOST DESIGN EQUATIONS Components are identified in Figure 1

Input rms Current

Pout

lac = - Vac

1 (the efficiency of only the PFC
stage) is generally in the range of
90 — 95%. Vac is the rms ac line
input voltage.

Inductor Peak Current

‘/E'Z'Pout

: n - Vac

L(peak) =

The maximum inductor peak current
occurs at the minimum line input
voltage and maximum output power.

Inductor Value

Vac? - (VL_‘“
2

Vv

—Vac) -1

L <
V2 Vou - Pout - fswovin

fswminy is the minimum desired
switching frequency. The maximum L
is calculated at both the minimum
line input voltage and maximum line
input voltage.

On Time

out

N - Vac?

2-L-P

ton =

The maximum on time occurs at the
minimum line input voltage and
maximum output power.

Off Time

ton

tOff vV

out

ot _
Vac-[sing|- 2

The off time is @ maximum at the
peak of the ac line voltage and
approaches zero at the ac line zero
crossings. Theta (0) represents the
angle of the ac line voltage.

Switching Frequency

Vac? -
_ LI P

Vac - |sinf| - J2
“2-L- Pout

fsw Vi

out

On Time Capacitor

Ct > 2 Pout " Lyax Icharge
n - Vac) ? - Veyax

Where Vac, | is the minimum line
input voltage and Lyax is the
maximum inductor value. Igharge and
Veimax) are shown in the
specification table.

Inductor Turns to ZCD

Vout — (/E : VaCHL)

Where Vacy is the maximum line

Turns Ratio N. N < input voltage. Vzcp(arwm) is shown in
B-'VzCD — ificati
VZ CD(ARM) the specification table.
Resistor from ZCD . Where lzcpvax) IS maximum rated
J2 - Vac, (MAX)

Winding to the ZCD pin

R > -
zcb IZCD(MAX) “(Ng:Nzcp)

current for the ZCD pin (10 mA).

Output Voltage and Output
Divider

Roue + Reg

5

Vout = VRer (Routl ’ Rou * Res
u

Vv

Where VRgr is the internal reference
voltage and Rgg is the pull-down
resistor used for FPP. Vgregr and Reg
are shown in the specification table.
Ibias(out) iS the bias current of the

t
Rou1 = ™ o output voltage divider.
bias(out)
R . — Rout * Res
out2 . . M 1) e
FB "\ Vioer outl
Output Voltage OVP Vovp/VRrer and VOVP(HYS) are
Detection and Recovery \V; = M LV = . M +1 shown in the specification table.
out(OVP) VREF REF outl Ro o RFB
u

VOVP

v = (22 v, )v (r . Rouwe*Res
out(OVPL) — VRer REF OVP(HYS) outl

Routz * Res

.

Output Voltage Ripple and
Output Capacitor Value

Vripple(peak—peak) <2 (Vout(OVP) - Vout)

Where fjine is the ac line frequency

and Viipple(peak-peak) IS the
peak-to-peak output voltage ripple.

C - Pout Use fjine = 47 Hz for universal input
bulk = 2.1\ EARY worst case.
ripple(peak-peak) 'line out
Output Capacitor rms Where ljpad(rms) is the rms load
Current | _ V232 Pout® - 2 current.
C(RMS) 9-mx-Vac - Vout . 7]2 load(RMS)
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BOOST DESIGN EQUATIONS Components are identified in Figure 1 (Continued)

Output Voltage UVP
Detection

R + R
outz T Res
Voutuvp) = Vuve (Routl : + 1)

Vyvp is shown in the specification
table.

Routz * Res
Inductor rms Current 2Pyt
I rRMs) = 73 - vac -1
Output Diode rms
Current Iorus) = 4 . //E -2 Pout
RS 3 i Tl'\/Vac-VOut
MOSFET rms Current

| _2 . (Pou ). [/;_(/2-8Vac
M(RMS) ‘/§ T]'VaC 3-1-V

out

Current Sense Resistor

VLM is shown in the specification
table.

Type 1 Compensation

Where fcross is the crossover
frequency and is typically less than
20 Hz. gm is shown in the
specification table.

WWW. onsemi.com
23



 http://www.onsemi.com/

NCP1608

PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07

NOTES:
ISSUE AK 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
. CONTROLLING DIMENSION: MILLIMETER.
—_A -0 — . DIMENSION A AND B DO NOT INCLUDE
H H H H MOLD PROTRUSION.
5

W N

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
B S |$| 0.25 (0.010)@| Y ® | PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
4 K $I\L MAXIMUM MATERIAL CONDITION.

H_H 6. 751-01 THRU 751-06 ARE OBSOLETE. NEW

=ttt — STANDARD IS 751-07.

G MILLIMETERS INCHES

DIM[_ MIN | MAX | MIN | MAX
—C N x 45 °4>‘ |<— A | 480 | 500 |0189 | 0.197

B | 380 | 4.00 |0.150 | 0.157

: SEATNG S\ c [ 135 | 175 [0.053 | 0.069

7= /— f L}_ D | 033 | 051 |0013 | 0.020
L = G 1.27 BSC 0.050 BSC

T M| 0.10 (0.004) ( ~ T H | 0.0 | 025 | 0.004 | 0.010

H D M J J | 019 | 025 |0.007 |0.010

K | 0.40 | 1.27 [0.016 | 0.050

M o°| 8°[ o°] 8°

N | 025 | 050 |0.010 | 0.020

|$| 0.25 (0.010)® |Z| Y@| X@| S | 580 | 6.20 | 0.228 | 0.244

SOLDERING FOOTPRINT*
I 1.52
0.060
[
7.0

I I
I | 4.0
0.275 I | 0.155
.
L

o
inin
R

SCALE 6:1 (&)
inches

*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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