Application Note 1067

Application Notes for AP3770 System Solution

1. Introduction

The AP3770 uses Pulse Frequency Modulation (PFM)
method to realize Discontinuous Conduction Mode (DCM)
operation for FLYBACK power supplies. The principle of
PFM is different with that of Pulse Width Modulation
(PWM), so the design of transformer is also different.

The AP3770 can provide accurate constant voltage,
constant current (CV/CC) regulation by using Primary Side
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Regulation (PSR). AP3770 has the special technique to
suppress the audio noise, internal line compensation to
reduce the number of system components, fixed cable
compensation to compensate the voltage drop on different
output cable for achieving good CV regulation.

The AP3770 can achieve low standby power less than
30mW.
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Figure 1. 5V/1A Output for Battery Charger of Mobile Phone

Figure 1 is AP3770 typical application circuit, which is a
FLYBACK converter controlled by AP3770 with a
3-winding transformer---Primary winding (Np), Secondary
winding (NS) and Auxiliary winding (Na). The AP3770
senses the auxiliary winding feedback voltage at FB pin
and obtains power supply at VCC pin.

Figure 2 is the typical operation waveforms of PFM
controller. In this figure, a series of relative idea operation
waveforms are given to illustrate some parameters used in
following design steps. And the nomenclature of the
parameters in Figure 2 is illustrated.

Vgri---A simplified driving signal of primary transistor
Ip---The primary side current

Is ---The secondary side current

Vsec---The voltage of secondary

tsw---The period of switching frequency

tonp ---The time of primary side “ON”

tons ---The time of secondary side “ON”

torr ---The discontinuous time

torrs --- The time of secondary side “Off”

Ipk---Peak current of primary side

Ipks---Peak current of secondary side

Vs---the sum of Vo and forward voltage of rectification
diode
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Figure 2. Operation Waveforms
2. Five Aspects for System Design Zero-Startup-Current technique, the startup up resistors
1. Low Standby Power Design R3+R4 should be higher to 10M to 14MQ to further lower
2. Switching Frequency Design the power loss. The recommended value of dummy load
3. Transformer and Power Devices Design resistor R13 is 4.7KQ to 10KQ for an model with 5V
4.  Feedback Resistors Design output voltage. The selection of dummy load resistor is a
5. Line Compensation Design tradeoff between standby power and I-V Curve.
2.1 Low Standby Power Design 2.2 Switching Frequency Design
In order to achieve low standby power, AP3770 decreases
the minimum operating voltage. And due to proprietary
A
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Figure 3. Relationship Between Vcec, fsw and lo with Constant Peak Current
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When the constant peak current is adopted, the voltage of
CPC pin is increased linearly with load increasing. The
maximum value of V¢pc is equal to

t
-9 .yDD :%~3.SV =14V

tSW

(M

The primary current ip(t) is sensed by a current sense
resistor Reg as shown in Figure 2. The power transferring
from input to output is given by:

@

1
P, ZE'LP'[ka‘fSW

Vy=0.5V

V,=0.5V/1.5

Where, the fgy is the switching frequency. When the peak
current Ipg is constant, the output power depends on the
switching frequency fsyw. fsw is linearly increased with load
increasing.

In AP3770, two-segmented peak current is used to realize
audio noise suppression. The peak current is about 0.5V
when [5>42%lomax, and the peak current is about
0.5V/1.5 when 15<42%lomax.
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Figure 4. Relationship Between Vcpc, fsw and lo with Variable Peak Current

So, the voltage of CPC pin and switching frequency has a
mutation at about 42% of load. At the mutation point, if the
peak current is changed from 0.5V( high Ipk) to 0.33V(low
Ipk), the voltage of CPC pin at low Ipg will be increased to
1.5 times of V¢pc at high Ipx and the switching frequency

fsw at low Ipx will be increased to 2.25 times of fgy at high
Ipk. So the range of load working in the audio frequency is
suppressed.

V. =0.5V/1.5
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Figure 5. Hysteresis at Conversion Between Low lpk and High lpk
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In order to avoid oscillation, a hysteresis is added at the
conversion between low Ipx and high Ipk. Considering the
relationship between audio noise and flux density of
transformer, deltaB<2500 gauss is better for audio noise
suppression.

The low limitation of maximum switching frequency is
given by audio noise suppression. And the upper limit of
the AP3770 can be up to 120kHz. But this is only the limit
of the IC; the finally designed maximum switching
frequency is determined by the tradeoff between the
efficiency, mechanical dimensions and thermal
performance.

2.3 Transformer and Power Devices Design

In Constant Current operation of AP3770, the CC loop
control function of AP3770 will keep a fixed proportion
between D1 (in Figure 1) on-time tons and D1 off-time
torrs (in Figure 2) by discharging or charging a capacitor
embedded in the IC. The fixed proportion is

fows _ 4 3)

tOFFS 6

The relationship between the output constant-current and
secondary peak current Ipgs is given by:

Iy=tg, o “)
2 lONS + tOFFS

At the instant of D1 turn-on, the primary current transfers
to the secondary at an amplitude of:

I :&ka ®)

pks
N

Thus the output constant-current is given by:

I = . Lons = l .
o~ pk - pk
tONS + tOFFS 5

N | —

Ne g Ne 4 ©)
NS NS

Design Steps:

Step 1, a reasonable lpx of FLYBACK with AP3770
should be designed

1-1. Calculate the Max. turn ratio of XFMR

The maximum turn ration of XFRM should be designed
first, which is to ensure that the system should work in
DCM in all working conditions, especially at the min. input
voltage and full load.

As we know, if the system can meet equation (7) at
minimum input voltage and full load, it can work in DCM

in all working conditions.

Z(SW 2 tONS + tOFFS

()

For the primary side current,

_; L (8)

pk
I/indc

tONP

Where L; is the inductance of primary winding.

Vingc 18 the rectified DC voltage of input.

When Vi, is the minimum value, the maximum tonp can
be obtained. So,

L, )

indc _min

! ONP MAX — I k-’

For the secondary side current,

Ly (10)

toe=1, =5
ONS pks 2

In (10), Lg is the inductance of secondary winding.
Ve=V,+V,, Va is the forward voltage of secondary diode.

For (10), in CV regulation, the Vg is a constant voltage, so
tons 1s a constant value with different input voltage.

In FLYBACK converter, when the primary transistor turns
ON, the energy stored in the magnetizing inductance Lp.
So the power transferring from the input to the output is
given by,

P’

in

=P[n.77in=1/in-1[n.77[n (11)

1

P, :E'Lp'lfyk'fsw (12)

Here, p'is input power of transformer, not including the

all of the power loss at primary side (Rectifier, RCD
snubber, BJT and so on).

n,, 1s definition to the input efficiency of system, which is
about 0.9.

Then,
LI 13
Lop =7 — (13)
2 : 1)in ' nin
tsw, tonp and tons in (7) are replaced with (13), (9) and (10),

2
ZLP ka lek _ng[pk_ Lp (14)
.Rn.nin ’ Vs V

indc_min
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Because the peak current and inductance of primary side
and secondary side have the following relationship,

I,=N-1,n (15)
L, =L—’;
N (16)

Here, N is the turn ratio of primary and secondary sides.

With (14), (15) and (16), then,

T/ (17)

Z.Rn.nin VSN Vin

Because,

p Yolo (18)
n

17 is the system efficiency.

At full load, the system will work in the boundary of CC
regulation. Iy can be given by,

1 ¢

[ =_—.low p (19)

2, ™

Then, Ipks can be defined,

[pk\' = k : IO (20)

In the design of AP3770,

o2t _ s 1)
tONS

The following can be obtained,

N< I/indcimin ( k & 77i ) (22)

2'V0'77in'77i_Vo+Vd

1-2. Calculate the peak current of primary side and
current sensed resistor

Ipk can be calculated by the output current.

I, k-1
[ op=—ts M0 (23)
w ETNTTTN

Here, k=5, 5, =0.9, which is the efficiency of Ipx and Ipxs.

N is the calculated value of Nmax.

In AP3770, 0.5V is an internal reference voltage. If the
sensed voltage Vg reaches 0.5V, the power transistor will
be shut down and tonp will be ended.

0.5V
Res = 24

So Rcg can be obtained from (24) and selected with a real
value from the standard resistor series. After Rcg selected,
Ipk should be modified based on the selected Rcs.

From now on, Ipx and Rcg have been designed.
Step 2, Design Transformer
2-1. Calculate the inductance of primary side---Lp

The primary side inductance Lp is relative with the stored
energy. Lp should be big enough to store enough energy, so
that Py max can be obtained from this system.

From formula (18), the output power can be given by,
1 n
POZE.LP.Ijk.fSW.i (25)

in

Where fsyw was set by the user based on definite
requirement.

Then, Lp can be gotten by,
__ 25 m (26)
P
I Iz’K Ssw 1

2-2. Re-calculate the turn ratio of primary and
secondary side---N
From formula (24), the turn ratio of primary and secondary
side N can be re-calculated.
N = ki (k=5)

Pk 77 (27)

2-3. Calculate the turns of primary, secondary and
auxiliary sides

First, the reasonable core-type and 4B should be selected.
Then, the turns of 3-winding transformer can be obtained
respectively.

The turns of primary winding,

_Lp Iy (28)
" de-AB

The turns of secondary winding,

N, =Ne (29)

The turns of auxiliary winding,

N, :Lsy' Vs (30)
S
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Where V,=Vcct Vga, Vec is the set IC supply voltage and
V. is the voltage drop of the auxiliary diode.

For AP3770, the typical value of UVLO is decreased to
5.5V, so the supply voltage of IC, V¢ can be set to a
typical value---12V.

Vs is equal to Vot+Vy.
Ae can be gotten automatically after core-type is selected.
2-4. Check the maximum duty cycle of primary side

After turn ratio of primary side and secondary side is
designed, the maximum duty cycle of primary side at low
line voltage can be calculated again.

Considering the Volt-second balance between magnetizing
and de-magnetizing, the formula of duty cycle is

:(V0+V;)-N-0.4 31)

indc

D

Step 3, Select diode and primary transistor
3-1. Select diodes of secondary and auxiliary sides

Maximum reverse voltage of secondary side,

Vd — VO + Vvind(;max : NS (32)
NP

Maximum reverse voltage of auxiliary side,

I/indcimax : N/l (33)

Vi =V, +

dar A NP
In (32) and (33), the maximum DC input voltage should be
used.

3-2. Select the primary side transistor

v G Ny (34)

indc_max N
N

14

dc_max

=V

dc_spike

Be careful that the value of Vg syie Will be different with
different snubber circuit.

Design Example:

Specification:

Input voltage: 85V ¢ to 265V ¢

Output voltage: Vo=5.3V (Considering the cable
compensation)

Output current: Io=1.1A

Efficiency: 80%

It is higher than the total efficiency because the loss in the
input rectifier and the BJT are not included.

Other setting by users:

Switching frequency: fsyw=54kHz (Should be equal to or
higher than 54kHz)

Forward voltage of secondary diode: Vd=0.4V

Forward voltage of auxiliary diode: Vda=1.1V

VCC Voltage: VCC:12V

Core_type: EE16 (Ae=19.2mm?)

Set4B: AB<3000GS

Ve spike=100V (with snubber circuit)

Design Steps:

Step 1, a reasonable lpx of FLYBACK with AP3770
should be designed.

1-1. Calculate the maximum turn ratio of XFMR

k-n _n
2Vo o m VotV

i

Jk=5) (3

Nyux = deL;min (

Vindcimin = I/inacimin \/5_40 > 1= 075 > 77in = 09 2 771' = 09
Ny =22 (36)

The turn ratio is finally selected as: N =18.5

1-2. Calculate the peak current of primary side and
current sensed resistor

Il.v kI
ka'ni:ka: o

efficiency of Ipk and Ipks)

(7,=09, which is the transfer

1 =330mA (37)

pk_max

Sensed current resistor,

Ry =—es 03V (38)
Lo e 359m
R =1.5Q (39

Re-calculate peak current of primary side,

1 =333md (40)

pk_max

Step 2, Design Transformer
2-1. Calculate the inductance of primary side---Lp

2P, 7

L,=—F"0 i 41)
Liog - fsw 1

L, =2.035mH (42)
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2-2. Re-calculate the turn ratio of primary and

secondary side---N

k-1
N=—"20 g=5)
ka'ni

N =183

(43)
(44)

2-3. Calculate the turns of primary, secondary and

auxiliary sides
The turns of primary winding,

— LP']PK
P de-AB
N, >118T

The turns of secondary winding,

N, =Ne
N
Ny~ 7T

Recalculate the primary winding,

N, =Ng-N

N, ~128T

The turns of auxiliary winding,

N :NS'VA
A
N,=15T

Design Results Summary:

(45)

(46)

(47)

(48)

(49)
(50)

(51

(52)

2-4. Check the maximum duty cycle of primary side
The maximum duty cycle of primary side is calculated as

following,
Do V,+V,)-N-0.4
I/indL‘ (53)
b, - (Vy+V,)-N-04 (53+0.4)-18.3-0.4
Visde_win -
inde _min 80 (54)
Step 3, Select diode and primary transistor
3-1. Select diodes of secondary and auxiliary sides
Maximum reverse voltage of secondary side,
Ve max " N,
Vdr — VO + indc_max S
N (55)
Vindcimax = 265V : \/E (56)
vV, =54+ 375 ~ 28V
17 (57)
Maximum reverse voltage of auxiliary side,
V. -N
Vvdar — VA + indc_max A
N (58)
Vi =12+ 31515 _ 56y
(59)
3-2. Select primary side transistor
I/a'cimax = I/a'cispike + I/z‘:zLI(rJncz,\' + %
Ns (60)
Vie max =100+375+5.4%17 2567V 61)

1.Calculate the maximum peak current of primary side and Rcg

Irk= 333 mA Peak current of primary side

Res= 1.5 Q Current sensed resistor

2.Design transformer

Lp= 2 mH(+/-8%) ‘ Inductance of primary side

N= 17 Turn ratio of primary and secondary

Np= 128 T Turns of primary side

Ng= 7 T Turns of secondary side

Np= 15 T Turns of auxiliary side

Duax 0.52 Maximum duty cycle of primary side at Vypc=80V

3. Select diode and primary transisto

Vo= 28 v Maximum reverse voltage of secondary diode
Vo= 56 \% Maximum reverse voltage of auxiliary diode
V deMax= 567 \Y Voltage stress of primary transistor
Sep. 2011 Rev. 1.0 BCD Semiconductor Manufacturing Limited
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2.4 Feedback Resistors Design

Np

Na

ouT

Vo

Figure 6. Feedback Resistors Circuit

From above Figure 6,

(Reg + Rpgy) N

V. =V,
oo Ry, N,

Vo

(62)

Through adjusting Rgg; and R gp,, a suitable output voltage
can be achieved. The recommended values of Rpg; and R
re2 are within SkQ to 50kQ.

2.5 Line Compensation Design

The internal line compensation function in AP3770 is
shown in Figure 7. S1 is closed when the primary switch is
“ON”. The line voltage can be detected from the FB pin.
The detected voltage internally compensates the peak
current. So the line compensation is determined by Ry ng.
In different application, the value of Ry g is different.

VAUX
L
I
|
|
|
|
|
|
ouT I
I
N
LINE
RLINE i
H'jCS
|
Res !
|
L
Figure 7. Line Compensation Circuit
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tsw

FB

T

T — tone

Figure 8. Waveform of FB Pin

The negative voltage Vy of FB pin (in Figure 8) is linear to
line voltage. The AP3770 samples Vy to realize the line
compensation.

_ RFB2 . Na . V
- indc
RFBI + RFBZ Np (63)

N

The compensated voltage of line compensation (Vs Livg)
can be calculated by the following formula,

So, Rywe can be adjusted to achieve excellent line
regulation of output current.

3. Summary

In order to get good performance of AP3770, it’s important
to design transformer, line compensation and feedback
resistance correctly. This application only gives a
preliminary design guideline about these aspects and
considers ideal conditions, so some parameters need to be
adjusted slightly on the basis of the calculated results.

1
Ve e = Rippe K-——"V,
cs_line line 670k N
= Rline TV.O0 l ' RFBZ : Nﬂ : Vindc
670k Rpp +Rp, N, (64)
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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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