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STLQO20

200 mA ultra-low quiescent current LDO

&4y

DFN6-2x2

¢

Flip-Chip4

¢

SOT323-5L

Features

e  Operating input voltage range: 2 Vto 5.5V
e  Output current up to 200 mA
o  Ultra-low quiescent current:
— 300 nA typ. at no load (ADJ version)
— 100 pA typ. at 200 mA load
e  Controlled Iq in dropout conditions
e Very low-dropout voltage: 160 mV at 200
mA
o  Output voltage accuracy: 2% at room
temperature, 3% in full temperature range
e  Output voltage versions: from 0.8 Vio 4.5V,
with 50 mV step and adjustable
Logic-controlled electronic shutdown
Output discharge feature (optional)
Internal overcurrent and thermal protections
Temperature range: from -40 °C to +125 °C
Packages: DFN6-2x2, SOT323-5L, Flip-
Chip4

Applications

Smartphones/tablets
Image sensors
Wearable accessories
Healthcare devices
Metering

December 2017

Datasheet - production data

Description

The STLQO020 is a 200 mA low-dropout voltage
regulator, able to work with an input voltage
ranging from 2 Vto 5.5 V.

The typical dropout voltage at maximum load is
160 mV.

The ultra-low quiescent current, which is just 0.3
MA at no load on the adjustable version, extends
battery-life of applications requiring very long
standby time.

Even though the device intrinsic consumption is
ultra-low, STLQO20 is able to provide fast
transient response and good PSRR performance,
thanks to its adaptive biasing circuit.

Enable pin puts the STLQO020 in shutdown mode,
reducing total current consumption to 1 nA.

The STLQO20 is designed to keep the quiescent
current under control and at a low value also
during dropout operation, helping to extend even
more the operating time of battery- powered
devices.

It also includes short-circuit constant-current
limiting and thermal protection.

Several small package options are available.
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Block diagrams

Figure 1: Block diagram (fixed version)

Vin V
) P o J_I ’_() ouT
! =
Bias
| generator b
OPAMP
EN =
O Enable . ,«[\/
Thermal
protection
Bandgap
reference q = *
—N H
GND (l) [l]
AMG240320171200MT
Figure 2: Block diagram (adjustable version)
VIN () . - l r) Vour
l A
Bias dh
gene rator
OPAMP
EN =
O Enable ] /]\/
Thermal
protection
O ADJ
Bandga p 3
Sreference _______________ l: *
GND (f

(*) output discharge function is optional.
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Pin configuration

Figure 3: Pin configuration

Vour NC/ADJ
EEE ;
Vour [T~ 1El OV SN SN
- = IN |A2) 1B2]
| | P - N_/
NC/ADJ [27] (5] NC
| : /;1\ ,B—:I
I:I I:I I:I GND [2D !______,I 4] EN .‘\_/) (\__/]
Vin. GND EN
SOT323-5L DFN6-2x2 Flip-Chip 4
(top view) (marking view) (marking view)
AMG240320171202MT
Table 1: Pin description
SOT323- DFN6- Flip- A
Symbol 5L 2x2 Chip4 Description
Vin 1 6 A1l LDO supply voltage
Vour 5 1 A2 LDO output voltage
GND 2 3 B2 Ground
Enable input: set Ven = high to turn on the device;
EN 3 4 B1 Ven = low to turn off the device. Not internally
pulled-up, don’t leave floating.
Adjustable pin (only on ADJ version). Connect to
NC/ADJ 4 2 - external resistor divider. Not connected on the fixed
version
Not internally connected: it can be connected to
NC - 5 -
GND
Exposed - Exposed - Must be connected to GND
pad pad

DoclD030465 Rev 2
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Typical application

Figure 4: Typical application diagram (fixed version)

VIN \% T
O—e Vv Vo —0O &
ON
Cn = Cout —
1uF GND 1uF
AMG270320170900MT
Figure 5: Typical application diagram (adjustable version)
Vi Y%
ouT
4 V| Vo I ._O
STLQ020 R,
C C
nl > EN ADJ { _L out
OFF
1uF GND 1uF
L R2
Adjustable version
AMG270320170901MT
R+ and Rz are calculated according to the following formula:
R1 =Rz x (Vour / Vapoy - 1).
DoclD030465 Rev 2 7/31
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Maximum ratings

Table 2: Absolute maximum ratings

Symbol Parameter Value Unit
Vin Input supply voltage -0.3t07 \
Vour Output voltage -0.3to Vin+0.3 Vv
VabJ Adjustable pin voltage -0.3t02 \
lout Output current Internally limited A
EN Enable pin voltage -0.3toVin+ 0.3 \Y
Po Power dissipation Internally limited w
Charged device model 500
ESD \Y
Human body model +2000
Tu-op Operating junction temperature -40t0 125 °C
Ty-max Maximum junction temperature 150 °C
Tsta Storage temperature -55t0 150 °C
Table 3: Thermal data
Symbol Parameter DFN6-2x2 | Flip-Chip4 | SOT323-5L | Unit
Rithjc Thermal resistance, junction-to-case 15 °C/W
Rinja Thermal resistance, junction-to-ambient 65 180 °C/W
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Electrical characteristics

Ty=25°C, Vin = Vout + 0.5 V or 2 V, whichever is greater; Ven = Vin; Cin= 1 uF; Coutr = 1
MF; lout = 1 mA.

Table 4: Electrical characteristics (fixed version)

Symbol Parameter Test conditions Min. | Typ. Max. Unit
Operating input voltage
Vin range 2 5.5 \
T,=25°C -2 2
Vour Output voltage accuracy %
-40°C<Ty<125°C -3 3
S VOUT + 05 V(U < V|N < 55 \) 0005
AVoute/ A tatic line regulation %IV
ours/Avw -40°C < T, < 125°C 0.05 °
| 2A;
_ , 1T”1A2; s 02A; 0.0015
AVoure/Aour | Static load regulation = Y%e/mA
-40°C<Ty<125°C 0.005
Vour=2.5V; lour=0.2 A 160 mV
Vprop Dropout voltage®
Vour =2.5V; lour = 20 mA 15 mV
eN Output noise voltage f=10Hz to 100 kHz 135 UVevs/Vour
Vour=2.5V;
VriprLe = 0.2 Vpp 52
lour = 10 mA; f =100 Hz
Vour=2.5V;
SVR Supply voltage rejection Vrippie = 0.2 Vpp 35 dB
|oUT=10mA;f=1 kHz
VOUT =25 V,
VrierLe = 0.2 Vpp 45
IOUT =10 mA; f=10kHz
lour=0A 400
lour= 0 A; nA
-40°C < Ty < 125°C 1000
Quiescent current
lour=0.2A 100
Iq
IOUT =0.2 A; 1 pA
40 °C < T, < 125°C 50
Ven=0V,
Shutdown current Vin = Vour + 0.5V @ 0.005 | 0.05 HA
lsc Short-circuit current Vour=0V 380 mA
Output discharge B
Reow” resistance Ven=0V 100 Q
Enable input logic low 0.4
Ven -40°C<T;<125°C Vv
Enable input logic high 1.2
_ Ven = Vi
len Enable pin input current 1.25 < Vi< 6.0V 1 nA
Thermal shutdown® lour > 1 MA 160
Tsron . °C
Hysteresis 20
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Notes:

(VN = Vout + 0.5 V or 2 V, whichever is greater.

(?)Dropout voltage is the input-to-output voltage difference at which the output voltage is 100 mV below its nominal

value.

®)ViN = Vout + 0.5 V or 2 V, whichever is greater.

4)On specific version only.

®)The thermal protection is not active when the load current is lower than 1 mA.

Ty=25°C,Vin=2V, Ven = ViN; Cin = 1 pF; Cout = 1 YF; lout = 1 mA.
Table 5: Electrical characteristics (adjustable version)

Symbol Parameter Test conditions Min. Typ. Max. Unit
Operating input
Vin voltage range 2 55 v
Reference voltage T,=25°C 0.784 0.8 0.816 \Yj
V,
. accuracy -40°C<T,<125°C 3 3 %
Adjustable pin
laps current 1 nA
s | | 2V< V<55V 0.005
AV apyen/ A tatic line regulation %IV
ADITEVIN 40 °C < T, < 125°C 0.05
Static load 1mMA<lour<0.2A;T;=25°C 0.0015
AV apgo/ Alout requlation %/mA
9 -40°C<Ty<125°C 0.005
Vour=2.0V;lour=0.2A 200 mV
Vorop Dropout voltage”
Vour = 2.0 V; lour =20 mA 20 mV
Output noise
eN Voltg’ge f = 10 Hz to 100 kHz 135 Vs our
Vour = 2.5 V; Ve = 0.2 Vpp 60
IOUT =10 mA; f=100 Hz
Supply voltage VOUT =25 V; VR|pp|_E =0.2 Vpp
SVR rejection lour = 10 MA ; f = 1 kHz 40 dB
Vour = 2.5 V; VrippLe = 0.2 Vpp 60
lour =10 mA; f=10 kHz
lour=0A 300
nA
IOUT=0A; -40 °C<TJ< 125 °C 1000
Quiescent current
lq lour=0.2A 80
pA
IOUT:0-2 A, -40 °C<TJ< 125 °C 150
Shutdown current Ven=0V,Vn=2V 0.005 0.05 HA
lsc Short-circuit current | Vour=0V 380 mA
isch
Enable input logic
low 0.4
Ven -40°C<Ty<125°C Vv
Enable input logic 12
high :
len Enable pin input Ven = Vi 1.25 < Vi <55 V 1 nA

current
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Electrical characteristics

Symbol Parameter Test conditions Min. Typ. Max. Unit
Thermal shutdown® | loyr > 1 mA 160
TsHon - °C
Hysteresis 20
Notes:

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

value.

(2)The thermal protection is not active when the load current is lower than 1 mA.

®)On specific version only.
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Typical characteristics STLQO020

6 Typical characteristics

(The following plots are referred to the typical application circuit and, unless otherwise
noted, at Ta = 25 °C).

Figure 6: Output voltage vs. temperature Figure 7: Output voltage vs. temperature
(Vout = Vaby, loutr =1 mA) (Vout = Vaby, loutr = 200 mA)
Vin=2V, Vour=Vany, lour=1mA Vin=2V, Vour=Vapy, lour=200 mA
0.820 0.820
0.815 0.815
0.810 0.810
0.805 0.805
E 0.800 E
>‘5° » — ™~ >% oo T “\\
0.795 0.795
0.790 0.790
0.785 0.785
0.780 0.780
60 40 20 0 20 40 60 80 100120 140 60 40 20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
Figure 8: Output voltage vs. temperature Figure 9: Output voltage vs. temperature
(Vour=1.8V, lour =1 mA) (Vour = 1.8 V, loutr =200 mA)
Vin=23V, Vour=18V, loyr=1mA Vin=23V, Vour=18V, loyr=200 mA
1.850 1.850
1.840 1.840
1.830 1.830
1.820 1.820
1.810 1.810
s — s
= 1.800 = 1.800
>O 1.790 ™ >O 1.790 ~
1.780 1.780
1.770 1.770
1.760 1.760
1.750 1.750
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
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Figure 10: Line regulation vs temperature Figure 11: Load regulation vs temperature
Vin=2.3V105.5V, Vour = Vhpy, lour =1 mA V=23V, Vgyr=1.8V, loyr =1 mAto 200mA
0.050 0.005
0.040 0.004
0.030 0.003
0.020 g 0.002
§ 0.010 — & 0.001 T
5 pu— é
£ 0.000 T 0.000
& 0010 i‘i-”-o.om
2 2
= .0.020 —-0.002
-0.030 -0.003
-0.040 -0.004
-0.050 -0.005
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
Figure 12: Short-circuit current vs temperature Figure 13: Quiescent current vs temperature
(loutr = 0 mA)
Vi =2V, Vo = GND Vin =2V, Vour = Vaoy » lour =0 mA
1000
700
900
600
800
500 700
g 400 g 600
E — 500
5 300
400 >
200 300 -~
200
100
100
0 0
-60 -40 -20 0 20 40 60 80 100 120 140 60 40 20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [C]

3

DoclD030465 Rev 2 13/31




Typical characteristics

STLQ020

Figure 14: Quiescent current vs temperature
(lout = 200 mA)

Figure 15: Shutdown current vs temperature

Vin=2V, Vour = Vaoy, lour = 200mA Viy=5.5V, EN = GND
160 0.2
140 0.18
0.16
120
0.14
= 100 g o2 f
= o =
o ’/ -
- 80 I 5 o1
/ &
o 0.08 /
0.06
a0 /
0.04 /
2 0.02 A
0 0
60 -40 20 0 20 40 60 80 100 120 140 60 40 20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
Figure 16: Quiescent current vs load current Figure 17: Quiescent current vs load current
(magnification)
Viy =2V, Vour = Vagy, lour= 00 1 mA
Vi =2V, Vour = Vapy, lour = 010200 mA
100.0
110
%00 [ 100
80.0 = = 90
B
/”’
700 > 80
’/
60.0 Eall = 70
< LT El
£ LA S 60
S 500 ¥ 2
LA 50
400 » w0 '
1 ; Vi
300
30 v
200 20 /
’ e
100 10 s
00
oo s 2 o 0 20 o 120 10 10 180 200 0.000001 0.00001 0.0001 0.001 0.01 0.1 1
loyr[mA] lour[mA]
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Figure 18: Quiescent current vs input voltage Figure 19: Output voltage vs input voltage
Vo= 0105.5V, Vour = 2.5V, loyr =0 mA Vin =010 8.5V, Vour =25 V. loyr =0 mA
18 40
16 35
14 / 30
12
7 25
< 10 / s
; VF 20
08 3
>
15
06
04 / 1.0
02 l 05 /
i 1 2 3 4 5 6 00 h ] > s n s A
Input Voltage [V] Vi V]
IN
Figure 20: Enable pin current vs temperature Figure 21: Dropout voltage vs temperature
(lout = 20 mA)
Vi =2V Vour =2V, loyr =20 mA
100 50
90
80 40
70
T 60 = 30
= E _——"‘/—
~ 50 =
- 8 __-"’""_
40 = 20
30
20 10
10
0 = 0
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140
Temperature [°C] Temperature [°C]
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Figure 22: Dropout voltage vs temperature
(lout = 200 mA)

Vour=2V, loyr =200mA

500

400

300

Vorop [MV]

200
—

100

Temperature [°C]

Figure 23: Enable threshold vs temperature

1200

1100 ——VEN-ON [—]
= VEN-OFF

1000

900

800

/
|
[

700 P —

600

400
-60 -40 -20 0 20 40 60 80 100 120 140

Temperature [°C]

Figure 24: PSRR vs frequency

lour= 10 MA

100
L LT

90 —— Vout=08V —
— Vout=18V

80

70 ~ Y
60

P P
50 <~ N
40

PSRR [dB]
i

30

20

Figure 25: Line transient
(Vout = 1.8 V, lout = 100 MA, trise = 5 us)

Ver=Vin = from 2.3V 10 5.5V, Viour=1.8V, lour=100pA, t=5p8, Cy=Cour=1uF

Vour

10 100 1000 10000 100000
f[Hz]

e 2w D B 5000 [E T

0 v | Saton
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Typical characteristics

Figure 26: Line transient
(Vour = 1.8 V, lour = 1 mA, trise = 1 ps)

Ven=Vin = from 2.3V to 5.5V, Vg ;7=1.8V, lor=1mA, t, =118, Cpn=Coyr=11F

VKN
Vour
2
G 2even 0 Aysom (Wi 7 3ev | (o 2003 Soppr
- % omven N Swsoom Stoppes
= == 334 acqs. RLA
Auo March 14,06 085518

Figure 27: Line transient
(Vout = 1.8 V, loutr = 10 mA, tiise = 5 ps)

Vin=Vin = from 2.3V 10 5.5V, Vor=1.8Y, loyr=10MA, t,,,=5p8, C=Cour=1HF

Vin

Vour

@ v MO yseom (R e (Zomuiare 2omsts  sbuamt
@y Nt o verguitt

[
semea |

sscen 01, 2916

Figure 28: Load transient
(Vour =1.8 V, loutr = 0 to 10 mA, trise = 5 us)

Ven= Vin=2.3V, lgyr=from OmA to 10mA, Vg 1=1.8V, t.=5us, C=Coyr=11F

lour

Vour
2
S1) 10 bmAvdne 500 8y200m K /o 8mn [Toopsiaiv 1oMstn  1opuipt
Gl 30 0mV Offsat 173V 1MQ Wydoom | stoppea
383 acqe RL10K

| Auto mareh 03, 2018

82950

Figure 29: Load transient
(Vout = Vaby, lout = 0 to 10 mA, tiise = 5 ps)

Ven=Vin=2V, I r=from OmA to 10mA, Vaur=Vips tiee=51s, Cp=Coyr=1uF

W o et W A (o= o Vet
G 10 0A Offeet 20mA 200 By 200M Blopped
caie T e mio

| Auto sarch 11, 30%8  oanns
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Figure 30: Load transient Figure 31: Load transient
(Vout = 1.8 V, lout = 1 to 200 mA, tiise = 5 ps) (Vout = Vabpy, loutr = 1 to 200 mA, tiise = 5 pS)
Ven=V=2.3Y, loyr=from 1mA to 200mA, Vo =1.8V, t,.=5p8, Cp=Cour=1yF Ven= Vin=2V, lour=from 1mA to 200mA, Vour=Vaoy, tise=5HS, Cin=Coyr=1HF
IDUT
P
IOLIT
VOL!T
VOUT
(T T o e (gt [ foyuiay et | [reET— EEmYres  |[woaw i woww |
gy o3 p— i s =
Figure 32: Startup transient Figure 33: Startup transient
(Vout = 1.8 V, lout = 200 mA, trise = 10 ps) (Vout = Vaby, loutr = 200 mA, trise = 10 us)
V=V, = from OV to 2.3V, Vour=1 8V, lr=200mA, 1,,,=10pss, C=Coyr=14F Viw=Vey=from OV 10 2V, Vo r=Vao,. lour=200mA, t,.=1ps, C=Coyr=1uF
VIN
VIN
VOUY | VOUT
@ pee— ‘ (T [ e — [ wa fyseon |G 2108 (g fraw [ Gowi towms et
e e |Smmeimy [T VT s ol -t :
@R e W st . - aLiom
G mme @ o Maech 01,7008 TSR |G rar T4 March 79, 2018 aeaz
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Application information

External capacitors

The STLQO20 voltage regulator requires external low ESR capacitors to assure the control
loop stability. These capacitors must be selected to meet the requirements of minimum
capacitance and equivalent series resistance defined in the following chapters. Input and
output capacitors should be located as close as possible to the relevant pins.

Input capacitor

An input capacitor, with a minimum value of 1 yF, must be located as close as possible to
the input pin of the device and returned to a clean analog ground. A good quality, low-ESR
ceramic capacitor is suggested. It helps to ensure stability of the control loop, reduces the
effects of inductive sources and improves ripple rejection. Capacitance higher than 1 uF
can be chosen in case of fast load transients in application.

Output capacitor

STLQO020 requires a low-ESR capacitor connected on its output, to keep the control loop
stable and reduce the risk of ringing and oscillations. The control loop is designed to be
stable with any good quality ceramic capacitor (such as X5R/X7R types) with a minimum
value of 1 uF and equivalent series resistance in the [3 — 500 mQ] range. It is important to
highlight that the output capacitor must maintain its capacitance and ESR in the stable
region over the full operating temperature, load and input voltage ranges, to assure
stability. Therefore, capacitance and ESR variations must be taken into account in the
design phase to ensure the device works in the expected stability region. There is no
maximum limit to the output capacitance, provided that the above conditions are respected.

Output voltage adjustment (adjustable version)

In the adjustable version, available on the DFN6-2x2 and SOT323-5L packages, the output
voltage can be adjusted to any voltage, starting from 0.8 V (VabJ) up to the input voltage
minus the voltage drop (Vpror) across the internal power pass element, by connecting a
resistor divider between the ADJ pin and the output, allowing the remote voltage sensing.

The resistor divider should be selected using the following equation:
Equation 1

Vout = Vany (1 + R1/R2)

with Vapy = 0.8 V (typ.) and Vout < Vin-VbropMmax)

For best accuracy and stability the resistor divider should be designed in order to allow that
a current of at least 500 nA flows across it. The current flowing into the ADJ pin is typically
less than 1 nA, therefore causing negligible change in final the output voltage.
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Enable pin operation

This is a logic control pin, CMOS level-compatible, which can be used to turn On/Off the
regulator.lt is active high, so when it is pulled down, the device enters the shutdown mode,
drastically reducing the current consumption, to less just few nA.

Since it is not internally pulled-up, when the enable feature is not used, this pin must not be
left floating. It can be tied to Vin to keep the regulator output in ON state all the time.

To assure reliable operation, the signal source used to drive the EN pin, must be able to
swing above and below the specified thresholds listed in the electrical characteristics table
(Ven).

Power dissipation

A proper PCB design is recommended, to ensure that the device internal junction
temperature is kept below 125°C, in all the operating condition.

Depending on the package option, the thermal energy generated by the device flows from
the die surface to the PCB copper area through the package leads, solder bumps and/or
exposed pad.

The PCB copper area acts as a heat sink. The footprint copper pads should be as wider as
possible to spread and dissipate the heat to the surrounding environment. Thermal vias to
the inner or backside copper layers improve the overall thermal performance of the device.

The power dissipation of the LDO depends on the input voltage, output voltage and output
current, and is given by:

Equation 2

Pp = (Vin -Vour) lout

The junction temperature of the device is:
Equation 3

Ty max = Ta + Rinia X Pp

where: Ty_max is the maximum junction of the die, 125 °C; Ta is the ambient temperature;
RinJa is the thermal resistance junction-to-ambient.

With the above equation it is possible to calculate the maximum allowable power
dissipation, therefore the maximum load current for a certain voltage drop. Appropriate de-
rating of the operating condition can be applied accordingly.

Protection features
Current limit

The STLQ020 embeds a constant-current limit circuit, which acts in case of overload or
short-circuit on the output, clamping the load current to a safe value (typ. 380 mA).

Normal operation is restored if the overload disappears, but prolonged operation in current
limit may lead to high power dissipation inside the LDO and subsequently to thermal
shutdown.
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Thermal protection

An internal thermal feedback loop disables the output voltage if the die temperature
reaches approximately 160 °C. This feature protects the device from excessive
temperature that could lead to permanent damage to the LDO.

Once the thermal protection is triggered and the device is shut down, normal operation is
automatically recovered if the die temperature falls below 140 °C (thermal protection
hysteresis of 20 °C typically)

Important note: to keep the device power consumption below 500 nA in low load/no load
condition, the internal thermal protection is kept disabled for load current below 1 mA.

Current and thermal limit protections are designed to protect the LDO from excessive
power dissipation and not intended to replace a proper thermal and electrical design of the
application.

Continuous operation above the maximum ratings may lead to permanent damage to the
device.

DoclD030465 Rev 2 21/31




Package information STLQ020

8 Package information

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.

3
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8.1 SO0T323-5L package information

Figure 34: SOT323-5L package outline
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Table 6: SOT323-5L package mechanical data

mm
Dim.
Min. Typ. Max.
A 0.80 1.10
Al 0 0.10
A2 0.80 0.90 1
b 0.15 0.30
c 0.10 0.22
D 1.80 2 2.20
E 1.80 2.10 2.40
E1 1.15 1.25 1.35
e 0.65
el 1.30
L 0.26 0.36 0.46
< 0° 8°

Figure 35: SOT323-5L recommended footprint
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Flip-Chip4 package information
Figure 36: Flip-Chip4 package outline
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