& Magnachip
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MAP3514D

1-CH Quasi-Resonant Mode Buck Controller for LED Backlight

General Description

MAP3514D is a 1 channel quasi-resonant mode buck
controller for LED backlight application. It operates at
boundary conduction mode which provides better
efficiency and lower EMI.

MAP3514D features +2% current sensing (CS)
voltage accuracy and has dedicated analog dimming
input up to 3.3V. It can be powered from 8.5V ~ 18V
supply.

MAP3514D provides MOSFET drain-source short
detection for fault output, Vcc over voltage protection
(OVP) for fault output, Vcc under voltage lockout
(UVLO), Input voltage OVP detection, Input voltage
UVP, current sense resistor short protection, short
circuit protection (SCP) and standby mode.

MAP3514D is available 14 leads SOP with Halogen-
free (fully RoHS compliant).

‘(_‘@ » RoHS Compliant

Features

8.5V to 18V Input Voltage Range
Quasi-Resonant Mode

LED Current Compensation Function

Direct PWM Dimming Input

+2% Current Sensing Voltage Accuracy

s Fault Output (FLT pin)

» MOSFET Drain-Source Short Detection
* Vcc Over Voltage Protection Detection

o o o o

o

= Short Circuit Protection

s Current Sense Resistor Short Protection

= Vcc Under Voltage Lock Out

= Input Voltage Under Voltage Protection Detection
= Input Voltage Over Voltage Protection Detection
= Standby Mode

= 14 Leads SOIC Package with Halogen-free
Applications

= High Brightness white LED backlighting for LCD TVs
s General LED lighting applications

Ordering Information

Top Ambient
Part Number Marking Temperature Range Package RoHS Status
MAP3514DSIRH MAP3514D -40C to+85C 14Leads SOIC Halogen Free

Typical Application
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Figure 1. Quasi-resona;\t mode buck converter
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Datasheet Version 1.0

Pin Configuration and Description

Pin Name Description
1 PWM PWM Dimming

PWM |: O 1 :| zCD 2 ADIM Internal Analog Dimming

ADIM |: 2 13 :| cs 3 COMP LED Current Accuracy Compensation
4 REF ADIM Buffer Output

comp |: 8 12 :| PGND 5 ANA DIM | External Analog Dimming Input

MAP3514D (o (Note 1)
REF |: 4 35 1" :| GATE 6 LINE Input Voltage Detection
7 GND Ground
ana D [ |5 o[ ] vee 8 FLT Fault Output

9

UVP/OVP Input Voltage UVP/OVP Signal Output

[
=
m
o
©
C
<
3
<
o

10 VCC Power Supply Input
oo |7 s ] ar 11 GATE GATE Drive Output
SOIC-14 12 PGND Power Ground (Nete2)
13 CS Current Sense
Figure 2. Pin Configuration (Top View) 14 20D Zero Gurrent Detection

Note 1: Connect external resistor to LINE to detect the input voltage Vi as shown in typical application
Note 2: Connect external resistor to PGND to sense the external power MOSFET source current as shown in typical application

Sep 2022 & Magnachip

WB1poeg @31 404 19]j03U0D ¥ONng PO JuBUOSAY-ISEND HO-| — }o3yselep ayLSEdVIN




Datasheet Version 1.0

Functional Block Diagram
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Datasheet Version 1.0

Absolute Maximum Ratings (Note 1)

Symbol Parameter Min Max Unit
Vcc, VGATE; prm, VFLT VCC, GATE, PWM, FLT pins Voltage -0.3 20 Vv
Vzcp ZCD pin Voltage -0.7 20 \%
Ves, Vrer, Vaoim, VANA_DIM Vcowmp, CS, REF, ADIM, ANA_DIM, COMP, LINE, UVP/OVP pins 023 5 V]
Vune, Vuveiove Voltage
Tean Soldering Lead/ Pad Temperature 10sec 300 °C
T, Junction Temperature -40 +150 °C
Ts Storage Temperature -65 +150 °C
HBM on All Ping (Note2) -2000 +2000
ESD MM on All Ping (Note 3) -200 +200 \Y
CDM on All Ping (Note4) -500 +500

Recommended Operating Conditions (Note 1)

Note 1: Stresses beyond the above listed maximum ratings may damage the device permanently. Operating above the recommended
conditions for extended time may stress the device and affect device reliability. Also the device may not operate normally above the
recommended operating conditions. These are stress ratings only.

Note 2: ESD tested per JESD22A-114.

Note 3: ESD tested per JESD22A-115.

Note 4: ESD tested per JESD22C-101.

Parameter Min Max Unit
Veo Supply Input Voltage 8.5 15(note2) \Y
VaNA DIM ANA_DIM Input Range 0.0 3.3 \%
Ta Ambient Temperature Mte 3 -40 +85 °C
Note 1: Normal operation of the device is not guaranteed if operating the device over outside range of recommended conditions.
Note 2: If the supply input voltage (Vcc) exceeds typ.16V, the gate signal is shut down by the Vcc OVP function.
Note 3: The ambient temperature may have to be derated if used in high power dissipation and poor thermal resistance conditions.
Package Thermal Resistance (Note 1)
Parameter Resa Reuc Unit
MAP3514DSIRH | 14 Leads SOIC 76.9 33.2 °C/W

Note 1: Multi-layer PCB based on JEDEC standard (JESD51-7)
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Datasheet Version 1.0

Electrical Characteristics

Unless noted, Voc = 12V, Cycc = 1.0pF, and typical values are tested at Ta = 25°C.

Parameter Test Condition Min Typ Max Unit
Supply
Vee Input Voltage Range 8.5 18 \Y
lo Quiescent Current Vewm = 0V, Vee = 12V 2.0 mA
ISTANDBY Standby Current VCC =12V 600 uA
Vee uvio Under Voltage Lockout . Release threshold(rising Vcc) 7.5 8.0 8.5 v
- Threshold Voltage on VCC pin Lockout hysteresis(falling Vcc) 0.5 1.0 15
tpe_pELAY Power Good Delay Time 500 ms
Zero-Current Sense
VzcpTH FALL Falling Vzcp 100 mV
V— ZCD Threshold Voltage Rising Vzco 200 ey,
Vzconvs ZCD Hysteresis 100 mV
tzcorout ZCD Time-Out 25 us
GATE Driver
Isource GATE Source Current Veare = 0V 300 mA
lsink GATE Sink Current Veare = V=12V 600 mA
trise GATE Output Rising Time Ceate= 1nF, Vec = 12V 70 150 ns
traLL GATE Output Falling Time Coare = 1nF, Ve = 12V 35 100 ns
ton_max Max. On-Time 13 us
fumax Max. Frequency 1000 kHz
Current Sense & Dimming
Vabim ADIM Input Voltage Range 0.66 1.65 Vv
Ves CS Detection Voltage x:z:x ; ?ng 0%3235 x
tLes Leading Edge Blanking Time (Note1) 350 ns
REF
VaNA DIM ANA_DIM Input Voltage Range 0 3.3 Vv
ANA_DIM =0V 1.32 \
ANA_DIM = 3.3V 3.3 \Y
Veer | REF Voltage ANA_DIM > 3.6V 33 Y
ANA_DIM = open 3.3 \
COMP
Veomp COMP Voltage 2 \Y
Logic Interface
Logic Input Level on Vewwm L : Logic Low 0.8
Vewn PWM pin Veww + - Logic High 2.2 v
PWM_H g g
Rpwm Pull-down Resistor on PWM pin Vewm = 4V 50 100 150 kQ

Note 1: These parameters, although guaranteed by design, are not tested in mass production.
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Datasheet Version 1.0

Electrical Characteristics

Unless noted, Voc = 12V, Cycc = 1.0pF, and typical values are tested at Ta = 25°C.

Parameter | Test Condition Min Typ Max Unit
Protection

Vsep gr?gé)gﬁgtlon Threshold Voltage 23 25 27 v
toeLay SCP Delay Time 300 ns
tRESTART Restart Time 1 ms
Ves> | Thveshold Volage on CS pin 015 | 02 | 025 | v
tesp RCS Short Detection Time 5 us
Veoros MOSFET DS Short Detection Vewm = 3.3V 23 25 2.7 \
Threshold Voltage on CS pin Vewm = 0V 0.5 0.7 0.9 vV

tsceps MOSFET DS Short Detection Time 5 us
Rer FLT pin Internal Resistance leer = 1TMA 250 500 1000 Q
Vove vee Vce OVP Detection threshold voltage 16 \Y
Vce overys | Vec OVP Hysteresis 1 \
Vuve LINE LINE UVP Detection threshold voltage 0.9 1 1.1 \Y
tuve_LINE LINE UVP Detection Time 1.5 us
Vove_LINE LINE OVP Detection threshold voltage 1.9 2 2.1 \Y
VLINE?HYS LINE Hysteresis 100 mV
Tsvutoown | Thermal Shutdown Temperature 150 °C

Note 1: These parameters, although guaranteed by design, are not tested in mass production.
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Typical Operating Characteristics
Unless otherwise noted, Ve = 12V and Ta = 25°C.

Quiescent Current vs. Temp

UVLO Threshold Voltage vs. Temp
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Typical Operating Characteristics
Unless otherwise noted, Vcc = 12V and Ta = 25°C.
SCP Threshold Voltage vs. Temp RCS Short Threshold Voltage vs. Temp
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Sep 2022 & Magnachip

WB1poeg @31 404 19]j03U0D ¥ONng PO JuBUOSAY-ISEND HO-| — }o3yselep ayLSEdVIN



Datasheet Version 1.0

Functional Description
GENERAL DESCRIPTION

The MAP3514D is a low-side single switch buck
controller optimized to LED backlight applications. It
does not require any external loop compensation or
high side current sensing.

The IC operates at boundary conduction mode which
provides better efficiency and lower EMI.

LED CURRENT

The LED current is calculated by following equation.

_ O'SVADIM

LED —
RCS

~0.5%(0.66 + 0.3 X Vaya pim)
RCS

LYRENCY)

When Rgrer = Rabim.

The ANA_DIM voltage range is from 0.0V to 3.3V.
The LED current changes according to ANA_DIM and
ADIM.

In terms of total system accuracy of LED current, the
larger inductance, the slower switching frequency and
the larger minimum on time than 800ns, the better
accuracy.

lLept
ILED_MAX
ILED_MIN
0 3.3V VANA DIM
Figure 4. ILep vs. Vana_pim graph
A
3.3V
VRer
1.32V
1.65V
Vabim
0.66V
0 3.3V VANA DIM

Figure 5. Vrer and Vaoim vs. Vana_pim graph
(When Rrer = Rapiv)

VANADIM ANA_DIM

R Q
Average-
Mode
VREF Control
Logic

Figure 6. Configuration of analog dimming and current
sensing

LED CURRENT COMPENSATION

MAP3514D has the LED current compensation
function by using COMP pin.

LED current offset can be occurred by the
input/output condition and the components of the buck
converter.

The compensation resistor Rcowmp is used to control
the offset voltage of ADIM. The COMP voltage is typ.
2V and the compensation current Icowp is fixed by
Rcowp.

By Internal current compensation circuit, 1/n times
lcomp current flows to ADIM pin. By this current, the
offset voltage of ADIM is generated. Consequently,
LED current is compensated by Rcowmp.

Current
Compensation
l Icomp

Average-Mode
Control Logic ——

COMP
+2V
!

|
| |
Rcow% coMP

REF

Rrer

Rapim

lcovp* —> Vapmt —> lept

A (Rrer = Rapim)
lcomp 1
1.65V
VADIM |COMP =0
0.66V
0 3.3v VANA_DIM

Figure 7. Configuration of LED current compensation

Sep 2022

& Magnachip

WB1poeg @31 404 19]j03U0D ¥ONng PO JuBUOSAY-ISEND HO-| — }o3yselep ayLSEdVIN



10

Datasheet Version 1.0

ZERO-CURRENT SENSE

The MAP3514D is a boundary conduction mode
(BCM) buck controller operating at resonant zero-
current transition mode.

The zero detection circuit uses displacement current
of a sense capacitor Czco as shown in typical
application. At the inductor current ramps down to
zero, the drain voltage of MOSFET begins oscillation.
As soon as the ZCD pin voltage falls down to 100mV
(VzcoTh), the MAP3514D initiates next switch cycle.

Q
s Q
h
ZCD
Control R Q Res Racoz
Logic
=

Figure 8. Configuration of analog dimming and current
sensing

A

GATE

Figure 9. Zero-Current Sense

After MOSFET turned-off, if the ZCD pin voltage
keeps less than typ. 100mV (Vzcoth) for more than typ.
25us (tzeotour), the IC begins next switch cycle forcibly

To prevent abnormal MOSFET turn-on by ZCD, ZCD
voltage is masked for 440ns after a MOSFET is turned
off internally.

4 25us

A : :
GATE |_| |_| |_| |_ (tzcoour) |_|
IR st — >
i Vzcoth
Vzcol n n n ! (100mV)

ZCD short
Figure 10. Zero-Current Sense Time Out

\4

PWM DIMMING

The brightness control of the LEDs is performed by a
pulse-width modulation. The GATE output is valid only
at PWM on period. This means that the GATE
maintains off-state as long as PWM signal is logic low.

Care should be taken to test at low PWM duty-cycle
because the output capacitor can affect rising and
falling time of LED current due to its charging and
discharging time.

A

PWM| |

ILeo

Figure 11. PWM Dimming
STANDBY MODE

The MAP3514D has a standby mode to reduce the
power consumption. If the PWM signal keeps a low
level for more than typ. 120ms, the MAP3514D turns-
off the GATE output and goes on the standby mode.
During the standby mode, if the PWM signal is high,
the IC wakes up and turns-on the GATE output after
typ. 60us.

A

VCC

v

PWM

Figure 12. Standby Mode

-------- -

~-»| i€~ 60us

¢ Standby
Mode

\4

Vce UNDER VOLTAGE LOCKOUT (UVLO)

The MAP3514D has an Internal LDO regulator to
supply internal circuit and GATE driver. This LDO is
powered up when the Vcc voltage rises to UVLO
release threshold.

If the voltage on the Vcc pin falls below UVLO
lockout threshold, the device turns-off the GATE
output and be reset. This ensures fail-safe operation
for Vcc input voltage falling.

SOFT-START

The MAP3514D operates at peak current mode at
initial start-up to smooth inductor current ramp-up
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(output capacitor charging phase). The number of
peak-controlled switch cycles is 15 times at initial
start-up.

VUVLOfH av
___________________________________________ deccccecacenaann
VCC tF’G DELAY .(
E (500ms)
PWM
15t|mes -
GATE | ” || || |

\4

\4

Vcs .
A 5 /\/\/\/\

! Power :
:On Reset

Figure 13. Soft-Stat and UVLO (Vcc Rlsmg)

\4

Soft-Start

A

Vuvio L

PWM

v

GATE

\4

Figure 14. UVLO (Vcc Falling)
FLT OUTPUT

FLT pin is an open-drain type output pin. If any of
following events occurs, the FLT pin goes to logic Low
state immediately. The protection status is latched and
can be cleared by applying a complete power-on-reset
(POR).

m  MOSFET Drain-Source Short Detection
m  Vcc Over Voltage Protection (OVP)

MOSFET DRAIN-SOURCE SHORT DETECTION

Regardless of PWM logic state, if the CS voltage
exceeds Vscpps for more than typ. 5us (tsceps) due to
drain-source short of external MOSFET, the FLT pin
goes to logic Low state immediately and the GATE
output is turned off.

CASE (1) - At PWM Logic High :
If the CS voltage exceeds typ. 2.5V (Vscrps) for

more than 5us, the MOSFET drain-source short
protection is occurred.

CASE (2) - At PWM Logic Low :

If the CS voltage exceeds typ. 0.7V (Vscpps) for more
than 5us, the MOSFET drain-source short protection is
occurred.

A
Vuvio T —_— T - -
Veo [T oo L A ¥
feccccaa .‘-...:. ............... 3 s -
VUVLDfL H H
PWM : P :
GATE H " H
tscros ' E tscrps ' ' E
(5uS) --pt < (5us) =-p <
VCS
FLT
CASE(1) CASE(2)

Figure 15. MOSFET Drina-Source Short Detection
Vcc OVER VOLTAGE PROTECTION (OVP)

If the Vcc voltage exceeds typ. 16V (Vove vcc), the
FLT pin goes to the logic Low state immediately and
the GATE output is turned off. Under the Vcc OVP
condition, the internal auto-restart signal occurs with
1ms period. When the Vcc is less than 16V, the GATE
output is turned on by the auto-restart signal. The Vcc
OVP function does not latch.

A

A\

FLT

*AUTO
RESTART

v

A\

*Internal signal

Figure 16. Vcc Over Voltage Protection

SHORT CIRCUIT PROTECTION (SCP)

If the CS voltage rises 2.5V (Vscp) during normal
operation, the MAP3514D turns-off the GATE output
after typ. 300ns (toeray). The auto-restart time is typ.
1ms (trestarT). This protects for hard instantaneous
short such as free-wheeling diode, inductor or LED
bar short.
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GATE

\4

Diode, Inductor +
or LED bar short

Figure 17. Short Circuit Protection

Rcs SHORT PROTECTION

If the CS pin is shorted to GND due to current sense
resistor (Rcs) short, there is a potential danger of the
over-current condition not being detected. The
MAP3514D can protect this short event.

If the CS pin voltage is equal or lower than typ. 0.2V
(Vcsp) for more than typ. 5us (tcse), the IC turns off the
GATE output immediately.

tese

4 ~»! (sus) €

GATE |

—~—
—~N—
v

Figure 18. Rcs Short Protection
INPUT VOLTAGE PROTECTION

MAP3514D has a LINE pin to detect the input
voltage of the QR buck converter. By using the
voltage divider to connect the LINE pin, the input
voltage is detected and the under/over voltage level of
the input voltage can be decided.

m Vi Under Voltage Protection (UVP)
m VN Over Voltage Protection (OVP)

GATE

GATE Q
AUTO-RESTART DRIVER

(532ms)

L

LINE
-

Ry UVP/OVP

X
IFAMAMA—0

Figure 19. Input Voltage Protection

Vin UNDER VOLTAGE PROTECTION (UVP)

If the LINE voltage is less than typ. 1V for more than
typ. 1.5us (tuve Lne). The GATE output is turned off,
immediately and the high signal (typ. 5V) outputs from
the UVP/OVP pin. Under the Vin UVP condition, the
internal auto-restart signal occurs with 532ms period.
When the LINE voltage is more than typ. 1V, 1.5us
(tuve LINe) and the internal auto-restart signal is high,
the UVP/OVP output is high and the GATE output is
turned off, immediately.

The input voltage UVP level, Vin_uve is decided as
follows:

[V] (2)

Vinovp =1 X%

Vin UVP detect

Vin UVP release

, Vin UVP Level

T

v
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LINE

UVP/OVP

\4

*AUTO (532ms)

RESTART : <>

*Internal signal

Figure 20. Vin Under Voltage Protection (UVP)

Vin OVER VOLTAGE PROTECTION (OVP)

If the LINE voltage is exceeds than typ. 2V, the high
signal (typ. 5V) outputs from the UVP/OVP pin. When
the LINE voltage is less than typ. 2V, the UVP/OVP
output is Low.

The input voltage OVP level, Vin_ove is decided as
follows:

Vin_ove =2 X Vi yyp [V] 3)

\4

LINE

\4

UVP/OVP

Figure 21. Vin Over Voltage Protection (OVP)
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Application Information
LED Backlight Application

In display devices such as TV, monitor, the LED backlight unit is commonly needed for the light source. Figure 22
shows the typical LCD TV system configuration. In the SMPS board, the power factor correction (PFC) module
provides high power factor and converts the AC input voltage to the DC link voltage and the isolated DC-DC module
provides the regulated DC voltage with galvanic isolation.

In LED backlight panel, as the current through the LED bars increases, the brightness also increases. Therefore,
the constant current should be supplied to achieve high-quality light. However, the isolated DC-DC module cannot
provide constant current. Hence, the DC-DC LED driver is required to control the constant LED current.

LED Backlight Panel

|
| SMPs Board LED BLU Driver |
[ [l Pl
| |
| pre [ Isolated g - A &% ¥a
' vodule DC-DC |1 | LED |1 | o
| —| Module | Driver |
i ! P ¥ vz
| |
! i

Figure 22. Typical LCD TV system configuration

Buck Converter Topology

The buck converter is known as the step-down DC-DC converter, which converts the input voltage to be lower.
Figure 23 shows the circuit diagram of the conventional buck converter. In the conventional buck converter, there is
a high-side switch (a floating switch) so the floating gate driver is required.

In order to simplify the control without the floating gate driver, the low-side switch buck converter has been
proposed as shown in Figure 24. It is also called a floating buck converter because the output load is floating from
the ground. Since the LED load do not require to connect to the ground, this topology can be adopted for LED
drivers.

Vin ILep
| —
ﬂ L lo ~a
Vin la TIT - h Y YL, liep . . e
i I vV D Vb Cour == Vien -
e % . f
+ + Vps - + + | ~a
oy ==V, D & Vo Cour == VLiED . LEDs e an I f‘Y‘if‘Y‘\ A
- v +
. |
o ¥
— +
* Qe X J— Vps
HT T -
Cas
v
Figure 23. Conventional buck converter Figure 24. Low-side switch buck converter

(Floating Buck converter)
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Quasi-Resonant Mode

In order to operate the critical conduction mode (CRM) mode, the quasi-resonant (QR) mode is adopted as the
control method. It is known as variable frequency control or valley switching control. Figure 25 shows the principle of
the quasi-resonant mode at the low-side switch buck converter. In the discontinuous conduction mode (DCM)
operation mode, when the stored energy of the inductor is fully discharged and the inductor current is zero, the
resonance between the buck inductor L and the drain-source capacitance Cgs of the MOSFET Q occurs. The
MOSFET drain-source voltage Vps oscillates as a damped sinusoidal wave. The resonant frequency by the L and
Cuas is expressed as follows:

1
C2nJL-Cye

In the QR mode, the above-mentioned resonance is used as shown in Figure 25. If the MOSFET is turned on
when Vps reaches zero (or low) (which is called valley point), the buck converter is operated in the CRM mode.
Because the voltage and current of the MOSFET are zero (or low) at the moment that the MOSFET is turned on, the
switching losses are significantly reduced.

In the QR mode operation, the switching frequency fsw is changed according to the input voltage Vin and the output
power Pout. Figure 26 shows the graph of the switching frequency according to the input voltage Vin and the output
power Pout. As the Pout increases, the fsw decreases because longer charging time (on-time) is required to store
more energy at the inductor. On the other hand, as the Vin increases, the fsw decreases because the same amount
of energy can be stored within shorter charging time due to higher Vin.

fr “4)

Ves
Win ILeD Vps |-
[— ’ ! !
| |
IJ 1T R T T T
I esonance |
*\\: Between Cg and L |
} o i ! L ILe
D Vo Cour == ViED : LEDs I '_'_H _______________ V — LD
- - 1 >
+
| N t
Cn == Vi | L *\ In DCM operation mode
- Y Y Y
("
|Q Resonance Between Ves
. Casand L
Hll
Qe X Vos
1T
Cus
v
t

In quasi-resonant mode
Figure 25. Principle of the quasi-resonant mode at the low-side switch buck converter
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Figure 26. Switching frequency according to Vin and Pout
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Design Guide

1. Input Voltage and LED Voltage Setting

The input voltage is should be higher than the output
voltage (the LED voltage) on the buck converter.

Vin > Vigp (5)
The voltage of the LED bar is expressed as follows:
Viep = Ve X1 (6)

Where Ve is the voltage drop of a LED and n is the
number of LEDs in the LED bar.

2. Rcs Selection

In the condition where Rrer=Rapim and Vapin=3.3V,
from (1), the current sensing resistor Rcs is calculated
as follows:

_ 05Vapm 0.5 x (0.66 + 0.3 x 3.3V)

ILED.max

)

cS I
LED.max

From (7), the minimum LED current is obtained as
follows:

0.5 x (0.66 + 0.3 x OV)
LED.min = R ®)
cs

Where Vapim=0V.
3. Inductance Calculation

If the ideal CRM Buck converter as shown in Fig. 27,
the ideal on-time is calculated as follows:

VLED
ton_ideal = m (C))
In the Ideal CRM Buck converter, the peak inductor
current I pk is twice the LED current ILep. From (9), the
ideal inductance of L is calculated as follows:

Vin - VLED

Ligear = (10)

I ton_ideal
L.pk

4. Quasi-Resonant Time

In the QR Buck converter, the turn-on delay time tgeiay

is existed by the resonance between Cg¢s and L.
Unfortunately, it is impossible to calculate the actual
quasi-resonant time. The most of the parasitic
capacitances affecting the resonance are unknown
except the output capacitance Coss of the MOSFET.

In order to operate close to CRM operation mode,
the tgelay must be very small enough with minimal
design impact. In the design example, Cds was
considered as 100pF.

From (4), the turn-on delay time tqeiay is calculated as
follows:

tdelay = T L-Cys/2

However, the calculated t4elay is Not correct because
the Cgs is not real value and the tselay can be changed
by the ZCD detection timing (the turn-on timing).

We recommend using the measured tdelay for the
converter design.

(11D

Ts

A

Vas fon Lot
ON OFF

v

Vps

>
>

ILpk

ILep

-V

Figure 27. Key waveforms of the ldeal CRM Buck
converter

Ts
I ton torF
Ves
ON OFF N
torr'
Vbs

A\

e tdelay I pk

ILep

In ¢
Figure 28. Key waveforms of the QR Buck converter

5. Inductor Current

By the turn-on delay time tdelay, the inductor current
decreases to negative. Therefore, the inductor peak
current ILpk is slightly higher than the twice of the LED
current lLep.

The negative inductor current |~ is estimated as
follows:

VLED

I y= Y Laelay (12)
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However, the calculated I._n is not correct because
the I._n decreases nonlinearly by the resonant.

We recommend using the measured ILn for the
converter design.

From (10), the peak inductor current I.p« is estimated
as follows:

Ippk = 2l gpmax — lLn (13)

6. Switching Frequency
In the QR Buck converter, by the turn-on delay time

taelay, the switching frequency fsw is less than the
target switching.

fSW < fSW_target (14)

During a single-switching period, the switching period
Ts is expressed as follows:

Ty = toy + torr = ton + torr + taelay (15)

The on-time {,, is obtained as follows:

toy = (U -1 16
on = ( L.pk L_N) Vi — Voo (16)
The discharging time torr’ is obtained as follows:
, L
torr = I pk vV 17)
LED

From (11), (15), (16) and (17) the switching
frequency is obtained as follows:

1

fsw (18)

tON + tOFF’ + tdelay
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Physical Dimensions

is optional

14 Leads SOIC

1. Reference JEDEC MS-012(AB)
2. Package length and width do not include mold flash,

Al A2 / \ E 0.10MAX protrusions or gate burrs.
MHIM__ 3. The confiquration of PIN # identifier/chamfer feature
T SEATING PLANE

v Dimension {mm)
Symbol
14 Min Nom Max
HHHHHAHAEH & S I I I
| Al 0.10 - 0.25
! A2 1.25 - -
PIN # ‘ b 0.31 - 0.51
INDEX AREA 7777777, T £l E c 0.10 - 0.25
S /1 D 8.65 BSC
LSS s SN
PSR I E 6.00 BSC
J # _ E1 3.90 BSC
H H H H H H H I L I, e 1.27 BSC
1 ‘ ‘ J L (NS L | o4 - 127
= b GAUGE PLANE ——| |=— <] 0° - 8"
< 0.25 BSC
NOTES

their own risk and agree to fully defend and indemnify Seller.

responsibility for use of any circuitry other than circuitry entirely included in a Magnachip product.

Magnachip Semiconductor Ltd. doesn’t not recommend the use of its products in hostile environments, including, without limitation,
aircraft, nuclear power generation, medical appliances, and devices or systems in which malfunction of any product can reasonably
be expected to result in a personal injury. Seller's customers using or selling Seller's products for use in such applications do so at

Magnachip reserves the right to change the specifications and circuitry without notice at any time. Magnachip does not consider

& Magnachip is a registered trademark of Magnachip Semiconductor Ltd.
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