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Input Characteristics of a Typical Switched-Mode Power Supply

without PFC
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Input Harmonics of Three PC Power Supplies Relative
to EN61000-3-2 Limits
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Supply current distortion - IEC555
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Power Factor

/\Preal m [ Load

230V(£10%)
50Hz

n= Preal <1 E

VA P —real power [w]
Q - reactive power [Var]
S — apparent power [VA]
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Power triangle
(no current harmonics case)

P = Vrws lrms Cos @

= Vrws lrwis Sin @

S = Vrus lrus
reactive or quadrature power

total apparent power
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Power Factor n=cos@
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Power triangle
(no current harmonics case)
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P = Real Power = Viys * lirus Cos 01

Q= Reactive Power

= Vius " lirus Sin ¢1

quadrature

D = Distortion Power
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Total P.F.=n = cos ¢, cos 6

¢, is the "conventional" displacement angle (phase lag) between the in- phase
fundamental | and V
6 is the distortion angle linked to the harmonic content of the current.

Both of reactive (Q) and distortion (D) powers produce extra RMS currents,
giving extra losses so that then the mains supply network efficiency is decreased.

Improving P.F. means to improve both of factors i.e.:

¢,->0 cos ¢,-> 1 = reduce phase lag between | and
6->0 cos 6 -> 1 =reduce harmonic content of |
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THD(i) vs. P.F. (cos ¢, =1)
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THD vs. P.F.
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Why PF should be 1
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Input Characteristics of a Typical Switched-Mode Power Supply

without PFC

Top: Input Voltage Bottom: Input Current
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Harmonic Content of the Current Waveform
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Input Characteristics of a Power Supply with Near-Perfect PFC
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Input Characteristics of PC Power Supplies with Different PFC
Types (None, Passive, and Active)

Waveforms: 1. Input current with no PFC
2. Input current with passive PFC
3. Input current with active PFC
4. Input voltage

CH4: , 200 Valt ;2.5.ms,
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Input Harmonics of Three PC Power Supplies Relative
to EN61000-3-2 Limits
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Passive PFC in a 250W PC Power Supply
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Basic Schematic for a Critical Conduction Mode Converter
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CRM Waveforms
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CRM Current Envelope
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Simplifed Schematic of CRM Controller without Multiplier
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Follower Boost
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Diagram for Average Current Mode Control Circuit
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Simplified Block Diagram of the NCP1650 PFC Controller
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Single Stage PFC Using the NCP1651
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Critical Conduction Mode PFC with Fixed Output Voltage

DC out

F1 P1 D1 —
85-265 v EMI filter for PFC Boost 400V Step-down Isolated
50/60 Hz "
AC Input var. freq. Front-end using DCout | DC-DC Converter
rpple [T MC33260 (200 kHz)

12V,10A
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Critical Conduction Mode PFC with Variable Output Voltage
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Continuos Conduction Mode PFC with Fixed Output Voltage
1 F3 P3 D3
ii;:s?—!\zl EMI filter for PFC Boost 400V Step-down Isolated 12V, 10A
AC Input fixed freq Front-end using DC out DC-DC Converter DC out
put — ripple [ NCP1650 (100 kHz) (200 kHz) —
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Continuos Conduction Mode Isolated Flyback PFC
F4 P4 (+D4)
Sszyggi(\zl EMI filter for Single Stage Flyback PFC & 12V,10A
AC Input fixed freq. Isolated DC-DC Converter DC out
Pl ——  ripple [ using NCP1651 (100 kHz) —
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Vout vs. Vin with Respect
to Ct=560pF at Various 50w
Load Conditions

Various Load Conditions with Respect to Vo Vs. Vin
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Inductor (Lp)
: 2 - Pout
linpg = ~— 2
K N - Vinmin

lcoil_pk = 2 - linpk

2 Tiotal - (¥ - Vinmin ) - Vin min
Lp = - .
Vout - leoil_pk

= 607 pH for the
traditional boost

2 Tiotal - (VL; - Vin min) - Vinmin

Vout - Icoil_pk

Lp

= 200 uH for the
follower boost
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Power Switch
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Output Capacitor

Energy = Power x Time

where power = 150 W (output power)
and time = 20 ms (hold — up time)

AU =Ujq - Up = %Cgm(voulz — Vout2 min)

2-AU 2-3
Cout = =
Vout2 — Voutmin2 4002 — 2802
= 74 uF for the Traditional Boost
Botti= 2- AU __ =23

Vout2 - Voutmin2 ~ 2002 — 1502
= 342 uF for the Follower Boost
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Current Sense

Dissipation capability for RCS:
Pcs = 15 Rgs - lcoil_pk2

Overcurrent protection resistor:
Rcs - Icoil_pk
locp

Rocp =
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MC33260 Traditional and Follower Boost Schematic
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Design Table — Traditional and Follower Boost

Mode Select Traditional Boost Follower Boost
Po (W) 150 150
Lp (uH) 607 200
Co (uF) 220 330
Res (Q) 0.7 0.7
Rocp (k) 20 20
Cr (pF) 10000 560
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Measurement Results for
the Traditional Boost
150 W PFC Front End - MC33260 Traditional Boost
Vin (Vac) 85 115 175 265
Efficiency (%) 87.8 91.6 94.3 96.2
THD (%) 8.87 11.04 148 176
PF (%) 9949 | 9932 | 98.83 | 97.61
Vout (V) 4015 408.3 4146 418
Measurement Results for
the FOI IOWer BOOSt 150 W PFC Front End - MC33260 Follower Boost
Vin (Vac) 85 115 175 265
Efficiency (%) 895 | 925 | 937 959
THD (%) 5.95 6.21 10.87 21
PF (%) 99.76 99.75 99.25 97.37
Vout (V) 203 276 391 400.7
]
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Measurement Results for
the Follower Boost
150 W PFC Front End - MC33260 Traditional Boost
Vin (Vac) 85 115 175 265
Efficiency (%) 87.8 91.6 94.3 96.2
THD (%) 8.87 11.04 148 176
PF (%) 99.49 99.32 98.83 97.61
Vout (V) 4015 408.3 4146 418
Measurement Results for
the Follower Boost 150 W PFC Front End - MC33260 Follower Boost
Vin (Vac) 85 115 175 265
Efficiency (%) 89.5 925 93.7 95.9
THD (%) 5.95 6.21 10.87 21
PF (%) 99.76 | 99.75 | 99.25 | 97.37
Vout (V) 203 276 391 400.7
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Efficiency vs. Output Power for Follower and Traditional Boost
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Total Harmonic Distortion vs. Output Power for Follower and
Traditional Boost
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Vds and Vr vs. Transormer Turns Ratio (12V Output)
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Power Switch

Lp(leakage)

e s N
Vps = V2 -Vlnmax+N—z-Vout+lp-

22 Vin min - ton

Ipk = Vinmin - ton
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Primary and Secondary Currents of the Flyback Transformer
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Output Rectifier

VR = Vout + 2 - Vinmax - ”:“—;

Pd = VE - I - (1-D) with I = (PK+ 1Ped) *2"’“) . %
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Simplified NCP1651 One Stage Flyback Power Factor Converter
Schematic
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NCP1651 PFC Circuit Results
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Vin (Vac) 85 115 230 265
Pin (W) 153.8 146 140.1 140.3
lline(rms) 1.80 127 0.63 0.56
Vout (V) 1.72 11.78 177 11.78
lout (A) 10 10 10 10
Efficiency (%) 76.2 80.7 84.0 84.0
PF (%) 99.79 99.86 96.70 93.87
THD (%) 4.76 4.29 6.4 7.9
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Efficiency vs. Output Power
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Pout, OUTPUT POWER (W)

PF, POWER FACTOR (%)

% Wroctaw University of Technology

Power Factor vs. Output Power
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THD vs. Output Power
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Summary

* PF definition
* PFvs. THD
* PFC methods
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