www.onsemi.com

FSL5x8 Application Note
Design example: 12V/8W

Application Engineer

ON Semiconductor® m

v Internal Use Only




1. The application note is defined for user understanding design
tool guideline and procedure

2. Through “Design flow” chart to understand design tool
procedure

3. Please input specification or value into [Blue Cell and
calculation result will present in [Red Cell.

4. Design example with12V/8W lsolation type.

d DNO05123: 8W auxiliary power for white goods and industrial equipment
with FSL518APG
(https://www.onsemi.com/pub/Collateral/DN05123.PDF)
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Design flow

1. Determine system specification
(Vine™"s Vine™ fi, Po, Eq)

8. Determine the wire diameter for each
winding

2. Determine DC link capacitor(Cpc)
and DC link voltage range

7. Determine the number of turns for each

3. Determine the maximum duty
ratio(Dmax)

ou’aput

6. Determine the proper core and the
minimum promary turns(N,™)

4. Determine the t}ansformer primary
side inductance(L)

5. Choose the proper part considering

s the winding window area
(Aw) enough?

s it possible to change
the core?

input pow?r ad 1"
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( Design finished >
Y A

| 12. Feedback loop design |

‘ 11. Design RCD snubber ‘

A

10. Determine the output capacitor

Y

9. choose the proper rectifier
diode for each output
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Define the system specifications (

1. Define the system specifications

Minimum Line voltage Ve a0 v.orms . . . .
Maximum Line voltage (Vor™) - Blue Cell : Key-in specification or value
Line frequency (f,) 60 Hz .

Part Selection FSL518A Red Cell : Calculation result
1st output for feedback *m 0.67 A hﬁ 100 %

2nd output o v 0.00 A o w 0 %

2rd output o v 0.00 & o w 0 %

4th output o v 0.00 & o w 0 %

5th output o v 0.00 & o w 0 %

6th output o v 0.00 & o w 0 %

Full load output power (Pg) = 8.0 W

Estimated efficiency (Es) 84 %

Full load input power (P} = 9.6 W

-Line voltage range(V,,c;™" and V,,,c,™®): input line voltage information for system design definition
Line frequency(f, ): input line voltage frequency
-Part Selection: Choice one of FSL5x8 part for design
-Maximum output power(Po): Summation of all outputs power
-Load occupying factor for n-th output K| (n)
-Estimated efficiency(Eg): Estimate the power conversion efficiency to calculate maximum input power
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Determine DC link capacitor and DC link voltage range

2. Determine DC link capacitor and DC link voltage range

DC link capacitor (Cpc) 18 uF
Bulk capacitar charging duty ratio (Dz) {}.:_?
Minimum DC link voltage (Voo™ ) = 95 Vv
Maximum DC link voltage (Vg™ )= 373 v

-DC link capacitor(Cp): Using 2~3uF per output wattage

DC link voltage ripple

DC link voltage v VM
T VDCmin
—i Ty
D,=T,/T, r
={2-025 2

-Bulk capacitor charging duty ratio(D.): Doy is the DC link capacitor charging duty ratio, typical is 0.2

-Vpc™n= the minimum DC link voltage
-Vpcma*= the maximum DC link voltage

Adjusted Cp base-on output power, and considering V™" level.
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Determine Maximum duty ratio

3. Determine Maximum duty ratio (Dmax)

Cutput voltage reflected to primary (Vaq) 200 v

Maximum duty ratio for CCM at full loading{Dmay cem) = 0.456

Maximum duty ratio at full loading (D) 0.395 —=DCM operation
Max nominal MOSFET voltage (Vg""") = 453"V

-Output voltage reflected to primary(Vge): determine the turn ratio from Vo*(Np/Ns)

-Maximum duty ratio at full loading: D, ..m P€€n calculated by Vro/(Vdc_min+Vgg), you can
determine the maximum duty in your system.

-Maximum nominal MOSFET voltage(V"°™): MOSFET maximum voltage with spike by (V4. max +
VRO) B

Selected Vg, with proper range (recommend range: 70V~110V), and set D,,, to determine operation
mode with CCM or DCM. If D,,.,=D o cem» the operation will be CCM, otherwise will be DCM. Notice
the D,,,, would be smaller than 68%(Dy,,x min. value).
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Determine transformer Primary Inductance (Lm) -1

4. Determine transformer primary inductance (Lm)

-1
Switching frequency of FSL5x8 (f.) 100 kHz Ar e
Ripple factor (Kar) £ >ok I
S
Primary side inductance (Ly) = 743 uH Ugpe
Distribution of L., 5 % CCM operation : Kpp <1
Maximum peak drain current (lg,"*) = 0.551 A
RMS drain current {l,,™) = 0.18 A 7. ek
e -
Maximum DC link voltage in CCM (Vg ") = nyv s
-Switching frequency(fs): It follows the part you selected AT~ e
Y
KRF_ZIEDC

DCM operation : Kpp =1

-Ripple factor(Kgg): The ripple factor is defined by Kpp = AI/ZIEDC, where lo is the maximum output
current. For DCM operation, Kge= 1 and for CCM operation Kge< 1.

- When designing the flyback converter to operate in CCM, it is reasonable to set Kgr = 0.25 ~ 0.5 for
the universal input range and Kg = 0.4 ~ 0.8 for the European input range.

(V min D )2
. . . . . DC “max
-— . L =
Primary side inductance(Lm): Lm is obtained as m 2P, T Kap
,Dm min
-Maximum Drain peak current(l,."2): ;dspeak _ IEDC+%( where lepc = Vo min p Al = Yoo Pmax
DC "~ max Lmfs
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Determine transformer Primary Inductance (Lm) -2

4. Determine transformer primary inductance (Lm) o 1 7
Switching frequency of FSL5x8 (f.) 100 kHz e ‘
Ripple factor (Kar) 1 >0k P
Primary side inductance (Ly) = 743 uH Hepe
Distribution of L, G CCM operation : Ky <1
Maximum peak drain current {l5,"*") = 0.551 A
RMS drain current (lgs) = 018 A [

. | /s
Maximum DC link voltage in CCM {Vpe="%) = mav
Al —F—t Ime
- A
KRF*szDC
. rms _ 2 A 2 Dmax DCM operation : K, =1
-RMS drain current(l,™s): las = \/[3(1590) +(§]) J 3 v
-1
-Maximum DC link voltage in CCM(Vpc®M): v, M = [ L 1 ]
#2mespin VRO

Maximum DC link voltage in CCM(Vp:*M): The maximum input voltage guaranteeing CCM in the full
load condition.
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Choose the proper part considering input power and peak drain current

5. Choose the proper FPS considering the input power and current limit

Typical current limit of FEL5XE (1) 061 A
Minimum I y, considering tolerance of 7% 0.567 A = | 0.551 A
|, peak
-:’D.H.. dS

-Typical current limit of FSL5x8 (l_,,): The current limit is defined by selected part

- Minimum 1, considering tolerance of 7%: checking MOSFET maximum peak current(lP®3) is
below current limit(l, ;)

Part Number Current Limit (A)

FSL518H 0.46
FSL538H 0.66
FSL518A 0.61
FSL538A 0.86
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Determine the proper core and the minimum primary turns

6. Determine the proper core and the minimum primary turns

Maximum flux density (B...) 032°T
Zross sectional area of core (A 22 om?
Minimum primary turns (N, )= 69.1 T

-Maximum flux density(B,,,,): Bmax iS the maximum flux density in tesla. Since the
saturation flux density (Bgsr) decreases as the temperature goes high, the high
temperature characteristics should be considered. Use B, ,,=0.3~0.35T.

- Refer the 100°C behavior in B-H characteristics curve, Bg,r is around 390mT.

Recommended designing B, between 0.3~0.35T to have enough margin for
avoiding saturation.

Flux density B (mT)

-Cross sectional area of core(Ae): refer the manufacture core data book

- Minimum primary turns(N,mn): Np ™" = ;’”Iﬂ X 10% (turns)

satsle
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Determine the number of turns for each output - 1

7. Determine the number of turns for each output

Vain Vein # of turns
Vce (Use Voo start voltage) 13V 10.9 == 1
1st output for feedback 12 v 04 v 11 == MT
2nd output ov v 0.0 == 0T
Jrd output ov v 0.0 == 0T
4th output ov v 0.0 == 0oT
5th output ov v 0.0 == 0T
Gth output ov v 0.0 == 0T
WF : Forward voltage drop of rectifier diode Primary turns (Ny}= nrtT

—=enough turns

Ungapped AL value (AL) 1140 qHT?
Gap length (G} ; center pole gap = 0170603265 mm

-In Vg parameter, we determine the turn ratio(n) from Vgo= Vo(Np/Ns) where Np/Ns=n.
-Input Ns to satisfy the Np>Np™n (=>enough turns).
-Ve(n): Rectifier diode forward voltage on each output.

- Vce(Use Ve start voltage): input determine Vcc voltage and forward voltage of auxiliary winding
rectifier diode. Then get the Na of auxiliary winding turns.

-1st output for feedback: input the forward voltage of rectifier diode and turns.

_ Ne _ Vro N = Vo * Ve I N = Vee"* Via.
III-Ir - - S{n’] - ' S--" a V + v 51
NST V{;f +va VD.I;*'VFT of F1
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Determine the number of turns for each output - 2

7. Determine the number of turns for each output

Vo Ve # of turns
Vce (Use Ve start voltage) 13V 10,9 == 1"
1st output for feedback 12V 0.4 11 == n"T
2nd output av oy 0.0 == aT
3rd output ov v 0.0 == T
4th output ov o 0.0 == aT
5th output ov oy 0.0 == T
6th output ov v 0.0 == 07T
WF : Forward voltage drop of rectifier diode Primary turns (Np)= T

—=enough turns

Ungapped AL value (AL) 1140 nHT
Gap length (G} ; center pole gap = 0AT0E03265 mm

-Primary turns(Np): Primary turns recommended (the number of) primary winding turns at least.

|4 .
- When —£%- x Ng > N,min , €nough turns is showed.
V0+VF

-Un-gapped A value(A,): refer the manufacture core data book

-Gap length(G); center pole gap: calculated core gap length for transformer production, where A, is
the A, -value with no gap in nH/turns?. A, is the cross sectional area of the core. L, and N, are
obtained previously. 2

G = 401&49(“[—”—1]
\7000L, A,
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Determine the wire diameter for each winding

8. Determine the wire diameter for each winding

Diameter

Primary winding
Voo winding

1st output winding
2nd output winding
Jrd output winding
4th output winding
5th output winding
Gith output winding

022 mm
18 mm
05 mm
& mm

0 mm

& mm

& mm

& mm

1T
1T
2T
0T
0T
0T
0T
0T

DD DD

b D D D B |

4.85

3.7
#DIVID!
#DIVIO!
#DIVID!
#DIVID!
#DIVID!

-Input the wire diameter to check current density, typically less than 6-10A/mm?2is accept.

-Strand: input how many wires do you want to winding in each output.

-For higher output current, using parallel windings with multiple strands of thinner wire to minimize skin

effect.
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Judgment proper core size

Actual window area of core (A,) 3985 mmt
Copper area (A;) = £.29 mm*

Fill factor (K:) 0.2

Reguired window area (A,) 36.47 mm* >0.K.

-Required window area(A,,;) < Actual window area of core(A,,): Check the winding window area(A,,) is
enough to accommodate the wires.

-A,; Winding window area (mm?), refer core dimension to calculate it.

> Aw

-A.: Copper area (mm?2), calculate all copper wire diameter - [

-Fill factor(K¢): K¢ is the fill factor.
-typically is 0.2~0.25 for single output, 0.15~0.2 for multiple outputs.

| |
-A,,,- calculation result base-on selected copper wire, turns and strand numbers. I ( ; I A
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Choose the rectifier diode in the secondary side

9, Choose the rectifier diode in the secondary side

Voo diode 89
1st output diode a1
2nd output diode i
Jrd output diode 1]
4th output diode 1]
5th output diode 1]
Gth output diode 1]

C S Qg oS
>

max
Voe W * Ve

- Vce diode: Auxiliary winding diode is determined v, . = V) + v
RO

-1st output diode: output rectifier diode voltage rating is determined with

. .
rms |'T _Dmax VROKL(:}}

_ . g . . . . . f rms - .f' .
output rectifier diode current rating is determined with  /p(n ds | Dorax Vot * Vo)
P
) K — _oln) _ _
where K| is tm — p, P, is the n-th output power and P, is output power.

-The typical voltage and current margins for rectifier diode is Vggy > 1.3 * V), l¢ > 1.5 * I,y™®
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Determine the output capacitor

10. Determine the output capacitor

.

1st output capacitor 1000 uF © 250 mn 1310 A 0.891 V
2nd cutput capacitor uF mox A Vv
3rd output capacitor uF MM A v
4th output capacitor uF mox A v
5th output capacitor uF mox A Vv
Gth output capacitor uF maoe A v
_ _ _ | rms I.'IU rms 2_‘, 2
-output capacitor(C,,) is obtained: cap(m) = NUpwmy ) —lom)

where lo(n) is the load current of n-th output and ID(n)rms is obtained on last page.

peak
_ _ AV _ ’rofn}Dmax + fu’s VRDRC{H}KLM]
-The voltage ripple on the n-th output is o(n) Coimfs (Vorm * VE(ny)
where C,, is the capacitance, R, is the effective series resistance(ESR)
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Design RCD snubber for primary side

11. Design RCD snubber for primary side Drain

Frimary side leakage inductance (L) 15 uH

Maximum Yaoltage of snubber capacitor (W) 200V 0K

Maximum snubber capacitor voltage ripple 10" %%

Snubber resistor (Ry, )= 105.5 Koy

Snubber capacitor (Czp)= 0.9 nF

Power loss in snubber resistor (Pg,)= 04 w

Peak drain current at Voo™ (lasa) = 0.51 A DCM operation at Vlinemax
Max Voltage of Csn at Voo™ (Venal= 188 v

Max Voltage stress of MOSFET (Vg™ )= 862 Vv

-Primary side leakage inductance(L,,): input the measurement leakage inductance
-Maximum voltage of snubber capacitor(Vsn): 2~2.5 times of Vg

-Maximum snubber capacitor voltage ripple: 5~10% is reasonable

-Snubber resistor(Ry,,): V.2 / Pq,

(Vsn) 1
where FPsn = Rsn = Sfsbikllas

v I 2 2
peak];—’ SN _Veo+ (Vo) + 2R Lyf(14s2)

VS(?_ VRO VSJ'JQ - 2
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Vi
+
-~
—
Voltage Margin > 10% of BVdss|
i
Effect of stray inductance (5-10V)
VSII
Vro
BVdss
chma
ov-4v -+ __+ ] o
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Design snubber for secondary side

12. Design snubber for Qutput Diode

Cennp
Snubber for 1st output diode 1 uH B0 pF 128 0 150 pF
Snubber for 2nd output diode uH pF ] 0 pF
Snubber for 3rd output diode uH pF 0 0 pF
Snubber for 4th output diode uH pF 0 0 pF
Snubber for 5th output diode uH pF 0 0 pF
Snubber for Gth output diode LuH pF (9] 0 pF

-Snubber for 1st output diode: input leakage inductance of secondary winding and rectifier diode
junction capacitance.

- Calculate R, p and C,  for secondary side rectifier diode snubber.

Csn.D

Ryp (25xC
Cs o o)

(Junction Capacitance)

Renp = o
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Burst threshold adjustment - Enable LINE Detection

13. Burst threshold adjustment

Choose LINE pin connection type(4 or B) £ ->Burst threshold voltage setting by zener diode LINE detection+
Target of threshold Voltage for Entering Burst Mode{Veus.) 06V ">Please set 0.4,0.5,0r 0.6 burst adjustment by zener(4 modes)
External component connection for type A(Vz) .50 Vv VBULK
External component connection for type B{Rgyrsr) NIA Ko
Target of threshold Voltage for leaving Burst Mode(Vz =) 0.70 v —
Minimum peak drain current of each switching 0.1 A RNE o
Burst-mode Entering Power 0.216 W -
Line Detection
Enable/Disable VLINE (V) VBURHN BURL(V)
RLINE_lower .
124V <V, 0.5/0.4 —
Architecture A Enable 93V<V,<106V 0.6/0.5
V,<79V 0.7/0.6 =

-Choose LINE pin connection type(A or B):
A: Enable LINE detection

-Target of threshold voltage for entering Burst Mode(Vygz,): setting with 0.4V, 0.5V or 0.6V

-External Component(Zener diode) connection for type A: setting zener Vz
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Burst threshold adjustment - Disable Line Detection

Bl LT T _ Linear burst adjustment by resistor
Choose LIME pin connection type(A or B) A -=Burst threshold voltage setting by zener diode (3 modes)
Target of threshold Voltage for Entering Burst Mode(Ve =) 06V >Please set 0.4,0.5,0r 0.6
External component connection for type A(V:z) .50 Vv —
External component connection for type B{Rgyrsr) NIA Ko
Target of threshold Voltage for leaving Burst Mode(Vz =) 0.70 v
Minimum peak drain current of each switching 0.1 A LINE
Burst-mode Entering Power 0.216 W {
Line Detection
Enable/Disable VLINE (V) VBURHIVBURL(V)
0.9 V< lgyrst Reyrst <1.2 V 0.5/0.4 -
Architecture B i
renfiecture Disable AvgursTX (lsursT Raurst)+0.1
1.2 V < Igyrsx Rayrst <3.6 V . ! R
Av.gursTX (lgursT* Reurst)

-Choose LINE pin connection type(A or B):

B: Disable LINE detection

- External component connection for type B: setting Rgrst

- Minimum peak drain current of each switching:

- Burst-mode entering power: 1 |24 ?
T e el SV s )
' 2 4-0.6
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Line detection setting

14. LINE detection{Brown infout, line OVP)

Target of brown out AC voltage(Vacsosms) 6 Vac VBurk

Brown-out (BO) threshold voltage on LINE Pin{Vyyegc) 0.85 vV _
Brown-in (Bl) threshold voltage on LINE Pin{Vymeg) 1.00 vV RL/NE y

Line OVP threshold voltage on LINE Pin(V_e.ouw) 4.50 v SLla

Selected upper side resistor (Ryws_umer) 22‘M£?4 LINE r
Recommended LINE pin lower side resistor(Rume iowsr rec) 2022 Ko * L
Selected lower side resistor (Ryus jwer) 2{}@}{9

Recommended minimum LINE pin filter capacitor{Cpme ) m‘ nF —
Brown in AC voltge level(Vazz) 78 Vac RL/NE_Iower

Brown out AC voltge level{V o o) 67 Vac _
Line OVP AC voltge level{Var o owe) 4583 Vac

Maximum power loss on LINE sense resistors 6.3 mW =

-Target of brown-out AC voltage(Vc.g01or): iNPUt design target of brown-out voltage.

-Selected upper side resistor(R\e ypper): iNPUt upper divide resistor

-Recommended minimum LINE pin filter capacitor(C\e ¢): at least using 1nF to avoid interference on LINE pin.
-Maximum power loss on LINE sense resistors: Divide resistor power consumption on LINE pin.

Please select these dividing resistors upto 20Mega Ohm due to power loss of LINE sense resistors
consideration.
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Design feedback control loop(lsolation) - 1

15. Design Feedback control loop (Isolation)

Operation mode = DCM
Control-to-output DC gain = [i]
Control-to-output zero (wW;) = 4000 radis == f= 637 Hz
Control-to-output RHP zero (W= BHHHRRRE radis == f.,= FEFEFREEREERRE HI
Control-to-output pole (W)= 112 radis == fp= 18 Hz
-Determine the crossover frequency (fc). For CCM mode, set _
. e . 4048 A Light load
fc below 1/3 of right half plane zero to minimize the effect if % - "
the RHP zero. For DCM mode, fc can be placed at higher “la
frequency, since there is no RHP zero. 208 \ i \
-When add LC filter, the crossover frequency should be o | Heavy 1dad
placed below 1/3 of corner frequency of the LC filter. \ 7
20dB e
40dB
1Hz 10Hz 100H=z 1kH= 10kHz 100
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Design feedback control loop(lsolation) - 2

15. Design Feedback control loop {Isolation)

Operation mode = DCM
Control-to-output DC gain = [i]
Control-to-output zero (w;) = 4000 radis == f= 637 Hz
Control-to-output RHP zero (W)= TR rad/s =» f,= HEHHHHHAHEN He
Control-to-output pole (wg)= 112 rad/s == f,= 18 Hz

-Determine DC gain of the compensator (w,/w,.) to cancel

the control-to-output gain at fc o NN\ Lonl/g# gain T
\
-Place a compensator zero(f,.) around fc/3. %k
20 dB - o :
-Place a compensator pole(f,.) above 3fc — — e C{mpensatol
%, NN
0dB — -
Comtrol to outpyt \ ™~ ~
4 ~
20dB N
\. \\
AN
-40 dB
N
1H=z 10H=z 100H=z 1kHz 10kH=z 100kHz
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Design feedback control loop(lsolation) - 3

'
FSLS Vo Vor

Voltage divider resistar (Ry) 180.0 Koy — ST
Voltage divider resistor (Rs)= 474 KO COMP Ry l" ‘
Opto coupler diode resistor (Rp) 51 Kn bias
KA431 Bias resistor (Rygs) 51 Ko é i é Ryies
COMP pin capacitar (Cg) 1 nF RB“CB 1
COMP pin resistor (Rs) 100 Ko " B —”—WV— R
Feedback Capacitor (Cs) 6.8 nF v Shant . Cr Re !
Feedback resistor (R:) 1000 Ko | Regulator T
Feedback integrator gain (w,) = 15997 radis == f= 29541 Hz Rz
Compensator zero (W)= 125 radis =» for= 20 Hr 1 e
Compensator pole (wg.)= 10014 radis == fpe= 1,585 Hr = =

-For CCM operation, the control-to-output transfer function of flyback is:
. N
Vo1 _KXRL XVDc‘( P/N51). (1+S/WZ) (1_S/erz)

Gye =3
Veomp 2Vro + Vpc 1+ S/WP
1 R,(1—D?) (1+D)
VT Rl Wem— ; We=po -
c1to1 DL (N51/ R;Coq
m N

- Rg selection range is recommended from 60 kQ~100 kQ.
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Design feedback control loop(lsolation) - 4

s
Voltage divider resistor (Ry) 180.0 K0 ]
Voltage divider resistor (R)= 474 KO comp R libias
Opto coupler diode resistor (Rg) 51 K0
kA431 Bias resistor (Rasz:) 2.1 Koy 1 § ip é Ryias
COMP pin capacitor (Cs) 1 nF Rs |Cs 1:1 |
COMP pin resistor (Rs) 100 Ko B N e R,
\v4 CF F
Feedback Capacitar (C=) 6.8 nF Shunt w
Feedback resistor (R:) 1000 Ko — Regulator T
Feedback integrator gain (w,) = 15897 radis=> f= 2,547 H1 R;
Compensator Zero (W)= 125 radis=> = 20 Hz = =
Compensator pole (Wy)= 10014 radis == foe= 1,595 Hz
-For DCM operation, the control-to-output transfer function of flyback is:
A S
o Vo _ Vo1 (1 +°/ WZ) ) W 1 ” 2
Ve — & = : where Z= 5 =
Veomr  Vcomp (1 4 S/W ) Rc1Co1 P R,CoHy
. P . .
- The feedback compensation network transfer function is:
A S
1% W: (1 + ) 12
_comp _ Tt /WZC where W = Rp W.. = R, (1-D%) Wpe = 1
i = e
Vo1 S (1 + S/Wp) R1RpCoq “ (Rp + Ry)Cp "¢ RpCy
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Design feedback control loop(non-lsolation)

16. Design Feedback control loop (Non-solation)

COMP pin capacitor (Cgz) 22 nF
COMP pin resistor (Re) 260 K0
COMP pin capacitor (Caz) 047 nF
Feedback integrator gain (wy) = 2781 radis=» fo= 443 Hz
Compensator Zero (W)= 126 radis =» for= 20 Hz
Compensator pole (Wpe)= 6036 radis == Toer= 961 Hr

-The feedback compensation network transfer function is:

Peome Wi (1+5/w,,)  Where wy= (G RJ(Ry*R,) / (Cgz#Cag) *10°
2 (1 +5/ ) W,o= 1/ (CgatRgs) *10°
Wec Woer= (1/Rg,)*(1/Cgy+1/Cqy) *106
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