‘,—l STBLW35
life.augmented

Datasheet

Ultra-low power and wide input range buck-boost converter

Features

*  Seamless transition from Buck-Boost to Boost and vice versa working mode

*  Upto 70 mA output current

*  Four fully integrated MOSFETs

+  Enable pin

2.6 Vto5.3V trimmable overvoltage level (+ 1% accuracy)

2.2V to 3.6V trimmable undervoltage level (+ 1% accuracy)

*  Two fully independent LDOs (1.8 V and 3.3 V output)
VFQFPN3x3x1mm20L . ¢, c/isable LDO control pins

*  Load disconnect function at first switch-on

»  Embedded pass transistor status and DC-DC status open drain indication pins

Application
«  WSN, building and home automation, industrial control, security, surveillance

*  Wearable and biomedical sensors, fitness
«  Battery charging

Description

The STBLW35 is an ultra-low power and high-efficiency buck-boost DC-DC converter
which can work as boost or buck-boost according to the selected hardware
Product status link configuration. When in buck-boost the DC-DC can seamlessly switch between the
two working modes depending on operating conditions.
STBLW35
The IC shows very low power losses either in active or disable mode and provides

an average output current between 33 mA to 70 mA, suitable to guarantee load
minimum current constraints or to faster charge a battery. The device also allows
n the charge of any battery by tightly monitoring the end-of-charge and the minimum
battery voltage in order to avoid overdischarge and to preserve battery life.

SUSTAINABLE

TECHNOLOGY The power manager covers the input voltage range from 150 mV up to 18 V and
w guarantees high efficiency in both buck-boost and boost configuration.

Furthermore, the STBLW35 device shows very high flexibility thanks also to the
trimming capability of the overvoltage and the undervoltage protection voltages.

In order to optimize the power consumption during system operation, the device can
be driven in standby mode thanks to the high impedance Enable pin.

An unregulated voltage output is available (to supply a transceiver for instance),
while two fully independent LDOs are embedded for powering sensors and other
companion chips. Both LDOs (1.8 V and 3.3 V) can be independently enabled
through dedicated pins.
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Block Diagram

1 Block Diagram

Figure 1. Block diagram
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Pin configuration

2 Pin configuration
Figure 2. Pin out (top through view)
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Pin description

3 Pin description

Table 1. Pin description

T T

Enable/disable switching pin. Connected to the supply voltage (directly
or by a resistor partitioning, see Section 6 Functional description,

1 EN ! Section 6.2 Boost configuration and Section 6.3 Buck-boost
configuration).
2 EXT REF | Connect this pin (by a short or by a 1 kQ resistor) to an external voltage

reference or to STORE pin.

Connect this pin to an external voltage reference: the DC-DC switches
when VeN > Ven_Rer and stops switching when VEy < VEN_REF-

3 EN_REF | Connecting this pin to ground enables continuous switching of the DC-DC
converter provided that enough power is available at the source and other
protections (e.g. overvoltage) are not active.

4 GND GND Signal ground pin.

5 LDO1_EN | If high, enables LDO1.

6 LDO2_EN | If high, enables LDO2.

7 DC-DC_ON o DC-DC ON output flag pin (open drain). If low, it indicates that the DC-DC

is switching. If high, it indicates that the DC-DC is not switching.

Embedded pass transistor connection status pin (open drain). If high, it
indicates that the pass transistor between the STORE and OUTPUT pins
is open (load disconnected). If low, it indicates that the pass transistor
between the STORE and OUTPUT pins is closed (load connected).

8 OUT_CONN 0

Output overvoltage protection pin.

To be connected to the STORE pin through a resistor divider. Internal DC-

DC stops/restarts switching when the voltage at OVP pin is higher/lower
9 OVP | than the internal bandgap voltage.

Also, at startup (internal pass transistor between STORE and OUTPUT

is still open) and while VsT1oRe is increasing, the triggering of the internal

bandgap voltage makes the internal pass transistor close.

Output undervoltage protection pin.
To be connected to the STORE pin through a resistor divider. Internal pass

10 uve ! transistor between STORE and OUTPUT pins opens when the voltage at
UVP pin goes below the internal bandgap voltage.

11 LDO1 O 1.8 V regulated output voltage pin.

12 LOD2 O 3.3 V regulated output voltage pin.

DC-DC converter configuration pin.

13 CONF | Boost configuration: CONF pin connected to the input supply source
(see Figure 4. Boost configuration). Buck-boost configuration: CONF pin
connected to ground (see Figure 11. Buck-boost configuration).

14 OUTPUT I/0 Load connection pin.

15 STORE 1/0 Tank capacitor connection pin.

Low voltage input source.
16 IN LV | It has to be connected to the inductor for both boost and buck-boost
- configuration. See Figure 4. Boost configuration and Figure 11. Buck-boost
configuration.
17 NC | Not connected.
18 PGND PGND Power ground pin.
Input pin for buck-boost configuration.
19 L HV | Boost configuration: to be connected to ground.
— Buck-boost configuration: to be connected to the inductor (see
Figure 11. Buck-boost configuration).
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Pin description

T T S

High voltage input source.

Boost configuration: to be connected to ground.

Buck-boost configuration: to be connected to the voltage supply source
(see Figure 11. Buck-boost configuration).

20 IN_HV |
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4 Maximum ratings

Table 2. Absolute maximum ratings

IN_LV Analog input VsTore + 0.3 Vv
IN_HV Analog input 20 Vv
L_HV Analog input IN_HV +0.3 \Y
CONF Analog input 5.5 Vv
EN Analog input 5.5 \Y
EXT_REF Analog input 5.5 \Y
EN_REF Analog input 55 V
OUTPUT Analog input/output 5.5 \%
STORE Analog input/output 5.5 \%
UvpP Analog input Vstore + 0.3 vV
OVP Analog input Vstore + 0.3 \Y
OUT_CONN Digital output 5.5 \Y
DC-DC_ON Digital output 5.5 \Y
LDO1_EN Digital input Vstore + 0.3 \Y;
LDO2_EN Digital input Vstore + 0.3 \Y
LDO1 Analog output Vstore + 0.3 \Y
LDO2 Analog output Vstore + 0.3 vV
PGND Power ground 0 Vv
GND Signal ground -0.3t00.3 \Y
Ty Junction temperature -40 to 125 °C
TSTORAGE Storage temperature 150 oC

Table 3. Thermal data

Rthwe) Thermal resistance junction-case °C/W

Rina) " Thermal resistance junction-ambient 49 °C/W

1. Measured on 2-layer application board FR4, Cu thickness = 17 um with total exposed pad area = 16 mm?Z.
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Electrical characteristics

5 Electrical characteristics

Vstore =4 V; -40 °C < T; < 85 °C, unless otherwise specified. Voltage with respect to GND, unless otherwise
specified.

Table 4. Electrical characteristics

Output operating range

Boost configuration - - 70
lout Maximum output current mA
Buck-boost configuration 33 35 -

Vout OUTPUT pin voltage 29 ) 53 v

range
Rout Pass transistor resistance 6 7 8 Q
Bandgap

Internal reference voltage - 1.23 - \%
VBG

Accuracy -1 - +1 %
UVP

VsToRE Undervoltage
V V + UVP <(V, - OVP . - .

STORE(UVP) | | tection range (Vuve Hys) < (Vovp HYS) 2.2 3.6 \Y

UVPhys UVP hysteresis VsToRE ising B} 5 ; %
OVP

VsTore end-of-charge
V Vyvp + UVP < (V. -OVP ) - .

STORE(OVP) | cltage range (Vuve Hys) < (Vovp HYS) 2.6 53 \

OVPhys OVP hysteresis VsTore falling - 1 ; %
STORE
VeToRe STORE pin voltage VsToR i VsTor v

operating range E(UVP) E(OVP)

Static current consumption
Shutdown mode:
before first startup or

Isp Shutdown current _ - - 1 nA
OUT_CONN high

Tave <60 °C

Standby mode:

OUT_CONN low,
Ise Standby current DC-DC_ON high, - 0.8 - WA
VSTORE =5.3Vand LDO1 ,2_EN low
TAMB =25°C
Operating mode: I;?OLEN =1 R 17 -
LDOs in open load LDO2 EN =1 '
lop Operating current in open ' QUT_CONN low, - PA
load DC-DC_ON high LDO1_EN =1
T =925°C and - 2.6 -
AMB LDO2_EN =1
DC-DC converter
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VIN-sU

Isu
VIN_LV

VIN_HV

R-ONg
SR-ONg
R-ONgg
SR-ONgg
fsw
UVLOy
UVLO,
LDO

VLDo1,2

AV po1,2

tLoo

ILpo1,.2"

VLDOo1,2_EN_H

VLDo1,2_ EN_L

Digital output

Minimum input voltage to
startup

Start-up input current

Operating input voltage
range

EN pin voltage range
Low-side MOS resistance

Synchronous rectifier
MOS resistance

Low-side MOS resistance

Synchronous rectifier
MOS resistance

Maximum allowed
switching frequency

Undervoltage lockout
activation threshold

Undervoltage lockout
deactivation threshold

LDO1,2 adjusted output
voltage

LDO1 dropout

LDO2 dropout

LDO1,2 START-up time
lout max. from LDO1
louT max. from LDO2

LDO1,2 enable input
HIGH

LDO1,2 enable input
LOW

Vout conn_L | VouT_conn = low

Vbc-pc_oN_L

Vpc-pc_on = low

Boost configuration OUT_CONN high or at
first startup

Buck-boost configuration OUT_CONN high or
at first startup

Boost configuration
Buck-boost configuration
Boost configuration

Buck-boost configuration

Boost configuration

Buck-boost configuration

Boost and buck-boost configurations
VsTORE rising

VSTORE faIIing

LDO1_EN =1
LDO2_EN =1

Vyvp + 200 mV <Voytr 5.3V, IL.poq = 100
mA

3.3 <Vyyp +200 mV <Voyt<5.3V; I po2=
100 mA

OUT_CONN = low; CLDO1,2 =100 nF

1 mA sink current

1 mA sink current

1. Guaranteed by design, not tested in production.
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Functional description

6 Functional description

The STBLW35 integrates a DC-DC converter stage that can be configured as boost or buck-boost by tying

the CONF pin to positive rail of the supply or to ground, respectively (see Figure 4. Boost configuration and
Figure 11. Buck-boost configuration).

In normal operation the IC works with the EN pin connected to the input supply rail (directly or by a resistor
partitioning according to voltage range of the supply source, operating range and absolute maximum rating of the
EN pin), EXT_REF pin connected to the STORE pin and by EN_REF pin connected to a voltage reference. After
the first startup (see Figure 5. Boost startup and Section 6.3 Buck-boost configuration) the DC-DC converter
switches until the voltage at EN pin (Vgy) is higher than the voltage at EN_REF pin (Ven_rer) and until the
voltage at OUTPUT pin remains below the overvoltage threshold (see Section 6.1 Output voltage control).

In case of low impedance source, the EN_REF is normally connected to GND: the IC switches at the highest
duty cycle. In case of high impedance source (by means, with limited current capability, i.e. the source is unable
to sustain the continuous switching at the maximum duty cycle), the EN_REF pin can be connected to a proper
voltage reference (Vygvin)) such that the IC stops switching when Ven > Viygvin)- This voltage reference can

be set through a resistor ladder connected to STORE rail or to any other voltage reference available in the
application.

6.1 Output voltage control
In order to guarantee the lifetime and safety of the load (e.g. a battery), the IC controls an integrated pass
transistor (with Rps(on) = ReatT) between the STORE and OUTPUT pins and implements both the undervoltage
and the overvoltage protection thresholds. These thresholds are respectively controlled by the pins UVP and
OVP, normally connected to the STORE pin by a resistor partitioning. The respective voltages (Vyyp and Voyp)
are compared with the IC internal voltage reference (Vgg(typ) = 1.23 V).

Figure 3. Output voltage control section
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Boost configuration

Before the first startup the pass transistor is open, so that the leakage from the output is lower than 1 nA. The
pass transistor is closed once the voltage on the STORE pin rises such that the overvoltage threshold is triggered
(Vovp > VBg)- An internal hysteresis (OVPRHys) sets the restart voltage level for DC-DC converter. The IC also

offers the undervoltage protection threshold: the pass transistor is opened once the voltage on the STORE pin
decreases down to the undervoltage threshold (Vyyp < Vgg). For some applications (battery charging) it may
be necessary to implement a reactivation hysteresis after undervoltage event: it can be easily implemented by
a diode (or by a p-channel MOSFET driven by OUT_CONN) between STORE and OUTPUT pins. Referring to
Figure 3. Output voltage control section, the design rules to set up the R4, R5 and R6 are the following:
Equation 1:

* Vg =Vuvp * (R5+R6) /(R4 + R5 + R6)

Equation 2:
. Vg = Vovp X R6 /(R4 + R5 + R6)

In order to minimize the leakage due to the output resistor partitioning it has to be typically:
Equation 3:
. 10MQ < R4 + R5 + R6 £20MQ

In addition, the IC provides two open drain digital outputs to an external microcontroller:
. OUT_CONN

This pin is pulled down when the pass transistor is closed. It is released once the pass transistor is opened
(e.g. triggering of Vyyyp). If used, this pin must be pulled up to the STORE by a 10 MQ (typical) resistor.

. DC-DC_ON
This pin is pulled down when the DC-DC converter is switching, while it's released when it is not switching,
i.e. when the OVP threshold is triggered until the voltage on the STORE pin drops at Voyp - OVPLys or
when the UVLO threshold is triggered. If used, this pin must be pulled up to the STORE by a 10 MQ (typical)
resistor.

Note that the output current causes a voltage drop over the RgarT of the internal pass transistor, consequently,
voltages at STORE (where the resistor partitioning to OVP and UVP pins are connected) and OUTPUT may
slightly differ. If high precision is required for the output voltage regulation thresholds, then some application
workaround may be necessary. For example, two p-channel MOSFETs in back-to-back, both driven by
OUT_CONN could be placed between STORE and OUTPUT pins.

6.2 Boost configuration

Figure 4. Boost configuration below shows an example of boost application circuit. In this example, the EN pin is
shorted to input supply rail: a resistor partitioning may be required if the voltage range of the supply source goes
above the limits of EN pin (see Table 2. Absolute maximum ratings and Table 4. Electrical characteristics).
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Boost configuration

Figure 4. Boost configuration
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In case of boost configuration, once the source is connected, the IC starts boosting the voltage on the STORE
pin. In the range of 0 < VgtoRe < 2.6 V the voltage boost is carried on by an integrated high-efficiency charge
pump, while the DC-DC converter stage remains OFF.

Figure 5. Boost startup shows the behavior of input voltage V|y and VsTtorEg at the startup.

Figure 5. Boost startup
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Boost configuration

In the range VsTore 2 2.6 V and until Voyp < Vg the VsTorgvoltage is boosted by the DC-DC converter. In this
voltage range DC-DC switches until Ve > VEN_REF-

Once the voltage at STORE pin triggers the overvoltage threshold (Voyp = Vgg) the switching of the DC-DC
converter is stopped until VsTorg decrease below the level defined by the internal hysteresis (OVPyys).

Figure 6. Triggering of Vgyp (BATT pin floating)
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The following plots (Figure 7. Efficiency vs. input current; V|y = 0.85 V, Figure 8. Efficiency vs. input current; V|y
=1.25V, Figure 9. Efficiency vs. input current; V|y = 1.65 V, Figure 10. Efficiency vs. input current; V|y = 2.05 V)
show the power efficiency of the DC-DC converter configured in boost mode at Tayg = 25 °C in some typical use
cases at different input voltages:

Figure 7. Efficiency vs. input current; Viy =0.85V
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Buck-boost configuration

6.3
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Figure 8. Efficiency vs. input current; Viy =1.25V
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Figure 9. Efficiency vs. input current; Viy =1.65V
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Figure 10. Efficiency vs. input current; V|y =2.05V
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Buck-boost configuration

Figure 11. Buck-boost configuration shows an example of buck-boost application circuit.
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Buck-boost configuration

Figure 11. Buck-boost configuration
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In case of buck-boost configuration, once the source is connected, the IN_HV and STORE pins are internally
shorted until VsTore < 2.6 V. Figure 12. Buck-boost startup (Ijy = 5 pA) shows the behavior of the input voltage

VIN_Hv and Vstore at the startup.

Figure 12. Buck-boost startup (ljy = 5 pA)
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Buck-boost configuration

3

In the range Vstore 2 2.6 V and below the overvoltage protection (Voyp < Vgg) the integrated DC-DC converter
starts switching until Ven > VEn_Rrer- For the supply sources providing voltages above the allowed range for EN
and EN_REF then a resistor partitioning connected between the source and these pins is necessary.

The following plots (Figure 13. Efficiency vs. input current - Vi =5V, Figure 14. Efficiency vs. input current - VN
=7.5V, Figure 15. Efficiency vs. input current - V|y = 10 V', Figure 16. Efficiency vs. input current - Vi = 12.5V )
show the power efficiency of the DC-DC converter configured in buck-boost mode at Taug = 25 °C in some typical

use cases:

Figure 13. Efficiency vs. input current - Vi =5V
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Figure 14. Efficiency vs. input current - Vy=7.5V
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3

Figure 15. Efficiency vs. input current - Viy =10V
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Figure 16. Efficiency vs. input current - Viy =12.5V
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6.4 Power manager
The IC works as a power manager also by providing one unregulated output voltage on the STORE pin and two
regulated voltages on the LDO1 (1.8 V) and LDO2 (3.3 V) pins.
Each LDO can be selectively enabled or disabled by driving the related enable/disable pins LDO1_EN and
LDO2_EN. The performances of the LDOs can be optimized by selecting a proper capacitor between the LDO

output pin and ground. A 100 nF for each LDO pin is suitable for the most typical use cases. Figure 17. LDO1
turn-on with 100 mA load and Figure 18. LDO2 turn-on with 100 mA load show the behavior of the LDOs when a

100 mA load is connected.
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Figure 17. LDO1 turn-on with 100 mA load

ILDO1 =100 mA

vin=»
oy
VLDO
min e fa
o lpo1 = 0 MA
Measure P1:top(C1) PZ:min(C1) P3:mean(C1) Pd:period(C1) P5duty(C1) PBduty(C3)
value 193V 119V 1757V
status = v v

0n

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 18. LDO2 turn-on with 100 mA load
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7 Package and packing information

Figure 19. VFQFPN20 3 x 3 x 1 mm - 20-lead pitch 0.4 package outline
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BOTTOM VIEW
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Table 5. VFQFPN20 3 x 3 x 1 mm - 20-lead pitch 0.4 package mechanical data

Dimensions [mm](")

Symbol I
I R
0.80

A 0.90 1.0
A1 - 0.02 0.05
A2 - 0.65 1.00
DS13777 - Rev 1 page 18/27
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Dimensions [mm]("

Symbol
T 7 T

A3 0.20 -
b 0.15 0.20 0.25
D 2.85 3.00 3.15
D1 - 1.60
D2 1.50 1.60 1.70
E 2.85 3.00 3.15
E1 - 1.60
E2 1.50 1.60 1.70
e 0.35 0.40 0.45
L 0.30 0.40 0.50

ddd - - 0.07

1. “VFQFPN” stands for “Thermally Enhanced Very thin Fine pitch Quad Packages No lead”. Very thin: 0.80 <A < 1.00 mm /
fine pitch: e < 1.00 mm.

Figure 20. Reccomended footprint of VFQFPN20 3 x 3 x 1 mm - 20-lead pitch 0.4
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Figure 21. Tape and reel design
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Ordering information

8 Ordering information

Table 6. Order code

STBLW35TTR -40 to 85 VFQFPN 3 x 3 x 1 20L Tape and reel
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Application tips

Appendix A Application tips

In DC-DC converters the energy is transferred from the input to the output through the inductor. During the ON
phase of the duty cycle, the inductor stores energy while during the OFF phase of the duty cycle, the energy is
released toward the output stage.

Figure 22. Inductor current and input voltage waveforms

4

Y] R
Vo Ve 7, LOW INPUT POWER

ILH

IL(MIN) ————3 ————————— e bo---o- T e e T
1 ! 1 | ! !
| ! o
| | | | o
— T | | —
- !
Internal : T i T TON(MAX) T, ‘
1 OFF(MIN
Driving Signal — ON : OFF (MIN)

The IC controls the duty cycle of the driving signal by comparing the voltages on the EN and EN_REF pins. When
VEN rises higher than Ven_ReF, the IC switches ON and the inductor is loaded for Toy until one of the following
events occurs:

. VsT1oRE triggers the overvoltage threshold

. The inductor current (I, ) triggers the internal threshold I (peak) (= 140 mA, typ.)

. Tonvax) = 10 ps elapses

The energy stored in the inductor is released to the output stage during the OFF phase. During Toff, I
decreases to 0 mA (all energy has been released). According to the internal controls of the IC, Torrmin) =
0.2 us then, in order to prevent I, becoming negative, the application must be designed such that the energy

stored in the inductor during Toy is always greater or equal to the energy released during Torg. The application
has to guarantee I gin) > 0:

Equation 10:

*lving= I - (VsTore - VIN*(TorrvinyL) > 0

Equation 11:

o Iving= (VINIL) * Tongwax)y (VsTore - Vi *(TorrminyL) > 0
leading

Equation 12:

* ViN> Vstore * (Torrviny(Tongmax) + ToFFMINY)

A resistor partitioning can be used between input rail, EN and EN_REF pins purposing the IC switch-off before
ILviny < 0. As worst case for the above equation it can be considered: Vstorg at overvoltage level, Vgy at the
minimum operating voltage (VinMiN))-
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Revision history

Table 7. Document revision history

I T S

15-Jul-2021 1 Initial release.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other product or service
names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2021 STMicroelectronics — All rights reserved
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