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1. Introduction

The CoolSET ICE2B265 is an integrated pulse width modulator with built in CoolMOS. It is an
inexpensive controller combined with the CoolMOS power switch with which designers can
obtain all the stringent requirements imposed on the present modern Switched Mode Power
Supply (SMPS) like very low standby power, few external components count and minimized
PCB size. This application note provides beside functional description of the ICE2B265, it
presents also the design of simple low cost and high efficient 30W Flyback SMPS circuit.

2. Block Diagram
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Fig.1. Block diagram of ICE2B265P
The control section of the CoolSET Softstart, the Improved Current Mode, the
provides several special enhancements to Current Limiting, the Standby and the
satisfy the needs for low power standby Protection Unit. The Standby Unit enables
and protection features. It consists of 5 the frequency reduction to lower the power
main units, the Power Management, the consumption in standby mode. The

C Output
Vour
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frequency reduction is limited to 21kHz to
avoid audible noise. In case of failure
modes like open loop, overvoltage or
overload due to short circuit the device
switches into Auto Restart Mode, which is
control by the Protection Unit. With the
patented Propagation Delay
Compensation circuit integrated in the
Current Limiting Unit, the peak current
limitation can be controlled precisely. It
leads to more cost efficient dimension of
the transformer and the secondary diode.

3. Power Management

Main Line (100V-380V)
RS(an—UD
[
|

Primary Winding

o
vce =
O ——————— .
Power Management
Undervoltage Internal
Lockout Bias
J]—13.5V
8.5V
— 1 Power-Down —O 6.5V
Reset —O 5.3V
Voltage
O 4.8V
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— Power-Up O 4.0V
[ Reset
R Q
™ PWM-Latch
I 6.5V
| s Q
|

R

Soft-Start

Error-Latch

Soft-Start Comparator

Error-Detection

Fig.2. Power Management Unit

Fig.2 shows the Power Management Unit
of the IC. The external supply voltage V¢
is monitored by the Undervoltage Lockout.
The external capacitor Cycc is charged up
by the current through the Rstart.up, When
the SMPS is plugged to the main line. The
IC remains inactive before Vycc reaches
the on-threshold V¢con=13.5V. The current
consumption of the IC at this moment is
max. 55uA. When the on-threshold is
exceeded, the IC is activated:

O The internal bandgap generates a
reference voltage Vger=6.5V to supply
the internal circuit.

Q The internal Error-latch in the
protection unit is reset by the Power
Up Reset. The Error-latch flip-flop is

then ready to shut down the gate drive
if the Protection Unit is activated.

QO The soft-start transistor switch T, is
released by the Power-Down Reset.
The current through Rsorr.start Starts
to charge the external soft-start
Capacitor CSOFT-START- The soft-start is
then activated.

To avoid uncontrolled ringing at switch-on
a hystersis at the Undervoltage Lockout is
implemented which means that switch-off
is only after active mode when V¢ falls
below 8.5V.

When V¢ falls below the off-threshold
Vccorr=8.5V the internal reference is
switched off and the Power Down Reset
let the transistor switch T1 to discharge
the soft-start CapaCitOf CSOFT-START. Thus it
is ensured that the soft-start is always
activated at every switch-on.

4. Start-up delay

During startup, Cycc is charged by the
current through Rgrart.up. The IC s
activated only when the V¢ reaches the
on-threshold of Vccon=13.5V. Because of
the very low IC current consumption
before activation, high value startup
resistor can be used to minimize power
loss in start-up resistor. The value of
Rstart.up @and Cycc will effect the startup
delay time, which can be estimated by
using equation as follow:

t _ Cyec X Vecon )
delay — V1IN
R —lycen
START-UP

tyelay is the duration of the startup time from
the moment the SMPS is plugged to the
main line until the IC is activated. Vy is
the rectified line input voltage and lycc is
the current consumption of the IC before
activation. Fig.3 shows the tsar qelay O the
actual SMPS with Rstart.up = 2 X 470kQ,
CVCC=47HF and V1IN =380V. (1) indicates
that the start-up delay time depends not
only on the main input voltage but also
mainly on the value of Rgrart.up @nd Cycc.
The tyay can be shorten by reducing the
RstarT.up Vvalue. However, the loss at
Rstart.up Will increase. It has to be
compromised between shorter startup
delay time and loss at startup resistor.
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Startup circuit with transistor switch can be
implemented to achieve startup without
losses and constant shorter delay time.

Rsrartup = 1.5M
r Cvcc = 47uF

V|N=:80V

13.5Y — >
e
/

\

< tdelay =3s H

| T |
H5s50v 1 5s20v 0 STOPPED

Fig.3. Start-up delay time.

5. Improved Current Mode

In Current Mode the primary current is
sensed by the sense resistor Res (Fig. 4).
The sense voltage Vcs is amplified 3.65
times for comparison with FB signal by the
PWM Comparator. The current flow is
terminated by resetting the PWM-Latch,
when the sense voltage reaches the level
of the FB signal, which is the program
level of the output control loop.

To Soft-Start Comparator
PWM

PWM
Comparator

0.3Ve

Fig.4. Current Mode Control

Thus, the turn-on time of the power
MOSFET as well as the peak primary
current is well defined by the level of the
FB signal. For flyback converter with
discontinuous current operation the power
stored in the primary inductor s
represented by the equation

P:%xfoxif, (2)

Where P is the power stored in the primary
inductor, L is the primary inductor, f is the
swiching frequency and Ip is the peak
primary current.

As can be seen, the line-input voltage
does not appear in (2). One of the
advantages of the Current Mode is that the
line variation does not influence the
regulation of the output voltage. However,
the Current Mode is extremely susceptible
to noise on the sense voltage. A noise
spike is generated each time the power
Mosfet switch is turned on which might
turn off the driver immediately especially
when the power is small and the FB signal
is low.

To improve the Current Mode during light
load, a voltage ramp is implemented in the
IC.

To Soft-Start Comparator

PWM
Latch

Llos

PWM
Comparator

Gate
Driver CoolMOS

0.3Ve

&, [1]

Isense

Rcs

Fig.5. Improved Current Mode

The amplified current sense voltage vc¢s is
superimposed on the voltage ramp, which
is built by the switch T,, the voltage source
V, and 1% order low pass filter composed
of Ry and C; (see Fig.5).

Fig.6. Normal Load Condition
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Fig.6 shows the effect of the Voltage
Ramp in normal load condition. The switch
T, is opened at the falling slope of the
oscillator. It enables the Voltage Ramp to
rise. The Gate Driver turns on the power
MOSFET when the Voltage Ramp reaches
0.3V. The primary current starts to flow
and is sensed by Rcs. The current sense
voltage Vs is amplified 3.65 times by the
PWM OP, which is then superimposed on
the Voltage Ramp. The current flow is
terminated when the amplified sense
voltage on the Voltage Ramp reaches the
FB voltage level.

In case of light load (see Fig.7) or no load,
the current sense voltage Vs is so small
that only the Voltage Ramp remains as a
well defined signal for the comparison with
the FB-signal.

‘ Vosc

T=50us

tonmax

|

‘ Voltage ramp “
ro.sv‘ﬁ — | By
—1 0.3V ‘

Gate Driver
ton

Fig.7. Light Load Conditions

The slope of the Voltage Ramp then
controls the turn-on time of the Gate

Driver. The Gate Driver is turned on only
when the Voltage Ramp exceeds 0.3V
due to the Comparator Cs. The turn-on
time can then be continuously reduced to
zero by decreasing Vg below that
threshold.

6. Soft-Start

Soft-Start

i Comparator

From
+—= Power

Down
™ Reset

Csofts | 5.6V

CoolMOS

Gate
Driver

PWM A
Comparator

Voltage Ramp
and
Amplified Vcs

Fig.8. Soft-Start

The Soft-Start voltage Vsorrs is generated
by charging the external capacitor Csorrs
through the internal pullup resistor Rsorrs
(see Fig.8). The Soft-Start comparator
compares the Soft-Start voltage Vsorrs at
the negative input with the ramp voltage of
the superimposed Voltage Ramp at the
positive input. In Soft-Start phase Vgorrs is
always smaller than the Feedback Voltage
Veg. In this case Vsorrs defines the pulse
width of the Gate Driver through the Soft-
Start Comparator by resetting the PWM-
Latch. The Soft-Start phase is completed
when Vsorrs reaches 5.3V (Fig.9). The
Soft-Start time is then defined by

Tsorr-starT = 1.69 XRg0rrs XCsoprs (3)

The transistor switch T, at Soft-Start is
controlled by the Power Down Reset. It is
to ensure that the Soft-Start is always
activated at the restart of the IC after
power down or in Auto Restart mode.
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Tsoft-start —4

|
‘ Gate Driver ‘

Fig.9. Soft-Start Phase

The Soft-Start voltage Vsorrs is used not
only for minimization of current and
voltage stresses on the external power
MOSFET switch during start-up, it is also
used for activation of the Protection Unit
(Fig.10).

V1in

Power Up
Reset L1

Error Latch

SoftS

Isense

Res

Fig.10. Activation of Protection Unit

When the Soft-Start phase is over (Vsorrs
> 5.3V), the Error Latch will be activated
by Comparator C, if the feedback voltage
Veg does not drop below 4.8V, which
means that the output voltage Voyr at the
secondary side of the SMPS does not
reaches its nominal level. To ensure
proper start-up of the SMPS, the duration
of the Soft-Start phase has to be long
enough to enable Vgur to rise to its
nominal value. This will cause the control

loop to pull down the level of the feedback
signal Vg below 4.8V (see Fig.11).

Vour 7777 =
TStart-Up

Fig.11. Start-up Phase

i

7. Oscillator and Frequency
Reduction

The oscillator, which generates the
switching frequency F=67kHz, is
integrated in the IC. The oscillator is
adjusted so that the Gate driver pulse can
reach a maximum duty cycle of Dyax =
0.72.
The frequency of the oscillator can be
influenced by the feedback voltage Vgg as
shown in Fig.12. This feature allows a
SMPS to operate at lower frequency at
light loads thus lowering the switching
losses while maintaining good cross
regulation performance and low output
ripple. The power consumption of the
whole SMPS can be reduced very
effectively at light load. The minimal
reachable frequency is limited to 20kHz to
avoid audible noise in any case.

f

kHz §
100

65 /

215

09

10 11 12 13 14 15 16 17 18 19 2

Ves

Fig.12. Frequency Reduction vs Vig
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8. Current Limiting

PWM Latch
PWM s Q

Comparator

Propagation
Delay
Compensation

Leading
Edge

Blanking Isense
200ns

Current Limit
Comparator

Fig.13. Current Limiting

The cycle by cycle current limiting is
performed by the Current  Limit
Comparator (see Fig.13). The primary
current Ip is converted into a sense voltage
Vs by an external sense resistor Rcs. The
sense voltage Vcs goes through the 200ns
Leading Edge Blanking before reaching
the Current Limit Comparator. When Vg
exceeds the internal threshold voltage
Vesth, the Current Limit Comparator
immediately turns off the Gate Driver via
the PWM Latch. A Propagation Delay
Compensation is added to the Current
Limiting circuit to avoid excessive
overshoot of the primary current,
especially at the high line voltage (refer to
chapter 10 Propagation Delay
Compensation).

9. Leading Edge Blanking

VCS

A

el t . =220ns
‘LEB

i 4

Fig.14. Leading Edge Blanking

Each time when the CoolMOS is switched
on a leading spike is generated due to the

primary-side capacitance and secondary-
side rectifier reverse recovery time (Fig.
14). This spike causes a premature turn-
off of the Gate Driver if it exceeds the
threshold voltage Vcsth- To avoid it, the
spike is blanked out with a time constant
of t.gg = 220ns. During the blanking time
the Gate Driver can not be switched off by
the Current Limit Comparator.

10. Propagation Delay
Compensation

In case of overcurrent detection, that is
when the sense voltage Vs reaches the
threshold voltage of the Current Limit
Comparator Vcsth, the shut down of the
internal CoolMOS is delayed due to the
propagation delay of the circuit between
the current sense input Isense and the Gate
Driver output. This delay causes an
overshoot of the peak primary current
lppeak.  The  overshoot is  serious
particularly at high input line voltage.
Fig.15 shows an example of different
current overshoots at two different line
voltages. The example assumes that the
primary inductance is 500uH, the current
sense resistor Rsense=1€Q2, the propagation
delay time tprop peLay=200ns and the input
line voltages after rectification are Vqy=
100V and VN =370V.

L =500uH, Rcs =1 Ohm
Viint =100V —= dl1p/dt = VIN1/L = 0.2A/us
Vinz =375V —= di1p/dt=VIN2/L = 0.75A/us

loversHooT2

—— 1.15A

—1A j —ft — Vesm =lpumr

di1p/dt = 0.75A/us

tdelay -+t = tdelay

Fig.15. Current overshoot

The result of the example obviously shows
that if the current sense threshold V¢sth is
set at a constant level Vesty = 1V, the
current overshoot loversHooT2 at high line
input voltage of Vy, = 375V and at tpg ay =
200ns is 15% higher than the actual
current limit lp it
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The Propagation Delay Compensation
which is done by means of a dynamic
volatge threhold Vcsty as shown in Fig.16
is integrated in the IC to minimize the
overshoot.

11. Protection Unit

An overload, open loop, overvoltage
detection and a thermal shutdown are
integrated within the Protection Unit (see
Fig.1, Block Diagram). If the Protection
Unit is activated, the Error Latch is set that
disables the external power MOSFET after
a blanking time of 5us. The blanking is
used to avoid mistriggering of the Error
Latch by voltage spikes during normal
operation mode.

Tsw

ton,max

Ves,Ip  F=— ton —=

di1p/dt = 0.75A/us

di1p/dt = 0.2A/us
lcs = lpLmT

12. Overload + Open Loop with
normal load and Auto Restart
Mode

1us Sus 10us 15us

. . Overload & Open loop with normal load
Fig.16. Dynamic Voltage Threshold Vcsth
5ps Blanking

FB A 3 . . ;
At high line input voltage, when the slope PP i ; \l 3
of the current sense voltage Vcs is / Failure | 1 :
steeper, the Gate Driver is switched off Detection | H !
earlier due to the lower Vesy. The effect of ¥ i
the overshoot is then compensated. 1 H -
Softs A ! il |
The Propagation Delay Compensation in 02y s(m.szanpi] ;
the IC is designed so that the tolerance of . |
the internal current limiting is at +/- 5%. i i
The  propagation delay time is : L
compensated over temperature within a i Lot
range of at least Diver & : |
dlp dVcs |
< P <q2°CS |
0 <Rgg X ot <1 ot (4) NW 3
In this way, the IC is able to accurately : >
limit the overcurrent (see Fig.17). veeh i
13.5V ! . :
—— Without compensation 8.5V _\/. 1
Ves —— With compensation %
1.3V : t’
1.2v] _ Fig.18. Auto Restart Mode
1.4v Fig.18 shows the Auto Restart Mode in
R Sl i [ case of overload or open loop with normal
v | Tolerance load. The detection of open loop or
o L] | overload is provided by the Comparator
0.9V - dVcs/dt
02 06 10 14 18 [Vius ] C3, C4 and the AND-gate G2 (see Fig.19).

During operation at normal load the supply

Fig.17. Overcurrent Shutdown ..
g voltage of the IC V¢ is in the range of
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8.5V and 13.5V, the Soft-Start voltage
VsorTs is above 5.3V and the

Viin

Power Up

Reset
L1
| Error Latch

Isense

Fig.19. FB-Detection

feedback voltage Vg stays lower than
4.8V. At this time the Comparator C,4 has
released one of the input of the AND-gate
G,. The comparator C; is now able to set
the Error-Latch in case of open loop or
overload, which leads the feedback
voltage Vg to rise above 4.8V. 5us after
the Vgg reaches the threshold voltage of
4.8V, the Gate Driver is terminated. The
SMPS stops to operate which causes the
supply voltage of the IC V¢ to drop. The
IC is turned off when V¢ falls to Vccorr =
8.5V. At this time the external soft-start
capacitor Csorrs is discharged by the
internal switch T4 due to the Power Down
Reset and the consumption current of the
IC is reduced to maximum 55pA. The
SMPS then goes into Auto Restart Mode.
The Vcc increases again by charging the
capacitor Cycc through the Start-up
Resistor RstarT.up during the IC is inactive.
When it reaches the turn-on threshold
Veeon =13.5V, the IC is turned on again.
The Error Latch is then reset by the Power
Up Reset and the internal pull-up resistor
Rsorts starts to charge the external Soft-
Start capacitor Csorrs to start the Soft-
Start Phase. During Soft-Start Phase the
detection of overload and open loop by C;
and G, is disabled by the Comparator C,.
The Soft-Start Phase ends with the Soft-
Start voltage Vsorrs = 5.3V. If the overload
or open loop failure is not removed after

the Soft-Start Phase, the Error Latch is
activated and the SMPS goes into Auto
Restart Mode again.

13. Overvoltage due to open loop
with no load

Open loop & no load condition
FB At’z#':s Blanking
4.8V &

Failure
Detection

"y

|
|
I
|
I
|
|
|
|
I }\ 1
Soft-Start Phase

Softs A
— | I
5.3V \ } i
G0y Overvoltage !
Detection Ph‘ase I
T
1 i
1l -
[ [ r
T
Driver A 5

vce A
16.5V

|
13,5V ‘ i
8.5V : ‘
I I
| |
I I
I} L
[l I

Fig.20. Auto Restart Mode

Fig.20 shows the Auto Restart Mode for
open loop and no load condition. In case
of this failure mode the SMPS output
voltage as well as the V¢ increases.
Additional comparators C4, C, and the
AND-gate G, are implemented to detect
this failure mode (see Fig.21).

Viin

Power Up
Reset

Error Latch

PWM

Latch Isense

Fig.21. Overvoltage Detection
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The overvotage detection is provided by
Comparator C1 only when the Soft-Start
voltage Vsorrs is below the threshold of
the Comparator C, at 4.0V and the voltage
at pin FB is above 4.8V. During this
overvoltage detection phase Comparator
C1 can set the Error Latch and terminates
the Burst Phase earlier during Auto
Restart Mode when V¢ exceeds 16.5V.
Once the Soft-Start phase is over, which
means that the Vgorrs is above 4.0V, the
overvoltage detection by C; is disabled.
This will enable the V¢ to vary in the
range of 8.5V to 21V caused by output
load changes at normal operating mode.

14. 30W Demo Power Supply
Board

Fig.22 shows a very simple and low cost
30W switching power supply circuitry
utilizing the ICE2B265P. It is designed for
used as the power supply of a Digital
Photo Printer.

The specification of the circuits:

Input voltage range

85 — 265 Vac 50/60Hz

Output
18V/1.67A

Maximum output power

POMAX =30W

Input power at standby mode

Pin < 0.5W at Po = OW and V\y = 240Vac

Efficiency
n=80%

oY

|| 22nFi250V
Il

50 g cu
MURS20 15uH e 18V/1.67A
| _N_HNV‘ | ;
cr2 i
1000uF
o 5 { GND >

.|||_4.

¢l vee NC
[ 0Au/275V IC3
o \ ICE2R265 5

0—@—4 ‘4 _

=)
[N
@

c7
1uF

= = C5 R14
22nF 2 047
s w1 | T

R2

L cn
20pF/KV

5 c13
1000uF
2V
0

EF25/N67
TR1

85V - 265V

Fig.22. 30W SMPS Demoboard using CoolSET ICE2B265

011005 - M.KJeoh
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15. Design of the Power Supply

15.1. Determine input capacitor C; and
minimum DC input voltage Vyn

To choose the value of the input
capacitor C; the following rule of thumb
is applied:

Cs = 2 to 3 uF per W for 100/115Vc or
universal input.

Cs = 1uF per Watt for 230Vac.

Cs = 68UF is selected for this design. The
minimum DC input voltage Viun (see
Fig.24) at the lowest line voltage of 85V is
a very important parameter for the
calculation of the transformer. It can be
obtained with good approximation by the
following equations:

2x W)y
Cs

V1MIN = \/V;iCMIN,PK - (5)

Vacmnpek 18 the minimum peak input
voltage, whereas W,y is the energy which
is discharged out of Cs.

Vacminek = Vacmin X\/E (6)

The discharged energy W is equivalent
to the required peak output power Pgpk for
the duration of the discharge time T, /2 —

te.

Wiy = Pﬁ:’" (L tc) (7)

1/TL = FL = AC Line Frequency

tC = Conduction Angle of the Bridge Diode
Po = Output Power

n = efficiency

T -
tc

VACMIN,PK

“VAMIN

Fig.23 Input Voltage Ripple

Assuming that the conduction time of the
bridge rectifier diodes is about 3 ms and
substitute the specified values in (5), (6)
and (7), we obtain:

Vacwinpk = 85V x+/2 =120V (8)
_ 30W (20ms 3ms)
IN (9)
W|N = 0.26WS
_ 2 2x0.26Ws
V1MIN = \/(1 20V) —68UF (1 0)

Vimin = 82V

Taking the voltage drop at the bridge
rectifier into consideration, the Vqyn should
then be:

V1MIN =80V.
15.2 Transformer Calculation
15.2.1. Maximum Duty Cycle

The transformer is designed so that the
SMPS is operated in discontinuous current
mode for the whole operating range.

The maximum duty cycle dyax at minimum
input voltage Vi is chosen as

15.2.2 Reflected Output Voltage

The reflected output voltage Vg is the
reflected value of the secondary voltage
across the primary winding. It can be
obtained by the equation

d
Vg = 1—du ':AX ><(V1M|N - VDS) (12)
— Odmax

The Drain-Source voltage Vps of the
internal CoolMOS is negligible due to the
smaller Rpson. VR is then:

0.5
Vg = X80V = 80V 13
R=1"05 (13)

Page 12 of 22

DN-SMPS Singlestage



—

@L Design of 30W Off-Line SMPS using CoolSET ICE2B265

15.2.3 Maximum Primary Peak
and RMS Current

The maximum primary peak current l1pxmax
is propotional to the maximum output
power. It can be derived as follow:

2xPomax (14)

liPkmax =
Nx Vi X dmax

Substitute the known values of Pouax,
Viuine duax and the efficiency n into (14),
l1pk becomes:

2x30W

—  _=1.875A (15)
0.8x80V x0.5

liPkmax =

The maximum primary RMS current can
be calculated from l1pk max and duax:

d

Lirms max = lipkmax M3AX (16)
0.5

hrRms,MAX = 1'875AW’T =0.77A (17)

15.2.4 Primary Inductance L,

Primary inductance can be determined by
the energy equation of the flyback
transformer defined below:

L1 — 22POMAX (1 8)
n I1PK,MAxf

f is the switching frequency of the SMPS
which is around 67kHz.

2x30W

- ~ 320pH 19
1 0.8x1.8752 A 67kHz " (19)

15.2.5 Number of Primary turns

For this design, core size of EF25 is
recommended due to its low cost and easy
availability. For 67kHz operation, Epcos
N67 material is a good choice.

In the discontinuous current mode
operation, at switching frequency of
67kHz, the maximum flux density in the
core Byax is usually limited by the core
loss. To keep the loss in the core at
acceptable level (see Epcos datasheet,

N67 Core loss vs frequency), Byax = 0.2T
is chosen for the calculation of the number
of primary turns N;.

L, xI
= 1 X l4pKk,mAX (20)
Bmax X Amin

Amn is the minimum cross sectional area
of the core. For EF25, Ayn = 51 5mm?.

N = 320%2 21)
0.2x51.5

The required core gap Lgap to achieve the
primary inductance L, with the number of
primary turns N4 can be calculated by
using the equation given in Epcos data
book for “Ferrites and Accessories”

L, K2
Lo -] 22)

K1 and K2 are the core-specific constants.
For EF25, K1=90, K2=-0.731 are specified
in the datasheet. In the calculation L1/N12
has to be in the dimension of nH. The
needed core air gap is then

1

Lo 320x10° o
AP 71 60290 (23)

LGAP =1.02mm

15.2.6 Number of Secondary
Turn

The number of turn for the secondary
output can be derived from the reflected
output voltage Vg in (13) and the number
of primary turns Ny. During the flyback
time all windings will have the same volt
per turn Vy:

_Vr __ 8O0V =1.33 v
N, 60 turns turn

\ (24)

The number of turns Ng4 for 18V-output
Vo4 is then:

Noi=—— (25)
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Vp is the output diode forward voltage
drop, which is typically about 1V.

18 +1

~14 26
1.33 (26)

No1 =

The bias voltage for the Vcc should be
around 15V. The number of turn for the
bias winding is then:

_VBias+Vp _ 16

BIAS VT 1.33 ( )

15.2.7 Output Rectifier Diodes

To select the proper output rectifier diode,
the maximum peak inverse voltage across
the diode Vpqpk has to be defined. Vpqpk
can be obtained by the equation defined
below:

N
Vpipk = Vo1 + (%X V1MAX] (28)
1

whereas Viyax is the maximum DC input
voltage. The calculation result is:

Vo1pK = 18V+(%><375V)
Vp1pk =105.5V

The reverse voltage rating of the selected
diode Vpr should be greater than 1.25x
Vppk and the rated DC current has to be at
least 3 times the maximum output current.
MURS520 is chosen for used in this design.

15.2.8 Maximum Secondary Peak
and RMS Current

The maximum secondary peak and RMS
currents are propotional to the maximum
DC output current as follows:

21
IOPK,MAX = 1:# (29)
— Umax

/1 -d
lorms,max = lopkmax X % (30)

lomax is the maximum DC output current,
lorkmax IS the maximum peak output
current and lorus max is the maximum RMS

output current. The results of the
calculation is listed in Table 1.

Secondary Max. Peak Max. RMS

Output Current Current
lo1pk,max = | lotrmsmax =

18V/1.67A 6.68A 2.73A

Table 1. Max. Peak and RMS Output Current
15.2.9. Output Capacitors

Output capacitor selection is dominated by
the Resr (equivalent series resistance) and
the ripple current rating of the capacitor.
The ripple current, which flows through the
output capacitor, can be calculated as
follows:

— 12 2
IO,RIPPLE - \/IORMS,MAX - IOMAX (31)

The ripple current in the output capacitor
of the 18V/1.67A will then be:

lotriPPLE = V2.73% —1.672A (32)

lorrippLE = 2.16A

The Epcos datasheet of her B41858-
series aluminum electrolytic capacitor
shows that the rms current rating of a
1000uF/25V capacitor at 100kHz switching
frequency and 105°C ambient is 1.69A. 2
pieces of this capactors (Fig.22) have to
be used to accommodate the required
ripple current of Voi. The Rgsg of these
capacitors are specified as 0.034Q. The
output ripple voltage caused by the
parallel of these two Rgsr, which is Resrrot
=0.017Q, is then:

Voi1re = lotPk,max XResrTOT (36)
Vo1grp = 6.68A%0.017Q =0.11V

This switching ripple voltage is further
reduced by the additional L-C filter (L; and
C14 in Fig.22). The 220uF/25V with Resgr =
0.12Q is chosen for Cq4. To eliminate the
pole in the control loop caused by the L-
C14 filter, Ly has to be around 1.5uH. With
this L4-C44 values combination, Voirp is
reduced to:
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Resr
2nf L4 + RESR

y 0.12
21 67x1.5x1073 +0.12
=18mV

Voirp = Vo1rp X

= 0.11 (34)

The switching ripple voltage V'oigre
appears at the output terminal has been
attenuated to around 18mV.

15.3 Current Sense Resistor

The current sense resistor (R4 in Fig.22)
is defined by the maximum primary peak
current and the minimum threshold voltage
of the Current Limiting Vcsthmin.

_ Vesthmin _ 0.95V

R1a
Pk, MAX 2

~0.45Q (35)

Since the maximum loss occurred in Ry,
can be:

2
Pr1amax = lHrmsmax Ris (36)
Priamax = 0.7652 % 0.45W = 0.26W

a 1W low inductance resistor is
recommended.

15.4 Soft-start capacitor C,

As mentioned in chapter 6 “Soft-Start” on
page 4 and 5, the duration of the soft-start
phase Tsorr.sTarT has to be long enough to
ensure proper start-up of the SMPS. That
means Vo, has to be at 18V before Vsorrs
reaches 5.3V (see Fig.11 on page 5, Tsorr.
START > TsTART-UP)-

To estimate the Tgsrart.up, the available
power during the soft-start phase, which
charges the output capacitors, has to be
defined. The total value of all capacitors at
the output is:

Co1=Cqz+Cy3 +Cyqq = 2220pF (37)

In case of hard-start (if soft-start does not
exists), the power which will charge C’o,
is:

2
Pos :nx%xmfx(WJ (38)
14

2
P61=0.8><l><320><67><10_3>< 0951y

2 0.45
P’os = 38.2W

Assuming that the charge-up power to the
C'o1 rises linearly during the soft-start
phase, the charge power is then only half
of 38.2W. Tgsrart.up, Which is needed to
raise the voltage Vo, to 18V, can then be
estimated:

2 '
1 X Vo1 ><Co1

TstART-UP = 2% 05p
-5 Po1
(39)
182 %2220
TsTART-UP = —3g2 M- 18.8ms

In the application circuit of Fig.22, the
external soft-start capacitor C; = 1uF is
recommended. The internal soft-start
resistor Rsorrs = 50kQ is specified on the
datasheet of the IC. The soft-start time
Tsorr.starT Can then be calculated using

(3):

TSOFT_START = 1.69x50x1ms = 84.5ms  (40)

In this case, TSOFT-START >TSTART-UP and the
start-up of the SMPS is secured.

15.5 Capacitor at V¢ Cg

The Vcc capacitor Cs (Cycc in Fig.22)
needs to ensure the power supply of the
IC until the power can be provided by the
auxiliary bias winding. Regardless the
current transfer from the start-up resistor
R, and the auxiliary winding during start-
up time TsrarT.UP, the capacitance value
Cg can be estimated as below:

CG — IVCC3 TSTART—UP (41)

VCCHY

lvces is the IC supply current with active
gate-drive. Its maximum value is 8mA as
specified on the datasheet. Vecqy = 5V is
the turn-on/off hysteresis of the IC supply
voltage V¢c. Based on the estimated value
of TSTART-UF’ in (39), Ce should then be:

_ 8mAx18.8ms

30puF 42
5V il (42)

Cs
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Ce = 47uF is selected to sustain the Vcc.
15.6 Start-up Resistor R, and R;

The start-up resistor Rstart.up consists of
R, and Rj, which is connected in series as
shown in Fig.22. By using (1) on page 2,
the longest start-up delay time, which
happens at the lowest line- input voltage
Vacmin = 85V can be estimated:

CG VCCON (43)
Vacminy2
RsTtART-UP

tSTART-DELAY =
—lvcer

4TyF x13.5V

85VY2 oo
2x470kQ

~8.7s

tSTART-DELAY =

In worst case, the IC is turned on only in
8.7s after the SMPS is plugged to the
main line. The maximum loss occurs in
RstarT.up is roughly:

(VACMAX\/E] (44)

P. =
it P
265V+2
PsT-Loss = ﬁmg - 015w

15.6 Control Loop Design
15.6.1 Power Stage Transfer Function

Fig. 24 shows the essential elements of
the control loop.

i

EA + Opto
Fig.24 The closed Feedback Loop

Following equations are used to define the
DC or low frequency gain of the feedback
loop of the power stage (from the control
voltage vgg at the feedback-input pin2 to
the output voltage node vo):

Pozgxlthxfxn (45)
2
Vo
Py = 46
o= (46)
h — VesTth (47)

Vee  RygxA,

Substitute Py and |4 in (45) with (46) and
(47) and rearrange the equation in term of
Vol/Veg, We obtain

Gps = Vo _ Vesth nLRof (48)
VEB R14 X AV 2

A, is the PWM-OP gain, which is equal to
3.65 as specified in the datasheet of
ICE2B265. Equation (48) shows that the
DC or low frequency gain Gpg of the power
stage is proportional to the square root of
the output load R and independent of the
input voltage variation due to the current
mode control. For Royiny = 10.8Q (at Pomax
= 30W), the minimum gain is

GPS MIN = 095 ,0.8><320 x10.8 x 67 x 103
, 0.45x3.65 | 2
Gps,MIN = 5.6
Gps,Mm =14.9 dB. (49)

In case of Poun = 0.5W, the output load
will be Romax = 648Q2, the maximum power
stage gain will then be

GpS MAX = 0.95 10.8><320><648><67><10_3
, 0.45x3.65 | 2
Gps,MAX =43
Gps,MAx =32.7 dB (50)

The small signal transfer function of the
power stage with its pole and ESR-zero is
shown below:

Gps (s) = Gps X 1+5ResrCo (51)

1+STOC0
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Co consists of Cy, and C4; ( see Fig.22)
with the total value of 2000uF and Rgsg is
the ESR values (see page 12) of both
capacitor in parallel, Thus Regsg = 0.017Q.
The poles and zero at minimum and at
maximun power are listed in Table 2
below:

Output Power Poles Zeros

P Fp=1/mRoCo | Fz=1/2nResrCo
POMAX =30W - -
Ro = 10.8Q Fpy = 14.7THz Fz = 4.68kHz
POMIN =0.5W - -
Ro = 648Q FpL = 0.24Hz Fz = 4.68kHz

Table 2. Poles and zero

The transfer function of the output filter L4-
C44 can be expressed as follows:

1
sC14R14ESR (52)

Gc = n ;
1+ ————
Risesr  ©°C14Ry4esR

C44 and L, have to be selected so that the
pole of the filter Fp ¢ is located far a way
from the crossover frequency F¢o to avoid
its influence in the control loop. The
control loop bandwidth can only be kept
high with high Fp_c, which is desirable. The
L-C filter has a —2 gain slope with rapid
changes of phase shift, which could
induce instability in the control loop. To
prevent it, the pole has to be compensated
by the zero as mentioned on page 12.
Based on this consideration, Epcos Al-
capacitor B41858-series of Cyy =
220uF/35V  with Rysesg = 0.084Q is
selected. The zero frequency is then at:

1+

1

1 _gekHz (53)
27R14esRC14

Fz14

Set the pole equal to zero and solve for
the inductance L:

Re=1k€Q is chosen to limit the maximum
current that flows into TL431. In order to
achieve larger bandwidth and at the same
time to get the overall gain response with
—1 slope, the crossover frequency F¢ =
3kHz is selected. The gain of the power
stage at F¢ and at full load can then be
derived from (51)

1

———— =8.6kHz 54
27[1“.1C14 ( )
L, = 1.55pH

With this combination of L; and Cy4, the
influence of the filter on the contol loop
can thus be neglected; the small signal
transfer function of the power stage is then
dominated only by (51).

The open loop gain and phase responses
of the transfer function for the minimum
and maximum output power are shown in
Fig.26 and in Fig.27.

To close the loop, the feedback loop
circuitry as shown in Fig.25 is added. It
consists of a compensation network
(TL431, Rg — Ryy, Cg and Cyg) and the
optocoupler I1C,.

6.5V
RFB

Vb 2 3 =

IC2
SFH617-3

Fig.25 Feedback Loop Circuitry

The transfer function of the feedback
loop is

VvEB(s) GcR 1+s(Cg +C10)R
GFB(s) = FB(S) _ GCRFB | (Co +C10)R8 (55)
vo(s) Rg sC1oRg(1+sCgRg)

, where G¢ is the current transfer ratio of
the optocoupler. For SFH617-3, G¢ =
100%. The internal pull-up resistor at FB
(pin2) is specified as Rrg = 3.7kQ.

IGpsH(s)| = Gpsmin X (56)
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3kHz 2
1+ 4.68kH
'—zz =0.03
3kHz
1+
14.7Hz

Gpsy(Fc) = —30.4dB

|Gpsu(s)|=5.2x

The feedback loop gain with TL431 has to
be 30.4dB at F¢ and must have zero slop
response. For further calculation, Rg has to
be defined first. R4 determines the bias
current of the resistor divider Rg — Ry4. If
Ry = 3.9kQ is selected, Ry can be
calculated by

V,
N

Rg = 3.9ka(£—1j =24kQ .
25

Vrer is the reference voltage of TL431. To
calculate the feedback loop gain at Fg,
(55) can be simplified as below:

GcReg R
|Ges(Fe)| = —;:B R_: (58)
Since [Geg(Fc)] = 30.4dB,
04 o
Rg =Rgx10 20 x—6__ - 200kQ (59)

cReB

C, is obtained by placing the pole at Fprg =
2 X Fc.

1
® " 2nRgFerg
In order to have sufficient phase margin,
especially at light load, the zero is placed
at Fzrg = 20Hz. The value of C4g is then

=133pF (60)

C10 —Cg =39nH (61)

" 2nRefzrg
Based on above calculation, the values of
the feedback network components are
selected as follows:

Rg = 220kQ2

Ry = 24kQ

Cy = 120pF
C10 =47nF
Fzrs = 15.4Hz, Fprg = 6kHz

Fig.26 and Fig.28 also illustrate the
responses of the feedback loop circuitry
and the total open loop, whereas Fig.27
and Fig.29 show its respective phase
responses.

16. Summary

This application note introduced briefly the
features and functions of the CoolSET™,
the new integrated product that includes
PWM control IC and the CoolMOS™, the
new generation Power MOSFET. A low
cost 30W SMPS demo-board circuit is
developed and its operation is analyzed is
detail. The detail explanation of the board
and the experiment results are described
in the application note “30W Off-line
SMPS Demoboard using CoolSET™
ICE2B265".
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Fax (+81)3 -54 49 64 01

MAL

Infineon Technologies AG

Sdn Bhd

Bayan Lepas Free Industrial Zone1
11900 Penang

T (+60)4 -6 44 99 75

Fax (+60)4 -6 41 48 72

N

Siemens Components
Scandinavia

Dstre Aker vei 24

Postboks 10,Veitvet

N-0518 Oslo

T (+47)22-63 30 00

Fax (+47)22-68 49 13

Email:
scs@components.siemens.se
NL

Siemens Electronic Components
Benelux

Postbus 16068

NL-2500 BB Den Haag

T (+31)70-3 33 20 65

Fax (+31)70-3 33 28 15
Email:components@siemens.nl
NZ

Siemens Auckland

300 Great South Road
Greenland

Auckland

T (+64)9-5 20 30 33

Fax (+64)9-5 20 15 56

p

Siemens S.A.

an Componentes Electronicos
R.Irmaos Siemens,1

Alfragide

P-2720-093 Amadora

T (+351)1-4 17 85 90

Fax (+351)1-4 17 80 83

PK

Siemens Pakistan Engineering
Co.Ltd.

PO Box 1129,Islamabad 44000
23 West Jinnah Ave

Islamabad

T (+92)51-21 22 00

Fax (+92)51-21 16 10

PL

Siemens SP.z.o0.0.

ul.Zupnicza 11

PL-03-821 Warszawa

T (+48)22-8 70 91 50

Fax (+48)22-8 70 91 59

ROK

Siemens Ltd.

Asia Tower,10th Floor

726 Yeoksam-dong,Kang-nam Ku
CPO Box 3001

Seoul 135-080

T (+82)2-5 27 77 00

Fax (+82)2-5 27 77 79

RUS

INTECH electronics
ul.Smolnaya,24/1203

RUS-125 445 Moskva

T (+7)0 95 -4 51 97 37

Fax (+7)0 95 -4 51 86 08

S

Siemens Components Scandinavia
Osterogatan 1,Box 46

S-164 93 Kista

T (+46)8-7 03 35 00

Fax (+46)8-7 03 35 01

Email:
scs@components.siemens.se

RC

Infineon Technologies
Asia Pacific Pte.Ltd.
Taiwan Branch

10F,No.136 Nan King East Road
Section 23, Taipei

T (+8 86)2-27 73 66 06

Fax (+8 86)2-27 71 20 76
SGP

Infineon Technologies Asia
Pacific,Pte.Ltd.

168 Kallang Way

Singapore 349 253

T (+65)8 40 06 10

Fax (+65)7 42 62 39

USA

Infineon Technologies Corporation
1730 North First Street

San Jose,CA 95112

T (+1)4 08-5 01 60 00

Fax (+1)4 08-5 01 24 24
Siemens Components,Inc.
Optoelectronics Division
19000 Homestead Road
Cupertino,CA 95014

T (+1)4 08-2 57 79 10

Fax (+1)4 08-7 25 34 39
Siemens Components,Inc.
Special Products Division
186 Wood Avenue South
Iselin,NJ 08830-2770

T (+1)7 32-9 06 43 00

Fax (+1)7 32-6 32 28 30

VRC

Infineon Technologies
Hong Kong Ltd.

Beijing Office

Room 2106,Building A
Vantone New World Plaza
No.2 Fu Cheng Men Wai Da Jie
Jie

100037 Beijing

T (+86)10 -68 57 90 -06,-07
Fax (+86)10 -68 57 90 08
Infineon Technologies
Hong Kong Ltd.

Chengdu Office
Room14J1,Jinyang Mansion
58 Tidu Street

Chengdu,

Sichuan Province 610 016

T (+86)28-6 61 54 46 /79 51
Fax (+86)28 -6 61 01 59
Infineon Technologies
Hong Kong Ltd.

Shanghai Office
Room1101,Lucky Target Square
No.500 Chengdu Road North
Shanghai 200003

T (+86)21-63 6126 18 /19
Fax (+86)21-63 61 11 67
Infineon Technologies
Hong Kong Ltd.

Shenzhen Office

Room 1502,Block A

Tian An International Building
Renim South Road
Shenzhen 518 005

T (+86)7 55 -2 28 91 04

Fax (+86)7 55-2 28 02 17

ZA

Siemens Ltd.
Components Division
P.0.B.3438

Halfway House 1685

T (+27)11-6 52 -27 02
Fax (+27)11-6 52 20 42
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