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Design of Critical Conduction Mode (CRM) PFC Circuit with the
AOZ7111

Introduction

This application note introduces the practical design procedure. It includes how to design the inductor, select the
bulk capacitor, MOSFET, boost diode, current sense resistance, C; capacitor, the control loop compensation
network and so on. We implement a 395V, 160W, CRM PFC converter using the AOZ7111 to verify the design.
The converter exhibits features such as high PF, low standby power dissipation, high efficiency, and a robust
protection.

The AOZ7111 is a voltage mode active power factor correction controller designed for cost-effective boost PFC
application that operates in critical conduction mode (CRM). Its voltage mode scheme does not need an AC
input line-sensing network, which is usually necessary for a current mode CRM PFC controller. Also, it receives
a ZCD signal pulse from the current sense resistor; therefore, ZCD auxiliary winding is not needed. The
AOZ7111 is available in a SO-8 package.

It provides output over-voltage protection, over-current protection, open-feedback protection, and under-voltage
lockout protection. The unique AC input fault detection circuit makes the system more robust during AC absent
test. The additional OVP pin can be used to double check the output voltage if the feedback resistor gets
damaged. The controller implements comprehensive safety features for robust designs.

Basic Principle of CRM PFC Converter
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Figure 1. PFC Converter with AOZ7111

As shown in Figure 1, the PFC boost converter requires a coil, a diode and a power switch. In critical
conduction mode, the inductor current I starts from zero up to peak current. If the turn-on time (t,,) is constant
for a fixed time, the peak current will be proportional to the input voltage as shown in Figure 2. The averaged
triangular current in each switching period is also proportional to the input voltage, thus the input current drawn
from the source follows the input voltage waveform with very high accuracy.
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Figure 2. Waveforms of Inductor Current and Driver
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Design Procedure

A 160W PFC application with universal input range is selected as a design example; it shows users the design
procedure step by step.
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Figure 3. AOZ7111 Evaluation Board Schematic
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STEP1-Define the Specification

The spec of the converter is shown in the table below.

Minimum Input Voltage Vacminy) = 90V
Maximum Input Voltage Vac(max) = 264V
Minimum Line Frequency fine(min) = 47Hz
Maximum Line Frequency fine(max) = 63Hz
Nominal Output Voltage Vout = 395V
Output Ripple Voltage AV ouigrippiey = 10V
Hold Up Time thoa = 20ms

Maximum Output Voltage

Vout(max) =440V

Minimum Switching Frequency

fsw(min) = 57kHz

Full Load Output Current lout = 0.405A

Full Load Output Power Pout = 160W
Target Full Load Efficiency n=95%
Minimum Full Load Power Factor PF =0.95

STEP2-Power Stage Component Selection
1. Power Inductor Selection

The boost inductor value is determined by the output power and the minimum switching frequency. It is
calculated by the equation below:

L= Vaczxn X[1_,2/2><Vac]
out

Vout

(eq-1)

2% fSW(min) X

Where L is the boost inductance.

The minimum frequency occurs at maximum input voltage (Vacmax = 264V) and full load condition as shown in
Figure 4. According to eqg-1, the inductor value is calculated as:

2642 x 0.95 [1 32264

395

L= %
2x60x102 x160

]= 189 uH

We select the value as 200uH.
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Figure 4. Switch Frequency vs. Input RMS Voltage (at sinusoid top)

At minimum input voltage and maximum output power, the inductor peak current reaches the maximum, which
causes the greatest stress to the power components. The inductor peak current is calculated by:

2x32x Py 2x%2x160

/ = = = 5.29A e '2
Lok =7y 90 x0.95 (eq-2)

Assuming EER3019NA core is selected and setting B (max) as 0.23T, the primary winding should be:

Ika x L _ 529><200,L1H

= = 30T, (eq-3)
Ag xB(max)  130.7mm? x 0.21 S

N, inductror =

The number of turns of the boost inductor is determined as 39. Figure 5 shows the appearance of ER3019N
core and bobbin (A, = 130. 7mm’ A, = 81.8mm2). According to the typical B-H characteristics of ferrite core from
SAMWHA (PL-7), the saturation flux density decreases as the temperature increases, so the high temperature
characteristics should be considered (saturation flux B (max) = 0.41mT @ 100deg).

6 10
ollolUolclUo

EER3019
Bobbin 10pin

Figure 5. EER3019N Ferrite Specifications

When ®0.10mm x 50 (litz wire) is used, the RMS current of inductor coil, current density and the window
coefficient are:

loms = 2x Pyt _ 2x160 _216A (eq-4)
rms 2357 Vaginy  ¥3%0.95x90

216 553 %7 2 (eg-5)

7T X (0%)2 x50

/ Ldensity =

Rev. 1.0 www.aosmd.com Page 4 of 21



Application Note PIC-014 ALPHA & OMEGA

SEMICONDUCTOR

_ax(03f x80xNp + 7 x(03)F « Noux _ 15.31+0.35

A = =0.19
co A, 81.8
Figure 6 shows the winding of the inductor:
EER3019N
1,2 ——————————
—— 1,2
Np Np
3.4 3.4
Figure 6. Winding the Inductor
Winding specification
Pin Diameter Turns
Np 34—>»1.2 $0.10mm x 50 (litz wire) 39
Insulation tape 0.05mm 3
Test condition:
Pin Spec. Test condition
Inductance 34—»1.2 200uH (5%) 100KHz,1V

2. Bulk Capacitor Selection
According to the ripple specification of 10V,.,, the capacitor should be:

lout ~ 0.405
2x3.14x50x10

Chuik = =129uF (eg-6)

2x 7 x ﬁine(min) X AVout(ripple)

According to the minimum allowable output voltage 315V (0.8%V,,) during one cycle line (20ms) drop-out, the
capacitor should be:

POUt X thO/d _ 160 x20m
2 1x395%-1x315°

Coulk =~ = 13uF (eq-7)

2_1
§XVOUT _§XVOUI(min)

The output capacitor must be larger than 129uF, so the two electrical capacitor (68u/450V) parallel are selected.

3. MOSFET and Output Diode Selection
To begin, we need to know the voltage stress of the MOSFET:
Vds(max) = Vout(max) + Vd(max) =440 +1.26 = 441.26V (eg-8)

Where Vysimax iS the maximum voltage stress of MOSFET.
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The Vymax is the maximum forward voltage drop of output diode. We can select AOS’s AOTF11C60 MOSFET,
its maximum Rgson) is 0.4Q, maximum Cgss (energy related) is 90pF at drain-source voltage is 480V, Ce is zero.
The output diode BYV29X is selected, Vimax is 1.26V at 25°C, 8A.

The MOSFET and Output Diode RMS current are calculated as:

8x22xV, ., . 2/
— Y77 ac(min) :2.16x§/1—{wj ~1.84A  (eq9)

/ds(rms) = IL(rms) x 21—

3x 7 x Vot 3x7x395
/ 0.405
la(ave) = OTUt =005 " 0.426A (eq-10)

The MOSFET loss can be divided into three parts: conduction loss, turn-off loss, and turn-on loss.

Conduction loss can be obtained as:
2
Pys(con) = lds(rms) % Ras(on) = 1.84° 0.4 =1.351/ (eq-11)
Turn-off loss can be calculated as:
Pas(off) = 3 * Vout X lin(rms) * toff * fsw(min) = * 395 x 1.87 x 50ns x 57k = 1.05W (eq-12)

Where linims) is the input RMS current, . is the turn-off time and fowmin) is the minimum switch frequency.

Turn-on loss can be calculated as:
Pas(on) =4 * (Coss + Cext)* Vout” * fsw(min) = 5 ¥ (90p) x 3952 x 70 x 1000 = 0.49W (eq-13)

Coss is the output capacitance of the MOSFET. C,y is an externally added capacitor at drain and source of
MOSFET. The total loss of MOSFET is:

Pas(total) = Pas(con) * Pas(off) + Pas(on) = 2.89W (eq-14)

The power loss of the output diode is calculated as:
'Dd(/OSS) = ld(ave) X Vf(max) =0.426 x1.26 = 0.54W (eq—15)

4. Current-Sense Resistor Selection and CS Circuit Design

The first role of R is to set shut down mode over current protection level. According to the eq-2, the maximum
inductor current is I and sensing resistor is calculated as:

V
Ry =2~ 07 _ 4350 (eq-16)
Ik 5.29

Choosing 0.1Q as R, power loss is calculated as:
Prioss) = I,_(,ms)2 X Rgs =2.1 62 x 0.1W = 0.47W (eg-17)

Recommended power rating of sensing resistor is 2W.
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STEP3-The CS pin delay time constant selection

The second role of R is detecting the zero current point of the boost inductor. The negative signal V is applied
to the current sense pin. When V. is higher than the threshold (-15mV), it means the inductor current is nearly
zero. In order to minimize the constant turn-on time deterioration and turn-on loss, we should trigger the gate at
the drain source voltage’s valley point, which may need additional delay by the external resistor and capacitor.
The required delay time is one-half of the resonant period; approximately:

27 x{Cqpr x L
— Y (eq-18)

Where C. is the effective capacitor shown at the MOSFET drain to source; C,4 and R,y are the external
capacitance and resistor at CS pin; "650ns" is the IC internal set delay time.

Rzcq X Cyeq +650ns =

imebase  0.00
1

CH1: Driver Voltage — CH2: V4, (MOSFET’s Drain and Dource Voltage) — CH3: Inductor Current
Figure 7. Realistic CRM Waveforms with R,.4 and C,.q @230V/Full Load

The time between both dotted lines is the delay time. We can select the appropriated R,.q and C,.q to achieve
minimum drain voltage turn-on. These values are found experimentally.

STEP4-The C; capacitor selection

When the PFC operates in critical conduction mode, a boost converter presents two phases. During the power
switch conduction time, the current ramps-up from zero to the envelope level. At that moment, the power switch
turns off and the current ramps-down to zero. The maximum on-time of the controller occurs when Vo, is at the
maximum. The C; capacitor is sized to ensure that the required on-time is reached at maximum output power
and the minimum input voltage condition:

_ Lxhipkgen  _ Lx2x%2n xSingory _2xLxl _ o Pou (eq-19)
on — - - -
%/Evac X Sin(wt) %/Evac X Sin(wt) Vac /RS Vacz

In regards to the AOZ7111; the on time was controlled with the capacitor connected to the Ct pin. A current
source charges the C; capacitor to a voltage (Vo) derived from COMP pin voltage.

C; xV,
_ &t X Vet(off) (€g-20)

ton |
charger
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2% Poyt x L x Icharger
nx Va02 x Gy

Vct(off) =Veomp — ct(offset) = (eqg-21)

From the datasheet of AOZ7111, we have: Viymay = 8V (typical);, Viyomsen = 1V (typical), loharger = 250uA
(maximum), then:
2XPOUt XLXIcharger — 2><160><200/JX250/J — 260pF

k L (eq-22)
X Vae© x (Vcomp - ct(offset)) 0.95x 907 x 8V

Cl‘(min) =
n

A value of 470p/50V provides sufficient margin.

STEP5-FB, OVP, and UVP Divider Resistors Selection

Rf1 and Ry, form a resistor divider that scales down V; before it is applied to the INV pin. The error amplifier
adjusts the on-time of the drive to maintain the FB pin voltage equal to the error amplifier reference voltage
(Vref)- The divider network bias current (lpiss) selection is the first step in the calculation. The divider network bias
current is selected to optimize the trade-off of noise immunity and power dissipation. Ry is calculated as:

R Vo IV _ om0 (eq-23)

Ibias SO/IA

A bias current of 80uA provides an acceptable trade-off of power dissipation to noise immunity. A series of five
resistors of 1MQ/0805 are selected.

V,-ef X be1 _ 25V X 5M
Vout —Vier 395 -2.5V

R = =31.85kQ (eq-24)

Rp2 is selected by a resistor of 30K/0805 and a resistor of 1.8K/0805 which are in series.

_Ri+Rmo \,_ 5M+31.8k

Vo =————— X% =
out bez ref 31.8k

x2.5=395.6V (eg-25)

The AOZ7111 includes two integrated OVP circuits to prevent the output from exceeding a safe voltage. The
first OVP circuit compares FB to the internal comparator’s reference (V,r; = 2.685V) to determine if an OVP fault
occurs.

ROUt1 + Routz 5M + 31 8k

X Vyep1 = 2208 2 685 = 425V (eq-26)

V =
ovpt 31.8k

Rout2
The second OVP circuit compares the external new resistor divider (Rouz and Rous) applied to pin 4’s reference
(Vrer = 2.75V) to double check the output voltage. R, is the same as the Rgpi. The Ry, is reselected as
24.9k/0805 and 5.9k/0805 which are in series.

Routs + Routa y 5M +30.8k

Vigfy =2 %275 =44V (eq-27)

Vo o=
ovp2 Routa 30.8k

STEP6-Compensation Network Selection

After designing the power components, we will help the user design the control loop compensation network. To
find a compensation network, it is necessary to get the control loop model of this converter. This can be
synthesized as shown in Figure 8.
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H(s)
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Figure 8. Control Loop of PFC

We assume that the control action takes place on the peak amplitude of various quantities inside the loop.

The first step is to determine the transfer function of power stage, defined as:

dVout _ dVout % dlout

Gys) =

di;

pk

dlout dlek

(eq-28)

Where Vo is the DC output voltage, I, is the peak value of inductor current, I, is DC output current.

The power stage can be modeled: a control current source (with shunt resistance R.) that drives the output bulk
capacitor C, and the load resistance R. (= V,u/lo.). The zero due to ESR associated with C, is far from

crossover frequency thus it is neglected.

The current source can be characterized with the following consideration: the low frequency component of the
boost diode current is found by averaging the discharge portion of inductor current over a given switch cycle.

| Cout

ld_ave *@ Re —_

RL

Vout

Switch current

B L Rl Diode current

Low frequenc:
diode curren

ALY TV N,

Switch OoN
OFF

Figure 9. Power Stage Model and Boost PFC Current
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The low frequency current averaged over a half-cycle yields the DC output current lgave).

2
1 Ts[ 1 \/Exvin X Sin(wt) {2 % Vin
la(ave) _ﬂx.[o EXTXIL’DK X Sin(at) |t = AV x I pk

Where I, is the peak inductor current at wt = 1/ 2. V), is effective (RMS) input voltage.

Therefore, we can obtain the transfer function Gy, of Vou-to-l pk:

I«R %/_ g 1R
L 2 xV XN
Vout(s) = Id(ave)(s) x —2 s = AxV I? x Ika(S) X2—§
1+ 2 o4 1+ 2 -
RL X CO RL X C,o

=Vout(s) _%/EXV,',, y ;XRL
/ka(s) 4x Vot N %

Gys)

The transfer function Gys) of I pi-to-ton is:

e lokis) _ 23,
%) ton(s) L

The transfer function Gss) Of ton-t0-Veomp is:

t
Gy(ey = 2L — Ct

Vcomp(s) l charger

Finally, we can obtain the whole transfer function Gpgwer(s) Of Vourto-Veomp:

Y 2
—OUt(S) = G1(s) X GZ(S) X GS(S) = Ct \/In X RL 1

G = )
power (s) Icharger 4x Vo xL 1+-5-

Vcomp(s) wp

Where Cy is 4700F, Isharger is 200uA, Vou is 395V, Ry is full load (9750), C, is 136uF, wp =

470x10712 2302 975
Gpower(s) = 12 = 6 X
200 x~ 4x395%x200%x10~ 1+ %

975x136x 1078
Calculated bode plot of transfer function Gyower(s):

1 fG1

(eg-29)

(eq-30)

(eg-31)

(eg-32)

(eg-33)

(eq-34)

_2
RLxCo *

(eg-35)

-0

- 50 - 68

— 4

- 100 - 100

ju)

1=10
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2. Compensation E/A Transfer Function

The transfer function of E/A:

V, 1 1+5-=S
Gcomp(s) _ \c/omp(s) — GO ng 1 2><7rs><fcz (eq-36)
out(s) + 2xmxfcp
We can obtain that the zero is fcz = m , the pole is fcp = W , the DC gain is calculated as:
XTXR X%

C1+C2

24 (frf
G, =25 1 fz (€q-37)

x G, X X
Vout " Ci+C %/1+(%)2

The G, is the transconductance (100uS) of the E/A.

3. The Whole Open Loop Transfer Function

2 s
Ct Vin RL 1 T+ 2xxfz

S
charger 4*Vout XL 14 ;27 S 1+’2><7r%fp

X
x
®
X
|
x

GWhole(s) = Gpower(s) X | (eqg-38)

4. Feedback Network implementation
Desired crossover frequency:  fcr = 15Hz
Zero: fcz = 14.6Hz
Pole: fcp = 117Hz

We know that when f = fer , the function |Gwho,e(

__ 2
9P = RL.c,

ja))| equals to 1, then |Gwhole(ja))| =1lw=2xxxfer,

we can obtain:

2 fer
Ci  _ Vi®xRy 1 (P 1+ (e}

(Guhotejo)| = x X x R s
jo) o
Icharger A4xVourxL 5 1+ (2><;r><fcr)2 2x 7 xfc 201 4 (fer
wp ljo}
2 2
We know | 2ZXfer | W1 C1)C2,s02/1 + | &xzxfer |  2xaxfer __1__ o 1 gypstitute the numerical values, we can
wp wp wp Cc1+C2 C1

obtain as:

=1 (eg-39)

-6
|Gwhole(ja))| ~2.38x10 X

2 -6
2306 x 1 35 25 115x10
2x395x200x107° x68x2x107®  (2x 7 xfor 395 C1

(eq-40)

Series compensation capacitor:

2302 1 2.5x115x107°

C ~2.35x1070x S e x
2x395%x200x107° x68x2x10™ (2><7r><fcr(rea|))2 395

=362nF

(eq-41)
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0.33uF/50V is selected.
Series compensation resistor:
1 1

Ry = = 5 =32.1K (eq-42)
2x 7w xCyxfozreary 2x3.14x0.33x107° x15
33K/0805 is selected.
Parallel compensation capacitor:
1 1
Cos=C,/ICg = = =41nF eq-43
P TP 2xa xRy xfyy  2x3.14x33x10% x117 (6q-43)
C,xC
Cp=—S"PS _ 0.33uF x41nF _ 45 gnF (eq-44)
Cs —Cps  0.33uF —41nF
47nF/50V is selected.
5. Calculated Overall Loop Bode Plot
C V2 R 1 500
Gwhole(s) = Gpower(s) X Gcomp(s) = | : 4 Vm <L x LS x Gy x s X 12—7;)‘2
charger out 142 + 2xnxfp
RL X CO
(eg-45)
Calculated bode plot:
/F
100 1]
a0 T — 40
‘“ﬂ-\,__‘_h_%
0 =miy !
& Ll T
- 30 : - 120 5 =
SRl gy e
- 100 - 160
- 130 — 200
01 1 i 100 110 01 1 i 100 1107
f f
Cross frequency: fer(real) = ‘rootQGwho,e(z,,f)| -1f ) =15.944Hz (eq-46)
Phase Margin: ® =180 +180x % x arg(GW,,o,e(zﬂfcr))z 48.36deg (eq-47)
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Appendix1 Experimental Verification

The table is the experimental results of the converter.

Vin Pout(W) Pin(W) n (%) PF THD

. 80 84.4 94.8 0.994 115
ac 160 1695 94.4 0.997 71

115y 80 83.5 95.8 0.991 135
ac 160 166.6 96.0 0.996 8.3

80 82.63 96.8 0.945 248

230Vac 160 163.1 98.1 0.977 11.9

80 82.62 96.8 0.900 425

264Va. 160 162.9 98.2 0.950 233

Start-up waveforms of output voltage: Figures 10 and 11 show the start-up time for 115V, full load and no load.
The inductor current increases smoothly due to keep in the closed loop soft-start.

CH2: DC Output Voltage — CH4: Inductor Current
Figure 10. Start-Up Waveform of V,; at 115V, Full Load

10 Iy

CH2: DC Output Voltage — CH4: Inductor Current
Figure 11. Start-Up Waveform of V,; at 115V, No Load
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Figures 12 and 13 show the output voltage response when the AC input is omitted for 20ms and 40ms. As
Figure 12 observed that V., increased when the AC input is absent for 20ms, the peak inductor current is
limited cycle-by-cycle by OCP comparator. But when the AC input is absent for over 20ms, the V¢om, is reduced
to zero rapidly and restarts smoothly when AC is applied again as Figure 13 shown.

Measure
alue

CH1: V¢omp — CH2: DC Output Voltage — CH3: Sense Resistor Voltage — CH4: AC Input Current
Figure 12. AC-Absent for 20ms Detection Operation

Measure
value

CH1: V¢omp — CH2: DC Output Voltage — CH3: Sense Resistor Voltage — CH4: AC Input Current
Figure 13. AC-Absent for 40ms Detection Operation
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Figures 14 and 15 show the output response and inductor current for 115V full load and 115V, no load.

CH2: DC Output Voltage — CH4: Inductor Current
Figure 14. Output Response of Dynamic Load (60W—160W@230V )

top
Edge

CH2: DC Output Voltage — CH4: Inductor Current
Figure 15. Output Response of Dynamic Load (160W—60W@230V )
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Loop gain. The frequency response is measured at four conditions. Figure 16 shows that at 264V, input voltage
the crossover frequency is 20.44Hz and the phase margin is 57.0deg. Figure 17 show 230V, input voltage, the
crossover frequency is 18.44Hz and the phase margin is 54.7deg. Figure 18 show 115V, input voltage, the
crossover frequency is 6.91Hz and the phase margin is 52.7deg. Figure 19 show 90V, input voltage, the
crossover frequency is 5.2Hz and the phase margin is 52.1deg.

1 Slice Bar:

20.44 Frequency (Hz)
1] Gain (dB)
57 Phase (deg)

-125 Slope (20dB/decade) ﬂ
40 b
1‘-‘Ga‘in
1‘—F‘h;se 2
= 0
53 I8
O - §
<. o
(e I o]
@f ~
1 Frequency 100
Figure 16. Phase Margin @264V ,.-50Hz Full Load
2 Slice Bar.
1855 Frequency (HZ)
1] Gain (¢B)
547 Phase (deg)
-1.32 Slops (200B/decads) — 2]
D P
= 2-Phase (ODD
40 dB 6 v
2-Gain
=y o
18]
Ol §
QL_A i
1 Frequency 100

Figure 17. Phase Margin @230V,.-50Hz Full Load
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1 Slide Bar:
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Figure 18. Phase Margin @115V,.-50Hz Full Load
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Appendix 2: PCB LAYOUT
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Figure 20. Recommended PCB Layout

PCB Layout Guide
The following points are good PCB layout guild-line for a PFC stage.

1.

To keep the IC GND pin as clean as possible, the power stage ground and the signal ground must be
separated. Then both grounds are connected by a separated signal line. At the same time, the signal
ground end of this line should be connect to the end of current sense resistor which is connected to
power ground as shown in Figure 20. Figure 21 shows that if the signal ground end connects directly to
the power stage ground, the CS pin is easily interrupted. Figure 22 shows, the inductor current ramp-up
to a higher level and becomes distorted since the signal ground is interrupted by noise and the IC
cannot detect the zero current signal.
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Break-off this line which connects from the end of
signal ground pin (pin 6) to the current sense resistor
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Figure 21. Bad Layout (The Signal Ground Connects Directly to Power Ground)

CH2: Inductor Current — CH4: Input Current

Figure 22. Interrupted Input Current Waveform and Inductor Current
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The PFC MOSFET gate drive loop path should be minimized

Minimize the trace length to INV pin. Since the feedback node is high impedance, the trace from the
output resistor divider to INV pin should be as short as possible.

4. Switching current sense (CS pin) is very important for the stable operation of PFC stage. Normally, a
RC filter is recommended to reduce the noise applied to CS pin.

5. The V. decoupling capacitor C,.. needs to be placed as closed as possible to IC V. and GND pin.

Appendix 2: BILL OF MATERIALS (BOM)

Ref Designation Value Description Package | Manufacturer
FU 5A/250V Fuse, 5A/250V
NTC SCK-044K NTC, SCK-044K
VAR 10D-471 VAR, 10D-471
CX1 0.22u/275VAC X CAP, 0.22uF/275VAC
FLA1 25mH Common mode EMI filter, 25mH
CX2 0.33uF/275VAC X CAP, 0.33uF/275VAC
BD D15XB60 AC Bridge rectifier, D15XB60
CM1 0.68uF/630V DM filter cap, 0.68uF/630V
L 200uH PFC chock, 200uH EER3019
Q1 AOT11CF60 AOT11CF60 TO-220F AOS
D2 BYV29X PFC boost diode, BYV29X TO-220F NXP
C11,C12 68uF/450V Bulk cap, KMF 450V/68uF Samyoung
R5 0.1Q/5W Rense resistor, 0.1Q/5W
D1 1N5408 Diode, 1N5408 DO-241
AT MQ Thick Film Res, 1% 1206
R17 27KQ Thick Film Res, 1% 0603
R18 4.22KQ Thick Film Res, 1% 0603
R24 27KQ Thick Film Res, 1% 0603
R25 3.9KQ Thick Film Res, 1% 0603
C10 1nF/50V Ceramic Cap, 50V, X5R/X7R 0603
C9 10nF/50V Ceramic Cap, 50V, X5R/X7R 0603
R11 240Q Thick Film Res, 1% 0603
C8 100pF/50V Ceramic Cap, 50V, X5R/X7R 0603
R27 10KQ Thick Film Res, 1% 0603
R26 10Q Thick Film Res, 1% 0603
R28 2.4Q Thick Film Res, 1% 0603
D3,D7 LL4148
ZD3(optional) 3.9V Zener 3.9V Zener 0.5W
R8 0Q Thick Film Res, 1% 0603
C5 470pF/50V Ceramic Cap, 50V, X5R/X7R 0603
C6 0.22uF/50V Ceramic Cap, 50V, X5R/X7R 0603
C7 47nF/50V Ceramic Cap, 50V, X5R/X7R 0603
R9 10KQ Thick Film Res, 1% 0603
C4 0.1uF/50V Ceramic Cap, 50V, X5R/X7R 0603
C3 22uF/50V EC Cap, 50V 5*11
IC1 AOZ7111 CRM PFC Controller SO-8 AOS
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LEGAL DISCLAIMER

Alpha and Omega Semiconductor makes no representations or warranties with respect to the accuracy or completeness of
the information provided herein and takes no liabilities for the consequences of use of such information or any product
described herein. Alpha and Omega Semiconductor reserves the right to make changes to such information at any time
without further notice. This document does not constitute the grant of any intellectual property rights or representation of non-
infringement of any third party’s intellectual property rights.

LIFE SUPPORT POLICY

ALPHA AND OMEGA SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS
IN LIFE SUPPORT DEVICES OR SYSTEMS.

As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life
systems which, (a) are intended for surgical implant into support, device, or system whose failure to perform can
the body or (b) support or sustain life, and (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance with support device or system, or to affect its safety or
instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in a significant injury of the

user.
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