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* IQisthe n&}:ééd qu;@sent current, and the most important bottlen@o ov&xg&me for duty-cycled low-power systems. Lo&i&enat{lg@onger battery life.

. Mlnlmlzmg qweséént current (1Q) is a key factor to reduce power consu

on and manage battery life. An Internet of Ihlngs (IQ'KY,sensor node is one of the

best' ex pI@Of why it's important to minimize 1Q to extend" b
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Contributors to total IQ

+ To determine the total'l1Q drawn from a battery or power supply, you:must consider the always-on functions and leakage sources from capacitors,

resistorsiand inductors.

+ Equation 1.can be used to calculate a superset of the input-referred.no-load operating currents for almost any regulator as:

Vour
[I(standby) = [Q(VIN) K ILeak.’:\ge(le) + Vin X0l (1

~—

x [1o(VguT) + kg8 + ILoaD]

ART i
o IQ(VIN)is tm\%-refemga’lQ (the IC data-sheet value).
o ILeakage(VIN) is the‘leakage drawn on the VIN pin from capacitors,
indugtors, diodes or switches.

o VOUT is the'output voltage.

o VIN'is the battery voltage (the input voltage to the LDO, boost orbuck-

boaost.converter).

o n1isthe DC/DC efficiency when the converter is switching.

o 1Q (VOUT ) is the 1Q drawn on the.switching converter's VOUT pin. For

an LDO, 1Q (VOUT )=0

o IFB is the current.of the feedback resistor divider, if applicable.

o lLoad is theload current potentially present on VOUT in standby mode.

Boost Converter

Iin

Y

V4L ;? &
Figure 4. Currents in abo con?xéﬂer system.

« If you know the battery capacity and have calculated the input-referred.standby
current; Equation 2 estimates the battery life for a heavily duty-cycled.low-power
systemin standby mode >99.9% of the time as:

e Battery Capacity
Battery Lifetime = 2
y [I(standby) + IBattery leakage @)
n e XN
L. ”\6
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Addressing transient response issues

« The key to.improving the transient response is to start with the best'topology:

(0]

Using transient detection circuits to adjust bias currents or enable circuitry further reduces both voltage dips at the output.and settling times

E/g. TRS61094 monitors dv/dt slopes at the output and-adjusts.its regulation behavior to optimize the transient performance

o

o

o

Reduce the number of current-consuming blocks as much as possible

Using sample-and-hold techniques when entering light load and dynamic biasing

Another technique‘uses fast'startup circuits. By reducing the startup time:of the sample-and-hold reference systems, the on time:of:the band-gap
core and scaling amplifier circuits are reduced significantly.

To improye the line transient response, feed-forward techniques’are applied
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Addreg%l@g switching- no;@% issues {égé*”,\\&”
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* When c&s}%ﬂmg h-precision data application, one priority |%§“éontro\li\lgé switching noise of the DC/DC converter g)ﬁéuall*{@ower-save
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Addregéi' ng other noise |§$’i'| /&&i\\ﬁ

Beyond s&)%ﬁmg nngse continuous self-noise, with thermal and %?? n0|s\v components in the range of 0.1 Hz to 100 k% e of. oQI%ern at lower
IQ blasmg {3/\/ 3\/ . \?/\/
BeCau th\e&}éference is usually the largest noise contrlbutvor ?\gsj‘ng integrated versions of sample-and-hold tecf;y{es to create both voltage

and cur;rght references offer a compelling trade-off between re‘a‘ noise, 1Q and robust performance (no drift) over the Ilfg of the device.
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AddreQ%l@g die size and \’T tion area |ssue§& o
« Figure %%ﬁows a\dbver implementation of an almost zero- tem&éﬁature cQé?flment bias current, creating positive and rg)ﬁgéé cogfﬁblent

temperature b1@§ currents with a small voltage bias across resistors R{ ;md Rbias. R/
. Fiw 6 dgmonstrates a side-by-side comparison of the typ 0402/ capacitor vs the DQN and WCSP package ?‘d for- TPS7A02
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Addressing-leakage and subthi shold operation |§§ﬁgs

- 4 N
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Achieving‘ow 1Q, but not.fosing flexibility

- FElexibility is key in a low-power application design. One such example is changing the output voltage value.

« 7 The traditional way is to use an adjustable external feedback divider, but this will cause notjust higher
inaccuracy but also higher 1Q.

* Modern nanoampere power converters use R2D interfaces, which,enable the digitized setting of output
voltages without.consuming extra current, since the function will'shut down after booting the device.

Tekstp | s I 1 N L3,
A e . e
TRS62843 < g _J4m"= 0,000
) 2 LB, Nis 0.0
@ » v ts‘:anup_’delay :
=350ps 75, R,
VSET : L ;
.‘\'UU “‘m-_
Rser o TR
(= 0';1. .
S S00mY fy : 00ps 0BS/s ’: 1 @0, 2022
. lfl -: fy &) coomi ”I %Mpmrz[‘; "2-.7"1’ |[ 1348:09 ]
R2D interface 275nA 1Q TPS62843
w/ R2D TPS62843 R2D read during Startup
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Conclusion

The key benefits of Tl technologies for low 1Q include:

 Low, always=on power — long battery run times, enabled by ultra-low leakage process technologies.and novel control
topologies.

* Fast response times — fast wake-up comparators and zero-1Q feedback control enable fast dynamic responses withaut
compromising low power consumption.

* Reduced form fagtors — area reduction techniques for resistors.and capacitors facilitate integration into space-

constrained applications while not affecting quiescent power:

W3 TEXAS INSTRUMENTS
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Applications of Ultra-Low 1, DC/DC Regulator
Many battery-powered End Equipments

/ Grid Infrastructure /== Building Automation Industrial’ Transport
Gu\ime  Gas Meter | @ Electronic Smart Lock « Asset Tracking
Il 8 W, \Water Meter "« Smart Thermostat
* Wireless Camera O=EI00!
X Medical
@ Personal Electronics Ultra-td . Patient Moritor
« _Portable Electronics I « CPAP (Q\‘

000

~ *“%»Wearables * Hearing’Aid

1>, SmartWatches | P e
Factory Automation
N EPOS Car Access « Predictive Maintenance
51« Smart:Shelf¢ Label * Immobilizer @ « loT Sensors
— +  Key 44
o0 0 O
B s
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TPS62843x NEW

275nA-l Small size, optimized high efficiency for load(50uA-200mA) Buck Converter

(Features g Benefits

+ 1.8Vito 5.5V Input Voltage Range * Longer Battery runtime by optimized pA-Load Efficiency

* 600mA Load Current Capability « Flexible usage by setable output: 0:4V to 3.6V
+ 275nA Quiescent Current

* 1.5MHz switching frequency
1pH: Optimized Efficiency

+ Smaller & Cheaper Solution: Single-Layer PCB Layout

+ .Small Board space needed (< 5mm? solution size)

Down to 4.7-pFCout ¢ by small chip (0.84mm?)
* VSET-Pin to adress 0.4V.— 3.6V Output: - and small passives
TPS628436: 074 V t0.0:8'V
TPS628437: 0.8 V46 1.8 V .~ BOM-Compatible to TPS6280x-Family.

TRS628438: 18V t0 3.6 V
* +1% Vour.aceuracy
* ‘Auto transition PFM/PWM
* 6-pin WCSP: 0.8 x 1.05mm, 0.35mm pitch
* 6-pin SOT563: 1.6 x 1.6mm

Applications

» Wearable devices/ Hearbales
» Portable Devices
» Battery.powered:loT Applications

VIN TPS62843
1uld vouTt
1.8V -5.5V H 0.4V to 3.6V

o .
4.7 uF
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TPS62840 New Ultra-Low'lo<DC/DC converter
1.8V —6:5V,y, 750mA lo,1, very high light-load efficiency Buck

Featwes W Benefits

. |~¢z§on‘p} ’ « Higher light load efficiency > Longer-battery life time
= ';IQQ‘;/}Abuty Cycle with 120nA | + Enables operation of Low Power MCU from various battery configurations:
4 A Q

Py — N 2s-LiMn©2, 1x LiSOCL2, 4s/2s Alkaline;:Li-Po, Coin Cells
= 80% efficiency at 1“&%7 (3.6V)y to 1.8Voyr) « Forced-PWM and STOP function for noise sensitive applications
« Small package / small solution size

= Selectable Forgéd-PWM and STOP modes

Efficiency vs. Load, Current (Vgyr='1.8V)

L
= 16 x Voyrselectable with VSET v T:IS;ZWDLCSW e Vour o A o RS
o TPS62840: 1.8V/— 3.3V (100mV steps) c,I FICO oY e
. 4-7PF}- GND vos 10pF Y =55 il «
o TPS62841:0.8V — 1.55V (50mV steps) e = g npllr T |
0" TPS62842: 1.8V, 2.2V, 2.4V — 3.6V (100mV steps) ~ * MopE O—— wooe s 2 i =
RUN/STOP O—=——] sTOP £ R e 4
0./ TPS62849: 3.4V g: i rﬂ%’ 1 v.Nfsiov
ENABLE' O—— EN VSET & jﬁf m A1 (| :é{,‘j;ijgz
Reer as QEHHIE I Hll s e sy
= 8 pin SON 1.5x2mm (£37mms solution size) i : T 1v00mssv1
= Output Current (A). %

6 pin WCSP 1x1.5mm (<14mm2 solution size) Q
8 pin MSOP 3x5mm ‘
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Integrated STOP function
TPS62840

Ripple, noise and distortion produced by power conversion.comes from internal power switching.
The STOP-function eliminates this switching, reducing the need for filters and its cost.

: L
The STOP input pin allowsthe user to temporarily stop Vin (3 _I_ VIN SW| 22pH
Ci

the regulator's switching. The:application is powered by

wmiiid % £ Vour
the charge available‘in the output capacitor. No switching 4.7 pFI VOS ( Q

noise is generated which could be beneficial in noise- GND [ 10pF
sensitive sampled applications or wireless connectivity. —

no switchin MODE :(’j.— VSET =
0 | sTop=1
.ST: — S STOP=0 RUN/STOP ( STOP \\ : Rser
VOt AY be e /\WN ~ >
7 somvl: ENABLE '
Y 50 v[\ J J_

nEN ; ,aajm ] ]

bl |
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Next generation ultra-low |5 buck converter TPS62843
Improvement at Ultra-Light Load:Condition (3.6V,\ to 1.8V4j;7)
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TPS61299X(Q1)

100nA Quiescent Current, 5.5V Boost Converter With Inptit Current Limit and Fast Transient Performance

FEATURES BENEFITS

* Input yoltage range: 0.7V to 5.5V _ « Input current limit: protect high impédance batteries
« Output voltage range: 1.8V to 5.5V (VSEL pin select output voltage) +  Fast load transient: suitable for AEF. application

= 2:2V;3V;3.3V; 3.5V 3.6V; 4.5V; 4.8V, 5V; 5.2V; 5.5V « 100nA quiescent current: efficiency isabout 92% at ~10uA light
* Input'operating voltage down’to 150mV with VIN > 0.7V load

* 100nA typical quiescent current from VOUT in Boost Mode

* 100nA typical shutdown current from Vin and SW;

*  Up to 92% efficiency atVIN =2V, VOUT = 3.3 V, and IOUT =10 pA Vin

*  Up to 94% efficiencyat VIN.=2 V, VOUT = 3.3 V, and IOUT =200 mA DT
c1 I

L Vout
Y Y'Yy VOUT

« Different versions:for

— Input stirrent limit: 5mA; 25mA; 50mA; 100mA; 1.2A Vlh'II'PS(51299XVSEL
+ Fast transient perfromance: setting time ~8us at VIN = 3.6 V, VOUT'= ON
5V lout2'0A -> 200mA off [ EN D
* True disconnection during shutdown & Short protection
* Automatic. RFM/PWM mode transition; Auto pass-through-at Vin >.Yout
*  6-Pin WCSP (1.2 x 0.8) / SOT563 package (1.2 x 1.6)

APPLICATIONS DRI VEE

Ms—H

R1

»  Super Cap charging -
* loT Devices B :VOUT wal () ()|
+ Portable Medical Equipment e[ ] sw o | (o) () [
+  Wireless Sensor PR
»  Zinc-Air/Zine-Silver/Coin Cell Battery Applications w[] HED R S
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