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16V, 3A, 600KHz, Synchronous Step-Down Converter

LA1213S

0

Overview

The LA1213S is a high frequency (600KHz) step-down switching regulator with integrated
internal power MOSFETSs. It achieves 3A of continuous output current from a 4.5V to 16V
input voltage range with excellent load and line regulation. The
LA1213S uses synchronous-mode operation for higher efficiency
over the output current-load range. "

The constant-on-time (COT) control operation provides very fast -

transient response, easy loop design, and very tight output regulation.
Full protection features include short-circuit protection (SCP), over-
current protection (OCP), under-voltage protection (UVP), and
thermal shutdown. The LA1213S is available in an ultra-small
SOT563 package and requires a minimal number of readily available, standard, external
components.

SOT563

Features

4.5V to 16V Input Voltage Range Supporting
20V Absolute Maximum Rating

3A Continuous Output Current

Output Adjustable from 0.8V

110mQ and 60mQ Internal Power MOSFETs
190uA Low la

600KHz Switching Frequency
High-Efficiency Synchronous Mode Operation
Internal Soft Start (SS)

Over-Current Protection (OCP) and Hiccup
Power-Save Mode (PSM) at Light Load
Thermal Shutdown

Available in a SOT563 Package

Applications

Surveillance Cameras
Digital STB and OTT Box
Broadband Products

TV and Monitors

General Purpose
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LA1213S

Typical Application
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Package Mark and Order Information
Device Package Temperature range Packaging Type Purchase Contact
LA1213S SOT563 -40t0 125°C T/R 5000pcs/roll sales@latticeart.com

Pin Diagram

1. VIN

2.SW

111

3.GND

6. FB

5.EN AAB: Product code of LA1213SA
Y: Year code
LLL: Lot Number

AGVY

4. BST

Pin Description

Pin No. Symbol

Pin Description

1 VIN

Supply voltage. The LA1213S operates from a 4.5V to 16V
unregulated input. A decoupling capacitor is needed to prevent
large voltage spikes from appearing at the input.

2 SW

Output switching node.

3 GND

System ground. GND is the reference ground of the regulated
output voltage. GND requires extra care during the PCB layout.
Connect GND with copper traces and vias.

4 BST

Bootstrap. Connect a 1uF BST capacitor and a resistor
between SW and BST to form a floating supply across the high-
side switch driver.

Onl/off control.

Feedback. Connect FB to the tap of an external resistor divider
from the output to GND to set the output voltage. The frequency
foldback comparator lowers the oscillator frequency when the
FB voltage drops below 600mV to prevent current-limit runaway
during a short circuit fault.
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Block Diagram
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Absolute Maximum Ratings (note 1)
T A=259C, unless otherwise specified.
Symbol Definition Ratings Unit
VIN VIN to GND -0.3~20 V
-0.6 (-6.5 for <10ns) to
Vew SWio GND VIN+0.3 (21 for < 10ns) v
VBsT BST to SW Vsw+ 5 Vv
Ven® EN to GND -0.3~5 V
AII other -0.3~5 Vv
pins
lioad Max output current 3 A
TstG Storage temperature -65 to +150 °C

Note 1: Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to
the device. These are not tested at manufacturing.
Note 2: For details on ENs ABS max rating, please refer to the Enable Control section.

Recommended Operating Conditions

Symbol Definition Ratings Unit
VIN VIN to GND 4.5~16 \
SW SW to GND -0.6~16 \%
GND IC ground 0 Vv
BST BST to SW 2.2~3.3 Vv
EN EN to GND 2~5 \
FB FB to GND 0~1 \
Tj Junction temperature -40 to +125 °C
Thermal Resistance
Symbol Definition Ratings Unit
Resc Junction to case thermal resistance 60 °C/W
Roia Junction to ambient thermal resistance 130 °C/W
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Electrical Characteristics
Vin=12V, Ven=2V, Ta=25°C, unless otherwise specified.
Control Part
Symbol Parameter Condition Min Typ Max | Units
Ves Feedback voltage T,=25°C 0.795 | 0.807 | 0.819 Vv
T,=-40°C to +125°C | 0.791 | 0.807 | 0.823
Ire Feedback current 10 100 nA
Vv FB UV threshold (H | Hi t
UV_TH reshold ( iccup entry 75% Veer
toL)
Dhiicoup™ Hiccup Duty Cycle 25%
RON_HSmos Higlh-side switch on VBST.SW=3.3V 110 ma
resistance
Ron_Lsmos Lovy-S|de switch on N 0
resistance
LK itch leak Ven = 0V, Vsw=12V
G Switch leakage en = OV, Vsw 10 uA
current
VINuwu VIN UVLO Up
threshold 3.7 4.1 4.35 \Y
VINuv Hys | VIN UVL_O 330 "y
hysteresis
ILim Valley Current limit 4 A
lzcp ZCD VQUT=3.3V,
-1 -2 1 A
L=4.7uH,16=0A 50 0 50 | m
Ton vin® | Minimum On time 45 ns
Tore vin® | Minimum Off time 180 ns
Tss Soft-start time FB from 10% to 90% 1 1.4 2 ms
Fsw Oscillator frequency | Vrs=0.75V 420 600 780 KHz
la Quiescent supply Ven=2V, Vre=0.85V,
curfe VIN=12V 0.16 0.19 0.23 mA
Isp Shutdown current Ven=0V 10 MA
VEN R Enable rising Low to high 114 12 126 v
threshold
VEN_Hys Enable Threshold 0.1 vV
hysteresis
lEN Enable input current | Ven=2V 2 MA
Torer r® Thermal shutdown 150 °C
Tore 1ys® | Thermal hysteresis 20 °C

NOTE 2: Guaranteed by design and engineering sample characterization.
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Typical Performance Characteristic
Vour=3.3V: Vin = 12V, Cour= 44uF, L1 = 4.7pH, and Ta = +25°C, unless otherwise noted.

Efficiency Efficiency Efficiency
Vout=5V,L=4.7uH, DCR=19.5mQ Vout=3.3V,L=4.7uH, DCR=19.5mQ 100 Vout=2.5V,L=3.3uH, DCR=9mQ
100 T 100 (=T T CTTTI
= IN=! =
o5 IN, "-.h“\ 95 / : 95 | __ \//'“_SV
o = ot et
_ ,4’-- —-’,::”,- ~ % // 4/:" \ 9 ,Jf‘ g ’:-
£ 90 e £ AT € 85 ]
> AT Vin=12v 5 Gatll o HN
S /| INT o 85 ViN=12V o a1’
Z V. Z IN z 80|/ ViN=12V
w85 a 2 80 < u 4 i
o i (@] — = o
S ViN=16V 2 7 Viy=tov A 71— ViN=16V
w80 [ 75 [
w w u 70
75 70 65
70 65 60
0.01 01 1 10 0.01 0.1 1 10 0.01 0.1 1
OUTPUT CURRENT(A) OUTPUT CURRENT(A) OUTPUT CURRENT(A)
Efficiency Efficiency Efficiency
Vout=1.8V,L=2.2uH, DCR=11.4mQ Vouyt=1.2V,L=1.5uH, DCR=4.3mQ VouTt=1V.L=1.5pH, DCR=4.3mQ
100 T T 100 100
ViN=5V
=5 ViN=5V
R = o L 2 NV T %0 (e
o L f/_v o\° /——l ) Z’--u- i
e, ’,- x, ~ / ”‘ < 1 ﬂ" 5
> L > 1 > /! atlZs
o 80 v A\ O 80 LT o 80P =
4 / 5 ViN=12V z LI Z A d
5 % /] ol 5 // ol
LE) 70 f—V| N=16V E 70 /‘// VIN=12V LE) 70 < ViN=12
h w h ///
60 60 V=16V 60 / ViN=16V
50 50 50
0.01 0.1 1 10 0.01 0.1 1 10 0.01 0.1 1
OUTPUT CURRENT(A) OUTPUT CURRENT(A) OUTPUT CURRENT(A)
Load Regulation Line Regulation Case Temperature Rise
vs. Load Current
06 06 ~ 50
e
< 05 = 05 1 1 % . /
> 04 S 04 ouT= @
o / 5 N 7 w /
03 / g 03 N % 30
3 02 /'N=6V j s 02 louT=0.01A 3 /
ouT=Y-
x SAlE /
[a] ~—
s 0 — A 2 o — E 0
- |
= 04 F—VnE12v—naA v =16V 01 louT=1.5A— ‘fé //
PP I | 02 I S o
0 05 1 15 2 25 3 4 6 8 10 12 14 16 0 05 115 2 25
LOAD CURRENT(A) LOAD CURRENT(A) LOAD CURRENT(A)
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Typical Performance Characteristic

Vour=3.3V: Vin = 12V, Cour= 44uF, L1 = 4.7uH, and Ta = +25°C, unless otherwise noted.

ENABLED SUPPLY CURRENT (pA)
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LA1213S

Typical Performance Characteristic
Vour=3.3V: Vin = 12V, Cour= 44uF, L1 = 4.7uH, and Ta = +25°C, unless otherwise noted.

Input/Output Ripple

Input/Output Ripple Load Transient

lour=0A lour=3A lour=1.5A to 3A, 2.5A/us
¢ i v 1 !
o vouria® {AAAAAAA VAN
Vour/AC [ ! 20mV/div. f V Vout/AC AL
20mV/div. ! ’ v A A A [100mVrdiv. ™
L— VinAC ¢
| T v:.(,,.. o 3 200mV/d|v.
VIN/AC pe= 3 b3 AR g m phael B e
PRSP VUREORVOR FOOUC 1ol TOUS: JOOOL FOOTDOUeY Fouve SO0 I PO I PP O O O 1 1. O O . P N
R ! \Y N |
10\/\73\\//\{ ‘. ] 10V/dsi\\lx z.—-——.—-—.—-.--i-— ——————
[ g
I ANAAAAAAAAAAAN
1A/div. I ; |OUTE)|
2A/div. B : 1A/div.
2us/div 2us/div 100ps/div
Short-Circuit Entry Short-Circuit Recovery Start-Up through Input
lour=0A loyr=0A Voltage
lour=0A
: rrrreT T rET———Y
Y, ) ; Vv | Vour }
2vid, : ovide Y : 2V/div. 0] — .
Vin i v, i ViNgh o e, :
10Vidiy, Bfrrt e I.I,[ ’ ] }.. n 10V/dil\7 B'-\ [IEA[ [J, TR TR 10V/div. 2 T
VSW ;»-___ ; vV 3 | : V. 1 O,
1ovidiv. ! 1ovidn, : 10V/dw.
; ' sadten!
I oV 1 N 1A/Giv. T T —
SAIIV.  lmemeasampomnhoped el \amed bhpad ey land [T.V7: I ) A0 S S f S S A i sagn] TN SO S .
4ms/div 4ms/div 1ms/div
Shutdown through Input Start-Up through Input Shutdown through Input
Voltage Voltage Voltage
louT=0A louT=3A lout=3A
rrrprrerry 7
Vourd 1 it TN 1 vour Vour _
2V/div. - 2V/div. 2V/div. = !
VIN pf T 0n = Ok SO SO SO OO Vin L ViN @ asdsdsssdonnton AU TONE FUOD FOUN TOUR
5V/div. prepe i 5V/div. 5V/div. i
Vaw BT : s Vsw 3! 1:-
10V/div. ol : T o1 & o 10V/div. 10V/div. i
Lo f
1A/div. I : IL !
: o pLVC I SE— i 2A/div. B)
10ms/div 1ms/div 400ps/div
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Typical Performance Characteristic

Vour=3.3V: Vin = 12V, Cour= 44uF, L1 = 4.7uH, and Ta = +25°C, unless otherwise noted.

Start-Up through Enable Shutdown through Enable Start-Up through Enable
lout=0A lout=0A lout=3A
Vout 4 y K_—:
i g ouT = = $ V
2V/div. [0 ol D ZV%?J T
VENG ;
Ve 5V/div. y
iv ([ EN 2
5V\//dw' Vew P ~—— 5V/div.
Tovigw. | 1ovidw. o} ; Vaw .
i 5V/div.
P ; | t
Wd"L HT— — :JM 27V, 1 : I
- TRII ST, 1 2A/div. By
1ms/div 400ms/div. 1ms/div.

Shutdown through Enable

lour=3A

Vour A
2V/div. !

VEN 3
5V/div.

Vaw ©
10V/div.

P g g

200us/div

IL
2A/div.
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Function Descriptions

0

1. Continuous conduction mode

Continuous conduction mode (CCM) is when the output current is high and the
inductor current is always above zero amps. The low side MOSFET (LS-FET) is turned
on when the HS-FET is in its off state to minimize conduction loss. There is a dead short
between the input and GND if both the HS-FET and LS-FET are turned on at the same
time. This is called a shoot-through. To avoid shoot-through, a deadtime is generated
internally between the HSFET off and LS-FET on period or LS-FET off and HS-FET on
period.

When the LA1213S works in pulse-frequency modulation (PFM) mode during light-
load operation, the LA1213S reduces the switching frequency automatically to maintain
high efficiency, and the inductor current drops almost to zero. When the inductor current
reaches zero, the low-side driver goes into tristate (Hi-Z). The output capacitors discharge
slowly to GND through R1 and R2. When VFB drops below Vrer, the HS-FET is turned
on. This operation improves device efficiency greatly when the output current is low.

Light-load operation is also called skip mode because the HS-FET does not turn on
as frequently as it does during heavy-load conditions. The frequency at which the HS-
FET turns on is a function of the output current. As the output current increases, the
current modulator regulation time period becomes shorter, the HS-FET turns on more
frequently, and the switching frequency increases in turn. The output current reaches the
critical level when the current modulator time is zero and can be determined with Equation

(1):

Vin—=V XV
lour = \ ZII:FOSOCU:l),XV;)NUT """ (1)
The device reverts to pulse-width modulation (PWM) mode once the output current
exceeds the critical level. Afterward, the switching frequency remains fairly constant over
the output current range.

2. Enable (EN) Control

EN is a digital control pin that turns the regulator on and off. Drive EN high to turn on
the regulator. Drive EN low to turn off the regulator. An internal 1MQ resistor from EN to
GND allows EN to float to shut down the IC.

EN is clamped internally using a 2.8V series Zener diode . Connecting the EN input
through a pull-up resistor to VIN limits the EN input current to less than 100pA to prevent
damaging the Zener diode. For example, when connecting a 100kQ pull-up resistor to
12V VIN, lzener = (12V - 2.8V) / (100kQ + 35kQ) = 68pPA.

35KQ
EN [
EN
MQS  28v Logic
GND [}
Figure 1: Zener Diode between EN and GND
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3. Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip from operating at an insufficient
supply voltage. The LA1213S UVLO comparator monitors the input voltage. The UVLO
rising threshold is about 4.1V, while its falling threshold is consistently 3.77V.

0

4. Soft Start

Soft start prevents the converter output voltage from overshooting during start-up.
When the chip starts up, the internal circuitry generates a soft-start voltage (SS) that
ramps up from OV to 1.2V. When SS is lower than REF, SS overrides REF so the error
amplifier uses SS as the reference. When SS exceeds REF, the error amplifier uses REF
as the reference. The SS time is set to 1.4ms internally.

5. Pre-Bias Start-Up

The LA1213S is designed for monotonic start-up into pre-biased loads. If the output
is pre-biased to a certain voltage during start-up, the BST voltage is refreshed and
charged, and the voltage on the soft start is not charged when voltage low. If the BST
voltage exceeds its rising threshold voltage and the soft-start voltage exceeds the sensed
output voltage at FB, the LA1213S starts working normally.

6. Short circuit protection (SCP) and over current protection (SCP)

The LA1213S has a valley current-limit control. During the LS-FET on state, the
inductor current is monitored. When the sensed inductor current reaches the valley
current limit, the Low side limit comparator turns over. The device enters over-current
protection (OCP) mode, and the HS-FET waits until the valley current limit disappears
before turning on again. Meanwhile, the output voltage drops until VFB is below the
under-voltage (UV) threshold (typically 75% below the reference). Once UV is triggered,
the LA1213S enters hiccup mode to restart the part periodically.

During OCP, the device attempts to recover from over-current fault with hiccup mode.
The chip disables the output power stage, discharges the soft start, and attempts to soft
start again automatically. If the over-current condition still remains after the soft start ends,
the device repeats this operation cycle until over-current condition is removed, and the
output rises back to regulation level. OCP is a non-latch protection.

7. Thermal Shutdown

Thermal shutdown prevents the chip from operating at exceedingly high temperatures.
When the silicon die temperature exceeds 150°C, the entire chip shuts down. When the
temperature falls below its lower threshold (typically 130°C), the chip is enabled again.

8. Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the floating power MOSFET driver. This
floating driver has its own UVLO protection with a rising threshold of 2.2V and a hysteresis
of 150mV. VIN regulates the bootstrap capacitor voltage internally through D1, M1, C3,
L1, and C2 (see Figure 2). If VIN - VSW exceeds 3.3V, U2 regulates M1 to maintain a
3.3V BST voltage across C3.
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Figure 2: Internal Bootstrap Charger
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Application Information

1. Setting the Output Voltage

An external resistor divider is used to set the output voltage. First, choose a value
for R2. R2 should be chosen reasonably, since a small R2 leads to considerable
quiescent current loss, while a large R2 makes FB noise-sensitive. R2 should be within 5
- 100kQ. Typically, set the current through R2 to be between 5 - 30uA for a good balance
between system stability and no-load loss. Then determine R1 with Equation (2):

_ Vour—VRer
Ry = YourVesr y g, o (2)
REF

The feedback circuit is shown in Figure 3.

Vout

VIN

[sw|

I—'GND

Figure 3: Feedback Network

AGVY

1711

Vour(V) R1(KQ) R2(KQ) RT(KQ) L(uH)

5 40.2 7.68 25 4.7
3.3 40.2 13 20 4.7
25 40.2 19.1 30 3.3
1.8 40.2 32.4 36 2.2
1.5 40.2 45.3 43 2.2
1.2 40.2 82 56 15

1 205 84.5 82 15

Table 1: Parameters Selection for Common Output Voltages®

NOTE 3: For a detailed design circuit, please refer to the Typical Application Circuits on
page 2.
2. Selecting the Inductor

An inductor is necessary for supplying constant current to the output load while being
driven by the switched input voltage. A larger-value inductor results in less ripple current
and a lower output ripple voltage, but also has a larger physical footprint, higher series
resistance, and lower saturation current. A good rule for determining the inductance value
is to design the peak-to-peak ripple current in the inductor to be in the range of 30 - 40%
of the maximum output current, and that the peak inductor current is below the maximum
switch current limit. The inductance value can be calculated with Equation (3):

= OUT o (1—Tour) . (3)

FswAly, Vin

Rev.1.1 14
2020/6 For China Customer Use Only



S +FSEERAT
Lattice Art Semiconductor LA1213S
Where AlL is the peak-to-peak inductor ripple current. The inductor should not saturate

under the maximum inductor peak current. The peak inductor current can be calculated
with Equation (4):

0

— Vour _Your) ...
Lip = loyr + 2 FswL X (1 Vin ) (4)

3. Selecting the Input Capacitor

The input current to the step-down converter is discontinuous and therefore requires
a capacitor to supply AC current to the step-down converter while maintaining the DC
input voltage. Ceramic capacitors are recommended for the best performance and should
be placed as close to VIN as possible. Capacitors with X5R and X7R ceramic dielectrics
are recommended because they are fairly stable with temperature fluctuations. The
capacitors must also have a ripple current rating greater than the maximum input ripple
current of the converter. The input ripple current can be estimated with Equation (5):

V Vv
Iein = Ioap X J ;Il]IVT X (1 - M) """ (9)

VIN

The worst-case condition occurs at VIN = 2Vout,shown in Equation (6):

I
Iein = % """ (6)

For simplification, choose an input capacitor with an RMS current rating greater than
half of the maximum load current. The input capacitance value determines the input
voltage ripple of the converter. If there is an input voltage ripple requirement in the
system, choose the input capacitor that meets the specification. The input voltage ripple
can be estimated with Equation (7):

AV =ﬂxwx(1_voﬂ) ...... (7)
IN™ FoscC1 = Vin Vin

The worst-case condition occurs at VIN = 2VOUT, shown in Equation (8):
1 I
AViy =2 % FSI?V—UCTIN e (8)
4. Selecting the Output Capacitor
An output capacitor is required to maintain the DC output voltage. Ceramic or
POSCAP capacitors are recommended. The output voltage ripple can be estimated with
Equation (9):

WVoyr = 22 x (1 —2240) x (ESR + ———) - (9)

FoscLy IN 8FoscCout
In the case of ceramic capacitors, the impedance at the switching frequency is
dominated by the capacitance. The output voltage ripple is caused mainly by the
capacitance. For simplification, the output voltage ripple can be estimated with Equation
(10):

AVOUT = Vour X (1 - %) """ (10)

8F35cL1C2
In the case of POSCAP capacitors, the ESR dominates the impedance at the

switching frequency. For simplification, the output ripple can be approximated with
Equation (11):

AVoyr = TOUT (1 —%) X ESR ...... (11)

FoscLy IN
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A larger output capacitor also can achieve a better load transient response, but be
sure to consider the maximum output capacitor limitation in the design application. If the
output capacitor value is too high, the output voltage cannot reach the design value during
the soft start time and fails to regulate. The maximum output capacitor value (Co_max)
can be limited approximately with Equation (12):

0

_ (Iuim_ave—Ilour)

Comax =——— = XTgg = (12)

Vour
Where lLim_ave is the average start-up current during the soft-start period, and Tss is
the soft start time.

5. PCB Layout Guidelines

Efficient PCB layout of the switching power supplies is critical for stable operation. A
poor layout design can result in poor line or load regulation and stability issues. For best
results, refer to Figure 4 and follow the guidelines below.

® Place the high-current paths (GND, VIN, and SW) very close to the device with
short, direct, and wide traces.

® Place the input capacitor as close to VIN and GND as possible (within 1mm).
® Place the external feedback resistors next to FB.

® Keep the switching node (SW) short and away from the feedback network.

Top layer Bottom layer
Figure 4: Recommended Layout
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Typical Application Circuits

VIN vouT
12v 1 ) L1 4.7uH 5V3A
O VIN sw —Tm O
C1 —T— C1A —T—C1B —T— c3 c2 C2A

NS | 2opF ] 0.1pF _] g A1213S

4 1uF | ca | 22uF | 22uF
EN BST —d e

R5 R4 10pF
100KQ s 100 R1
GND FB ANV 40.2KQ
R3
i R2
= 25KQ 7.68KQ

12VIN, 5V/3A Output

VIN
12V

L1 4.7uH vour

5 ] ) 3.3V3A
swW ﬁ‘ Yyva O

c1 —T— C1A —T—C1B vin c3 c2 _T_ C2A
Vs o Tow L § o woews TarT o

4 :ff | c4
EN BST

R5 R4 10pF
100KQ s 100 R
GND FB M 40.2KQ
R3
1 R2
= 20KQ 13KQ
12VIN, 3.3V/3A Output
VIN VOUT
12v ; ) L1 3.3uH 2.5V3A
O VIN SwW ﬁm O
NS _| 22uF _|0.1pF _| 4 TWF | ca _| 22uF_| 22uF
R5 R4
100KQ s 100 R
GND FB MV 40.2KQ
R3
1 R2
= 30KQ 19.1KQ

12VIN, 2.5V/3A Output
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Typical Application Circuits

VIN VOUT
12V ] ) L1 2.2uH 1.8V3A
O VIN sw —Tm O
C1 i C1A lC']B i LA1213S C3 Cc2 i C2A
NS | 2opF ] 0.1pF _] 5 4 HF | ca [ 22uF T 22F
- = = EN BST 10pF = —
R5 R4
100KQ g 100 R1
GND FB ANV 40.2KQ
R3
1 R2
- 36KQ 32.4KQ

12VIN, 1.8V/3A Output

VIN
12V

VIN

L1 2.2uH

VOUT
1.5V3A

° | WAL
C1 i C1A iC1B C3

C2 _T_ CZP

LA1213S 22uF
NS ] 2opF [01uF [ 5 4 HF | ca [ 22uF T 22p
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LA1213S

Typical Application Circuits
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Detail Package Outline Drawing

Package type: SOT563
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