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HT7167

Synchronous Boost Converter

13V,10A Fully-Integrated Synchronous Boost Converter with
Load Disconnect Control

B FEATURES

* Input voltage range Vin: 2.7V to 13V

- Output voltage range Vour: 4.5V to 13V

- Programmable switch peak current limit: up to
10A

* High Efficiency

93% (Vin = 7.4V, Vout=12V, lout =3A)
92% (VIN = 3.6V, Vout=9V, lout =1A)

+ 2 modulation mode available: PFM or PWM

mode at light load

- Integrated gate driver for load disconnect and
output short protection

+ 1.0uA current consumption during shutdown

- Adjustable switching frequency: 200k to 1.4MHz
+ Programmable soft start

- Output overvoltage protection (at 14V), cycle-by-

cycle overcurrent protection, thermal shutdown
protection

- Pb-free Packages,DFN20L, 4.5mm*3.5mm
B APPLICATIONS

- Wireless/ Speakers - Portable Speakers

* Quick Charge Power Bank - E-Cigarette

- Power Interface (USB Type-C, Thunderbolt)

B DESCRIPTION

The HT7167 is a high-power density, fully integrated
synchronous boost converter with a 16mQ power
switch and a 23mQ rectifier switch to provide a high
efficiency and small size solution in portable
systems. The HT7167 has wide input voltage range
from 2.7 V to 13 V to support applications with single
cell and two cell Lithium batteries. The device has
10A switch current capability and can provide an
output voltage up to 13V.

The HT7167 uses adaptive constant off-time peak
current control topology to regulate the output
voltage. In moderate to heavy load condition, it
works in the PWM mode. In light load condition, the
device has two operation modes selected by the
MODE pin. One is PFM mode to improve the
efficiency and another one is the forced PWM mode
to avoid application problems caused by low
switching frequency. The switching frequency in the
PWM mode is adjustable ranging from 200kHz to
1.4MHz by an external resistor.

HT7167 could isolate the output from input side
when shut down by a gate drive output
disconnecting external FET, so that the load current
consumption could be limited.

The HT7167 also implements a programmable soft-
start function and an adjustable switching peak
current limit function. In addition, the device
provides 14V output overvoltage protection, cycle-

by-cycle overcurrent protection, and thermal
- POS Terminal + Tablet PC/Note Book shutdown protection.
B TYPICAL APPLICATION
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ij{t—‘ RILIM
ON VCC  AGND PGND
_,_ EN ILIM Ron
VIN: 2.7-13V
COMP
VIN Fsw Rus VOUT: 4.5-13V
HT7167 FB

470uF10uF 10uF 1uF

VOUT

VOouT

MODE

DIS

Optional




(7 .-\ RUMRERENBEERAS

w SHENZHENSHI YONGFUKANG TECHNOLOGY CO.,LTD

HT7167

Synchronous Boost Converter

B TERMINAL CONFIGURATION
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B TERMINAL FUNCTION
Tean(13|.naI NAME /O™ Description

1 VCC 0] Output of the internal regulator. A ceramic capacitor of 2.2uF is
required between this pin and ground.

2 EN I Enable logic input. Logic high level enables the device. Logic low
level disables the device and turns it into shutdown mode.

3 FSW I The switching frequency is programmed by a resister between
this pin and the SW pin.

4/5/6/7 SW PWR | The switching node pin of the converter.

8 BOOT 0] Power supply for high-side MOSTFET gate driver. A ceramic
capacitor of 0.1yF must be connected between this pin and the
SW pin.

9 VIN I IC power supply input.

10 SS 0] Soft-start programming pin. An external capacitor connected to
ground sets the ramp rate of the internal error amplifier's
reference voltage during soft-start

11 DIS 0] A gate drive output for the external disconnect FET. Connect the
DISDRYV pin to the gate of the external FET. Leave it floating if
not using the load disconnect function.

12 NC - No connection inside the device. Connect these two pins to
ground plane on the PCB for good thermal dissipation.

13 MODE I Operation mode selection pin for the device in light load condition.
When this pin is connected to ground, the device works in PWM
mode. When this pin is left floating, the device works in PFM
mode.

14/15/16 VOUT PWR | Boost converter output.

17 FB | Voltage feedback.

18 COMP 0] Output of the internal error amplifier, the loop compensation
network should be connected between this pin and the AGND pin.

19 ILIM I Adjustable switch peak current limit. An external resister should
be connected between this pin and the AGND pin.

20 AGND - Signal ground of the IC.

0 PGND PWR | Power ground of the IC.

L Iinput  O: output PWR: power
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B ORDERING INFORMATION

Part Number Package Type Marking Temp(e)rpaet‘lrjarlgnlgange Sh'ppmla ggckage /
HT7167DNER DFN20L HT7167 -40°C~85°C Tape and Reel/
5000PCS
B ELECTRICAL CHARACTERISTIC
® Absolute Maximum Ratings™
PARAMETER Symbol MIN MAX UNIT
BOOT -0.3 SW+7
SW, FSW, Vour, DIS, Vin -0.3 14.2
Voltage range / \%
EN, VCC, SS, COMP, MODE -0.3 7
ILIM, FB -0.3 3.6
Operating temperature range TA -40 85 C
Operating junction temperature range TJ -40 150 C
Storage temperature range Tstc -50 150 C
® Recommended Operating Conditions
PARAMETER Symbol | CONDITION MIN TYP MAX UNIT
Input power voltage range VIN 2.7 13.2 \%
IC power supply voltage range Vin 2.7 13.2 \%
Output voltage range Vout 45 20 \%
Inductance, effective value L 0.47 2.2 10 uH
Input capacitance, effective value Ci 10 uF
Output capacitance, effective value Co 6.8 47 1000 uF
Operating temperature Ta -40 25 85 C
Operating junction temperature T3 -40 125 C

2 Stresses beyond those listed under 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 under recommended operating conditions is
not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.
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® Electrical Characteristics™
Condition: Ta = 25°C, Vin = 2.7V-13.2V, Vout=4.5-13.2V, unless otherwise specified.

Power Supply

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Input power voltage Vi 27 13.2 Vv
range
IC power supply Vin 57 13.2
voltage range
Under-voltage lockout VIN rising 2.7

VIN_uvLo -
(UVLO) threshold VIN falling 25 Y
VIN UVLO hysteresis VIN_HYS 200 mV
VCC UVLO threshold Vce_uvio 2.1 \%
Operating  quiescent 1
current from Vin IC enabled, no load, Vrs = 1.3V, Vout =
- - lo UA
Operating  quiescent 12v
120
current from Vour
Shutdown current into IC disabled, no load, no feedback
Isp : - 1 uA
VIN resistor divider
. Vin = 3.6V, Vour = 12V, light load 5.6 V
VCC regulation Vee
Vin = 3.6V, Vourt =12V, loap = 0.5A 52 V
EN and Mode Input

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
EN high threshold
voltage Venr 15 \Y
EN low threshold
voltage VENL 0.4 V
EN_ internal pull-down Ren 800 KO
resistance
MODE high threshold
voltage VMODEH 4 \%
MODE low threshold
voltage VmooeL 15 \Y
MODE internal pull-up
resistance Rwope 800 kQ
OUTPUT

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Output voltage range Vour Freq = 500 kHz 4.5 13.2 \Y,
Output overvoltage
protection Vovp 14.2 \Y;
Reference voltage at
the FB pin VREF 1.186 1.204 1.222 \Y
Soft-start charging lss 5 UA
current
ERROR AMPLIFIER

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
COMP pin sink current IsINK Vee = Vrer +200 mV, Vcovpr = 1.5V 20 uA
COMP  pin source _ _
current Isource Ves = Vrer —200 mV, Vcomp = 1.5V 20 UuA
mlgfég&r;ppi\éoltage at Vee LpH Ves =1V, Rium = 100 kQ 2.3 \Y
{_hOe\lvctiol’T\l/ln;ppi\'{]0|tage at Vee L Vee = 1.5V, Rum =100 kQ, 1.4 V
Error amplifier _
transconductance Gea Veowmp = 1.5V 190 UAIV

3 Depending on parts and pattern layout, characteristics may be changed
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Synchronous Boost Converter

PARAMETER | Symbol CONDITION | min [ TYP [ mAx [ uniT
POWER SWITCH
MOSEET on- R High-side MOSFET 23 mQ
resistance oS " ow-side MOSFET 16 mQ
CURRENT LIMIT
Peak switch current e Rium = 100 kQ, 10.6 A
limit Rium = 120 kQ, 9.0
Reference voltage at
the ILIM pin Vitm 1.204 Vv
SWITCHING FREQUENCY
Switching frequency fsw Rrreq = 200 kQ, Vin = 5V, Vour = 12V 660 kHz
Minimum on-time toN_min Rrreq = 200 kQ, Vin = 3.6V, Vour = 12V 190 ns
GATE DRIVER FOR LOAD DISCONNECT
Driver current for the
external FET leo_sink 60 uA
THERMAL SHUTDOWN
Thermal shutdown o
threshold Tso 150 C
Thermal shutdown 5
hysteresis Tsp_Hys 20 C
Voltage Setting Reference for HT7167
Input Referred Max Input Output Referred Max Output |[ Efficiency Pull-up Pull-down
Power Input Current Voltage Voltage | Output Current Power resistor resistor
(RMS Value) (RMS Value) from FB from FB
Pen (W) len(A) Vin(V) Vour(V) lour(A) Pour (W) n(%) Rur(Q) Ron(Q)
30.0 84 3.6 7.3 3.5 25.7 85.5% 510k 100k
31.8 8.8 3.6 9.3 2.8 26.1 82.2% 510k 75k
321 8.9 3.6 12.2 2.2 26.8 83.4% 510k 56k
445 8.9 5.0 7.3 5.5 39.2 88.0% 510k 100k
435 8.7 5.0 9.3 4.0 37.3 85.8% 510k 75k
46.2 9.2 5.0 12.2 32 39.4 85.2% 510k 56k
67.2 9.1 7.4 9.3 6.5 60.5 90.1% 510k 75k
68.5 9.3 7.4 12.2 5.0 60.8 88.8% 510k 56k
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B TYPICAL OPERATING CHARACTERISTICS
Condition: L = 2.2uH, RiLim = 100k, Rrreq = 200k, Output Capacitor = 1uF//10uF//10uF//220uF, otherwise specified.

lourvsn lour Vs N
100 100
90 _——
g £ w0
= 3.3V Input = 3.6V input
70 PEM Mode ——75.3V Output 70 PEM Mode ==753VOutput
7 4V Output et T AN Qutput
60 === 0.4V Output 60 w0 4V Qutput
e 12,2V Output s 12,2V output
50 50
0.1 1 10 0.1 1 10
I our(A) Torr(A)
lour Vs N lour VS N
100 100
I S
%0 — Wl [N HER 0 —/’—-\\\
g w0 g =0
= 5.0V Input = 7.4V Input
70 ——PEM Mode 70 ——PEM Mode
w——7 AN Output
60 ——9.4v Output 60 ——12.2V Output
w122V output ====0.4V output
50 50
0.1 1 10 0.1 1 10
Iour(A) Tor(A)
Vinvslg
2
No Load
PFM
1.5 3 3V input

w7 2V input
1 -

05 /

Iy (mA)




o\ EIMRERHESREAE HT7167

SHENZHENSHI YONGFUKANG TECHNOLOGY CO.,LTD

Synchronous Boost Converter

R vs f
Rium VS lum FREQ W
15 1600 '
PEM Mode ' :F;Nl '_:"‘; de

13 1400 - Viy=oV

\ \ - Voyr=12V
I 1200 N lour=14

\ 1000 LN

9

I (A)

fyw (kHz)

800 f \ [ | | |
\ e RILIM VS LIV | [ NG =——RFREQ vs fsw

7
\ 600
— 400 —
3 200
50 100 150 200 250 300 0 100 200 300 400 500

Ry (k2) Rrreq (k)




£7..\ = IIIIHEKEEEIHEEAEI HT7167
U Synchronous Boost Converter

B APPLICATION INFORMATION
1. Typical Application
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2. Feature Description
2.1. Functional Modes (Mode pin)
Operation

The synchronous boost converter HT7167 operates at a quasi-constant frequency pulse width modulation
(PWM) in moderate to heavy load condition. Based on the Vin to Vour ratio, a circuit predicts the required
off-time of the switching cycle. At the beginning of each switching cycle, the low-side N-MOSFET switch is
turned on, and the inductor current ramps up to a peak current that is determined by the output of the
internal error amplifier. After the peak current is reached, the current comparator trips, and it turns off the
low-side N-MOSFET switch and the inductor current goes through the body diode of the high-side N-
MOSFET in a dead-time duration. After the dead-time duration, the high-side N-MOSFET switch is turned
on. Because the output voltage is higher than the input voltage, the inductor current decreases. The high-
side switch is not turned off until the fixed off-time is reached. After a short dead-time duration, the low-side
switch turns on again and the switching cycle is repeated.

In light load condition, the HT7167 implements two operation modes, PFM mode and forced PWM mode, to
meet different application requirements. The operation mode is set by the status of the MODE pin. When
the MODE pin is connected to ground, the device works in the forced PWM mode. When the MODE pin is
left floating, the device works in the PFM mode, which is the recommended mode.

PWM Mode

In the forced PWM mode, the HT7167 keeps the switching frequency unchanged in light load condition.
When the load current decreases, the output of the internal error amplifier decreases as well to keep the
inductor peak current down, delivering less power from input to output. When the output current further
reduces, the current through the inductor will decrease to zero during the off-time. The high-side N-
MOSFET is not turned off even if the current through the MOSFET is zero. Thus, the inductor current
changes its direction after it runs to zero. The power flow is from output side to input side. The efficiency
will be low in this mode. But with the fixed switching frequency, there is no audible noise and other
problems which might be caused by low switching frequency in light load condition.

PFM Mode

The HT7167 improves the efficiency at light load with the PFM mode. When the converter operates in light
load condition, the output of the internal error amplifier decreases to make the inductor peak current down,
delivering less power to the load. When the output current further reduces, the current through the inductor
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will decrease to zero during the off-time. Once the current through the high side N-MOSFET is zero, the
high-side MOSFET is turned off until the beginning of the next switching cycle. When the output of the error
amplifier continuously goes down and reaches a threshold with respect to the peak current of ILIM / 12, the
output of the error amplifier is clamped at this value and does not decrease any more. If the load current is
smaller than what the HT7167 delivers, the output voltage increases above the nominal setting output
voltage. The HT7167 extends its off time of the switching period to deliver less energy to the output and
regulate the output voltage to 0.7% higher than the nominal setting voltage. With the PFM operation mode,
the HT7167 keeps the efficiency above 80% even when the load current decreases to 1 mA. In addition,
the output voltage ripple is much smaller at light load due to low peak current.

2.2. Enable and Startup (EN and SS pin)

The HT7167 has an adjustable soft start function to prevent high inrush current during start-up. To minimize
the inrush current during start-up, an external capacitor, connected to the SS pin and charged with a
constant current, is used to slowly ramp up the internal positive input of the error amplifier. The larger the
capacitance at the SS pin, the slower the ramp of the output voltage and the longer the soft-start time. A
47-nF capacitor is usually sufficient for most applications.

When the EN pin is pulled into logic low (below 0.4V), the HT7167 goes into the shutdown mode and stops
switching. Only when EN pin is pulled into logic high (above 1.5V), the HT7167 works.

2.3. Adjustable Switching Frequency (FSW pin)

This device features a wide adjustable switching frequency ranging from 200 kHz to 1.4MHz. The switching
frequency is set by a resistor (Rrreq) connected between the FSW pin and the SW pin of the HT7167.
Rrrea must always be connected from the FSW pin to SW pin for proper operation. Rrrea can be calculated

by:

1 74
4 % (m — tpEray X ﬁ)

Rpppo =
¢ C FREQ

where

* Rrreq is the resistance connected between the FSW pin and the SW pin.

* Crrea = 23pF.

* fswis the desired switching frequency.

* toeLay = 89 ns.

* Vinis the input voltage.

* Vour is the output voltage.
NOTE: A resistor value of 180-300k is recommended for Rrreq to get a fsw of around 450-700kHz.
2.4. Load Disconnect Gate Driver (DIS pin)

The HT7167 provides a DIS pin to drive the external FET at the output side, which completely disconnects
the output from the input end during shutdown or output short happens. During the device’s start-up phase,
the disconnect FET is controlled by the gate driver voltage of the external disconnect FET, there is an
internal 60pA (typical) sink current. The load disconnect FET connection is shown as Figure 1. Do make
sure that Cour2 should be no larger than 10 x Cour: to avoid the inrush current when turning on the
disconnect FET.
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Figure 1 Load Disconnect FET Connection

L]

The FET parameter should be considered as follows:
* The drain-to-source voltage rating Vps should be higher than the output max. voltage Vour.

* The drain-to-source RMS current rating Ios(RMS) should be higher than the maximum output
current.

The driver voltage and turn on / off timing can be set via the resistor Reate and capacitor Cearte connecting
between with the DIS pin and the source of the external FET. 150K and 22nF can be used in most cases.

To set the Ccarte, the following equation can be used:

TON?PFET X IDIS?PFET

Ceare = Cgs preT = %
TH_PFET

where

* Cass_rreT is the total gate capacitance of connected between gate and source external FET.

(including the self-gate-source capacitance of the FET). The maximum capacitance Cass_pret should be <
100nF.

* Ton_preT is the turn on time of external FET. The max Ton_preT should not exceed 3ms
* lois_preT is the discharge current inside of HT7167, it is 60uA typically.

* VrtH_preT is the gate threshold of external FET.

To set the Raarte, the following equation can be used:

R _ Veare
GATE = [
DIS_PFET

While DIS is not used, it can be connected to GND so that a more integral GND plane can be achieved to
decrease the loop of output peak current.

2.5. Adjustable Peak Current Limit (ILIM pin)

To avoid an accidental large peak current, an internal cycle-by-cycle current limit is adopted. The low-side
switch is turned off immediately as soon as the switch current touches the limit. The peak switch current
limit can be set by a resistor (RiLiv) at the ILIM pin to ground. The relationship between the current limit and
the resistance is as follows:

1070000
Iym = —R
ILIM
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2.6. Output Voltage Setting (FB pin)

The output voltage is set by an external resistor divider (Rup, Ron in the Typical Application Circuit). To get
the output voltage Vour, the Value of Rup and Ron can be calculated as:

Ryp
Vour = Vger X (1 + R )
DN

Where Vrer = 1.204V.

Some typical output voltages can be set as the following parameters.

Vout(V) Rur(Q) Ron(Q)
53 510k 150k
7.4 510k 100k
9.4 510k 75k
12.2 510k 56k

2.7. Inductor Selection (SW pin)

Because the selection of the inductor affects the power supply’s steady state operation, transient behavior,
loop stability, and boost converter efficiency, the inductor is the most important component in switching
power regulator design. Three most important specifications to the performance of the inductor are the
inductor value, DC resistance, and saturation current.

To be simplified, the inductor value can be set as 2.2uH which can be used in most cases.

The rated current, especially the saturation current should be larger than the peak current during the whole
operation. The peak current can be calculated as follows.

Ipp
[Lpeak = Ipc + 7
I = Vour X lour
be Vin X1
1
Ipp = 1

1
L X (+/—————— ) X
Toor =i T ) X Jsw

Boost converter efficiency is affected significantly by the inductor’s DC resistance (DCR), equivalent series
resistance (ESR) at the switching frequency, and the core loss. An inductor with lower DCR and ESR would
increase the efficiency significantly.

The inductor should be placed as close as possible to the SW pin. For a lower EMI radiation, connecting a
resistor and a capacitor in series to the ground would be helpful. 1ohm resistor and 10nF capacitor would
be recommended in most cases.

2.8. Input Capacitor Selection (Vin, VCC pin)

For good input voltage filtering and small voltage ripple (less than 100mV is required), we recommend low-
ESR capacitors of 1uF//10uF//10uF//470uF (“//” represents paralleled) be placed as close as possible to the
inductor.

The Vi pin is the power supply for the HT7167, a 1uF paralleled with 10uF ceramic capacitor should be
placed as close as possible to the Vin pin. Notice that the maximum voltage of Vin should be lower than
13V. Aresistor of 100R is recommended between input power supply and Vin pin so that the power supply
of HT7167 would be more stable. An extensive power supply such as the logic power supply connecting to
VN would be another choice.

The VCC pin is the output of internal LDO. A ceramic capacitor of 2.2uF is required at the VCC pin to get a
stable operation of LDO.
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2.9. Output Capacitor Selection (Vour pin)

To be simplified, we recommend low-ESR capacitors of 1uF//10uF//10uF//470uF (“//” represents paralleled)
be placed as close as possible to VOUT pin for small output voltage ripple.

Capacitors can lose most of their capacitance at rated voltage. Therefore, leave margin on the voltage
rating to ensure adequate effective capacitance.

In detail, for the require output voltage ripple, use the following equations to calculate the minimum required
effective capacitance Cour

Vour = Vinggyw) % lour
Vour X fsw X Cour

Vripple_dis =

Vyvippte sk = ILpeak X Rc_gsr
Where
* Viipple_dis is output voltage ripple caused by charging and discharging of the output capacitor.
* Vripple_ESR is output voltage ripple caused by ESR of the output capacitor.
* VinN_miN is the minimum input voltage of boost converter..
* Vour is the output voltage..
* lour is the output current.
* lLpeak is the peak current of the inductor.
* fsw is the converter switching frequency.
* Rc_esris the ESR of the output capacitors.

2.10. Loop Stability (COMP pin)

The HT7167 requires external compensation, which allows the loop response to be optimized for each
application. The COMP pin is the output of the internal error amplifier. An external compensation network
comprised of resister Rc, ceramic capacitors Cc and Cp is connected to the COMP pin.

To be simplified, Rc is 56kQ, Cc is 3.3nF, and Cp can be floating. But notice that this setting can only be
adopted in most cases. In detail, the compensation network parameters can be calculated as follows.

(1) Set the cross over frequency, fc

The first step is to set the loop crossover frequency, fc. The higher crossover frequency, the faster the loop
response is. It is generally accepted that the loop gain cross over no higher than the lower of either 1/10 of
the switching frequency, fsw, or 1/5 of the RHPZ frequency, frupz. It's proper to use a fixed parameter of
10kHz for fc.

_ Ry % (1—D)?
fRHPZ - 27TXL

(2) Set the compensation resistor, Rc.

— 2m X VOUT X Rsense X fC X CO
¢ (1 = D) X Vggp X Gga

(3) Set the compensation zero capacitor, Cc

©7 2XR.

(4) Set the compensation pole capacitor, Cp

Rgsp X Co
Cp = R—C
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If the Cr is less than 10pF, it can be left open.

* Ro is the output load resistance.

* D is the switching duty cycle. 1 - D = Vin/ Vour

* Rsense is the equivalent internal current sense resistor, which is 0.084 Q.
* Co is output capacitor.

* Vrer is the reference voltage at the FB pin, which is 1.204V.

* Gena is the amplifier’s transconductance, which is 190uA/V.

* Resr is the equivalent series resistance of the output capacitor.

2.11. Selecting the Bootstrap Capacitor (BOOT pin)

The bootstrap capacitor (Csst) between the BOOT and SW pin supplies the gate current to charge the
high-side FET device gate during each cycle’s turn-on and supplies charge for the bootstrap capacitor. The
recommended value of the bootstrap capacitor is 0.1uF to 1uF. Csst should be a good quality, low ESR,
ceramic capacitor located at the pins of the device to minimize potentially damaging voltage transients
caused by trace inductance. A value of 0.1uF can be used in most cases.

2.12. Protection Function
Under-voltage Lockout (UVLO)

The UVLO circuit prevents the device from malfunctioning at low input voltage and the battery from
excessive discharge. The HT7167 has both Vin UVLO function and VCC UVLO function. It disables the
device from switching when the falling voltage at the Vin pin trips the UVLO threshold Vin_uvio, which is
typically 2.4V. The device starts operating when the rising voltage at the VIN pin is 200mV above the
VIn_uvro. It also disables the device when the falling voltage at the VCC pin trips the UVLO threshold
Vcec_uvLo, which is typically 2.1V.

Over-voltage Protection

If the output voltage at the VOUT pin is detected above 14.2 V (typical value), the HT7167 stops switching
immediately until the voltage at the VOUT pin drops the hysteresis value lower than the output overvoltage
protection threshold. This function prevents overvoltage on the output and secures the circuits connected to
the output from excessive overvoltage.

Thermal Shutdown

A thermal shutdown is implemented to prevent damages due to excessive heat and power dissipation.
Typically, the thermal shutdown happens at a junction temperature of 150°C. When the thermal shutdown
is triggered, the device stops switching until the junction temperature falls below typically 130°C, then the
device starts switching again.
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3. Application Notes

3.1. Radiated EMI Reduction

(1) Minimize High di/dt Path Loop Area

EMI Starts off from high di/dt loops. The high di/dt critical path locates as the red circle showed in the following
figure. The output capacitor should be placed as close to the VOUT pin as possible resulting in minimum
area of the high di/dt loop.

The DIS pin (when not used) and NC pin can be connected to PGND ground plane which is good for thermal
dissipation, can reduce the impedance of the return path and make the placement of the output capacitors
easier.

AGND

E :- % % % Cout_nr

e L T

m - a0 [

@ecj ‘:: :‘__I_Evjni.—l ::_ : : ! - Vout

X gl T
PGNDtooraa ¢ Cour

Figure 2 Critical Path Layout

(2) PCB Trace and Ground Plane

High trace inductance leads to poor radiation EMI. The inductance of a PCB trance is a function of its length
and width. So, increase the trace width and decrease the trace length will significantly decrease the radiation
EMI.

Meanwhile, good designed ground planes will help decrease the radiation EMI too:
® Placing a solid ground plane with minimum distance to the critical trace;
® \Wider and bigger ground plane result in smaller signal trace inductance;
® Thinner insulation thickness between the ground plane and the signal traces also results in
smaller inductance;
(3) RC Snubber

Adding an RC snubber across the SW pin and the power ground can help reduce the radiation EMI levels.
The RC snubber should be placed as close as possible to the switching node and the power ground.

SW
) ?
} I

Figure 3 Placement of RC Snubber

The aim of the snubber resistor RS is to add sufficient damping to the parasitic resonant circuit. The value of

Rs depends on the desired damping factor and the parasitic inductor Ip and parasitic capacitor Cp of the
circuit:

R_1>< Lp
ST |6
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Where & is the damping factor, normally can range from 0.5 to 1.

The value of Lr and Cp can be measured by:
® Measure the original ringing frequency fring;

® Add some small capacitance from switch node to ground. Keep increasing capacitance until the
ringing frequency is 50% of the original ringing frequency fring, and the capacitance is Cs, Cp =
1/(3Cs);

1

[ ] =

Lp CpX(2mxfRrING)?

To be simplified, a resistor of 1ohm (Rs) and a capacitor of 2.2nF (Cs) can be used. However, notice that

larger Cs results in higher power loss.
(4) Radiation from Cables
A longer input or output cables result in poor radiation EMI. So, make the length of input cable and output
cable very close to the real application.
(5) Ferrite Bead
Ferrite Bead is used in series with the power line. Before using a ferrite bead, you need to consider about
the specifications of the bead as follows:

® The frequency characteristics
Make sure that the resistive impedance of the bead is much higher than the reactive impedance in the noise
frequency range.

® The rated current
Make sure that the rated current of the bead should be at least 30% higher than the expected maximum
current.

® The DC resistance
The DC resistance of the ferrite bead should be as low as possible.

3.2. Layout Guidelines

As for all switching power supplies, especially those running at high switching frequency and high currents,
layout is an important design step. If layout is not carefully done, the regulator could suffer from instability
and noise problems. To maximize efficiency, switch rise and fall times are very fast. To prevent radiation of
high frequency noise (for example, EMI), proper layout of the high-frequency switching path is essential.
Minimize the length and area of all traces connected to the SW pin, and always use a ground plane under
the switching regulator to minimize interplane coupling.

The input capacitor needs to be close to inductor L, the Vin pin and GND pin in order to reduce the input
supply ripple. The output capacitor needs to be close to Vout pin and GND pin in order to reduce the output
supply ripple.

The layout should also be done with well consideration of the thermal as this is a high-power density

device. A thermal pad that improves the thermal capabilities of the package should be soldered to the large
ground plate, using thermal vias underneath the thermal pad.
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3.3. Layout Examples
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B PACKAGE OUTLINE

20

MILLIMETER
SYMBOL
MIN | Nom | Max
A 0.70 | 0.75 | 0.80
D3 Al — | 001 | 0.05
Nd b 0.18 | 025 | 0.30
~ D2 N
2 ¢ 0.18 | 020 | 0.25
D 4.40 | 4.50 | 4.60
uudutuu —

\ D2 3.10 | 3.20 | 3.30

— ! o0 D3 3. 85REF

9 \

e A IS ey (0 8 e 0. 50BSC

— ‘ ] 1 0. 75BSC

4h e . 1oB5C

=4 i = 2 0. 25BSC

I = A
- NN Nd 3. HORSC
1 , . P

b | || 5 E 3.40 | 3.50 | 3.60
E2 210 | 2.20 | 2.30

E3 0. 35REF

E4 0. T5REF
I 0.35 | 040 | 0.45
h 0.20 | 025 | 0.30

R
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