‘3 AT Semiconductor Inc. A7512
| Wwwaitic.com 2A, 550KHz, STEP DOWN DC-DC CONVERTER
WIDE INPUT VOLTAGE, BUILT-IN P-CHANNEL MOSFET

DESCRIPTION FEATURES
The A7512 is a monolithic step-down DC to DC @  Built-in 90mQ P-Channel MOSFET
converter. The A7512 works from a 4.75V to 20V @  Wide 4.75~20V input Voltage Range
input voltage range, and offers up to 2A of ®  Adaptive PWM/PFM Operation Mode
continuous output current in a compact SOP8 @  Up to 95% Efficiency
package. ®  Built-in Soft-Start Function
®  Fault Protection (Auto Recovery Mode)
The A7512 operates in voltage mode. Lower ® <1 pA Shutdown Current and 350 pA Quiescent

quiescent current and wider operating

input-voltage range are implemented by ® Low Temperature-Drift Coefficient of Bandgap
high-voltage BICMOS-based technology. Voltage
Alternative PWM/PFM control technique ® Available in SOP8 & P-SOP8 Package
significantly improves the efficiency for both light
load and heavy load. APPLICATION
®  Power Source for Battery-Powered Equipments.
The A7512 also integrates soft-start, over load ®  Distribute DC to DC Power Supply
protection and under voltage lockout protection ®  Pre-Regulator for Linear Regulator
etc., which minimized external components and
converter size. TYPICAL APPLICATION
The A7512 is available in SOP8 & P-SOP8 - ¢—o—s-Oomr
package. | 7
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PIN DESCIPTION

AiT Semiconductor Inc. A7512

www.ait-ic.com 2A, 550KHz, STEP DOWN DC-DC CONVERTER

WIDE INPUT VOLTAGE, BUILT-IN P-CHANNEL MOSFET

MC EM LDO FB MG EM LDO FB
8 7 [ 5 B 7 & 5
A7512 AT512
SOPS PsopPsg
L) L
1 2 3 4 1 2 3 4
MC Vi SwW GMD MC Wi ) GND
Pin No. Name Function Description
1 NC Not connected
2 ViN Power supply input pin.
3 SW Switching node. PWM output connection to inductor.
4 GND Ground
5 FB Feedback pin. It is used to program the output voltage by adjusting the ratio of the
external resistor divider from output to ground. A compensation capacitor paralleling
with the upper resistor is recommended to improve system dynamic response.
6 LDO LDO output pin. A 0.1uF capacitor is recommended in order to filter the switching
noise.
7 EN Chip enable pin. High level activates the chip. Connect the pin to Vi if not used, do
not leave the pin floating.
8 NC Not connected
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage: Vin -0.3~25V
Switch Node: SW -0.3V~(Vin+0.3V)
Chip Enable: CE -0.3V~(Vin+0.3V)
Feedback Input: FB -0.3~6V
LDO Output: LDO -0.3~6V
Junction Temperature 1500C
Storage Temperature Range -40~1500C
Lead Temperature and Time 260 ©C, 10s

Stresses above may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at
these or any other conditions beyond those indicated in the Electrical Characteristics is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

ITEMS MIN NOM MAX UNIT
Input Voltage Range 475 20 V
Operating Temperature 125 85 oC

Note 1. Exceeding these ratings may damage the device
Note 2. Measured on approximately 1 square of 1 oz copper.

Note 3. The device is not guaranteed to function outside its operating rating

REVO0.9




(4 AT Semiconductor Inc. A7512

A www.ait-ic.com 2A, 550KHz, STEP DOWN DC-DC CONVERTER
WIDE INPUT VOLTAGE, BUILT-IN P-CHANNEL MOSFET

BLOCK DIAGRAM

Regulatar LOC
W |

Oscillator
Fy¥yhl Comp
Error Amp
. \ PIAMIPEM W
P o i Contral
v
- ] PYMIPF M
ompensation Detectar

L Soft Start FProtection

Yreference

M\

Y

YULO

Chip Enble EM

| A7512

GMND

REVO0.9 4



‘3 AT Semiconductor Inc. A7512
| Wwwaitic.com 2A, 550KHz, STEP DOWN DC-DC CONVERTER
WIDE INPUT VOLTAGE, BUILT-IN P-CHANNEL MOSFET

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vin=12V, CLpoo=0.1uF, Ta=25°C

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
ViN Operation Input Voltage 4.75 20 \%
Static P-Channel MOSFET On | Vce=12V; Irs=0V
Rbs(on) . 90* mQ
State Resistance
VrB Feedback Voltage Vce =12V; Lout=-100mA 1.198 | 1.222 | 1.246 | V
Fosc Oscillator Frequency Vce =12V; Lout =-100mA 550 550 600 | KHz
IDD Quiescent Current (Operating) | Vce =12V;Vrs=1.4V 350 A
Lso Shutdown Current Vce =0V 1 pA
VcEH CE “H” Threshold Voltage 1.5 V
VceL CE “L” Threshold Voltage 0.7 \Y
Icen CE “H” Input Current 0.3 pA
lceL CE “L” Input Current -0.3 pA
VuviLot UVLO Threshold Voltage VN = Vce =5 to OV 1.5 1.9 2.3 \%
Vuvioz UVLO Release Voltage ViNn = Vce =0 to 5V 1.6 20 2.4 \%
MAXpry Max. Duty Cycle 100 %
TsTART Soft-Start Time Vce =0to 12V 5 10 15 ms
Debounce Time for Fault
Tero . Vce =12V; Vre=0 500 700 | 1000 | ps
Protection
LDO LDO Output Voltage ViN >6V; Vce = ViN 5 \/
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TYPICAL PERFORMANCE CHARACTERISTICS

1.Reference Voltage vs. Temperature 2.LDO Regulation vs. Input Voltage
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7.Regulation vs. Output Current
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8.Regulations vs. Output Current
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DETAILED INFORMATION

A7512 consists of a P-channel MOSFET, an oscillator, a PWM control circuit, a voltage reference unit, an
error amplifier, a soft-start circuit, a fault protection circuit, a PWM/PFM alternative circuit, a chip enable circuit,

and an input voltage detecting circuit.

PWM Operation

In normal operation, adjusting the width of pulse regulates the system output voltage. It is implemented by
regulating the FB voltage at 1.222V. The A7512 high-gain differential error amplifier and low temperature-drift
coefficient reference guarantee the accuracy of output voltage with different input voltage and load conditions.
In order to reduce the ripple voltage and improve the loop stability, a high bandwidth error amplifier is
designed with a built-in zero. This zero, plus the ESR zero from the output electrolytic capacitor, balances the
double poles of the output LC filter. Thus the step-down system is stable and external compensation network
is not required. In practice, a low cost ceramic capacitor paralleling with the upper resistor on feedback
resistors divider implements additional phase lead compensation function. This improves the dynamic
response performance. In order to improve the efficiency, The A7512 integrates a low on-resistance
P-channel MOSFET and well designed driver circuits inside a SOP8 package, the power loss is limited at very

low level.

PFM Operation

At light load, the error amplifier’'s output voltage becomes very low and the duty cycle becomes very small.
The system switching losses dominate and conduction losses become less important. The A7512 limits its
minimum duty cycle. If the output current is low enough, the output voltage exceeds the desired value and the
error amplifier output voltage decreases down to 0.6V, then the output pulse are disabled and the system
output voltage decreases until the error amplifier output ramps up above the threshold of 0.6V. Thus the
switching node waveform looks like a pulse-skipping mode. The number of pulses and switching losses are

significantly reduced.

Oscillator

The oscillator circuit provides a clock to set the converter operating frequency.

Protection Circuit
If the duration of maximum duty cycle is long enough, the embedded protection circuit shuts down internal
power switch. Then the IC starts a soft start cycle. This procedure repeats until the cause of the protection

condition is removed.
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Soft-Start

A small current charges the soft-start capacitor and raises the internal soft start voltage. The reference

voltage follows the soft-start voltage, and limits the speed of voltage rising on the error amplifier output, and

hence reduces the speed of rising of output voltage during startup.

uvLoO
If the input voltage is equal or less than UVLO threshold, the IC goes to standby mode. If the input voltage
increases above the UVLO threshold with a hysteresis voltage, the IC starts another soft-start cycle and

normal operation.

Enable (CE)
Logic low on CE puts the A7512 in shutdown state. In shutdown mode, the output power switch , voltage

reference, and other functions are shut off, the supply current is reduced to 1 pJA maximum.

NOTIFICATION

Be aware of the following issues while using the A7512:

Set external components as close as possible to the IC and minimize the connection between the
components and the IC. In particular, the power rails and SW connection should be short. In addition, a
ceramic capacitor should be closely connected between LDO and GND pins. Make sufficient grounding and

reinforce supplying.

If the difference between input and output voltage is too small, the maximum duty cycle may last long enough

to trigger the maximum duty-cycle protection.

If input voltage is below 6V, the LDO output may drop below 5V, and the maximum duty cycle may be limited.
The accuracy of load regulation may be limited by current capability if output voltage gets close to input

voltage.

If the duty cycle in PWM mode needs to be less than the minimum duty cycle to go to PFM mode, the IC
switches to PFM mode to reduce switching frequency and standby current. However, if the ratio of output
voltage vs. input voltage is low enough (for example, Vin>12V and Vour=1.5V), even if the load current is large,

the IC keeps in PFM mode, and the ripple of output voltage may increase.
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COMPONENTS SELECTION

Inductor

High inductance gives low inductor ripple current but requires larger size inductor to avoid saturation. Low
ripple current reduces inductor core losses. It also reduces RMS current through inductor and switches, and
hence reduces conduction loss. Usually, peak to peak current of inductor is designed to be 20% to 30% of

output current.

Diode

Use a diode with low forward voltage drop and high switching speed. (Schottky type is recommended.)

Reverse voltage rating should be more than the input voltage, and current rating should be more than

maximum load current.

Capacitors

The primary function of output capacitor is to smooth the inductor current. The actual output ripple voltage is a
function of this capacitor's ESR (Equivalent Series Resistance). Normally the ESR of this capacitor should not

exceed the rated ripple voltage divided by the ripple current through the inductor.

As for input capacitor, use a capacitor with low ESR and a capacity of at least yF for stable operation.
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PACKAGE INFORMATION

Dimension in SOP8 Package (Unit: mm)

;-.. —— D 1 SYMBOL | MIN | NOM | MAX
y \i.' A3 ' A B 3 1.77
ﬂ: :ﬁ PoAZ A A1 008 | 018 | 028
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' A3 055 | 065 | 0.75
H E H E ] b 0.39 _ 0.48
| b1 038 | 041 | 043
| c 0.21 _ 0.26
' c 019 | 020 | 0.21
4] D 470 | 490 | 5.10
E 580 | 6.00 | 6.20
O E1 370 | 390 | 4.10
i e 1.27BSC
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IMPORTANT NOTICE

AIT Semiconductor Inc. (AiT) reserves the right to make changes to any its product, specifications, to
discountinue any integrated circuit product or service without notice, and advises its customers to obtain the
latest version of relevant information to verify, before placing orders, that the information being relied on is

current.

AIT Semiconductor Inc.'s integrated circuit products are not designed, intended, authorized, or warranted to
be suitable for use in life support applications, devices or systems or other critical applications. Use of AiT
products in such applications is understood to be fully at the risk of the customer.  As used herein may
involve potential risks of death, personal injury, or servere property, or environmental damage. In order to
minimize risks associated with the customer's applications, the customer should provide adequate design and

operating safeguards.

AIT Semiconductor Inc. assumes to no liability to customer product design or application support. AIT

warrants the performance of its products of the specifications applicable at the time of sale.
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