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What are we trying to accomplish?

Nanobots?

Autonomous sensors?

New applications?
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What is nanoPower?

A device with quiescent current less than 1pA

1

1nA = A = 0.000000001 A
1,000,000,000
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lo = Quiescent Current/Standby Current

DC-DC Switching Regulator

Quiescent Current is the

Switching@Regulatorf minimum amount of

IOUT current for the

N
. o—O
converter to stay alive
when it is not in use
Vin | Driver@ndm T Vour

Controller (no switching, no load
Circuitryl

but enabled).
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lq # Shutdown Current

e Shutdown current - device is “asleep”

e Quiescent current — device is “resting” and ready to work

|4‘ Shut < Standby >
Down

ISHUTDOWN

IQUESCIENT

Power Profile of loT Node Devices maxim
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Critical Trends

Smaller devices Low duty cycle hardware
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nanoPower Boost with True Shutdown
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Why is nanoPower important?

e Extending battery life — why batteries?
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Battery Challenge - Self Discharge

\' Self Discharge of Li-ion
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Courtesy of Battery University

http://batteryuniversity.com/learn/article/elevating_self discharge maxim
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Examples

Battery system Estimated self-discharge

Primary lithium-metal 10% in 5 years

Alkaline 2—-3% per year

Lead-acid 5% per month
Nickel-based 10-15% in 24h, then 10-15% per month

5% in 24h, then 1-2% per month (plus 3% for safety
Lithium-ion
circuit)

Silver oxide 0.7% per month*

Courtesy of Battery University
http://batteryuniversity.com/learn/article/elevating self discharge ,
* https://www.eetimes.com/author.asp?section id=36&doc id=1322736 m?é(g"r];tedm
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http://batteryuniversity.com/learn/article/elevating_self_discharge
https://www.eetimes.com/author.asp?section_id=36&doc_id=1322736

Why NanoPower Regulators?

Classification:
Chemical System:
Designation:
Nominal Voltage:
Typical Capacity:

Typical Weight:
Typical Volume:
Max Rev Charge:
Energy Density:
Typical Li Content:
UL Recognized:
Operating Temp:
Self Discharge:
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Lithium Coin

Specifications

"Lithium Coin"

Lithium / Manganese Dioxide (Li/MnO,)
ANSI-5034LC, IEC-CR1216

3.0 Volts

34 mAh (to 2.0 volts)

(Rated at 62K ohms at 21°C)

0.6 grams (0.02 oz.)

0.2 cubic centimeters (0.01 cubic inch)
1 microampere

118 milliwatt hr/g, 413 milliwatt hr/cc
0.008 grams (0.0003 oz.)

MH29980

-30C to /0C

~1% [ year

ENERGIZER CR1216
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Why NanoPower Regulators?

 Smaller Devices Need Smaller Batteries ENERGIZER CR1216
> CR1216 Lithium Coin Cell

* 34mAh from 2V to 3V Terminal Voltage Q

* That’s Only 39nA Self Discharge Current!

* 10 Year Operating Life is 390nA Average Load

* NanoPower Regulators
> Need to Power Circuitry with Long Idle States
> Regulator Quiescent Current Should Compete with Battery Self-Discharge

> NanoPower Regulators Draw <1uA Quiescent Current While Regulating

maxim
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Product Standby life

e CR1216, 34mANh, Lithium coin cell

Circuit quiescent current Standby life
4uA 1 year
3UA 1.3 years
21A 1.9 years
1pA 3.9 years
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Additional Benefits - Extended Battery Life/Smaller Battery

New form factors/applications

e Medical
e Consumer

e |ndustrial

maxim
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Additional Benefits of Extended Battery Life

Reduce limited access/costly maintenance

maxim
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How do we achieve nanoPower?

e Single Resistor Output Selection - RSEL
e 33 configuration states

* No supply current after initial acquisition

/S
|~ N
B |
| I Current Q(4:0)  SEL(5:0) —|—)
| | DAC |
| SAR |
RSEL | LOGIC
Dl \ DONE 5
| KEEP START [——
Rt |
%9/0k I | I_/ I
| RSEL |
—— I N e e e e = 7
'\ Configurable Core Product
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SEL(5:0)

CONFIGURABLE

DONE CORE

START

—ee e e e e eoaas o, o cE——e e—
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RSEL Eliminates Power Loss Through Feedback Network

Feedback network ‘
L

e Setting output voltages with high impedance resistor
 1MQ = 3.3uA for 3.3V output

RSEL IP enables Ultra-low power sensitive applications L

|||—

* Unique single resistor voltage setting

LX

* Uses 200pA for 600us during startup N o+

= 1| = RSEL:% |

GND J—

e Zero Losses during power regulating

maxim
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RSEL in Action

STARTUP

Vout pIateau duringstartup - Iq.
s Vv

UDUT :... i ;“'.-‘.':'i":".':'."E".':'r':'“':'.".':'?'r'.':':'f".':':'r“i':':'r'.'g'r'r':':'_

1 1Vidiv

| 200mA/div

\H"l" = 15'”, UDUT= 3\!, |DUT = EK
400us/div

maxim
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Diode Losses

* Multiple energy sources
* Loss~ 0.7V
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System Load

P
ENERGY
_ | HARVESTING
T >t
—l SUPERCAP
1 P
—_ +
—  BATTERY
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Diode Losses

Multiple energy sources

Loss ~ 0.7V

Additional power

Q0

True shutdown eliminates

diode losses

Savings:
* |40 = 3UA sleep/5mA run
e 3V supply

System Load

DC-DC
Boost
; ENERGY
; __HARVESTING
O DC-DC
Boost
—4— SUPERCAP
-T— DC-DC
D — Boost
— +
— BATTERY

* 3% duty cycle

e ~153uA

e ~107puW

e 2AA batteries

* 18% improvement in battery life

21 | Maxim Integrated | Company Confidential

maxim
integrated..



Implementing nanoPower
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Shutdown

True Shutdown, | ~ tens of nA Quiescent current, Ig ~ hundreds of nA

maxim
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Power Supply Accuracy
MAX1722X

VouT

ULTRA-LOW POWER MODE (UPLM): LIGHT LOADS

DCM

LOAD DEPENDENT

LOW POWER MODE (LPMj: MEDIUM LOADS

VOUT TARGET + 2.5%

— —— —— —— —— —— VOUTTARGET

— VOUT TARGET - LOAD REG

HIGH POWER MODE (HPM): HEAVY LOADS

TIME

Figure 4. ULPM, LPM, and HPM Waveforms (Part 1).

24 | Maxim Integrated | Company Confidential

maxim
integrated..



Systems Requiring High Power Supply Accuracy
MAX1722X example — power supply only

* Accuracy:
> 3% in Low Power Mode (LPM)
> 4% in Ultra Low Power Mode (ULPM)

e Why?

> Switching frequency minimized to reduce current consumption and accommodate transients

maxim
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Power Supply Accuracy

MAX1722X

vouT

LIL TRA-LOW DOWER MOWDE (LBLRY LIGHT |

IOUT_TRANSITION =

MANS

2
300ns y VlN y N
17.5us

L VIN )
N

HIGH POWER MODE (HPM): HEAVY LOADS

|

TIME

Figure 4. ULPM, LPM, and HFPM Waveforms (Part 1).
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How Small Can the Inductor Be?

* Inductor Winding Resistance

> Increases I°R Losses
> 0.1ohm to 0.3ohm Reduces Efficiency by ~3%

* Lower |,y Reduces Max Output Current

> | y(peak) < Igar
> loyr(max) =[l(peak) —dl /2 ]* V /Vo,*Efficiency

* Lower Inductance Reduces Max Output
Current

> dly = toff*(V,\-Vou)/L
> loyr(max) =[I y(peak) —dl /2 1* V,/Vour*Efficiency
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Inductor Relationships

e Larger inductors — lower DCR

e Use a simulation tool

100 I ]
1H 0630
: 1uH uszr\ ,
9 i
— 1
T
% a0 ’ {.a P m
S w | A YA
i ” // u 0.2uH
\u-‘.‘h
84 i "
f 0.47uH 0630
82 |
} 0.47uH 0620
w i b i aid
0.1 1 10
QOUTPUT CURRENT (A)

Figure 2. Efficiency vs. output current for various inductors operating in the Figure 1 circuit.

App note: https://www.maximintegrated.com/en/app-notes/index.mvp/id/3988

maxim
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nanoPower Devices

* DC-DC converters

* Supervisors

* Comparators

* Current sense amps
* Op amps

e Real time clocks

* Microcontrollers
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NOT nanoPower Devices

Microprocessors
Data converters
RF devices
Interface

Light and sound emitting

maxim
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Maxim’s Latest nanoPower Portfolio

Power, Signal Conditioning, Supervisory - www.maximintegrated.com/nanoPower

Category Part Number Description
MAX17220-MAX17225 300nA 1Q, 0.4V to 5.5V Boost Converter with True Shutdown
Power MAX17270- MAX17273 Single Inductor Multiple Output Buck Boost Converter
MAX38640 300nA 1Q 1.8V to 5.5V Buck Converter
MAX9634 500nA 1Q, precision current sense amplifier
_ MAX40000 — MAX40001 900nA 1Q comparator with built-in references
Conﬂigt?jr'“ng MAX40002 — MAX40005 500nA IQ comparator

MAX40007

700nA |Q Op-amp

MAX6069

1uA WLP Shunt Reference for Sensors

Supervisory

MAX16056 — MAX16059

125nA supervisory circuit with capacitor adjustable reset and watchdog

MAX16072 — MAX16074

700nA nanoPower supervisory circuit in tiny WLP package

MAX16140A

350nA IQ Power Supervisory Reset IC in WLP

RTC

MAX31341

180nA real time clock w/power management

30 | Maxim Integrated
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nanoPower Sighal Chain and Supervisory ICs

Supervisor Op amp Comparator
* 350nA Supply Current + 1.7V to 5.5V supply range * 1.7V to 5.5V supply range
* Edge/Level MR Input * 700nA quiescent current (typ), 900nA * 450nA supply current
* OD/PP Reset Output (max) * 9ms propagation delay
« WLP & 5-S0T23 Packages * 6-Pin WLP with 0.35mm pitch * 4-Pin 0.73mm x 0.73mm WLP with

0.35mm pitch and SOT23 packages

VvCC TOP VIEW
MAX40002-
0226 WLP-6 0226 50123 MAX40005
1 2 +
+ IN+ IN- ourt . ouT| 1 5 | N.C.
TV RST Gy S e ot [1] 5] voo o[+
.’!OUT‘I I,* N MAX40002-
MAX16140 o 2] 5] ne oNp| 2} MAX40009
uP 81} (82} {83} v ' B
i . iVeey 7 )
JE— N ' J! 1 GNDJ
MR C VDD  GNO T I | i \RER/ N\ VCO/REF| 3 4|IN
Top View
Bump poch = 0 35pm
GND WLP SOT-23
N
maxim
integrated..
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MAX17220/2/3/4/5 nanoPower Boost Converter

0.4V to 5.5V Input, 0.88V Start up voltage

300nA Low 1Q, OA reverse current from during True Shutdown

Package options:
* 0.88mm x 1.4mm 6-WLP

e 2mm x 2mm 6-pin uDFN Packages

225mA/500mA/1A 1IN Limit Allows Small Inductor Options
(1.6 x0.8x0.60r2.0x1.5x1.0)

« 33 Output Voltages by a Single Resistor (RSEL)

IN
400mV TO 5.5V

CIN 01

10pF

GND

STARTUP
0.88 (TYP)

]

EN

o
ol
RSEL i

Lowest |, in the smallest possible form factor
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nanoPower Precision Current-Sense Amplifier

Save system power with < 1pA quiescent current

MAX9934

Low 250uV Input Offset Voltage
Low < 0.5% (max) Gain Error
Four Gain versions:

*25V/V

*50V/V

*100V/V

«200V/V
1.6V to 28V Input Common Mode

5-Pin SOT & 4-Bump 1mm x 1mm uCSP

RseNsE

Vearr=16VT0 28V

[Ey

33 Maxim Integrated Products, Inc. Company Confidential

E——
RS+ RS-
Vop=33V LOAD
r T
J__1 our i
Rout % 10k2
——GND

= Smart Phones & Tablets
= Portable Battery Systems
= Notebooks

maxim
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nanoPower Comparator
- Smallest Package
(0.73 x 0.73mm)

MAX40002-05

=1.7V to 5.5V supply range
=450nA supply current
"9us propagation delay

= 4-Pin 0.73mm x 0.73mm WLP with
0.35mm pitch and SOT23 packages

nanoPower Comparator:
Tiny Size
and Internal 1% Reference

MAX40000-01

=1.7V to 5.5V supply range
=900nA supply current
"6us propagation delay

" 6-Pin 0.73mm x 1.07mm WLP with
0.35mm pitch and SOT23 packages

TOP VIEW
MAX40002-
MAX40005
1 2 +
QuT| 1 5 | N.C.
Al +
S MAX40002—
“?UT,J’l "HIN;J GND| 2 [ MAX40005
B . .
,’\,rmr‘xl { ™
' | GND |
\REES A VeoREF| 3 P
WLP SOT-23

MAX40000
MAX40001

B A "

+ IM’_1I 6P

R MAX40000

MAX40001

L rRF| 2 5| voo

GRO

P GND| 3 4| op

{GND)  {OP)

SOT23-6 :

6-WLP (TOP VIEW) BEcIXim
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Examples of nanoPower

* Medical pump
* Security repeater

e Camera

Wearable patch

Gas meter

maxim
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MOTOR
MOTOR
DRIVER
MAX 16056
BancRove
SUPERVISOR
REGULATOR WIRELESS
- kil [ CHARGER]<—> CHARGER
RECEIVER
CURRENT BATTERY
LIMITER Li+ 2700Ah

Medical Device Solution [ ENC ]

8 USER INTERFACE

[ KEYBOARD ][ LCD ]
\

maxim
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Medical Device Power Profile
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1 therapy period = 2 days

0.2% duty cycle

| RUN phase 1

[ =8A 1

| |

| -

1 I

| |

| 1

: SETTING phase :

: = 250 mA :

: STOP phase , :

: =30 uA | :

1 : |

' ) I ' :

: | | : time
: | ? : .
[ > - >

| STOP phase SETTING phase RUN phase |

: = 2 days = 3 minutes =3 minutes |

1 i

- -
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Security Repeater Solution

MAX40001

g

nanoPower
COMPARATOR

CHARGER

BATTERY ]:I

MAX40001

nanoPower
COMPARATOR

MAX40001

nanoPower
COMPARATOR

BATTERY ]:l
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— e e — o — —— — — —— —

° | |
Camera Solution 1 ] i
”l |
-]
| S0C IMAGE | pEScEsEJR’:

| N
> DC/DC : > :
= - |
LDO ;*r :
MAX17225 s T |
" |
nanoPower i |
DCDC (3.0V) L e, { wo - |
|~ - |
| i
(o |

[

|

BATTERY [ | Wi-Fi Module :
I
MAX17225 s |
l — — I
nanoPower N Al
s DCDC (3.0V) ] | .




Patch Solution

CAPACTIVE
[ TOUCH SENSOR D
PD + LED ]

4 ' A 4 A

MAX17223 T <+— ACCELEROMETER
+4.5V (LED) ' \ o

nanoPower
DC/DC BOOST % IRl J g MCU ( )
> BLE

BATTERY
CR2032

+1.8V I
maxim
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Gas Detector

v O b ouTeur
| CONDITIONING | | gag ! ECONDITIONINGE
MAX17223 yl | 1 DETECTOR/ ; ! :
BATTERY 5 CHAMBER ! | i
VOLTAGE DC/DC BOOST : Lo o l
! b L ! i MICRO- |
v | B i CONTROLLER || RS-485
[ INVERTER ]—E— L .
* Duty cycle =0to 33% on T /
e 2V to 3V for two cells
* 3Vat100mA
e Battery life ~ a few thousand hours
maxim
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nanoPower — in Conclusion

Devices with a quiescent current less than 1pA

* Atechnology that enables new applications

* A new generation of ultra low power devices/new design tool
* A set of features that minimize current consumption

* A set of energy free functions

maxim
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