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Define the system specification

(irooucTion MSEEM (ster: [ sters [ sters  (JETERGD [ STEPS
m

- (1) STEP-1 : Define the system specifications

- Line voltage range (Vin™ and Vin:"}.

- Line frequency (. ).

- Maximum output power (Py).

- Estimated efficiency (E< ) : It is required to esfimate the power
conversion efficiency in order to calculate the maximum input power. If
no reference data is available, set Ex = 0.7-0.75 for low voltage output
applications and Exr= 0.8~0.85 for high voltage output applications. In the
case of Color TV applications, the typical efficiency is 80~83%.
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Input Parameters. .
Minimum Line voltage (Viine™ ") IIEEH V Line Frequency [N Hz
Maximum Line voltage (Viine™) IV Estimated efficiency [IlEEN %

1 oulput
2 oulpuls
3 oulpuls

B .

Qutput Parameters
1st 2nd 3rd 4th

PolW) HEFH EEF1 EF1 EEF1
keot%) IIEN TN EEIN BT

Maximum output power (Po) [IEE]W  Maximum input power (Pin) [IETEH W
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Determine DC link capacitor (Coc) and the DC link voltage range.
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(2) STEP-2 : Determine DC link capacitor (CDC) and the DC link voltage
range.

It is typical to select the DC link capacitor as 2-3uF per watt of input
power for universal input range (85-265Vrms) and 1uF per watt of input
power for European input range (195V-265Vrms). With the DC link
capacitor chosen, the minimum DC link voltage is obtained as

Vo = |2 g . _Pin (1-DCH) @[
DC link voltage ripple
DC link voltage ¥
)
Til—
§ T
Da=Ti/ Tz = |

=0.2-0.25

Figure 3. DC Link Voltage Waweform
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Input Parameters

DC link Capacitor (Coc) [EEN wF [

Qutput Parameters

Minimum DC link voltage (voc™") [IIETH v
Maximum DC link voltage {Voc™) v
Maximum DC link voltage ripple [IEENV
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Determine the reflected output voltage (Vao)
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(3) STEP-3 : Determine the reflected output voltage (Veo)

Figure 4 shows the typical waveforms of the drain voltage of Quasi- ———— Input Parameters.
resonant flyback converter. When the MOSFET is turned off, the DG link

voltage (Vo) together with the output voltage reflected to the primary

(Vo) are imposed on the MOSFET and the maximum nominal voltage ‘Output voltage reflected to primary
across MOSFET (V") is given as Vac)

nom = max 4
Vg Vie! Vro (5) = ———— Output Parameters

Maximum nominal MOSFET voltage (Vos™™)
501

Wgrm [ L (W Sabli

v

Figure 4. The typical waveform of MOSFET drain voltage
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Determine the transformer primary inductance (Lm)
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(4) STEP-4 : Determine the primary side i (Lm) - ———— Input Parameters.

Figure 5 shows the typical waveforms of MOSFET drain current,
secondary diode cument and the MOSFET drain voltage of a Quasi-
resonant converter. During Tozr , the curent flows through the secondary
side rectifier diode and the MOSFET drain voltage is clamped at (Vac
+Wka). When the secondary side current reduces to zero, the drain voltage
begins to drop by the resonance between the effective output capacitor of
the MOSFET and the primary side inductance (Lr).

In order to minimize the switching loss, the FSCQ-series is designed to tur

MOSEET ) I -

Minimum Switching frequency {fs"'i") m KHz

Drain voltage falling time(Tr) [HIFEH »S

Qutput Parameters
Maximum Duty cycle (Dw) [T

lds Primary side inductance (Lm) BTN uH
|‘/ ||/ Maximum peak drain current (IgsP¢*) T A
| ' i ' RMS drain current (lgs™>) A
ot | |
| | |
| |
vk ! i i |
vds| | e b I-= Voc + Vro
| | Va‘o\ |
| T, Y I Figure 5. Typical waveforms
! Vic| Ve \ of Quasi-resonant converter
| - —T————l——Vbc—VRn
"
Tow Toer  Tr
J L
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Choose the proper FPS considering input power and peak drain current

(DINTRODUGTIONN ~sTEP1 | STEP2 | STEP3 [ STEP4 B (srers (srerr (FSTEPEY ( sTera [sTEPi0 (‘STEPi1 (ISTERIZ) (TSTERI3) (STEP141 [STEP142
m
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— — Initial P: i
{5) STEP-5 : Choose the proper FPS considering input power and "_' a aram.e ersak
peak drain current Maximum peak drain current (IgsP***) JIETTH A

With the resulting maximum peak drain current of the MOSFET (ls"%) Input Parameters
from equation (7), choose the proper FPS whose the pulse-by-pulse
- o e

FPS™ Typical current
[N FSCON765RT ()]

OQutput Parameters

Minimum ILIm considering tolerance of 1

ACDC Green
g Mot
Application Adjust | limil
Flyback Self Powered
EForward Low Stoy Power
W Pin makmwy M Protection Mode | selected [
@W’ dF~open frame & [ - £ devices
Devios ”"‘\@:‘ﬁé ?“"'W‘t‘"" P "“«5’;@‘\'@ o ‘ﬂ%ﬂ #9@/ |
; c \RE o e o 0% o Paciage
Ya Ya | va | wva ]l va ]l va | wva | wva ]l va |l va | vall va | va YA |
FRCONTRART Yo R | & || 1| ORC | TR | AR [ lawh | AR | lach | ¥ TOIAFAL
FROO1IRART o RN | T | | 0 | oRC | NG | AR [ larh | MR lmck | ¥ TOIMFAL
FROO15RARP Yo RSN | MA | 20| AN | ORC | RS | AR | lach | AR | lach | Y TOIPFTI
FaCOTARART Yo RN | R | N | 230 | ORC | MRS | AR | lawh | AR | lach | ¥ TOIAFAL
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Determine the proper core and the minimum primary turns
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- . a Input Parameters.
(6) STEP-6 : Determine the proper core and the minimum primary — 7 Maxfux density .
turns. density (Bsat) [ 0.38 | swing (AB) [ 0.20 ]
Table 2 shows the commonly used cores for C-TV application for different L J
autput powers. With the chosen core, the minimum number of tumns for the
transformer primary side to avoid the core saturation in normal operafion is

Output Parameters

given by Cross sectional area of core (Ae) TN mm2
Minimum primary turns le'"i") | 64 N
L lgsPea*
M= 108 (ums) (10)
[
7§C
. [pestic Core - — |_[eore
Q’ | Enler your = 100°C
pararmalars o
— -
= Aw Core AI(nHT?) Ae  Aw F I' e i |
1 § 20 Curves typical
EER® MM 19 Ehal Waeril PLAD
Selected window area J o
 HC= o .,

N w00 1800
Magnetic field H (Aim)
Figure 7. Typical B-H characteristics of ferrite core TOK PC40

Figure 6. Window area and

cross seclional area Table2. Core quick selection table
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Determine the number of turns for each output.

.

(DiNTRGOUCTION))  sTep1 [ stepz | steps (sters (JETEREN) [ sters WELEEM (JSTERE) (sTErs [STEPID (STEPTT ([STERIZ) (STERIS) (STEP14T (STEPI4Z
m
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Initial Parameters

- Minimum primary turns {Npm n
(7) STEP-7 : Determine the number of turns for each output and Vee H

auxiliary circuit

Qutputs Vo[n) Vv
Figure 8 shows the simplified diagram of the transformer. It is assumed Outputs lojn) A
that Va1 is the reference output that is regulated by the feedback control in
normal operation. It is also assumed that linear regulalor is connected to
Vaz to supply a stable voltage for MCU. IziFaa=ts
First, calculate the tums ratio (n) between the primary winding and
reference output (Vo ) winding as a reference. diodeDa  1st 2nd 3rd 4th

A Ve v IR EEE IEl E E

Choose # of turns e ——
for 1st output m I

Products Vegu{V) IF(A) VF(V) TninS) Package Output Parameters

UF4001 50 1 1[5 Dot [=

UF4D0Z_ | 100 1 [HE Do e () T2
e = 50 = ; Ungapped AL value (AL) XTI nHIT
UF4004 400 1 [HE] DO+ Va st

UF4005 | 600 1 17 [ 5 DO-4 #of turns t [IECD

UFaD06_ | 800 1 17 |50 Dot | vgnomal 125 [ 2043 |

- % error
(&) ira Fast Recovery Diode )

Table2. Fairchild diode quick selection teble Gap length (G); center pole gap EIEEFH mm Primary turns (Np) [N t

Stby mode ——— Vec drop resistor calculations
VoStBY 3 NG ey 0.365 | lop I mA  1cc IEN mA atfs IEDN KHz
Ciss T pF  Rec MEFEH Ko must be < 219K
I
v: KAV P= BESE W FAIRCHILD

SEMICONDUCTOR

@| 2|7 |2 >0 1

Figure 8. Simplified diagram yaSthy 13 W
of the transformer
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ETDEED orctypical fps Design Assistant for Off-line Quasi-resonant converter using FSCQ-series Fairchild Power Switch (FPS™ [ e |

Determine the startup re

(DiNTRODUGTIONN ~sTEP1 | sterz | sters [ sTers (JSHERSH | STEPs [ STEPT STEPY (STEPI0 (STEP1 [(JSTEPIZ) (JSTEPIS) (STEP141 [STEP142
m
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Design Assistant
. . B —————— Input Parameters.
(8) STEP-8 : Determine the startup resistor :
Maximum startup current of FPS (lstart) |50 T
Figure 11 shows the typical circuit of Vec winding for FSCQ-series. Startup resistor (Rstr} (mustbe < 620¢ ) [T K
Initially, FPS consumes only startup current (max 50uA) before it begins ) y .
switching. Therefore, the current supplied through the startup resistor (Rs) Effective Ve capacitor (Ce) [HEETH
can charge the capacltors Ca and Caz while supplying startup current to
FPS. When Voo reaches start vollage of 15V (VSTART), FPS begins — Output Parameters ———————
swilching, and the current consumed by FPS increases. Then, the current Maximum dissipation in startup resistor [JEEFR mW
required by FPS is supplied from the transformer auwiliary winding. (at Viine™™* = 2650 )
= Maximum startup time (Tst™) [JEEN S

{atVine™" = &

AC line

Figure 11. Startup resistor and Vee auxiliary circuit —
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SEMICONDUCTOR

QJ’EFIS' - NE] ”I‘ﬁ SMPS Design Tackt 1.4 9] 30384 1 - Microsoft word @| @%@ 3/ e




MPS Design Toolkit 1.4

Magnetics Overview, AC-DC Topologies PWM Controllers FPS Portfolio FPS F‘Vh?Ck
Design Assistant

gretypical fps Design Assistant for Off-line Quasi-resonant converter using FSCQ-series Fairchild Power Switch (FPS™:

Determine the wire & for each winding based on the rms current of each output

(DiNTRODUGTIONN ~sTEP1 | sTErz | sters [ sTer4 (JSHERSH | STEPS

.
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(9) STEP-9 : Determine the wire diameter for each winding based on . ———————— nitial Parameters
the RMS current of each output. Qutputs Von)
Primary  Vee 1st 2nd

The RMS current of the n-th secondary winding is oblained as [\ [ 125 24 |
#of ums(t) IIEEH IIFTH TN EEN

Input Parameters
1 TS = | TS 1 - Drnax Vro . KL("] Evine.3
oo™ = s \/7 T (25) Windng Ve st Znd 3
max wire Gl Il ITER

| 058 040 04]
sands K NH RN NN EREY
Fill factor (Kr) [ITFN

Qutput Parameters
Wlnaaw Vi 2nd 3rd dth
C AlNHT A A Inding cC 4l
m h) O L0 1230 04§ 084

EER35 MM 10

3.27

Required window area (Ayr) |m mm?

| 5.53 |
| 2.75 |
Selected window area J
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m

Choose the proper rectifier diode in the secondary side based on the voltage and current ratings

Design Assistant

- . - Initial Parameters
(10) STEP-10 : Choose the proper rectifier diode in the secon-dary Vee di el 2 sth
side based on the voltage and current ratings. y V) 125 N 2a.4z 1852 | 126 |
18 29
The maximum reverse voltage and the rms current of the rectifier diode
(Driey) of the n-th output are obtained, respectively as ———————————— Input Parameters
‘ GURUN 12l 12l 12l 12l 12
Vg™ (Vo + Vi
VD(n] = Vn(n] + gl RALIE \(’,R;m) il (ZT’ ———————— Output Parameters

1st
= Von) (v

Ipn)™ (A)
Fd (W)

Fairchild diode references
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Design Assistant for Off-line Quasi-resonant converter using FSCQ-series Fairchild Power Switch (FPS™

Determine the output capacitor considering the voitage and current ripple.

(DiNTRODUGTIONN ~sTEP1 | sterz | stera [ sTeps (JBHERSH ( STEPs [ sTEP7 [(ISTEPEN  STEPS [ STEPTD Sieri2) (JSTEPTS) (STEP141 [STEPI142
n m

.

W Primary side [FPS™ [ Annex crcuits [l Transiormer [l Secondary side [l Compensation

Design Assistant

(11) STEP-11 : Determine the output capacitor considering the = B ————— T B

voltage and current ripple. {Output 125 24 18 12
1st 2nd 3rd dth

Output Capacitor(F) TN MIITH EIITH EIIIN
EE EE Ed ES

ESR Output Capacitor(m¢) IEITH [IEICH MEITH IETTH

The ripple current of the n-th output capacitor (Coj) is obtained as

leapin™ = 4 {log™)? - logei? (31)

hara |... ic the lnad rurrent Af the n.th sutrot and le.™ is enecifisd in |7

Qutput Parameters
1st 2nd 3rd dth
Capacitor ripple current (A) [E G IR EEER
Capacitor ripple voltage(V) IIEXH [LEN EEEN XN
orripple voltage(®%) 03 12 17 443
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Design the synchronization network

(DiNTRODUGTIONN ~sTEP1 | sterz | sters [ sTep4 (JEERSH ( STEPs [ STEPT (ISTEPE) ( STEPS [ STEP1D [ STEPH STEP13) (STEP141 [STEP142
n m

.
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Design Assistant
- Input Parameters. ‘Output Parameters
{12) STEP-12 : Design the synchronization network. Rsy2 Ky
. o~ ) | | Output Capacitance (cr) TN nF
FSCQ-series employs a Quasi-resonant switching technigue fo minimize utput Capacitance (Cr
the switching noise and loss. In this technique, a capacitor (C-) is added Sync capacitor (Csy) [IEETH nF

between the MOSFET drain and source as shown in Figure 12, The basic
waveforms of a Quasi-resonant converter are shown in Figure 13. The
external capacitor lowers the rising slope of drain voltage and therefore
reduces the EMI caused by the MOSFET tum-cff. In crder to minimize the
MOS-FET switching loss, the MOSFET should be turned on when the
drain voltage reaches its minimum value as shown in Figure 13.

Np Mst

FSCQ-series Lm

HMFZ.SV

b b - - | - - Ve (1Y)
s | Ve[ = = m e = = — - Yegnc™
|

Figure 13. Synchronization

waveforms 2
T T
co Ta
| | |
Y
| I |
; t }
MOSFET Gale | |
i on | | OoN I

Figure 12. Synchronization circuit
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Design Assistant for Off-line Quasi-resonant converter using FSCQ-series Fairchild Power Switch (FPS™

Design voltage drop for the burst operation

(DiNTRODUGTIONN ~sTEP1 | sterz | sters [ srers (JBNERSN | STEPs | STEP7 [(ISTEPEN ( STEP [ STEPM0 (STEPI1 [[STEPIZ EED e (e
n m

.

W Primary side [FPS™ [ Annex crcuits [l Transiormer [l Secondary side [l Compensation

Design Assistant
- — - ~ Initial Parameters ————— Qutput Parameters
(13) STEP-13 : Design voltage drop circuit for the burst operation. Vo2 in standby mode (Vo2SY) v I lanar [rmm— ;1

In order to minimize the power consumption in the standby mode, FSCQ-
series employs burst operation. Once FPS enters into burst mode, all the
output voltages and effective switching frequencies are reduced. Figure 14
shows the typical output voltage drop circuit for C-TV applications.

Under normal operation, the picture on signal is applied and the transistor
Qi is tumed on, which de-couples Ra , D: and Dy from the feedback
network. Therefore, only Ve is regulated by the feedback circuit in normal
operation and is determined as

[
Vo2
ramatf Vg
Lingar regulator Wicom Vogromarl Va2 < ¢t f
VFB RD Rbias k DZ (Vz) Vgt |V
re I N S N S
w ¥ CF RE 4—\;:)1 (8+) s Ves
—Il—m—l R1
i o m
KA431

L =
R Iés
2] I

Normal mode +—» Standby mode

Figure 14. Typical feedback circuit to drop output voltage in standby mode Figure 15. burst operation wavefor
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Design the Reference shunt / Opto-coupler DC supply

(DiNTRODUGTIONN ~sTEP1 | sterz | sters [ srers (JBHERSH | STEPs | STEP7 [(ISTEPEN | STEP [ STEPM0 (STEPI1 ([STEPIZ) ([STEPIS (sTeP 141 frvrem
n m

.
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Design Assistant

. P A Input Parameters ——
When determining the feedback circuit component, there are some .

. is 1 bigs resé
restrictions as follows. Opto coupler resistor KA431 bias resistor

ROETE k2  Roias [IETH ko

(a) The voltage divider network of R 1 and R 2 should be designed to Voltage divider resistors  Feedback resistor

provide 2.5V to the reference pin of the KA431. RIIEITN ko [ rF EDD ko
The relationship between R 1 and R 2 is given as rl 204 5] Feechack pin capacitor
[ce nF
25 R1 Feedback capacitor
R2= ———— 371
Vol 25 (37-1) 7 NP ¥

" He 10KHz  100KHz
—e— Control 15 oulpul
—=— Compensaior
S — .
QOutput Parameters
Control-to-ouput DC gain
Controbo-output zero [IIETEN Hz
Control-to-output RHP zero IFAIEEN Hz
Control-te-output pole I
Feedback integrator gain () [ECH Hz
Feedback zero (fz) [IREEA vz
Feedback pole (fp) EECEN Hz

S Ved=1X

3
MOSTET current L]

Figure 12 Control Block Diagram
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ETDEED orctypical fps Design Assistant for Off-line Quasi-resonant converter using FSCQ-series Fairchild Power Switch (FPS™ [ e |
Design the feedback loop

(JSTERSD ( sters (stepr  (USTERED  sTEPe (STEPT [STEPN ([STEPIZ) (ISTEPIE) (STEP14-1 BEIE series (stepias (sTepies (DESIGN SUMMARY
bl J

W Primary side [FPS™ [ Annex crcuits [l Transiormer [l Secondary side [l Compensation

Design Assistant '

* Input P; 4
Since FSCQ-series employs current mode control as shown in figure 16, H B T

the feedback loop can be simply imple-mented with @ one-pole and one- EEE o ko] LE I
2zero compensation circuit. ROMETH ko Roias TN K

The current con-trol factor of FPS, K is defined as Voltage divider resistors  Feedback resistor
R ko [0 rF IEEN ko
RZIFXYN KQ  Feedhack pin capacitor

[ce nf
ka |L|M Feedback capaciter
K= —-= (38) F PN o
VFE  VFBsat [+] ‘ 1KHz 10KHz 100K
—a— Control 16 oulpul
—=— Compensaior
—e— Compensalied
S Yod=1Y QOutput Parameters
S Vels v Control-to-ouput DC gain

Q Vo2 =MV Control-to-output zero | 15915 |73

Control-to-output RHP zero IFAIEEN Hz

Vol =125V
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Feedback integrator gain () [ECH Hz
Feedback zero (fz) [IREEA vz
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Figure 12 Control Block Diagram
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Figure 17 shows the variation of a Quasi-resonani flyback converter i o
control-to-output transfer function for different input voltages. This figure EEE o ko] LE I
shows the system poles and zeros together with the DC gain change for ROMEETH ko Roias [T Ko
different input voltages. The gain is highest at the high input voltage Voltage divider resistors  Feedback resistor
condition and the RHP zero is lowest at the low input voltage condition. R1IEITH ko O RF IE ko

RZIFXYN KQ  Feedhack pin capacitor
[es nF
Feedback capacitor
F N oF
‘. Hz 10KHz 100Kz
—a— Control 16 oulpul
—s— Compensaisr
4008 'fp - .
2048 Qutput Parameters
f-p\ High inp veltage Control-to-ouput DC gain
nda ] . Controbo-output zero [IIETEN Hz
Low |nput voltage z Control-to-output RHP zero IFATEEN Hz
-20d8 - = f Control-te-output pole I
fz frZ rz Feedback integrator gain (fi) [TECN Hz
-40dB Feedback zero (fz) [IREEA vz
1Hz 10Hz  100Hz KMz 10KHz  100KHz Feedback pole (fo) IEEEEN 1z

Figure 17. QR flyback converter control-to-output transfer funclion variation for different input vollages
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Figure 18 shows the variation of a Quasi-resonani flyback converter
control-to-output transfer function for different loads. This figure shows EEE o ko] LE I
that the gain between f, and f: does not change for different loads and the ROMEETH ko Roias [T Ko
RHP zero is lowest at the full load condition. Voltage divider resistors  Feedback resistor
RIIEITN ko [ rF EDD ko
RZIFXYN KQ  Feedhack pin capacitor
o[=:] nF
Feedback capacitor
F IFFN oF
‘. 1KHz 10KHz 100Kz
f —a— Control 16 oulpul
n |l ight lnad —e— Compensaled
40 4B 3 S
2048 b Output Parameters
f
\ P r Control-to-ouput DC gain
nda Hedrtoad— ™ Controbo-output zero [IIETEN Hz
\ 1 A Control-to-output RHP zero IFAIEEN Hz
-20d8 f f f Control-te-output pole I
2 n Led Feedback integrator gain () [ECH Hz
-40dB Feedback zero (fz) [IREEA vz
1Hz 10Hz  00Hz TKHz 10Kz 100KHz Feedback pole (fp) INCECEN Hz -

Figure 18. QR flyback converter controk-te-output transfer funclion variation for different loads
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The feedback compensation network transfer function of Figure 16 is ob- .
tained as Opta coupler resistor KA431 bias resistor
ROETE k2  Roias [IETH ko
~ Voltage divider resistors Feedback resistor
VFB w (14siwz) R1IEITH ko O RF IE ko
o= o =, ) (40) :
ve= = R2ZIFYTH KQ  Feedback pin capacitor
Vo1 s 1+liwpe o[=:] nF
where Feedback capaciter
Re 1 1 F IEEN oF
wi= Wzc= Wpc= ———— PE—
R1Rn CE (RE+R1CE*° ReCa [+ ‘ e Yokhe  100e
—a— Control 16 oulpul
—s— Compensaisr
4008 Looprgaint - .
2068 f T f,JL Qutput Parameters -
if Compensator Controk-to-ouput DC gain
od8 f— T i Controbo-output zero [IIETEN Hz
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Figure 18. Compensator design
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« High efficiency (>80% at 85Vsc input)
« Wider load range through the extended quasi-
resonant operalion

+ Low standby mode power consumption (<1W)
* Low component count P Drain
+ Enhanced system reliability through various smr B = &
protection functions CB r r
+ Intenal soft-start (20ms) ; GND
Key Design Notes Vene | vee 1 N
+ 24V output is designed to drop to around 8V in '
standby mode Fee , Da
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Figure 17. The final schematic of the QR converter Ic3 3K J2
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