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TCS4126

1.2A,30V,1.2MHz Step-Down Converter

DESCRIPTION

The TCS4126 is current mode, step-down switching
regulator capable of driving 1.2A continuous loaithw
excellent line and load regulation. The TCS4126 can
operate with an input voltage range from 4.5V t& 30
and the output can be externally set from 0.8V3¥ 1
with a resistor divider.

Fault protection includes cycle-by-cycle current
limiting and thermal shutdown. In shutdown mode the
regulator draws 1pA of supply currentnternal
soft-start minimizes the inrush current and thepotut
overshoot.

The TCS4126 is available in SOT23-6 and TSOT23-6
packages.

Typical Application Circuit

Input
12v/24v

T

c1
WL [

on
EN

off

I

FEATURES

1.2A Output Current

0.3Q InternalDMOS Output Switch

4.5V to 30V Input Operating Range

Output Adjustable from 0.8V to 15V

Up to 92% Efficiency

1pA Shutdown Current

Fixed 1.2MHz Frequency

Thermal Shutdown and Overcurrent Protection
Input Supply Undervoltage Lockout

Available in SOT23-6 and TSOT23-6 Packages
RoHS Compliant and 100% Lead(Pb)-Free
Halogen-Free

APPLICATIONS

Distributed Power Systems

Battery Charger

Pre-Regulator for Linear Regulators
WLED Drivers

Output
3.3V, 1.2A

Figure 1. 12V/24V to 3.3V Application Circuit
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Typical Application Circuit (continued)

Input
12V/I24V I

c1
10pFI IN

on

EN
off
I

Output
l 5V, 1.2A
C2

:l: 22uF

Figure 2. 12V/24V to 5V Application Circuit
Pin Configurations

Package Type Pin Configurations
(TOP VIEW)
SW IN EN
| | | | | |
6 5 4
SOT23-6
TSOT23-6
(
1 2 3
L L JL |
BS GND FB

Pin Description
Pin
Name

SOT23-6 | TSOT23-6 DESCRIPTION

High-Side Gate Driver Boostrap Supply. BS providesgser to the gate
BS 1 1 driver of n-channel MOSFET switch. Connect a 10ngreater
capacitor from SW to BS.

Ground. This pin is the voltage reference for igutated output

GND 2 2 voltage. It should be kept away from the D1 anditrgapacitor for noisg
prevention.
Output Feedback Input. FB senses the output vottagegulate that
FB 3 3 voltage. Connect FB to an external resistor divideset the output

voltage. The value of the divider resistors alsdam bandwidth.
Enable Input. EN is a logic input that controls thgulator on or off.
Drive EN logic high to turn on the regulator, amed EN logic low to
turn it off. Don't leave EN pin floating. Directlyonnect EN to IN (or
through a resistance) for automatic startup.
Input Supply Pin. IN supplies the power to the & ¢he power
switch. Connect IN to a 4.5V to 30V power sourcgpass IN to
GND with a suitably large value capacitor to mirdminput ripple
to the IC.

Power Switcher Output. Connect the output LC fiftem SW to the
SW 6 6 output.

EN 4 4
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Ordering Information

Order Number Package Type Marking Operating Temper ature Range
TCS4126_F SOT23-6 ’X‘ZX(’)%‘ _40°C to +85°C
TCS4126_F TSOT23-6 ’X‘ZXS%‘ -40°C to +85°C
Block Diagram
ws] 1
Internal + b
Regulators v Slope =\2 Current $>
Compensation Sense Q
/I/I/ Amplifier sv C N N EBS
»| Oscillator K »5 Q—I:I/ h‘_ h‘_ "
Shutdown + is ESW
Comparator _
YA — — Current
1.4V Comparator
1pF
{f L—| : GND
ENE 400K  27pF L
— W] ] =
E 2.5V
+ ! - —
E:)Tg;:::‘lfy g Dy +Error Amplifier
Comparator
FB

Figure 3. Functional Block Diagram
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Absolute Maximum Ratings (1)

= Input Voltage (W) -0.3V to 35V
= Enable Input (¥n) -0.3V to 35V
= Switch Voltage (\éw) -1V to Vi +0.3V
m  Boot Strap \Voltage (¥) Vsw-0.3V to Vgy +6V
m  All Other Pins -0.3Vto 6V
= Junction Temperature 150°C
| Storage Temperature -65°C to +150°C
m  Lead Temp (Soldering, 10sec) 260°C
m  Thermal Resistandia (SOT23-6) 205°C/W
n Thermal Resistandiga (TSOT23-6) 200°C/W
Recommend Operating Conditions (2)
m  Supply Voltage (W) 4.5V to 30V
m  Operating Temperature Range -40°C to +85°C

Note (1): Stress beyond those listed under “AbgoMiaiximum Ratings” may damage the device.
Note (2): The device is not guaranteed to functiotside the recommended operating conditions.

Electrical Characteristics

The @ denote specifications which apply over the fuk@giing temperature range, otherwise specificatiwas
Ta=+25°C. \VEn=5Y, Vin=12V unless otherwise specified.

Parameter Conditions . TEA126 Unit
Min. Typ. | Max.
Feedback Voltage 4,59V <30V 0.764| 0800 0.81 Y,
e | 0.776 0.800 0.824

Shutdown Supply Current =0V 1 5 HA
Operating Supply Current ¥=2V,Ve=1V, V=10V 0.55 1 mA
Switch On Resistance 0.3 Q
Switch Leakage W=0V, Vsw~=0V 5 HA
Switch Peak Current Limit 1.6 2.1 A
Oscillator Frequency 1 1.2 1.4 MHg
Short Circuit Frequency =0V 450 KHz
Maximum Duty Cycle Vs=0.7V 90 %
Minimum On-Time 100 ns
Enable Low Voltage 0.4 v
Enable High Voltage 2
Input Undervoltage Lockout Threshold In Rising 3] 3.6 4.2 \%
mﬁsq[glrJer;cijservoltage Lockout Threshold 300 mv
Enable Leakage Current ENEOV 0.1 5 HA
Thermal Shutdown 165 °C
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1.2A,30V,1.2MHz Step-Down Converter

Vin=12V, Vour=3.3V, C1 =10puF, C2=22uF, L1=4.7uH,325°C, unless otherwise noted.

Efficiency vs Output Current

100
90 Vin=12V
30 "]
—~ / T Vin=24V
S
=)
; 60 / /
W/
8 50
2
g
30
20
10
. Vout=3.3V
0.0 02 0.4 0.6 08 1.0 12
Output Current (A)
Figured.
Output Voltage vs Qutput Current
334
=
& Vin=12V
£ 332
=) ‘ —
Z Vin=24V I
§ 3.30
3.28
3.26
0.0 02 04 0.6 0.8 1.0 12
Output Current (A)
Figure6.
Startup through
Enable Waveforms
=12V, Vour=3.3V, No Load
_ = assiic Wbt ;
VEN ‘
SV/div |
|
Vour ‘
2V/div o
1
1

10V/div !

In M \
500mA/div ‘

Figures.
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- Efficiency vs Output Current

Vin=12V
90

80 %szzw
70

o/

50’

Efficiency (%)

40
30

20

10

Vout=5V

0.0 0.2 0.4 0.6 0.8 1.0 12
Output Current (A)

Figureb.

Steady State Test
Waveforms

Vin=12V, Vour=3.3V, Iouvr=0.5A

Vour i
10mV/div \WM‘WM«WMJW
moomom . m b [« T N

} et -
1 t

Vsw | ‘ B
10V/div

1A/div

Figurer.

Startup through

Enable Waveforms

Vin=12V, Vorr=3.3V,

Iour=1.2A (Resistance Load)
ﬁ v

Vin
SV/AIY s

ol ___// .
2V/div , / ) ORI, : :
Vsw ‘
10V/div | )
It d T |
1A/div & ! |

200us/div
Figure9.
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Typical Operating Characterlstlcs(contlnuedf-
Vin=12V, Vour=3.3V, C1 =10puF, C2=22uF, L1=4.7uH,325°C, unless otherwise noted.

Shutdown through Shutdown through
Enable Waveforms Enable Waveforms
=12V, Vour=3.3V,
V=12V, Vour=3.3V, NoLoad Iour =1.2A (Resistance Load)
| [T 4 : _ o T
VEx === ; VN Pemnememmmmm—n
SVidiv i ; 5V/div |
Vour __—k 1 Vour:

2V/idiv. 2V/div g

Vsw - ; E. ™
7idiv | T . | Vsw oo
10V/div | | LOV/div:
1 } IL
Io o R ) ! 1A/div -
S00mA/div |
e i : o s
FigurelO. Figurell.
Short Circuit Test Short Circuit Recovery
Waveforms Waveforms
V]_N=12V, 7OUT =3.3V, I()UT =0A V]_N=12V, VYour=3.3V, IOUT =0A

u

: i

i T i i T 1

ouT ! | Vigirik P i
2V/div | pras 2V/div 1

IL
1A/div
£ = S T T
Figurel2. Figurel3.
Short Circuit Test Short Circuit Recovery
Waveforms Waveforms
=12V, Vour=3.3V, Iour=1.2A V]_N=12V, Vour=3.3V, lovr=1.2A
Vour Vour | i |
2V/div s . y | 2V/div T 1

I
1A/div:

I
1A/div

O 20psMdiv  200ps/div

Figureld. Figurelb.
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Typical Operating Characteristics (continued)

Vin=12V, Vour=3.3V, C1 =10uF, C2=22uF, L1=4.7uH,325°C, unless otherwise noted.

Load Transient Test
Waveforms

Vin=12V, Vouvr=3.3V,
Iour=0.2Ato 0.8A

[T

Vour \
100mV/div : JM

¥

I,
1A/div !

C100psiiv

Figurel6.
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Load Transient Test
Waveforms

Vin=12V, Vour=3.3V,
JO[TT =0.6A to 1.2A

u hd
“7OUT; i
100mV/div | ’ N
- M
1A/div I |
‘ 7 1070“51“(“"’— ‘
Figurel?.
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1.2A,30V,1.2MHz Step-Down Converter

Functional Description

The TCS4126 is current-mode step-down switching
regulator. The device regulates an output voltagowa

as 0.8V from a 4.5V to 30V input power supply. The
device can provide up to 1.2Amp continuous curtent
the output. The TCS4126 uses current-mode architect
to control the regulator loop. The output voltage i
measured at FB through a resistive voltage divadet
amplified through the internal error amplifier.

Slope compensation is internally added to eliminate
subharmonic oscillation at high duty cycle. Thepslo
compensation adds voltage ramp to the inductoreatirr
signal which reduces maximum inductor peak curagnt
high duty cycles.

The device uses an internal n-channel switch tp ste
down the input voltage to the regulated output agst
Since the n-channel switch requires gate voltagatgr
than the input voltage, a boostrap BS capacitor is

Where \byr is the output voltage, ¥ is the input
voltage, f is the switching frequency, amd is the
peak-to-peak inductor ripple current.

Input Capacitor

The input current to the step-down converter is
discontinuous, and therefore an input capacitori€1
required to supply the AC current to the step-down
converter while maintaining the DC input voltagelotv
ESR capacitor is required to keep the noise mininatim
the IC. Ceramic capacitors are preferred, but bamtar
low-ESR electrolytic capacitors may also suffidée
input capacitor value should be greater than 1@mH,
the RMS current rating should be greater than
approximately 1/2 of the DC load curreht.Figure 1 or

2, all ceramic capacitors should be placed closthéo
TCS4126.

Output Capacitor

connected between SW and BS to drive the n-channelThe output capacitor is required to maintain the DC

gate.
Application Information

Setting the Output Voltage

The output voltage is set through a resistive gata
divider (see Figurel or 2). The voltage divideridids
the output voltage down by the ratio:

Vs = Vour OR2/(R1+ R2) = 0.8V
Thus the output voltage is :

Vour = 08V O(R1+R2)/R2

The feedback resistor R1 also sets the feedbagk loo
bandwidth with the internal compensation capaciR#.
can be determined by:

R2=R1(V,,, /08-1)

I nductor

The inductor is required to supply constant curterthe
output load while being driven by the switched inpu
voltage. A larger value inductor results in lesgplé
current and lower output ripple voltage. Howevée t
larger value inductor has a larger physical siighdr
series resistance, and lower saturation currenbo§kh
an inductor that does not saturate under the voarst-
load conditions. A good rule for determining the
inductance is to allow the peak-to- peak ripplaeutrin
the inductor to be approximately 30% of the maximum
load current. Also, make sure that the peak inducto
current (the load current plus half the peak-tokpea
inductor ripple current) is below the 2A minimumage
current limit.

The inductance value can be calculated by the mouat

L (VOUT)D(VIN _VOUT)/(VIN Cf DA')

Ver.1.0 Aug.04.2015

output voltage. Low ESR capacitors are preferred to
keep the output voltage ripple low. The charadiegf

the output capacitor also affect the stability die t
regulator control loop. In the case of ceramic cépes,

the impedance at the switching frequency is dorathat
by the capacitance. For most application, a 22uF
ceramic capacitor will be sufficient.

Output Rectifier Diode

The output rectifier diode supplies the currentthe
inductor when the switch is off. A schottky diode i
recommended to reduce losses due to the diode fdrwa
voltage and recovery time$he reverse voltage rating of
the diode should be greater than the maximum input
voltage, and current rating should be greater ten
maximum load current.

External Boostrap Diode

An external boostrap diode may improve the efficien
when input voltage is lower than 5.5V or duty cyde
higher than 65%. The external 5V can be a 5V fixed
input from system or a 5V output of the TCS4126.

5V

BS
10nF

]

SW

Page 8
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Thermal Consider ations

To avoid the TCS4126 from exceeding the maximum
junction temperature, the user will need to doearrttal
analysis. The goal of the thermal analysis is termeine
whether the operating conditions exceed the maximum
power dissipation which can be calculated by foilgyv
formula:

PL(MAX) = (TJ(MAX) —Ta )/ eJA

Where Tuax) is the maximum operation junction
temperature, {'is the ambient temperature and theis
the junction to ambient thermal resistance.

Table 1. External componentsfor typical designs

vin(Vv) | Vout(V) | L1(uH) | C2@F) | R1(KQ) | R2(KQ)
5 1.2 2.2 22 180 360
5 1.8 3.3 22 62 49.9
12 1.8 3.3 22 62 49.9
12 3.3 4.7 22 75 24
12 5 6.8 22 68 13
24 3.3 4.7 22 75 24
24 5 6.8 22 68 13

To simplify design efforts using the TCS4126, thgital
designs for common applications are listed in Tdble
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Packaging Information

\7 ainl
| i
b L

SYMBOLS MILLIMETERS INCHES
MIN. Normal MAX. MIN. Normal MAX.
A 1.00 - 1.45 0.039 - 0.057
Al 0.00 - 0.15 0.000 - 0.006
0.30 - 0.50 0.012 - 0.020
D 2.70 2.90 3.10 0.106 0.114 0.122
El 1.45 1.60 1.75 0.057 0.063 0.069
0.95 BSC 0.037 BSC
E 2.60 2.80 3.00 0.102 0.110 0.118
0.30 - 0.60 0.012 - 0.024
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TSOT23-6

~—E1—]

SYMBOLS MILLIMETERS INCHES
MIN. Normal MAX. MIN. Normal MAX.
A 0.70 - 1.00 0.028 - 0.039
Al 0.00 - 0.15 0.000 - 0.006
b 0.30 - 0.50 0.012 - 0.020
D 2.70 2.90 3.10 0.106 0.114 0.122
El 1.45 1.60 1.75 0.057 0.063 0.069
0.95 REF 0.037 REF
E 2.60 2.80 3.00 0.102 0.110 0.118
0.30 - 0.60 0.012 - 0.024
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