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Series STR-W6750 Off-Line

Quasi-Resonant Smtching Regulators

INTRODUCTION

The Series STR-W6750 devices are hybrid integrated circuits
(HICs) with a built-in power MOSFET and a control IC
designed for quasi-resonant type switch-mode power supplies
(SMPS). In normal operation, the HIC provides high effi-
ciency and low EMI noise with bottom-skip quasi-resonant
operation during light output loads. Low power consumption
is also achieved by blocking (intermittent) oscillation during an
auto-burst mode and reduced even further in a manually
triggered (clamping an output voltage) standby mode.

The HIC is supplied in a seven-pin fully-molded TO-220-style
package with pin 2 deleted, which is suitable for downsizing
and standardizing of an SMPS by reducing external component
count and simplifying circuit design.

Features

B Blocking (or intermittent) oscillation operation by reducing
output voltage in the standby mode.

B In addition to the standard quasi-resonant operation, a
bottom-skip function is available for increased efficiency
from light to medium load.

B Soft-start operation at start-up.

B Reduced switching noise (compared to conventional PWM
hard-switching solution) with a step-drive function.

B Built-in avalanche-energy-guaranteed power MOSFET (to
simplify surge-absorption circuit; no Vpss derating is
required).

B Overcurrent protection (OCP), overvoltage protection
(OVP), overload protection (OLP), and maximum ON-time
control circuits are incorporated. = OVP and OLP go into
alatched mode.

B Ableto save SMPS design time with present designs and
evaluation processes.

All performance characteristics given are typical values for
circuit or system baseline design only and, unless otherwise
stated, are at the nominal operating voltage and an ambient
temperature of +25°C, unless otherwise stated.

TERMINAL FUNCTIONS
Vce (Pln 4)
Start-up circuit

The start-up circuit detects the V¢ pin voltage (pin 4), and
makes the control |C start and stop operation. The power
supply of the control IC (V¢ pin input) employs a circuit as
shown in Figure 1. At start-up, C3 is charged through a start-
up resistor R2. The R2 value needs to be set for more than the
hold current of the latch circuit (140 pA max.) and to operate
at the minimum ac input.

SIGND 2

Figure 1 — External start-up circuit

If the value of R2 istoo high, the C3 charge current will be
reduced. Consequently, it will take longer to reach the
operation start-up voltage. The V¢ pin voltage falls immedi-
ately after the control circuit starts its operation. The voltage
drop can be reduced by increasing C3's capacitance. There-
fore, to maintain the start-up operation, even if the rise of the
bias winding voltage is slow, the V¢ pin voltage would not
fall to the operation-stop voltage. However, too large a C3
capacitance will cause an improperly long time to reach the
operation start after the initial power turn on.

In general, SMPS performs its start-up operation properly with
avalue of C3 between 4.7 puF and 47 yF, and R2 between

47 kQ and 150 kQ for 120 V narrow or universal ac input, and
82 kQ to 330 kQ for 200 V narrow ac input.
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Series STR-W6750
Off-Line Quasi-Resonant
Switching Regulators

As shown in Figure 2, the circuit current is limited to 100 pA
max (Vcc = 15V, and resistor R2 with appropriate high
resistance value for the circuit) until the control circuit starts
its operation. Once the V¢ pin voltage reaches 18.2 V, the
control circuit starts its operation by the start-up circuit, and
supply current isincreased. Once the V¢ pin voltage drops
down to lower than the operation-stop voltage 9.7 V, the
UVLO circuit operates to stop the control circuit, and the IC
returns to itsinitial state prior to start-up.

100 pA
MAX

Vee

9.7v 15V 182V
TYP TYP

Figure2—lcc vs. Ve

Biag/drive winding

After the control circuit starts its operation, the power supply is
operated by rectifying and smoothing the voltage of the bias
winding. Figure 3 shows the start-up voltage waveform of the
Ve pin. The bias winding voltage does not immediately
increase up to the set voltage after the control circuit starts its
operation. That is why the V¢ pin voltage starts dropping.
The operation-stop voltage is set as low as 10.6 V (max), the
bias winding voltage reaches a stabilized voltage before it
drops to the operation-stop voltage, and the control circuit
continues its operation. The bias winding voltage, in normal
power supply operation, is set for the voltage across C3 to be
higher than the operation-stop voltage [V ccorr 10.6 V(max.)]
and lower than the OV P-operation voltage [V ccovp)
25.5V(min.)].

In an actual power supply circuit, the Vcc pin voltage might be
changed by the value of secondary output current as shown in
Figure 4. Because of the low circuit current of the STR-
W6750, C3is fully charged by the surge voltage generated
instantly after the MOSFET turns OFF. In order to prevent
this, it is effective to add aresistor (R7) of several ohms to tens

vec(c3) — OPERATION START

182V o
TYP

BIAS WINDING VOLTAGE

106 V P
Mﬁx__“___“_7_nﬁn_“m”
' START-UP
! FAILURE
— -
TIME

AC ON

Figure 3—Vcc after start-up

Vee
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Figure4 —Vcc vs. o (secondary load)
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Figure5—V¢c peripheral circuit with R7

of ohms in series with the diode as shown in Figure 5. The
optimum value of the additional resistor is determined in
accordance with the specifications of the transformer because
the V¢ pin voltage is determined by construction of the
transformer.

Furthermore, the variation ratio of the V¢ pin voltage be-
comes worse due to aloose coupling between primary and
secondary windings of the transformer (the coupling between
the bias winding and the stabilized output winding for the
constant voltage control). Therefore, when designing a
transformer, the winding position of the bias winding needs to
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Overvoltage protection (OVP) circuit

If Vg, reference the SSGND pin, exceeds 27.7 V, the OVP
circuit of the control 1C starts its operation and the fault mode
is latched by the latch circuit, the control 1C stopping its
oscillation. Generally, the V¢ pin voltage is supplied from the
bias winding of the transformer, and the voltage is in propor-
tion to the output voltage; thus, the OV P circuit also operates
in the case of overvoltage output of the secondary side, e.g.,
when the voltage detection circuit is open.

The secondary output voltage (Vo) for the OVP operation is
obtained from the following:

Voovp = Vo in normal operation 277V

Ve in normal operation

Latch circuit

OVP and OLP fault modes latch the oscillation output LOW,
which stops the power supply circuit operation. The holding
current of the latch circuit is 140 pA (max, Ta = 25°C) when
the V¢ pin voltage is “ Operation-stop voltage— 0.3 V”.

In order to prevent malfunction caused by, for instance, noise,
adelay time is programmed into a timer circuit, which will
prohibit the latch circuit operation until the OVP or OLP
circuit keep operating for more than a programmed time.
During the latched mode, the regulator circuit (or constant
voltage circuit) keeps running, the circuit current being
maintained at a high level, and the V¢ pin voltage dropping.

When the V ¢ pin voltage drops down to the operation-stop
voltage (9.7 V), the voltage starts rising again as the circuit
current becomes less than 140 pA. When the V¢ pin voltage
reaches the operation-start voltage (18.2 V), the circuit current
increases, and the voltage drops again. Consequently, the V¢
pin voltage is maintained between 9.7 VV and 18.2 V in the
latched mode. Figure 6 indicates the voltage waveform in the
latched mode. The latched mode is released by decreasing the
Vcc pin voltage to below 7.2 V, in general, by restarting.

Ve

18.2V
TYP

97V
TYP

CIRCUIT CURRENT | CIRCUIT
: LOW —P = CURRENT
o NORMAL

= TIME

Figure 6 — V¢ during latch mode

SS/OLP (Pin 5)

Through the SS/OLP pin, soft-start and overload protection is
realized by connecting a 0.47 uF to 3.3 pF capacitor to the pin.

Soft-start operation at start-up of power supply

At the power supply start-up, an external capacitor is charged
up to the soft-start operation threshold voltage (VssoLp(ss)) by
soft-start operation charging current (I ssoLp(ss)) sourced from
the SS/OLP pin. Soft start is activated at power supply start-up
by means of the SS/OLP pin voltage change from 0V to 1.2 V.
Timing is shown in Figure 7 and the next table.

VssoLp

1
1
1
! IssoLPNOR)

lssoLp SSOLP{OLP) T
oo SSOLPISS)

ocP

LIMAIT

NORMA

]
POWER |
MOSFET |
WAVEFORM ! ﬁ"l
—  SOFT e
START !

- -

STARTUP

Figure 7 — Soft-start operation
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By comparing the oscillation waveforms of the OLP pin and
that of the internal control, soft start widening of the ON-width
is activated. In addition, soft start is operated every time in the
burst standby mode. Gradual increase of drain current sup-
presses magnetostriction noises from the transformer.

Soft-start timing (charging current: 550 mA)

Css (HF) 047 1 22 33 47

Time (ms) 1.0 2.2 4.8 7.2 10.3

NOTE: A large Css value also results in a longer time from
OLP operation to latched mode.

Overload protection (OLP)

Figure 8 shows output characteristics of the secondary side
when the OCP circuit is activated due to an overload at the
secondary side output. When the output voltage dropsin an
overload mode, the bias winding voltage of the primary side
drops proportionally, and the V¢ pin voltage drops below the
‘operation-stop voltage' to deactivate the IC. Then, the circuit
current decreases, and the V ¢ pin voltage rises again by way
of the start-up resistor (R2) charge current to reactivate the IC
intermittently at the ‘ operation-start-up voltage’. However,
where the transformer has multiple output windings and
coupling is not good enough, the intermittent operation might
not be sensed even if the output voltage drops in an overload
mode, because the primary bias winding voltage would not

SECONDARY
OUTPUT CURRENT

Vo

AC HIGH
AC LOW

Figure 8 — Current-mode contr ol

drop. Although the intermittent operation is not realized,
protection might still be by means of the OLP activation.

In the overload mode, where drain current is controlled by
OCP operation, the secondary-side output voltage drops.
Accordingly, the error-amplifier and photocoupler on the
secondary side are cut off. The Series STR-W6750 regards the
signal absence with continuous OCP operation as an overload
status, and the SSYOL P pin voltage starts rising by |ssoLpoLp)
as shown in Figure 9. After the SS/OLP pin voltage keeps
rising to ‘ OLP-Operation Threshold Voltage' (VssoLroLp) =
4.9V), the oscillation stops, and the IC goes into a latched
mode.
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CURRENT/VOLTAGE N\
OLP DETECTION LEVEL
SS/OLP

* wss
START-UP VOLT. }

Vee STOP VOLTAGE

-- VssoLp(oLp)
Figure 9 — Timing at overload
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The time from OLP activation to a latched mode should be
obtained from the following formula if IssoLpoLp) isfrom a
constant-current circuit:

t = Css X AV/lssoLp (oLP)

where AV is the capacitor charging voltage of approximately
5volts.

However, the | ssoLp(oLp) IS Voltage dependent on the SS/OLP
pin voltage, and | ssoLpoLr) drops as the SS/OLP pin voltage
rises. The actual current value does not match the value
calculated in the equation above. Therefore, actual load
conditions should be carefully considered. Also, make sure
that OCP operation at power supply start-up does NOT place
the IC in a latched mode.

OLP timing (0~4.9 V, charging current: 11 mA)

Css (F) 047 10 22 33 47

Time (ms) 209 445 980 1470 2094

During this period, if Vcc goes below the UVLO threshold
voltage, the IC does not go into a latch mode, but goes into
intermittent operation. Where the Css voltage risesto 4.9V
and Vcc does not go below the UVLO threshold voltage, the IC
goes into a latched mode.

NOTE: A large Css value also results in a longer soft-start
time.

Operation at power supply turn OFF

At power supply turn OFF, voltage on capacitor Css, which is
externally connected to the SS/OLP pin, is discharged by way
of an internal RESET circuit as shown in Figure 10. The
RESET circuit does not operate in normal operation while the
internal REG circuit operates.

SS/OLP
(:

Figure 10 — Reset circuit at power turn OFF

How to deactivate the OL P circuit

To deactivate the OLP circuit while soft start is active, connect
either a 47 kQ resistor or a Zener diode to the SS/OLP pin
(Figure 11). By doing this, OLP operation is deactivated at
start-up or during an overload status.

SS0LP

Figure 11 — OL P deactivation circuit

FB (Pin 6)

The FB pin is used in either a normal (constant-voltage-control
circuit operation) or in the standby mode. Refer to Standby
Operation (p8) for controlling in the standby mode.

REG circuit (or constant-voltage-control circuit)

Series STR-W6750 adopts the current-mode control circuit for
a REG circuit, which ensures stability with a heavy load. The
peak value of MOSFET drain current (at ON-time) is changed
by comparing the FB pin voltage with the internal V ocpw.
OFF-time becomes quasi-resonant operation synchronized to
the reset signal from a transformer. Where no reset signa is
input from the transformer, it becomes fixed oscillation
frequency (approximately 22 kHz) set by the internal oscillator
circuit. The timing chart is shown in Figure 12, and the
internal circuit diagram of the REG circuit is shown in Figure

13.
. _A_A_AA.A_A_A_A_
GND == ===t~ - - -
VoceM
Voceowmy . _ _
GHND == = e e e e
OVERLOAD NORMAL LOAD  LIGHT LOAD

Figure 12 — Constant-voltage contr ol
(quasi-resonant signal ruled out)
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.
{ BIAS
[ ]
-
FB *
% () SV
SWA1 }’
1 VOCF’M
) %
~'OCP/BD

S/GND
Rocp

Figure 13 — REG functional block diagram

The constant-voltage-control circuit feeds a control signal (FB
current) from an error amplifier into pin 6 by way of the
isolating photocoupler. The input FB current is transformed
into feedback voltage Vg by the internal resistor (SW1is ON
during normal status). Voltage waveform (Vocpvm) from the
drain current waveform is input to the inverting input terminal
of the FB comparator.

Figure 12 shows the FB current is decreased to nearly zero in
an overload, when the drain current is restricted to below the
current value set by the overcurrent protection circuit.

In the period from normal load to light load in Figure 12, the
drain current decreases because the FB current increases and
Vg rises. When Vg exceeds the FB pin threshold voltage
(Vrs(orm, 1.45 V) at light load, intermittent oscillation starts
S0 as not to raise the secondary-side output voltage.

OCP/BD (Pin 7)

The OCP/BD pin functions as overcurrent detection, bottom-
skip, and quasi-resonant-operation control. Refer to the next
page for quasi-resonant and bottom-skip operation descrip-
tions.

Negative-detection type OCP circuit

The OCP circuit of the Series STR-W6750 is a pulse-by-pulse
type, which detects the peak value of the MOSFET drain
current each pulse and inverts the oscillator output. As shown
in Figure 14, the overcurrent sense resistor, Rocp, is connected
externally along with R4 and C5. R4 and C5 are to prevent

malfunction caused by surges when the MOSFET switches ON.
When the MOSFET switches ON, switching current occurs,
and avoltage is developed across Rocp. After that, the
MOSFET turns OFF when the OCP/BD pin voltage reaches

VocreD(LIM)-

The threshold voltage of the OCP/BD pin, Voceep(Lim), IS
—0.94V. The OCP circuit adopts negative-detection, which
creates the detecting voltage, Vocpw, in the control part by
dividing the voltage (V1 + Vrocp) With RB1, RB2, and R4.
Because RB1 and RB2 are resistors incorporated in the IC,
taking variance of RB1 and RB2 (defined as | ocpgp in the
specifications) into consideration, the value of R4 should be
small, between 100 Q and 330 Q. Select capacitor C5 (100 pF
to 680 pF target value) for good thermal behavior. A high
capacitance value results in slow response time, ending up with
an increase in peak drain current during a transient and at
start-up.

FILTER

OCF/BD

Figure 14 — OCP functional block diagram
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OPERATION DESCRIPTIONS
Quasi-Resonant and Bottom-Skip Operation
Quasi-resonant operation

Quasi-resonant operation matches the timing of the MOSFET
turn-ON to the bottom point of the voltage resonant waveform,
namely, ¥ cycle of the resonant frequency (CgrxLp), after the
transformer discharges energy.

As shown in Figure 15, the voltage resonant capacitor, Cg, is
connected between the drain and source, and the delay circuit,
C10, D3, D4, and R9 are connected between the bias winding
and the OCP/BD pin. When the MOSFET turns OFF, a quasi-
resonant signal is generated from the fly-back voltage in the
bias winding, and the BD comparator inside the |C operates,
enabling quasi-resonant operation. Even after the energy of
the transformer is discharged by way of the delay circuit, the
guasi-resonant signal imposed on pin 7 does not drop immedi-
ately. Thisisbecause C10 is discharged by R4, and the voltage
drops to the threshold voltage, V ocpep(tHy), at 0.4 V after a
certain period.

The delay time needs to be set by adjusting C10, monitoring
the operating waveform, so that the MOSFET turns ON when
the Vps of the MOSFET hits the lowest point.

In addition to the quasi-resonant operation, the IC incorporates
a ‘bottom-skip operation’ function in order to suppress the
increase of oscillating frequency during a light-to-medium
load. It lengthens the OFF-time in accordance with the load
status. Change-over timing between the quasi-resonant and
bottom-skip operation is described on page 8.

When the quasi-resonant signal voltage imposed on the OCP/
BD pinis below Vocpep(thz) a 0.8 V, the IC goesinto PWM
operation with a fixed oscillating frequency of 22 kHz.

PWM operation is also activated at power supply start-up or at
low bias winding voltage due to a winding short, which lowers
oscillating frequency and reduces MOSFET stress. After the
quasi-resonant signal exceeds Vocpep(tH2) at 0.8V, the
MOSFET remains OFF during V ocpep(tHy) @ 0.4V and
higher. A voltage difference between Vocpep(rHi) and
Vocrep(TH2) prevents malfunction.

In setting R9 and R4, the quasi-resonant signal imposed on the
OCP/BD pin needsto be 5V or less. Inanormal condition, it
should be approximately 1.5V. The value of R4is 100 Q to
330 Q and Rocp is small enough to be ruled out. The bias
winding output voltage is set at 18 V. To make the OCP/BD
pin voltage 1.5 V or higher, R9 value isto be 1 kQ to 3.3 kQ.

4
D i\ e iz
—{I} u%f BIAS

CONTROL

L
TCE D4

Figure 15 — Quasi-resonant and delay cir cuit

However, R9 needs to be considered together with C10 capaci-
tance relative to setting up the delay time. R9 determines the
time constant with C10 capacitance. Assuming the time
constant is2.2 ms, R4is220 Q, R9is2.2kQ and C10 is

1000 pF, then proper selection should be done while looking at
the quasi-resonant signal and Vps waveform in the actual
application.

Bottom-skip operation (shift from quasi-resonant operation)

The basic bottom-skip operation is activated at ‘light load’ by
judging secondary load status by means of the drain current
value (actually OCP/BD pin voltage). If theload statusis
judged ‘heavy load', the IC goes into quasi-resonant operation.
Judging is made by reading the OCP/BD pin voltage during the
falling edge of the MOSFET gate voltage. Also, the quantity

of falling edges (OCP/BD pin voltage is less than V ocpep(tH1)
of quasi-resonant signal is counted to be utilized to turn the
MOSFET ON in accordance with the mode described above.

www.allegromicro.com
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B Quasi-resonant operation = bottom-skip operation

Quasi-resonance is operated under the absolute condition of
Vocp greater than Vocpepesz). When the load becomes lighter
and the drain current drops to make V ocp less than
Voceep(esz), the operation is shifted to the bottom-skip mode,
and the reference voltage is automatically changed to
Voceepesy. Figure 16 shows shift timing from quasi-resonant
operation to bottom-skip operation.

B Bottom-skip operation = quasi-resonant operation

The bottom-skip is operated under the absolute condition of
Vocp less than Vocpepesz). When the load becomes heavier
and the drain current increases to make Vocp greater than
Voceep(esz), the operation is shifted to the quasi-resonant
mode, and the reference voltage is automatically changed to

Vs

Ips

Vocrepies). Vocp isthe OCP/BD pin voltage at the falling
edge of the MOSFET gate voltage.

As described above, the reference voltage for bottom-skip
operation, VocreD(BSL) and Vocrep(BS2): has hysteresis to make
a stable operation shift as shown in Figure 17.

Standby Operation

The Series STR-W6750 devices incorporate the burst-mode
function to reduce power consumption in the standby mode.
Two modes are available. One is auto-burst mode, and the
other (for lowest possible power dissipation) is externally
triggered burst operation.

44— QUASI-RESONANT — pug— BOTTOM-SKIP QUASI-RESONANT —

VOCPBD(THZ) . L o X e

VOGPBD(TH1)= =~ === == =—X_~~~
OCP/BD
VOCPBD(BS2) — — — —

VOCPBD(BS1) === == === == === == ===

MOSFET
GATE

DETECT

]
BOTTOM- 5
1
1
SIGNAL .

SIGNAL

]
]
E
STATE i
\
]

|
RPN SR P —

1
1
1
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1
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|
e
I
|
I
1

Figure 16 — Quasi-resonant to bottom-skip operation timing
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Figure 17 — Operation mode shift

Auto-bur st mode

The standby mode is started by internally sensing the drain
current pulse. Because the minimum drain pulse width is
limited to the minimum ON-time pulse width of 1 s, at light
load the power supply can not lower its output power any more,
and the output voltage starts increasing. When the FB pin
voltage exceeds the FB standby operation threshold voltage
Veg(s), the IC stops working until Vg drops and then the
power supply starts working again. This operation resembles
burst-mode operation.

External trigger

Standby is also remotely controlled by a clamp on the second-
ary side to reduce the output voltage. Then, the transformer
winding voltage drops and it reduces the bias winding voltage
and the V¢ pin voltage (pin 4) decreases. When the V¢ pin
voltage reaches the operation-stop voltage (9.7 V), the IC stops
its operation, and current consumption of the IC becomes
‘Circuit Current at Standby & Non-Operation’, lccs). The IC
will not restart its operation until the V¢ pin voltage rises to
‘Operation Start-Up Voltage' by charging the start-up capaci-
tor (C3) through the start-up resistor (R2). By repeating this
cycle, the IC maintains the burst-mode. Thisisillustrated in
Figure 18.

In order to eliminate the transformer’s magnetostriction noises
in the burst-mode, the voltage difference between the * Standby
Operation Start-Up Power Supply Voltage' and ‘ Operation-
Stop Voltage' is designed to be small. By doing this, the
operating frequency is increased without increasing the losses
in the start-up resistor, and the IC is in a mode where switch-
ing current is reduced to as low alevel as possible.

NOTE: During transitions between standby and nominal
operation, because the STR-W6750 is not pumping energy,
make sure that nominal output load is not applied, otherwise
output voltage will drop significantly and will affect the entire
system operation.

1 1
SECONDARY | |
ouTPUT | SR
VOLTAGE ! oo

L ——F

FEEDBACK ; .
| | T
START-UP ; | 3 ;
VOLTAGE, H |
VCC(ON) = — — : _l' 3 i
VA S N\
Vee STOP VOLTAGE, . | '

]
i
'
1
'
1
'
1
]
'
1
'
1
]
)
1
I
1
i
'
1
i

STAND-BY | A
DETECTION ! VAN
LEVEL, VFB(S) -r------——- f oo A
I 1
I \

START-UP VOLTAGE |
AT STAND-BY, Vccis) :

Figure 18 — Operation shift
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Gate Step-Drive Circuit Maximum ON-Time Control Function
The Series STR-W6750 incorporates a step-drive circuit The MOSFET ON-time is limited during transients such as at
(Figure 19) for driving the MOSFET, which reduces noise low input voltage and at ON and OFF of ac input. The
when the MOSFET turns ON. The drive current, when the maximum ON-time is set at about 70% of the oscillation cycle
MOSFET turns ON, is at first limited only by RG1, and the (Ufose = 45 ps), or approximately 32 us. In designing a power
gate voltage is increased gradually, and then rapidly in supply, the MOSFET ON-time at maximum load and at
approximately 0.9 psvia[RG1 + RG2]. Drive voltage then minimum input voltage should be thoroughly considered.

uses the constant-voltage drive circuit, maintained at Vprv =
7.5V, whichis not affected by Vcc. The MOSFET gate
charge is rapidly discharged through RG3 when the MOSFET
turns OFF.

los

S"IGND\- ) FL_—L—VDS-

L7 MAXIMUM AJ

ON TIME

Figure 19 — Step drive circuit Figure 20 — Maximum ON-time

WARNING — These devices are designed to be operated at lethal voltages and energy levels. Circuit designs
that embody these components must conform with applicable safety requirements. Precautions must
be taken to prevent accidental contact with power-line potentials. Do not connect grounded test
equipment.

The use of an isolation transformer is recommended during circuit development and breadboarding.

l==-l @ N
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TRANSFORMER PARAMETERS

Basically, the same type of transformer as that for a conven-
tional quasi-resonant circuit is recommended. The primary
inductance, L, is determined by thefollowing:

. (Vin D)?
= P —\2
P (\/&nf(ﬂ: + VN Tifosc D \/CR)

where Py = maximum output power,

fosc = minimum oscillating frequency,

D = ON duty cycle a minimum V),

n = transformer conversion efficiency (0.9 in the case
of CTV, 0.75t0 0.85 in the case of low output voltage), and

VN = rectified and smoothed dc input voltage at
minimum Vn(ag)-

Turn-ON delay results in duty change in a quasi-resonant
operation, therefore, duty correction is necessary. From the
following, the number of turns, peak switching current (1p),
corrected duty cycle (D"), delay time (tg), and others can be
obtained:

ty=T WL, Cr
D" =D (1 —[fosc ta])
lin=Po/(N*Vin)
Np = VLp/AL
Ns = Np (Vo + VR/(D V)

where |;, = average dc input current,
lgp = peak switching current, and
Cr = voltage resonance capacitance.

In addition, in the design of the transformer, using 130% of the
estimated peak switching current is recommended to estimate
if the transformer saturates based on the curve of

N x [-limit(AT) vs AL-value (nH/N?).

Instead of performing the calculations above, software that
provides a complete Flyback Transformer Design Tool is
available.

TV application concerns:

B Rather than winding with a single thick wire, a thin and
bifilar or trifilar winding across the entire width of bobbin is
recommended.

B For windings where Ny and +B are alarge number of turns,
divisional sandwich winding is recommended.

B For an output where atight regulation is required, winding
with good coupling with S1 (+B) is recommended.

W For the +B winding, better coupling by use of litz wireis
required. In case the litz wire does not fit into a bobbin’s
winding width, reduce the wire size, and use severa of themin
strands.

W For improved thermal design:

Leakage flux of wires close to the core center becomes large.
Eddy current can be reduced by the use of litz wire.

In case the entire winding does not fit into available
winding thickness, reduce the size of wires from outer side.

Wire diameter is determined by actual current and should be
less than 4 A/square mm.

BIAS
BARRIER %, BARRIER
[‘\.

S2

P2

537

51

P1

-
BlAS ALDIO
& 52

Figure 21 — Example of TV transformer
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Single and/or low-voltage output concerns:
B Wind so that wires are parallel and with good coupling.

B Sandwich winding is recommended.

|

=] 53

BlAS
™,
BARRIER \ BARRIER

| y

P2
52

—y P1
51

CORE

Figure 22 — Example of low-output voltage transfor mer

GENERAL CONSIDERATIONS
Universal AC Input Correction in OCP

With a universal ac input application, as described in Overload
Protection (p4), the load conditions for OCP activation will
vary according to input voltage level, 110 V or 230 V. Figure
23 illustrates a solution.

In the loop surrounded by the dashed line, the bias winding
negative output is produced when sensing overcurrent by use of
the principle that a voltage proportional to input voltage level
is generated when the MOSFET switches ON.

The Zener diode is set to be ON with a 230 V ac input, but not
to be activated with a 110 V ac input.

When the bias winding output voltage is 18 V, the resistor,
Zener, and diode within the dashed line are recommended:

>
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CAPACITOR >
—_— :E‘grgr’g; ? SNUBBER CIRCUIT
BIAS
> ™
VOLTAGE + ¥ _lx " —
RESONANT _| o v ¥ I .
CAPACITOR T ' '
Cr Z' .
pu SIGND - —
Se |z
OCP/ S8/ 53 5|_ | o Figure 23—
BD OLP FB Qe 65 L1138 Universal ac input OCP
L i © - § Ly
= <
25 N
] []
3 é . s
2
U G N
CURRENT-SENSE BOTTOM-DETECTION I : :
RESISTOR ocP DELAY CIRCUIT : :
ROCP SENSE m \ .
FILTER I :
Ak L n
. W oo Nooy '
p— INPUT CORRECTION IN OCP
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OCPon FB Pin

As was presented in Figure 23, in the feedback circuit portion,
a Zener diode is connected in series with the photocoupler.
This is a countermeasure against a FB-pin voltage rise over
9V inthe UVLO burst mode. The absolute maximum FB-pin
voltageis 9V, and a Zener diode voltage of 5.6 V t0 6.2V is
recommended.

Output Regulation and Transformer Noise
During Standby and Burst Modes

Figure 24 presents a simplified circuit of the secondary output
and Vo isolation circuits.

After the output voltage is shifted over to alower level, the IC
goes into a UVLO burst mode on the primary side. In this
mode, sufficient power is not obtained, and deep ripple output
voltage is generated, resulting in audible noises from the
transformer, a sharp drop of output voltage, and unsustainable
regulation. A larger output smoothing capacitor reduces this
issue.

Load in an actual UVLO burst mode ranges between tens of
milliohms and 0.2 Q at a maximum.

In regard to the noises from the transformer, contact a trans-
former manufacturer as a precaution against possible varnish
dissolving and ferrite core attaching.

QUTPUT ]
_i_D: » - » .
=1
b +
7 IZ
QUTPUT
SMOOTHING
CAPACITOR(S)
GROUND
e + l O
%
STAND-BY
SANKEMN ERROR
AMPLIFIER TYPE SExxx UVLD BURST
BY Vo DROP

Figure 24 — Output circuit
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DESIGN CONSIDERATIONS
Component Mount Considerationsin SMPS Circuits

As pattern layout and component position may cause malfunc-
tions of the IC, EMI noises, or power losses, the following
guidelines should be followed;

B Traces where high-frequency flow and high-current flow
should be kept thick and short to lower line impedance.

B The hatched areaillustrated in Figure 25, where high
frequencies and high currents create a loop, should be kept as
small as possible.

B S/GND and earth lines should be kept as thick and short as
possible.

W [n off-line SMPS (switch-mode power supply) circuitry,
because traces and paths of high voltage exist, component
layout and trace length should be carefully considered, as
required by safety standards.

B Placement of power supply and heat-sinking designs should
be carefully considered on the bench using an actual set.

iy

ﬁ.ﬂl |

Figure 25 — High-frequency, high-current loops

L ayout Considerations

B |n order to reduce or eliminate shared impedances, the
S/GND pin (pin 3) and its peripheral components should be
located as close together as possible asisillustrated in Figure
26. The trace from the overcurrent sense resistor to the input
smoothing capacitor should be kept as short and thick as
possible.

BIAS

SS/
OLP
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Figure 26 — Layout considerations
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The products described herein are manufactured in Japan by
Sanken Electric Co., Ltd. for sale by Allegro MicroSystems,
Inc.

Sanken and Allegro reserve the right to make, from time to
time, such departures from the detail specifications as may be
required to permit improvements in the performance, reliabil-
ity, or manufacturability of its products. Therefore, the user is
cautioned to verify that the information in this publication is
current before placing any order.

When using the products described herein, the applicability
and suitability of such products for the intended purpose shall
be reviewed at the users responsihility.

Although Sanken undertakes to enhance the quality and
reliability of its products, the occurrence of failure and defect
of semiconductor products at a certain rate is inevitable.

Users of Sanken products are requested to take, at their own
risk, preventative measures including safety design of the
equipment or systems against any possible injury, death, fires
or damages to society due to device failure or malfunction.

Sanken products listed in this publication are designed and
intended for use as components in general-purpose electronic
equipment or apparatus (home appliances, office egquipment,
telecommunication equipment, measuring equipment, etc.).
Their use in any application requiring radiation hardness
assurance (e.g., aerospace equipment) is not supported.

When considering the use of Sanken products in applications
where higher reliability is required (transportation equipment
and its control systems or equipment, fire- or burglar-alarm
systems, various safety devices, etc.), contact a company sales
representative to discuss and obtain written confirmation of
your specifications.

The use of Sanken products without the written consent of
Sanken in applications where extremely high reliability is
required (aerospace equipment, nuclear power-control stations,
life-support systems, etc.) is strictly prohibited.

The information included herein is believed to be accurate
and reliable. Application and operation examples described in
this publication are given for reference only and Sanken and
Allegro assume no responsibility for any infringement of
industrial property rights, intellectual property rights, or any
other rights of Sanken or Allegro or any third party that may
result fromits use.
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