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65V/600mA Asynchronous Step-Down Converter with Integrated LDO

Check for Samples: LGS51065

Features

Special Industrial Power Application Design:

B Junction Temperature Range From -40°C to
+125°C
B All ports have £ 2000V (HBM) ESD protection

B ESOPS8 package with enhanced heat dissipation

Built in 65V 600mA asynchronous step-down

voltage regulator

B Adaptive operation in constant voltage mode or
LED driven constant current mode

B Peak efficiency up to 95%, light load efficiency up
to 93%

B With soft start, thermal shutdown, input undervoltage
locking, over-current protection and short-circuit

protection.
Built in 65V input wide range low lo 10mA LDO

B With over-current protection and thermal
shutdown protection

B Accuracy: 2%
B Provide 3.3V fixed output

Applications
B Emergency evacuation lamp
High voltage depressurization

LED constant current drive

Sensor network
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Typical Application Topology

Product information is as of the date of publication of the manual. Subject to change without notice.
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Description

LGS51065 is internally integrated with high-voltage
LDO and high-efficiency asynchronous step-down
converter. Two outputs simultaneously support
complete and reliable global thermal protection and
short-circuit protection.

The LGS51065 step-down can realize the switching
step-down of the maximum input 65V, and the output
voltage can be set through the external voltage divider
to achieve the maximum output current of 500mA. The
LGS51065 can also provide a 3.3V LDO output with a
maximum load of 10mA, which can be used as power
supply for external control circuits. The LGS51,065
integrates an adaptive feedback loop design. It can
work in voltage feedback mode and current feedback
mode adaptively by detecting the ground impedance
of the feedback pin. It can work in both constant
voltage output mode and constant current output
mode to drive LED lights.

Ordering Information

Part Package | Top Mark
LGS51065 ESOP8 | 51065
YYWW(YW :Data Code)
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Revision History ()

Rev. AV0.1 July.2022 Page

% Initial version A. The relevant parameters in this manual only describe and acknowledge the relevant indicators

of Version A ALL
Rev. A V0.2 Aug.2022 Page
3 Revision A. Modify relevant parameters of version A; Optimize the chart section ALL

'|' Note: Page numbers in previous editions may differ from current edition page numbers.
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Absolute Maximum Ratings ‘1)

Table 3.1
Parameters Range
Pin to GND voltage (VIN,SW) -0.3~65V
Pin to GND voltage (3V3,EN,FB) | -0.3~6V
Pin to GND voltage (BST) -0.3~SW+6V

Storage temperature (Tstg)

-65°C to 150°C

Operating temperature

ESD Z&

Rev.AV0.2 Aug,2022

ESD (electrostatic discharge) sensitive device.

Live devices and circuit boards may discharge without
detection. Although this product has a patented or
proprietary protective circuit, the device may be
damaged when encountering high energy ESD.
Therefore, appropriate ESD precautions should be

taken to avoid device performance degradation or

-40°C to 125°C

function loss.

ESD rating (HBM)

+2000V

ESD rating (CDM)

+1500V Package and Pinout Diagram

ESD rating (MM)

+200V

1'Note: If the operating conditions of the device exceed the above

Figure 3 Pin arrangement

"absolute maximum", the device may be permanently damaged. This
y be p y damag nelT1C . IBlee
is only a limit parameter, and it is not recommended that the device |
operate at or above the limit value. The reliability of the device may be EN | 2 | | 713v3
affected if it works under the limit conditions for a long time. | GND |
GND[3] | | 6| BST
VIN[4 T sw
ESOP8

Pin Function

Table 3.1 Pin Function Description

Pin number Pin Name Description

1 NC Test pin, Floating.

5 M EN The BUCK output enable pin is set to enable the step-down output when itis high,
and the step-down output is closed when it is empty or set to low.

2 GND Chip system ground.

4 VIN Input voltage stabilizing pin, external voltage stabilizing capacitor, it is not
recommended to exceed 100uF.

5 SW Internal power switch node. External connection power inductor, Schottky diode,
and CBST capacitor.

6 BST Power supply for the drive of the liftgate. High quality 100nF ceramic capacitors
need to be connected between BST and SW.

7 3v3 LDO regulated output pin. Fixed output 3.3V, rated 10mA. At least 2.2uF external
capacitance to ground.
Step down feedback input pin, multi-mode adaptive. Constant voltage external

8@ FB resistance voltage division; Constant current external resistance samples LED
current.

(1) The EN pin is 3.3V logic level high. Do not connect high voltage.

(2) If the FB impedance to ground is higher than 20K, it will be identified as a constant voltage mode. After the
chip is powered on, it will detect once and latch the identification status.

Product information is as of the date of publication of the manual. Subject to change without notice.
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Technical Specifications
Unless otherwise specified, The limit value is applicable to the working junction temperature (TJ) range from - 40 C

to+125 °C. The minimum and maximum limits are specified by test, design, or statistical correlation. The typical

Rev.AV0.2 Aug,2022

value represents the most possible parameter specification when TJ=25 “C, which is only for reference. All voltages

are relative to GND.

Table 4.
Parameter | Test Conditions | MIN TYPICAL MAX [ UNIT
BUCK Characteristic
Vin Recommended input 12 65 v
voltage range
input undervoltage lock
Vuvo Rising edge 12 13 v
Fall edge 10 10.5 V
lg Quiescent current EN=0 65 uA
BUCK Module quiescent EN=1 ,V|N=24V,VOUT=
lasuck current 5V 125 WA
RDS(QN)BUCKJ‘OP BUCK tOp tube RDSON TJ=25OC 600 mQ
Voltage  stabilized
Fre.cv FB feedback voltage CV output mode 1 \%
Constant current
Fre.cc FB feedback voltage CC output mode 0.2 \%
Duax Maximum duty cycle 85 %
ILIMT_SW (Peak) SW Current limit VIN=48V 900 mA
IFs.BIASA FB bias current 10 nA
LDO Characteristic
VoutLpo LDO Output voltage range 3.2 3.3 3.6 \
loutLoo LDO Output current 10 mA
lLimiTLDO hragngprotectlve current Short to GND 15 mA
I/O standards
Input /O high logic | .
Vio_H threshold Pin EN 1.4 \Y
Input /O low logic | .
Vio L threshold Pin EN 0.6 Vv
Global thermal protection characteristics
Over temperature . .
TOTP—R protection TJ RISIng 150 C
Release of over . .
Tore temperature protection T, Falling 130 C
(1) This current is the total quiescent current when DCDC output is turned off.

Product information is as of the date of publication of the manual. Subject to change without notice.
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Functional Block Diagram
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GND
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LDO
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Set
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o Latch |+o
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Figure 5 Internal Function Block Diagram

Product information is as of the date of publication of the manual. Subject to change without notice.
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Application Information: Typical Application Circuit

LGS51065 is internally integrated with an adaptive feedback loop module, which detects the external impedance of
FB at the initial stage of system power on. When the external impedance of FB is greater than 20KQ, the system
determines that the FB is in constant voltage mode, and the loop will adjust the FB voltage to 1V. The calculation

formula of output voltage is

Rr +Rg
Vour = R W)
G

- Cbst
100nF

10uF

VIN BST VOUT=1+RF/RG

VIN SW -D

LGS51065

b Cout
EN = 10uF
3.3VLDO FB D
G V33
GND

Cvdd

2.2uF I

Figure 6. a Typical application of DC-DC module in step-down mode

When the external impedance of FB is less than 2K Q, the system determines that the FB is in constant current mode,
and the loop will adjust the FB voltage to 0.2V. The calculation formula of output current is:

VOUT = 0.2V A
" Rsence 4

Cbst 100nF

VIN I Cin é
10uF BST L=47uH IOUT=0.2/Rence
} l VIN SW

LGS51065

EN

33VLDO FB X1
4 = ™ v33

Cvdd

IZluF

Figure 6. b Typical application of DC-DC module in constant current drive mode
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Application Information:

Rev.AV0.2 Aug,2022

High Efficiency Asynchronous

Step-Down Switching Regulator (Overview)

Summary

LGS51065 built-in asynchronous rectifier switch regulator. The external FB resistor can be configured to operate in the
regulated output mode (CV) or constant current LED drive mode (CC).

Setting of CV and CC Modes

The LGS51065 can adaptively select voltage feedback or current feedback. If FB impedance to ground is higher than
20KQ, it will be identified as constant voltage CV mode, and if FB impedance to ground is lower than 2K Q, it will
enter CC mode. After the chip is powered on, it will detect once and latch the identification status.

SW |— YY"\ >
600mA
Buck Converter

AAA
Vv

L
FB T Csuck

> 20KQ L
3: Rg
GND

L L L1

Figure 7.1 BUCK Setting in CV Mode

Role of EN

Enable input pin of BUCK. Drive EN to the high-level
state to open the BUCK converter; Turn off the converter
by driving EN to low level. The typical value of the high
level of EN control logic is 3.3V, the internal pull-down
has been set, and the pin is suspended BUCK to output
DISABLE.

This pin can be used for PWM digital dimming when
BUCK is working in CC mode.

It is recommended that this pin be controlled by MCU,
and it is not recommended that this pin be directly
shorted to 3V3 to avoid the LDO output being closed due
to excessive line loss and heavy load triggering UVLO
when power is on.

Table 7. Pin EN working state

Pin direction Pin Status function
. BUCK Output
EN high enable P
. i t
(Pin1) th low BUCK Output
OFF

Product information is as of the date of publication of the manual. Subject to change without notice.
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Figure 7.2 BUCK works in CC mode

Maximum Duty Cycle of Skip Mode
DMAX

When the output voltage drops to close to the input
voltage, the BUCK switches to the maximum duty cycle
working state. At this time, the N-channel MOSFET in
the chip is in the open state, reducing the turn off time to
the shortest. Under the maximum duty cycle operating
condition, the output voltage drops below the regulation
range suddenly because the output voltage is the
product of the input voltage value and the maximum duty

cycle limit value.

Enable failure conditions of BUCK

In addition to the EN pin status, it should also be noted
that the following mechanisms can turn off the BUCK
output:

1) LDO output over-current or short circuit, leading to
system power good indication PG failure UVLO

2) Undervoltage protection triggered

3) OTP over temperature protection triggered

www.Legend-Si.com
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Application Information:
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High Efficiency Asynchronous

Step-Down Switching Regulator (CV Mode)

Set Output Voltage (CV Mode)

LGS51065 works in constant voltage mode, and the
output voltage can be adjusted externally through the
resistance divider network. The recommended output
voltage range is shown in the table below.
The voltage dividing network is composed of RG and
RF. Please ensure that RG is greater than or equal to
20K. The converter regulates the output voltage by
keeping the voltage on the FB pin equal to the internal
reference voltage VREF.
Once RG is selected, RF value can be selected
according to VFB.CV. Typical value of VFB.CV is 1V:
R +Rg

(v)

outr =
G

Table 8. Output Voltage Setting Quick Configuration

vouT RF RG Set voltage M

2.5V 30K 20K 2,50V 0.00%
3.3V 47K 20K 3.35V  1.50%
4.2v 62K 20K 410V 2.38%
5.0V 82K 20K 5.10V  2.00%
9.0V 160K 20K 9.00V_ 0.00%

(1) Other voltage dividing resistor pairs and high-precision resistors

can also be selected to achieve higher setting accuracy.

Over Current Protection and Short
Circuit Protection (CV Mode)

BUCK operates in CV mode and has cycle by cycle
overcurrent limit. When the SW current triggers |
LIMIT.SW (Peak), the BUCK output will enter the cycle
by cycle current limiting state.

Vrs |

VRer

[

lava(Limy

I

Over Load

CFF can be calculated according to the following formula:

Product information is as of the date of publication of the manual. Subject to change without notice.

Figure 8.1 Description of overcurrent and short-circuit behavior
in BUCK constant voltage mode

ILIMIT.SW (Peak) is related to the inductance size and

input differential pressure. ILIMIT.SW (Peak) only

Is the reference minimum value. In case of long-time

overcurrent or short circuit, global OTP protection may be

triggered.

CFF Feedforward Compensation
Capacitor

In some cases, feedforward capacitors can be used on
RF to improve load transient response or loop phase
margin.

This is especially true when using RF values>100 k Q.
Large RF value and parasitic capacitance at FB pin will
reduce load transient response.

If the requirements for transient response of the load
are high, a CFF can help mitigate the impact.

C.o = Vour+/Vour X Cour
FE 120 X Rj

*If the CFF is less than 15pF, it is unnecessary to add
it.

VOouT
SW |—Y YN $ >
1
$ Rr + Crr
1
FB - —-: jum— CBUCK
(OPTIONAL)
$Rs
GND
— — —

Figure 8.2 BUCK constant voltage mode and CFF pre

compensation capacitor
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Application Information:
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High Efficiency Asynchronous

Step-Down Switching Regulator (CV Mode)

Inductance selection (CV mode)

The parameters for selecting inductance are inductance
value and saturation current.

The inductor is based on the expected ripple current of
the inductor, which is usually selected between 20% and
40% of the maximum output current value.

Experience shows that the optimal ripple current of the
inductor is 30% of the maximum load current. Note that
when selecting ripple current for applications where the
maximum load is much smaller than the maximum
available load of the device, use the maximum device
current. The constant K is the percentage of inductance
current ripple.

For most applications, the inductor value can be
calculated from the following equation:

_ v — Vour out
L Vw—Vor) V
Fsw XK XIoyrmax Vin

Higher inductance value can reduce ripple current, but
increase conductance loss, magnetic core loss and
current stress on inductor and switching device. This
also requires a larger output capacitor to ensure the
same output voltage ripple. The reasonable value is to
ensure that the ripple current is 30% of the output DC.
Since the ripple current will increase with the input
voltage, the maximum input voltage also determines the
inductance value accordingly. The DC resistance of
inductance is an important parameter about efficiency.

When the LGS51065 operates in CV mode, the best

selection range of inductance for most applications is 10
MH to 47uH.

The peak current of inductance can be calculated

according to the following formula:

Vour X (Vingmax) — Vour)
2fow X L X Viyanax)

IL(peak) =Ioyr

Higher inductance value can reduce ripple current, but
increase conductance loss, magnetic core loss and
current stress on inductor and switching device. This
also requires a larger output capacitor to ensure the
same output voltage ripple. The reasonable value is to
ensure that the ripple current is 30% of the output DC.
Since the ripple current will increase with the input
voltage, the maximum input voltage also determines the
inductance value accordingly. The DC resistance of
inductance is an important parameter about efficiency.

When the LGS51065 operates in CV mode, the best
selection range of inductance for most applications is 10

UH to 471 Ho

The peak current of inductance can be calculated
according to the following formula:

Selection of output capacitance
(CV mode)

The output capacitance and its ESR value determine the
output voltage ripple and load transient performance.
Output capacitor banks are usually limited by load
transient requirements and stability rather than output
voltage ripple. The following formula can be used to
estimate the lower limit of the total output capacitance
and the upper limit of the capacitance ESR, which meet

the specified load transient requirements:

Al
Cour > our
fsw X AVoyr X K

14 K? 14
V"”’) x(1+K)+—x (2 - —””T)]

x[((1-
[ IN 12 VIN

ESR < (2+K) X AVyyr

2 x Al [1+K+K—2>< (1+#)]
our 12 VIN_VOUT

AV oyr= output voltage transient
Al yr= output current transient

Then the output capacitor and ESR can be adjusted to meet the requirements of load transient and output ripple.

Product information is as of the date of publication of the manual. Subject to change without notice.
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In practical application, the output capacitance has the greatest influence on the transient response and the

loop phase margin. Load transient testing and bode diagrams are the best way to validate any given design and must
be completed before the application goes into production. In addition to the required output capacitance, at least one
small ceramic capacitor is placed at the output end to help reduce high-frequency noise. Small ceramic capacitors in
the range of 1nF to 100nF can be very helpful in reducing output spikes caused by parasitic inductors and circuit
boards.

Ceramic capacitors using X5R or X7R dielectric to achieve low ESR characteristics.

When the LGS51065 works in CV mode, the 10uF ceramic capacitor can meet the requirements of most application

scenarios.

Product information is as of the date of publication of the manual. Subject to change without notice. WWWLEgeHd—SI'. com
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Applidatioh Information: High Efficiency Asynchronbué |
Step-Down Switching Regulator: Diagram (CV Mode)

Unless otherwise specified, TA=25 °C, all output voltages are based on RG=20K, and VCIN value is measured with

DC input.
Efficiency, Vout=2.5V, L=10uH Efficiency, Vout=2.5V, L=22uH Efficiency, Vout=2.5V, L=4TuH
100 100 100
90 90 90
80 80 =———— - 80 g e ——
e L———F——— = S (
E‘) 70 S e \ 6 70 A = - 5 70 5 — —
5 60 E 60 & 60
O - 5 7 O 7
(I.I_-f —\/CIN=15V % —\/cin=15V E Vcin=15V
0 50 vein=2av | %5 50 Vcin=24V 5 50 Vcin=24V
Vcin=36V Vein=36V Vcin=36V
40 Vein=48V 40 Vein=48V 40 Vcin=48V
Vein=62V —\/CiN=62V —\/cin=62V
30 30 30
10 80 640 10 80 640 10 80 640
LOAD CURRENT(mA) LOAD CURRENT(mA) LOAD CURRENT(mA)
Efficiency, Vout=3.3V, L=10uH Efficiency, Vout=3.3V, L=22uH Efficiency, Vout=3.3V, L=47uH
100 100 100
90 90 90
|\ et e
80 T 80 | 80 il 1
> 704 v————\ = 20 = 20
O
= v N ¢ > /
[WE] (NN [WE)
S 60 o 60 O 60
0 —\/CiN =15V e Vein=15V 0 Vein=15V
w50 Vcin=24vV Y50 Vein=24v o 50 Vein=24v
Vcin=36V Vcin=36V Vcin=36V
40 Vcin=48V 40 Vcin=48V 40 Vcin=48V
—\/CiN =62V Vcin=62V Vcin=62V
30 30 30
10 80 640 10 80 640 10 80 640
LOAD CURRENT(mA) LOAD CURRENT(mA) LOAD CURRENT(mA)
Efficiency, Vout=5V, L=10uH Efficiency, Vout=5V, L=22uH Efficiency, Vout=5V, L=47
100 100 100
90 EE—— - 90 + 90
w
- 80 - A 80 1 80
S g e
S T0f—__ S 70 5 70
& = =
C 60 5 60 5 60
- = \Vcin=15V 0 — \/CiN=15V o e \/cin=15V
o, 50 Vein=24V o 50 Vein=24V ﬁ 50 Vein=24V
Vein=36V Vcin=36V Vcin=36V
40 Vein=48V 40 Vcin=48V 40 Vcin=48V
= Vcin=62V —\/cin=62V —\/CiN=62V
30 30 30
10 80 640 10 80 640 10 80 640
LOAD CURRENT(mA) LOAD CURRENT(mA) LOAD CURRENT(mA)
Product information is as of the date of publication of the manual. Subject to change without notice. WWWLEgeHd—SI'. com
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Application information: High efficiency asynchronous
step-down switching regulator: diagram (CV mode)

Unless otherwise specified, TA=25 °C, all output voltages are based on RG=20K, and VCIN value is measured with

DC input.
Efficiency, Vout=7.5V, L=10uH

Efficiency, Vout=7.5V, L=22uH

Efficiency, Vout=7.5V, L=4TuH

100 100 100
90 oy -\ 90— 90 - =
//
80 —}_/_’_4—/\7:—\ 80 = 80 =]
570 & 70 &5 70
z 5 :
O 60 o 60 o 60
t Vein=15V UE_ Vein=15V o —\/cin=15V
wi 50 Vcin=24V w 50 Vcin=24V 05 50 Vein=24V
Vcin=36V Vein=36V Vcin=36V
40 Vcin=48V 40 Vein=48V 40 Vcin=48V
Vein=62V Vcin=62V —\/CIN=62V
30 30 30
10 80 640 10 80 640 10 80 640
LOAD CURRENT(mA) LOAD CURRENT(mA) LOAD CURRENT(mA)
Power Up and Power Down Power Up and Power Down Power Up and Power Down
EN=VIN NO LOAD 10R LOAD
50V/DIV ¢ i T . | 5V/DIV M# 5V/DIV |
— T \ }
5V/DIV _,,_,,_I — S N N S — SV/DIV |
m ~~~~~~~ 5V/DIV || ‘N I
500mA/DIV 500mA/DIV | ‘ m“ 2V/DIV Bl
o | -
45VIN to 5VOUT, LOAD=600mA 45VIN to 5VOUT, NO LOAD 45VIN to 5VOUT,LOAD=10Q
L=4TuH,COUT=10pF L=4TuH,COUT=10pF L=4TpH,COUT=10pF
Load Transient,yVOUT=5V Load Transient,yOUT=5V Load Transient,YOUT=5V
100mV/DIV -_t-_-o—--v—o-«! ‘ L — 100mV/DIV | i ;H"-.,M 100mV/DIV i | P h}“‘tf‘“'rﬂ’@'f":':‘.'\af'f
L4 I ¥ 1
‘ 200mA/DIV 1
200mA/DIV 200mA/DIV

LOAD STEP=0mA TO 600mA
VIN=24V,Slew rate is 1.6A/pus
L=47uH,COUT=10uF,CFF=4T7pF

LOAD STEP=10mA TO 600mA
VIN=24V,Slew rate is 1.6A/us

L=47uH,COUT=10pF,CFF=4TpF

Product information is as of the date of publication of the manual. Subject to change without notice.

LOAD STEP=300mA TO 600mA
VIN=24V,Slew rate is 1.6A/pus
L=47uH,COUT=10uF,CFF=47pF
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Application information: High efficiency asynchronous
step-down switching regulator: diagram (CV mode)

Unless otherwise specified, TA=25 °C, all output voltages are based on RG=20K, and VCIN value is measured with
DC input.

Switching Waveforms Switching Waveforms Switching Waveforms
PWM Mode Burst Mode Operation Pulse Skip Mode
2V/DIV " ' svow || 11 ] IR R
5V/DIV | 1 |
I ! ! A i { 1 ' i | | i ]
AV '\\ '\\ '\\: AN I\\ '\\: OV
M ‘ NCONIN NV IND NN NN N NN N |
10mV/DIV _\ ) J ; N A 20mV/DIV N y Y Y | - y J
omvon | NN N N NN i 3"\ hih i -“‘-‘ i I BIN ' J 1 |
i ! L | [ i Ll )| ] i L L I
24VIN to 5VOUT, LOAD=500mA 24VIN to 5VOUT, LOAD=60mA 24VIN to 5VOUT,LOAD=5mA
L=47pH,COUT=10pF L=4TpH,COUT=10uF L=4TpH,COUT=10pF
Product information is as of the date of publication of the manual. Subject to change without notice. WWWLEgeHd—SI'. com
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Appliéatioh Information: High Efficiency Stép;DoWn
Switching Regulator (CC Mode)

; _ (Vgny—02) x16x107° !
Set output current (CC mode) oUT (LED-short) L *lser

) Although it will not cause damage, considering that it is
The output constant current value of LGS51065 working
. of little significance to maintain this short circuit state,
in constant current mode can be set through RSE, and
this anomaly can be obtained by monitoring the lamp

bead anode through MCU ADC, and using EN to turn off
the BUCK to reduce unnecessary heating and power

the output current is determined by VFB CC and
RSENCE decide.

The typical value of VFB.CC is 0.2V, which can be set
according to the following formula:

02 @ PWM Dimming Via EN (CC Mode)

Table 13. Quick Configuration of Output Current Setting in CC

consumption.

loyr =

LGS51065 can use the EN pin for PWM dimming. With

Mode
Rsence((2) lour(mA) @ PWM dimming, the output current of LED can vary from
Sence out(Mm.
2 100 0% to 100%.
1.33 125 The brightness of the LED is determined by the duty
-1 200 cycle of the PWM signal. For example, the duty cycle of
0.8 250 PWM signal is 25%, and the average current of LED is
0 ;38 204 25% of (0.2/RSENSE). It is recommended to set the
0'56 357 PWM dimming frequency above 100Hz to prevent
0'47 425 people's eyes from seeing LED flicker. The advantage

of PWM dimming over analog dimming is that it does not
Other high-precision resistors can also be selected to o

change the chromaticity of LED.
achieve higher setting accuracy.

W LED Driver
Short Circuit of Lamp String (CC Cauck I ::::* e
Mode) 1 LAY
« L AN
LGS51065 works in constant current mode, and short s.3v P LILT — ENGND FB 1S
circuit of lamp string will not cause damage. The output L =
current can be calculated according to the following Figure 13.2 PWM Dimming via EN
formula: Note that due to the fixed delay of soft start time and EN
—svv louT start, when the high pulse time of an EN is lower than
l 10us, the output may not respond. The minimum duty
Couck short cycle of the PWM carrier frequency used can be
= evaluated accordingly.
1K
FB
GND Rsense

Figure 13.1 Schematic diagram of lamp bead

short circuit in CC mode:
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Open Circuit of Lamp String (CC Mode)

*KH* LGS51065

When the LGS51065 works in the constant current mode, the VFB voltage will be close to 0 after the open circuit of
the lamp string. At this time, the high side switch of the BUCK will be forced to open with the maximum PWM duty

cycle DMAX, and the anode of the lamp string is approximately equal to the CIN voltage.

SW vouT = Vain
Cauck
I OPEN
1K
FB
GND Rsense

Figure 13.3 Schematic Diagram of CC Mode Lamp Bead Open Circuit
The chip can be identified under this working condition and enter the protection state, which will not cause damage.

The withstand voltage selection of CBUCK capacitor under this working condition shall be considered.

Product information is as of the date of publication of the manual. Subject to change without notice. WWWLEgeHd—SI'. com
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Application Information:

Inductance selection (CC mode)

The selection of inductance value needs to consider the
working duty cycle and the on/off time of the power
switch to ensure that the determined requirements are
met within the full range of the working voltage and LED
current.

The larger the inductance value, the smaller the change
of LED output current in a wide input voltage range.
The recommended inductance parameter range of
LGS51065 is 10uH - 47uH.

In order to obtain higher efficiency, it is recommended to
choose inductance with smaller DC conduction
impedance.

For most applications, the following equation can be
used as a reference:

L= Vour X (Viy — Vour)
IRsence X VIN X fSW

According to the selected inductance value, the user can
calculate the actual inductance current ripple:

Vour X Vin = Vour)
L XViy X fow
The saturation current of the inductor should be higher than

IL(ripple) =

the output peak current, and its nominal current value
should be higher than the average output current.

The rms current and saturation current ratings of inductors
must be greater than the ratings in the application. This
ensures that the sensor does not overheat or saturate.
Under power on, transient or fault conditions, the inductor
current may exceed its normal operating current. Therefore,
the most conservative method is to specify an inductor with
a saturation current rating equal to or greater than the
converter current limit.

The peak inductance current and root mean square current

Product information is as of the date of publication of the manual. Subject to change without notice.
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High Efficiency Step-Down
Switching Regulator (CC Mode)

equations can refer to the following formulas:

IL(ripple)
IL(peak) =1Igp + Y

ILZ(ripple)

IL(rms) =

Selection of output capacitance
(CC)

The output capacitor can reduce the high-frequency

ripple current passing through the LED string. Excessive

ripple current in the LED string will increase the root

mean square current in the LED string, so the LED

temperature will also rise.

1) Calculate the total dynamic resistance (RLED) of
the LED string using the LED manufacturer's data
sheet

AV
Rigp = A_IF X #of LEDs

2) Calculate the impedance (ZOUT) required by the
output capacitor and the acceptable LED peak to
peak ripple current ILED (ripple). IL (ripple) is the
peak to peak inductance ripple current previously
calculated in inductance selection. The ripple
current on the capacitor can be calculated by the
following formula:

Rigp X Aljgp

ZCOUT =T AT
IL(ripple) - AILED

3) Calculate the required minimum effective output
capacitance.

1
2 X7 X fow X Zcour

Cour =

4) Increase the output capacitance appropriately
according to the voltage derating effect in the
capacitance manual

When the LGS51065 operates in CC mode, the 10uF
capacitor can meet the requirements of most application

scenarios.
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Application Information: High Efficiency Step-Down
Switching Regulator: Diagram (CC Mode)

Unless otherwise specified, TA=25 °C, VCIN value is measured with DC input.
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Application Information: Wide Input Range 3.3V Constant

Pressure LDO

Summary

The LGS51065 has a built-in high-voltage linear LDO,
which can not only supply power to the device system
core, but also output power externally.

The LDO outputs a constant voltage of 3.3V typical
value, and the maximum current output capacity is
10mA

This LDO output can be used for MCU control power

supply.

3V3 »

% C3v3 = 10uF l
= VDD

33VI/0 MCU

System

EN |« 1/0
GND
s — I

Figure 16.1 LDO output capacitor setting and low-voltage logic

control 10

Note that even if the LDO function is idle, C3V3 cannot
be omitted. The recommended value of C3V3 is 2.2uF.

Avoid high pressure in the output

The LDO output of the LGS51065 has only the current
source capability, but no Sink capability. Therefore, high
voltage should be avoided: for example, the high voltage
output from BUCK is injected into LDO through a low
resistance path. This may affect the LDO output
accuracy, or even activate the LDO output ESD to cause
damage. The ESD inside LDO will start to conduct when
it exceeds 8V.

In some applications, 5V has to be used to supply power
to MCU, or high voltage may be injected into the path of
EN and 3V3 pins for other reasons. It is recommended

to connect current limiting resistors in series to avoid

affecting the accuracy of 3V3 and ensuring the long-
term reliability of devices.

5V
SW YY YN\ e
$R1 J_
FB
$R2 I
33VI/0 = =
System - vDD
| 20K |
EN |« W 1/0
| |
| |
3V3 MCU
GND 1
I L I

Figure 16.2 10 Processing Strategy for High Logic Level
Voltage Input

LDO Output Short-Circuit
Protection and Current Limiting

The LDO part of the device has complete over-current
and short-circuit protection:

The output current limitation of LDO is designed to limit
the output current in the following cases: the load
impedance is abnormally low, including the case that the
output may be directly short circuited to ground. See the
"Chart" section for details.

It should be noted that continuous operation of LDO
output under over-current and short-circuit conditions
may trigger OTP protection.

3V3 and System Power Good (PG)

In addition to external output, LDO also supplies the
internal system core of the device. A good power supply
indication (3V3. PG) will be generated when the 3V3 is
successfully established internally, and the BUCK
function and communication module can only be
opened.

Therefore, it should be noted that when LDO external
load over-current or short circuit occurs, LDO output
voltage will not be damaged after falling below 3V3.PG
(Falling) threshold, but the system may enter the

protection state. The BUCK and communication module will be turned off.

Product information is as of the date of publication of the manual. Subject to change without notice.
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3V3.PG(Falling) 3V3.PG(Rising)

= |
2 33 . -
o 1 |
2 ! 3.13 N
s | s 7
> 1 , |
| -7 |
5 25 e N7 X
o RN I
o 0 T ~ T
=] 1 1
1 1
1 1
POWER Buck Disable POWER
GOOD Comnunication Decode Disable GOOD

Figure 16.3 PG (Falling) and PG (Rising) Thresholds

Conditions that can cause LDO output to be Closed

1) LDO output is turned on by default, and the following two conditions can cause LDO output to turn off in the
system:

2) UVLO undervoltage protection triggered
3) OTP over temperature protection triggered

Product information is as of the date of publication of the manual. Subject to change without notice. WWWLEgeHd—SI'. com
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Application Information: Reference Layout Example

Summary

The high integration of LGS51065 makes PCB layout very simple and easy. The poor layout will affect the performance

of LGS51065, resulting in electromagnetic interference (EMI), poor electromagnetic compatibility (EMC), ground jump

and voltage loss, which will affect the voltage regulation and stability. In order to optimize its electrical and thermal

performance, the following rules should be applied to achieve good PCB layout and routing to ensure optimal

performance:

B The high-frequency ceramic input capacitor CIN. B When BUCK is working in CC mode, attention
C must be placed as close as possible to the CIN should be paid to avoid high heat LED lamp set
(PIN5) and GND (PIN2) pins to minimize high- away from the chip or heat island design for
frequency noise. thermal isolation.

B Forthe high current path, use a large copper clad B Theloss of ACR and DCR caused by inductance
area of PCB, including GND pin (PIN2). This and the heat conduction to the chip shall be
helps minimize PCB conduction loss and thermal considered. The inductor can be placed far away
stress. or the heat island can be reasonably designed as

B In order to minimize the via conduction loss and appropriate.
reduce the thermal stress of the module, multiple B FB pin impedance is high, and lead track should
via shall be used to realize the interconnection be as short as possible and far away from high
between the top layer and other power layers or noise SW node or shielded.
strata.

R} ®
o EN

[ |

[
oD B =

Cin
VIN & i |
®VIAS TO GROUND PLANE
Figure 17.1 Recommended PCB layout for BUCK constant voltage (CV) mode
®EN Vi@
LED*
o N
COUT

[

GND @ H ==
Cin
VIN @ i [ L
LED+
®VIAS TO GROUND PLANE
Figure 17.2 Recommended PCB layout for BUCK constant voltage (CC) mode
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Note:
(1) All data units are in millimeters. Any dimensions in brackets are for reference only.
(2) This drawing is subject to change without notice.
(3) This dimension does not include molding burrs, projections, or nozzle burrs. The burr or protrusion on each

side of the mold shall not exceed 0.15 mm.

This dimension does not include the burr of the mold, and the burr or protrusion on each side of the mold
does not exceed 0.25mm.

(4)
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IMPORTANT NOTICE AND DISCLAIMER

*KHF and Legend- si are trademarks of Legend- Si Semiconductor Co., Ltd.

Legend- si holds a number of patents, trademarks, trade secrets and other intellectual property rights. Legend-Si
provides technical and reliability data (including datasheets), design resources (including reference designs),
applications or other design recommendations, networking tools, safety information and other resources "as is". No
warranty is made that it is free from any defect, and no warranty, express or implied, is made, including, but not limited
to, the implied warranty of merchantability, fitness for a particular purpose or infringement of any third party's
intellectual property rights.

The resources are available for professional developers to design with the Legend-Si product. You are solely
responsible for: (1) selecting the appropriate Legend-Si product for your application; (2) Design, validate and test your
application; (3) Ensure that your application meets relevant standards and any other safety, security or other
requirements. Resources are subject to change without notice. Legend- Si's license for your use of the Resources is
limited to applications related to the Legend- Si products involved in the development of the resources. Otherwise, no
copying or display of the resources is permitted, and no other Legend- Si or any third-party intellectual property
licenses are provided. Legend- Si will not be liable for any claims, damages, costs, losses or liabilities arising out of
the use of the Resources and you shall indemnify Legend- Sl and its representatives for damages arising therefrom.
The Products provided by Legend- Si are subject to the Terms of Sale of Legend- Si and other applicable terms
provided by Legend- Si Products on or with www.Legend-si.com. The provision of the resources by Legend- Si does
not extend or otherwise change the applicable warranty coverage or warranty disclaimer issued by Legend- Si with
respect to the Legend- Si Products.

Mailing address: Rm 1403, Tengfei Suite C Bldg., No.88 jiangmiao Rd., Pukou Dist., Nanjing, Jiangsu Prov.
Telephone: 025-58838327

Copyright © 2022- present Legend- Si (Nanjing) Semiconductor Co., Ltd.
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