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5 Pin Configuration

and Functions

DSC Package
10-Pin WSON With Thermal Pad

Top View
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Pin Functions
PIN
110 DESCRIPTION
NUMBER NAME
1 ouT (0] Regulated output voltage, connect directly to pin 2
2 ouT (0] Regulated output voltage, connect directly to pin 1
3 FB | Voltage feedback input to the internal error amplifier
4 GND Ground Ground; connect to device pin 8.
5 PG o Power Good to indicate the status of output voltage. Requires an external pull-up resistor.
When PG pin voltage is high the output voltage is considered good.
6 EN | Enable
7 SSINR I/0 Soft-start and noise reduction pin
8 GND Ground Ground —connect to device pin 4.
9 IN | Supply voltage input — connect directly to pin 10.
10 IN | Supply voltage input —connect directly to pin 9.
The exposed thermal pad on the bottom of the package must be connected to a copper area
Exposed pad | Thermal Pad . under the package on the PCB. Connect to ground potential. Do not connect to any potential
P p other than the same ground potential seen at device pins 4 and 8 (GND). See Power
Dissipation for more information.

Copyright © 2016, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT

IN pin voltage, V |y -0.3 7 \%

OUT pin voltage, Vour See®

EN pin voltage, Vgn -0.3 7 \%

PG pin voltage, Vpg -0.3 7 \%
SS/NR pin voltage, Vssnr -0.3 3.6 \%

FB pin voltage, Vgg -0.3 3.6 \%
Junction temperature, T, 150 °C
Continuous power dissipation® Internally limited

Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to the potential at the GND pin.

(3) Absolute maximum Vg is the lesser of V| + 0.3 V, or 7 V.

(4) Internal thermal shutdown circuitry protects the device from permanent damage.

6.2 ESD Ratings

VALUE UNIT
y Electrostatic Human-body model (HBM), per ANS/ESDA/JEDEC J5-001® +2000 y
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Input voltage, V|y 1.3 6 \%
Output voltage, Vour 0.5 5 \%
FB voltage, Veg 0.5 \%
EN input voltage, Vgy 0 VN \%
Recommended load current, 1. 0 2 A
Operating junction temperature, Tjpmax-op -40 125 °C
6.4 Thermal Information
LP5922
THERMAL METRIC® DSC (WSON) UNIT
10 PINS
Roa®@ Junction-to-ambient thermal resistance, High K 4950 °C/W
RoJc(top) Junction-to-case (top) thermal resistance 38.2 °C/W
Ross Junction-to-board thermal resistance 24.0 °C/W
LAL Junction-to-top characterization parameter 0.5 °C/W
Vi Junction-to-board characterization parameter 24.1 °CIW
RoJc(bot Junction-to-case (bottom) thermal resistance 6.0 °C/W

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

(2) Thermal resistance value Ry is based on the EIA/JJEDEC High-K printed circuit board defined by JESD51-7 - High Effective Thermal
Conductivity Test Board for Leaded Surface Mount Packages.

(3) The PCB for the WSON/DSC package Rgja includes four (4) thermal vias, in a 2 x 2 array, under the exposed thermal pad per
EIA/JEDEC JESD51-5.

4 Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com/product/lp5922?qgpn=lp5922
http://www.ti.com
http://www.ti.com/lit/pdf/SPRA953

13 TEXAS
INSTRUMENTS

www.ti.com

LP5922

JAJSCR1 -NOVEMBER 2016

6.5 Electrical Characteristics

Vin = Voutvom + 0.5 V or 1.3 V, whichever is greater; Vgy = 1.2V, Cy = 22 uF, Coyr = 22 pF, OUT connected to 50 Q to

GND, Vg = 0.5V, Cggpnr = 0.12 pF, Cee = 0.01 pF, and PG pin pulled up to V,y by 100-kQ resistor (unless otherwise

noted). [EIE)]

BW = 10 Hz to 100 kHz

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY VOLTAGE
VN Input voltage range 1.3 6 \%
uvio  Jndemvoliage lock-out |y, Rising (1) until output is ON 1.2 125 v
AUVLO  UVLO hysteresis \gEFFaIImg ({) from UVLO threshold until output is 160 mv
OUTPUT VOLTAGE AND REGULATION
Vout Output voltage range 0.5 5 \%
AV, Line regulation lout=5mMA, 13VSV <6V 0.02 %IV
°UT | Load regulation EmA<Iour <2 A 0.1 %IA
Vn=14V, lour=2A 220 400
Vbo Dropout voltage® VN=25V,lour=2A 100 180 mv
V|N =53 V, IOUT =2A 90 160
FB
Veg FB voltage louT=5mMAto2 A 492.5 500 507.5 mV
Irg FB pin input current Veg = 0.5V -100 100 nA
CURRENT LEVELS
I Maximum load current Vin213V A
Isc Short-circuit current limit®) 2.2 3 3.8 A
Ground-current minimum
|Oad(6) ViN=6V, loyt =0 mA 0.7
IGND G d i " mA
round-current maximum
|Oad(6) ViNn=13V, lout = 2A 1 4
lenpspy  Shutdown current® VIN=6V,Ven=0V, Vpg =0V 0.1 15 HA
V|y to Vout RIPPLE REJECTION ®
ViN214V, f=1kHz lour=2A 70
- iecti Vin214V, f =10 kHz, | =2A 55
PSRR Power-supply rejection IN f out dB
ratio VinZ 14V, f =100 kHz, loyr =2 A 40
ViN214V, f=1MHz lour=2A 30
OUTPUT NOISE VOLTAGE
en Noise voltage® Vin=2:5V, Voyr= 1.8 V 25 UVRMS

(1) All voltages are with respect to the GND pin.

(2) Minimum and maximum limits are design targeted limits over the junction temperature (T;) range of —40°C to +125°C, unless otherwise
stated. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference purposes only.

(3) Ciny Cout: Low-ESR surface-mount-ceramic capacitors (MLCCs) used in setting electrical characteristics.

(4) Dropout voltage is the voltage difference between the input and the output at which the FB voltage drops to 97% of its nominal value.
(5) Short-circuit current (Isc) is equivalent to current limit. To minimize thermal effects during testing, Isc is measured with Vout pulled to

100 mV below its nominal voltage.

(6) Ground current is defined here as the total current flowing to ground as a result of all voltages applied to the device

Ienp = (v = louT) * lEN + lika(Pa))

(7) Ground current in shutdown mode, Ignp(sp), does NOT include current from PG pin.

(8) This specification is verified by design.

Copyright © 2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vin = Vournom) + 0.5 V or 1.3 V, whichever is greater; Vgy = 1.2V, Cy = 22 uF, Coyr = 22 pF, OUT connected to 50 Q to
GND, Vg = 0.5V, Cggpnr = 0.12 pF, Crr = 0.01 pF, and PG pin pulled up to V,y by 100-kQ resistor (unless otherwise
noted).(l)(z)(?’)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LOGIC INPUT THRESHOLDS
ViLEN) EN pin low threshold Vg falling (|) until output is OFF 0.35 Y
ViHEN) EN pin high threshold Vg rising (1) until output is ON 1.2 Y
len Input current at EN pin @ |Viy=6V, Ven=6V 3 PA

PG high threshold (% of - . . o
PGyrH nominal Vour) Vour rising (1) until PG goes high 94%

PG low threshold (% of . . 0
PGty nominal Vour) Vour falling (]) until PG goes low 90%
v, PG pin low-level output |\, ' pg 1 sink current = 1 mA 400| mv

OLPG)  yoltage ouT LTH

lkepe) PG pin leakage current Vout > PGuty, Vpg =6 V 1 HA
SOFT START

SS/NR pin charging
Iss current 6.2 KA
THERMAL SHUTDOWN

Thermal shutdown o
Tsp temperature 165 ¢

Thermal shutdown °
ATsp hysteresis 15 ¢
TRANSITION CHARACTERISTICS

Line transients AVin = 0.5 V: Vour = 28V, 3

trise = traL = 5 ps

AVourt _ _ mV

Load transients Vour = 3.3 V, loyr = 10 A 10 2 A fo 10 mA 25

trise = traL = 1 Vips

Output discharge pull- _ _
Rap down resistance Ven=0V, Viy=2.3V 400 Q
(9) There is a 2-MQ resistor between EN and ground (pulldown) on the device.
6.6 Input and Output Capacitors
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
Cin Input capacitance® 22 uF
. Vour£0.8V 34 47
Cout Output capacitance uF
Vout > 0.8V 15 22

(1) Typically input capacitance placed close to the device is in the same order as output capacitance. See also Input Capacitor, Cy.

6 Copyright © 2016, Texas Instruments Incorporated
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6.7 Typical Characteristics
VlN = VOUT + 0.5 V, VEN =1.2 V, ClN =22 lJ,F, COUT =22 HF, ouT COﬂnected to 50 Q to GND, VFB =0.5 V, CSS/NR =0.12 HF,
Cge = 0.01 pF, and PG pin pulled up to V,y by 100-kQ resistor and T; = 25°C, unless otherwise stated.
1.3 35
1.2 3.25
3
1.1
2.75
= 1
% 0.9 _— ] — 2
Zo = — < 225
ﬁ 0.8 /// //// é 2
e | | _— =]
£ o7 — — 5 175 -
g | 1 15
> 06 > = .
05|14 '
' 74 1 /
0.4 — VEen(oN) I
— Venorn 075 | — vin=55V.vour=50v
0.3 0.5
1 1.5 2 2.5 3 3.5 4 4.5 5 55 6 0 02 04 06 038 1 1.2 14 16 138 2
Input Voltage (V) lout (A)
Figure 1. Vg Thresholds vs Input Voltage Figure 2. Ground Current vs Output Current
5.5 550 5.5 550
5 [ 500 5 i - 500
45 450 45 / 450
4 / 400 _ 4 400 _
3.5 ’/ 350 S 3.5 / 350 S
" / 5 s / g
o 3 A 300 8 o 3 /i 300 8
[=) / o [=) / o
£ 25 /| 250 > | £ 25 A 250 =
S V4 x| 5 / 4
> / Z > / Z
2 V4 200 a 2 4 200 a
15 / 150 15 / 150
' /, — Vin, Ven ' /, — Vin,Ven
1 / — Vourt 100 1 y — Vour 100
05 Vssinr | 50 05 ) Vssinr | 50
‘ — Ve y L — Ve
0 — 0 0 0
-2 0 2 4 6 8 10 12 14 16 18 -2 0 2 4 6 8 10 12 14 16 18
Time (ms) Time (ms)
Vour =5V VeEn = ViN lour =1 mA Vour =5V VeEn = ViN lour=2A
Figure 3. Power Up Figure 4. Power Up
55 = 550 6 600
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5 \ 500
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4 400 a2 20 o
s 35 350 2| S 36 | 360 &,
s 3 300 £ | & £
> S| 2 3 300 S
£ 25 250 3 | £ >
= 2 200 % S 24 240 %
15 150 = 1.8 180 >
1 \ 100 12 \ 120
0.5 50 0.6 \\ 60
0 0 0 A 0
-5 0 5 10 15 20 25 30 35 40 45 50 -5 0 5 10 15 20 25 30 35 40 45 50
Time (ms) Time (ms)
Vour =5V Ven = ViN loutr =1 MA Vour =5V Ven = ViN loutr=2A
Figure 5. Power Down Figure 6. Power Down
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Typical Characteristics (continued)

V|N = VOUT + 0.5 V, VEN =1.2 V, C|N =22 l.lF, COUT =22 HF, OUT connected to 50 Q to GND, VFB =05 V, CSS/NR =0.12 uF,
Cer = 0.01 pF, and PG pin pulled up to Vy by 100-kQ resistor and T; = 25°C, unless otherwise stated.

5 600 5 500
— Ven — Ven
45 \ — Vour | 540 45 \ — Vour | 450
4 \ VssinR | 480 4 VssinR | 400
\\ — Veg — Vec
35 \ 420 S 35 \ 350 S
S 3 \\ 60 S 3 \\ 300 &
[0) \ = ) \ =
E 25 . 300 g E 25 \ 250 g
5 gl g z
= 2 \\ 240 é > 2 \\ 200 é
15 \\ 180 > 15 \\ 150 >
™
1 120 1 \\ 100
0.5 ~~ 60 0.5 ‘\ 50
— —
0 0 0 0
5 0 5 10 15 20 25 30 35 40 45 50 50 O 50 100 150 200 250 300 350 400 450
Time (ms) Time (us)
Vour=5V lout=1mMA Vour=5V lout = 2A
Figure 7. Power Down Figure 8. Power Down
Run Trig’d - Run Trig’d -
EF A v, R W EF A v, R W
@ IDUT " . - @ IDUT " . -
(@ 10.0mv Ay @ 1004 @ )[4.00us 2.5065/s @ (@ 10.0mv Ay @ 1004 @ )[4.00us 2.5065/s @
1M points 860mA 1M points 860mA
VOUT =28V IOUT =10mAto2 A trise =1 V/HS VOUT =28V IOUT =2Ato10 mA tfall =1 V/HS
Figure 9. Load Transient Response Figure 10. Load Transient Response
0.25
_— V|N =14V
0225 — yy=25V
0.2 V|N =37V
,; — V= 53V
E 0.175 /
2 015
8 pd
S 0.125
>
3 o1
\ £ 0075 =
0.05
==
0.025 -
0
@ 500my ][mops 250MS /s - J 0 02 04 06 08 1 1.2 14 16 138 2
@ LoomY Ak 1M points 354 Y lout (A)
Vour = 28V VinN3.3V103.8Vto33V tan =1 V/IJS
Figure 11. Line Transient Response Figure 12. Dropout Voltage (Vpp) vs Load Current
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Typical Characteristics (continued)

V|N = VOUT + 0.5 V, VEN =1.2 V, C|N =22 l.lF, COUT =22 HF, OUT connected to 50 Q to GND, VFB =05 V, CSS/NR =0.12 uF,
Cer = 0.01 pF, and PG pin pulled up to Vy by 100-kQ resistor and T; = 25°C, unless otherwise stated.

° |
-20 A
\
el
M
—_ N
g -40 LA —~ AN
o A
o A
0 T
a -60 7
A
N pilil
|
-80 AT
/1Y ? — lout=1mMA
\f — lour=1A
lout=2A
-100
1020 100 1000 10000 100000 1000000 1E+7
Frequency (Hz)
VIN =55V VOUT =5V
Figure 13. PSRR vs Frequency

Noise (uV/VHz)

10
— lour=0A
5 — lout=0.1 A
3 IOUT =05A
2k — lour=2A
1 % ]
05— N
0.3 \
0.2 ! "
[
0.1 A Ll
W |
0.05 it |
0.03
0.02
0.01
10 20 50100 1000 10000 100000 1000000
Frequency (Hz)
VIN =25V VOUT =18V

Figure 14. Noise Density vs Frequency
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7 Detailed Description

7.1 Overview

The LP5922 is a low-noise, high PSRR, low-dropout regulator capable of sourcing a 2-A load. The LP5922 can
operate down to 1.3-V input voltage and 0.5-V output voltage. This combination of low noise, high PSRR, and
low output voltage makes the device an ideal low dropout (LDO) regulator to power a multitude of loads from
noise-sensitive communication components to battery-powered system.

The LP5922 block diagram contains several features, including:

* Low-noise, 0.5-V reference

« Internal protection circuit, such as current limit and thermal shutdown

e Programmable soft-start circuit

e Power Good output

7.2 Functional Block Diagram

IN ouT
Vin IN Current . OuT Vour
- - J_if Limit T b -
RAD
T /s B
Y
Iy . rFB
Vss i

-

VREF| . SN

Reference _L
05V ci 1 PG
%7 Vrer P
Ven EN - ULVO
Enable
AV
2 MQ
] ! IJ_l
TGND TGND SSINR
T Copyright © 2016, Texas Instruments Incorporated
' N4

7.3 Feature Description

7.3.1 Output Voltage

The LP5922 output voltage can be set to any value from 0.5 V to 5 V using two external resistors shown as
Rupper @nd R ower in Figure 15. The value for the R, ower Should be less than or equal to 100 kQ for good loop
compensation. Ryppgr €an be selected for a given Vgyt using Equation 1:

(Vout — Ves) *Riower
Ve

RUPPEF{ =

where
i VFB = 05 Vv (1)

10 Copyright © 2016, Texas Instruments Incorporated
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Feature Description (continued)
7.3.2 Enable

The LP5922 EN pin is internally held low by a 2-MQ resistor to GND. The EN pin voltage must be higher than the
V|4 threshold to ensure that the device is fully enabled under all operating conditions. The EN pin voltage must
be lower than the VIL threshold to ensure that the device is fully disabled and the automatic output discharge is
activated.

7.3.3 Output Automatic Discharge

The LP5922 output employs an internal 400-Q (typical) pulldown resistance to discharge the output capacitor
when the EN pin is low, and the device is disabled.

7.3.4 Programmable Soft Start and Noise Reduction

The output voltage of LP5922 ramps up linearly in a constant slew rate until reaching the target regulating
voltage after a stable Vy (greater than Vo1 + Vpo) is supplied and EN pin is pulled high. The slew rate of Vgyr
ramping is programmable by an external capacitor on the SS/NR pin; therefore, the duration for soft-start period
is programmable as well. Once the LP5922 is enabled, the SS/NR pin sources a constant 6-pA current to charge
the external Cggng Capacitor until the voltage at the SS/NR pin reaches 98% of the internal reference voltage
(Vrer) Oof 500 mV typical. The final 2% of Cggnr Charge is determined by a RC time constant. During the soft-
start period, the current flowing into the IN pin primarily consists of the sum of the load current at the LDO output
and the charging current into the output capacitor. The soft-start period can be calculated by Equation 2:

tee = Cssinr % Vs
gg = —29iNR_FB
Iss

where
* Vg =0.5V - this is the voltage that Csg g Charges to;
e Cggnr is the value of the capacitor connected between the SS/NR pin and ground; and
e lgg = 6.2 pA is the typical charging current to the SS/NR pin during start-up period. 2)

The recommended value for Csgng IS 100 nF or larger. Equation 2 is most accurate for these values. The Cggnr
capacitor is also the filter capacitor for internal reference for noise reduction purpose. An integrated resistor and
the Cggnr Capacitor structure a RC low-pass filter to remove the noise on the internal reference voltage.

7.3.5 Internal Current Limit

The internal current limit circuit is used to protect the LDO against high-load current faults or shorting events. The
LDO is not designed to operate in a steady-state current limit. During a current-limit event, the LDO sources
constant current. Therefore, the output voltage falls when load impedance decreases. Note also that if a current
limit occurs and the resulting output voltage is low, excessive power may be dissipated across the LDO, resulting
in a thermal shutdown of the output.

7.3.6 Thermal Overload Protection

Thermal shutdown disables the output when the junction temperature rises to Tgp level, which allows the device
to cool. When the junction temperature cools by ATgp, the output circuitry enables. Based on power dissipation,
thermal resistance, and ambient temperature, the thermal protection circuit may cycle on and off. This thermal
cycling limits the dissipation of the regulator and protects it from damage as a result of overheating.

The internal protection circuitry of the LP5922 is designed to protect against thermal overload conditions. The
circuitry is not intended to replace proper heat sinking. Continuously running the LP5922 into thermal shutdown
degrades device reliability.

Copyright © 2016, Texas Instruments Incorporated 11
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Feature Description (continued)

7.3.7 Power Good Output

The LP5922 has a Power-Good function that works by toggling the state of the PG output pin. When the output
voltage falls below the PG threshold voltage (PG, 1), the PG pin open-drain output engages (low impedance to
GND). When the output voltage rises above the PG threshold voltage (PGyry), the PG pin becomes high-
impedance. By connecting a pullup resistor to an external supply, any downstream device can receive PG as a
logic signal. User must make sure that the external pullup supply voltage results in a valid logic signal for the
receiving device or devices; use a pullup resistor from 10 kQ to 100 kQ for best results.

In Power-Good function, the PG output pin pulled high immediatelly after output voltage rises above the PG
threshold voltage.
7.4 Device Functional Modes

7.4.1 Enable (EN)

The LP5922 enable (EN) pin is internally held low by a 2-MQ resistor to GND. If the EN pin is open the output is
OFF. The EN pin voltage must be higher than the V4 threshold to ensure that the device is fully enabled under
all operating conditions. When the EN pin is pulled low, and the output is disabled, the output automatic
discharge circuit is activated. Any charge on the OUT pin is discharged to GND through the internal pulldown
resistance.

7.4.2 Undervoltage Lockout (UVLO)

The LP5922 incorporates UVLO. The UVLO circuit monitors the input voltage and keeps the LP5922 disabled
while a rising V) is less than 1.2 V (typical). The rising UVLO threshold is approximately 100 mV below the
recommended minimum operating V,y of 1.3 V.

7.4.3 Minimum Operating Input Voltage

The LP5922 internal circuit is not fully functional until Vg is at least 1.3 V. The output voltage is not regulated
until V| has reached at least the greater of 1.3 V or (Voyut + Vpo)-

12 Copyright © 2016, Texas Instruments Incorporated
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8 Applications and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LP5922 is designed to meet the requirements of RF and analog circuits, by providing low noise, high PSRR,
low quiescent current, and low line or load transient response figures. The device offers excellent noise
performance without the need for a noise bypass capacitor and is stable with input and output capacitors with a
value of 22 uF. The LP5922 delivers this performance in an industry-standard WSON package which, for this
device, is specified with an operating junction temperature (T;) of —40°C to +125°C.

8.2 Typical Application

Figure 15 shows the typical application circuit for the LP5922. Input and output capacitances may need to be
increased above 22 pF minimum for some applications.

FPGA
13V-6V
Cuy IN ouT
22 uF g
Vi LP5922  FB
100 kQ %
PG GND
o—{EN SSINR

1 CSS/NR
g

Copyright © 2016, Texas Instruments Incorporated

Figure 15. LP5922 Typical Application

8.2.1 Design Requirements
For typical LP5922 applications, use the parameters listed in Table 1.

Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage 225Vt0275V
Output voltage 1.8V
Output current 2000 mA
Output capacitor range 22 uF to 47 pF
Output capacitor ESR range 2 mQ to 500 mQ

Copyright © 2016, Texas Instruments Incorporated 13
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8.2.2 Detailed Design Procedure

8.2.2.1 External Capacitors

The LP5922 is designed to be stable using low equivalent series resistance (ESR) ceramic capacitors at the
input, output, and the noise-reduction pin (SS/NR). Multilayer ceramic capacitors have become the industry
standard for these types of applications and are recommended, but must be used with good judgment. Ceramic
capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide relatively good capacitive stability
across temperature, whereas the use of Y5V-rated capacitors is discouraged because of large variations in
capacitance. Additionally, the case size has a direct impact on the capacitance versus applied voltage derating.

Regardless of the ceramic capacitor type selected, the actual capacitance varies with the applied operating
voltage and temperature. As a rule of thumb, derate ceramic capacitors by at least 50%. The input and output
capacitors recommended herein account for a effective capacitance derating of approximately 50%, but at high
applied voltage conditions the capacitance derating can be greater than 50% and must be taken into
consideration. The minimum capacitance values declared in Input and Output Capacitors must be met across the
entire expected operating voltage range and temperature range.

8.2.2.2 Input Capacitor, Cy

An input capacitor is required for stability. A capacitor with a value of at least 22 uF must be connected between
the LP5922 IN pin and ground for stable operation over full load current range. It is acceptable to have more
output capacitance than input, as long as the input is at least 22 uF.

The input capacitor must be located as close as possible to, but at a distance not more than 1 cm from, the IN
pin and returned to the device GND pin with a clean analog ground. This will minimize the trace inductance
between the capacitor and the device. Any good quality ceramic or tantalum capacitor may be used at the input.

8.2.2.3 Output Capacitor, Coyt

The LP5922 is designed to work specifically with a low ESR ceramic (MLCC) output capacitor, typically 22 pF. A
ceramic capacitor (dielectric types X5R or X7R) in the 22-uF to 100-uF range, with an ESR not exceeding 500
mQ, is suitable in the LP5922 application circuit having an output voltage greater than 0.8 V. For output voltages
of 0.8 V or less, the output capacitance must be increased to typically 47 uF. The output capacitor must be
connected between the device OUT and GND pins. The output capacitor must meet the requirement for the
minimum value of capacitance and have an ESR value that does not exceed 500 mQ to ensure stability.

It is possible to use tantalum capacitors at the device output, but these are not as attractive for reasons of size,
cost, and performance.

A combination of multiple output capacitors in parallel boosts the high-frequency PSRR. The combination of one
0805-sized, 47-uF ceramic capacitor in parallel with two 0805-sized, 10-uF ceramic capacitors with a sufficient
voltage rating optimizes PSRR response in the frequency range of 400 kHz to 700 kHz (which is a typical range
for dc-dc supply switching frequency). This 47-uF || 10-pF || 10-uF combination also ensures that at high input
voltage and high output voltage configurations, the minimum effective capacitance is met. Many 0805-sized, 47-
MUF ceramic capacitors have a voltage derating of approximately 60% to 75% at 5 V, so the addition of the two
10-puF capacitors ensures that the capacitance is at or above 22 pF.

8.2.2.4 Soft-Start and Noise-Reduction Capacitor, Csgnr

Recommended value for Cggng is 100 nF or larger. The soft-start period can be calculated by Equation 2. The
Csginr Capacitor is also the filter capacitor for internal reference for noise reduction purpose.

8.2.2.5 Feed-Forward Capacitor, Cge

Although a feed-forward capacitor (Cgg) from the FB pin to the OUT pin is not required to achieve stability, a 10-
nF external Cgr optimizes the transient, noise, and PSRR performance. A higher capacitance Cgr value can be
used; however, the start-up time may be longer and the Power-Good signal may incorrectly indicate that the
output voltage is settled. The maximum recommended value is 100 nF

To ensure proper PGx functionality, the time constant defined by CNR/SSx must be greater than or equal to the
time constant from CFFx. For a detailed description, see the application report Pros and Cons of Using a Feed-
Forward Capacitor with a Low Dropout Regulator (SBVA042).

14 Copyright © 2016, Texas Instruments Incorporated
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8.2.2.6 No-Load Stability
The LP5922 remains stable, and in regulation, with no external load.

8.2.2.7 Power Dissipation

Knowing the device power dissipation and proper sizing of the thermal plane connected to the exposed thermal
pad is critical to ensuring reliable operation. Device power dissipation depends on input voltage, output voltage,
and load conditions and can be calculated with Equation 3.

Pomax) = (VIN(MAX) = Vour) % lour 3

Power dissipation can be minimized, and greater efficiency can be achieved, by using the lowest available
voltage drop option that is greater than the dropout voltage (Vpo). However, keep in mind that higher voltage
drops result in better dynamic (that is, PSRR and transient) performance.

On the WSON (DSC) package, the primary conduction path for heat is through the exposed thermal pad into the
PCB. To ensure the device does not overheat, connect the exposed thermal pad, through multiple thermal vias,
to an internal ground plane with an appropriate amount of PCB copper area.

Power dissipation and junction temperature are most often related by the junction-to-ambient thermal resistance
(Reja) Of the combined PCB and device package and the temperature of the ambient air (T,), according to
Equation 4 or Equation 5:

Tamax) = Taax) + (Rosa X Ppmax)) 4)

Pp= (TJ(MAX) - TA(MAX)) ! Rosa (5)
If the V|y-VouT Voltage is known, the maximum allowable output current can be calculated with Equation 6

IOUT(MAX) = ( ( (1250(: - TA) / RQJA ) / (VIN - VOUT) ) (6)

Unfortunately, the Ry;5 value is highly dependent on the heat-spreading capability of the particular PCB design,
and therefore varies according to the PCB size, total copper area, copper weight, any thermal vias, and location
of the planes. The Ry;s recorded in Thermal Information is determined by the specific EIA/JJEDEC JESD51-7
standard for PCB and copper spreading area, and is to be used only as a relative measure of package thermal
performance. For a well designed thermal layout, Ry;s is actually the sum of the package junction-to-case
(bottom) thermal resistance (Rgycmor) Plus the thermal resistance contribution by the PCB copper area acting as
a heat sink.

8.2.2.8 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (¥) thermal metrics to estimate the junction temperatures
of the LDO when in-circuit on a typical PCB board application. These metrics are not strictly speaking thermal
resistances, but rather offer practical and relative means of estimating junction temperatures. These psi metrics
are determined to be significantly independent of the copper-spreading area. The key thermal metrics (¥;r and
¥;g) are given in the Thermal Information table and are used in accordance with Equation 7 and Equation 8.

Timax) = Trop + (¥ar X Pomax))
where
e Tqop is the temperature measured at the center-top of the device package.

*  Ppguax) is described at Equation 3 @)
TJ(MAX) = Tgoarp + (LPJB x PD(MAX))

where
*  Tgoarp is the PCB surface temperature measured 1 mm from the device package and centered on the
package edge.
*  Ppguax) is described at Equation 3 (8)

For more information about the thermal characteristics ¥;r and ¥ g, see Semiconductor and IC Package Thermal
Metrics ; for more information about measuring Ttop and Tgparp: S€€ Using New Thermal Metrics ; and for more
information about the EIA/JJEDEC JESD51 PCB used for validating Ry;a, see the Tl Application Report Thermal
Characteristics of Linear and Logic Packages Using JEDEC PCB Designs. These application notes are available
at www.ti.com.
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8.2.2.9 Recommended Continuous Operating Area

The continuous operational area of an LDO is limited by the input voltage (V,\), the output voltage (Vout), the
dropout voltage (Vpo), the output current (Ioyt), and the junction temperature (T;). The recommended area for
continuous operation for a linear regulator can be separated into the following steps, and is shown in Figure 16.

e Limited by dropout: Dropout voltage limits the minimum differential voltage between the input and the output
(Vin — Vour) at a given output current level.

« Limited by the rated output current: The rated output current limits the maximum recommended output current
level. Exceeding this rating causes the device to fall out of specification.

» Limited by thermals: This portion of the boundary is defined by Equation 6. The slope is nonlinear because
the junction temperature of the LDO is controlled by the power dissipation (Pp) across the LDO; therefore,
when V|y — Vout increases, the output current must decrease in order to ensure that the rated maximum
operating junction temperature of the device is not exceeded. Exceeding the maximum operating junction
temperature rating can cause the device to fall out of specifications, reduces long-term reliability, and may
activate the thermal shutdown protection circuitry.

« Limited by V,y range: The rated operating input voltage range governs both the minimum and maximum of

VIN - VOUT'

IOUT (A)

0

Limited by
Rated Output Current

AN

Limited by
Dropout:

Recommended Area for
Continuous Operation

:"l
Limited by

Limited by
Thermals

oo
Limited by 1
Maximum Operating Vi !

1
1
1
i Minimum Operating V iy
T

0

»
! l

Vin = Vour (V)

Figure 16. Recommended Continuous Operating Area

Figure 17 to Figure 22 show the recommended continuous operating area boundaries for this device in the
WSON (DSC) package mounted to a EIA/JJEDEC High-K printed circuit board, as defined by JESD51-7, with an

Rga rating of 49.5°C/W.

16
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8.2.3 Application Curves
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Figure 23. Noise Density vs Frequency Figure 24. Ground Current vs Output Current

9 Power Supply Recommendations

This device is designed to operate from an input supply voltage range of 1.3 V to 6 V. The input supply should be
well regulated and free of spurious noise. To ensure that the LP5922 output voltage is well regulated and
dynamic performance is optimum, the input supply must be at least Vqoyr + 1 V. A minimum capacitor value of
22 uF is required to be within 1 cm of the IN pin.

18 Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com/product/lp5922?qgpn=lp5922
http://www.ti.com

13 TEXAS

INSTRUMENTS
LP5922
www.tij.co.jp JAJSCR1 -NOVEMBER 2016
10 Layout

10.1 Layout Guidelines

The dynamic performance of the LP5922 is dependant on the layout of the PCB. PCB layout practices that are
adequate for typical LDOs may degrade the PSRR, noise, or transient performance of the LP5922.

Best performance is achieved by placing Cy and Cgyt on the same side of the PCB as the LP5922 device, and
as close as is practical to the package. The ground connections for C;y and Coyt must be back to the LP5922
GND pin using as wide and as short of a copper trace as is practical.

Avoid connections using long trace lengths, narrow trace widths, or connections through vias. These add
parasitic inductances and resistance that results in inferior performance especially during transient conditions

10.2 Layout Example

Ruprer ouT| 1 7 1 {10 |IN Cn
COUT | |
—T— ouT| 27 1 91N —T—
______ ! |
_____ ! [—
FB| 30 | GND ' {8 |GND I
...... / | I N
| |

Riower | |

GND|[ 473! I {7 | SSINR
! |

e AAN—e PG| 5 1 1 {6 |EN  Cssnr

=
RpG ! : : |

Figure 25. LP5922 Typical Layout
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LP592201DSCR NRND Production WSON (DSC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 592201
LP592201DSCR.A NRND Production WSON (DSC) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 592201
LP592201DSCT NRND Production WSON (DSC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 592201
LP592201DSCT.A NRND Production WSON (DSC) | 10 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 592201

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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