RICHTEK

R7711A

Primary Feedback CC/CV PWM Controller for Flyback

Converters
General Description

The R7711A is a current mode PWM controller which
includes primary side voltage feedback technology. It
controls the output voltage and current accurately without
shunt regulator and opto-coupler on secondary side to
reduce the part count and save costs.

The R7711A is designed especially for low power
applications, such as chargers for cell phones, PDAs,
and other mobile products. Complete protections are
provided, such as output Under- Voltage Protection, output
Over-Voltage Protection, VDD Over-Voltage Protection,
Over-Temperature Protection, and Secondary Rectifier
Short-circuit Protection. The ultra low start-up current and
operating current of the R7711A achieves low power
consumption in standby mode. The R7711A supports
green-mode operation to meet CEC regulations and
Energy-Star requirements.

Features

e Programmable Primary-Side CC/CV Regulation
e Low No Load Input Power (<30mW at 230Vac)

e Green Mode PWM Operation

» Low Start-up Current (<10mA)

» Triple Mode PWM Operation

Easy EMI Solution

» Built-in Jittering Frequency

» Built-in Soft Gate Driver

e Programmable Cable Drop Compensation

o Adjustable Propagation Delay Compensation

o VDD Over-Voltage Protection(VDDOVP)

e Output Over-Voltage Protection(OVP)

e Output Under-Voltage Protection(UVP)

e Secondary Rectifier Short-Circuit Protection (SRSP)
e Internal Over-Temperature Protection(OTP)

e ROHS Compliant and Halogen Free

Applications

o Switching AC/DC Adaptor and Battery Charger
e DVD Open Frame Power Supply

e STB Power

e Cell Phone Charger

o Networking Power Supply

Simplified Application Circuit
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R7711A Ii

Ordering Information Pin Configurations
(TOP VIEW)
Package Type CS COMP Dwyac
E : SOT-23-6 O O O
Lead Plating System 6 5 4
G : Green (Halogen Free and Pb Free) . ) 5
O O O

Note :

Richtek products are :

GATE GND VDD

» RoHS compliant and compatible with the current require- SOT-23-6
ments of IPC/JEDEC J-STD-020.
» Suitable for use in SnPb or Pb-free soldering processes.

Marking Information
[FN=: Product Code
DNN : Date Code

[FN=DNN
A

Functional Pin Description

Pin No. Pin Name Pin Function
MOSFET Gate Driver Output. Connect this pin to the Gate of an external N-Channel
1 GATE
power MOSFET.
2 GND Ground of the Controller.
Power Supply Input. The controller will be enabled when Vpp exceeds VT4 on and
3 VDD : -
disabled when Vpp decreases lower than VTH_oFF.
Demagnetization Pin. Input and Output Voltage Detection from Auxiliary Winding.
4 DMAG The current (IcasLE) flows into this pin to achieve cable drop compensation function.
This pin is also used to detect the signal of the rectified input voltage for propagation
delay compensation and minimum on-time control.
Feedback Compensation Pin. This pin is the output of the internal operational
5 COMP transconductance amplifier (OTA) to connect a proper RC network from this pin to
GND for feedback loop compensation.
6 cS Current Sensing Input. Connect this pin to a current sense resistor used to detect the
current of the primary-side winding.
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Function Block Diagram
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Operation

General Description

The R7711A is a peak current-mode PWM controller
designed for off-line flyback converter in DCM
(Discontinuous Conduction Mode) operation. It can achieve
accurate CV (Constant-Voltage) or CC (Constant-Current)
output without voltage and current sensing circuits on the
secondary side, as shown the Figure 1. When the output
voltage is below the under-voltage threshold (Vout min),
the R7711A works in hiccup mode.

Vourt at end of output cable
A

VouT_SeT
— CV operation
— CC operation
=== Hiccup operation
----- Upper Limit
VouTt_mIN e
= > lout
louT_cc

Figure 1. Output Voltage vs. Output Current

Constant-Voltage Operation
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Figure 2. Simplified Circuit and Symbol Definition
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t0 ~t1 (Ton) : Q1 is turned on.

t1 ~1t2 (Ton_p) : Do is turned on.

t2 : Knee point

t3 ~ t4, t5 ~ t7 : The DMAG voltage is clamped near 0V.

t0 ~ 6 (Ts) : Switcing period of the converter

Figure 3. Operating Waveforms

The Figure 2 shows the simplified primary-side-regulation
circuit. The output voltage signal is indirectly detected via
the transformer (TX1) and the resistor-divider (Rpmag1 and
Rpmac2)- A “Knee point” detection and voltage sample-
and-hold circuits are required for sensing the feedback
voltage. The sample-and-hold voltage (VsH_pmac) of the
Vbwmac is shown in the following equation :
Na RomaG1
Ns Rpwmact+Rpmacz2

(at the Knee point)
VE : the forward voltage of the Do with Ipg near OA

VsH_bmac = (Vout + VF)-

In the “Functional Block Diagram”, the OTA compares
the Vrer (Vrer = 2.5V typ.) and VsH_pwmac to generate the
error signal. The peak-current comparator compares the
Vcowmp with the current signal (Vcs) to determine the gate
driver outputs duty cycle. The Vcowmp is also used to
modulate the oscillator frequency for green-mode
operation.

Copyright ©2013 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
4

R7711A-03 November 2013



RICHTEK

R7711A

Programmable Cable Drop Compensation

The R7711A features a cable drop compensation to
adaptively compensate the output voltage drop effect due
to the output cable impedance. As shown in the figure 4,
The lcasLE, proportional to the converter output current,
creates an additional voltage offset (AVrpmagz) into the
DMAG pin to achieve the cable compensation. The lcasLe
is calculated by using the following equation :

IcasLe = 8UA/V X Vcomp —11.2uA (IcasLe = 0)

Tx1 Dolbo Vopcs

ViNo ) = Vour
+ -
L N% % Ng Voo CABLE
VAUX E I
R7711A Na

Vcomp
Figure 4. DMAG Current for Cable Compensation

Voltage Clamping Circuit and Propagation Delay
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Figure 5. Voltage Clamping Circuit

Please refer to Figure 5. The DMAG pin is equipped with
a low-level voltage clamping circuit to prevent the IC from
being damaged by negative voltage. During the t0~t1 as
the Figure 3, the main switch (Q1) is turned on, and the
circuit outputs the current (IcLavp) to clamp the Vpwac
near OV when the voltage (Vaux) of auxiliary winding is
negative. The lcLawvp is calculated by using the following
equation :

Vin. Na

lcLamp = =——
Rpmac2 Np

The R7711A also provides propagating delay
compensation through the CS pin. The Ics (= lcLamp X Ki),
proportional to line voltage on the CS pin, and the Rppc
compensate for the propagation delay effect of the CC
control loop. Thus, the constant current output can be
very close to the preset level at high and low line voltages.

Triple Mode PWM Operation

In Figure 6, the triple mode PWM operation provides
excellent green power performance, especially under light
load and no load conditions.

fosc (Oscillator Frequency)
A

fowm | e _
65kHz T H

fBURST|- — — -
1kHz |

fmIN | —— |
250Hz

»
>

Vcomp

VTH_BURST VTH_FRL VTH_FRH
1.1V 1.5V

2V
Burst Mode <+—; Frequency "L, pyM Mode

Reduction Mode |

Figure 6. Switching Frequency vs. COMP Voltag
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PWM Mode

For improving the efficiency in heavy load conditions, the
RT7711Ais equipped with a PWM mode operation. In the
Figure 6, when the COMP voltage is larger than the voltage
threshold (V1H_rrH), the controller enters PWM mode. In
this mode, the average switching frequency is fixed at
65kHz (fewm, typ.)

Frequency Reduction Mode

In Figure 6, to reduce switching losses, the Frequency
Reduction (FR) mode is designed to operate at middle
load current conditions with the COMP voltage (Vcowmp)
between the voltage thresholds V14 _rrH (3.2V typ.) and
V1H_rrL (1.5V typ.). In this mode, the switching frequency,
from 65kHz to 1kHz, is linearly modulated by the Vcowmp.

Burst Mode

To further reduce the switching losses in no load or very
light load condition, a burst mode control reduces the
average switching frequency when the Vcowp is below
the V11 _rrL (1.5V typ.). A Burst-mode voltage threshold
(VT1H_BURsT=1.1V typ.) switches the operating frequency
in either faursT (1kHz typ.) or fuin (250Hz typ.). The green
mode operation meets the CEC regulations and Energy-
Star requests.

Min. On-Time

To improve green power at light load or no load conditions,
the R7711A works with a minimum on-time (Ton_min) and
the output voltage is regulated by the modulated switching
frequency. The Ton_min, shown as the following equation,
is a function of the lcLamp :

0.7A-ns

Ton_ MIN = I
CLAMP

Constant-Current Operation

The R7711Afeatures a patented constant current control
circuit. The lout cc can be calculated as the following
equation :

V1H_cc : CS voltage threshold in CC mode
Ton_p : on time of the Do

Ts : switching period of the converter

Np : turns of the primary winding

Rcs : current-sensing resistance

If the “V1H_cc X Ton p” is a constant, the lout cc is close
to a constant in CC operation. In steady state, the

parameter Kcc (= VtH_cc X Ton_ D) is regulated at
- VREF
VDMAG/\ /‘\ /\
ov
TeLANK®™

4.7us x V(typ.).
i /]

Figure 7. The Ringing Voltage at DMAG Pin

Adaptive Blanking Time
Knee Point

-

Ves

In Figure 7, the ringing waveform is induced by the leakage
inductance and the peak current of the primary winding at
the rising edge of the Vpmag. It may cause improper knee
point detection and further result in unstable operation.
The magnitude and settling time of the voltage ringing
increases larger at heavy loads with higher peak currents.
Thus, the R7711A provides a modulated blanking time
(TeLank) depending on the CS peak voltage (Vcspk). The
TsLank can be calculated by using the following
equation :

TeLank = 1ms + Vespk x 3ms/V

Vcspk : peak voltage of the CS voltage

Leading Edge Blanking (LEB) for Vcs

Due to the device's parasitic capacitors, an initial current
spike appears at the rising edge of the GATE voltage
(VeaTe). The spike of the CS voltage may incorrectly trigger
the peak current comparator, to turn off the power MOSFET,
resulting in running failure of the flyback converter. Thus,
the LEB, used to mask the initial voltage spike on the CS
pin, is a necessary design for successful PWM operation.
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Frequency Jittering Function

fosc (Oscillator Frequency)

A
Af
fpwm 65kHz (£6%)
0% . TYTTER === »
(4ms)
»time

Figure 8. Oscillator Frequency with Jittering

Afrequency jittering function is embedded to further reduce
EMI (Electromagnetic Interference). In Figure 8, the
function modulates the oscillator frequency in a triangular
waveform with the period (Tyrter) of 4ms(typ.). In this
condition, the maximum average (frwm) of the oscillator
frequency (fosc) is 65kHz (typ.) and the jittering frequency
range (Af) is +6% of the fpwwm.

VDD Under-Voltage Lockout (UVLO) Protection

The R7711A automatically initializes upon receipt of the
supply voltage (Vpp) on the VDD pin. The UVLO function
continually monitors the Vpp. When the Vpp exceeds its
rising UVLO threshold (VtH_on = 14.5V typ.), the IC is
enabled. When the Vpp falls below the falling UVLO voltage
threshold (V1H_orr = 8.5V typ.), the GATE voltage is pulled
low to shut off the converter. The supply voltage (Vbp)
must be below the absolute maximum rating for safety.

VDD Over-Voltage Protection (VDD OVP)

When the Vpp exceeds the VDD over-voltage threshold
(V1H_vpbpov = 27V typ.) in abnormal conditions, the GATE
voltage is pulled low to shut off the converter and the
R7711A works in hiccup mode until the fault is removed.
This avoids permanent damage of the converter
components . The VDD over-voltage may be caused by
an incorrectly sensed feedback signal on the DMAG pin
or an output over-voltage condition.

Output Over-Voltage Protection (OVP)

The R7711A provides accurate output OVP. Once the
feedback voltage (VsH_pmac), sampled on the DMAG pin,
is over 125% (typ.) of the reference voltage (Vrer = 2.5V
typ.), the R7711Aissues an output OVP signal to turn off
the controller and prevent the loading device and converter
from being damaged. Therefore, the OVP threshold on
the output is about 125% of the CV output voltage at the
end of the PCB. The R7711A works in hiccup mode until
the fault is removed.

Output Under-Voltage Protection (UVP)

The output UVP is designed to protect the converter from
the output short-circuit conditions. Once the feedback
voltage (VsH_pmag), sampled on the DMAG pin, is below
the voltage threshold (V11 uve = 1.2V typ.), a built-in 11-
bit digital timer performs a UVP debounce time (2048
switching cycles = about 30ms) before issuing the UVP
signal. The UVP signal turns off the converter to prevent
the loading device and converter from being damaged. The
R7711A works in hiccup mode until the fault is removed.

Over-Temperature Protection (OTP)

The built-in OTP function continuously monitors the
junction temperature (T,) of the IC itself. Once the T,
exceeds the over-temperature level (Totp = 150°C typ.),
the OTP signal turns off the converter and prevents the IC
itself from suffering thermal stress and permanent damage.
It's not suggested to use the function as a precise OTP.
The R7711A works in hiccup mode until the fault is
removed.

Secondary Rectifier Short-circuit Protection (SRSP)

The R7711A is equipped with an extra over-current
protection (OCP) against secondary rectifier short-circuit
conditions in flyback converter. When the secondary
rectifier is damaged by short-circuit, the transformer
operates in saturation area and huge current stress occurs
on the main switch. When the V¢s reaches the OCP
voltage threshold (V1H_ocp= 1.7V typ.), the R7711A shuts
down the converter after the debounce time of a few cycles.
The R7711A works in hiccup mode until the fault is
removed.
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R7711A RICHTEK
Absolute Maximum Ratings (Note 1)
e VDDtoGND —0.3V to 28V
e GATEtoGND —0.3V to 16V
« DMAG, COMP, CS to GND —0.3V to 6.5V
o Power Dissipation, Pp @ Ta =25°C

SOT-23-6 0.38W
o Package Thermal Resistance (Note 2)

SOT-23-6, 6, 260.7°C/W
¢ Junction Temperature 150°C
e Lead Temperature (Soldering, 10 sec.) 260°C
¢ Storage Temperature Range —65°C to 150°C
e ESD Susceptibility (Note 3)

HBM (Human Body Model) 3kV

MM (Machine Model) 250V
Recommended Operating Conditions  (Note 4)
¢ VDD Supply Voltage, Vbp 11V to 24V
¢ Junction Temperature Range —40°C to 125°C
o Ambient Temperature Range —40°C to 85°C
Electrical Characteristics
(Vob = 15V, Ta= 25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max | Unit

VDD Section
¥rE)rIZS(r)];/Er-Voltage Protection V1H vopov | VDD Rising 26 27 o8
UVLO-On Threshold Voltage VTH ON 13.5 14.5 15.5
UVLO-Off Threshold Voltage VTH_OFF 7.5 8.5 9.5 \
VDD Start-up Current Ipp_sT Rising Vpp < V14 on - 0.1V - - 10 pA
VDD Operating Current Ibp_op GATE and COMP pin open 0.3 0.5 0.7 mA
Oscillator
l;l\cl)vrmia'{/l(gcsjglllator Frequency at fowM Veomp > VTH FRH 60 65 70 KkHz
e e s o1 |m=-zowesomoes) | - | - | 6 |
Jitter Frequency Range Af -- 16 -- %
Jitter Frequency Period TUTTER Vcomp > VTH_FRH - 4 - ms
Burst Mode Frequency fBURST VTH_BURST < VCOMP < VTH_FRL| - 1 - kHz
Minimum Frequency fmIN Vcomp < VTH_BURST - 250 - Hz

Copyright ©2013 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min Typ Max | Unit
GATE Maximum Duty Cycle Dmax 72 77 82 %
I = 1mA -- 700 -- ns
GATE Minimum On-Time Ton un  |22MP
- lcLamp = 250pA -- 2800 -- ns
COMP Input Section
Frequency Reduction Mode High
Threshold VTH_FRH - 3.2 - \Yj
Frequency Reduction Mode Low
Threshold VTH_FRL - 1.5 - \Y,
Burst Mode Threshold VTH_BURST - 1.1 - Vv
Maximum COMP Open Voltage Vcomp_opP -- 4.5 -
Current Sense Section
Reference for Constant Current
Control Mode Kce Kce =VTH cc XxTonN D 4.37 | 4700 | 503 [usxV
CS Over-Current Protection
Threshold VTH_oc i A B
CS Leading Edge Blanking Time | TLgeB (Note 5) 300 375 450 ns
CS-to-GATE Propagation Delay Tep (Note 5) _ 100 _ ns
Time
Current Ratio of CS Sourcing K Ki= Ics/ lcLamp at GATE _ 0.02 _ A/A
Current to DMAG Sourcing Current ! turn-on '
Voltage Feedback Compensation Section
Reference Voltage for CV
Regulation VREF (Note 5) 245 2.5 2.55 Y
Gain of Operational Input Voltage Difference =
Transconductance Amplifier (OTA) | 9™ +50mV S I T
Maximum COMP Sourcing/Sinking
Current lgm_mAx - 20 - HA
Maximum Clamp Current of DMAG | IcLamp_mAX 1500 - - pA
Gate Driver Section
Rising Time of GATE Output Tr CL= 1nE _ 150 _ ns
Voltage
Falling Time of GATE Output Te CL=1nF _ 85 _ ns
Voltage
GATE Output Clamping Voltage VcLamp Vpp= 20V, C_L=1nF - 12 - \

Copyright ©2013 Richtek Technology Corporation. All rights reserved.
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R7711A RICHTEK

Parameter Symbol Test Conditions Min Typ Max | Unit

Protection Section

Output Over-Voltage Protection Sampled on the DMAG pin at

Threshold VTH_ovp the Knee point 3 31251 3.25 v
Output Under-Voltage Protection Sampled on the DMAG pin at

Threshold VTH_uve the Knee point N 12 - v
'(I?ilrJT:F;Ut Under-Voltage Debounce Tuvp_DE Count of clock cycles -- 2048 -- CLKs

Maximum Duty Protection Duty = Dyax, Count of clock

Debounce Time TbmAX_DE cycles = | 2048 -~ | CLKs
Over-Temperature Protection o
Threshold Totp R c
Over-Temperature Protection o

P ToTP_Hys - 30 - C

Threshold Hysteresis

Note 1. Stresses beyond those listed “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may affect
device reliability.

Note 2. 6ya is measured at Ta= 25°C on a low effective thermal conductivity single-layer test board per JEDEC 51-3.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.

Note 5. fpr, leading edge blanking time, internal propagation delay time and VREF are guaranteed by design.
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RICHTEK R7711A
Typical Application Circuit
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R7711A RICHTEK

Typical Operating Characteristics

VDD OVP Threshold vs. Junction Temperature VDD Operating Current vs. Junction Temperature
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Application Information

General Description

The R7711A is a peak current-mode PWM controller

designed for off-line flyback converter and can achieve
accurate CV or CC regulation, as shown in Figure 9.

Vour at end of output cable
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— CV operation
— CC operation
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----- Upper Limit
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2
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lout cc

Figure 9. Output Voltage vs. Output Current

The Figure 9 shows a typical curve of “output voltage vs.
output current” of the charger using the R7711A. If the
output current is less than the CC regulated level (lout cc),
the CV regulation loop takes control of the converter and
regulates the output voltage at the preset voltage level
(Vout_seT). In the CV operation, a cable drop
compensation for function adaptively compensates the
voltage drop of the output cable and green mode
operations, including frequency reduction and burst-mode
functions, improve the efficiency of power conversion over
the no load to full load range.

In CC operation, the converter works like a current source
by regulating the output current at the preset current level
(lout_cc). In CC operation, a programmable propagation
delay compensation reduces the CC variation, which is
caused by feedback-loop propagation delay, over the full
AC input voltage range.

Once the output voltage is below the under-voltage
threshold (Vout min), the R7711A shuts off the output
protect the load and converter. After the output is shut
down for a while, the R7711A attempts to regulate the
output again without fault latching, resulting in hiccup
operation.

Start-up Resistance

BD ViN
IRST Daux
Vac CBULK S RsT
4 Vop_ VDD
Ipp_sT
lcvbpY
Cvpp =

Initial Vpp = ovj:
Figure 10. Start-up Circuit

The Figure 10 shows the-start-up circuit of the R7711A
converter at the initial state of power-on condition. The
total start-up resistance (Rst) can be calculated by using
the following equation :

_ V2 -Vac MIN-VTH ON
Cvpp VTH_ON

TsT
Vac_min @ minimum AC input voltage (90V,ys in general)

Rst
+lpp_sT

VTH_on : VDD on threshold voltage (15V max.)

Cvpp : VDD capacitance

Tst : start-up time of the converter ( < 3s in general)
Ibp_st : VDD start-up current at the Vpp = Vry_on-0.1V

Calculation of the Current-Sensing Resistance

Refer to the Figure 2 and Figure 3. The current-sensing
resistance (Rcs) can be calculated by using the following
equation :

1. Np Kee -fpwm

2 Ns lout_cc(seT)
lout_cc(seT) : preset output current in CC operation
Kcc : regulated parameter in CC operation
fewwm : average switching frequency of the converter
Np : turns of the primary winding
Ns : turns of the secondary winding
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Magnetizing Inductance

The range of the primary-side magnetizing inductance (Lim)
is mainly determined by two operating conditions. The
first condition, “the calculated CS voltage threshold
(VTH_cc) in CC operation is not allowed to exceed the
maximum CS voltage threshold (1.1V typ.)”. Thus, the
minimum primary-side magnetizing inductance (Lm min)
can be calculated by using the following equation :

Lm MmN =(

N_p)2 . Kec? -fowm (Vopcs_ccmax) + Vbo)
Ns 2-lout_CcC(SET)" (0.85V)?
Vopcs_ccmax) : Max. converter output voltage on the

PCB in CC operation (CV-to-CC corner)
Vpo : forward voltage of the output diode(Dg )

second condition prevents the converter from entering into
CCM (Continuous Conduction Mode) operation. The worst
condition happens in CC operation with the minimum
output voltage (Vorcs_ccviny) @and the minimum DC input
voltage (Vin_min). Thus, the maximum primary-side
inductance (Lm_max) is calculated by using the following
equation :

Lm max =

2
N
[NZ] “(Vopce_ccminy +Vbo)- VIN_MIN2 -0.85

2
N
2-louT_cc(seT) '|:VIN_MIN +i (Vopce_ccminy + Vbo )} frwm

Vopce_ccminy - Min. converter output voltage on the PCB
in CC operation; 2.5V is recommended.
Vpo : forward voltage of the output diode(Dg)

2 :
|
19 | !
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© g7 ¢ ‘
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upgm/ |
5%1.3 |
€ € |
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Output Voltage in CC Operation Vopcg cc (V)

Figure 11. Curves of Lm_min and Lm_wax vs. Vopcs_cc

As shown in Figure 11, the “typical” value (L) of the
selected magnetizing inductance must be greater/less
than the Lm_min/Lm_max. The operating margins have been
taken into consideration and the recommended tolerance
of the Lm is less than £10%. Selecting a Lm which is
close to the Lm_min is recommended.

Leakage Inductance and Snubber Optimization
e i e P e

An acceptable overshoot
/ p

———

W W W W

The ringing voltage will cause
p  Wworse output voltage regulation

T |

Figure 12. The ringing voltage on DMAG pin

As shown in the Figure 12, when the MOSFET turns off,
the leakage inductance and its current will induce the
ringing voltage on DMAG pin. Due to the ringing voltage,
the controller gets the wrong *“knee point” detection and
the output regulation is worse. Optimizing the leakage
inductance and snubber design would reduce the ringing
voltage and obtain the well output regulation.
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Propagation Delay Compensation
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Figure 13. lllustration of Propagation Delay Compensation

As shown in Figure 13, the total propagation delay time
(tp) of the CV/CC control loop includes the CS-to-GATE
propagation delay (Tpp) and the Q1 turn-off delay, which
operates from the beginning of the falling GATE voltage to
the time point when the Vprain is equal to the ViN. The tp
increases the on-time (Ton) of the power MOSFET (Q1)
and the peak current (Ipspk) of the primary winding. Thus,
the propagation delay effect increases the CC variation.
The increment (Alpspk) of the Ipspk can be calculated by
using the following equation :

VIN Vespk-VTH_ cc
Alpspk =—tp = —————

Lm Rcs
VN : input DC voltage of the converter
L, : primary-side magnetizing inductance
Vcspk : peak voltage of the CS voltage

VTH_cc : CS voltage threshold in CC operation

If the voltage offset (Vppc) between the resistor (Rppc) is
equal to the (Vcspk-VT1H_cc), the propagation delay effect
is well compensated. It means the Vrcspk is equal to the
VTH_cc. Thus, the Rppc can be calculated by using the
following equation :
_Romag2 Ne Res-tp

Ki Na Ln
K| : current ratio of Icg to I amp

Repc

IcLamp : sourcing current of the voltage clamping circuit
Ics : sourcing current of the CS pin current

during the on-state of the main switch (Q1)
Rcs : current-sensing resistance

In general, the tp is close to a fixed value in a converter.
Therefore, the propagation delay effect can be
compensated by using the Rppc over full range of the V.

DMAG pin Resistance

7x1  Dolpo Vopcs

Y s Vour
+ -
N% Ne Voo CABLE

Vino

Ul

R7711A

lcaBLE

Cable
Comp.

Vcomp

Figure 14. Block Diagram of the Cable Drop Comp

When the GATE pin turns on the power MOSFET, the
DMAG pin adaptively sources current to clamp the DMAG
voltage near 0V. Meanwhile, the current flowing through
the resistor Rpmac2 is proportional to the input voltage
and used for the minimum on-time (Ton min) control.
Therefore, the Ton_min is adaptively modulated by the input
voltage and can be programmed by the Rpmag2. When the
GATE pin turns off the power MOSFET, the DMAG pin
sinks the current, which is modulated by the COMP
voltage and flows through the Rpwmac?, to increase the
voltage offset (AVpama2) for cable compensation, as shown
in Figure 14. So, the Rpame2 is concerned with the Ton_min
and cable compensation. It can be calculated by using
the following equations :
Rpmac2 = 250103 N—A

Np
Rpmag? : the high-side resistance of the resistor-divider

Second, the low-side feedback resistance (Rpmag1) can
be calculated by using the following equation :

Rowmac2
Vout_seT+VF Na _
VRer Ns
VE : the forward voltage of the Dg with Ipg near OA

Rpmagt =
1
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DMAG Decoupling Capacitor
Ringing voltage

VREF

VbmMAG m
VDMmAG2

i Ton- *“TBLANK’

¢ Ton_po~

Figure 15. Comparison of the DMAG Voltage Waveforms

Figure 15 shows the DMAG voltage waveforms of the
converter operating with no output current. In this condition,
all of the time intervals, including the Ton, Ton_po and
TsLANK, @are minimum values. Once the settling time of
the ringing voltage on the original DMAG voltage (Vpmac1)
is more than the TgLank, the ringing voltage may cause
incorrect detection of the feedback signal and unstable
CV regulation. As shown in Figure 14, the low-pass filter
(including the Cpmac and the resistor-divider) is a possible
solution used to filter the ringing voltage from the Vaux.
After the low-pass filter is adopted, the smooth waveform
(Vbmag2) of the DMAG voltage, shown in Figure 16,
improves the detection of the feedback signal. The proper
Cbwmag is recommended in the following range :

0.1u-(Rpmac1 +Romacz)
Rpmac1-Romac2

< 0.7u-(Romact +Rowmac2)

- Romac1-Romac2

<Cpwmac

Itis recommended to be careful of output voltage regulation
at light load or no load conditions with larger Cpuac.

Feedback Compensation

TX1

VOUTOTII;O J:_Si L{q{)

Res Vaux(t) 9

GATE

Veomp COMP R7711A
I % Ccomp
(optlo

RCOMP

Vour : small signal of the converter output voltage
Vecomp : small signal of the OTA1 output voltage
ViN : DC Input voltage of the converter

Vaux(t) : switching voltage at the auxiliary winding

Figure 16. CV Control System Diagram in PFM Operation

The selected values of the compensation components
(Rcomp and Ccomp) must meet the following equations :

Rpmac1 +Romac?

LA
2-Rpmac1-Romac2 '400(7)

Rcomp <

Romac1+Romac2 1
A 1, - Na uA
R 50 (M) 388.24(-1).F-—A 1R 8 (&2
DMAG1 90 ( V) (V) Ng " RDMAG2 ( V)

Rcomp <

2
_ 1 .(mns.A.MJ
4-m-Vout Lm -Co A

5.| Romac1+Romace

VA -Rcomp -Romacz '8(%)
Rpmac1 '50(*)

Ccowmp >
Na 38, 824(012).F

2-1-Reomp? Ne
The C3 is used to filter the high-frequency switching noise
on the COMP pin. The C3 can be determined by the
following equation :

C3< Ccowmp
60kHz-1T- RCOMF’ CCOMP -1
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Thermal Considerations

For continuous operation, do not exceed absolute
maximum operation junction temperature. The maximum
power dissipation depends on the thermal resistance of
IC package, PCB layout, the rate of surroundings airflow
and temperature difference between junction to ambient.
The maximum power dissipation can be calculated by
following formula :

Pomaxy = ( Tymax)y—Ta )/ 6ua

Where Tymax) is the maximum operation junction
temperature, Tais the ambient temperature and the 6,ais
the junction to ambient thermal resistance.

For recommended operating conditions specification, the
maximum junction temperature is 125°C. The junction to
ambient thermal resistance 0,4 is layout dependent. For
SOT-23-6 package, the thermal resistance 0,4 is 260.7°C/
W on the standard JEDEC 51-3 single layer thermal test
board. The maximum power dissipation at Ta=25°C can
be calculated by following formula :

Pomaxy = (125°C — 25°C) / (260.7°C/W) = 0.38W for
SOT-23-6 package

The maximum power dissipation depends on operating
ambient temperature for fixed Tymax) and thermal
resistance 0 a. The Figure 17 of derating curve allows the
designer to see the effect of rising ambient temperature
on the maximum power dissipation allowed.

0.6

Single Layer PCB
05

04

03 |

02

01 ¢

Maximum Power Dissipation (W)

0.0

0 25 50 75 100 125
Ambient Temperature (°C)

Figure 17. Derating Curve of Maximum Power
Dissipation

Layout Considerations

Aproper PCB layout can abate unknown noise interference
and EMl issue in the switching power supply. Please refer
to the guidelines when you want to design PCB layout for
switching power supply :

» The current path (1) from bulk capacitor, transformer,
MOSFET, RCS return to bulk capacitor is a huge high
frequency current loop. It must be as short as possible
to decrease noise coupling and kept a space to other
low voltage traces, such as IC control circuit paths,
especially. Besides, the path (2) from RCD snubber
circuit to MOSFET is also a high switching loop so
keep it as small as possible.

» Itis good for reducing noise, output ripple and EMl issue
to separate ground traces of bulk capacitor (a), MOSFET
(b), auxiliary winding (c) and IC control circuit (d). Finally,
connect them together on bulk capacitor ground (a).
The areas of these ground traces should be kept large.

» Placing bypass capacitor for abating noise on IC is highly
recommended. The bypass capacitor should be placed
as close to controller as possible.

» In order to minimize reflected trace inductance and EMI,
it is minimized the area of the loop connecting the
secondary winding, the output diode, and the output
filter capacitor must be kept small. In addition, apply
sufficient copper area at the anode and cathode terminal
of the diode for heatsinking. Apply a larger area at the
quiet cathode terminal. Alarge anode area can increase
high-frequency radiated EMI.

» For R7711A applications, it is better to keep the trace

from voltage divider resistors close to the DMAG pin.
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Figure 18. PCB Layout Guide
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Outline Dimension
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Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max

A 0.889 1.295 0.031 0.051
A1 0.000 0.152 0.000 0.006
B 1.397 1.803 0.055 0.071
b 0.250 0.560 0.010 0.022
C 2.591 2.997 0.102 0.118
D 2.692 3.099 0.106 0.122
e 0.838 1.041 0.033 0.041
H 0.080 0.254 0.003 0.010
L 0.300 0.610 0.012 0.024

SOT-23-6 Surface Mount Package
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