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ANALOG
DEVICES

1.2A, 20V, 700 kHz/1.4 MHz,

Nonsynchronous Step-Down Regulator

ADP2300/ADP2301

FEATURES

1.2 A maximum load current

+2% output accuracy over temperature range

Wide input voltage range: 3.0V to 20V

700 kHz (ADP2300) or 1.4 MHz (ADP2301)
switching frequency options

High efficiency up to 91%

Current-mode control architecture

Output voltage from 0.8V to 0.85 x V,,

Automatic PFM/PWM mode switching

Precision enable pin with hysteresis

Integrated high-side MOSFET

Integrated bootstrap diode

Internal compensation and soft start

Minimum external components

Undervoltage lockout (UVLO)

Overcurrent protection (OCP) and thermal shutdown (TSD)

Available in ultrasmall, 6-lead TSOT package

Supported by ADIsimPower™ design tool

APPLICATIONS

LDO replacement for digital load applications
Intermediate power rail conversion
Communications and networking

Industrial and instrumentation

Healthcare and medical

Consumer

GENERAL DESCRIPTION

The ADP2300/ADP2301 are compact, constant-frequency,
current-mode, step-down dc-to-dc regulators with integrated
power MOSFET. The ADP2300/ADP2301 devices run from
input voltages of 3.0 V to 20 V, making them suitable for a wide
range of applications. A precise, low voltage internal reference
makes these devices ideal for generating a regulated output
voltage as low as 0.8 V, with 2% accuracy, for up to 1.2 A load
current.

There are two frequency options: the ADP2300 runs at 700 kHz,
and the ADP2301 runs at 1.4 MHz. These options allow users to
make decisions based on the trade-off between efficiency and

Rev.C Document Feedback
Information fumished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infti f or other
rights of third parties that may result fromits use. Spedfications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Trademarks and registered trademarks are the property of their respective owners.

TYPICAL APPLICATIONS CIRCUIT

3.0V TO 20V BST
VIN —_l_
\Y
I ADP2300/ sw —_IOUT
- ADP2301 |
g L
ON EN FB =
ore - :
J— L 8
Figure 1.
100 T
— fgw = 1.AMHz
— fgw = 700kHz

95

) —
n& =

85 I

80

75

EFFICIENCY (%)

70

65

Vi = 12V
Vour = 5.0V

60

0 0.2 0.4 0.6 0.8 1.0 12
lout (A)

Figure 2. Efficiency vs. Output Current
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total solution size. Current-mode control provides fast and stable
line and load transient performance. The ADP2300/ADP2301
devices include internal soft start to prevent inrush current at
power-up. Other key safety features include short-circuit protec-
tion, thermal shutdown (TSD), and input undervoltage lockout
(UVLO). The precision enable pin threshold voltage allows the
ADP2300/ADP2301 to be easily sequenced from other input/
output supplies. It can also be used as a programmable UVLO
input by using a resistive divider.

The ADP2300/ADP2301 are available in a 6-lead TSOT package
and are rated for the —40°C to +125°C junction temperature range.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 ©2010-2012 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com




ADP2300/ADP2301

TABLE OF CONTENTS

FEALUIES .. 1
APPLCALIONS....eiveeiercirircirencireeireeiree ettt ene 1
Typical Applications CirCUit.......ocuuveeecumerereuerermeeserenseeeensenseens 1
General Description ... 1
Revision HiStOrY .....ccuieeviecieciiciccer e 2
SPECHICALIONS......oeveeeriiiecicc s 3
Absolute Maximum Ratings..........cccccecuvunininicincincinciniicisiniennes 4
Thermal Resistance ........ccucucicincinciniininiciccscscscicsieiennas 4
ESD Caution......coiimimiiiiiniiicnccsssesssensnss 4
Pin Configuration and Function Descriptions..........ccccccecuueenee. 5
Typical Performance Characteristics ..........oveuevurerreeermreererernenne 6
Functional Block Diagram ... 13
Theory of OPeration ..........ccceernernereemeusemerssessenessssssesenes 14
Basic Operation ... 14
PWM MOGE.....coriririeierererenensesseseesesenensesessesssessessessens 14
Power Saving Mode..........ccciiiniinininiiccscicieeens 14
Bootstrap CirCUitry ..o 14
Precision ENable ..........ccceeecrcencineeneenenecneneeeeseseeseeenensens 14
Integrated SOft Start ..o 14
Current LIMit ... 14
Short-Circuit Protection..........cccccocvinininicicincincncnisicienes 15
Undervoltage Lockout (UVLO) ....c.coevveueuernernerennnerenseneees 15
Thermal ShUtdOWN.......coiiiiiiiicicc s 15

REVISION HISTORY
11/12—Rev. B to Rev. C

Changes to Ordering GUIde ..........ceuureueveeeurerernerrerereeererseneeenne 26
6/12—Rev. A to Rev. B

Change to Features SECtion ... 1
Added ADIsimPower Design Tool Section...........c.ceeeurevereeunee 16
6/10—Rev. 0 to Rev. A

Changes to FIGUIe 54........cccciiiiniiiicicccieiscesiessenns 25
Changes to Ordering GUIde ..........ceueueueiureuereemrerneneeeneiseneeenne 26

2/10—Revision 0: Initial Version

CONLLOL LOOP...vvuiviiriimcirencinencineneiseseisesessesesseseseesesessesessesesssaees 15
Applications INformation .........cceveereereereereernernerneeseeseeseeeensennes 16
ADIsimPower Design TOOL ..o 16
Programming the Output Voltage ........cccccocuvvvcunvivirncinciannn. 16
Voltage Conversion Limitations..........cccccucueeuncuncuncurcninicnnas 16
Low Input Voltage Considerations ............ceeveereveeeurerereenne 17
Programming the Precision Enable..........cccoevneuvervinerrerunnn. 17
INAUCLOT ..ottt ssensensennes 18
Catch DIOE ....eueeeeecercreieeceerereieese e eaeaessensenne 19
Input Capacitor.......c.ceeeceeveiniceiereiieceeeece e 19
Output CapaCItor.....cccuvuiecucieiriiccereiecereeee e 19

Thermal Considerations..... . 20

Design Example.......cccoeuviuvcininnes w21
Switching Frequency Selection.........ccccvcuvcuivciciniencinciannn. 21
Catch Diode Selection ..o 21
INductor Selection ... 21
Output Capacitor Selection...........cocvcuieveucieiuneincinieneiseiacnn. 21
Resistive Voltage Divider Selection w22

Circuit Board Layout Recommendations 23

Typical Application CirCuits .......oceeeveueveeeurersermneunerereeeesensenenes 24

Outline DIMeNSions..........ccuuicincinciniisiesisiie s 26
Ordering GUIde ..o 26

Rev.C | Page 2 of 28




ADP2300/ADP2301

SPECIFICATIONS

Vi = 3.3V, T; = -40°C to +125°C for minimum/maximum specifications, and T, = 25°C for typical specifications, unless otherwise noted.

Table 1.
Parameter Symbol | Test Conditions Min Typ Max Unit
VIN
Voltage Range Vin 3 20 Vv
Supply Current Iy No switching, V\y =12V 640 800 pA
Shutdown Current lsvon Ven =0V, V=12V 18 35 pA
Undervoltage Lockout Threshold | UVLO V\y rising 2.80 2.95 \%
Vv falling 2.15 2.40 \%
FB
Regulation Voltage Vg T,=0°Cto +125°C 0.788 0.800 0.812 Vv
T,=-40°Cto +125°C 0.784 0.800 0.816 \
Bias Current leg 0.01 0.1 MA
SW
On Resistance’ Vgsr — Ve =5V, lgyy = 150 mA 440 700 mQ
Peak Current Limit? Vesr —Vew =5V, V=12V 15 1.9 2.5 A
Minimum On Time 100 135 ns
Minimum Off Time ADP2300 145 190 ns
ADP2301 70 120 ns
OSCILLATOR FREQUENCY ADP2300 0.5 0.7 0.9 MHz
ADP2301 1.0 1.4 1.75 MHz
SOFT START TIME ADP2300 1460 s
ADP2301 730 Us
EN
Input Threshold Vey 1.13 1.2 1.27 Vv
Input Hysteresis 100 mV
Pull-Down Current 1.2 MA
BOOTSTRAP VOLTAGE Vioor No switching, Vi, = 12V 5.0 Vv
THERMAL SHUTDOWN
Threshold 140 °C
Hysteresis 15 °C

! Pin-to-pin measurements.
2 Guaranteed by design.
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ADP2300/ADP2301

ABSOLUTE MAXIMUM RATINGS

Table 2.

Parameter Rating

VIN, EN -0.3Vto+28V
SW -1.0Vto+28V
BST to SW -0.6Vto+6V
BST -0.3Vto+28V
FB -03Vto+3.3V
Operating Junction Temperature Range | —40°Cto +125°C
Storage Temperature Range —65°C to +150°C
Soldering Conditions JEDEC J-STD-020

THERMAL RESISTANCE

0;, is specified for the worst-case conditions, that is, a device
soldered in a circuit board for surface-mount packages.

Table 3. Thermal Resistance’

Package Type 0,, 0, Unit

6-Lead TSOT 186.02 66.34 °C/W

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

Absolute maximum ratings apply individually only, not in
combination. Unless otherwise specified, all voltages are
referenced to GND.

'0,, and 0, are measured using natural convection on a JEDEC 4-layer board.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘% I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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ADP2300/ADP2301

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

BsT [1] App2soor [&] W
oo [z] ADP230L |

TOP VIEW
F8 5] 4] EN

(Not to Scale)
Figure 3. Pin Configuration

08342-002

Table 4. Pin Function Descriptions

Pin No. Mnemonic Description

1 BST Boost Supply for the High-Side MOSFET Driver. A 0.1 uF capacitor is connected between the SW and BST pins
to form a floating supply to drive the gate of the MOSFET switch above the V, supply voltage.

2 GND Ground. Connect this pin to the ground plane.

3 FB Feedback Voltage Sense Input. Connect this pin to a resistive divider from V. Set the voltage to 0.8V for a
desired Vg ;-

4 EN Output Enable. Pull this pin high to enable the output. Pull this pin low to disable the output. This pin can
also be used as a programmable UVLO input. This pin has a 1.2 yA pull-down current to GND.

5 VIN Power Input. Connect to the input power source with a ceramic bypass capacitor to GND directly from this pin.

6 SW Switch Node Output. Connect an inductor to V,; and a catch diode to GND from this pin.
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ADP2300/ADP2301

TYPICAL PERFORMANCE CHARACTERISTICS

Vi =33V, T, =25°C, Vi = Vy, unless otherwise noted.
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Figure 6. Efficiency Curve, Viy= 12V, f,, = 1.4 MHz
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Figure 9. Efficiency Curve, Viy= 5.0V, fg,,= 700 kHz
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ADP2300/ADP2301
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Figure 10. Efficiency Curve, V,y= 3.3 V with External 5.0 V Bootstrap Bias
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Figure 11. Efficiency Curve, V,y= 3.3 V with External 5.0 V Bootstrap Bias
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ADP2300/ADP2301
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Figure 39. ADP2300 Bode Plot, Voyr= 5.0V, V)y=12V

(Fow=700kHz, L =

10 uH, Coyr =22 UF)




ADP2300/ADP2301

100

80

60

20

MAGNITUDE [B/A] (dB)

-80

—100

40 |-

M gk Ak

CROSS FREQUENCY: 47kHz
PHASE MARGIN: 77°

1k

1 2
10k 100k M
FREQUENCY (Hz)

Figure 40. ADP2300 Bode Plot, Vo ,r=3.3V, Viy=12V
(fsw =700 kHz, L = 10 uH, Coyr =22 uF)

200

160

120

80

40

-80

-120

-160

—200

PHASE [B/A] (Degrees)

08342-065

Rev.C | Page 12 of 28




ADP2300/ADP2301

FUNCTIONAL BLOCK DIAGRAM
- T

VIN

LT

THERMAL SHUTDOWN UVLO

SHUTDOWN LOGIC

I—> SHUTDOWN IC

+

_ﬂ' -

OCP

EN [+ hs | 250mV/A
ON 1.2A
OFF| = 0.5v
el = ovP
0.90V —{=

BOOT

r.BsT

¥,

REGULATOR

1 — 1/
+ S
(J)VBIAS =11V L F

R Q

| M=

RAMP
GENERATOR

CLK
GENERATOR

t

VEg —

FREQUENCY FOLDBACK

(fsw: % fsw. Yafsw)

FB 3]_

ADP2300/ADP2301

1

08342-038

Figure 41. ADP2300/ADP2301 Functional Block Diagram

Rev.C | Page 13 of 28




ADP2300/ADP2301

THEORY OF OPERATION

The ADP2300/ADP2301 are nonsynchronous, step-down
dc-to-dc regulators, each with an integrated high-side power
MOSFET. A high switching frequency and ultrasmall, 6-lead
TSOT package allow small step-down dc-to-dc regulator
solutions.

The ADP2300/ADP2301 can operate with an input voltage from
3.0 V to 20 V while regulating an output voltage down to 0.8 V.

The ADP2300/ADP2301 are available in two fixed-frequency
options: 700 kHz (ADP2300) and 1.4 MHz (ADP2301).

BASIC OPERATION

The ADP2300/ADP2301 use the fixed-frequency, peak current-
mode PWM control architecture at medium to high loads, but
shift to a pulse-skip mode control scheme at light loads to reduce
the switching power losses and improve efficiency. When the
devices operate in fixed-frequency PWM mode, output regulation
is achieved by controlling the duty cycle of the integrated MOSFET.
When the devices operate in pulse-skip mode at light loads, the
output voltage is controlled in a hysteretic manner with higher
output ripple. In this mode of operation, the regulator periodically
stops switching for a few cycles, thus keeping the conversion
losses minimal to improve efficiency.

PWM MODE

In PWM mode, the ADP2300/ADP2301 operate at a fixed
frequency, set by an internal oscillator. At the start of each
oscillator cycle, the MOSFET switch is turned on, sending a
positive voltage across the inductor. The inductor current
increases until the current-sense signal crosses the peak
inductor current threshold that turns off the MOSFET switch;
this threshold is set by the error amplifier output. During the
MOSFET off time, the inductor current declines through the
external diode until the next oscillator clock pulse starts a new
cycle. The ADP2300/ADP2301 regulate the output voltage by
adjusting the peak inductor current threshold.

POWER SAVING MODE

To achieve higher efficiency, the ADP2300/ADP2301 smoothly
transition to the pulse-skip mode when the output load decreases
below the pulse-skip current threshold. When the output voltage
dips below regulation, the ADP2300/ADP2301 enter PWM mode
for a few oscillator cycles until the voltage increases to within
regulation. During the idle time between bursts, the MOSFET
switch is turned off, and the output capacitor supplies all the
output current.

Since the pulse-skip mode comparator monitors the internal
compensation node, which represents the peak inductor current
information, the average pulse-skip load current threshold depends
on the input voltage (Vyy), the output voltage (Vy), the inductor,
and the output capacitor.

Because the output voltage occasionally dips below regulation
and then recovers, the output voltage ripple in the power saving
mode is larger than the ripple in the PWM mode of operation.

BOOTSTRAP CIRCUITRY

The ADP2300/ADP2301 each have an integrated boot regulator,
which requires that a 0.1 pF ceramic capacitor (X5R or X7R) be
placed between the BST and SW pins to provide the gate drive
voltage for the high-side MOSFET. There must be at leasta 1.2 V
difference between the BST and SW pins to turn on the high-side
MOSFET. This voltage should not exceed 5.5 V in case the BST
pin is supplied with an external voltage source through a diode.

The ADP2300/ADP2301 generate a typical 5.0 V bootstrap voltage
for a gate drive circuit by differentially sensing and regulating the
voltage between the BST and SW pins. A diode integrated on the
chip blocks the reverse voltage between the VIN and BST pins
when the MOSFET switch is turned on.

PRECISION ENABLE

The ADP2300/ADP2301 feature a precision enable circuit that
has a 1.2 V reference voltage with 100 mV hysteresis. When the
voltage at the EN pin is greater than 1.2 V, the part is enabled. If the
EN voltage falls below 1.1V, the chip is disabled. The precision
enable threshold voltage allows the ADP2300/ADP2301 to be
easily sequenced from other input/output supplies. It can also be
used as programmable UVLO input by using a resistive divider.
Aninternal 1.2 yA pull-down current prevents errors if the EN pin
is floating.

INTEGRATED SOFT START

The ADP2300/ADP2301 include internal soft start circuitry
that ramps the output voltage in a controlled manner during
startup, thereby limiting the inrush current. The soft start time is
typically fixed at 1460 s for the ADP2300 and at 730 s for the
ADP2301.

CURRENT LIMIT

The ADP2300/ADP2301 include current-limit protection circuitry
to limit the amount of positive current flowing through the high-
side MOSFET switch. The positive current limit on the power
switch limits the amount of current that can flow from the input
to the output.
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ADP2300/ADP2301

SHORT-CIRCUIT PROTECTION

The ADP2300/ADP2301 include frequency foldback to prevent
output current runaway when there is a hard short on the output.
The switching frequency is reduced when the voltage at the FB pin
drops below a certain value, which allows more time for the
inductor current to decline, but increases the ripple current while
regulating the peak current. This results in a reduction in average
output current and prevents output current runaway. The corre-
lation between the switching frequency and the FB pin voltage
is shown in Table 5.

Table 5. Correlation Between the Switching Frequency
and the FB Pin Voltage

FB Pin Voltage Switching Frequency
Vi = 0.6V fo

0.6V >V;>02V 1y,

Vi< 0.2V Yafy,

When a hard short (V; < 0.2 V) is removed, a soft start cycle

is initiated to regulate the output back to its level during normal
operation, which helps to limit the inrush current and prevent
possible overshoot on the output voltage.

UNDERVOLTAGE LOCKOUT (UVLO)

The ADP2300/ADP2301 have fixed, internally set undervoltage
lockout circuitry. If the input voltage drops below 2.4 V, the
ADP2300/ADP2301 shut down and the MOSFET switch turns
off. After the voltage rises again above 2.8 V, the soft start
period is initiated, and the part is enabled.

THERMAL SHUTDOWN

If the ADP2300/ADP2301 junction temperature rises above 140°C,
the thermal shutdown circuit disables the chip. Extreme junction
temperature can be the result of high current operation, poor
circuit board design, or high ambient temperature. A 15°C
hysteresis is included so that when thermal shutdown occurs,
the ADP2300/ADP2301 do not return to operation until the on-
chip temperature drops below 125°C. After the devices recover
from thermal shutdown, a soft start is initiated.

CONTROL LOOP

The ADP2300/ADP2301 are internally compensated to minimize
external component count and cost. In addition, the built-in
slope compensation helps to prevent subharmonic oscillations
when the ADP2300/ADP2301 operate at a duty cycle greater
than or close to 50%.
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ADP2300/ADP2301

APPLICATIONS INFORMATION

ADIsimPower DESIGN TOOL

The ADP2300/ADP2301 are supported by the ADIsimPower
design tool set. ADIsimPower is a collection of tools that produce
complete power designs optimized for a specific design goal.
The tools enable the user to generate a full schematic and bill of
materials, and calculate performance in minutes. ADIsimPower
can optimize designs for cost, area, efficiency, and parts count
while taking into consideration the operating conditions and
limitations of the IC and all real external components. For
more information about ADIsimPower design tools, refer to
www.analog.com/ADIsimPower. The tool set is available from
this website, and users can request an unpopulated board
through the tool.

PROGRAMMING THE OUTPUT VOLTAGE

The output voltage of the ADP2300/ADP2301 is externally set by
a resistive voltage divider from the output voltage to the FB pin,
as shown in Figure 42. Suggested resistor values for the typical
output voltage setting are listed in Table 6. The equation for the
output voltage setting is

Vour =0.800 Vx (1 +hJ
FB2
where:
Vour is the output voltage.
Ry, is the feedback resistor from V; to FB.
R,;, is the feedback resistor from FB to GND.

ADP2300/
ADP2301

Vour

Reg1 |

FB 9 M
éRrsz

Figure 42. Programming the Output Voltage Using a Resistive Voltage Divider

1HH

08342-039

Table 6. Suggested Values for Resistive Voltage Divider

Vour (V) Res, (kQ), 1% Res, (KQ), 1%
1.2 4.99 10

1.8 12.7 10.2

25 215 10.2

33 316 10.2

5.0 52.3 10

VOLTAGE CONVERSION LIMITATIONS

There are both lower and upper output voltage limitations for a
given input voltage due to the minimum on time, the minimum
off time, and the bootstrap dropout voltage.

The lower limit of the output voltage is constrained by the finite,
controllable minimum on time, which can be as high as 135 ns for
the worst case. By considering the variation of both the switching
frequency and the input voltage, the equation for the lower limit
of the output voltage is

VOUT(min) =t ymv-on X J, SW(max) < (VIN(max) +Vp)=V,

where:

ViNgmax) 18 the maximum input voltage.

Sswimax is the maximum switching frequency for the worst case.
fynon 18 the minimum controllable on time.

V), is the diode forward drop.

The upper limit of the output voltage is constrained by the mini-
mum controllable off time, which can be as high as 120 ns in
the ADP2301 for the worst case. By considering the variation of
both the switching frequency and the input voltage, the equation
for the upper limit of the output voltage is

Vouremsy =0 anv-ore X fswima )X Vingmimy + V)= Vo

where:

V iNminy 18 the minimum input voltage.

Sswimax is the maximum switching frequency for the worst case.
V), is the diode forward drop.

tyvorr 18 the minimum controllable off time.

In addition, the bootstrap circuit limits the minimum input
voltage for the desired output due to internal dropout voltage.
To attain stable operation at light loads and ensure proper startup
for the prebias condition, the ADP2300/ADP2301 require the
voltage difference between the input voltage and the regulated
output voltage (or between the input voltage and the prebias
voltage) to be greater than 2.1 V for the worst case. If the voltage
difference is smaller, the bootstrap circuit relies on some minimum
load current to charge the boost capacitor for startup. Figure 43
shows the typical required minimum input voltage vs. load current
for the 3.3 V output voltage.
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5.5

5.3 FOR STARTUP

5.1
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\ /
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MINIMUM V;y (V)

3.9

3.7 Vout = 3.3V
faw = 1.4MHz

1 10 100 1k
LOAD CURRENT (mA)

3.5

Figure 43. Minimum Input Voltage vs. Load Current

Based on three conversion limitations (the minimum on time,
the minimum off time, and the bootstrap dropout voltage),
Figure 44 shows the voltage conversion limitations.

22

L/ )
d

12

ViN (V)

// = MAXIMUM INPUT FOR ADP2300

= MAXIMUM INPUT FOR ADP2301
== MINIMUM INPUT FOR ADP2300/ADP2301

0 2 4 6 8 10 12 14 16

Vourt (V)

08342-055

Figure 44. Voltage Conversion Limitations

LOW INPUT VOLTAGE CONSIDERATIONS

For low input voltage between 3 V and 5V, the internal boot
regulator cannot provide enough 5.0 V bootstrap voltage due to
the internal dropout voltage. As a result, the increased MOSFET
Rps(on) reduces the available load current. To prevent this, add
an external small-signal Schottky diode from a 5.0 V external
bootstrap bias voltage. Because the absolute maximum rating
between the BST and SW pins is 6.0 V, the bias voltage should
be less than 5.5 V. Figure 45 shows the application diagram for
the external bootstrap circuit.

SCHOTTKY DIODE
3V -5V BST
VIN
5V BIAS
T VOLTAGE
= ADP2300/ =
ADP2301
sw L
s I
—EN
ON cnp  FB L o
OFF T 3 3

Figure 45. External Bootstrap Circuit for Low Input Voltage Application

PROGRAMMING THE PRECISION ENABLE

Generally, the EN pin can be easily tied to the VIN pin so that the
device automatically starts up when the input power is applied.
However, the precision enable feature allows the ADP2300/
ADP2301 to be used as a programmable UVLO by connecting
a resistive voltage divider to V , as shown in Figure 46. This
configuration prevents the start-up problems that can occur
when V ramps up slowly in soft start with a relatively high
load current.

%
N VIN
Reng 3 ADP2300/
3 ADP2301
EN
Renz 3

08342-043

Figure 46. Precision Enable Used as a Programmable UVLO

The precision enable feature also allows the ADP2300/ADP2301 to
be sequenced precisely by using a resistive voltage divider with
another dc-to-dc output supply, as shown in Figure 47.

ADP2300/
ADP2301

OTHER DC-TO-DC Rent

OUTPUT W—rt EN
Renz

08342-044

Figure 47. Precision Enable Used as a Sequencing Control
from Another DC-to-DC Output

With a 1.2 pA pull-down current on the EN pin, the equation for
the start-up voltage in Figure 46 and Figure 47 is

1
Vsrarrue = ( R

\%
+1.2 ijxREN1 +12V
EN2

where:

Virarroe 18 the start-up voltage to enable the chip.
Ry, is the resistor from the dc source to EN.
Ry, is the resistor from EN to GND.
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ADP2300/ADP2301

INDUCTOR

The high switching frequency of the ADP2300/ADP2301 allows
the use of small inductors. For best performance, use inductor
values between 2 pH and 10 uH for ADP2301, and use inductor
values between 2 pH and 22 uH for ADP2300.

The peak-to-peak inductor current ripple is calculated using the
following equation:

Al — Viv =Vour) < Vour +Vp
RIPPLE Lxf. VetV

where:

fsw is the switching frequency.
L is the inductor value.

V) is the diode forward drop.
Vv is the input voltage.

Vour is the output voltage.

Inductors of smaller values are usually smaller in size and less
expensive, but increase the ripple current and the output voltage
ripple. As a guideline, the inductor peak-to-peak current ripple
should typically be set to 30% of the maximum load current for
optimal transient response and efficiency. Therefore, the inductor
value is calculated using the following equation:

— (VI B VOUT) « VOUT + VD
0.3x1 Vin +Vp

LOAD(max) X sw

where I, 4,0 is the maximum load current.

Table 7. Recommended Inductors

The inductor peak current is calculated using the following
equation:

I - Al grpprx
PEAK — © LOAD(max) 2

The minimum current rating of the inductor must be greater
than the inductor peak current. For ferrite core inductors with a
quick saturation characteristic, the inductor saturation current
rating should be higher than the switch current-limit threshold
to prevent the inductor from reaching its saturation point. Be
sure to validate the worst-case condition, in which there is a
shorted output, over the intended temperature range.

Inductor conduction losses are caused by the flow of current
through the inductor, which is associated with the internal dc
resistance (DCR). Larger sized inductors have smaller DCR and,
therefore, may reduce inductor conduction losses. However,
inductor core losses are also related to the core material and the
ac flux swing, which are affected by the peak-to-peak induc-
tor ripple current. Because the ADP2300/ADP2301 are high
switching frequency regulators, shielded ferrite core materials
are recommended for their low core losses and low EMI. Some
recommended inductors are shown in Table 7.

Dimensions
Vendor Value (pH) Part No. DCR (mQ) lsr (A) LxW x H(mm)
Coilcraft 4.7 LPS6225-472MLC 65 3.1 6.0x6.0x24
6.8 LPS6225-682MLC 95 2.7 6.0x6.0x24
10 LPS6225-103MLC 105 2.1 6.0x6.0x 24
Sumida 4.7 CDRH5D28RHPNP-4R7N 43 37 6.2X6.2x3.0
4.7 CDRH5D16NP-4R7N 64 2.15 58%x58x%x1.8
6.8 CDRH5D28RHPNP-6R8N 61 3.1 6.2%x6.2x3.0
6.8 CDRH5D16NP-6R8N 84 1.8 58x58x%x1.8
10 CDRH5D28RHPNP-100M 93 2.45 6.2Xx6.2x3.0
Cooper Bussmann | 4.7 SD53-4R7-R 39 2.1 52x%x52x3.0
6.8 SD53-6R8-R 59 1.85 52x5.2x%x3.0
10 DR73-100-R 65 2.47 7.6x7.6%3.5
Toko 4.7 B1077AS-4R7N 34 2.6 76x7.6x4.0
6.8 B1077AS-6R8N 40 2.3 7.6x7.6x4.0
10 B1077AS-100M 58 1.8 7.6x7.6x4.0
TDK 4.7 VLC5045T-4R7M 34 33 5.0x5.0x4.5
6.8 VLC5045T-6R8M 46 2.7 50x5.0x4.5
10 VLC5045T-100M 66 2.1 50x5.0x4.5
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ADP2300/ADP2301

CATCH DIODE

The catch diode conducts the inductor current during the off
time of the internal MOSFET. The average current of the diode
in normal operation is, therefore, dependent on the duty cycle
of the regulator as well as the output load current.

I —[1——VOUT+VDJx1
DIODE(AVG) — LOAD(max)
Vin +Vp

where V,, is the diode forward drop.

The only reason to select a diode with a higher current rating than
necessary in normal operation is for the worst-case condition, in
which there is a shorted output. In this case, the diode current
increases up to the typical peak current-limit threshold. Be sure to
consult the diode data sheet to ensure that the diode can operate
well within the thermal and electrical limits.

The reverse breakdown voltage rating of the diode must be higher
than the highest input voltage and allow an appropriate margin
for the ringing that may be present on the SW node. A Schottky
diode is recommended for best efficiency because it has a low
forward voltage drop and fast switching speed. Table 8 provides
a list of reccommended Schottky diodes.

Table 8. Recommended Schottky Diodes

VRRM IAVG

Vendor Part No. (V) (A)
ON Semiconductor MBRS230LT3 30 2
MBRS240LT3 40 2
Diodes Inc. B230A 30 2
B240A 40 2
Vishay SL23 30 2
SS24 40 2

INPUT CAPACITOR

The input capacitor must be able to support the maximum input
operating voltage and the maximum rms input current. The
maximum rms input current flowing through the input
capacitor is I 5, pmag/2- Select an input capacitor capable of
withstanding the rms input current for an application’s maxi-
mum load current using the following equation:

Iinrms) = T oanman XV D> (1-D)

where D is the duty cycle and is equal to
— VOUT + VD
Vi +Vp

The recommended input capacitor is ceramic with X5R or X7R
dielectrics due to its low ESR and small temperature coefficients.
A capacitance of 10 pF should be adequate for most applications.
To minimize supply noise, place the input capacitor as close to
the VIN pin of the ADP2300/ADP2301 as possible.

OUTPUT CAPACITOR

The output capacitor selection affects both the output voltage ripple
and the loop dynamics of the regulator. The ADP2300/ADP2301
are designed to operate with small ceramic capacitors that have low
equivalent series resistance (ESR) and equivalent series inductance
(ESL) and are, therefore, easily able to meet stringent output voltage
ripple specifications.

When the regulator operates in forced continuous conduction
mode, the overall output voltage ripple is the sum of the voltage
spike caused by the output capacitor ESR plus the voltage ripple
caused by charging and discharging the output capacitor.

1
AV =Al x| ———  + ESR
RIPPLE RIPPLE (8 % for xCopr Cour J
Capacitors with lower ESR are preferable to guarantee low
output voltage ripple, as shown in the following equation:

ESR < A VRIPPLE

Cous
o Al RIPPLE

Ceramic capacitors are manufactured with a variety of dielectrics,
each with different behavior over temperature and applied voltage.
X5R or X7R dielectrics are recommended for best performance,
due to their low ESR and small temperature coefficients. Y5V
and Z5U dielectrics are not recommended because of their poor
temperature and dc bias characteristics.

In general, most applications using the ADP2301 (1.4 MHz
switching frequency) require a minimum output capacitor value
of 10 pE, whereas most applications using the ADP2300 (700 kHz
switching frequency) require a minimum output capacitor value
of 20 pF. Some recommended output capacitors for V,,; < 5.0 V
are listed in Table 9.

Table 9. Recommended Capacitors for V;; < 5.0 V

Dimensions
Vendor | Value Part No. Lx W x H (mm)

Murata 10 uF, 6.3V | GRM31MR60J106KE19 | 3.2%x 1.6 X 1.15
22 yF, 6.3V | GRM31CR60J226KE19 32x16x%x1.6

TDK 10 pF, 6.3V | C3216X5R0J106K 32x16x%x1.6
22 yF, 6.3V | C3216X5R0J226M 3.2x1.6%x0.85
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ADP2300/ADP2301

THERMAL CONSIDERATIONS

The ADP2300/ADP2301 store the value of the inductor current
only during the on time of the internal MOSFET. Therefore, a small
amount of power is dissipated inside the ADP2300/ADP2301
package, which reduces thermal constraints.

However, when the application is operating under maximum
load with high ambient temperature and high duty cycle, the
heat dissipated within the package may cause the junction
temperature of the die to exceed the maximum junction
temperature of 125°C. If the junction temperature exceeds
140°C, the regulator goes into thermal shutdown and recovers
when the junction temperature drops below 125°C.

The junction temperature of the die is the sum of the ambient
temperature of the environment and the temperature rise of the
package due to power dissipation, as indicated in the following
equation:

T,= T, + Ty

where:

T, is the junction temperature.

T, is the ambient temperature.

Ty is the rise in temperature of the package due to power
dissipation.

The rise in temperature of the package is directly proportional
to the power dissipation in the package. The proportionality
constant for this relationship is the thermal resistance from the
junction of the die to the ambient temperature, as shown in the
following equation:

Tp=0,xP,
where:
Tp is the rise in temperature of the package.
0, is the thermal resistance from the junction of the die to the

ambient temperature of the package.
P, is the power dissipation in the package.
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DESIGN EXAMPLE

This section provides the procedures to select the external com-
ponents, based on the example specifications listed in Table 10.
The schematic for this design example is shown in Figure 48.

Table 10. Step-Down DC-to-DC Regulator Requirements

Additional

Parameter Specification Requirements
Input Voltage, V,, 120V £10% None
Output Voltage, Vot | 3.3V, 1.2A, 1% Vqyr None
ripple at CCM mode
Programmable V,\ start-up voltage None

UVLO Voltage approximately 7.8V

SWITCHING FREQUENCY SELECTION

Select the switching frequency—700 kHz (ADP2300) or 1.4 MHz
(ADP2301)—using the conversion limitation curve shown in
Figure 44 to assess the conversion limitations (the minimum on
time, the minimum off time, and the bootstrap dropout voltage).

For example, in Figure 44 V,, = 12 V £ 10% is within the conver-
sion limitation for both the 700 kHz and 1.4 MHz switching
frequencies for an output voltage of 3.3 V, but choosing the 1.4 MHz
switching frequency provides the smallest sized solution. If higher
efficiency is required, choose the 700 kHz option; however, the
PCB footprint area of the regulator will be larger because of the
bigger inductor and output capacitors.

CATCH DIODE SELECTION

Select the catch diode. A Schottky diode is recommended for best
efficiency because it has a low forward voltage drop and faster
switching speed. The average current of the catch diode in
normal operation, with a typical Schottky diode forward
voltage, can be calculated using the following equation:

I piopecave) = [1 - %J X1 oaD(may)
wTVp
where:
Voyr=33V.
V=12V,
Li0ADman = 1.2 A.
V,=04V.

Therefore, Inoppave) = 0-85 A.

However, for the worst-case condition, in which there is a shorted
output, the diode current would be increased to 2 A typical, deter-
mined by the peak switch current limit (see Table 1). In this case,
selecting a B230A, 2.0 A/30 V surface-mount Schottky diode
would result in more reliable operation.

INDUCTOR SELECTION

Select the inductor by using the following equation:

_ (VI B VOUT ) % VOUT + VD
0.3x1 Viy +Vp

LOAD(max) X sw

where:
Vour=33V.
Vy=12V.
L10aDmay = 1.2 A.
V,=04V.
fsw=1.4 MHz.

This results in L = 5.15 pH. The closest standard value is 4.7 pH;
therefore, Alypp; = 0.394 A.

The inductor peak current is calculated using the following
equation:

-7 Al pippre
~ * LOAD(max) )

I

PEAK

where:
ILOAD(max) =12 A
Alypp s = 0.394 A.

Therefore, the calculated peak current for the inductor is 1.397 A.
However, to protect the inductor from reaching its saturation
point in the current-limit condition, the inductor should be rated
for at least a 2.0 A saturation current for reliable operation.

OUTPUT CAPACITOR SELECTION

Select the output capacitor based on the output voltage ripple
requirement, according to the following equation:

AV pipprp = Al gipprg % (m + ESRCO” J
where:
Alypp = 0.394 A,
fow=1.4 MHz.

AVigpprp =33 mV.
If the ESR of the ceramic capacitor is 3 mQ), then Cyyp = 1.2 puE

Because the output capacitor is one of the two external components
that control the loop stability, most applications using the ADP2301
(1.4 MHz switching frequency) require a minimum 10 pF capaci-
tance to ensure stability. According to the recommended external
components in Table 11, choose 22 pF with a 6.3 V voltage rating
for this example.
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RESISTIVE VOLTAGE DIVIDER SELECTION The resistive voltage divider for the programmable V7 start-up
To select the appropriate resistive voltage divider, first calculate the voltage is
output feedback resistive voltage divider, and then calculate the 1.2V
resistive voltage divider for the programmable V start-up voltage. Vrarrup = R +L2PA [XRpy +1.2V
EN2

The output feedback resistive voltage divider is
If Vrarrue = 7.8 V, choose Ry, = 10.2 kQ), and then calculate

Vo —0.800 VX[I-J— Ry J Ry which in this case is 56 kQ.

our
FB2

For the 3.3 V output voltage, choose Ry, = 31.6 kQ and Ry,
=10.2 kQ as the feedback resistive voltage divider, according to
the recommended values in Table 11.

Vi = 12V BST
ST 1o,
125\5 —‘76'3\/ 4.7uH Vour = 3.3V
= ADP2301 2.0A 1.2A
(1.4MHz)  SwW AN,
R3 D1 Cc2
56;0% EE 'f B230A RL L . g%{f
= 31.6kQ 3
R4 EN FB -
10.2;0(/3 _EL GND 1025(21 $ 5
= 1 1% ] :
Figure 48. Schematic for the Design Example
Table 11. Recommended External Components for Typical Applications at 1.2 A Output Load
Part Number Vi (V) Vour (V) lour (A) L (rH) Cour (HF) Reg, (kQ), £1% Rep, (kQ), £1%
ADP2300 (700 kHz) 18 3.3 1.2 10 22 31.6 10.2
18 5.0 1.2 15 22 523 10
12 1.2 1.2 6.8 2x22 4,99 10
12 1.8 1.2 6.8 2x22 12.7 10.2
12 2.5 1.2 10 22 21.5 10.2
12 3.3 1.2 10 22 31.6 10.2
12 5.0 1.2 10 22 523 10
9 3.3 1.2 10 22 31.6 10.2
9 5.0 1.2 10 22 523 10
5 1.8 1.2 4.7 2x22 12.7 10.2
5 2.5 1.2 4.7 22 21.5 10.2
ADP2301 (1.4 MHz) 18 3.3 1.2 4.7 22 31.6 10.2
18 5.0 1.2 6.8 10 523 10
12 2.5 1.2 4.7 22 21.5 10.2
12 3.3 1.2 4.7 22 31.6 10.2
12 5.0 1.2 4.7 10 523 10
9 3.3 1.2 4.7 22 31.6 10.2
9 5.0 1.2 4.7 10 523 10
5 1.8 1.2 2.2 2x22 12.7 10.2
5 2.5 1.2 2.2 22 21.5 10.2
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CIRCUIT BOARD LAYOUT RECOMMENDATIONS

Good circuit board layout is essential to obtain the best e  Minimize the length of the FB trace connecting the top of the
performance from the ADP2300/ADP2301. Poor layout can feedback resistive voltage divider to the output. In addition,
affect the regulation and stability, as well as the electromagnetic keep these traces away from the high current traces and the
interface (EMI) and electromagnetic compatibility (EMC) switch node to avoid noise pickup.
performance. A PCB layout example is shown in Figure 50.
Refer to the following guidelines for a good PCB layout: N BST j_
e Place the input capacitor, inductor, catch diode, output T ADP2300/

capacitor, and bootstrap capacitor close to the IC using = ADP2301 S ot

short traces. 1 3 :T[
e  Ensure that the high current loop traces are as short and wide I o P - 1 o

as possible. The high current path is shown in Figure 49. 1 == §

e  Maximize the size of ground metal on the component side
to improve thermal dissipation.

Figure 49. Typical Application Circuit with High Current Traces Shown in Blue

e  Use a ground plane with several vias connecting to the
component side ground to further reduce noise inter-
ference on sensitive circuit nodes.

INDUCTOR
C3

L1

L
T

OUTPUT CAP

ATCH DIOD
BST CAP

§ Py D1

© —-C1 :I ¢

d Bl |

o mm o °
ilom mm || S

@ ADP2300/ADP2301

INPUT CAP

08342-056

Figure 50. Recommended PCB Layout for the ADP2300/ADP2301
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ADP2300/ADP2301

TYPICAL APPLICATION CIRCU

ITS
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Figure 51. ADP2300—700 kHz Typical Application, Vy = 12V, Vo = 1.2 V/1.2 A with External Enabling

Vin = 12V BST —_|
VIN Cca
G 1 01uF L1
ouF 63V  6.8uH Vour = 1.8V
= ADP2300 r\2r\9¢\ 1.2A
(700kHz) ~ SwW
a3 b1 Jc2 Tecs
4 B230A 22uF 22uF
100kQ 3 ril Ie3v Leav
5% == 12.7kQ3 = =
1%
EN FB
ON GND 10 25(% $ =
oee™ i

Figure 52. ADP2300—700 kHz Typical Application, V\y= 12V, Vo - = 1.8 V/1.2 A with External En
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Figure 53. ADP2300—700 kHz Typical Application, V,y = 12V, Vo = 2.5 V/1.2 Awith External Enabling
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(1.4MHz)

GND
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Figure 54. ADP2301—1.4 MHz Typical Application, Viy = 12V, Voyr=3.3V/1.2 A
(with Programmable 7.8 V Start-Up Input Voltage)
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Figure 55. ADP2301—1.4 MHz Typical Application, Viy = 12 V, Vo yr = 5.0 V/1.2 A with External Enabling
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Figure 56. ADP2301—1.4 MHz Typical Application, V\y = 18 V, Vyr = 5.0 V/1.2 A with External Enabling
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Figure 57. ADP2301—1.4 MHz Typical Application, Viy = 9V, Vo r = 3.3 V/1.2 A with External Enabling
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Figure 58. ADP2301—1.4 MHz Typical Application, Viy =5V, Vo r= 1.8 V/1.2 A with External Enabling

BST

Sw

6 3v 4 7“” Vour = 3.3V
1.2A
c2
22uF
B230 Rt | Y
= 3L6kQ S =
1%
R2 |
10.2kQ 3 A
1% 1 3

FB

L

Rev.C | Page 25 of 28

c4
o1pF L1
6.3y 2:2uH Vour = 1.8V
2.0A oA
Y YY) l
c2
D320A 22uF 22uF
R1 { 6.3V 6.3V
= 127k03 = =
1%
R2 |
10.2kQ $
1% 1

08342-092

ADP2300/ADP2301




ADP2300/ADP2301

OUTLINE DIMENSIONS

[+— 2.90 BSC —=|

6 5 4
1eoBsc || +\ || 2soBsc
|
| 1 2 3
PIN 1
INDICATOR L
0.95BSC
1.90
BSC
*0.90
0.87
0.84 [
] « 0.20
1.00 MAX 0.08
Y i A s Y _L‘
0.10 MAX J | L SEATING 8 j | Loﬁo
050 | PLANE % | <oz
0.30 0° =

*COMPLIANT TO JEDEC STANDARDS MO-193-AA WITH
THE EXCEPTION OF PACKAGE HEIGHT AND THICKNESS.

o
o

.3

102808-A

Figure 59. 6-Lead Thin Small Outline Transistor Package [TSOT]

(UJ-6)

Dimensions shown in millimeters

ORDERING GUIDE

Switching Package
Model’ Frequency | Temperature Range | Package Description Option Branding
ADP2300AUJZ-R2 700 kHz —40°C to +125°C 6-Lead Thin Small Outline Transistor Package [TSOT] UJ-6 L87
ADP2300AUJZ-R7 | 700 kHz —40°C to +125°C 6-Lead Thin Small Outline Transistor Package [TSOT] UJ-6 L87
ADP2300-EVALZ Evaluation Board
ADP2301AUJZ-R2 1.4 MHz —40°C to +125°C 6-Lead Thin Small Outline Transistor Package [TSOT] uJ-6 L86
ADP2301AUJZ-R7 1.4 MHz —40°C to +125°C 6-Lead Thin Small Outline Transistor Package [TSOT] uJ-6 L86

ADP2301-EVALZ

Evaluation Board

' Z = RoHS Compliant Part.
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NOTES
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NOTES
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Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View ADP2301AUJZ-RA on WIN SOURCE

@ Iﬁnalog Devices Inc] Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
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Alternative Solution
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