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-8 package.

General Features

® Near Unity Power Factor

® No Input Voltage Sensing Requirement

® [atching PWM for Cycle-by—-Cycle On Time Control (Voltage
Mode)

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

® Transconductance Error Amplifier

® High Precision Voltage Reference (£1.6% Over the Temperature

Range)

Very Low Startup Current Consumption (< 35 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

® Overvoltage Protection

® Undervoltage Protection

® Open/Floating Feedback Loop Protection

® QOvercurrent Protection

® Accurate and Programmable On Time Limitation

Typical Applications

® Solid State Lighting

® Electronic Light Ballast

® AC Adapters, TVs, Monitors

e 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 Vggp to main-
tain 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 Vyyp, a voltage greater than Voyp, 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 com-
paring the Ct voltage to an internal voltage derived from Vgontrol- 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), 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.

0| Nl O] O

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

Table 2. MAXIMUM RATINGS

Rating Symbol Value Unit
FB Voltage Ve -0.3t0 10 \%
FB Current I +10 mA
Control Voltage Vcontrol -0.3t06.5 \%
Control Current Icontrol -2t010 mA
Ct Voltage Vet -03t06 \
Ct Current Ict +10 mA
CS Voltage Vcs -0.3t06 \Y
CS Current Ics +10 mA
ZCD Voltage Vzcbp -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 -0.3t020 \%
Supply Current lcc 120 mA
Power Dissipation (TA = 70°C, 2.0 Oz Cu, 55 mm? Printed Circuit Copper Clad) Pp 450 mwW
Thermal Resistance Junction-to—Ambient °C/W
(2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad) Roeya 178
Junction-to—-Air Low conductivity PCB (Note 3) Roeya 168
Junction-to-Air High conductivity PCB (Note 4) Roeya 127
Operating Junction Temperature Range Ty -40t0 125 °C
Maximum Junction Temperature Tymax) 150 °C
Storage Temperature Range TsTG -65to 150 °C
Lead Temperature (Soldering, 10 s) T 300 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
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.
Machine Model Method 200 V per JEDEC Standard JESD22-A115-A.
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.
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Table 3. ELECTRICAL CHARACTERISTICS
Veg =2.4V, Voontrol =4V, Ct=1nF, Vgg =0V, Vzop =0V, Cpry = 1 nF, Vg = 12V, unless otherwise specified
(For typical values, T; = 25°C. For min/max values, T = —40°C to 125°C, unless otherwise specified)

Characteristic Test Conditions Symbol | Min | Typ Max | Unit |
STARTUP AND SUPPLY CIRCUITS
Startup Voltage Threshold Vg Increasing Vee(on) 11 12 12.5 \%
Minimum Operating Voltage V¢ Decreasing Vee(ofh 8.8 9.5 10.2 \%
Supply Voltage Hysteresis HuvLo 2.2 25 2.8 \Y
Startup Current Consumption 0V < Vee < Veg(on) - 200 mV lec(startup) - 24 35 uA
No Load Switching CpRv = open, 70 kHz Switching, leet - 1.4 1.7 mA
Current Consumption Ves=2V
Switching Current Consumption 70 kHz Switching, Vgg =2V leco - 21 2.6 mA
Fault Condition Current Consumption No Switching, Veg =0V lec fault) - 0.75 0.95 mA
OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
Overvoltage Detect Threshold VEgg = Increasing Vovp/VRer 105 106 108 %
Overvoltage Hysteresis VovPHYS) 20 60 100 mV
Overvoltage Detect Threshold Veg =2V to 3V ramp, tovp - 500 800 ns
Propagation Delay dV/dt =1 V/us
Veg = Vovp to Vpry = 10%
Undervoltage Detect Threshold VEg = Decreasing Vuvp 0.25 0.31 0.4 \%
Undervoltage Detect Threshold Veg=1V1to 0V ramp, tuvp 100 200 300 ns
Propagation Delay dV/dt = 10 V/us
Veg = Vyve to Vpry = 10%
ERROR AMPLIFIER
Voltage Reference Ty=25°C VRer 2.475 2.500 2.525 \%
Ty =-40°C to 125°C 2.460 2.500 2.540
Voltage Reference Line Regulation Veeon) +200mV < Ve <20V VREE(line) -10 - 10 mV
Error Amplifier Current Capability Veg=2.6V IEA(sink) 6 10 20 uA
Veg = 1.08*VRer IEA(sink)OVP 10 20 30
VEg=05V IEA(sSOUrCe) -250 -210 -110
Transconductance Veg=24Vto26V gm uS
Ty=25C 90 110 120
Ty =-40°C to 125°C 70 110 135
Feedback Pin Internal Pull-Down VEg = Vyvp t0 VRep Rrs 2 4.6 10 MQ
Resistor
Feedback Bias Current Veg=25V Irg 0.25 0.54 1.25 uA
Control Bias Current Veg=0V Icontrol -1 - 1 uA
Maximum Control Voltage Icontrol(puliup) = 10 uA, VEAH 5 5.5 6 \%
FB = VREF
Minimum Control Voltage to Generate Vcontrol = Decreasing until Ct(offset) 0.37 0.65 0.88 \%
Drive Pulses VpRy is low, Vgi =0V
Control Voltage Range VEAH — Ct(offset) VEA(DIFF) 4.5 4.9 5.3 \%

http://onsemi.com
4




NCP1608

Table 3. ELECTRICAL CHARACTERISTICS (Continued)
Veg =2.4V, Voontrol =4V, Ct=1nF, Vgg =0V, Vzop =0V, Cpry = 1 nF, Vg = 12V, unless otherwise specified
(For typical values, T; = 25°C. For min/max values, T = —40°C to 125°C, unless otherwise specified)

Characteristic Test Conditions Symbol | Min | Typ | Max | Unit |
RAMP CONTROL
Ct Peak Voltage Vontrol = OPeN Vermax) 4.775 4.93 5.025 \%
On Time Capacitor Charge Current Vontrol = OPeN Icharge 235 275 297 uA
Vgi=0Vio VCt(MAX)
Ct Capacitor Discharge Duration Vontrol = OPeN tot(discharge) - 50 150 ns
Vet = Verwax) =100 mV to 500 mV
PWM Propagation Delay dV/dt = 30 V/us tpwMm - 130 220 ns
Vet = Vcontrol = Ct(offset)
to Vpry = 10%
CURRENT SENSE
Current Sense Voltage Threshold Vium 0.45 0.5 0.55 \%
Leading Edge Blanking Duration Vgs =2V, Vpry = 90% to 10% tLeB 100 190 350 ns
Overcurrent Detection Propagation dV/dt = 10 V/us tcs 40 100 170 ns
Delay Ves = Vium to Vpry = 10%
Current Sense Bias Current Ves=2V Ics -1 - 1 uA
ZERO CURRENT DETECTION
ZCD Arming Threshold Vzcp = Increasing Vzeparm) 1.25 1.4 1.55 \%
ZCD Triggering Threshold Vzcp = Decreasing Vzep(RIG) 0.6 0.7 0.83 \%
ZCD Hysteresis VzCDHYS) 500 700 900 mV
ZCD Bias Current Vzcp=5V Izcp -2 - +2 uA
Positive Clamp Voltage lzcp =3 mA VeLpos) 9.8 10 12 \%
Negative Clamp Voltage Izcp = -2 mA VCeLNEG) -0.9 -0.7 -0.5 \%
ZCD Propagation Delay Vzcp=2Vto 0V ramp, tzcp - 100 170 ns
dV/dt = 20 V/us
Vzep = Vzep(rrig) to Vpry = 90%
Minimum ZCD Pulse Width tsyne - 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 Isource = 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 = VCC(on)—2OO mV, Vout(start) - - 0.2 \%
lsink = 10 MA
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TYPICAL CHARACTERISTICS
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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 factor correction
(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
safety features for robust designs.

The key features of the NCP1608 are:

® Constant On Time (Voltage Mode) CrM Operation. A
high power factor is achieved without the need for
input voltage sensing. This enables low standby power
consumption.

® Accurate and Programmable On Time Limitation. The
NCP1608 uses an accurate current source and an
external capacitor to generate the on time.

® Wide Control Range. In high power applications (>
150 W), inadvertent skipping can occur at high input
voltage and high output power if noise immunity is
not provided. The noise immunity provided by the
NCP1608 prevents inadvertent skipping.

® High Precision Voltage Reference. The error amplifier
reference voltage is guaranteed at 2.5 V £1.6% over
process and temperature. This results in accurate
output voltages.

® [ ow Startup Current Consumption. The current
consumption is reduced to a minimum (< 35 pA)
during startup, enabling fast, low loss charging of
Vcc. The NCP1608 includes undervoltage lockout and
provides sufficient V¢ hysteresis during startup to
reduce the value of the V¢ 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 MOSFETs. A
combination of active and passive circuits ensures that
the driver output voltage does not float high if Vcc
does not exceed V(on)-

® 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 Cpyk (i.e. Cpyik is unable to charge).

® Protection Against Open Feedback Loop. The OVP
and UVP features protect against the disconnection of
the output divider network to the FB pin. An internal
resistor (Rgp) protects the system when the FB pin is
floating (Floating Pin Protection, FPP).

® 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 than Vyyp In
shutdown mode, the Icc current consumption is
reduced and the error amplifier is disabled.

Application Information

Most electronic ballasts and switching power supplies
use a diode bridge rectifier and a bulk storage capacitor to
produce a dc voltage from the utility ac line (Figure 24).
This DC voltage is then processed by additional circuitry
to drive the desired output.

Rectifiers Converter

Ac B i |

Line | +| Bulk |
| Storage | | Load

| Capacnor |

| —— 1 L____

Figure 24. Typical 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
implemented with either a passive or an active circuit to
comply with regulations. Passive circuits contain a
combination of large capacitors, inductors, and rectifiers
that operate at the ac line frequency. Active circuits use a

http://onsemi.com
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high frequency switching converter to regulate the input
current harmonics. Active circuits operate at a higher
frequency, which enables them to be physically smaller,
weigh less, and operate more efficiently than a passive
circuit. With proper control of an active PFC stage, almost
any complex load emulates a linear resistance, which

significantly reduces the harmonic current content. Active
PFC circuits are the most popular way to meet harmonic
content requirements because of the aforementioned
benefits. Generally, active PFC circuits consist of inserting
a PFC pre—converter between the rectifier bridge and the
bulk capacitor (Figure 26).

Rectifiers PFC Pre-Converter Converter
r— | r— - — r— =
| } } YN  gm |
o . I ! ! |
ACLine | o, F;gq I | .| Buk I I
put uency — put
: T Bypass : NCP1608 _| : =S (S:?F:Zgietzor : : Load
Capacitor | — |
| T | |
I 1 I |
1 1 T 1
- | - | - |

Figure 26. Active PFC Pre-Converter with the NCP1608

The boost (or step up) converter is the most popular
topology for active power factor correction. With the
proper control, it produces a constant voltage while
consuming a sinusoidal current from the line. For medium
power (<350 W) applications, CtM is the preferred control
method. CrM occurs at the boundary between
discontinuous conduction mode (DCM) and continuous

conduction mode (CCM). In CrM, the driver on time begins
when the boost inductor current reaches zero. CrM
operation is an ideal choice for medium power PFC boost
stages because it combines the reduced peak currents of
CCM operation with the zero current switching of DCM
operation. The operation and waveforms in a PFC boost
converter are illustrated in Figure 27.

Diode Bridge | Diode Bridge I,
L -
| Vin V_in Vd_rain |
+ L + L !
+ + __+
AC Line -|_ Varain AC Line -|- —-> T Vout

The power switch is ON

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.

H |
T

The power switch is OFF
The inductor current flows through the diode. The inductor
voltage is (Vout — Vin) and the inductor current linearly decays
with a (Vout — Vin)/L slope.

N\
Vin ————l'\:f——\vc
|y

A
Inductor
Current Vin/L / | (Vout = Vin)/L Critical Conduction Mode:
IL (oeak | Next current cycle starts
(peak) | when the core is reset.
I
I
| >
A !
Vdrain |
Vout -
If next cycle does not stat _—
then Vyrain rings towards Vi,

Figure 27. Schematic and Waveforms of an Ideal CrM Boost Converter
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When the switch is closed, the inductor current increases
linearly to the peak value. When the switch opens, the
inductor current linearly decreases to zero. When the
inductor current decreases to zero, the drain voltage of the
switch (Vgrain) is floating and begins to decrease. If the next
switching cycle does not begin, then Vi, rings towards
Vin. A derivation of equations found in AND8123 leads to
the result that high power factor in CrM operation is
achieved when the on time (to,) of the switch is constant
during an ac cycle and is calculated using Equation 1.

2-P L
M - Vac?

out

ton = (ea- 1)
Where Py is the output power, L is the inductor value, 1
is the efficiency, and Vac is the rms input voltage.

A description of the switching over an ac line cycle is
illustrated in Figure 28. The on time is constant, but the off
time varies and is dependent on the instantaneous line
voltage. The constant on time causes the peak inductor
current (Ir(peak)) to scale with the ac line voltage. The
NCP1608 represents an ideal method to implement a
constant on time CrM control in a cost—effective and robust
solution by incorporating an accurate regulation circuit, a
low current consumption startup circuit, and advanced
protection features.

A Vin(t)

Vin (peak)
I (peak)

IL®

Iin(peak) Iin(t)

vosrer U [1 [ [ [ [7

Figure 28. Inductor Waveform During CrM Operation

Error Amplifier Regulation

The NCP1608 regulates the boost output voltage using
an internal error amplifier (EA). The negative terminal of
the EA is pinned out to FB, the positive terminal is
connected to a 2.5 V * 1.6% reference (VRgF), and the EA
output is pinned out to Control (Figure 29).

A feature of using a transconductance error amplifier is
that the FB pin voltage is only determined by the resistor
divider network connected to the output voltage, not the
operation of the amplifier. This enables the FB pin to be
used for sensing overvoltage or undervoltage conditions
independently of the error amplifier.

I'_______________________________________I
| OVP l
| + OVP Fault |
l I Vovp |
Vout POK I
| \UVP < POK
l R F|+ * > UVP Fault |
= |
R V
outt l 3 Vove PWM BLOCK |
FB (Enable EA) |
L |
| A I
| Res gl ton(MAX) |
| T VRer |
Rout2 I % I
Vv |
= |
|
Control [ VControI I
Ch »| ton :
J_CCOMP l |
| tPwm l
l |

Figure 29. Error Amplifier and On Time Regulation Circuits
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A resistor divider (Roy1 and Royt2) scales down the boost
output voltage (Vour) and is connected to the FB pin. If the
output voltage is less than the target output voltage, then
Vg is less than VRgr and the EA increases the control
voltage (Vcontrol)- This increases the on time of the driver,
which increases the power delivered to the output. The
increase in delivered power causes Vg to increase until the
target output voltage is achieved. Alternatively, if V is
greater than the target output voltage, then Vconirol
decreases to cause the on time to decrease until V¢
decreases to the target output voltage. This cause and effect
regulates Vi so that the scaled down Vg, that is applied
to FB through Rgy1 and Rgyr is equal to Vrgr The
presence of Rpp (4.6 M typical value) for FPP is included
in the divider network calculation.

The output voltage is set using Equation 2:

Rouz + Res + 1) (eq.2)

Vout = VRer (Rout1 ’

The divider network bias current is selected to optimize

the tradeoff of noise immunity and power dissipation. Royt1

is calculated using the bias current and output voltage using
Equation 3:

Routz * Rrs

R. .. = Vout (eq.3)

outl |

bias(out)

Where Ipjas(out) is the output divider network bias current.
Rour2 is dependent on Ve, Rout1, and Rpp.

Rour2 is calculated using Equation 4:

R ‘Reg

1) - Rout1

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 (Cpylx) 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, Cpyx discharges. When
the delivered power is greater than the power consumed by
the load, Cpyx charges to store the excess energy. The
situation is depicted in Figure 30.

outl

v (ea-4)
t
Reg - (V& —

Roue =

REF

Figure 30. Output Voltage Ripple for a Constant Output Power

Due to the charging/discharging of Cpyk, Vout contains
a ripple at a frequency of either 100 Hz (for a 50 Hz line
frequency in Europe) or 120 Hz (for a 60 Hz line frequency
in the USA). The V. ripple is attenuated by the regulation
loop to ensure Vconiro] is constant during the ac line cycle
for the proper shaping of the line current. To ensure Vconirol
is constant during the ac line cycle, the loop bandwidth is
typically set below 20 Hz. A type 1 compensation network
consists of a capacitor (Ccomp) connected between the
Control and ground pins (see Figure 1). The capacitor value
that sets the loop bandwidth is calculated using Equation 5:
gm

SR AL (9. 5)
27 foross

Ccomp =

Where fcross is the crossover frequency and gm is the
error amplifier transconductance. The crossover frequency
is set below 20 Hz.

On Time Sequence

The switching pattern consists of constant on times and
variable off times for a given rms input voltage and output
load. The NCP1608 controls the on time with the capacitor
connected to the Ct pin. A current source charges the Ct
capacitor to a voltage derived from the Control pin voltage
(Vexott))- Vo) is calculated using Equation 6:

2 Py L Icharge
n - Vac? - Ct

VCt(off) = Veontrol = Ct(offset) = (eq.6)

When Vyoff is reached, the drive turns off (Figure 31).
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r _______________ |
Vontrol I
Control [II] |
| Voo |
| | PWM |
| charge |
Ct > |
'-i" + ton I
— I k«— DRV |
| I é Ct(offset) I
= I A Vo :
I Vcontrol — Ct(offset) |
| Vetofy T———— 4 — — —
| |
| |
| |
| |
| < ton—> :
|
| DRV :
|
b i

Figure 31. On Time Generation

Vcontrol Varies with the rms input voltage and output
load, which naturally satisfies Equation 1. The on time is
constant during the ac line cycle if the values of
compensation components are sufficient to filter out the
Vout ripple. The maximum on time of the controller occurs
when Vcontrol is at the maximum. The Ct capacitor is sized
to ensure that the required on time is reached at maximum
output power and the minimum input voltage condition.
The on time is calculated using Equation 7:

Ct - VCt(MAX)

ton = —— — (eq.7)
charge

Combining Equation 7 with Equation 1, results in
Equation 8:

2 Poy - Lyax Icharge

Ct=
- Vacy ? - Veyuax

(eq. 8)

To calculate the minimum Ct value:

Veymax) = 4.775 V (minimum value),

Lcharge = 297 WA (maximum value), Vacpp is the
minimum rms input voltage, and Lyjax is the maximum
inductor value.

Off Time Sequence

In CrM operation, the on time is constant during the ac
line cycle and the off time varies with the instantaneous
input voltage. When the inductor current reaches zero, the
drain voltage (Vgrain in Figure 27) resonates towards Vip.
Measuring Vgrain is @ way to determine when the inductor
current reaches zero. To measure the high voltage Vgrain
directly is generally not economical or practical. Instead,
a winding is added to the boost inductor. This winding,
called the Zero Current Detection (ZCD) winding,
provides a scaled representation of the inductor voltage
that is sensed by the controller. Figure 32 shows waveforms
of ideal CrM operation using a ZCD winding.

I_A MOSFET Conduction
Diode Conduction
IL(peak) | — T —— T
| | | |/
T I i “—0A
| | I [
DRV ||
|
| oV
Vdrain I | I
Vout — — — |
|
|
|
|
-
VZCDWIND) | ov
_ ||
VZGD(WIND), off I
lov
|
|
VZCD(WIND),0n —
Vzcp A | | | |
| | | [
Verpos) |——— I
Vzeparm) F——— ————-—________:
Vzeomrig) T~~~ ——T1T——[1
|
VGLNEG) - ———t==0V
- >l >
ton | tdiode
|
Tow !
Figure 32. Ideal CrM Waveforms Using a ZCD
Winding

The voltage induced on the ZCD winding during the switch
on time (VzCD(WIND),on) is calculated using Equation 9:

-V,

n
NN (eq.9)
Ng: Nzcp

VZCD(WIND),on =

Where Vj, is the instantaneous input voltage and Ng:Nzcp

is the turns ratio of the boost winding to the ZCD winding.

The voltage induced on the ZCD winding during the

switch off time (VzcpwiND)off) is calculated using
Equation 10:

\ Vv

out — Vin

- (eq. 10)
NB : NZCD

VzeowiNp) oft =
When the inductor current reaches zero, the ZCD pin
voltage (Vzcp) follows the ZCD winding voltage
(Vzepwinp)) and begins to decrease and ring towards zero
volts. The NCP1608 detects the falling edge of Vzcp and
turns the driver on. To ensure that a ZCD event is not
inadvertently detected, the NCP1608 logic verifies that
Vzep exceeds Vzeparwmy and then senses that Vzep
decreases to less than Vzcp(rric) (Figure 33).
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Ng
Vin _"".
o | S |
= l |
Demag |
— +
J - | T Reset |
— | +=v Dominant |
| ; ZCD(ARM) ORIVE Latch |
| ? —— |
iRsense I - I
L | +._l' VZCD(TRIG) |
zep | |
Rzcop |TI |
| ¥ ZCD Clamp |
| v |
e -
Figure 33. Implementation of the ZCD Block
This sequence achieves CrM operation. The maximum MOSFET Conduction
v h . . di lculated Diode Conduction
ZCD(ARM) sets the maximum turns ratio and 1S calculate
using Equation 11: I <z,
Vou = (2 Vacy e T TN
NB : NZCD < v (eq. 11) | | | | | 0A
ZCD(ARM) IL(NEG) -_—-I———L/-l-——l———|>—4—
DRV I I
Where Vacyp is the maximum rms input voltage and | | l_
Vzeparmy = 1.55 'V (maximum value). : - -0V
The NCP1608 prevents excessive voltages on the ZCD Vdrain ] | | | |
pin by clamping Vzcp. When the ZCD winding is negative, out | | |
the ZCD pin is internally clamped to VcL(NEG)- Similarly, : | | I
when the ZCD winding is positive, the ZCD pin is | |
internally clamped to Vcppos) A resistor (Rzcp in i T < + =0V
Figure 33) is necessary to limit the current into the ZCD VZCDWIND) Minimum Voltage Turn on
VZzCDWIND),off

pin. The maximum ZCD pin current (Izcpmax)) is limited
to less than 10 mA. Rzcp is calculated using Equation 12:

V2 Vacy

. (eq. 12)
ZCD(MAX) * (Ng : Nzcp)

Rzep =4

The value of Rzcp and the parasitic capacitance of the
ZCD pin determine when the ZCD winding signal is
detected and the drive turn on begins. A large Rzcp value
creates a long delay before detecting the ZCD event. In this
case, the controller operates in DCM and the power factor
is reduced. If the Rzcp value is too small, the drive turns
on when the drain voltage is high and efficiency is reduced.
A popular strategy for selecting Rzcp is to use the Rzcp
value that achieves minimum drain voltage turn on. This
value is found experimentally. Figure 34 shows the realistic
waveforms for CtM operation due to Rzcp and the ZCD pin
capacitance.

VZCD(WIND),0n

Vzep
VeLpos)

Vzepiarm)

VzeD(TRIG)
VCeLNEG)

Tsw

Figure 34. Realistic CrM Waveforms Using a ZCD
Winding with Rzcp and the ZCD Pin Capacitance
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During the delay caused by Rzcp and the ZCD pin capacitance, the equivalent drain capacitance (CEQ(drain)) discharges

through the path shown in Figure 35.

|
'I Vout
D

' AL
fl——
- -

bl

Yl

EMI [ Cin |
AC Line Filter

= Ceqqrain > Cbulk

IF

Figure 35. Equivalent Drain Capacitance Discharge Path

CEQ(drain) is the combined parasitic capacitances of the
MOSFET, the diode, and the inductor. Cj;, is charged by the
energy discharged by CgQ(drain) The charging of Ciy
reverse biases the bridge rectifier and causes the input
current (Ijp) to decrease to zero. The zero input current
causes THD to increase. To reduce THD, the ratio (t;/ Tsw)
is minimized, where tgz is the period from when I, =0 A to
when the drive turns on. The ratio (t, / Tsw) is inversely
proportional to the square root of L.

During startup, there is no energy in the ZCD winding
and no voltage signal to activate the ZCD comparators.
This means that the drive never turns on. To enable the PFC
stage to start under these conditions, an internal watchdog
timer (tgart) is integrated into the controller. This timer
turns the drive on if the drive has been off for more than
165 us (typical value). This feature is deactivated during a
fault mode (OVP or UVP), and reactivated when the fault
is removed.

Wide Control Range

The Ct charging threshold (Vcyofr) decreases as the
output power is decreased from the maximum output
power to the minimum output power in the application. In
high power applications (>150 W), Vcontrol is reduced to
a low voltage at a large output power and Ct(offset) remains
constant. The result is that Vcyofr) is reduced to a low
voltage at a large output power. The low Vconirol and
Vyoff) voltages are susceptible to noise. The large output
power combined with the low Vcontrol and Vy(off) increase
the probability of noise interfering with the control signals
and on time duration (Figures 36 and 37). The noise induces
voltage spikes on the Control pin and Ct pin that reduces the
drive on time from the on time determined by the feedback
loop (ton(loop))- The reduced on time causes the energy

stored in the inductor (L) to be reduced. The result is that
Vzcp does not exceed Vzeparmy and the drive remains off
until tgart expires. This sequence results in pulse skipping
and reduced power factor.

Noise Induced Voltage Spike

Veontrol A /
Ct(offset) — — — — 7 —
| Low Vgontrol Voltage
! Y
VCt A |
Vot(ofty - ————+ R “Veontrol = Cliofset)
|
| Low Vei(off) Voltage
|
DRV i
|
| I_
|
Vzcp [ 5 |
v L VzeparM)
ZCD(ARM) [—— — — | is Not Exceeded |
|
Vzep(rig) [~ ——— H—H—————- I
1} |
VCLNEG) | T 5 f ov
R —
| DRV Remains Off
{— ton(loop) |_"| I
I | ! |
I I |
f— 1., < tstart B

Figure 36. Control Pin Noise Induced On Time
Reduction and Pulse Skipping
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Vcontrol A
A
Ct(offset) ————————
Low Viontrol Voltage
|
Vet : Y
L/ Noise Induced Voltage Spike
Ve [~ ——— ZO IR
| ontrol (offset)
|
| Low Vi) Voltage
|
DRV A :
| i
|
Vzep | 5 |
VzCD(ARM)
Vzeparm) [—— — — & is Not Exceeded |
|
Vzep(RIG) ———— R ————- |
|
VeLNEG) T 5 — oV
| I
| ' |
| DRV Remains Off
f<—1ton(oop) ]_’: :
| | |
|
f— ton — e tgian _’!

Figure 37. Ct Pin Noise Induced On Time
Reduction and Pulse Skipping

The wide control range of the NCP1608 increases
Vontrol and Vot in comparison to devices with less
control range. Figure 38 compares Vy(off) of the NCP1608
to a device with a 3 V control range for an application with
the following parameters:

Pout =250 W
L =200 uH
n=92%

Vacy, = 85 Vac

Vacyy, = 265 Vac

Figure 38 shows that Vcyfr) of the NCP1608 is 50%
larger than the 3 V control range device. The 50% increase
enables the NCP1608 to prevent inadvertent skipping at
high input voltages and high output power.

20.55 |
Q 0.50[— Vi = 265 Vac -
Qoa4s NCP1608
0 0.40
% 0.35
=

g 030 ] —
8 0.25

% 0.20 3V Contro
9 0.15 - Range

o
~0.10
=

o

50.05p

> 0

_~

/

25 75 125 175

Pout, OUTPUT POWER (W)
Figure 38. Comparison of Ct Charging Threshold
vs. Output Power

225 275

Startup

Generally, a resistor connected between the rectified ac
line and V¢ charges the Ve capacitor to Voc(on)- The low
startup current consumption (< 35 uA) enables minimized
standby power dissipation and reduced startup durations.
When Ve exceeds Vec(on), the internal references and
logic of the NCP1608 are enabled. The controller includes
an undervoltage lockout (UVLO) feature that ensures that
the NCP1608 is enabled until Vcc decreases to less than
Vec(ott)- This hysteresis ensures sufficient time for the
auxiliary winding to supply Vcc (Figure 39).

Figure 39. Typical V¢c Startup Waveform

When the PFC pre-converter is loaded by a switch-mode
power supply (SMPS), it is generally preferable for the
SMPS controller to startup first. The SMPS then supplies
the NCP1608 Vcc. Advanced controllers, such as the
NCP1230 or NCP1381, control the enabling of the PFC
stage (see Figure 40) and achieve optimal system
performance. This sequence eliminates the startup resistors
and improves the standby power dissipation of the system.
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D
—<5 >t ! ng
o\ PFC(Vee) —| o I Couie
8 8 |—|
o =

slialnle
i

[~ [] [~] [-]
L]
"

NCP1608 NCP1230 :_I:

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

Soft Start

When Ve exceeds Vec(on), tstart begins counting. When Vee
tstart €Xxpires, the error amplifier is enabled and begins
charging the compensation network. The drive is enabled
when Vcontrol exceeds Choffser). The charging of the
compensation network slowly increases the drive on time
from the minimum time (tpwp) to the steady state on time.
This creates a natural soft start mode that reduces the stress

Iswitch

of the power components (Figure 41). FB
Output Driver VRer |
The NCP1608 includes a powerful output driver capable |
of sourcing 500 mA and sinking 800 mA. This enables the Control AR t
controller to drive power MOSFETS efficiently for medium [ [
power (£ 350 W) applications. Additionally, the driver [l L J
stage provides both passive and active pull-down circuits Cliofreat b — -!—lf " Natural Soft Start ':
(Figure 42). The pull-down circuits force the driver output ( vV i '

ou

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

T
= 1+ tstart
Figure 41. Startup Timing Diagram Showing the
Natural Soft Start of the Control Pin

UvLO>— DRV
| > Vo, | DRVIN>— )“ 1o

~ VddGD

X

VD REG

WVoD ”: Il: 2

Figure 42. Output Driver Stage and Pull-Down Circuits
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Overvoltage Protection (OVP)

The low bandwidth of the feedback network causes
active PFC stages to react to changes in output load or input
voltages slowly. Consequently, there is a risk of overshoots
during startup, load steps, and line steps. For reliable
operation, it is critical that overvoltage protection (OVP)
prevents the output voltage from exceeding the ratings of
the PFC stage components. The NCP1608 detects
excessive output voltages and disables the driver until Vi
decreases to a safe level, which ensures that Vg is within
the PFC stage component ratings. An internal comparator
connected to the FB pin provides the OVP protection. The
OVP detection voltage is calculated using Equation 13:

(eq. 13)

g

Where Vovyp/VREr is the OVP detection threshold.

Rouz + Res

\Y
— _OVP . .
Vout(OVP) - VREF VREF (Rout1 Rout2 . RFB

VFiEF

M Rouz + R
OvP t2 FB
Vouovey = (( 'VREF) - VOVP(HYS)) ’ (Rout1 "Ro—m_+

Figure 43 depicts the operation of the OVP circuitry.

Vout

Vout(OvP)
Vout(OVPL)

The value of Cpyik is sized to ensure that OVP is not
inadvertently triggered by the 100 Hz or 120 Hz ripple of
Vout- The minimum value of Cpy is calculated using
Equation 14:

P

out

Couic = (eg. 14)

2-mw-V -V

ripple(peak-peak) fline out

Where Vripple(peak-peak) is the peak-to—peak output voltage
ripple and fiine is the ac line frequency.
Viipple(peak-peak) 18 calculated using Equation 15:

Vripple(peak—peak) <2 (Vout(OVP) - Vout) (eq. 15)

The OVP logic includes hysteresis (Vovpmys)) to
ensure that V¢ has sufficient time to discharge before the
NCP1608 attempts to restart and to ensure noise immunity.
The output voltage at which the NCP1608 attempts a restart
(Vout(ovpL)) is calculated using Equation 16:

)

(eq. 16)
Roue * Res

DRV

OVP Fault

Figure 43. OVP Operation

Undervoltage Protection (UVP)

When the input voltage is applied to the PFC stage, Vot
is forced to equate to the peak of the line voltage. The
NCP1608 detects an undervoltage fault if Vq,, is unusually
low, such that Vg is less than Vyyp . During an UVP fault,
the drive and error amplifier are disabled. The UVP feature
protects the system if there is a disconnection in the power
path to Cpyik (i-e. Cpylk is unable to charge) or if Ryyyg is
disconnected.

The output voltage that causes an UVP fault is calculated
using Equation 17:

Rouz + Res

Voutwuve) = Vuve - (Rout‘l : + 1) (eq. 17)

Routz * Rrs

Open Feedback Loop Protection

The NCP1608 features comprehensive protection
against open feedback loop conditions by including OVP,
UVP, and FPP. Figure 44 illustrates three conditions in
which the feedback loop is open. The corresponding
number below describes each condition shown in
Figure 44.

1. UVP Protection: The connection from Ry, to
the FB pin is open. Ryyr2 pulls down the FB pin
to ground. The UVP comparator detects an UVP
fault and the drive and error amplifier are
disabled.

2. OVP Protection: The connection from Ry, to
the FB pin is open. Ryy1 pulls up the FB pin to
Vout- The ESD diode clamps the FB voltage to
10 V and Rgyy1 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. Rpp
pulls down the FB voltage below Vyyp. The UVP
comparator detects an UVP fault and the drive
and error amplifier are disabled.

UVP and OVP protect the system from low bulk voltages
and rapid operating point changes respectively, while FPP

conditions. If FPP is not implemented and a manufacturing
error causes the FB pin to float, then Vgp is dependent on
the coupling within the system and the surrounding
environment. The coupled Vpg may be within the
regulation limits (i.e. Vyyp < VFB < VREr) and cause the
controller to deliver excessive power. The result is that Vi
increases until a component fails due to the voltage stress.

L —) D> Faut

protects the system against floating feedback pin
Vout
Cbulk Routt
Condition 1
Condition 2 Condmon 3
Routz
Ccomp

Figure 44. Open Feedback Loop Protection

Overcurrent Protection (OCP)

The dedicated CS pin of the NCP1608 senses the
inductor peak current and limits the driver on time if the
voltage of the CS pin exceeds Vi . The maximum
inductor peak current is programmed by adjusting Rgepse-
The inductor peak current is calculated using Equation 18:

| _ Vium

L(peak) (eq. 18)

Rsense

An internal LEB filter (Figure 45) reduces the
probability of switching noise inadvertently triggering the
overcurrent limit. This filter blanks out the CS signal for a
duration of t; gg. If additional filtering is necessary, a small
RC filter is connected between Rgepse and the CS pin.

Figure 45. OCP Circuitry with Optional
External RC Filter

Shutdown Mode

The NCP1608 enables the user to set the controller in a
standby mode of operation. To shutdown the controller, the
FB pin is forced to less than Vyyp. When using the FB pin
for shutdown (Figure 46), the designer must ensure that no
significant leakage current exists in the shutdown circuitry.
Any leakage current affects the output voltage regulation.

Vout
Rout1
NCP1608
0
(2]
Shutd —||_ 2 Iz @
utdown | R,
— < Rout2 E

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, a determine 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 cycle pre—converter that delivers 100 W at 400 V. The circuit
time. All the tools can be downloaded or ordered at schematic is shown in Figure 47. The pre—converter design
Www.onsemi.com. is described in Application Note AND8396/D.

Rstart1 Rstart2

o Lboost Dboost NTC J3
N A
_N\f\j p _EI
[ ]
Bridge S R1 C3 ~ D1
2 Rctup1 $—wW—i g oras
Daux% CVcc _E- } Dvce 3
i = Rotb$
2 Rctup2 AW
Ut Cbulk +
T NCP1608 Lt
cin 2 1 8 | 1CGVee2 pypy
> FB Vce — T N
3 Control DRV 5 1|,’: Qi
4]Ct  GND[Z Rdrv —
out2a |
RCtE: CS‘“ ZCD E; E:
Rcomp1g Rcs s & & [Routeb
J= Ccom = === Czed = < 3 >
] P | cteet] Tces zcd T|Rs3|Rs2] Rst
Ccomp1 T

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

Input rms Current

1 (the efficiency of only the PFC

lac = Pout stag(z) is ger_1era||y in the range of 90
n - Vac - 95%. Vac is the rms ac line input
voltage.
Inductor Peak Current /E .o P The maximum inductor peak current
I - out occurs at the minimum line input
L(peak) n - Vac voltage and maximum output power.

Inductor Value Vv fswminy is the minimum desired
Vac? - O_Ut —Vac| _switching frequency. The mgximum L
V2 is calculated at both the minimum
L= line input voltage and maximum line
2 Vout - Pout 'fsw(NuN) input voltage.
On Time 2.L-P The maximum on time occurs at the
ton = ————out minimum line input voltage and max-
n - Vac? imum output power.
Off Time t The off time is a maximum at the
torr = on peak of the ac line voltage and ap-
Vout 1 proaches zero at the ac line zero
einnl. - crossings. Theta (0) represents the
Vac-[sinf) JE angle of the ac line voltage.
Switching Frequency Vac? - Vac - [sin0)| - /E
= 1 . [q4 =27 Ve
Tsw 2-L-Pyy Vout
On Time Capacitor Where Vacy is the minimum line in-
2-P_.-L o | put voltage and Lyax is the maxim-
Ct = out 2MAX charge um inductor value. Igharge and
n-Vac, ?- VCt(MAX) Vcimax) are shown in t%e specifica-
tion table.
Inductor Turns to ZCD _ . Where Vacy,_is the maximum line
Turns Ratio No N < Vout (@ VaCHL) input voltage. Vzcp(arm) is shown in
B "'zZCD — ificati
C Vzeo (ARM) the specification table.
Resistor from ZCD /E . Vac Where Izcpmax) is maximum rated
Winding to the ZCD pin Ryop = I HL current for the ZCD pin (10 mA).

zcomax) * (N Nzcp)

Output Voltage and Output
Divider

Route + Rrp
Vout = VRer (Rout1 ’ RU—R +1
out2 FB

Where VRer is the internal reference
voltage and Rgpg is the pull-down
resistor used for FPP. Vggr and Rrg
are shown in the specification table.

Vout Ibias(out) is the bias current of the out-
Routt = I put voltage divider.
bias(out)
R .. — Routt * Res
out2 Vout
Rrs - V] = 1) = Rou
REF
Output Voltage OVP v R .. +R Vovp/Vrer and Vovp(Hys) are
i _ YovpP . . . Tout2 FB i ificati )
Detection and Recovery Vout( ovP) = E Vieer (Rout‘] —Ro R + 1) shown in the specification table
u

v _{(Vove .
out©OVPL) = |\ Vper

V. -V AR 3 Routz + RFB +
REF OVP(HYS) out1 Routo - R

)

Output Voltage Ripple and
Output Capacitor Value

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

out

Couk =

2-m- Vripple(peak—peak) * Jiine * Vout

Where fiine is the ac line frequency

and Vripple(peak-peak) is the peak-to-
peak output voltage ripple. Use fjine =
47 Hz for universal input worst case.

Output Capacitor rms
Current

| _ V232 P2 |
C(RMS) — 9-m-Vac - Vo - 12 ~ lload(RMS)

2

Where lipadrms) is the rms load cur-
rent.
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BOOST DESIGN EQUATIONS Components are identified in Figure 1 (Continued)

Output Voltage UVP
Detection

Rouz + Res )
LN

\Y, =V . (R .
t(UVP, uvP outt
outiUve) ! Routz * Rrs

Vyvp is shown in the specification
table.

Inductor rms Current

| — out
L(RMS) /3 - Vac "
Output Diode rms n
_4. [V2-2 Pout
Current ID(RMS) =3 <.
n - JVac - Vo
MOSFET rms Current =
I é Pout X _ J2 - 8 - Vac
M@RMS) = /3 \n - Vac 3w Vou
Current Sense Resistor VILIM V|Lim is shown in the specification
Rsense = table.
IL(peak)

Type 1 Compensation

gm

CCOMP = 2. - fCROSS

Where fcross is the crossover fre-
quency and is typically less than

20 Hz. gm is shown in the specifica-
tion table.
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PACKAGE DIMENSIONS

SOIC-8NB
CASE 751-07

NOTES:
e ISSUE AJ 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
. CONTROLLING DIMENSION: MILLIMETER.
e - DIMENSION A AND B DO NOT INCLUDE
HHHH MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
5 PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR
S |$| 0.25 (o,o1o)@| Y @| PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
4 K “‘l\L MAXIMUM MATERIAL CONDITION.
-Y- H H 6. 751-01 THRU 751-06 ARE OBSOLETE. NEW

p—t-t-t—" STANDARD IS 751-07.

—>| G |<— MILLIMETERS INCHES

«—— A —>

wnN

<— g —>

| DIM| MIN | MAX | MIN | MAX |
—C N x45 °~>‘ |<— A | 480 | 500 |0.189 | 0.197
B | 380 | 4.00 [0.150 | 0.157
SEANG \ C | 135 | 175 [ 0053 | 0.069
z= 4 T D | 033 | 051 [0013 |0.020
L G 1.27 BSC 0.050 BSC
T | 0.10 (0.004) V ~f H | 010 | 025 [ 0004 | 0.010
H D M J J | 019 | 0.25 [0.007 [ 0010
K | 040 | 1.27 | 0.016 | 0.050
M| o0°] s8°] o° 8¢
N | 025 | 050 | 0010 | 0.020
|$| 0.25 (0.010)® |Z| Y@| X@| s | 580 | 620 | 0228 | 0.244

SOLDERING FOOTPRINT*

v

LLLLE

I I

7.0 I I
0.275 I | 0.155

.

L

inin
o =

' mm
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.

The products described herein (NCP1608), may be covered by one or more of the following U.S. patents: 6,362,067, 5,359,281, 5,073,850. There may be
other patents pending.

ON Semiconductor and J are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any
liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental
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or other applications intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
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SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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