A AnologWin High-Efficiency Low-Side

N-Channel MOSFET Controller
for Switching Regulator

AWT34780Q1

FEATURES DESCRIPTION

e Wide Input Voltage of 2.97V to 45V The AWT3478Q1 is a versatile Low-Side N-

e 6UA Ultralow Shutdown Current Channel MOSFET controller for switching

¢ 100kHz to 1000kHz Adjustable Clock Frequency regulators. It is suitable to drive topologies with
e Current Limit and Thermal Shutdown Protection a low side N-Channel MOSFET, such as Boost,
e Peak Current Mode Control SEPIC, etc. The operating frequency can be set
¢ Internal Soft Start between 100kHz to 1000kHz by adjusting the

e Internal Gate Driver resistor value connected to FA/SD pin. Current
e Undervoltage Lockout with Hysteresis mode control is adopted to provide high

e AEC-Q100 Qualified bandwidth, excellent transient response and

cycle-by-cycle current limit function.

During output short circuit, the switching
APPLICATION frequency is reduced by a factor of 5 to avoid
excessive power dissipation until the fault
condition is removed. In addition, the
AWT3478Q1 has built-in features such as
thermal shutdown, over voltage protection,
undervoltage lockout, etc. Power saving shut
down mode reduces total current to 6uA (Typ.)
and allows power supply sequencing. Internal
soft-start limits the inrush current at start-up.

e Distributed Power Systems
e Battery Charger

o Offline Power Supplies

e Telecom Power Supplies

e Automotive Power Systems

Typical Application
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Fig.1 Typical Boost Converter
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PIN CONFIGURATION

Package Pin Configuration
Top View
Isen | 1 o] 8 |VIN
MSOPS8 comp[ 2 7__|FA/sD
B[ 3 6 | DR
AGND [ 4 5__|PGND

PIN DESCRIPTION

No. [ Pin Type® | Description

1 Isen @) Current Sense Input

2 COMP @] Connect a Resistor and a Capacitor for Control Loop Compensation
3 FB I Feedback Input

4 AGND G Analog Ground

5 PGND G Power Ground

6 DR @] Gate Drive Signal

7 FA/SD @] Frequency Adjust/Shutdown

8 Vin P Power Supply Input

Table 1. AWT3478Q1 Pin Description
(1)P = Power, G = Ground, | = Input, O=Output.

ABSOLUTE MAXIMUM RATINGS

Min Max Units
VIN to GND 0.3 50
Input FA/SD to GND -0.3 55 v
FB to GND -0.3 55
ISEN to GND -0.3 1
Output DR to GND -0.3 7.5 \%
Ti Junction temperature -40 150 3
Ts Storage temperature -55 150 ¢
Rev. 1.0 www.analogwin.com
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RECOMMENDED OPERATIONG CONDITIONS

Min Max Units
VIN 2.97 45
FA/SD 0 5 \%
Boost Regulator FB 0 5
ISEN 0 0.5
\%
DR 0 7
Ts Junction temperature -40 125 °C
ESD RATINGS
Symbol Definition Value Units
HBM +2500
VEsD V
CDM +750

Rev. 1.0
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ELECTRICAL CHARACTERISTICS

Limits apply over the recommended operating junction temperature range of —40°C to +125°C, unless otherwise
stated. Minimum and Maximum limits are specified through test, design or statistical correlation. Typical values
represent the most likely parametric norm at Ta = 25°C, and are provided for reference purposes only. Unless
otherwise stated the following conditions apply: Vin = 5 V. Vour is converter output voltage.

Symbol Parameter Condition Min Typ Max Unit
Power Supply
VN Operation Input Voltage 2.97 45 \Y
Rising Threshold 2.7 2.97 \
UVLO Under Voltage Lockout Thresholds -
Falling Threshold 2.2 2.4 \%
IsHDN Shutdown Supply Current Vin=5V, Vrasp=5V 6 16 UuA
Operating Supply Current
ISUPPLY p i g pp y Vin=12V 760 1200 uA
(Non-Switching) @Sleep Mode
Driver
_ _ Vin <7.0V Vin
VDR(Max) Maximum Drive Voltage \%
Vin 27.0V 7.0
. . . . . Ces =3.3nF
(€] '
T: Drive Pin Rising Time Vor=0V 10 3V 45 ns
(1) . . . . Ces :3.3nF,
Tt Drive Pin Falling Time Vore3V to OV 22 ns
Voltage Reference
Ves Feedback voltage 123 | 1.26 | 1.29 \%
Irs Current into FB pin Vre=1.3V 5 nA
F k Vol Li
AVine eedback Voltage Line 0.001 | 0.01 | %NV
Regulation
Output Voltage Load _ 0
AVioap Regulation VINT5V 0.05 0.2 0/ A
Over Voltage Protection
Vove (Respect with Feedback 65 145 mV
Voltage)
Over Voltage Protection
Vove_nys gert 30 mV
Hysteresis
Threshol
Veense Current Sense Threshold 100 155 210 mv
Voltage
Vee Short Circuit Current Limit 290 380 460 my
Sense Voltage
Rev. 1.0 www.analogwin.com
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Switching Frequency Timing
fsw Switching Frequency Rr=40kQ 350 400 440 kHz
Dmax Maximum Duty Cycle fsw =400kHz 97 %
Ton_miN Min. Turn On Time fsw =400kHz 270 ns
Torr_min Min. Turn Off Time fsw =400kHz 92 ns
Tss Soft Start Vour f;%r;)O% 0 5 ms
Shutdown
Ve Shutdown Rising Threshold 1.15 14 \Y
Shutdown Falling Threshold 0.65 0.8 \%
Isp Shutdown Pin Current Vsp=5V 0.05 UA
Amplifier
S LR e e e e
AvoL Error Amplifier Voltage Gain 20 55 100 VIV
Vel Internal Co\rroﬁtear;seation Ramp vinefl 50 mv
RVsL Vsi/Vsense 0.4
Source,
Vcomp =1.4V 55 190 340 UA
lero Error Amplifier Output Current V::EV
Vewr-iav | 4175 | 110 | -60 | uA
Vrs=1.4V
- Upper Limt, 225 | 255 | 2.9 Y,
Vero Error Ampllfgv a;tput Voltage L VFB.—O-V
v 05 | 075 | 1.0 v
Thermal
Tsp Thermal Shutdown 165 °C
Thvs Thermal Shutdown Hysteresis 10 °C

Note 1: The rising and falling time are guaranteed by design.

Note 2: The shutdown mode refers to the situation when all modules inside the chip are turned off,
which not guarantee that the output will be normal.

Rev. 1.0 www.analogwin.com
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FUNCTIONAL DIAGRAM

FAISD Fixed Frequency . Under Voltage VIN
1 o r
., Detect Oscillator Lockout ]
—| Softstart
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Fig.2 Functional Diagram
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TYPICAL CHARACTERISTICS

Unless otherwise specified the following conditions apply: Vin

Cour =188uF, Ta =25°C

=5V, Vour =12V, fsw =1000kHz , L=1.8uH,
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PRODUCT OVERVIEW

The AWT3478Q1 is a fixed frequency, Pulse Width Modulated (PWM) current mode, versatile Low-Side
N-Channel MOSFET controller. It suits for many topologies, such as boost, SEPIC, etc. In a typical
application circuit, the peak current through the external MOSFET is sensed through an external sense
resistor. The voltage across this resistor is fed into the ISEN pin. This voltage is fed into the positive input
of the PWM comparator. The output voltage is also sensed through an external feedback resistor divider
network and fed into the error amplifier negative input (Feedback pin, FB). The output of the error amplifier
(COMP pin) is added to the slope compensation ramp and fed into the negative input of the PWM
comparator. At the start of any switching cycle, the oscillator sets the RS latch using the switch logic
block. This forces a high signal on the DR pin (gate of the external MOSFET) and the external MOSFET
turns on. When the voltage on the positive input of the PWM comparator exceeds the negative input, the
RS latch is reset and the external MOSFET turns off.

FEATURE DESCRIPTION

Over Voltage Protection

The AWT3478Q1 has over voltage protection (OVP) for preventing the output voltage from rising too
high to damage other components. OVP is sensed at the Feedback pin (pin 3).OVP is triggered, when

the voltage at the feedback pinrises to Vg + VOVP !

OVP will cause the Drive pin (pin 6) to go low, forcing the power MOSFET off. With the MOSFET off,
the output voltage will drop. The AWT3478Q1 will begin switching again when the feedback voltage

reaches Vig + (Vovp — Vovpe(nys)) -

Slope Compensation Ramp

The AWT3478Q1 uses a current mode control scheme. The main advantages of current mode control
are inherent cycle-by-cycle current limit for the switch and simpler control loop characteristics. It is also
easy to parallel power stages using current mode control since current sharing is automatic. However,
current mode control has an inherent instability for duty cycles greater than 50%.

The AWT3478Q1 has some internal slope compensation Vs. which is enough for many applications
above 50% duty cycle to avoid sub-harmonic oscillation.

Rev. 1.0 www.analogwin.com
11


http://www.analogwin.com/

A AnologWin High-Efficiency Low-Side

N-Channel MOSFET Controller
for Switching Regulator

Frequency Adjust/Shutdown
The switching frequency of the AWT3478Q1 can be adjusted between 100 kHz and 1 MHz using a single

external resistor. This resistor must be connected between FA/SD pin and ground. To determine the
value of the resistor required for a desired switching frequency, refer to Typical Characteristics or use
following equation:

18480

Rt = f o (kH2)

The FA/SD pin also functions as a shutdown pin. If a high signal (>1.4 V) appears on the FA/SD pin, the
AWT3478Q1 stops switching and goes into a low current mode. The total supply current of the IC reduces
to less than 6 pA (Typ.) under these conditions. However, the voltage on the FA/SD pin should be always
less than the absolute maximum of 5.5 V to avoid any damage to the device.

— 6.2(kQ)

Short-Circuit Protection
When the voltage across the sense resistor measured on the ISEN pin exceeds 380 mV, short circuit

current limit protection gets activated. A comparator inside the AWT3478Q1 reduces the switching
frequency by a factor of 5 and maintains this condition until the short is removed. In hormal operation the
sensed current will trigger the power MOSFET to turn off. During the blanking interval the PWM
comparator will not react to an over current so that this additional 380 mV current limit threshold is
implemented to protect the device in a short circuit or severe overload condition.

Drive Pin Logic

The internal bias of the AWT3478Q1 comes from the voltage at the VIN, when the input voltage is lower
than 7.0V. The internal LDO as shown in the block diagram works when the input voltage is over 7.0V.
The frequency of the drive pin signal is determined by the resistance value of the resistor under the pin
FA/SD, which can be seen in Frequency Adjust/Shutdown part.

Rev. 1.0 www.analogwin.com
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TYPICAL APPLICATIONS
Typical Boost Converter

VIN 3Vitoov L11.8uH D1 Vout12Vv,1.5A
T 7 )
Cin L VIN |
I DR
100uF == C
M ISEN ouT
2x 100uF

R PGND FBT
c 86.6k

1k FA/SD B %
C Rra
C 12k R
100nF AGND 10 FszB
T

Fig.15 Typical Boost Application Circuit

Setting Output Voltage

The external feedback resistors connected to FB sets the output voltage. The feedback resistor values
can be calculated with the below equation.

VREF ) RFBT

Rppp =
Vour — VRer

While RFBT=86.6kQ, VREF=1.26V, VOUT=12V
Calculate Regs=10.2kQ

Setting Switching Frequency

The switching frequency of the AWT3478Q1 can be programmed from 100kHz to 1000kHz by
connecting a resistor from RT pin to ground. The typical Rr value can be calculated with the below
equation.

R 18480 6.2
T=—7—7 - —<-—06. (kQ)
fsw(kHz)
The unit of fsw is kHz and the unit of Rt is kQ.
While we need fsw=1000kHz,
Calculate Rt=12 kQ.
Rev. 1.0 www.analogwin.com
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Inductor Selection

For higher efficiency, choose an inductor with a lower DC resistance. A larger-value inductor results in
less ripple current and a lower output ripple voltage, but also has a larger physical size, higher series
resistance, and lower saturation current. A good rule for determining the inductor value is to allow the
inductor ripple current to be approximately 20%-40% of the maximum load current. The inductance
value can be calculated with the below equation.

Viy XD
fsw X Al
While Vin=5V Vour=12V, fsw=1000kHz, D=(12-5)/12~0.583, Al .=0.4*1.5/(1-0.583)=1.44A

Calculate L=2uH. Considering the size and current selection,1.8uH is selected for typical application.

Power Diode Selection

The selected Diode has a great influence on the system stability. The critical parameters for selecting a
Diode are:

1. Peak reverse voltage, VrRrM

2. Average forward rectified current, Irav)
3. Forward voltage, Vr

4. Reverse current, Ir

The peak reverse voltage of the diode should be higher than the maximum voltage of the circuit. The
maximum voltage of the circuit appears in the SW node, but the peak voltage depends on several
factors, such as PCB layout and selection of components. A good rule for determining the diode value
is to select the diode which peak reverse voltage is 20% higher than the output voltage.

The average current through the diode is the average load current, and the peak current through the
diode is the peak current through the inductor. The diode should be rated to handle more than its peak
current, which can be calculated with the below equation. And it's a good rule to choose 20% to 50%
higher than the

Ioyr
bwmm=1_D+Ah

The diode should be designed for good thermal conditions, because forward voltage causes power
loss. To improve efficiency, a low forward drop Schottky diode is recommended.

AWT3478Q1 can operate in high temperature conditions, which cause the reverse current of the diode
to increase. When selecting the diode, make sure the reverse current is low in high temperature
situation.

Rev. 1.0 www.analogwin.com
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Power MOSFET Selection

The Drive pin of the AWT3478Q1 must be connected to the gate of an external MOSFET. The Drive pin
voltage depends on the input voltage. The selected MOSFET has a great influence on the system
efficiency. The critical parameters for selecting a MOSFET are:

Maximum drain to source voltage, Vbsmax)
Minimum threshold voltage, VtHmmin)
Continuous Drain Current, Ip
On-resistance, Rps_on

Total gate charge, Qg

agrwnE

The off-state voltage of the MOSFET is approximately equal to the output voltage. Vbosmax) must be
greater than the output voltage.

When selecting MOSFET, the system input voltage state must be considered. Due to the internal LDO,
when the input voltage exceeds 7.0V, the high level of the Drive pin stabilizes at 7.0V. A logic level
MOSFET can be used. If the input voltage is likely to drop lower, then the Vryminy Of the selected
MOSFET in any case be guaranteed to be no higher than the minimum input voltage of the system.

The overall power of the system needs to be considered when selecting the MOSFET. The current
through the MOSFET can be approximated to the average current through the inductor. The continuous
drain current of selected MOSFET should be higher than the input current.

The power losses in the MOSFET can be categorized into conduction losses and switching losses.

Ros(ony is needed to estimate the conduction losses, Pconp €an be calculated with the below equation:

7 2
Pconpr = Ip® X Rps oy X D
The temperature effect on the Rpsony usually is quite significant. Assume 30% increase at hot.

Especially at high switching frequencies the switching losses may be the largest portion of the total
losses.

The switching losses are very difficult to calculate due to changing parasitics of a given MOSFET in
operation. Often the individual MOSFET's datasheet does not give enough information to yield a useful
result. The equation below give a rough idea how the switching losses are calculated:

I pmax X Vour
Pgwp = > X fsw X (tg + tFp)

R
QGS) % G
2

tp = +

Rev. 1.0 www.analogwin.com
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Input Capacitor Selection

The input capacitor types can be electrolytic, tantalum, or ceramic. When using electrolytic or tantalum
capacitors, add a small, high-quality ceramic capacitor (like X7R,COG etc.) as close to the IC as
possible. When using ceramic capacitors, ensure that they have enough capacitance to provide a
sufficient charge to prevent excessive voltage ripple at the input. From the below equation, can easily
calculate the input voltage ripple. Generally, required the input voltage ripple is less than 10% of the
input voltage.

Al

AV,y =
v 8 X fsw X Cy

Output Capacitor Selection

The output capacitor maintains the DC output voltage. Ceramic, tantalum, or low ESR electrolytic
capacitors are recommended. For best results, use low ESR capacitors to keep the output voltage
ripple low. The output voltage ripple can be estimated with equation. Generally, required the output
voltage ripple is less than 1% of the output voltage.

V
Ioyr X (1 — &
our ( VOUT)

fsw X Cour

AVoyr =

Setting Current Sensing Resistor

The switch current is usually used for the peak current mode control. In order to avoid hitting the current
limit, the voltage across the sensing resistor Rsen should be less than 70% of the worst-case current
limit voltage, 120mV.

0.7x0.12

Rgpy = i
LPK

While ||_p|<=5A, Calculate Rsen =15mQ.

The value of the current sense voltage varies with the duty cycle of the circuit, and 120mV is only one
of the possible detection values for the application conditions. And efficiency should be considered
when choosing components, with 85% being a reliable efficiency selection point .

Rev. 1.0 www.analogwin.com
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Boost Converter Compensation Design

The AWT3478Q1 uses external components to compensate the regulation loop, for boost topology, an
intrinsic right half-plane (RHP) zero is introduced in the regulation feedback loop. the RHP zero
introduces a 90-degree phase drop that might cause system instability, furthermore, the location of
RPH zero varies with duty cycle and load resistance, which can be determined:

(1—-D)®> X Ryoap
2XmXL

frupz =

where:
frupz is the RHP zero frequency.
Rioap is the equivalent load resistance.

To stabilized the converter, the crossover frequency is equal to or less than 1/6 of RHP zero frequency
and equal to or less than 1/10 of switching frequency. Choose the lower one as crossover frequency.

_ frupz
for ="
ey

By neglecting sampling effect, the regulator loop gain is

VFB

1
X (1 =D)X g X|Zcomp ()l X R

Ay (f) = X R,

vV X |Z oyt (f)]
ouUT S

where:

AvL is loop gain.

Ves is the feedback regulation voltage.

Vour is the output voltage.

D is the duty cycle.

gm is the transconductance gain of the error amplifier.

Zcowp is the impedance of the RC network from COMP to GND.
n is the current sense amplifier gain (Typically 1.3).

Rcs is the current sense resistor.

Zourt IS the output impedance.

At crossover frequency, the magnitude of the regulator loop gain is 1, it is important to notice that at that
frequency, the Zour is dominated by output capacitance Cour and the Zcowe is dominated by the resistor
Rcowmp, then, the loop gain equation can be simplified as
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Vg 1 1

X (1—D) X X R X X
Vour ( ) X G comp nXRes TX feXCoyr

|Ay.| =

where:
fc is the crossover frequency.
Rcowp is the compensation resistor.
Cour is the output capacitance.
Solving for Rcomp gives
R Vour X2 X fc X Coyr XN X Rcs
comp Vep X (1 —=D) X gp

After Rcowmp is calculated, set the zero formed by resistor and compensation capacitor, Ccomp, to 1/4 of
the crossover frequency to provide a phase boost for converter stability, the value of compensation
capacitor is given by

2

T X Reomp X fc

Ccomp =

While V|N=5V, VOUT=12V, RLOAD=SQ, L=1.8UH, Calculate fRsz =122.8kHz.
Calculate fc=20.4kHz.

From above equations, then selected Rcove and Ccomp as 1kQ and 100nF.
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APPLICATION WAVEFORMS
Unless otherwise specified the following conditions apply: Vin =5V, Vour =12V, fsw =1000kHz, L=1.8uH, Cour

=188uF, lLoap_max = 1.5A, Ta =25°C
[] v " 7
SW 5V/div . SW 2V/div
Fig.16 Vsw at 10=0A (Steady State) Fig.17 Vsw at lo=1A (Steady State)
% [Z 7

]
v 000, g samm — .
FA/SD 2V/div FA/SD 2V/div )
v xRV
oV wev —— :

C— Vour 5V/div
gﬂtu' pr—— 4y /a1
UALE ; . ! ; ‘ ; " ) Vinos 4 R . !

4 Vour 5V/div
Il

Vsw 5Vidiv
a Vsw 5V/div
| -
, Vi 5V/div ' f Vin 5V/div
Fig.18 Startup by Vin Fig.19 Startup by Disable Shutdown
Vour(AC) 200mvydiv | SHIEE

| lour 1A/div]
.

KR AR
ETe
wx 271 224

BREE

Fig.21 Load Transient @Vin=5V (1A/us)
(lLoad: 0. 5A->1.5A)

Fig.20 Load Transient @Vin=5V (1A/us)
(lLoad: 1.125A->0.375A)
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b D Telifron T ] T Teliror
[] = we [ = we
| B =
. e e v
Vour(AC) 2mV/div Am— Vour(AC) 10mV/div —
. . | ’ d d*‘h”‘n 1 ihn, rmu“ _c’l P
\ L w‘f [ \ v“g \ “; rf \
! I ! ; byl \ \ ' ~ 8 :
. K_ | W VN TN N
= RS T mm | == T G
T S gt 0wz e “men

Fig.22 Vour Ripple at l0=0A (Steady State) Fig.23 Vout Ripple at lo=1.5A (Steady State)
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Typical SEPIC Converter

Vi 5v-24v L14.7uH Csa2xwr D1

z o
Cin l VIN e |
- ISEN : :I:

2x 22uF
COMP 10nF
Rc PGND %
FA/SD
499R FB
C Rra
C 40k R
330nF AGND FBB
= 10.2k
:

VouT 12V,1A

]

A

Fig.24 Typical SEPIC Application Circuit

Setting Output Voltage

The external feedback resistors connected to FB sets the output voltage. The feedback resistor values
can be calculated with the below equation.

VREF ) RFBT

Rppgp =
Vour — VRer

While RFBT=86.6kQ, VREF=1.26V, VOUT=12V
Calculate Regs=10.2kQ

Setting Switching Frequency

The switching frequency of the AWT3478Q1 can be programmed from 100kHz to 1000kHz by
connecting a resistor from RT pin to ground. The typical Rr value can be calculated with the below
equation.

_ 18480

Ry = — 6.2k

fSW

The unit of fsw is kHz and the unit of RT is kQ.

Setting Current Sensing Resistor

The switch current is usually used for the peak current mode control. In order to avoid hitting the current
limit, the voltage across the sensing resistor Rsen should be less than 70% of the worst-case current
limit voltage, 160mV.

0.7x%x0.16

Rgpy = i
LPK

While |LPK=5A, Calculate Rsen =20mQ.
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Power Diode Selection

The selected Diode has a great influence on the system stability. The critical parameters for selecting a
Diode are:

1. Peak reverse voltage, VrRrM

2. Average forward rectified current, Irav)
3. Forward voltage, VF

4. Reverse current, Ir

The peak reverse voltage of the diode should be higher than the maximum voltage of the circuit. The
maximum voltage of the circuit appears in the SW node, but the peak voltage depends on several
factors, such as PCB layout and selection of components. A good rule for determining the diode value
is to select the diode which peak reverse voltage is 20% higher than the output voltage.

The average current through the diode is the average load current, and the peak current through the
diode is the peak current through the inductor. The diode should be rated to handle more than its peak
current, which can be calculated with the below equation.

Ioyr
Ippear) = 1-pt Al

The diode should be designed for good thermal conditions, because forward voltage causes power
loss. To improve efficiency, a low forward drop Schottky diode is recommended.

AWT3478Q1 can operate in high temperature conditions, which cause the reverse current of the diode
to increase. When selecting the diode, make sure the reverse current is low in high temperature
situation.

Rev. 1.0 www.analogwin.com
22


http://www.analogwin.com/

A AnologWin High-Efficiency Low-Side

N-Channel MOSFET Controller
for Switching Regulator

Power MOSFET Selection

The Drive pin of the AWT3478Q1 must be connected to the gate of an external MOSFET. The Drive pin
voltage depends on the input voltage. The selected MOSFET has a great influence on the system
efficiency. The critical parameters for selecting a MOSFET are:

Maximum drain to source voltage, Vbsmax)
Minimum threshold voltage, VtHmmin)
Continuous Drain Current, Ip
On-resistance, Rps_on

Total gate charge, Qg

agrwnE

The off-state voltage of the MOSFET is approximately equal to the output voltage. Vbosmax) must be
greater than the output voltage.

When selecting MOSFET, the system input voltage state must be considered. Due to the internal LDO,
when the input voltage exceeds 7.0V, the high level of the Drive pin stabilizes at 7.0V. A logic level
MOSFET can be used. If the input voltage is likely to drop lower, then the Vryminy Of the selected
MOSFET in any case be guaranteed to be no higher than the minimum input voltage of the system.

The overall power of the system needs to be considered when selecting the MOSFET. The current
through the MOSFET can be approximated to the average current through the inductor. The continuous
drain current of selected MOSFET should be higher than the input current.

The power losses in the MOSFET can be categorized into conduction losses and switching losses.

Ros(ony is needed to estimate the conduction losses, Pconp €an be calculated with the below equation:

7 2
Pconpr = Ip™ X Rps oy X D
The temperature effect on the Rpsony usually is quite significant. Assume 30% increase at hot.

Especially at high switching frequencies the switching losses may be the largest portion of the total
losses.

The switching losses are very difficult to calculate due to changing parasitics of a given MOSFET in
operation. Often the individual MOSFET's datasheet does not give enough information to yield a useful
result. The equation below give a rough idea how the switching losses are calculated:

I pmax X Vour
Pgwp = > X fsw X (tg + tFp)

R
QGS) % G
2

tp = +

Rev. 1.0 www.analogwin.com
23


http://www.analogwin.com/

A AnologWin High-Efficiency Low-Side

N-Channel MOSFET Controller
for Switching Regulator

Duty Cycle Consideration
For a SEPIC converter operating in a continuous conduction mode(CCM), the duty cycle is given by:

Vour +Vp

D=
Vin +Vour +Vp

Vp is the forward voltage drop of the diode D1.

Inductor Selection

For higher efficiency, choose an inductor with a lower DC resistance. A larger-value inductor results in
less ripple current and a lower output ripple voltage, but also has a larger physical size, higher series
resistance, and lower saturation current. A good rule for determining the inductor value is to allow the
inductor ripple current to be approximately 30% of the maximum load current. The ripple current flowing
in equal value inductors L1 and L2 is given by:

V
AIL - IOUT Xﬂx 30%
IN(MIN)
The inductor value is calculated by:
VN
Ly =L, =L=-——"—""—XDyyyx
Al X fsw

fsw is the switching frequency and Dwax is the duty cycle at the minimum Vi . The peak current in the
inductor, to ensure the inductor does not saturate, is given by:

ILI(PEAK)=IOUTXWX 1+ > )

30%
Ii2pEaky = Tour X (1 + 2 )

If using coupled inductor, the value of inductance in the equation above is replaced by 2L due to mutual
inductance. The inductor value is calculated by:

L |4
11 = L2 == = IN(MIN)
2 2XAI X few

X Dyax
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Input Capacitor Selection

The input capacitor types can be electrolytic, tantalum, or ceramic. When using electrolytic or tantalum
capacitors, add a small, high-quality ceramic capacitor (like X7R,COG etc.) as close to the IC as
possible. When using ceramic capacitors, ensure that they have enough capacitance to provide a
sufficient charge to prevent excessive voltage ripple at the input. From the below equation, can easily
calculate the input voltage ripple. Generally, required the input voltage ripple is less than 10% of the
input voltage.

Al

AV,y =
v 8 X fsw X Cy

Output Capacitor Selection

The output capacitor maintains the DC output voltage. Ceramic, tantalum, or low ESR electrolytic
capacitors are recommended. For best results, use low ESR capacitors to keep the output voltage
ripple low. The output voltage ripple can be estimated with equation. Generally, required the output
voltage ripple is less than 1% of the output voltage.

V
Ioyr X (1 — ﬁ)
AV =
our fsw X Coyr

SEPIC Coupling Capacitor Selection
The selection of SEPIC capacitor, Cs, depends on the RMS current, which is given by:

ICS(rms) = Ioyr X

The SEPIC capacitor must be rated for a large RMS current relative to the output power. This property
makes the SEPIC much better suited to lower power applications where the RMS current through the
capacitor is relatively small (relative to capacitor technology). The voltage rating of the SEPIC capacitor
must be greater than the maximum input voltage. Tantalum and ceramic capacitors are the best choice
for SMT, having high RMS current ratings relative to size. Electrolytic capacitors work well for through-
hole applications where the size is not limited and they can accommodate the required RMS current
rating.

The peak-to-peak ripple voltage on Cs (assuming no ESR):
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A capacitor that meets the RMS current requirement would mostly produce small ripple voltage on Cs.
Hence, the peak voltage is typically close to the input voltage.

Setting Current Sensing Resistor

The switch current is usually used for the peak current mode control. In order to avoid hitting the current
limit, the voltage across the sensing resistor Rsen should be less than 70% of the worst-case current
limit voltage, 160mV.

0.7x%x0.16

Rgpy = I
LPK
While |LPK=5A, Calculate RSEN =20mQ.

The value of the current sense voltage varies with the duty cycle of the circuit, and 160mV is only one
of the possible detection values for the application conditions.

SEPIC Converter Compensation Design

The AWT3478Q1 uses external components to compensate the regulation loop, for boost topology, an
intrinsic right half-plane (RHP) zero is introduced in the regulation feedback loop. the RHP zero
introduces a 90-degree phase drop that might cause system instability, furthermore, the location of
RPH zero varies with duty cycle and load resistance, which can be determined:

(1 —D)®> X Ryoap
2XmXL

f RHPZ =

where:
frupz is the RHP zero frequency.
Rioap is the equivalent load resistance.

To stabilized the converter, the crossover frequency is equal to or less than 1/6 of RHP zero frequency
and equal to or less than 1/10 of switching frequency. Choose the lower one as crossover frequency.

— fRHPZ
c1 6
fsw

By neglecting sampling effect, the regulator loop gain is

VFB

1
Ay (f) = X (1 =D)X gm X |Zcomp(f)| X -~ X |Zoyr(f)l

VOUT

where:
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AvL is loop gain.

Ves is the feedback regulation voltage.

Vour is the output voltage.

D is the duty cycle.

gm is the transconductance gain of the error amplifier.

Zcowr is the impedance of the RC network from COMP to GND.
n is the current sense amplifier gain (Typically 1.3).

Rcs is the current sense resistor.

Zourt is the output impedance.

At crossover frequency, the magnitude of the regulator loop gain is 1, it is important to notice that at that
frequency, the Zour is dominated by output capacitance Cour and the Zcowe is dominated by the resistor
Rcowe, then, the loop gain equation can be simplified as

|AvL| = i X (1=D) X gm X Rcomp X - X .
Vour nXRes TXfeXCoyr

where:
f is the crossover frequency.
Rcowp is the compensation resistor.
Cour is the output capacitance.
Solving for Rcowe gives
R _ Vour X2m X f¢ X Coyr XN X Res
“ Ve X (1 —=D) X g

After Rcowmp is calculated, set the zero formed by resistor and compensation capacitor, Ccowmp, to 1/4 of
the crossover frequency to provide a phase boost for converter stability, the value of compensation
capacitor is given by

2

T X Reomp X [

Ccomp =

While V|N:5V, VOUT:].ZV, RLOAD=80, L=l.8UH, Calculate fRsz =122.8kHz.

fRHPZ
fo="22

Calculate fc=20.4kHz.

From above equations, then selected Rcomer and Ccomp as 1kQ and 100nF.
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PCB LAYOUT GUIDELINES

PCB layout is critical for stable operation of switching regulator AWT3478Q1, especially for thermal
design and EMI design. A four-layer layout is strongly recommended to achieve better thermal
performance and EMI performance. For best results, please follow the guidelines below.

1. Place a low ESR ceramic capacitor as close to VIN pin and the ground as possible.

2. Place the ground of the current sense resistor as close to the ground of output capacitor as possible.
3. Make sure top switching loop with power have lowest impendence of grounding.

4. Use a large ground plane to connect to GND directly. And add vias near GND.

5. Output inductor should be placed close to the SW pin to minimize the SW area.

6. The FB terminal is sensitive to noise so the feedback resistor should be located as close as possible
to the IC.

7. The SENSE and DR terminal is sensitive to noise so the capacitor and resistor of sense filter and the
DR resistor should be located as far as possible to the noise source such as the SW area.

8. Keep the connection of the input capacitor and VIN as short and wide as possible.

9. When the power of the output is over than 50W, add vias in the SW area to make sure the thermal
performance of MOSFETS. In this situation, the performance of EMI won’t be guaranteed.

From Fig.25 to Fig.28, there are some layout examples for reference.

TP1 TP2
VIN vouTt

VIN TP4 TP5
GND GND

| R10
A vouT
© cs
o

TP6 TP7 GND

1

o I N A
”3}I\,'\' |’,

g, EVM BST REV 1.1

Fig. 25 Top Layer
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© 0O

®

Fig.27 3 Layer
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2 [mce

Fig.28 Bottom Layer
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PACKAGE INFORMATION
Package Top marking

XXXXXXX
XXXXXX

Fig.29 MSOPS8L Package Top Marking

Fig.30 Tape and Reel Box Information

Tape and Reel Box Information

—

—

—— General PN

Internal Use Code

Internal Use Code

31

PACKAGE PACKAGE LENG WIDTH HEIGHT
RYICE TYPE DRAWING PINS SPQ (mm) (mm) (mm)
AWT3478EARQL MSOPS8L EA 8 5000 336.0 336.0 48.0
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Tape and Reel Information

i =
> & & o oo o o—F|
B y =a
e DTl et
T |
. :

A-A
B-B

O O O O O O O O Sprocket Holes
QL | @2 Ql | Q2 ——
Q3 Q4 Q3 Q4 User Direction of Feed

: ;
Pocket Quadrants
Fig.31 Tape and Reel Information
DIMENSIONS AND PIN1 ORIENTATION
) D1 w1 AO BO KO P PO w Pinl .
Rpvice Package Type (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) | Quadrant Quantity

AWT3478EARQL MSOP8 155 | 1240 | 5.40 3.40 1.40 8.00 400 | 12.00 Q1L 5000

All dimensions are nominal
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Package Outlines

i e
f A2 A 0 L !

b MILLIMETER

SYMBOL
MIN NOM MAX

| A - - 1.10
By
| AL 005 | - | 015

= 1

A2 0.75 | 0.85 | 0.95
A3 0.3 | 0.35 | 0.40
b 0.28 - 0.36

El E

| c 0.15 - 0.19

| D 2.90 | 3.00 | 3.10

Q 1 e 0. 65BSC

' ‘ L1 0. 95REF
- E 4.70 | 4.90 | 5.10
g !
1 ) El 2.90 | 3.00 | 3.10
B B
L 0. 40 - 0.70
Fig.32 MSOPSL PKG POD 0 o | - ¥
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ORDERING INFORMATION

Order Part No. Package QTY

AWT3478EARQ1 MSOPSL, Pb-Free 5000/Reel
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