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Background and Motivation
PREDICTED & ACTUAL loT DEVICES

012 * The predicted loT sensor
1 TRILLION 1 TRILLION SOLUTION? nodes keeps decreasing,
loT DEVICES REMOVE THE
BY 2015 - IBM '  Problem : Battery!
BATTERY — 1 trillion sensor world demands:
ZS‘J.LL.ON loT — ~3 year life span of battery
20 BILLION= ot — 913,242,009 BATTERY
2018 REPLACEMENTS everyday
25 BILLION loT . S l t . S l : d
25 BiLLIoN—| ACTUAL IoT DEVICES N\gff5g)) orcEs B olutions : Self-powere
14.3B systems
see g 113BK 2‘0‘2'3  Conformable Storages

| I | - form-fitting devices with
2015 2020 2025 unprecedented design freedom

Source: Everactive report. available: https://cdn.everactive.com/content/uploads/2019/06/17103828/EverActive_Infograph_1.pdf

Source: 10T analytics report. Available: https://iot-analytics.com/wp/wp-content/uploads/2023/05/Insights-Release-State-of-10T-2023-Number-of-connected-loT-devices-growing-16-to-16.0-
billion-globally.pdf
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Background and Motivation
* Energy can neither be created . energy

not dest rOyEd energy storage

harvesting - +)
— While breathing, walking, running, or any
physical activities we expend energy.

— What if we harness that energy ?

e-textile

« What if we have

— E-textile harvester ?

— E-textile harvester acting as a sensor ?

— Interfaced with CMOS chip embedded in-
textile




Smart T-Shirt with Always-On Step Counting

* We present, an always-on walking step counting system for e-textile
applications

* Value proposition :
— Powered by an in-textile Triboelectric nanogenerator (TENG)
— True full system (sensing to communication)
— Battery-less, inductor-less, No LDO, minimal off-chip components (~1mm size)

— Minimal in-textile components (durability)
e Dual-function TENG as harvester and sensor

— Implemented in std CMOS for low cost (non-high voltage)

* Requirements  What can we do ?
— Econsumed < Enarvested — E-textile for healthcare, Wellness monitoring, ...
— pW level operation — 3D modelling for virtual tailoring
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Proposed Step Counting System Architecture

 Dual function TENG * Other Circuitry
— Harvesting from TENG for Over ultra-low — Filtering and voltage
walking naturally harvesting voltage power comparison for step
provides power when and sensing | | protection (ULP) detection
needeq . purpose circuit rectifier _ Level shifters
— Breathing sustains pW , ,
system power when * On-chip capacitor
no sensing needed Processing block On-chip memory — Analog circuit
(DLS dual - mode logic) : : :
« EH-PMU T —— = functionality with
— Harvester may NFC Tx (near filed human cadence
produce high voltages ;Jhl‘i?t];]:ter’ e comm mode) * Bondable capacitor
— Over protection — Breathing domain
circuit for limiting .
voltage Storage and TX
IR et R AV Features: Battery less operation; Harvesting + — DLS memory for
to the processing Sensing + Step Counting + Storage, No LDO storage

blocks — NFC TX




Proposed Step Counting System Architecture
 WALKING: 20-pw range (peak) power for just-in-time harvesting in

walking event-drive activation

* Supply voltage (V) to the blocks from walking event ﬁ]]

breathing sustains pW system power when no sensing is needed

ISSCC’2015 =

BREATHING
HARVESTING
MODE

protection ultra-low power
TENG c e pe
Aok j circuit j rectifier )

not strictly needed,

on-chip memory
(DLS)

2
n
(@)
-
x
NEAR-FIELD
COMMS MODE

' : * limits to 1.6 V .
) array of TENG tiles dded f bust . :
;- properly split for breathing ggai%st (r)\:)irsoe,uniencehs:nfcal Vocs (from breathing)
: and walking Llimits to 0.6 V solicitations... Vpc.w (from walking)
---------------------------------- r------------------;------'r-_-‘-'---.--;----------------------- COECCCTCOCOCCOCCTCCTLEECCOSeeSe e a®q
o ":‘ wa|king VienG+ 9 - ol & t
LZDEW : @ It I V‘ENG+ % out filter+
21 ultra-low power N ors °
ioe| RTENe sl s 2 VA
gg E ..'- rec I Ier .... = V_ENG' &ﬁ Vou't,filter-
= Vrenc dual-func.t;c;r;:T.E.I\TG-:ﬁaFgégt-e;i voltage on-chip cap 2" - order bandpass filter and
' reused for walking step sensing s — (1.7nf) , » Yoltage comparator for step
: - SSC-L’2022  detection ;
g g g g g g g g g g g g g g g

harvesting from walking naturally provides power when needed by sensing (just-in-time power provisioning)
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Proposed Step Counting System Architecture

 BREATHING: pw-range power + lowest f .. <0.1Hz for always-on basic

min

* Supply voltage (Vpp) to the blocks from breathing event ﬁﬂ

breathing sustains pW system power when no sensing is needed

IO — breathing T i i a8
Stw . . Vo ' 9
£a9 protection ultra-low power on-chip memory|: : P
<>§ [ 3 LY L] ‘ ! 'BI NFC TX : ml‘é,
S circuit rectifier (DLS) b i 22
ar - @ b : 28

g T TTSSSSsSssssssssssssssssese="T ittt Seeeecccccccccccccap oo eeccccccccccccccccscccccccccccel becccccccccccccns

0 . * limits to +1.6 V not strictly needed, ‘

' array of TENG tiles L .

- properly split for breathing 2Eainst noise, mothanical L Vece (from breathing)

: and walking Llimits to 0.6 V solicitations... Vpc.w (from walking)

.................................. S T I pew T e ..

o 3 walking Vrenes 9 T
LZD'§|_|_|: Y t t. It I VTENG+ }ﬁ out filter+
SO rotection uiltra-ilow power N merd °
;ggi kTENG i See p 1 't t'f'p _.o':’\/ll::‘llllttzl; \/\
Iz ....Q[r-(‘:UI rectiier .. Ay, AN o
s BRI Ty — T : nd .
V1enG- s TENCG: R on-chip cap 2" - order bandpass filter and
dual-function TENG: harvested voltage (1.7nF) volta
; ; — (1. ge comparator for step
. reused for walking step sensing — detection :
R L L e R T I I L Y Y Y Y YYD >

harvesting from walking naturally provides power when needed by sensing (just-in-time power provisioning)
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Characterization of TENG (1)

. : TRIBOELECTRIC NANOGENERATOR
In-house designed TENG DESIGN AND CONNECTION
— Kapton and Cu-Ni material -> weak | Wl arallel connection of
triboelectrification to keep voltage e I - - I o LhC
e u U-NI 1abric
lower than ~3.3V I* I*I ;
— Patterned in a tiled fashion - 2cm * 2cm gt 1 sontBion | ton " hotom | pttemed
— TOtal in'textile area ~25cm2 culmirectlon currentdlrectlon§ f?\ ,‘: TE'NGA'W:
. . = —
— Same TENG is reused for sensing and |-H-| | o I
harvesting == |* |

.........................

‘cccscsoccsccscscscscscscsscscscccsccscscscsccna?®




Characterization of TENG (2)

* Measurements of the TENG for various activities - transient response

— nominal hand touch, walking, and breathing

— NO sufficient energy from single tile
— 2 tiles in parallel -> sufficient for detecting walking

— Minimum energy harvested from breathing
* 4 tiles in parallel for sufficient power/voltage at rectifier side

1'£ENG RESPONSE - HAND TOUCH 08 TENG RESPONSE - WALKING . 6TENG RESPONSE - BREATHING

: :‘.‘ r A 100:@‘0 08D o6 LB S for walkag 108 MQ LOAD 0' Nl A 100pQLOAD
=08 AN A A N Y ' S| 06V
g | (R E 0.2 E o ¥
Rl et e anitaay: I I N T
g—08 R ". n" “‘ ,"S :s'ingle t‘ile," :‘ n" =. =>-0.2 ' . . 2-0.2

',:' Wi\ i i iy .0.4 | 2tiles in parallel single tile 04 4 tiles i llel for suffici
LYY iy 5 1 1 |__votagepoverath et e
: - time (s) he time (s)

time (s)




Operation of the ULP Rectifier (1)

VtenG Vv .
LISAS = =S Voltage V., rises

4

<
5
% M, turns on and V. increases
~ Current through M; increases
@ '
‘== same ;i_ze/VGS, —
= same bias - Voltage V., rises and M1 into super-cutoff
* Full bridge active rectifier
— formed with this block and its duality. Opposite considerations

— OFF current well below the regular transistor leakage. for other half circuit
— M;/M, are in super cutoff region of operation.
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Operation of the ULP Rectifier (2)

(Vrene+ -Vrene-) > 0
-” : (Vrene+ -Vrens) <0
NOo INput > P

——pcurrent path —leakage
Increases

V1eng+>0 o »\/pC e

O [ []

) positive TENG half-wave (pressure)
o> e when Vigne: iNCreases, Vg

O

oL Increases

%‘; a o after Vreng+ peaks, M1 turns off

o.E Vi (opposite

. considerations)

negative TENG half-wave (release)

o (Vrene: -VrenG-) <0

e oOpposite behavior (reverse all
currents)

sub-threshol
avoid floati




Over Protection Circuit - Analysis

DIODEN in 180nm Library DIODEP in 180nm Library ns NPN (DNW) in 180nm Library
| A o B A C B A
“ T ¥ "
NWELL ONW
P-sub P-sub AN P-sub
?P-SUb 1 P-sub
CAN ONLY CLAMP +VE WAVE CAN ONLY CLAMP +VE WAVE CAN CLAMP +VE AND -VE WAVE

PROPOSED OVER PROTECTION CIRCUIT

PNP NPN
2-PNP (AREA EFFICIENT) ___VTENG+ V1enG-
& V1 E (P+) E (N+)
DIODEN s B (P)
VTENG- VZNIB (N) i | V4
2-NPN C (N)
& C (P-sub)




System Response - Walking Step Event

walking steps 1. Transient response of the TENG due
\ to walking;

|
- |‘
L\

/* . 2. Voltage after the rectifier (V,ectifier);
\
\
v . 3. Response of the analog filter for the
) >/'\\(filter esponse)  Walking events. step-missed due to
Y wakeup;
CXE?Z‘;TZE’& ﬂ 4. Response of the comparator;

\ 5. Data written to the DLS memory
during negative edge;
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Testchip and System Measurements

14 21
time (s)
B0 B1 B2 of 16 bit data
f\w.,'ﬂ_\ Al Ay A A o
N R U WO TR
step missed due
to wake-up not
= anissue: 1)
easily recovered
by adding extra
[ wakbup, 2 the
wake-up,
first misgef_ stetp 0 0 1 1 0 1
" is insignifican
w.r.t. 9r]ealistic 0 1 LO 1 0 0
walkmg patterns |.,..J _ L. . .A,._.L:
0 7 14 21 28
time (s)
0 /]

l voltage (V)

0.6

S
>

o
()

o

after fist step, supply becomes

and remains stable for
immediate power delivery

— walking = just-in-time power
provisioning

on-chip capacitor

rapidly charged to Voo

o

7 14 21
time (s)

s

DO

A

1.956mm

\

2.735mm

Fabricated in TSMC 180nm

process




System Functionality for Various Activities

First 3 bits of 16 bit DLS counter is depicted along with the rectified voltage

second bit of 16 bit
vDLS memory

oo

third bit of 16 bit
vDLS memory

e

DCTM DCAM DETH DCTM . J; Timebase  0.0's Trigger | c1/DC
500 mVidiv 50 ' mVidiv 500 mVidiv 500 mV/div \\ /; 5.00 sidiv |Stop 330mv
1.0100v -1.3000V 500.0 mv -4906-0 mv NS /; 100kS 2.000k5S/s |Edge Positive

Initial state of B0, B1, and B2 e
of the DLS memory e
A
slow walking

e response of the system is monitored for walking at random
speed

e shown here is response after the system start-up

o total 40 steps with no steps missing




System Measurements

walking (23 pW)

breathing (3.4 pW)

1 WF capacitor

7% %
DLS logic :

5 (Voo = 040 ,—-\gﬁ
7] rectifier

SYSTEM AND RECTIFIER POWER( BREATHING MODE)

power (pW)

8

»

=N

N

o

I total system power (breathing mode)

L proposed rectifier leakage power .
conventional
diode would

[T Wz W e dominate
B o |

system power

total Wwer

die sample

.voltage (V)

ot
(3]

' e
= o

ACTIVE RECTIFIER RESPONSE (Fig. 2)

G A
Vss|
i Vrewes - Vrene. > Ova /
. \
“ Vbc I
'\ I1VTENG+ VDce I3
= ] Viener- Viene.< 0
-\ /I — ﬂ TiNG T;IG ° VG1
\

T \./ = \/nc

VOLTAGE EFFICIENCY VS. LOAD

1)

12} *«...max voltage

temp=25°C

== Vc peak = 1.5V
=*=VAC PEAK =

efficiency: 99.6%

input to the rectifier is 0.6V

100 200 300 400
load current (pA)

POWER EFFICIENCY VS. LOAD

max e@iciency: 80.2% @ 160 pA

temp=25°C

~*=\/ac peak = 1.5V
==V acpreak =1V
“®=\/ac peak = 0.6V

63.7‘7; -efficiency durin
walking (load = 20 pA§J

100 200 0 400
load current (pis




Setup for the Demonstration

World's First Batteryless Smart T-Shirt withis

L
Interface for
demonstration

purpose — python
| program




technology (nm)

Advancing the State of the Art

2
0.68 cap (die-stackable)

type of system

energy
harvester and
substrate

total power
consumption
(mode)

voltage before
rectifier (V)

harvesting
efficiency
(mode)
sensing
accuracy

180 180 18&3?
0.36 core + 0.81 5.91
step counter bod
w/ harvesting from o ergture harvesting
breathing / walking mlz)nitor sub-system
/ motion
triboelectric
T T 340w ) 17.01 nW (temp. N/A
X | sensing) (harvesting
LA AN AT 2! 5.21 nW (PMU) only)
____________ Y
<3.3Vp, 4V, 130 V,,
63.7% o
(peak 80.2%) LA s
>98% (step counting) +1 °C (temp.) N/A
) 24 DO 0

180 BCD
(RV)

1.69

harvesting
sub-system
(vibration)

N/A
harvesting
only)

36 V.,

75.6%
(harvesting
mode)

N/A

180

1.46

e-textile body
area network

inductive RF

2.9 mW
(data
transmission)

2 (after
rectifier)

N/A

N/A

| Thiswork | JssC'21[2] JSSC'19 [3] | JssC'21[4] | 1sscc13[1] | 1SSCC'19[5] | ISSCC'18 [6]

350 40
1.9 0.55
shuabr-vs?/i?gr% harvesting
(multi-axial sulpl)-sygjcem
motion) (vibration)
piezorelectric
: N/A
N/A (gﬁll'v)estmg (harvesting
y only)
1.6 Vp, 6V,
84.6% 94%
(harvesting (harvesting
mode) mode)
N/A N/A




Advancing the State of the Art
_

180 BCD 180 BCD
technology (nm) 18 180 (HV) (HV)

max energy ' ------------ \

retention 16 minutes ' 10's N/A 24.7 s* N/A 11.5 min* 0.2 s*

>> respiratory period l

cold start-up
voltage (V) 0.4 0.6 N/A 2.8 N/A 1.5 1.5

power
irﬁ;‘fgﬁ‘;}?:nt -442 N/A 314 N/A NA 511 420
FOM [6]**
. . 75 Hz
: : <0.1 Hz 1 Hz 250 Hz 55 Hz 90 Hz (vibration, | . :
mlrfm':ehajr;/reztmg (breathing, human (human motion, (vibration, no (vibration, no 12n7 dAl:\Et?v(efrlcR)Fn)] rare/sudden (V]bﬁﬂt:g:]’ no
q y ‘----.mnu‘nn).---\ no breathing)  human motion) human motion) human motion) motion)
full-system . full system :
:EUCH  demonstration! sub-system(s)‘only
------------ harvester + harvester + on-
sub-system harvester+ harvester + multi-die harvester + chip harv./ harvester + harvester +
coverage sensing+processing+  on-chip rectifier/ stacking on-chip e on-chip on-chip
MEM+NFC comms sensor harvesting harvesting off-chip AFE harvesting harvesting
(T storage rectifier, (o farge =7
0 » ‘ 1( 1b02d3?l;§1a2p capacitors, inductor (10  inductor, 100 V AFE I Cgargg,;g?su(cttgtral inductor,
ompone 'stackabple on main die) I digital sub- mH), battery capacitors, y cap 57 uF) capacitors
o o ! system battery ‘~____” _____ (total 110 uF)_

/1 (]
) 24 DO 0 s DIOSV anda (€e




Conclusion

* Power as key system interaction dimension

» Record-breaking power reductions and enablement of brand-new
capabilities
— pw range : smart T-shirt with always-on step
counting (no battery, inductors..) for
conformability and low cost

— Lowest power and f .. : 23pW (1.4pW)
walking (retention), <0.1 Hz

- " R 0 | 0 0
v : mrE
=" = oS
o <
\g N <
) - ) N
AR Y = G \ / }
5 2050 et @@
o® ® o A = Sl 0= \ 1
& -e A | i \ cu@aeur) ]
o 2 A S o A o >
B L 0 , @ 1_.:)
« s - " 4
3 e = o o o~
5 ! g = 0
A ‘,A‘)\_‘ > \
p \ e '. 2

o ¥ A 71"/1 wires r.e.quirea t;r =
—>230X better than prior partial system demo Aagh g e iy
reporting power i '.';.4;,‘ SAWA When qntgthered) ;f i B { .
. ; ‘;, I 77 W \ \ ‘:1 b Q\ i ‘ B &
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Triboelectric Material Series

« All materials including metals, polymers, wood, and semiconductors... exhibits triboelectric
effect.
« Depends on the strength of triboelectrification.

Easily looses electrons Easily gains electrons
olvfo dehvyd 0
O D 0b -
O U 0 s D NDONO
0 (e 0-0 0 a an
O 0 Orob 0
g 00 ! U Butad 0 0PO §
= ye D
(7] A 0 0 :'..
(@]
(al 0 O Oro "<D
OO 0 de Orio
PO
000 Polyprop
dl'U TUDDE Polvdiphe propane carbonate
D 0 orochloro
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Operation of the ULP rectifier

—

Ve

* Full bridge active rectifier

— formed with this block and its
duality.

T+

— OFF current well below the regular ,ZIFI

transistor leakage.

1

— Devices are in super cutoff region
of operation.

il
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VRECT

vRECT
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Over Protection Circuit - Detailed Analysis

VOLTAGES ACROSS OVER-

DIODEN IN 180NM
N+ K °°° . VOLTAGE PROTECTION
tcan onIy clamp positive 1.5 clamped at 1.1 V
S -sub P-sub wave at Vy value 3
A =05 s OVER-VOLTAGE PROTECTION
DIODEP (PNP) DEVICES IN 180NM % | r\‘,%lct);’eg
ly cl '©-0.5} — clipped
<" ‘BASI’ A ENTTER) s positive wave - | izmped ot 0.55 V S f  \Protecion]  \aifev.
Wil NWEL  PF atnVy value ;g — V1 T V2 —Viene @ N A
P-sub 2VY : ‘U : 3 3 3 : A A A
. 15[ clamped at 1.1 V = N
fP-sub JE—(COI..LECTOR). : i g .'.‘0':_3 0.5 j 0.8 \; 'Oj 13 \1'5
darker color — higher doping = = =0.5 2 | swith
— = over- (
NPN (DNW) DEVICES IN 180NM - % | voltage-t’ d\ /I \
N+ COLLECTOR ~ BAse can clamp positive Z.o.5¢ protection meas”’ebré’é’?i{r‘{é’ glargﬁcphrotectlon
EMITTER and negative wave > | clamped at 0.55V 4 e <LLLC 9
P —  ~ atnVy v P s — V3 — V4 —Vienc+ time (S)
W, P 'l - Y : : -
DNW v P-sub - 1/ 2., clamped at final waveform 1
T OS] ey natwavetorm * Measure transient waveform
-su — 0 B PXATY R R .
area inefficient to clamp positive wave - .:':"'7\1_5 <o ) "'0""‘""“6"\ [ simmetrically Of the Over-VOltage protectlon
PROPOSED OVER-VOLTAGE PROTECTION:’ e % - Vrene. - Vieno. circuit
PNP NPN o5t/ AN w/ OV-prot
(AREA EFFICIENT) Vienc: VrenG: = s 02 04+ .
Vi E (P+) E (N+) "’ ' " %06 08 1
V3 B (P) E_O-S --- VreNG- - VTENG—\\
VTENG- V2 B (N) va g " w/o OV-prot %\
C(N) A5t ] Y.
C (P-sub) L clamped at 1.65 V RN
P-sub grounded -2.5 time [s]
- 0)(0)° O e e




Dual Mode Logic

M1 0lp=0.03~0.12

—

swing in OUT

DLS logic 0.25

<-haosted ..y

n2=0V beyond
l _lﬂv -cI M5 = 02! - - | . L1 1 (GND.Vpp) |
02 03 04 05 02 0 02 04

Vpp (V) Nmse Margin (mV) TYPE

0.5 ~187 Dual Mode Logic (DML)
0.4 ~144 Dual Mode Logic (DML)
0.3 ~99 Dual Mode Logic (DML)
0.2 ~51 Dual Mode Logic (DML

Voo Voo 8045 — 5/y=0.10~0.14 805

1 : Z
T nl = VDD = 0. 35 - = 0.3

M5, M6: M5, M6: gate M2 o 2
turned OFF to N OUT overdrivento N out g 0.3, g 0.2

operate as ] restore full j ! @
2,

=

[ &}

-—

I

W

static noise

[7] L. Lin, S. Jain and M. Alioto, "Sub-nW Microcontroller With Dual-Mode Logic and Self-Startup for Battery-Indifferent Sensor Nodes," in IEEE
Journal of Solid-State Circuits, vol. 56, no. 5, pp. 1618-1629, May 2021
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Harvesting Energy - TENG

2cm*2cm ~248 pJ ~100 pJ

TENG :
Kapton Material
Cu-Ni Electrode

Energy Source Power Density Characteristics

Solar/PV 10 - 15 pW/cm? Exposure to light
RF Energy 0.1 pW/cm? 380M - 5 Hz
Thermal - body 40 pW/cm? DC High temperature
heat difference
Piezo 4 yW/cm? > 30 Hz

TENG 1 yW/cm? <5 Hz

) 24 DO 0 s DIOSV anda (€e




TENG Analysis

LITERATURE TENG TILES - SERIES CONNECTION (TOP V|EWl ]
tiles connected in
1E-2ﬁow frequency harvesting very high frequency harvesting -‘___S_%I’ies Way
51E4@ i 50 158t
c;:o ST 207 X [\ﬂj%zl’%] -
Tj O Piezo
o 0548% * # ¥ s
£ 1E-6 Wssc210 [1S5C19]
QL [JSSC’21] Tribo AE
g‘ Tribo
[7,] 1E_8. HE Cu-Ni fabric .
. high power 5 cm 5\
}o&: " K high frequency EE vertical spacer bstrat \Jfl ibl
: s wor substrate (flexible
1E10 3 o—<—eo— (flexible)
1 10 100 100k
Input frequency
SERIES CONNECTION OF TENG — 4 TILES SERIES CONNECTION OF TENG — 4 TILES
0.1 0.2
TENG reponse TENG response
breathing event 014 | walking event
AO'OS B —
= peak voltage < 50mV = 0.08 peak yoltage < 200mV
g 2
g 0 g 0.02
o (=] 1
> series connection of > .0.04 | s
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TENG Analysis

» Circuit Simulations and Measurements:

 TENG is operated at an input frequency of 3.2Hz [2].

O Total charge transferred between the electrodes of TENG is 52nC (Fig. 9).

[ Keithley 6517B need to use for testing the TENG in order to avoid electrostatic discharge.
O Sample test set up for characterizing the TENG is shown.
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Testchip and System Measurements
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Power and System Design Implications

» Power target vs. energy source
—w/battery: &

E battery(o)

« Average power limits function feasibly executed

« Battery life
—w/o battery : u

« Harvested power
* Peak power matters

A
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R GO

—Power profile : OFF °__ ON
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* Duty cycles
 Event-driven

empty

\

miniaturized
batteries easily

X

, depleted
!

OFF ' ON ¢

P harvester

system ON




Operation of the ULP rectifier
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Energy Harvesting and Power Management
* TENG-CHIP co-design for low voltage

operation harvesting from human
— integrated over-voltage and rectifier into silicon | Jrotion (breathing, walking)

chip and used std CMOS. DUAL-FUNCTION TENG
 Sensing the walking event walking step sensor (TENG )
_ Dua[-funct]on TENG VOItage OSClllates every step

» Regular harvesting from breathing

— Time-bounded event repetitions -> store energy | thiswork: p\W system power
with very small cap | : [Pap
« Harvesting from walking : =
— just-in-time harvesting power provision to @ Correnip=1 MEL Q
support step sensing and counting =

) 24 DO 0 s DIOSV anda (€e




Over Protection Circuit - Analysis
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