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ADP1765

5 A, Low V|5, Low Noise, CMOS Linear Regulator

FEATURES

» 5 A maximum output current
» Low input voltage supply range
» Viy=1.10Vto 1.98 V, no external bias supply required
» Fixed output voltage range (Vout fixep): 0.55 V1o 1.5V
» Adjustable output voltage range (Vout apy): 0.5Vto 1.5V
» Ultralow noise: 2 uV rms, 100 Hz to 100 kHz
» Noise spectral density: 5 nV/NHz at 10 kHz; 4 nVAHz at 100 kHz
» Low dropout voltage: 59 mV typical at 5 A load
» Operating supply current: 5 mA typical at no load

» 11.5% fixed output voltage accuracy over line, load, and temper-
ature

» Excellent power supply rejection ratio (PSRR) performance
» 61 dB typical at 10 kHz at 5 A load
» 43 dB typical at 100 kHz at 5 A load

» Excellent load/line transient response

» Soft start to reduce inrush current

» Optimized for small 22 yF ceramic capacitors

» Current-limit and thermal overload protection

» Power-good indicator

» Precision enable

» 16-lead, 3 mm x 3 mm LFCSP package

APPLICATIONS

» Regulation to noise sensitive applications such as RF trans-
ceivers, analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) circuits, phase-locked loops (PLLs), voltage
controlled oscillators (VCOs) and clocking integrated circuits

» Field-programmable gate array (FPGA) and digital signal pro-
cessor (DSP) supplies

» Medical and healthcare

» Industrial and instrumentation

Rev. B

TYPICAL APPLICATION CIRCUITS

Vix = 1.8V ADP1765 Vour = 1.5V
IN— I .
+- VIN VouT
Cin Cour
g 22uF SENSE {;zzpF
RS EN on
PG = PG OFF
J‘i sS VADJ |—
Css VREG REFCAP
1CREF

10nF | cooo GND
g 1uF T g;wl:

Figure 1. Fixed Output Operation
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Figure 2. Adjustable Output Operation

002

GENERAL DESCRIPTION

The ADP1765 is a low noise, low dropout (LDO) linear regulator.
It is designed to operate from a single input supply with an input
voltage as low as 1.10 V without the requirement of an external bias
supply to increase efficiency and provide up to 5 A of output current

(lout).

The low 59 mV typical dropout voltage at a 5 A load allows the
ADP1765 to operate with a small headroom while maintaining
regulation and providing better efficiency.

The ADP1765 is optimized for stable operation with small 22 uF
ceramic output capacitors. The ADP1765 delivers optimal transient
performance with minimal printed circuit board (PCB) area.

The ADP1765 is available in fixed output voltages ranging from
0.55 Vto 1.5 V. The output voltage (Vo) of the adjustable output
model can be set from 0.5 V to 1.5 V through an external resistor
connected between VADJ and ground.

The ADP1765 has an externally programmable soft start time by
connecting a capacitor to the SS pin. Short-circuit and thermal
overload protection circuits prevent damage in adverse conditions.
The ADP1765 is available in a small, 16-lead LFCSP package for
the smallest footprint solution to meet a variety of applications.
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SPECIFICATIONS

VIN = VOUT +0.2Vor VIN = 1.1V, whichever is greater, |OUT =100 mA, CIN =22 UF, COUT =22 UF, CREF =1 UF, CREG =1 UF, TA =25°C,
minimum and maximum limits at T; = -40°C to +125°C, unless otherwise noted.

Table 1.
Parameter Symbol Test Conditions/Comments Min Typ Max Unit
INPUT VOLTAGE SUPPLY RANGE Vin T,;=-40°Cto +125°C 1.10 1.98 v
OPERATING SUPPLY CURRENT lenp lour = 0 A 5 17 mA
lout = 100 mA 5 18 mA
louT=5A 12 25 mA
SHUTDOWN CURRENT leND_sD EN=GND 4 A
T;=-40°C to +85°C 200 YA
T,;=85Cto 125°C 900 PA
NOISE!
Output Noise OUTnoise 10 Hz to 100 kHz, Viy=1.1V, Vour =09V 3 pV rms
100 Hz to 100 kHz, Viy = 1.1V, Vour =09V 2 gV rms
10 Hz to 100 kHz, Viy=1.5V, Vour = 1.3V 3 uV rms
100 Hz to 100 kHz, Viy = 1.5V, Vour = 1.3V 2 pvV rms
10 Hz to 100 kHz, Viy= 1.7V, Vour = 1.5V 3 gV rms
100 Hz to 100 kHz, Viy = 1.7V, Vour = 1.5V 2 uV rms
Noise Spectral Density OUTnsp Vour=0.55V 10 1.5V, loyr = 100 mA
At 10 kHz 5 nVAHz
At 100 kHz 4 nVAHz
POWER SUPPLY REJECTION RATIO! PSRR lout =5 A, modulated Vi
10kHz, Vour = 1.3V, V[y=1.7V 61 dB
100 kHz, Vour =13V, Vy=17V 43 dB
1MHz, Vour =13V, V=17V 33 dB
10kHz, Vour =09V, Vjy=1.3V 57 dB
100 kHz, Vour =09V, V=13V 43 dB
1MHz, Vour=09V,Vy=13V 33 dB
OUTPUT VOLTAGE RANGE T;=25°C
Fixed Vout Fixep 0.55 1.5 \
Adjustable VOUT_ADJ 0.5 1.5 \
FIXED OUTPUT VOLTAGE ACCURACY Vour loyr =100 mA, T;=25°C -0.75 +0.75 | %
100 mA<lgyr<5A, T;=0°Ct0 85°C -1.3 +1.3 %
100 mA<lgyr<5A, T;=0°Cto 125°C -1.5 +1.5 %
ADJUSTABLE PIN CURRENT IaDy Ty=25°C, Vppy=05V 49.5 500 507 JA
Vin = Vour +0.2Vor Viy = 1.1V, whichever is 49.0 500 512 HA
greater to 1.98 V
ADJUSTABLE OUTPUT VOLTAGE GAIN FACTOR Ap Vaps=0.5V; Viy=Voyr +02VorViy=1.1V,
whichever is greater, to 1.98 V
T;=25°C 2.99
T;=-40°Cto +125°C 2.96 3.02
REGULATION
Line AVour/AVy Vin = Vour +0.2Vor Viy = 1.1V, whichever is -0.10 +0.10 | %V
greater, t0 1.98 V
Load? AVOUT/AIOUT lOUT =100mAto5A 0.12 0.3 %lA
DROPOUT VOLTAGE® VpropouT lour=4 A, Vour =12V 47 75 mV
lour=5A, Vour =12V 59 95 mV
START-UP TIME™ 4 tSTARTUP CSS =10nF, VOUT =1V 1 ms
SOFT START CURRENT IRer 11VSVs198V 8 10 12 A
CURRENT-LIMIT THRESHOLD': 3 I 7.0 8.0 85 A
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SPECIFICATIONS
Table 1.
Parameter Symbol Test Conditions/Comments Min Typ Max Unit
THERMAL SHUTDOWN'
Threshold TSsp T, rising 152 °C
Hysteresis TSsp Hys 16 °C
POWER-GOQD (PG) OUTPUT
Output Voltage Threshold
Falling PGraLL 1.1V<Vys1.98V -6.2 %
Rising PGRrise 11VSVs198V -35 %
Output Voltage Low PGLow 11VEVy<$1.98Y, lpg<1mA 0.3 \
Leakage Current Ip_Lke 1AVSVyS1.98YV 0.01 1 HA
Delay PGpeLay ENrisinG to PGrising 0.75 ms
PRECISION EN INPUT 1.1VsVys1.98V
Logic Input Voltage
High ENHiGH 0.60 065 069 v
Low ENLow 0.55 060 065 v
Input Logic Hysteresis ENyys 50 mV
Input Leakage Current lEN kG Ven = Viyor GND 0.01 1 YA
Input Delay Time ten DLy From EN rising from 0 V to Vi to 0.1 x Vgyr 100 1S
UNDERVOLTAGE LOCKOUT uvLO
Input Voltage
Rising UVLORise T;=-40°Cto +125°C 1.00  1.06 v
Falling UVLOpaL T,;=-40°C to +125°C 0.85 0.93 v
Hysteresis UVLOuys 70 mV

Guaranteed by characterization but not production tested.

2 Based on an endpoint calculation using 100 mA and 5 A loads.

11V

Start-up time is the time from the rising edge of Vgy to Voyr being at 90% of its nominal value.

defined as the current that causes the output voltage to drop to 90% of 1.0 V, or 0.9 V.

INPUT AND OUTPUT CAPACITOR: RECOMMENDED SPECIFICATIONS

Dropout voltage is defined as the input-to-output voltage differential when the input voltage is set to the nominal output voltage, which applies only for output voltages above

Current-limit threshold is the current at which the output voltage drops to 90% of the specified typical value. For example, the current limit for a 1.0 V output voltage is

Table 2.
Parameter Symbol Test Conditions/Comments Min Typ Max Unit
CAPACITANCE! Tp=-40°Cto +125°C
Input Cin 14.5 22 uF
Output Court 14.5 22 uF
Regulator Crec 0.7 1 uF
Reference Crer 0.07 1 uF
CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR) Resr Tp=-40°C to +125°C
Civ, Cour 02 Q
CREG 0.5 Q
Crer 2 Q

The minimum input and output capacitance must be >14.5 pF over the full range of the operating conditions. Consider the full range of the operating conditions in the

application 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.

analog.com
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ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating

VIN to GND -0.3Vto+2.16V
ENto GND -0.3V1to+3.96 V
VOUT to GND -0.3Vto Vi
SENSE to GND -0.3Vto Vi
VREG to GND -0.3VtoVy
REFCAP to GND -0.3Vto Vi
VADJ to GND -0.3Vto Vi
SSto GND -0.3VtoVy

PG to GND -0.3Vto+3.96V
Storage Temperature Range -65°C to +150°C
Operating Junction Temperature Range -40°C to +125°C
Junction Temperature 150°C

Lead Temperature (Soldering, 10 sec) 300°C

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

THERMAL DATA

Absolute maximum ratings apply individually only, not in combina-
tion. The ADP1765 can be damaged when the junction temperature
limits are exceeded. The use of appropriate thermal management
techniques is recommended to ensure that the maximum junction
temperature does not exceed the limits shown in Table 3.

Use the following equation to calculate the junction temperature
(T,) from the board temperature (Tgoarp) OF package top tempera-
ture (Trop)

T;= Tgoarp + (Pp * ¥ a)
Ty=Trop* (Ppx Wy)

Y5 is the junction to board thermal characterization parameter and
W7 is the junction to top thermal characterization parameter with
units of °C/W.

Y 5 of the package is based on modeling and calculation using

a 4-layer board. JESD51-12, Guidelines for Reporting and Using
Electronic Package Thermal Information, states that thermal char-
acterization parameters are not the same as thermal resistances.
Y5 measures the component power flowing through multiple ther-
mal paths rather than a single path as in thermal resistance, 6 g.
Therefore, W g thermal paths include convection from the top of the
package as well as radiation from the package, factors that make
W5 more useful in real-world applications.

THERMAL RESISTANCE/PARAMETER
Values shown in Table 4 are calculated in compliance with JEDEC
standards for thermal reporting. 8, is the natural convection junc-

analog.com

tion to ambient thermal resistance measured in a one cubic foot
sealed enclosure. 8¢ is the junction to case thermal resistance. 8,5
is the junction to board thermal resistance. W g is the junction to
board thermal characterization parameter. ¥y is the junction to top
thermal characterization parameter.

In applications where high maximum power dissipation exists,
close attention to thermal board design is required. Thermal resist-
ance/parameter values may vary, depending on the PCB material,
layout, and environmental conditions.

Table 4. Thermal Resistance/Parameter
Package Type SJA OJC eJB wJB WJT Unit
CP-16-48' (4065 747 (1738 129 [085 |°CW

! Thermal resistance/parameter simulated values are based on a JEDEC 2S2P
thermal test board for W1, Wz, 8,4, and 8,5 and a JEDEC 1SOP thermal test
board for 6,¢ with four thermal vias. See JEDEC JESD51-12.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Charged devi-
. ces and circuit boards can discharge without detection. Although

this product features patented or proprietary protection circuitry,

damage 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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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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NOTES

1. THE EXPOSED PAD IS ELECTRICALLY
CONNECTED TO GND. IT IS RECOMMENDED
THAT THIS PAD BE CONNECTED TO A GROUND
PLANE ON THE PCB. THE EXPOSED PAD IS
ON THE BOTTOM OF THE PACKAGE.
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Figure 3. Pin Configuration

Table 5. Pin Function Descriptions

Pin No. Mnemonic Description

1t04 VIN Regulator Input Supply. Bypass VIN to GND with a 22 uF or greater capacitor. Note that all four VIN pins must be connected to the source
supply.

5 REFCAP Reference Filter Capacitor. Connect a 1 pF capacitor from the REFCAP pin to ground. Do not connect a load from this pin to ground.

6 VREG Regulated Input Supply to LDO Amplifier. Bypass VREG to GND with a 1 uF or greater capacitor. Do not connect a load from this pin to
ground.

7 GND Ground.

8 VADJ Adjustable Voltage Pin for the Adjustable Output Option. Connect a 10 kQ external resistor between the VADJ pin and ground to set the output
voltage to 1.5 V. Due to an internal low-pass filter, externally modifying the VADJ pin does not cause an instantaneous change in the output
voltage. Only connect this pin to a resistor to ground. For the fixed output option, leave this pin floating.

91012 VOouT Regulated Output Voltage. Bypass VOUT to GND with a 22 uF or greater capacitor. Note that all four VOUT pins must be connected to the
load.

13 SENSE Sense Input. The SENSE pin measures the actual output voltage at the load and feeds it to the error amplifier. Connect SENSE as close to the
load as possible to minimize the effect of IR drop between VOUT and the load. Do not connect an external resistor divider network on SENSE.

14 SS Soft Start Pin. A capacitor connected to this pin determines the soft start time.

15 PG Power-Good Output. This open-drain output requires an external pull-up resistor. If the device is in shutdown mode, current-limit mode, or
thermal shutdown mode, or if the Voyr voltage falls below 90% of the nominal output voltage, the PG pin immediately transitions to low.

16 EN Enable Input. Drive the EN pin high to turn on the regulator. Drive the EN pin low to turn off the regulator. For automatic startup, connect the
EN pin to the VIN pin.

EP Exposed Pad. The exposed pad is electrically connected to GND. It is recommended that this pad be connected to a ground plane on the

PCB. The exposed pad is on the bottom of the package.

analog.com
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TYPICAL PERFORMANCE CHARACTERISTICS

Vin=Vour + 0.2 Vor Viy = 1.1V, whichever is greater, Vour = 1.3V, loyt = 100 mA, T, = 25°C, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 12. Output Voltage (Voyr) vs. Input Voltage (Viy), Voyr=0.9 V
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 21. Load Transient Response, Coyr =47 pF, Viy=1.8V, Voyr=13V
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Figure 22. Load Transient Response, Coyr =22 pF, Viy=1.4V, Voyr=0.9V
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Figure 23. Load Transient Response, Coyr =47 pF, Viy=1.4V, Voyr=09V
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Figure 24. Line Transient Response, Load Current=5A, Vjy=1.6 Vto 1.98 V

Step, VOUT =13V
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Figure 25. Line Transient Response, Load Current=5A, Viy=1.3Vto 1.7V
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Figure 26. Output Noise vs. Load Current (I oap)
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Figure 27. Output Noise vs. Output Voltage (Voyr)
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Figure 28. Noise Spectral Density vs. Frequency at Various Output Voltages Figure 31. Noise Spectral Density vs. Frequency at Various Load Current
(Vour), 0.1 Hz to 1 MHz (lour), 10 Hz to 10 MHz
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Figure 29. Noise Spectral Density vs. Frequency at Various Output Voltages Figure 32. Power Supply Rejection Ratio (PSRR) vs. Frequency at Various
(Vour), 10 Hz to 10 MHz Input Voltages (Vi), Vour=1.3 V, Load=5A
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Figure 30. Noise Spectral Density vs. Frequency at Various Load Current Figure 33. Power Supply Rejection Ratio (PSRR) vs. Frequency at Various
(loyt), 0.1 Hz to 1 MHz Loads (I,oap), Vour=1.3V, V=17V
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Figure 34. Power Supply Rejection Ratio (PSRR) vs. Frequency at Various Figure 36. Power Supply Rejection Ratio (PSRR) vs. Headroom Voltage at
Input Voltages (Viy), Vour=0.9V, Load=5A Various Frequencies, Voyr=0.9V, Load=5 A
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Figure 35. Power Supply Rejection Ratio (PSRR) vs. Frequency at Various Figure 37. Power Supply Rejection Ratio (PSRR) vs. Headroom Voltage at
Loads (I.0ap), Vour=0.9 Y, Viy=13V Various Frequencies, Voyr=1.3V, Load =5 A
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The ADP1765 is a low dropout (LDO), low noise linear regulator
that uses an advanced proprietary architecture to achieve high
efficiency regulation. It also provides high PSRR and excellent line
and load transient response using a small 22 pF ceramic output
capacitor. The device operates from a 1.10 V to 1.98 V input rail to
provide up to 5 A of output current. The supply current in shutdown
mode is less than 4 pA.

ADP1765

VIN *
i 1
VREG INTERNAL s”?-ﬁ;ﬂﬁ_un’
BIAS SUPPLY PROTECTION

vouT

SENSE

PG
ENC(

REFERENCE,
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003 O

O)
REFCAP
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Figure 38. Functional Block Diagram, Fixed Output
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Figure 39. Functional Block Diagram, Adjustable Output

Internally, the ADP1765 consists of a reference, an error amplifier,
and a pass device. The output current is delivered via the pass
device, which is controlled by the error amplifier, forming a nega-
tive feedback system that ideally drives the feedback voltage to
equal the reference voltage. If the feedback voltage is lower than
the reference voltage, the negative feedback drives more current,
increasing the output voltage. If the feedback voltage is higher than
the reference voltage, the negative feedback drives less current,
decreasing the output voltage.

The ADP1765 is available in output voltages ranging from 0.55 V
to 1.5 V for a fixed output. Contact your local Analog Devices, Inc.,
sales representative for other fixed voltage options. The adjustable
output option can be set from 0.5V to 1.5 V. The ADP1765 uses

analog.com

the EN pin to enable and disable the VOUT pin under normal
operating conditions. When EN is high, VOUT turns on. When EN is
low, VOUT turns off. For automatic startup, tie EN to VIN.

SOFT START FUNCTION

For applications that require a controlled startup, the ADP1765
provides a programmable soft start function. The programmable
soft start is useful for reducing inrush current upon startup and

for providing voltage sequencing. To implement soft start, connect
a small ceramic capacitor from SS to GND. At startup, a 10 pA
current source charges this capacitor. The voltage at SS limits the
ADP1765 start-up output voltage, providing a smooth ramp up to
the nominal output voltage. To calculate the start-up time for the

fixed output (tstarTup_rixen) and adjustable (tstarTup_apy) output,
use the following equations: B

tstarTup Fixep = tpecay + Vrer X (Cssllss) (1)
tstartuP ApJ = toetay + Vapy * (Cssllss) (2)
where:

tpeLay is a fixed delay of 100 ps.

Vreris a 0.5 V internal reference for the fixed output model option.
Csgs is the soft start capacitance from SS to GND.

Iss is the current sourced from SS (10 pA).

Vypyis the voltage at the VADJ pin, equal to Rapy * Iapy-

1.6
1.5
14
1.3 pr——
1.2 /
11 / /
1.0 /
S 09
T o8 [ /
3 | /
> 0.7
7
0.5
04 [/
03 14 EN ]
0.2 I/ gss=23FF ]
=10n
0.1 I/ c§§=22nr -
0 I I
-1.0 -05 0 0.5 1.0 1.5 2.0 25
TIME (ms) g

Figure 40. Fixed Voyr Ramp-Up with External Soft Start Capacitor (Voyr, gn)
vs. Time
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Figure 41. Adjustable Voyr Ramp-Up with External Soft Start Capacitor
( VOUT, EN) vs. Time

ADJUSTABLE OUTPUT VOLTAGE

The output voltage of the ADP1765 can be set overa 0.5Vto 1.5V
range. Connect a resistor (Rap,) from the VADJ pin to ground to set
the output voltage. To calculate the output voltage (Voyr), use the
following equation:

Vour = Ap * (Rapy * lap.) (3)
where:

Ap is the gain factor with a typical value of 2.99 between the VADJ
pin and VOUT pin.

Iapyis the 50 pA constant current out of the VADJ pin.

Due to an internal low-pass filter, externally modifying the VADJ
pin does not cause an instantaneous change in the output voltage.
For normal operation, it is recommended to only connect a resistor
across VADJ to ground.

ENABLE FEATURE

The ADP1765 uses the EN pin to enable and disable the VOUT
pins under normal operating conditions. As shown in Figure 42,
when a rising voltage on EN crosses the active threshold, VOUT
turns on. When a falling voltage on EN crosses the inactive thresh-
old, VOUT turns off.

analog.com

vouT ]

EN ]

CH1 200mV 100kSPS  10.00ms CH1_1.21V
CH2 200mV 10k POINTS j- v 121.9200ms B

Figure 42. Typical EN Pin Operation

As shown in Figure 43, the EN pin has built in hysteresis. This
hysteresis prevents on/off oscillations that can occur due to noise
on the EN pin as it passes through the threshold points.

1.4
1.3 [
1.2
11 1
1.0
0.9 |
0.8
0.7 ‘
0.6
0.5 |

0.4 \
0.3 Tp =+125°C
T) = +85°C
0.2 “ Tp =+25°C
01 Ta=0C  —H
- \ Ta = -40°C
0 | I I
0.59 0.60 0.61 0.62 0.63 0.64 0.65 0.66

EN THRESHOLD (V) 2

Vourt (V)

Figure 43. Output Voltage (Voyt) vs. EN Threshold, Voyr=1.3V

POWER-GOOD (PG) FEATURE

The ADP1765 provides a power-good pin (PG) to indicate the
status of the output. This open-drain output requires an external
pull-up resistor that can be connected to VIN or VOUT. If the device
is in shutdown mode, current-limit mode, or thermal shutdown, or

if it falls below 90% of the nominal output voltage, PG immediately
transitions low. During soft start, the rising threshold of the power-
good signal is 96.5% of the nominal output voltage.

The open-drain output is held low when the ADP1765 has sufficient
input voltage to turn on the internal PG transistor. An optional soft
start delay can be detected. The PG transistor is terminated via a
pull-up resistor to VIN or VOUT.

Power-good accuracy is 93.8% of the nominal regulator output
voltage when this voltage is rising, with a 96.5% trip point when this
voltage is falling.
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Regulator input voltage brownouts or glitches trigger a power no
good if Vgyr falls below 93.8%.

A normal power-down triggers a power good when Vqyr is at

96.5%.
E v
F EN
[1 4
[ e
200ps CH2  1.30V
CH2 1V 10k POINTS |j- v -70.00000us 3

Figure 44. Typical PG Voltage Behavior vs. Voyr, Viy Rising (Voyr=1.3 V)
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[ 1 28

[ Vour
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[ [ —
Bt rc
B

CH1 1V By CH3 1V By 500MSPS CH2 "\_700mV

CH2 1V By, 200ps 1M POINTS |- v-5.20000us £

Figure 45. Typical PG Voltage Behavior vs. Voyr, Vv Falling (Voyr=1.3 V)
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CAPACITOR SELECTION

Output Capacitor

The ADP1765 is designed for operation with small, space-saving
ceramic capacitors, but it can function with most commonly used
capacitors as long as care is taken with the effective series resist-
ance (ESR) value. The ESR of the output capacitor affects the
stability of the LDO control loop. A minimum of 22 uF capacitance
with an ESR of 50 mQ or less is recommended to ensure the
stability of the ADP1765. Transient response to changes in load
current is also affected by output capacitance. Using a larger
value of output capacitance improves the transient response of the
ADP1765 to large changes in load current. Figure 46 and Figure 47
show the transient responses for output capacitance values of 22
HF and 47 pF, respectively.

T AL e L T

u T u
SLEW RATE = 5A/us

E lout |

E Vour

CH1 50mV N\, By, 5GSPS 4.00ps CH3 [ 2.44A
CH3 2A Bw 1MPOINTS i v 11.04000ps H

Figure 46. Output Transient Response, Coyr = 22 uF, Voyr=1.3V

(e e P
/ SLEW RATE = 5A/ps '
l
F lout ‘l
Bf
E Vour
I} [E—
CH1 50mV "\, By, 5GSPS 4.00ps CH3 ~ 2.44A
CH3 2A By 1MPOINTS 3. v 11.36000ps 3

Figure 47. Output Transient Response, Coyr =47 uF, Voyr=1.3V

Input Bypass Capacitor

Connecting a 22 uF capacitor from the VIN pin to the GND pin
to the ground plane reduces the circuit sensitivity to the PCB lay-
out, especially when long input traces or high source impedances

analog.com

are encountered. If an output capacitance greater than 22 pF is
required, it is recommended to increase the input capacitor to
match it.

Input and Output Capacitor Properties

Use any good quality ceramic capacitors with the ADP1765 as

long as they meet the minimum capacitance and maximum ESR
requirements. Ceramic capacitors are manufactured with a variety
of dielectrics, each with different behavior over temperature and
applied voltage. Capacitors must have a dielectric adequate to
ensure the minimum capacitance over the necessary temperature
range and dc bias conditions. X5R or X7R dielectrics with a voltage
rating of 6.3 V or 10 V are recommended. Y5V and Z5U dielectrics
are not recommended, due to their poor temperature and dc bias
characteristics.

Figure 48 shows the capacitance vs. dc bias voltage characteristics
of a C2012X5R1A226K125AB, 0805 case, 22 pF, 10 V, X5R capac-
itor. The voltage stability of a capacitor is strongly influenced by the
capacitor size and voltage rating. In general, a capacitor in a larger
package or with a higher voltage rating exhibits improved stability.
The temperature variation of the X5R dielectric is about £15% over
the -55°C to +85°C temperature range and is not a function of
package size or voltage rating.

25
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]
2 \
<
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[*]
4
ui
g

10
= N
Q
<
& \
(8] 5 \\

[ —
0
0 2 4 6 8 10

048

DC BIAS VOLTAGE (V)

Figure 48. Capacitance vs. DC Bias Voltage

Use Equation 4 to determine the worst-case capacitance, account-
ing for capacitor variation over temperature, component tolerance,
and voltage.

Cerr = Coyr * (1 - TEMPCO) x (1 - TOL) @)

where:

Cerr is the effective capacitance at the operating voltage.
Coyris the output capacitor.

TEMPCO is the worst case capacitor temperature coefficient.
TOL is the worst case component tolerance.

In this example, the worst case temperature coefficient (TEMPCO)
over -55°C to +125°C is assumed to be 15% for an X5R dielectric.
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The tolerance of the capacitor (TOL) is assumed to be 10%, and
Cour = 19.48 pF at 1.0 V, as shown in Figure 48.

Substituting these values in Equation 4 yields
Cerr=1948 pF x (1-0.15)x (1-0.1) =149 yF

Therefore, the capacitor chosen in this example meets the mini-
mum capacitance requirement of the LDO over temperature and
tolerance at the chosen output voltage.

To guarantee the performance of the ADP1765, it is imperative to
evaluate the effects of dc bias, temperature, and tolerances on the
behavior of the capacitors for each application.

UNDERVOLTAGE LOCKOUT

The ADP1765 has an internal undervoltage lockout (UVLO) circuit
that disables all inputs and the output when the input voltage is less
than approximately 1.06 V. The UVLO ensures that the ADP1765
inputs and output behave in a predictable manner during power-up.

CURRENT-LIMIT AND THERMAL OVERLOAD
PROTECTION

The ADP1765 is protected against damage due to excessive power
dissipation by current-limit and thermal overload protection circuits.
The ADP1765 is designed to reach the current limit when the output
load reaches 8.0 A (typical). When the output load exceeds 8.0 A,
the output voltage is reduced to maintain a constant current limit.

Thermal overload protection is included that limits the junction
temperature to a maximum of 152°C (typical). Under extreme
conditions (that is, high ambient temperature and power dissipation)
when the junction temperature begins to rise above 152°C, the
output turns off, reducing the output current to zero. When the
junction temperature drops below 136°C (typical), the output turns
on again, and the output current is restored to its nominal value.

Consider the case where a hard short from VOUT to ground occurs.
At first, the ADP1765 reaches the current limit so that only 8.0 A

is conducted into the short. If self-heating of the junction becomes
great enough to cause its temperature to rise above 152°C, thermal

analog.com

shutdown activates, turning off the output and reducing the output
current to zero. As the junction temperature cools and drops below
136°C, the output turns on and conducts 8.0 A into the short, again
causing the junction temperature to rise above 152°C. This thermal
oscillation between 136°C and 152°C causes a current oscillation
between 8.0 A and 0 A that continues as long as the short remains
at the output.

Current-limit and thermal overload protections are intended to pro-
tect the device against accidental overload conditions. For reliable
operation, device power dissipation must be externally limited so
that junction temperatures do not exceed 125°C.

PARALLELING ADP1765 DEVICES FOR HIGH
CURRENT APPLICATIONS

In applications where high output current is required while maintain-
ing low noise and high PSRR performance, connect two ADP1765
devices in parallel to handle loads up to 9 A.

When paralleling the ADP1765, the two outputs must be of the
same voltage setting to maintain good current sharing between

the two LDOs. To improve current sharing accuracy, add identical
ballast resistors (Rga.LasT) at the output of each regulator, as
shown in Figure 49. Note that large ballast resistors improve current
sharing accuracy, but degrade the load regulation performance and
increase the losses along the power line. Therefore, it is best to
keep the ballast resistors at a minimum. In addition, tie the VADJ,
SS, and REFCAP pins of the LDO regulators together to minimize
error between the two outputs.

Use Equation 5 to calculate the output of the two paralleled
ADP1765 LDOs.

Vour=2x Ap X (Rapy * lap) ()
where:

Ap is the gain factor with a typical value of 2.99 between the VADJ
pin and VOUT pin.

Iapyis the 50 pA constant current out of the VADJ pin.
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Figure 49. Two ADP1765 Devices Connected in Parallel to Achieve Higher Current Output

THERMAL CONSIDERATIONS

In applications with a low input-to-output voltage differential, the
ADP1765 does not dissipate much heat. However, in applications
with high ambient temperature and/or high input voltage, the heat
dissipated in the package may become large enough to cause the
junction temperature of the die to exceed the maximum junction
temperature of 125°C.

When the junction temperature exceeds 152°C, the regulator enters
thermal shutdown. The regulator recovers only after the junction
temperature decreases below 136°C to prevent any permanent
damage. Therefore, thermal analysis for the chosen application is
important to guarantee reliable performance over all conditions. The
junction temperature of the die is the sum of the board temperature
and the temperature rise of the package due to the power dissipa-
tion, as shown in Equation 6.

To guarantee reliable operation, the junction temperature of the
ADP1765 must not exceed 125°C. To ensure that the junction tem-
perature stays below this maximum value, the user must be aware
of the parameters that contribute to junction temperature changes.
These parameters include board temperature, power dissipation in
the power device, and thermal characterization parameter between
the junction and board (W ,g). The ¥ g parameter is dependent on
the package assembly compounds and the PCB copper area. Table
6 shows the typical W jg values for the 16-lead LFCSP package for
various PCB copper areas.

Table 6. Typical non-JEDEC ¥ ;g Values

PCB Copper Area (mm?) Y5 (°C/W) at 2W
25 71.05

100 18.9

500 13.45

1000 13.15

Calculate the junction temperatures of the ADP1765 by
Ty=Tg+ (Ppx W) (6)
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where:
Tg is the board temperature.
Pp is the power dissipation in the die, given by

Pp=((Vin= Vour) * ILoap) + (Vin % Ienp) (7)

where:

Viy and Vo7 are the input and output voltages, respectively.
lioap is the load current.

Ienp is the ground current.

Power dissipation due to ground current is quite small and can be
ignored. Therefore, the junction temperature equation simplifies to

Ty=Tg+((Vin= Vour) * lLoap) * ¥8) (8)

As shown in Equation 8, for a given board temperature, input-to-
output voltage differential and continuous load current, a minimum
copper area requirement exists for the PCB to ensure that the
junction temperature does not rise above 125°C.

Figure 50 to Figure 55 show the junction temperature calculations
for the different board temperatures, power dissipation, and areas
of the PCB copper.
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Figure 50. 1000 mm? of PCB Copper, Ty = 25°C
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Figure 51. 500 mm? of PCB Copper, Ty = 25°C Figure 54. 500 mm? of PCB Copper, T = 50°C
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Figure 52. 100 mm? of PCB Copper, Tg= 25°C Figure 55. 100 mm? of PCB Copper, Tg = 50°C
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Figure 53. 1000 mm? of PCB Copper, Tg = 50°C Figure 56. Thermal Image of the ADP1765 Evaluation Board at I oap = 5 A,

Vin=15V Voyr=13V, Tg=93.3°C

Figure 56 shows a thermal image of the ADP1765 evaluation
board operating at a 5 A current load. The total power dissipation
on the ADP1765 is 933 mW, which makes the temperature on
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APPLICATIONS INFORMATION

the surface of the device higher by 22°C than the temperature of
the evaluation board.

PCB LAYOUT CONSIDERATIONS

Place the input capacitor as close as possible to the VIN and GND
pins. Place the output capacitor as close as possible to the VOUT ;

and GND pins. Place the soft start capacitor (Css) as close as s TUov
possible to the SS pin. Place the reference capacitor (Crer) and 1"
regulator capacitor (Creg) as close as possible to the REFCAP pin
and VREG pin, respectively. Connect the load as close as possible
to the VOUT and SENSE pins.

ADP17€5Z DEMO

059

Figure 59. Typical Board Layout, Bottom Side

Table 7. Related Devices

Input Maximum
Model Voltage Current Fixed/Adjustable Package
ADP1761 | 1.10Vto 1A Fixed/adjustable | 16-lead LFCSP
- e 1.98V
e \:] lgl.l : ADP1762 | 1.10Vto 2A Fixed/adjustable | 16-lead LFCSP
REFCAP v . 108V
: ADP1763 |1.10Vto 3A Fixed/adjustable | 16-lead LFCSP
5 1.98V
i ADP1740/ |16Vto36V |2A Fixed/adjustable | 16-lead LFCSP
ADP1741
ADP1752/ |16Vto3.6V |08A Fixed/adjustable | 16-lead LFCSP
ADP1753
ADP1754/ |16Vto36V |[12A Fixed/adjustable | 16-lead LFCSP
ADP1755

GND fu‘ : AP VREG VADJ GND o
p2

L

Figure 58. Typical Board Layout, Top Side
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ORDERING GUIDE
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Figure 60. 16-Lead Lead Frame Chip Scale Package [LFCSP]
3 mm x 3 mm Body and 0.75 mm Package Height

(CP-16-48)
Dimensions shown in millimeters

Updated: August 30, 2022

Package Marking
Model' Temperature Range Package Description Packing Quantity Option Code
ADP1765ACPZ0.85-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUA
ADP1765ACPZ0.95-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUM
ADP1765ACPZ-0.9-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUB
ADP1765ACPZ-1.0-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUD
ADP1765ACPZ-1.1-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUE
ADP1765ACPZ1.25-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUR
ADP1765ACPZ-1.2-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUF
ADP1765ACPZ-1.3-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUG
ADP1765ACPZ-1.5-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUJ
ADP1765ACPZ-R7 -40°C to +125°C 16-Lead LFCSP (3mm x 3mm x 0.75mm w/ EP) | Reel, 1500 CP-16-48 LUK

! Z=RoHS Compliant Part.

OUTPUT VOLTAGE OPTION

Model’ Output Voltage (V)2
ADP1765ACPZ0.85-R7 0.85
ADP1765ACPZ-0.9-R7 0.9
ADP1765ACPZ0.95-R7 0.95
ADP1765ACPZ-1.0-R7 1.0
ADP1765ACPZ-1.1-R7 1.1
ADP1765ACPZ-1.2-R7 1.2
ADP1765ACPZ1.25-R7 1.25
ADP1765ACPZ-1.3-R7 1.3
ADP1765ACPZ-1.5-R7 15
ADP1765ACPZ-R7 Adjustable

! Z=RoHS Compliant Part.

2 For additional voltage options, contact a local Analog Devices sales or distribution representative. Additional voltage options are available by special order and include the
following: 0.55 V, 0.6 V,0.65V, 0.7 V,0.75V, 0.8V, 1.05V, 1.15V,1.35V, 1.4 V, and 1.45 V.
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EVALUATION BOARDS

Model'

Description

ADP1765-1.0-EVALZ
ADP1765-ADJ-EVALZ

Evaluation Board (Fixed)
Evaluation Board (Adjustable)

! Z = RoHS Compliant Part.
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