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TL5209 500-mA Low-Noise Low-Dropout Voltage Regulator With Shutdown

1 Features

Adjustable Output Voltage
1%/2% Accuracy (25°C/Full Range)

500-mV (Maximum) Dropout at Full Load of
500 mA

Tight Regulation Overtemperature Range

— 0.1%/V (Maximum) Line Regulation

— 0.7% (Maximum) Load Regulation

Ultra Low-Noise Capability (300 nV/VHz Typical)
Shutdown Current of 3 A (Maximum)

Low Temperature Coefficient

Current Limiting and Thermal Protection

Stable With Minimum Load of 1 mA
Reverse-Battery Protection

Applications

— Portable Applications (PDAs, Laptops,
Cell Phones)

— Consumer Electronics
— Post-Regulation for SMPS

Available in Convenient SOIC-8 Surface-Mount
Package

Applications

Set-Top Boxes

PCs and Notebooks
EPOS

Building Automation

Typical Application Schematic
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3 Description

The TL5209 device is 500-mA low-dropout (LDO)
regulator that is well suited for portable applications.
It has a lower quiescent current than most traditional
PNP regulators and allows for a shutdown current of
0.05 pA (typical). The TL5209 also has very good
dropout voltage characteristics, requiring a maximum
dropout of 10 mV at light loads and 500 mV at full
load. In addition, the LDO also has a 1% output

voltage accuracy and very tight line and load
regulation that is comparable to its CMOS
counterparts.

For noise-sensitive applications, the TL5209 allows
for low-noise capability through an external bypass
capacitor connected to the BYP pin, which reduces
the output noise of the regulator. Other features
include current limiting, thermal shutdown, reverse-
battery protection, and low temperature coefficient.

The TL5209 is available with adjustable output.
Offered in an SOIC-8 surface-mount package, the
TL5209 is characterized for operation over the virtual
junction temperature ranges of —40°C to 125°C.

Device Information®
PACKAGE BODY SIZE (NOM)
SOIC (8) 4.90 mm x 3.91 mm

PART NUMBER
TL5209

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions
D Package
8-Pin SOIC
Top View
EN []1 o 8|] GND
IN[] 2 71l GND
ouT []3 6|] GND
ADJ/BYP [|4 5[] GND
Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
Adjust/Bypass pin, forces a constant voltage of 1.242 V to allow for adjusting the output
ADJ/BYP 4 | voltage with external resistors. A bypass capacitance can be used on this pin to slow down
the ramp up of the output voltage.
EN 1 | Control input, active high
GND 5-8 - Ground
IN 2 | Input voltage
ouT 3 (0] Output voltage

7 Specifications

7.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
\ Continuous input voltage -20 20 Y
Vo Output voltage 7.5 Y
Tstg Storage temperature -65 150 °C

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

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 ™ +2500
Vesp)  Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22- +1000 \
c101®@
(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.
7.3 Recommended Operating Conditions
MIN MAX| UNIT
\ Input voltage 25 16 \%
Vo Output voltage 6.5 \%
VEN Enable input voltage 0 \ \%
T; Operating junction temperature -40 125 °C
Copyright © 2006-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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7.4 Thermal Information
TL5209
THERMAL METRIC® D [SOIC] UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 116.1 °C/W
ReaJc(top) Junction-to-case (top) thermal resistance 61.6 °C/W
Reis Junction-to-board thermal resistance 56.3 °C/W
Wit Junction-to-top characterization parameter 14.9 °C/W
Wis Junction-to-board characterization parameter 55.8 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance n/a °C/W

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

7.5

report, SPRA953.

Electrical Characteristics

Vin = Vour + 1V, Cour = 4.7 YF, loyr = 1 mA, full range T, = -40°C to 125°C

PARAMETER TEST CONDITIONS T; MIN TYP MAX | UNIT
Output volt v 2.5V for ADJ onl 25°C 1% 1%
utput voltage accurac =2. or on
P g Y out Y [ Za0°c 10 125°C —2% 2%
Output voltage o o o
aVour temperature coefficient —40°C to 125°C 40 ppm/°C
Li lati Vin= (Vour +1V) to 16 V 25°C 0.009 0.05 %IV
ine regulation = (o} b
9 N ATouT —40°C to 125°C 0.1
. 1 25°C 0.05% 0.5%
Load regulation lout = 1 MA to 500 mA®
—-40°C to 125°C 0.7%
| 1 mA 25°C 45 60
=1m
out —40°C to 125°C 80
25°C 115 175
lout = 50 mA
VN - Vi Dropout voltage @ 40°C 10 125°C 250 mv
N~ Your Brop 9 25°C 150 250
lout = 100 mA
—-40°C to 125°C 300
25°C 350 500
lout = 500 mA
—-40°C to 125°C 600
Ve 33V | 1 mA 25°C 100 140
>3V, =1m
EN out —40°C to 125°C wo|
Ve 33V | 50 mA 25°C 350 650 "
>3V, =50m
_ EN out —40°C to 125°C 900
) Quiescent current
Ven 23V, | 100 mA 25°c 12 2
>3V, = m
EN out —40°C to 125°C 3
mA
Ven23V, | 500 mA 25°C 8 20
>3V, = m
EN out —40°C to 125°C 25
lmin Minimum load current® —40°C to 125°C mA
Ven £0.4V 25°C 0.05
Isp Shutdown current 25°C 0.1 MA
Vgn £ 0.18 V
—-40°C to 125°C 8
Ripple rejection f=120 Hz 25°C 75 dB
| C t limit V ov 25°C 700 900 A
urrent limi = m
LI out —40°C to 125°C 1000
(1) Low duty cycle testing is used to maintain the junction temperature as close to the ambient temperature as possible. Changes in output

()
@)

voltage due to thermal effects are covered separately by the thermal regulation specification.
Dropout is defined as the input to output differential at which the output drops 2% below its nominal value measured at 1-V differential.

For stability across the input voltage and temperature. For ADJ versions, the minimum current can be set by R1 and R2.

4
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Electrical Characteristics (continued)

V|N = VOUT +1 V, COUT =47 HF, IOUT =1 mA, full range TJ = —40°C to 125°C

PARAMETER TEST CONDITIONS T; MIN TYP MAX | UNIT
AVoutAP - rhermal regulation® Vin =16 V,_SOO-mA load 25°C 0.05 %/W
D pulse for t =10 ms
Vout = 2.5V, loyr =50 mA, °
25°C 500
Cout = 2.2 yF, Cgyp =0
Vp Output noise lout = 50 MA, nV/Hz
Cout = 2.2 yF, 25°C 300
Cgyp = 470 pF©®)
Ve = logic LOW 25°C 0.4
Ven Enable logic voltage (shutdown) —40°C to 125°C 0.18 \Y
Ven = logic HIGH (enabled) 25°C 2
Ven £ 0.4 V (shutdown) 25°C 0.01 -1
, Vep £ 0.18 V (shutdown) —40°C to 125°C 0.01 -2
IEN Enable input current MA
25°C 5 20
VEn 2 2 V (enabled)
—40°C to 125°C 25
(4) Thermal regulation is defined as the change in output voltage at a specified time after a change in power dissipation is applied,
excluding line and load regulation effects.
(5) Cgyp is optional and connected to the BYP/ADJ pin.
7.6 Typical Characteristics
0 T T TTTI T 11T 0 T T TTTIT TTTT
40 | Vn=35V 10 | V=38V
Cour =22 yF | Coyr =22 yF A
20 [~ Cyyp =0 UF i 20 | Cayp =0.01 pF /
-30 (louyr=1mA // .30 lour =1 MA | //
frtef 1
o 0 o 40
° h=}
i -50 T s )
o -60 o
2 /| 2 -60
-70 7 /
-80 - /| 70 g
-90 ﬂ\h -80
-100 | | -90 I
-110 -100
10 100 1k 10k 100k M 10 100 1k 10k 100k M
Frequency — Hz Frequency — Hz
Figure 1. Power Supply Rejection Ratio Figure 2. Power Supply Rejection Ratio
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Typical Characteristics (continued)

-10 [T 117 0 T TTTI T 117
20 | V=35V 10 | V=35V
Cour = 2.2 uF A \ Cour=2.2 uF f, I
-30 [—Cayp =0 pF y -20 [ Cayp =0.01 uF
40 [=10mA / 30 | lour=10mA
/| i
-50 -40 /
g / g "
|
-60 o 50
z / z /
o -70 o -60 7
-80 Mr'r -70
-90 -80
B i . Ll
-110 -100
10 100 1k 10k 100k M 10 100 1k 10k 100k M
Frequency — Hz Frequency — Hz
Figure 3. Power Supply Rejection Ratio Figure 4. Power Supply Rejection Ratio
0 T T TTTTmm TTTT 0 T T TTTTmm TTTT
V=35V " V=35V
-10 |- Cour=2.2 WF I ) Cour =2.2 F /,u
-20 |- Cavp =0 F / -20 |- Caye = 0.01 pF /1
a0 | lour=100mA / a0 | lour=100mA /
i 1
o  -40 / o -40
o // "IJ
|
x 90 4 x -50
g / % /
a -60 Q  -60 i
/
/ f
70 \ 70 e
|
80 I -80
-90 -90
-100 -100
10 100 1k 10k 100k M 10 100 1k 10k 100k ™M
Frequency — Hz Frequency — Hz
Figure 5. Power Supply Rejection Ratio Figure 6. Power Supply Rejection Ratio
P 2y | 1 ] ST T [ ]
| Vour =< IL=1mA —
ne Cour=2.2 pF ! ! : \A y 110 Vour =25V IL=1mA
100 [ —gpr [ 4= 10mA /2 100 [—Coyr = 2.2 pF X
= ouUT — &-
00 |1 2 _ 90 | Cove =001 pF ) N —
80 '/ / 80 / //lL =10mA
I =100 mA
% 70 / 8 70 /
o 60 e 60
: [l 1] : [l 1]
9 50 / / 9 50 / /
40 40
30 / / 30 /
/ IL =100 mA
20 / /| 20 P
10 // |7 o / |~
= — ///
0 0
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

Voltage Drop — V

Figure 7. Power Supply Ripple Rejection vs Voltage Drop

Voltage Drop — V

Figure 8. Power Supply Ripple Rejection vs Voltage Drop
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Typical Characteristics (continued)

0 50 100 150 200 250 300 350 400 450 500

I, — Load Current — mA

Figure 11. Dropout Voltage vs Load Current

0.8 B R 0.7
1]
07 Cour =22 HF 1 0.6 I =100 mA
Cayp =0 UF i
0.6 05 l=1mA s
3 05 bt =100mA NN [ N,
E ' < l =10 E 7§u--! IO
z \Su =10 mA Z 04
%_ 0.4 RN = i \§\
e \ (bl ! Y
Y N1 N o 03 I =10 mA
2 03 |-l=1mA 2
=" N\ : |
02 \ 02 H
. { V=35V \\
o1 0.1 |~ Cour=22pF
Ceyp =0.01 uF NLL
o oLl il 11
10 100 1k 10k 100k 10 100 1k 10k 100k
Frequency — Hz Frequency — Hz
Figure 9. Noise Performance Figure 10. Noise Performance
500 — 2.55 T 7
150 Vour =25V o5 | Vin=35V
Cour =2.2 yF ’ Cour= 4.7 uF
400 [— Cayp =0 253 [~ =1mA
2 ~ > 252
350 [ — e
al: — g
2 300 g 251
S 250 7 S 250
: /7 £
=3
g 200 / 8 2.49 = ]
S 150 [— s 248 F =
8 / 2
= 100 / 2.47
50 2.46
0 2.45

-40 -25 -10 5 20 35 50 65 80 95 110 125

Ta— Temperature — C

Figure 12. Output Voltage vs Temperature

20 T 1
| V=35V
Cour = 4.7 uF
—Cn=1pF

[
®

i
o

N

[
N
N

=
o

) /
-

leno — GND Pin Current — mA

//

0 50 100 150 200 250 300 350 400 450 500

I, — Load Current — mA

Figure 13. Ground Current vs Load Current

18

1.6
I, = 100 mA

14

12

0.8

0.6

leno — GND Pin Current — mA

0.4

0.2 IL=1mA

Ve — Supply Voltage — vV

Figure 14. Ground Current vs Supply Voltage
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Typical Characteristics (continued)

leno — GND Pin Current — mA

20

18

1. =500 m.

16

14

12

10

1 2

3

5

Vee — Supply Voltage — V

Figure 15. Ground Current vs Supply Voltage

Vour — Output Voltage — V

2.53

2.52

251

2.50

2.49

2.48

2.47

l l l l
V= 35V

| Cour=4.7uF
I. =1 mA to 500 mA

To=25T

\
=

Ta=125T

N

iliss

T, =-40C

0 50 100 150 200 250 300 350 400 450 500

I, — Load Current — mA

Figure 16. Output Voltage vs Load Current

10 ——rr——r 10—
FVn=35V FVn=35V
- Cour =1 UF I - Cour =22 4F
Vens =2V | Vens =2V P
Bl W TTT N
! i T N
c‘} ) L= 1mA /| LI lo=1mA| / \')( ™
i mmminis | HHH ya
3 I, =10 mA F 3 I =10 mA 7
c c
S H < -t
3 1 11.=100 mA i 3 T = i —
E_ L= m \j{ E’ I, =100 mA g I ’(
3 | E ' /
g o = g o1
IS e T 3 i 1
1
0.01 0.01
10 100 1k 10k 100k M 10 100 1k 10k 100k M
Frequency — Hz Frequency — Hz
Figure 17. Output Impedance vs Frequency Figure 18. Output Impedance vs Frequency
255 T T S T T T T 1
954 | Vn=35Vto16V V= 35V
Cour =4.7 uF Cour = 4.7 uF
253 —1 =1mA 0.4 [—I_=1mA to 500 mA
> 252
g i ]
g 251 L 03
S - £ L+
S 250 [ Ta=25C 5 L
5 = LT
2 j=2) L
g 249 [FTa=125C C 02
| 1 % ey
5 248 77, =.40C 3
>
2.47 0.1
2.46
2.45 0
3 6 9 12 15 18 40 -25 -10 5 20 35 50 65 80 95 110 125
Vi — Input Voltage — V Ta— Temperature — C
Figure 19. Output Voltage vs Input Voltage Figure 20. Load Regulation
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Typical Characteristics (continued)

T ¥
0.01 i i Cour =10 pF
Vn=35Vto 16V V=35V
Cour =4.7 uF = Vens =2V
0.008 |~ =100 pA ?:e’ 100 e brm— Cn=1pF
> f
> &
S o
CT 0.006 — 1 i L
c
S
=z
=}
T 0.004
< N
£ S
- =g ¥
0.002 o= 0
~ =
]
>
\/\\_/ 5 = 10
0 o
50 -25 0 25 50 75 100 125 8
Ta— Temperature — T
Time (25 ps/div)
Figure 21. Line Regulation Figure 22. Load Transient Response
+ p— prv— =
Cour=2.2 uF = Cour=10 pF
Vmessv  E V=35V
Vens =2V ® 500 .
F-#l‘n".—ﬂ(hﬁ-\n‘-rﬂ C = l F
Cn=1pF S IN H
g 100 Toee ,___m] 1 G - J THEE
=]
4 1 S
S *—."_......_._.. £
()
g
= 10 = 20
sS >
> -
gE o 2 0
c s 5
&< S 20
o5 < -
§s 1 o
= D
o 5
) . <
Time (25 us/div) o Time (25 ps/div)
Figure 23. Load Transient Response Figure 24. Load Transient Response
22 & *
Cour =10 pF
= — +
Vin=35V 2 Cour=1pF
< Vens =2V % 45 i o M S IL=1mA
g 500 T e Cn=1pF 3
= 2 25 e ——
[ a
3 100 ;g - i =
S 20
s 4 3 |
- £ g’ 10 i
o5 20 s il
og 5 o Whﬁww
22 3
O 5 c 10
=3 9
=2
3 -20 5
o Time (500 ps/div)
Time (25 ps/div)
Figure 25. Load Transient Response Figure 26. Line Transient Response
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Typical Characteristics (continued)

— + < +
) Cour = 2.2 uF b Cour =1 WF
% 45 T e— IL=1mA % 45 lialn e aa gt I, =100 mA
S S
PO 32 V— —— — % 35 i - -
Q Q
£ =
S 20 s 2
E E
[ @ |
g 10 g 1 i
5 ! 3 ]
2 0 WWW— Z 0 hm. =
5 ey e i 5 "
- B e s
FH g fw—m.u—q
9 10 2 10
) ‘©
i< j=2
= c
& g
(@) Time (500 ps/div) o Time (500 ps/div)
Figure 27. Line Transient Response Figure 28. Line Transient Response
< + s *
< Cour = 2.2 WF © Cour = 1 WF
g 45 el I =100 mA g a5 SR G| R Py 1] L I, =500 mA
S S
g 35 Fmeics e 5 35
2 g - p— - _
< 2 s
E E 20
[
;3)’ 10 g 10 i
E h g 1
S 0 mamemaige AN i 5 0 b{
5 = 0
2 10 T ar— MM
g ) i 2
o Time (500 ps/div) g Time (500 ps/div)
Figure 29. Line Transient Response Figure 30. Line Transient Response
s *
()
2 P =
S + g
[ Cour = 2.2 pF 3> i
g 45 e IL =500 mA i 0. 3 i =
= o
o
T 35 [ i g
g i
£ P
[
: 2 /
< 20 < .-"I
& E 1
S 10 % Cour=1pF
= "
=~ = =
s o | WW S 0 R Vin=3.5V
° < lLoap = 10 MA
Qé -10 .% Cn=1pF
g o
(8]
Time (500 ps/div)
Time (50 ps/div)
Figure 31. Line Transient Response Figure 32. Turnon Time
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Typical Characteristics (continued)
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8 Detailed Description

8.1 Overview

The TL5209 device is a low-dropout (LDO) regulator with an input voltage range from 2.5 V to 16 V and a
maximum output current of 500 mA. The output voltage can be adjusted using external resistors (R1 and R2)
and has an accuracy of 1% to 2% depending on the ambient temperature. The maximum voltage drop across the
device varies from 10 mV to 500 mV depending on the current load at the output.

8.2 Functional Block Diagram

o IN ouT oV
vin s ’ i our
Cour
S
ADJ/BYP B
¢
A Bandgap
Reference C
EN R2 I (o?)\gti)maI)

Current Limiting and
Thermal Shutdown

IGND

Figure 39. Low-Noise Adjustable Regulator

8.3 Feature Description

8.3.1 Enable and Shutdown

The EN pin is CMOS-logic compatible. When EN is held high (>2 V), the regulator is active. Likewise, applying a
low signal (<0.4 V at 25°C) to EN or leaving it open shuts down the regulator. If the enable or shutdown feature
is not needed, EN should be tied to VIN.

8.4 Device Functional Modes
The table below lists the expected value of VOUT as determined by the EN pin.

Table 1. VOUT Function Table

EN (Control Input) VOUT
L Open
H 1.242 V x (1 + R2/R1)
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9 Application 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.

9.1 Application Information

9.1.1 Low-Voltage Operation

When using the TL5209 in voltage-sensitive applications, special considerations are required. If appropriate
output and bypass capacitors are not chosen properly, these devices may experience a temporary overshoot of
their nominal voltages.

At start-up, the full input voltage is initially applied across the regulator pass transistor, causing it to be
temporarily fully turned on. By contrast, the error amplifier and voltage-reference circuits, being powered from the
output, are not powered up as fast. To slow down the output ramp and give the error amplifier time to respond,
select larger values of output and bypass capacitors. The longer ramp time of the output allows the regulator
enough time to respond and keeps the output from overshooting its nominal value.

To prevent an overshoot when starting up into a light load (¥100 pA), Tl recommends 4.7-yF and 470-pF
capacitors for the output and bypass capacitors, respectively. At higher loads, 10-yF and 470-pF capacitors
should be used.

If the application is not very sensitive to regulator overshoot, both the output capacitor and bypass capacitor (if
applicable) can be reduced.

9.2 Typical Application

Vin IN out O Vour
R1 l
I EN  gpp ADYBYP I -
i i 470pF X R2
= 1

A, Vour=1.242V (1 + R2/R1)
R2 should be < 470 kQ for optimal performance.
C. Maximum Vgoyt =6.75V = 10%

w

Figure 40. TL5209 Typical Application

9.2.1 Design Requirements
For this design example, use the parameters listed in Table 2 as the input parameters.

Table 2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Vin 5V
R1 100 kQ
Load current 500 mA
Desired Vour 33V
Copyright © 2006-2015, Texas Instruments Incorporated Submit Documentation Feedback 13
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9.2.2 Detailed Design Procedure

9.2.2.1 Setting the Output Voltage

The TL5209 develops a 1.242-V reference voltage, Vrege, between the output and the adjust terminal. As shown
in Figure 40, this voltage is applied across resistor R1 to generate a constant current. The current Iop; from the
ADJ terminal could introduce DC offset to the output. Because, this offset is very small (about 50 nA), it can be
ignored. The constant current then flows through the output set resistor R2 and sets the output voltage to the
desired level. Equation 1 is used for calculating VOUT:

VOUT =1.242V x (1 +R2/R1) (2)
With an R1 resistance of 100 kQ and a desired output voltage of 3.3 V, the value for R2 can be calculated:

3.3V =1.242V x (1 + R2/100 kQ) 2

100 kQ x ((3.3V/1.242V)-1) = R2 ()

R2 = 165.7 kQ (4)

Therefore, with an R2 resistance of 165.7 kQ, the output voltage can be setto 3.3 V.

The TL5209 adjustable output should not be adjusted above 6.75 V + 10% due to the internal Zener diode
clamping the output voltage above 6.75 V. Although I,p; is very small, R2 should be limited to less than 470 kQ
for optimum performance.

9.2.2.2 Input Capacitor

If the input of the regulator is located more than ten inches from the power-supply filter, or if a battery is used to
power the regulator, TI recommends a minimum 1-yF input capacitor.

9.2.2.3 Output Capacitor

As with all PNP regulators, an output capacitor is needed for stability. The required minimum size of this output
capacitor depends on several factors, one of which is whether a bypass capacitor is used.

» With no bypass capacitor, TI recommends a minimum Cqy of 1 uF.
» With a bypass capacitor of 470 pF (see Figure 40), TI recommends a minimum Cgyy of 2.2 pF.
» Larger values of Cqyt are beneficial, because they improve the regulator transient response.

Another factor that can determine the minimum size of the output capacitor is the load current. At low loads, a
smaller output capacitor is needed for stability.

The equivalent series resistance (ESR) of the output capacitor also can affect regulator stability. Coyt should
have an ESR of #1 Q, and it should have a resonant frequency greater than 1 MHz. Too low of an ESR can
cause the output to have a low-amplitude oscillation and/or underdamped transient response. Most tantalum or
aluminum electrolytic capacitors can be used for the output capacitors. However, care must be taken at low
temperatures, because aluminum electrolytics use electrolytes that can freeze at low temperature (¥ —30°C).
Solid tantalum capacitors do not exhibit this problem and should be used below —25°C.

9.2.2.4 Bypass Capacitor

An optional bypass capacitor, Cgyp, can be externally connected to the regulator through the BYP pin for
improved noise performance. Connected to the internal voltage divider and the error amplifier of the regulator,
this bypass capacitor filters the noise of the internal reference and reduces the noise effects on the error
amplifier. The overall result is a significant drop in output noise of the regulator. TI recommends a 470-pF bypass
capacitor.

Adding a bypass capacitor has several effects on the regulator that must be taken into account. First, the bypass
capacitor reduces the phase margin of the regulator and, thus, the minimum Cgyt needs to be increased to 2.2
WF, as previously mentioned. Second, upon start-up of the regulator, the bypass capacitor has an effect on the
regulator turnon time. If a slow ramp-up of the output is needed, larger values of Cgyp should be used.
Conversely, if a fast ramp-up of the output is needed, use a smaller Cgzyp Or none at all.

If a bypass capacitor is not needed, BYP should be left open.
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9.2.3 Application Curves
Figure 41 shows the expected output voltage versus R2 for various values of R1.
6.5
/ 7
6.0 // A
5.5 A
__ 5.0
S 45
] . I
g 40 / /]
I / /
> 35 // v
=]
;; 3.0 A
2.5
2.0 —— R1 =50kQ
15 —— R1 =100kQ
: % R1 = 200kQ
1.0
0 50 100 150 200 250 300 350 400 450 500
R2 (kQ)
Figure 41. Expected Output Voltage vs R2 Resistance
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10 Power Supply Recommendations

The device is designed to operate with an input voltage range of 2.5 V to 16 V. This supply must be well
regulated and placed as close to the device terminals as possible. It must also be able to withstand all transient
and load currents, using a recommended input capacitance of 1 pF if necessary. If the supply is located more
than a few inches from the device terminals, additional bulk capacitance may be required in addition to the
ceramic bypass capacitors. If additional bulk capacitance is required, an electrolytic, tantalum, or ceramic
capacitor of 10 uF may be sufficient.

11 Layout

11.1 Layout Guidelines

For best performance, VIN, VOUT, and GND traces must be as short and wide as possible to help minimize the
parasitic electrical effects. To be most effective, the input and output capacitors must be placed close to the
device to minimize the effects that parasitic trace inductances may have on normal operation.

11.2 Layout Example

(") VIA to Power Ground Plane

O EN GND O

IN GND
O
ouT GND
L
COUT —l— R1
ADJ/BYP GND @

R2 + CBYP

Figure 42. TL5209 Layout Schematic
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)
TL5209DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL5209
TL5209DR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL5209
TL5209DRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL5209

@ 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 Tl 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TL5209DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TL5209DR SOIC D 8 2500 353.0 353.0 32.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT
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4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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L ¢ DETAILS
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|
|
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L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
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SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A
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¥ 1
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

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

9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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