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The Classical Way with a Flyback

 Flyback converters suffer from the over power phenomenon

*» The transmitted power at high line is greater than that at low line
* A known way to overcome this issue is to offset the current sense
** The peak current is reduced and it helps in DCM and CCM
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The Forward Converter

J Forward converters may behave differently
** The primary-side current is made of the reflected i; and i,
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Primary-Side Current

The reflected output inductor current and the magnetizing current sum up
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Primary Current when Current Limit is Active

S _ VinLL S _ VinHL _ N VinLL _ Vout _ N VinHL B Vout
maglLL ~— L magHL — I onlLl — onHL —
mag mag Ll L1
Mag current on-slopes Secondary current on-slopes

t

P J/_ IpeakM

]peak /

Sp

Valley —~

3/11/2020

Public Information
Christophe Basso - OPP with Forward

ON Semiconductor® ﬁN



The MOSFET Current Primary Slope

It is the sum of the reflected output inductor current up slope with the mag. current slope:

Spur = Smagrr T NSonmr Sprr =95

p magLL + NS onLL

The output current can be computed from the total primary current I

<1 peakM - |
The equation to solve is:
]ma
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The Output Current when the Limit is Reached

21 peakMLL ~— D LL \) pLL Tsw -1 magLL 7 _ 21 peakMHL ~— D HL \) pHL Tsw —1 magHL
IN outHL N

The final peak value is thus: 1 ,eurr, =L pearmiir + S prrty L peaktie = L pearmsar, TS puit

I outLL, —

— <«
T Vi / ~ V onax Vopp offset
wi peakMLL — R peakMHL — R
sense sense

Develop and rearrange:

2|: Vmax n L VinLL n NVinLLL_ Vout NJ tp ] _ DLL {VinLL 4 NVinLL — Vout N] _ LVm DLLTsw

Rionse  \ Linag Linag . s
I =
outLL 2N
Viax ~Vopp (Vi NV, .o —V, Vi, . NViuri, =V, Vi
) a pp + inHL + inHL out Nt |- DHL inHL + inHL out N |=_—in DHL Ts y
Rsense Lmag L ’ Lmag . Lmag
A =
outHL 2N

LL = low line HL = high line
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Subtract both Results to get Al

Prop
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The magnetizing current
proportionally increases
15 the output error between
AL, (A) hi- and lo-line conditions.
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How Much OPP Offset?

Solve the ¥, value which brings a 0-A A7,

ALy (Vipp ) =0
Rsepse |:VinHL (2thp + 2LmagN2tp - 2DHLLIT:VW - DHLLmagNZJ;w) + I/;‘nLL (2DLLLl];w - 2LmagN2tp - 2thp + DLLLmagsztvw ) + LmagNTsonut (DHL - DLL ):|
V =
o 200 L,

Let’'s see some numerical application now. We consider a 10-A forward converter

operating at a 100-kHz switching frequency - V,,,, = O:

F., =100kHz R =35mQ

sense I, =1433 A
Lmag =80 uH Vionse = 0.4V
[outHL == 14.8 A
L =5uH v, =5V
t,=213nsV,, =0V

Public Information - [
3/11/2020 ON Semiconductor® QN

Christophe Basso - OPP with Forward




Adding an Offset on the CS Pin

By injecting the exact amount of OPP on the CS pin, the LL-HL error disappears

=10.54 mV

VOPP
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The Error Depends on the Prop. Delay

The propagation delay plays a role in the current difference and too fast a
controller can reverse the difference polarity.
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Simulation File

Simulation circuit for a 36-72-V input voltage range

lout
X5 Vrect
XFMR L4 R7
Sy RATIO=06 D3 50 1u +
t’ ‘g 5 {>I O — VWV e NVout
ce R1 | [C Scout
56n % u 3¢ —1.2m
—_— ILout IC=438
14 Zk D2 @ I
26 3
R12
fa2 § 566 v Lmag § Resr
X1 80u 35 10m
c4
[ PWMVM Imag>-CD>
4 — <
cs  906p DUTYMAX = 0.45 1
6.7In R10 IMAX = 400m drv d —
+yip [T IY5\|<\' W out T - §,2:NR
<> 72 FB GND X3 J_ RATIO=-1
| vax \ —> \ psw1 ﬁlm HT/—L: ﬂ—/HT 5V/10 A
5 [¢ '
Leak 3G nominal
Vsense —VW— d 11C
P |
Ra R14 Vdrain T ~ren
1K . 8 2
§ 13.2k Auxiliary
A cr
= 213 § Rsense leakage
TI‘IZp 0.035 /\D5 ; 213
prop = ns

Public Information - [
12 3/11/2020 ON Semiconductor® qN

Christophe Basso - OPP with Forward




Simulation Results High Line
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Simulation Results

In this case, the maximum output current is larger in HL than in LL
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Inject the Exact OPP Level

Calculations recommend a Vpp 0f 10.54 mV - 10.54 pA into the 1-k resistance

16
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Compensated Case

In this compensated case, the current capability LL and HL is identical
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A Fast Controller - No OPP

In this faster controller case, the current capability LL is larger than in HL

Compensation would
consist of adding some
time constant via the LEB
RC filter on the CS pin.
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The Active Clamp Case

In a ACF, the situation differs as the mag. current is centered around O at steady-state.
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The Average Magnetizing Current is O

In the current expression we have derived, set /,,,, to O and solve for /.
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Output Current Definition
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A 30-A Active Clamp Forward Converter

We consider a 30-A active clamp forward converter operating at a 500-kHz
switching frequency:

Low-line is higher than HL!

F. =500kHz R =60mQ |

Lmag =50uH V:Yense =04V L0 =35A
I =33.75A

Ll =0.5 “H Vout =33V outHL

t,=35nsV,, =0V
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Simulation Schematic - Part |
This ACF operates a 500-kHz switching frequency
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Simulation Schematic - Part |l

The ACF requires some dead time between the
drives to ensure near-ZVS operation.
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Simulation Results High Line
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Simulation Results Low Line
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Check Propagation Delay versus |,

You can make the controller slightly slower to match LL and HL output currents

2
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ACF with Compensated Prop. Delay
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Compensated Converter

29

Maximum current trip points are now almost identical after compensation
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Low-Line Waveforms

In low-line conditions, the smaller 7, limits the inductor demagnetization time
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High-Line Waveforms

In high-line conditions, the larger ¢, induces a lower inductor valley current
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After Compensation - ¢

The large propagation delay slightly affects the peak at low line

Ip ~ 38.6 A Current limit operation

440 | .

40.0 ll(t) l
360 PN N N N N N AN N 1, =36A
Vs AV AR VARV Ve VA Ve OV VY

32.0
260 L7 k3314

VRV VIV VR VY

7.00
5.00 [‘

(V) 3.00
1.00

-1.00 VDRV (t )
2.929m 2.932m 2.936m 2.939m 2.943m

Public Information

- ® |
32 3/11/2020 Christophe Basso - OPP with Forward ON Semiconductor ﬂ )



After Compensation - ¢

The larger propagation delay affects the peak at high line

1 ~415A Current limit operation
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Protection Feature of NCP1565/66

NCP1565/66 include an average output current calculation in the primary side:
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Waveforms at Low and High Line

35

The ripple slopes slightly change with the different duty ratios at LL and HL

7.00
5.00
3.00
1.00
-1.00

3/11/2020

3.34
3.32
3.30
3.28
3.26

308m
306m
304m
302m
300m

6.00
4.00
2.00
0
-2.00

QX X

IR L
AV

N

N NN

A

A\

A

AN A Y

\X/ X/ X/ X/ w\X/
LL

HL

10.00m 10.00m 10.00m 10.01m 10.01m

Christophe Basso - OPP with Forward

Public Information

‘but(t)

Vg (2)

vpry (£)

ON Semiconductor® ﬁN




Fault Condition

SPICE does not predict a change in the trip point between low- and high-line conditions
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The overpower phenomenon is a classic in dc-dc switching converters: the power
delivered at high line exceeds that delivered at low line.

In a forward converter, the reduction in the duty ratio happens when increasing the input
voltage brings a decrease of the output inductor valley current. In this mode, the peak
remains more or less constant in current-limit mode (slight overshoot in high line due to
propagation delay). The average inductor current therefore reduces in high line while it
can be larger in low line considering a short t ..

For controllers exhibiting a fast propagation delay, it is very likely that the maximum
output current at low line be larger than that of high line. In this case, a small capacitor
can purposely degrade the propagation delay and both maximum HL and LL currents
match. With slower controllers where |, ., < |,y 1, it iS possible to slightly offset the CS
pin at high line as in the flyback case.

Thank you to Patrick Wang (Taipei) for having brought this problem to my attention. |
have also appreciated technical exchanges with Joél Turchi (Toulouse).
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