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AIC2873B

3A 17V Synchronous 100% Duty Cycle
Step-Down Converter With AOT Control

Hl FEATURES

Adaptive On Time Control

100% Duty Cycle Mode

Fast Transient Response

Wide 4.5V to 17V Operating Input Range
Output Adjustable from 0.9V to 5V

3A Continuous Output Current
Pin-Selectable Output Voltage (Nominal, +
5%)

Programmable Soft Start

Quiescent Current of 40pA (Typical)
Selectable Operating Frequency

Power Good Output
Short Circuit Protection
Over Temperature Protection

Over Voltage Protection with Latch

Up to 94% efficiency

Available in a QFN-16 (3x3x0.75-0.5) Pack-
age

l APPLICATIONS

Standard 12-V Rail Supplies

POL Supplies from Single or Multiple Li-lon
Batteries

Mobile PC's, Tablets, Modems, Cameras

Digital TV Power Supply
Networking Home Terminal

Set Top Box

l APPLICATIONS CIRCUIT

l DESCRIPTION

The AIC2873B is an easy-to-use synchronous
step-down DC-DC converter optimized for appli-
cations with high power density. A high switching
frequency of typically 1.25MHz allows the use of
small inductors and provides fast transient re-
sponse as well as high output voltage accuracy
by use of the AOT control.

With wide operating input voltage range of 4.5V
to 17V, the AIC2873B is ideally suited for sys-
tems powered from 5V or 12V intermediate pow-
er rails. It supports up to 3A continuous output
current at output voltages from 0.9V to 5V (with
100% duty cycle mode).

The output voltage startup ramp can be con-
trolled by the soft-start pin. Power sequencing is
also possible by configuring the Enable and
open-drain power good pins.

In power save mode, the AIC2873B draws quies-
cent current of about 40uA from VIN. Power save
mode, entered automatically if load is small,
maintains high efficiency over the entire load
range. In shutdown Mode, the AIC2873B is
turned off and shutdown current consumption is
less than 2uA.
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[l ORDERING INFORMATION

AIC2873BXXXX XX

|— PACKING TYPE
TR: TAPE & REEL

BG: BAG o 2
zZ Z 0
o 9 9 =z
PACKAGING TYPE c T >4
HFC: QFN-16 (3x3x0.75-0.5) 6 115, 1413
L G: GREEN PACKAGE sw[i7 iz evw
Example: AIC2873BGHFCTR SWI2. | erposea | LoLL|PVN
> Green QFN-16 (3x3x0.75-0.5) Package Swisii Padyi 10]avin
and TAPE & REEL Packing Type I T T L
S
<
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PIN CONFIGURATION

QFN-16 (3x3x0.75-0.5)
TOP VIEW

Note:
The exposed pad should be connected with GND pin.

ll ABSOLUTE MAXIMUM RATINGS

PIN Voltage, AVIN, PVIN
PIN Voltage, EN
PIN Voltage, SW
PIN Voltage, DEF, FSW, FB, PG, VOS, SS
Power Good Sink Current, PG

Junction Temperature

Lead Temperature

Storage Temperature Range
Operating Ambient Temperature Range
Thermal Resistance Junction to Case

Thermal Resistance Junction to Ambient

(Assume no Ambient Airflow)

........................................................................ -0.3Vto 20V
-0.3V to Viy+0.3V
-0.3V to V\y+0.3V
-0.3Vto 7V

QFN-16 (3x3x0.75-0.5)*
QFN-16 (3x3x0.75-0.5)*

Absolute Maximum Ratings are those values beyond which the life of a device may be impaired.
*The package is place on a two layers PCB with 2 ounces copper and 2 square inch, connected by 8 vias.
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AIC2873B
l ELECTRICAL CHARACTERISTICS
(Vin=12V, Ta=25°C, unless otherwise specified.) (Notel)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
Operating Voltage VN 4.5 17 \%
Supply Current
Shutdown Current Iston  |Ven=0V 1.0 4 A
Quiescent Current g ;/VE\/T;E:SS lour=0mA, device not 40 pA
Logic Threshold
EN High Level Input Voltage VENH 2.0 V
EN Low Level Input Voltage Vene 0.6 \%
g;eF, FSW High Level Input Volt- Vi, 12 Vv
;)QI]EeF, FSW Low Level Input Volt- v, 03 Vv
Input Leakage Current (EN, DEF, i EN:\QN or GND; DEF, 0.01 1 uA
FSW) FSW=Vour or GND
Vrer Voltage and Feedback Input Current
Feedback Reference Voltage VR&er 45V=V=17V 0.78 | 0.8 | 0.82 V
Feedback Input Leakage Current ke re  [Ves=0.8V 1 100 nA
Output
Output Voltage Range Vour Vour=Vin 0.9 5 V
Output Over Voltage Protection Vout ovp 5.8 V
DEF(Output Voltage Program- DEF=Low Vour
ming) DEF=High Vour+5%

Line Regulation ij:ii&/ mlljvllw?\:ﬁc\)/dogc?;é?a\l{i,on 0.02 %/V
Load Regulation \rgg(:jgc:ge\r/%g]&sv’ PWM 0.05 %A
Switch On Resistance

High Side Switch On Resistance Rosonn [9.5VEViy 90 mQ
Low Side Switch On Resistance Rosone  [5.5V=EV iy 45 mQ
Current Limit

Ir-ggthjr::jitt—:‘ Switch Forward Cur- i [Viy=5.5V 4 6 A

Thermal Shutdown

Thermal Threshold Tsp 150 °C
Thermal Shutdown Hystersis Tsp_nvs 20 °C
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l ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
On-Time Timer Control

_ Vin=12V, Vour=5V, Vesw=High 333 ns
On-Time ton

Vin=12V, Vour=5V, Vesw=Low 167 ns

Minimum Off-Time torrMIN 60 ns
Soft Start
SS/TR Source Current Iss ‘ 0.5 ‘ 1.6 ‘ 4 ‘ MA
Power Good
PGOOD Threshold Vi pe |Rising (%Vour) 89 94 99 %
PGOOD Hysteresis 6 %
PGOOD Output Low VoL pe  |lpg=-2MA 0.07 | 0.3 V
PGOOQOD Input Leakage Current ke pc  |Vre=1.8V 1 400 nA
Under Voltage Lockout Voltage
UVLO Threshold Vuwo |Falling Input Voltage 3.45 | 3.75 | 4.10 V
UVLO Hystersis Vuvio_Hys 250 mV

Note 1: Specifications are production tested at T,=25°C. Specifications over the -40°C to 85°C operating
temperature range are assured by design, characterization and correlation with Statistical Quality
Controls (SQC).
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B TYPICAL PERFORMANCE CHARACTERISTICS
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B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Fig. 7 Output Voltage vs. Output Current
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B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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B BLOCK DIAGRAM
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Functional Block Diagram
B PIN DESCRIPTIONS

Pin No. | Pin Name Pin Function
Analog Ground. Must be connected directly to the Exposed Thermal Pad and

6 AGND
common ground plane.

10 AVIN Supply voltage for control circuitry. Connect to same source as PVIN.

8 DEF Output Voltage Scaling (Low = nominal, High = nominal + 5%)

13 EN Enable input (High = enabled, Low = disabled)

5 FB Voltage feedback. Connect resistive voltage divider to this pin.

7 ESW tS_Wi;ching Frequency Select (Low = 2.5MHz, High = 1.25MHz for typical opera-
ion

4 PG Output power good (High = VOUT ready, Low = VOUT below nominal regula-

tion) ; open drain (requires pull-up resistor)
Power ground. Must be connected directly to the Exposed Thermal Pad and
common ground plane.
11,12 PVIN Supply voltage for power stage. Connect to same source as AVIN.

9 ss Soft-Start Pin. An e?<ternal capacitor connected to this pin sets the internal volt-
age reference rise time.
Switch node, which is connected to the internal MOSFET switches. Connect
inductor between SW and output capacitor.
14 VOS Output voltage sense pin and connection for the control loop circuitry.
Exposed | Must be connected to AGND. Must be soldered to achieve appropriate power
- Thermal | dissipation and mechanical reliability.
Pad

15, 16 PGND

1,23 SW




& o
qID aic
B APPLICATION INFORMATION

The AIC2873B is an adaptive on time control
synchronous step down converter that can maintain
almost fixed switching frequency over full input
voltage range. It can deliver up to 3A output current
from 4.5V to 17V input voltage. Unlike the traditional
fixed frequency PWM control, the adaptive on-time
control has the simpler control circuit and the faster
transient response. During normal operation, the
AIC2873B can regulate its output voltage through a
feedback control circuit, which is composed of a
comparator, a slope generator, a reference generator
and several control signal generators. At the
beginning of the switching cycle, the main power
switch will be turned on and the synchronous power
switch will be turned off through anti-short-through
block. The main power switch will be turned off after
the internal on-time timer expires. When the main
power switch is turned off, the synchronous power
switch will be turned on until the summing signal of
feedback voltage signal and slope signal is lower
than reference voltage signal or the inductor current
starts to reverse. The AIC2873B will enter
discontinuous conduction mode (DCM) operation

while working at light load conditions.

Frequency Selection

The AIC2873B’s pseudo switching frequency can be
selected to be either 1.25MHz or 2.5MHz. The
pseudo switching frequency is 1.25MHz while FSW
pin is connected to high level voltage, and 2.5MHz

while FSW pin is connected to low level voltage.

Pin-Selectable Output Voltage

The AIC2873B’s output voltage can be increased by
5% above the setting value while DEF pin is
connected to high level voltage, and its output
voltage can be regulated to the setting value while

DEF pin is connected to low level voltage.

AlIC2873B

Shutdown

By connecting the EN pin to low level voltage, the
AIC2873B can be shut down to reduce the supply
current to 1.0pA (typical). At this operation mode, the

output voltage of step-down converter is equal to OV.

Soft-Start

The AIC2873B provides the soft-start function. Initial-
ly, the voltage at SS pin is OV. Then an internal cur-
rent source of 1.6uA (typ.) charges an external soft-
start capacitor. During the soft-start period, the volt-
age at SS pin will limit the feedback threshold voltage
at FB pin. When the voltage at SS pin is higher than
reference voltage, the feedback threshold voltage at
FB pin reaches the desired value. The soft-start time
can be calculated in accordance with the following
equation.

X VREF
1.6pA
The soft-start capacitor is discharged to GND when

tss = Css

the EN pin is connected to low level voltage.

Power Good Indictor

AIC2873B contains an on-chip comparator for power
good detection. If the output voltage is lower than
power good low threshold, the PG pin (an open-drain
output) sinks current to GND. When the device is
turned off by enable function, UVLO function or ther-
mal shutdown function, the AIC2873B pulls the PG
pin low. By connecting PG pin to output capacitor
through a resistor, the output capacitor can be dis-
charge in those cases (as shown in figure 19). For
reliability, the maximum current into the PG pin
should be less than 10mA.

Over Current Protection
The AIC2873B has a cycle-by-cycle current limit to
protect the internal power switches. The cycle-by-

cycle current limit protection directly limits inductor
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peak current. While the current limitation function is

activated, the duty cycle will be reduced to limit the

output power to protect the internal power switches.

Over Temperature Protection

The AIC2873B includes a thermal-limiting circuit,
which is designed to protect the device from exces-
sive temperature. When the junction temperature
exceeds T,=150°C, the thermal-limiting circuit turns
the internal power switches off and allows the IC to
cool. The hysteretic of the over temperature protec-
tion is 20°C (typ).

Output Over Voltage Protection

If the feedback resistor is floating or other situation is
happened to make the output voltage is higher than
output over voltage protection threshold Vour ove, the
output over voltage protection function will be acti-
vated. While the output over voltage protection func-
tion is activated, the AIC2873B will stops switching
and the output voltage will reduce to OV. The typical
output over voltage protection threshold Vour ove is
5.8V.

100% Duty Cycle Operation

When the input voltage approaches the output
voltage, the AIC2873B smoothly transits to 100%
duty cycle operation. This allows AIC2873B to
regulate the output voltage until AIC2873B
completely enters 100% duty cycle operation. In
100% duty cycle mode, the output voltage is equal to
the input voltage minus the voltage, which is the drop

across the main power switch.

The AIC2873B achieves 100% duty cycle operation
by extending the turn-on time of the main power
switch. While the input voltage approaches the output
voltage, the switching frequency of power switches
reduces gradually to smoothly transit to 100% duty

cycle operation.

If input voltage is very close to output voltage, the

AlIC2873B

switching mode goes from adaptive on-time control
mode to 100% duty cycle operation. During this
transient state mentioned above, large output ripple

voltage may appear on output terminal.

Inductor
The inductor selection depends on the current ripple
of inductor, the input voltage and the output voltage.

L> VOUT (1_ VOUT J
fsw 'AIL VlN

Accepting a large current ripple of inductor allows the
use of a smaller inductance. However, higher current
ripple of inductor can cause higher output ripple
voltage and large core loss. By setting an acceptable
current ripple of inductor, a suitable inductance can
be obtained from above equation.

In addition, it is important to ensure the inductor
saturation current exceeds the peak value of inductor
current in application to prevent core saturation. The
peak value of inductor current can be calculated

according to the following equation.

V, V,
| = T + ouT [1_ OUTJ
PEAK — 'OUT (max) 2% fsw L V|N

Input Capacitor and Output Capacitor

To prevent the high input voltage ripple and noise
resulted from high frequency switching, the use of
low ESR ceramic capacitor for the maximum RMS
current is recommended. The approximated RMS
current of the input capacitor can be calculated

according to the following equation.

VOUT (V|N — VOUT) + A_'f
& 12

2
lenrus = \/IOUT(MAX) x

At least a 10uF ceramic capacitor is suggested for
the input capacitor.

In order to avoid the high input voltage spike to dam-
age the device and noise coupling, a 0.1uF input by-

pass capacitor must be placed from VIN to GND. The

10
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0.1uF input bypass capacitor and the input capacitor

should be placed as close to the IC as possible for
the best.

The selection of output capacitor depends on the re-
quired output voltage ripple. The output voltage ripple

can be expressed as:

- A ESR.AL

8xfosc - Cour

AVOUT

For lower output voltage ripple, the use of low ESR
ceramic capacitor is recommended. The tantalum
capacitor can also be used well, but its ESR is larger
than that of ceramic capacitor. 22uF ceramic

capacitor will be needed for the output capacitor.

When choosing the input and output ceramic
capacitors, X5R and X7R types are recommended
because they retain their capacitance over wider

ranges of voltage and temperature than other types.

Setting the Output Voltage

The output voltage is set using a resistive voltage
divider connected from the output voltage to FB. The
voltage divider divides the output voltage down to the

feedback voltage by the ratio:

R
Ves = Vour S

R, +R,
Thus the output voltage is:

R, +R,
RZ

VOUT = VREF x

For example, for a 3.3V output voltage and
Vree=0.8V, R, is 240kQ), and R; is 750kQ.

Layout Consideration

In order to ensure a proper operation of AIC2873B,
the following points should be managed comprehen-
sively.

1. The 0.1uF input bypass capacitor, input capacitor

and VIN should be placed as close as possible to

IS

AlIC2873B

each other to reduce the input voltage ripple and
noise.

The output loop, which is consisted of the induc-
tor, the internal power switch and the output ca-
pacitor, should be kept as small as possible.

The routes with large current should be kept
short and wide.

Logically the large current on the converter
should flow at the same direction.

In order to prevent the effect from noise, the IC’s
GND pin should be placed close to the ground of

the input bypass capacitor.

The FB pin should be connected to the feedback
resistors directly and the route should be away

from the noise sources.

11
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l APPLICATION EXAMPLES
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Fig. 19 Discharge Output Capacitor Through PG Pin
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Bl PHYSICAL DIMENSIONS
® QFN-16 (3x3x0.75-0.5)

INDEX AREA
(DI2*E/2)

< i
! / O o O Aiv <V QFN-16 (3x3x0.75-0.5)

S
i i gvﬂ MILLIMETERS
™ C MIN. MAX.
< A 0.70 0.80
A1 0.00 0.05
A3 0.20 REF
b 0.18 0.30
D 2.90 3.10
D2 1.05 1.80
Note: 1. Refer to JEDEC MO-220 WEED-4,6,7 E 2.90 3.10
2. All dimensions are in millimeters, 6 is in degrees. E2 1.05 1.80
e 0.50 BSC
0.30 0.55
4] 0 14

Note:

Information provided by AIC is believed to be accurate and reliable. However, we cannot assume responsibility for use of any circuitry other than
circuitry entirely embodied in an AIC product; nor for any infringement of patents or other rights of third parties that may result from its use. We
reserve the right to change the circuitry and specifications without notice.

Life Support Policy: AIC does not authorize any AIC product for use in life support devices and/or systems. Life support devices or systems are
devices or systems which, (I) are intended for surgical implant into the body or (ii) support or sustain life, and whose failure to perform, when
properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant injury to the
user.
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