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LD39130S

300 mA very low quiescent current linear regulator IC with the

automatic green mode

*

Flip-chip 4

*

DFN 1.2x1.3-6L

Features

e Input voltage from 1.4t0 5.5V

¢ Ultra low dropout voltage (300 mV typ. at
300 mA load)

e Automatic green mode

e Very low quiescent current (1 pA in green
mode, 45 pA in normal mode and 0.1 pA typ. in
off mode)

o Output voltage tolerance: £ 1.0% at 25 °C
e 300 mA guaranteed output current

o Wide range of output voltages available on
request: adjustable from 0.8 V, fixed up to
4.0 Vin 100 mV step

e Logic-controlled electronic shutdown
¢ Internal soft-start

e Compatible with ceramic capacitor
COUT =330 nF

e Internal current foldback and thermal
protections

e Available in DFN6 1.2x1.3 mm and Flip-chip 4
bumps 0.69 x 0.69 mm. 0.4 pitch

e Operating temperature range: -40 °C to 125 °C

January 2015

Datasheet - production data

Applications

¢ Mobile phones
e Personal digital assistants (PDAs)
¢ Digital still cameras (DSC)

e Cordless phones and similar battery-powered
systems

e Portable media players

Description

The LD39130S is a high accuracy voltage
regulator that provides 300 mA maximum current
from an input voltage ranging from 1.4 Vto 5.5V,
with a typical dropout voltage of 300 mV.

It is available in DFN6 1.2x1.3 mm package and
in ultra small CSP 4 bumps package, allowing the
maximum space saving.

The device is stabilized with a ceramic capacitor
on the output. The ultra low drop voltage, low
quiescent current and low noise features make it
suitable for low power battery-operated
applications. It integrates an internal logic
circuitry, which allows the regulator to be in ultra
low consumption mode (green mode), when the
output current required is very low. The normal
working mode, with fast transient response, is
restored when the load current increases.

The enable logic control function puts the
LD39130S in shutdown mode allowing a total
current consumption lower than 0.1 pA. The
current foldback and thermal protection are
provided.
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Diagram
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Figure 1. Block diagram (adjustable version)
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Figure 2. Block diagram (fixed version)
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Pin configuration LD39130S
2 Pin configuration
Figure 3. Pin connection (top view)
[ — —
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1) (& ] (A21 (B2
| ] \N_7 N
2D (]
(/,0‘:1\) /51
e e | B11
3D (] AR
. o Q.
DFN6 Flip chip 4
AM13810V1
Table 1. Pin description
Pin n°
Symbol Function
DFN6 Flip chip
1 GM Auto green mode selection: low = active, high = disabled
2 B2 GND Common ground
3 B1 EN Enable pin logic input: low = shutdown, high = active
4 A1 IN Input voltage
5 ADJ/NC) | Adjust pin
6 A2 ouT Output voltage

1. Not connected in the fixed output voltage version.
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Typical characteristics
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Note:
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Typical characteristics

Figure 4. Typical application circuits

v, v,
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o en LD39130S R, 1% en LD39130S
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! —6M  gyp ADJ == Cou ' —{eM oo T Cou
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Adjustable version Fixed version
AM13811V1

GM and ADJ pins are available on the DFN6 package only.
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Maximum ratings

LD39130S

4

Maximum ratings

Table 2. Absolute maximum ratings

Symbol Parameter Value Unit
ViN DC input voltage -0.3t07
Vour DC output voltage -0.3toV,+0.3 v
VEN Enable input voltage -0.3toV,+0.3 \"
Vaem Auto green mode input voltage -0.3toV,+0.3 \
Vapy Adjust pin voltage -0.3t02 \
louT Output current Internally limited mA
Pp Power dissipation Internally limited mwW
Tstg Storage temperature range - 65to 150 °C
Top Operating junction temperature range -40to 125 °C

Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these conditions is not implied. All values are referred to GND.
Table 3. Thermal data
Value
Symbol Parameter Unit
DFN6 Flip chip 4
Ringa Thermal resistance junction-ambient 237 130 °C/W
Ringc Thermal resistance junction-case 104 °C/W
Table 4. ESD performance
Symbol Parameter Test conditions Value Unit
HBM 2 kV
ESD ESD protection voltage CDM(DFN version) 200 \
CDM(CSP version) 300 Vv
6/27 DoclD025199 Rev 2 E’;




LD39130S

Maximum ratings

TJ =25 oC, V|N = VOUT(NOM) +1 V, ClN = COUT =1 lJ.F, IOUT =1 mA, VEN = V|N’ unless

otherwise specified.

Table 5. LD39130S/LD39130SJ electrical characteristics (fixed versions)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
ViN Operating input voltage 1.4 5.5 \
Vour>2V, loyr=10mA, T;=25°C -1.0 1.0 %
VOUT>2V, |OUT=10 mA, D) 2 o
VOUT accuracy -40 °C < TJ <125°C
(normal mode) Vout<2V, loyt=10mA, T;=25°C -20 20 mV
VOUT <2V, lOUT =10 mA,
- Vv
40 °C < T, < 125 °C 30 0| m
Vour
VOUT >2 V, IOUT =1 mA, TJ =25°C -1.0 1.0 %
VOUT >2 V, IOUT =1 mA, 2 2 o
VOUT accuracy -40 °C < TJ <125°C
(green mode) Vour<2V, loyr=1mA, T;=25°C -20 20 mV
VOUT <2 V, lOUT =1 mA,
- Vv
40 °C < T, < 125°C 30 0| m
Static i lati \Y% 0.5V<Vy<55V,I =10 mA
atic line regulation ouT t+ IN » louT m 0.02 0.20 .
(normal mode) ViN>14V
AVouyt — ,
Static line regulation Vour+0.5V<SV|y<55V, Igyr=1mA
0.50 | %/V
(green mode) Vin>14V
Vour>2V, lopyt=1mAto 12 mA -1.5 1.5 %
AVgoyt | Static load regulation ou ou
12 mA to 300 mA (normal mode) 0.004 Y%/mA
I =300 mA, Voyut>2V
Vv Dropout voltage () ouT  TouT 300 v
DROP | Bropoutvollage 40 °C < T, <125 °C m
10 Hz to 100 kHz, Igyt=1 mA 100
en Output noise voltage HVRvs
10 Hz to 100 kHz, loyt= 15 mA 38
Vin=Vournom+ 1V +/- VrippLE
S | | VR|PPLE =0.1 V, freq. =1kHz 70
upply voltage rejection I -~ 30 mA
SVR |Vour=15V oul dB
(normal mode) ViNn=Voutnom+ 0.5V +/- VgppLE
VR|PPLE =0.1 V, freq. =10 kHz 65
lOUT =30 mA
Quiescent current
I =10 mA 45 A
| (normal mode) out m H
Q
Quiescent current
I =0mA 1 4 A
(Green mode) out m H
V|n input current in off mode:
Istandoy | Standby current Vey = GND 0.1 1 HA
Isc Short-circuit current R = 0 (current foldback protection) 50 mA

G
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Maximum ratings

LD39130S

Table 5. LD39130S/LD39130SJ electrical characteristics (fixed versions) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
loyt | Output current 300 mA
Enable input logic low |V|y=1.4V1055V,-40°C< T <125°C 0.4
VEN e abie input logic high | Vjy= 1.4 V10 5.5 V, -40 °C < T, < 125 °C 1 v
lEN Enable pin input current | Vgypn = VN 100 nA
- Normal mode switch Change from light load to normal load 10 mA
threshold Vaum = GND®
oL Green mode switch Change from normal load to light load ] 5
threshold Vgu= GND®
g\fe” mode inputlogic |\, _ 14V 1055V,-40°C < T,<125°C 0.4
Ven® . . v
ﬁgehe” mode inputlogic |y, _ 4 4V 10 5.5V, -40 °C <T, < 125 °C 1
IGM(Z) Green mode pin current 100 nA
ToN®) | Turn-on time 100 us
Thermal shutdown 160 .
TsHON Hysteresis 20 ¢
Cour | Output capacitor Capacitance (see Section 6: Typical 033 0o uF

characteristics)

Dropout voltage is the input-to-output voltage difference at which the output voltage is 100 mV below its nominal value.

On DFNG6 package version only.

Turn-on time is time measured between the enable input just exceeding Vg high value and the output voltage just reaching
95% of its nominal value.

8/27
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LD39130S

Maximum ratings

TJ =25 oC, V|N = VOUT(NOM) +1 V, ClN = COUT =1 lJ.F, IOUT =1 mA, VEN = V|N’ unless
otherwise specified.

Table 6. LD39130S electrical characteristics (adjustable version)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
ViN | Operating input voltage 1.4 5.5 \
v VADJ accuracy lOUT =5 mA, TJ =25°C 780 800 820 mV

ADJ 1 (fixed normal mode) |11 =5 mA, Vgy = Vi 40 °C < T,<125°C | 770 | 800 | 830 | mV
ic li lati V SVSVy<55V,1 =10 mA
Static line regulation out + 0.5 INSB.5V, lgyr=10m 002 | 020 | o
v (normal mode) Vin>14V
AVout
ou Static line regulation Vout + 0.5V V<55V, lgyr=1mA
0.20 | %/V
(green mode) ViN>14V
V >2V, I =1mAto12mA -1.5 1.5 %
AVyr | Static load regulation ouT ouT
10 mA to 300 mA (normal mode) 0.004 Y%o/mA
I =300 mA, Vout>2V
v D | (1) ouT » VouT v
prop | Dropout voltage 40 °C < T, < 125°C 300 m
10 Hz to 100 kHz, loyt=1 mA 97
en | Output noise voltage HVRms
10 Hz to 100 kHz, Iyt =15 mA 41
ViN=Voutnom+ 1V +/- VrippLE
VRlPPLE =01V freq. =1kHz 70
SL.JppI'y voltage louT = 30 MA
SVR |rejection Voyr=1.5V dB
(normal mode) Vin=Voutrnom+ 0.5V +/- Vgipp g
VRlPPLE =01 V, Freq. =10 kHz 65
lOUT =30 mA
Quiescent current
I =10 mA 45 A
| (normal mode) out m K
Q
Quiescent current
I =0 mA 0.8 4 A
(Green mode) out m K
Vy input current in OFF MODE:

Istandoy | Standby current Ven = GND 0.1 1 HA
lapy | Adjust pin current 1 HA
Isc | Short-circuit current R = 0 (current foldback protection) 50 mA
lout |Output current 300 mA
v Enable input logic low V=14V 1t05.5V,-40°C<Tj<125°C 0.4 v

"N TEnable input logic high |Viy = 1.4 V10 5.5V, -40 °C < T, < 125 °C 1

Enable pin input _

lEN | current VsHpN = VIN 100 | nA

| Normal mode switch Change from light load to normal load 10 A

GH | threshold Vgum = GND m
Green mode switch Change from normal load to light load

laL 1 2
threshold Vgm= GND

G’l DoclD025199 Rev 2 9/27




Maximum ratings

LD39130S

Table 6. LD39130S electrical characteristics (adjustable version) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
g\fe” mode inputlogic |\ _ 4 41055V, 40 °C < T, < 125 °C 0.4
Vam , , v
Si;e” mode inputlogic |\ 4 4V 1055V, -40°C < T,< 125 °C 1
Green mode pin
lam | current 100 | nA
Ton®@ | Turn on time 100 Hs
T Thermal shutdown 160 c
SHON Hysteresis 20
Cour | Output capacitor Capacitance (see Section 6: Typical 033 20 uF

characteristics)

95% of its nominal value

10/27
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Application information
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Application information

Soft-start function

The LD39130S has an internal soft-start circuit. By increasing the startup time up to 100 ps,
without the need of any external soft-start capacitor, this feature keeps the regulator inrush
current at startup under control.

Auto green mode function

The LD39130S integrates an internal logic circuitry, which allows the regulator to be in ultra
low consumption mode (green mode), when the output current required is very low.

When the auto green mode is enabled, the regulator automatically selects its operating
mode, switching from a very low consumption operation at light loads, to a very fast
transient response mode when the load current increases.

In the LD39130S, in DFN6 package, this function can be disabled by the user, by means of
an external logic pin (GM). When the GM pin is set at high logic level, the device always
operates in normal mode (fast transient response), while if the GM pin is set low, the auto
green mode is enabled.

The LD39130SJ (CSP version) always operates in auto green mode.

Input and output capacitors

The LD39130S requires external capacitors to ensure the regulator control loop stability.
These capacitors must be selected to meet the requirements of minimum capacitance and
equivalent series resistance (see Figure 32). Locating the input/output capacitors as close
as possible to the relative pins, is suggested.

Input capacitor

A capacitor with a minimum value of 1 uF is required at the input voltage of the LD39130S.
This capacitor must be located as close as possible to the input pin of the device and
returned to a clean analog ground. Any good quality ceramic capacitor can be used.

Output capacitor

The control loop of the LD39130S is designed to work with ceramic capacitors at the output.

The output capacitor must meet the requirements for the minimum amount of capacitance
and E.S.R. (equivalent series resistance) as shown in Figure 32.

The suggested value of 1 yF is a good choice to guarantee the stability of the regulator and
to provide the optimum transient response. The output capacitor must maintain its ESR and
capacitance in the stable region, over the full operating temperature range, to assure
stability.

DoclD025199 Rev 2 11/27




Typical characteristics

LD39130S

Typical characteristics

(CIN = COUT =1 LIF, VEN = VIN =1.8 V, VOUT = VADJ! Tj = 25 °C unless otherwise Specified)

Figure 5. Output voltage vs. temperature
(Vin=1.8 V, IgyT = 5 mA, normal mode)

Figure 6. Output voltage vs. temperature
(Vin=1.8V, lgyt = 300 mA, normal mode)
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VIN =18V, IOUT =300 mA, VEN =18V, VGM = 1V (normal mode)
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Figure 7. Output voltage vs. temperature
(Vin=1.4 V, loyt = 1 mA, auto green mode)

Figure 8. Output voltage vs. temperature
(ViN=5.5V, lgyt = 1 mA, auto green mode)
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Vin=55V, Igyr = 1mA, Vg =55V, Vg, = 0.4V (auto green mode)
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LD39130S

Typical characteristics

Figure 9. Line regulation vs. temperature
(normal mode)

Figure 10. Line regulation vs. temperature
(auto green mode)
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Figure 11. Load regulation vs. temperature
(loyt =1 to 10 mA, normal mode)

Figure 12. Load regulation vs. temperature
(loyTt = 10 to 300 mA, normal mode)
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Figure 13. Load regulation vs. temperature
(loyt = 1 to 12 mA, auto green mode)

Figure 14. Mode change thresholds vs.
temperature

Vin=18V, lgyr =110 12mA, Vg =V, Vgu =04V (auto green mode)
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Typical characteristics

LD39130S

Figure 15. Quiescent current vs. temperature
(loyt = 10 mA, normal mode)

Figure 16. Quiescent current vs. temperature
(loyT = 300 mA, normal mode)

Vi =18V, lgyr = 10 MA, Vg =V, Vg =1V

70

60

50

40

30

Quiescent current [uA]

20

-40 25 0 25 55 85 125
Temperature [ °C]

AM13822V1

Vig =18V, lgyr = 300 mA, Vg = Vi, Vg =1V
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Figure 17. Quiescent current vs. temperature
(no load, auto green mode)

Figure 18. Shutdown current vs. temperature
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Figure 19. Quiescent current vs. input voltage
(auto green mode)

Figure 20. Quiescent current vs. input voltage
(normal mode)
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LD39130S

Typical characteristics

Figure 21. Quiescent current vs. output current

(auto green mode)

Figure 22. Quiescent current vs. load current
(normal mode)
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Figure 23. Quiescent current vs. load current

Figure 24. Short-circuit current vs. output
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Figure 25. Foldback current vs. temperature

Figure 26. Dropout voltage vs. temperature
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Typical characteristics

LD39130S

Figure 27. Dropout voltage vs. output current

Figure 28. S.V.R. vs. frequency (normal mode)
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Figure 29. S.V.R. vs. frequency (green mode)

Figure 30. Noise spectrum vs. frequency
(Vour=VapJ)

Vi =18 +-200mV, 17 =3mA, Vo1 = 0.8V, Cjy = Coyyr = 1 bF (green mode)
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Figure 31. Noise spectrum vs. frequency
(Voutr=41V)

Figure 32. Stability plan vs. (Cour, ESR)
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Typical characteristics

Figure 33. Startup by enable (IoyT = 0 mA,
auto green mode)

Figure 34. Turn-off by enable (Ioyt = 0 mA,
auto green mode)

VinN=1.5V, VEN =0V io VN loyT =0 mA, VoyT =0.8V, T, =1 us (auto green mode)
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Figure 35. Startup by enable (Ioyt = 300 mA,
auto green mode)

Figure 36. Turn-off by enable (Ioyt = 300 mA,
auto green mode)

ViN =15V, VEy =

0V to VIN, loyT =300 mA, Vo1 =08V, T, =1 ps (auto green mode)
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VIN =15V, VEN = VIN to0V, IOUT =300 mA, VOUT =08V, Tf =1 ps (auto green mode)
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Figure 37. Startup by enable (Igyt = 300 mA,
normal mode)

Figure 38. Turn-off by enable (Ioyt = 300 mA,
normal mode)

ViN=15V, Ven = 0Vito Vi, Vo = VN lout =300 MA, V=08V, T =1 ps (fixed normal mode)
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Typical characteristics

LD39130S

Figure 39. Turn-on time

Figure 40. Turn-off time

ViN=VEN= 0Vt 55V, Iyt =300 mA, Vour=08Y, T, =5ps

v T

loyr
TTLANEII

V,
©»-OUT,

.
@» soomviay M0 Rys00m @ Hon  sav [Fre=ya Toousiciv 1oMSls 10wt
& s0omaa 500 Qsoom @D ow  soomy o Sample
o 2ovidiv M0 Bysoom D Rise 48

@ . °

AM13844V1

ViN=VEN= 55V 100V | IgyT =300 mA, Vour=08Y, T, =5ps

T A T T T T T
loyr ...
@ i e e
VOUT
o
Ven, Vin T e
T i
‘
[ Y - e " o 7o
e\ 13 [ toousiciv t.omsis 1ousipt
. T e

Auto

AM13845V1

Figure 41. Line transient (auto green mode)

Figure 42. Line transient (normal mode)

VIN = VEN =18Vto23V , IOUT =1mA, VOUT =08V, Tr = Tf 5 ps (green mod
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Figure 43. Load transient (Ioyt =1 to 30 mA,
auto green mode)

Figure 44. Load transient (Ioyt = 0 to 300 mA,
auto green mode)

loyT =from 1t0 30 mA, Vo1 =08V, T, =T¢= 0.5 ps (auto green mode)
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LD39130S

Typical characteristics

Figure 45. Load transient (Ioyt = 1 to 300 mA,

normal mode)

Figure 46. Green mode transient

loyT =from 110 300 mA, Vo1 =08V, T, =T¢= 5ps, Vg = Vi, (normal mode) loyt =0mA, VoyT =08V, T =Ts= 1ps, Vg = from 0 Vto Vi,
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Package mechanical data LD39130S

7 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.
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LD39130S Package mechanical data

7.1 Flip-chip 4
Figure 47. Flip-chip 4 drawing
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Package mechanical data LD39130S

22/27

Table 7. Flip-chip 4 mechanical data

mm
Dim.
Min. Typ. Max.
A 0.445 0.48 0.515
Al 0.065 0.08 0.095
A2 0.38 0.40 0.42
0.12 0.16 0.2
D 0.66 0.69 0.72
D1 0.40
E 0.66 0.69 0.72
E1 0.40
f 0.135 0.145 0.155
SD/SE 0.20
cce 0.02

Figure 48. Flip-chip 4 footprint
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LD39130S Package mechanical data

7.2 DFN6 1.2x1.3 mm

Figure 49. DFN6 1.2x1.3 mm drawing
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Package mechanical data LD39130S
Table 8. DFN6 1.2x1.3 mm mechanical data
mm
Dim
Min. Typ. Max.
A 0.31 0.38 0.40
A1 0 0.02 0.05
b 0.15 0.18 0.25
¢ 0.05
D 1.20
E 1.30
e 0.40
L 0.475 0.525 0.575
L3 0.375 0.425 0.475
Figure 50. DFN6 1.2x1.3 mm footprint
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LD39130S Order codes
8 Order codes
Table 9. Order codes
Order codes
Output voltages (V)
DFN6 1.2x1.3 mm Flip-chip 4
LD39130SPUR Adjustable

LD39130SJ10R 1.0
LD39130SJ12R 1.2
LD39130SJ18R 1.8
LD39130SJ25R 25
LD39130SJ29R 29
LD39130SJ30R 3.0
LD39130SJ33R 3.3
LD39130SJ41R 41

Note: Other output voltage versions available on request.
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