ANALOG 3 MHz, 600 mA, Low Quiescent Current

DEVICES

Buck with 300 mA LDO Regulator

ADP2140

FEATURES

Input voltage range: 2.3V to 5.5V
LDO input (VIN2) 1.65V to 5.5V
Buck output voltage range: 1.0V to 3.3V
LDO output voltage range: 0.8 V to 3.3V
Buck output current: 600 mA
LDO output current: 300 mA
LDO quiescent current: 22 pA with zero load
Buck quiescent current: 20 pA in PSM mode
Low shutdown current: <0.3 pA
Low LDO dropout 110 mV @ 300 mA load
High LDO PSRR
65dB @ 10 kHzatVour2=1.2V
55dB @ 100 kHz at Vour2=1.2V
Low noise LDO: 40 pV rms at Vour2=1.2V
Initial accuracy: £1%
Current-limit and thermal overload protection
Power-good indicator
Optional enable sequencing
10-lead 0.75 mm x 3 mm x 3 mm LFCSP package

APPLICATIONS

Mobile phones

Personal media players

Digital camera and audio devices
Portable and battery-powered equipment

GENERAL DESCRIPTION

The ADP2140 includes a high efficiency, low quiescent 600 mA
stepdown dc-to-dc converter and a 300 mA LDO packaged in a
small 10-lead 3 mm x 3 mm LFCSP. The total solution requires
only four tiny external components.

The buck regulator uses a proprietary high speed current-mode,
constant frequency, pulse-width modulation (PWM) control
scheme for excellent stability and transient response. To ensure
the longest battery life in portable applications, the ADP2140 has

a power saving variable frequency mode to reduce switching fre-
quency under light loads.

The LDO is a low quiescent current, low dropout linear regulator
designed to operate in a split supply mode with Vix: as low as
1.65 V. The low input voltage minimum allows the LDO to be
powered from the output of the buck regulator increasing effi-
ciency and reducing power dissipation. The ADP2140 runs from
input voltages of 2.3 V to 5.5 V allowing single Li+/Li— polymer
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TYPICAL APPLICATION CIRCUITS
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Figure 1. ADP2140 with LDO Connected to Vi
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Figure 2. ADP2140 with LDO Connected to Buck Output

cell, multiple alkaline/NiMH cell, PCMCIA, and other standard
power sources.

ADP2140 includes a power-good pin, soft start, and internal
compensation. Numerous power sequencing options are user-
selectable through two enable inputs. In autosequencing mode,
the highest voltage output enables on the rising edge of EN1.
During logic controlled shutdown, the input disconnects from
the output and draws less than 300 nA from the input source.
Other key features include: undervoltage lockout to prevent deep
battery discharge, soft start to prevent input current overshoot
at startup, and both short-circuit protection and thermal overload
protection circuits to prevent damage in adverse conditions.

When the ADP2140 is used with two 0603 capacitors, one 0402

capacitor, one 0402 resistor, and one 0805 chip inductor, the total
solution size is approximately 90 mm? resulting in the smallest foot-
print solution to meet a variety of portable applications.
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ADP2140

SPECIFICATIONS

Vi =36V, Vi, = Voup, + 0.3 Voor 1.65 V, whichever is greater; 5V EN1 = EN2 = V,.;; Iy;p = 200 mA, Iy, = 10 mA, C = 10 pE,

Cour = 10 pF, Coyr, = 1 pE Loyr = 1 uH; 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/Comments Min Typ Max | Unit
BUCK SECTION
Input Voltage Range Vini 23 55 \Y
Buck Output Accuracy Vour lour=10mMA -1.5 +15 | %
Vi =2.3Vor (Vo +0.5V)t0 55V, ly;r=1mAto600mA | —-2.5 +25 | %
Transient Load Regulation Vig10a0 Vour=1.8V
Load = 50 mA to 250 mA, rise/fall time =200 ns 75 mV
Load =200 mA to 600 mA, rise/fall time =200 ns 75 mV
Transient Line Regulation Virne Line transient=4Vto 5V, 4 ps rise time
Voyr=1.0V 40 mv
Voyr=1.8V 25 mv
Vour=3.3V 25 mv
PWM To PSM Threshold Vi =23Vor (Vg +0.5V)to 5.5V 100 mA
Output Current lour 600 mA
Current Limit lim Vi =23Vor (Vg +05V)to 5.5V 1100 1300 | mA
Switch On Resistance
PFET Reeer Vi =23Vto5.5V 250 mQ
NFET Rurer Vi =23Vto55V 250 mQ
Switch Leakage Current | eak-sw EN1=GND,VIN1=55V,and SW=0V -1 MA
Quiescent Current I No load, device not switching 20 30 uA
Minimum On Time ON-TIME, 70 ns
Oscillator Frequency FREQ 2.55 3.0 3.15 MHz
Frequency Foldback Threshold | Vo Output voltage where f;,, < 50% of nominal frequency 50 %
Start-Up Time' torarrup Vour = 1.8V, 600 mA load 70 s
Soft Start Time? SStme Vour = 1.8V, 600 mA load 150 s
LDO SECTION
Input Voltage Range Vina 1.65 5.5 \Y
LDO Output Accuracy Voura loura =10 mA, T, = 25°C -1 +1 %
1MA < loyr < 300 MA, Vyy, = (Vour, + 0.3V) t0 5.5V, T, | =15 +15 | %
=25°C
1MA < loyr, < 300 MA, Vjy, = (Vour, + 0.3V) t0 5.5V -3 +3 %
Line Regulation AVour/BVy, | Vine=Vour +0.3V) to 5.5V, lgyr, = 10 MA -0.05 +0.05 | %/V
Load Regulation? AVour/Bloyr, | lour, =1 mA to 300 mA 0.001 0.005 | %/mA
Dropout Voltage* Vropout loura = 10 MA, Vg1, = 1.8V 4 7 mV
lour> = 300 MA, Vo, = 1.8V 110 200 | mV
Ground Current laanp No load, buck disabled 22 35 pA
lour, = 10 MA 65 20 A
lour> = 300 MA 150 220 | pA
Power Supply Rejection Ratio | PSRR Vie=Voun + TV, Vi =5V, lgyr, = 10 mA
PSRR on V,, 10 kHz, Vg1, = 1.2V, 1.8V, 3.3V 65 dB
100 kHz, Voyp, = 3.3V 53 dB
100 kHz, Voyp, = 1.8V 54 dB
100 kHz, Voyp, = 1.2V 55 dB
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ADP2140

Parameter Symbol Test Conditions/Comments Min Typ Max | Unit
Output Noise OUT o1t Vie=Vini =5V gy, = 10 mA
10 Hz to 100 kHz, Vg, = 0.8V 29 uVv rms
10 Hz to 100 kHz, Vo, = 1.2V 40 pVrms
10 Hz to 100 kHz, V1, = 1.8V 50 pV rms
10Hz to 100 kHz, V1, =2.5V 66 pV rms
10 Hz to 100 kHz, Vg, = 3.3V 88 uVv rms
Current Limit lim T,=25°C 360 500 760 mA
Input Leakage Current | eakLoo EN2=GND, V,,=5.5VandVy, =0V 1 pA
Start-Up Time' torarrup Vour = 3.3V, 300 mA load 70 s
Soft Start Time? SStme Vour, = 3.3V, 300 mA load 130 s
ADDITIONAL FUNCTIONS
Undervoltage Lockout uvLO
Input Voltage Rising UVLOg e 223 23 \Y
Input Voltage Falling UVLOgs 205 216 \Y
EN Input
EN1, EN2 Input Logic High Vi 23V<V, <55V 1.0 Vv
ENT, EN2 Input Logic Low 'R 23V <V, <55V 0.27 Vv
EN1, EN2 Input Leakage len-ika EN1, EN2 =V, or GND 0.05 pA
EN1, EN2 =V, or GND 1 A
Shutdown Current lspur Viy1 =5.5V,ENT, EN2 = GND, T,=—-40°C to +85°C 03 1.2 pA
Thermal Shutdown
Threshold TSep T, rising 150 °C
Hysteresis TSeponvs 20 °C
Power Good
Rising Threshold PGgise 92 %Vour
Falling Threshold PGeaL 86 %Voyr
Power-Good Hysteresis PGys 6 %Vour
Output Low Voo Iy =4 MmA 0.2 \Y
Leakage Current lon Power-good pin pull-up voltage = 5.5V 1 UA
Buck to LDO Delay torLay PWM mode only 5 ms
Power-Good Delay treser PWM mode only 5 ms

! Start-up time is defined as the time between the rising edge of ENx to V;, being at 10% of the V¢, nominal value.
2 Soft start time is defined as the time between V,;, being at 10% to Vq;, being at 90% of the Vqr, nominal value.

3 Based on an endpoint calculation using 1 mA and 300 mA loads.
* Dropout voltage is defined as the input-to-output voltage differential when the input voltage is set to the nominal output voltage. This applies only for output

voltages above 2.3 V.

RECOMMENDED SPECIFICATIONS: CAPACITORS AND INDUCTOR

Table 2.
Parameter Symbol Test Conditions/Comments | Min Typ Max Unit
MINIMUM INPUT AND OUTPUT CAPACITANCE' T,=-40°Cto +125°C
Buck Cuin 7.5 10 uF
LDO Cun 0.7 1.0 MF
CAPACITORESR Tp=-40°Cto +125°C Q
Buck Resq 0.001 001 |0
LDO Resr 0.001 1 Q
MINIMUM INDUCTOR INDyn 0.7 1 pH

' The minimum input and output capacitance should be greater than 0.70 uF over the full range of operating conditions. The full range of operating conditions in the
application must be considered during device selection to ensure that the minimum capacitance specification is met. X7R- and X5R-type capacitors are recommended,
Y5V and Z5U capacitors are not recommended for use with any LDO.
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ADP2140

ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating

VINT1, VIN2 to PGND, AGND -03Vto+6.5V
VOUT2 to PGND, AGND —0.3VtoV,

SW to PGND, AGND -0.3VtoVy,

FB to PGND, AGND -03Vto+6.5V
PG to PGND, AGND -03Vto+6.5V
EN1, EN2 to PGND, AGND -0.3Vto+6.5V
Storage Temperature Range —65°C to +150°C
Operating Ambient Temperature Range —40°C to +85°C
Operating Junction Temperature Range —40°Cto +125°C
Soldering Conditions JEDEC J-STD-020

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.

THERMAL DATA

Absolute maximum ratings apply individually only, not in com-
bination. The ADP2140 can be damaged when the junction
temperature limits are exceeded. Monitoring ambient temperature
does not guarantee that T; is within the specified temperature
limits. In applications with high power dissipation and poor
thermal resistance, the maximum ambient temperature may
need to be derated.

In applications with moderate power dissipation and low
printed circuit board (PCB) thermal resistance, the maximum
ambient temperature can exceed the maximum limit as long as
the junction temperature is within specification limits. The
junction temperature (T)) of the device is dependent on the
ambient temperature (T,), the power dissipation of the device
(Pp), and the junction-to-ambient thermal resistance of the
package (6,,).

Maximum junction temperature (T)) is calculated from the
ambient temperature (T,) and power dissipation (Pp,) using the
formula

T)=T,+ (P, x0,)

Junction-to-ambient thermal resistance (0,,) of the package is
based on modeling and calculation using a 4-layer board. The
junction-to-ambient thermal resistance is highly dependent on
the application and board layout. In applications where high
maximum power dissipation exists, close attention to thermal
board design is required. The value of 0,, may vary, depending
on PCB material, layout, and environmental conditions. The
specified values of 6, are based on a 4-layer, 4 in. x 3 in. circuit
board. Refer to JESD 51-7 for detailed information on the board
construction.

For more information, see AN-772 Application Note, A Design
and Manufacturing Guide for the Lead Frame Chip Scale Package
(LFCSP).

W), is the junction-to-board thermal characterization parameter
with units of °C/W. ¥, of the package is based on modeling and
calculation using a 4-layer board. The JESD51-12, Guidelines for
Reporting and Using Package Thermal Information, states that
thermal characterization parameters are not the same as thermal
resistances. ¥}, measures the component power flowing through
multiple thermal paths rather than a single path, as in thermal
resistance, 0. Therefore, ¥}, thermal paths include convection
from the top of the package as well as radiation from the package,
factors that make ¥, more useful in real-world applications.
Maximum junction temperature (T)) is calculated from the
board temperature (T;) and power dissipation (Pp) using the
formula

T)=Ty+ (Pyx ¥p)

Refer to JESD51-8 and JESD51-12 for more detailed
information about ¥/

THERMAL RESISTANCE

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

Table 4. Thermal Resistance

Package Type 0,, v, Unit

10-Lead 3 mm x 3 mm LFCSP 353 16.9 °C/wW

ESD CAUTION

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge

‘ without detection. Although this product features
patented or proprietary protection circuitry, damage

‘fﬁl\ 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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ADP2140

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

PGND [Z21 10221 VINL
sw[Z>2 ADP2140 9 IZ]PG
-~ 2 TOPVIEW g --

AGND f_3 (Not to Scale) 8 CJENL
FB[I04 7 ZZ]1EN2
VIN2 [Z25 6 L_] VOUT2

NOTES

1. THE EXPOSED PAD ON THE BOTTOM OF THE LFCSP PACKAGE ENHANCES
THERMAL PERFORMANCE AND IS ELECTRICALLY CONNECTED TO GROUND
INSIDE THE PACKAGE. IT IS RECOMMENDED THAT THE EXPOSED PAD BE
CONNECTED TO THE GROUND PLANE ON THE CIRCUIT BOARD.

07932-003

Figure 3. Pin Configuration

Table 5. Pin Function Descriptions

Pin Mnemonic Description

1 PGND Power Ground.

2 SW Connection from Power MOSFETs to Inductor.

3 AGND Analog Ground.

4 FB Feedback from Buck Output.

5 VIN2 LDO Input Voltage.

6 VOUT2 LDO Output Voltage.

7 EN2 Logic 1 to Enable LDO or No Connect for Autosequencing.

8 EN1 Logic 1 to Enable Buck or Initiate Sequencing. This is a dual function pin and the state of EN2 determines
which function is operational.

9 PG Power Good. Open-drain output. PG is held low until both output voltages (which includes the external
inductor and capacitor sensed by the FB pin) rise above 92% of nominal value. PG is held high until both
outputs fall below 85% of nominal value.

10 VIN1 Analog Power Input.

EP Exposed Pad. The exposed pad on the bottom of the LFCSP package enhances thermal performance and is
electrically connected to ground inside the package. It is recommended that the exposed pad be connected
to the ground plane on the circuit board.
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ADP2140

TYPICAL PERFORMANCE CHARACTERISTICS

BUCK OUTPUT
Vi =4V, Voyur = 1.8 V, Iy = 10 mA, Cy = Coyp = 10 pE, T, = 25°C, unless otherwise noted.
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ADP2140

Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.

1.82 3.350
1.81 A\ _—
_ —| —_— 3325
?, 1.80 _\ \>,
w e~ = J w
2 \; O] /-\\
3 179 ——t—r] 0 3.300
> >
5 | 5 /
= = N/
5 178 —— LOAD CURRENT = 1ImA 5 N1
© —— LOAD CURRENT = 10mA R
—— LOAD CURRENT = 50mA
177 LOAD CURRENT = 100mA
—— LOAD CURRENT = 300mA
—— LOAD CURRENT = 600mA
1.76 o 3.250 N
23 27 31 35 39 43 47 51 553 1 10 100 1000
INPUT VOLTAGE (V) g LOAD CURRENT (mA) g
Figure 10. Line Regulation, V= 1.8V, Different Loads Figure 13. Load Regulation, Vo r=3.3V
1.82 100
90 ==
e ——
1.81 N sEh
N 80 B 1
< 70
o 180 / = Py
[0 L S =
P:3 T~ 60
= s 6
. \\ >
Q 17 ] & 50
= ]
g T
1.78
3 30
—25v
177 20 —3.ov
—a0v
10 5.0V
—55v
1.76 - 0 .
1 10 100 1000 1 10 100 1000
LOAD CURRENT (mA) g LOAD CURRENT (mA) g
Figure 11. Load Regulation, Voyr= 1.8V, V\y; =23V Figure 14. Efficiency vs. Load Current, V= 1.8 V, Different Input Voltages
1.22 100
2
1.21 80
- — L - —
P q I~ 70 —::#_'
w g L ——T1
Q S 1
2 120 S 60
>
5 ~L_| 0 ol
= 9
2 119 £ 40
= w
3 30
1.18 20 :gg)cc
+25°C
10 +85°C
+125°C
1.17 N 0 -
1 10 100 1000 3 1 10 100 1000
LOAD CURRENT (mA) g LOAD CURRENT (mA) g
Figure 12. Load Regulation, Vo= 1.2V, V), =23V Figure 15. Efficiency vs. Load Current, Vo = 1.8 V, Different Temperatures
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ADP2140

Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.
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Figure 16. Efficiency vs. Load Current, Vo= 1.2 V, Different Input Voltages Figure 19. Efficiency vs. Load Current, Vo = 3.3 V, Different Temperatures
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Figure 17. Efficiency vs. Load Current, V= 1.2 V, Different Temperatures Figure 20. Efficiency vs. Load Current, V= 3.3 V, Different Input Voltages
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Figure 18. Line Transient, V= 1.8 V, Power Save Mode, 50 mA, Figure 21. Line Transient, V= 1.8 V, PWM Mode, 600 mA, Vy, =4 Vto 5V,
Vi =4Vto5V, 4 usRise Time 4 us Rise Time
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ADP2140

Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.
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Figure 22. Line Transient, V- = 1.2 V, PSM Mode, 50 mA, V), =4 Vto 5V, Figure 25. Line Transient, V= 3.3 V, PWM Mode, 600 mA, V,y, =4 Vto 5V,
4 us Rise Time 4 us Rise Time
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Figure 23. Line Transient, Vo r = 1.2V, PWM Mode, 600 mA, V)y, =4 Vto 5V, Figure 26. Load Transient, Vo r = 1.8V, 200 mA to 600 mA, Load Current Rise
4 us Rise Time Time =200 ns
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Figure 24. Line Transient, V- = 3.3 V, PSM Mode, 50 mA, V), =4 Vto 5V, Figure 27. Load Transient, Vor = 1.8V, 50 mA to 250 mA, Load Current Rise
4 us Rise Time Time =200 ns
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Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.
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Figure 28. Load Transient, Vo ;= 1.8 V,10 mA to 110 mA, Load Current Rise
Time =200 ns
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Figure 29. Load Transient, Vo ;= 3.3 V, 200 mA to 600 mA, Load Current Rise
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Figure 30. Load Transient, Vo ;= 3.3 V, 50 mA to 250 mA, Load Current Rise

Time =200 ns

07932-028

07932-029

07932-030

Rev.A|Page 11 of 32

A

LOAD CURRENT

SWITCH NODE

OUTPUT VOLTAGE

R IR

CH1 50.0mA CH2 100.0mV M20.0us

CH3 5.00v

10.40%

A CH1_/ 50.0mA

E SWITCH NODE ]
B} ez ]
E LOAD CURRENT ]
B ]
F OUTPUT VOLTAGE ]

CH1 200.0mA CH2 50.0mV  M20.0us

CH3 5.00v

10.40%

Time =200 ns

SWITCH NODE

A CH1_/ 376mA

LOAD CURRENT

OUTPUT VOLTAGE

CH1 100.0mA CH2 50.0mV  MZ20.0ps

CH3 5.00v

10.40%

Time =200 ns

A CH1_/ 154mA

07932-031

Figure 31. Load Transient, Voyr= 3.3 V,10 mA to 110 mA, Load Current Rise
Time =200 ns
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Figure 32. Load Transient, Voyr = 1.2V, 200 mA to 600 mA, Load Current Rise
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Figure 33. Load Transient, Voyr= 1.2V, 50 mA to 250 mA, Load Current Rise
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Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.
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Figure 34. Load Transient, Voy;= 1.2 V,10 mA to 110 mA, Load Current Rise
Time =200 ns
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Figure 35. Startup, Voyr=1.8V, 10 mA
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Figure 36. Startup, Voyr = 1.8V, 600 mA

07932-036

Rev.A|Page 12 of 32

Bp I -I.
N SWITCH NODE ]
- d ‘ INDUCTOR CURRENT
14, l ]l
F OUTPUT VOLTAGE _]
s ENABLE 1 1
B: ............................l........:
CH1 500mA  CH2 2.00V M40.0ps A CH4 [ 2.70V
CH3 5.00V  CH4 5.00V 10.40%
Figure 37. Startup, Voyr=3.3V, 10mA
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Figure 38. Startup, Voyr = 3.3V, 600 mA
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Figure 39. Startup, Voyr=1.2V, 10 mA
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Via =4V, Vour = 1.8 V, Igyr = 10 mA, Ciy = Coyr = 10 puE T, = 25°C, unless otherwise noted.
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Figure 40. Startup, Voyr= 1.2V, 600 mA Figure 41. Startup, Autosequence Mode, Vo ;= 1.8V, Voyr, = 1.2V
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LDO OUTPUT
Vi =5V, Vi, =23V, Voup, = 1.8 V, Iy, = 10 mA, Cyy, = Coyp, = 1 UE T, = 25°C, unless otherwise noted.
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Figure 42. Output Voltage vs. Junction Temperature, Different Loads
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Figure 43. Output Voltage vs. Load Current
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Figure 44. Output Voltage vs. Input Voltage, Different Loads
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Figure 46. Ground Current vs. Load Current
160
140 ~ |
120
100
80
60
40 —— LOAD CURRENT = 1ImA
—— LOAD CURRENT = 5mA
20 —— LOAD CURRENT = 10mA
LOAD CURRENT = 50mA
—— LOAD CURRENT = 100mA
0 —— LOAD CURRENT = 300mA
22 26 30 34 38 42 46 50 54

INPUT VOLTAGE (V)

Figure 47. Ground Current vs. Input Voltage, Different Loads
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Figure 45. Ground Current vs. Junction Temperature, Different Loads
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Vi =5V, Vi, = 2.3V, Voun, = 1.8 V, Igyp, = 10 mA, Cp, = Coyr, = 1 UE T, = 25°C, unless otherwise noted.
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Figure 48. Shutdown Current vs. Temperature at Various Input Voltages Figure 51. Ground Current vs. Input Voltage (in Dropout)
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Figure 49. Dropout Voltage vs. Load Current Figure 52. Power Supply Rejection Ratio vs. Frequency Voyr, = 1.2V, Vi, =5V,
V=22V
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Vi =5V, Vi, = 2.3V, Voun, = 1.8 V, Igyp, = 10 mA, Cp, = Coyr, = 1 UE T, = 25°C, unless otherwise noted.
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Figure 54. Power Supply Rejection Ratio vs. Frequency, Voyr, = 3.3V,
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Figure 55. Power Supply Rejection Ratio vs. Frequency, Voyr, = 1.8V,
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