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GROWTH OF THE IoT

THE NUMBER OF CONNECTED DEVICES WILL EXCEED 50 BILLION BY 2020
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Wearables:
an exciting high-growth market
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Why aren’t we there now?

Size & Usability:

Need to develop sensors
that are small & seamlessly

integrated into daily life
4 Mission: \
Battery Life: Address these
Need ultra-low-power issues through
and/or energy harvesting innovative
to minimize re-charging transdisciplinary

Utility: K research /

Need to develop sensors
that are actually useful




MARKET SIZE

Wearables Roadmap

PHASE | PHASE Il PHASE IlII

Devices on the wrist Patches Unawearables

+ Well-understood use case + Many sensing modalities
+ Room for a battery

Applications:
— Requires daily user ’ » Health & Fithess
- lelted SenSin interaCtion ' i .
opportunities ’ — Not convenient « : Entertainment
— Maintenance burden | Medical

+ Built directly into already
used objects/textiles

+ Many sensing modalities

+ Automatic wireless
comms, energy harvesting

Research challenges: new biosensors,

ultra-low-power bioelectronics, energy
harvesting, soft integration

»
»
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Wearable sensing opportunities

Physical attributes || Electrical attributes N

* Motion (e.g., steps) » ECG (heart)
 Temperature » EEG (brain)
* Respiration * EMG (muscles)




Electrophysiology today

Wet electrodes: Non-contact electrodes:

*  Inconvenient « Very convenient (can integrate into textiles)
* Irritating »  Opportunities for large number of channels
* Good performance - Severe motion artifacts
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UCSD

Hardware + software co-design for motion artifact reduction

Naive solution:
Measure electrode motion
via accelerometer

Problem: measures |
absolute motion; not Gravity (9)
motion w.r.t. body

Proposed solution:
Dynamically measure change in electrode
impedance via a dual-channel electrode
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Up to 76% reduction of artifacts

Lin et al., BioCAS 2015
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UCSD

Scalp

Skull
Dura

Cortex

External Tranceiver
(Data / Power)

ADVANTAGES:

Fully-integrated: no wires, batteries, or any other
external components

Fully encapsulated with biocompatible material: no
adverse reactions with the brain

Microchip integration means upwards of 100s of
channels per chip

Completely modular design

Possible to place many chips in the brain for large-
scale recording/stimulation

Wireless
Neural-Interface-On-Chip

Fully-on-chip Wireless Neural Interfacing Devices

Measured

Stimulation

Voltage [V]

Current [uA]

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

Time [ms]

Pt Electrode

Adiabatic current

stimulator:

»  6x more efficient than
conventional approaches

« >2x more efficient than
prior work that use large
off-chip inductors

S. Haetal., VLSI’'15/ TBioCAS’18



= Strain sensing for detecting risk of fibrosis

UCSD In head+neck cancer patients
Strain Sensor Patient Swallowing
Palladium it bl
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UCSD Machine learning for classification

Develop Model Record New Signal Classify Signal
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Wearable sensing opportunities

Most of the
wearables market

Physical attributes [l Electrical attributes N

« Motion (e.g., steps) « ECG (heart)
« Temperature * EEG (brain)

* Respiration ~ * EMG (muscles)
» Blood pressure

Biochemical attributes

* Glucose _

- Electrolytes Opportunity!

* Alcohol
* Lactate

« Many more!

13



Biochemical Sensing Today

Conventional lab testing
» Expensive, painful, time
consuming/inconvenient
* Very infrequent spot
measurements

Point-of-care devices
« Often still needs access to
blood (invasive)
* Infrequent spot
measurements (subsampling)

Research need: non-invasive, continuous measurement devices
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b Example: lactate monitoring for athletes

Staying below the “lactate Current state-of-the-art
threshold” important for testing method:

endurance training

A‘; Phosphagen system

s 8-10 seconds (100 m)
Sprinter

2 Glycogen-lactic acid system

1.3-1.6 minutes (400 m)
Swimmer

‘xk Aerobic respiration

e
Marathon runner  Unlimited time (15 Km) ©2000 How Stuff Works

| Non-invasive and/or
OQ@ continuous sensing is required

15



Lactate

Current (nA)

N
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Opportunities for

data analytics!

simultaneous

chemical+electrophysiological

sensing in a wearable patch

S. Imani et al., Nature Communications, 2016



Hybrid physiochemical/electrophysiological

ECG Instrumentation
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sensor operation
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Non-invasive wearable alcohol sensor

Electrochemical analysis after iontophoresis:
To induce sweating = capture ethanol at the skin surface

Cathode

Anode \ |
\ Insulator
™, /l Region of ;
A % Sweat ~~—_

Generation

lontophoresis

Cryogel with pilocarpine nitrate
Cryogel with sodium nitrate Pilocarpine nitrate

Measurement procedure:

lontophoresis Wait Detection
M Grrnnnan P .))) -
5 min 5 min 2.5 min

YOU ARE
€3 Bluetooth DRUNK!

O

Current(uA)

Epidermal prototype:

(]
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»
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J. Kim et al., ACS Sensors, 2016



f = Non-invasive dual-fluid glucose/alcohol sensing

Sweat Alcohol  ISF Glucose

Sweat Alcohol
Blood Alcohol

A wireless

“glucohol”

E 3 sensing
platform

ISF Glucose
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J. Kim et al., Advanced Science, 2018
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=~ A wireless saliva sensor in a mouthguard

UCSD
Health applications Fithess applications
Measure Uric Acid for Measure Lactate for
Hyperuricemia Stress / Exertion

Uric Acid

~ k Allatonin Startu p

5 { ) {

3 8 3d Yuo on company:
Glu Glu Glu > 4

IFEY TRAG

I(pA)
/(pA)

t(s) £(s)

' \Ml-;ss data transmlssion.:;
20 J. Kim et al., Biosensors & Bioelectronics, 2015



Why aren’t we there now?

Size & Usability:

Need to develop sensors
that are small & seamlessly

integrated into daily life
4 Mission: \
Battery Life: Address these
Need ultra-low-power issues through
and/or energy harvesting innovative
to minimize re-charging transdisciplinary

Utility: K research /

Need to develop sensors
that are actually useful
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Major limiter: battery size / battery life

Power breakdown:

Power Processor,
management, 1% 1%

Sensors,
18%

Radio, 80%

Research goal:
Minimize power of load circuits
(especially RF), and perform energy harvesting

G. Burra et al., ULP Short-Range Radios (Mercier & Chandrakasan, Eds.), Springer'15

22



Near-zero-power RF transmitter

-75

Direct-RF 2.4GHz Power

= « 4Mbps OOK Active power:
Oscillator w/ 2.8mm loop antenna D g 154uW
Zfl’f’_ § 0 Sleep power:
FGOUUU\ Loop antenna c S00pW
o 3 _ Average power:
1 ="_‘Msw1_=-"n: -105
‘ ( = )F ll:, - VDD (% 110 - RBW =240 kHz 2.4nW
|| 2 T p{? NN N
v LLV _________ " Eg — | Fréquency ‘[GHz] | |
Py °_ slf'vel If TX power can be
i i ifter
:" >< | so low, the power
[ M LMZ : consumption of even

basic building blocks
begins to matter

S
CTRpw[2:0]
V,[4:0]
txData

(<)

o,
g

>

Start-up time < 52ns
23 H. Wang et al., JSSC’18



Ultra-Low-Power Voltage Reference Generator

W]_ 0—Vini W2 9 Vref_vth2
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Lﬁ A 420f\W self-regulated 3T voltage reference generator

0.01
—a—No self-regulation
T = | * ——With self-regulation
| M
| ]NMOS ¢ | Il REG D i 0.005 |
)i — 5
REF | Self- >
Reference I D | requlation D ot -
current F g | N
Regular tansistor o 9x improvement
d | NMOS | 5
VREF ‘ VCWT | MN

Reference IPMOS i [ ¢ Vewr -0.01 | | | | | | | |
resistance v = 0.4 05 0.6 0.7 0.8 0.9 1 1.1 1.2
;;l | gl Supply Voltage Vpp [V]

Ryer | | ': F§>el\9/|]g)|gr |
(a) B () 37

Power: 420fW

Temperature coefficient:
252ppm/°C (N=38 chips)

Line regulation: 0.47%/V

H. Wang et al., ESSCIRC’17
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b A 3.4pW 35T current reference generator

Conventional 4

Vref ‘_EU
I
. (o]
Proposed Temperature [°C]

VDDE-—mﬁ R __ 2.5k; o m Multiple-Sample Results
Regulation : :M O TCAS-I1I'05 B Single-Sample Results
transistor L_-!—_ll 1o = E 5ok JSSC'09

b £):
[/ * o L =
i E' * Eliminates additional -2 1.5k
: amplifier bias current ' CSSCIRC'17 ESERREH(
£l = Inherent self- 5 O o JSSC'97
, i Ve | Vrer regulation 5 = ESSCRC'17
M, _%_ 5 0.5K- 4 This Work TCAS-I'0 @ Jssces
Gate-leakage:  (ate-leakage 2 5 Multiple-sample o0 BICAS 07
transistors ! s transistor to reduce = i i . _ 135C1287CICC'15
v <<% 10-12 10-10 10 10 10+

26 area H. Wang et al., SSCL’18 Power [W]



27

Constant Voltage

Reference
Generator

rst

+

pW relaxation oscillator

L

Schmitt Trigger

11

Oscillator output

Delay

<<

H. Wang et al., Sci. Rep.’17
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UCSD
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H. Wang et al., Sci. Rep.’17



pW temperature sensor

FuLLY INTEGRATED TEMPERATURE SENSOR

; & ; Schmitt Trigger Arbiter

/ CONST VCONS T

Oscillator output

-/~ To ensure the register is reset first V
Cconst Dby q
rst
T A
Constant Voltage 3 ACKcons
Reference Vieer & | ACKewr CLK |
Generator ] Delay
R i
EB _ : Up/Down Counter :
ACKpar I
| | ' UP/DN Q DFRREAL
FIsta 2 Verar ¥ | @ | PoR «tl—_PoR :
4 : A JAN :
‘ l _é Ouput CopEe[9:0] I I !
7 | 0 compensate for the delay |
Z C T for the del
PTAT PTAT Core | f in the up/down counter |
CONTROLLER Belay
2! UNiT <[]| :] :

29 H. Wang et al., Sci. Rep.’17



=~ Temperature sensor measurement results

UCSD
L5 or 65nm prototype
* BJT | Not Fully Integrated
g | © MOSFET | Not Fully Integrated *
O Resistor | Not Fully Integrated
Lt O # MOSFET | Fully Integrated
— |°_. 8 o
S -
= 05 o 7r :
‘g ' g 645x i
0 g °f lower power | iR
0 ® i * *
2 g 5r | *
= o) Ely o
O ) 5 i %
=05 g * * , 2 *
O & .| This Work i
= » 3 Fully Integrated A4 o * o O
-1¢ § | *
2+ i o A =
i % *» & 0%
1+ ! ¢ o i 4
15 - - . i o 4 R «
-20 0 20 40 60 o Liiiiiiis i i § i | 3 R L i i R
Temperature [°C] 1072 10° 102 10 108 108
Power [nW]

" Consu | | 1p with +/- 1.9°C iauc =) New design with better performance under review
30 H. Wang et al., Sci. Rep.’17




Sub-nW SAR ADC

Dsmp
Vi oo S o ntrol 2
@smo| CpAc , ‘ %l__“ %O Ol — °
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31

0.5 1 1.5 2 25 3 35 4 4.5 5

Frequency [Hz]

Power: 780pW
Sampling rate: 10 S/s

ENOB: 8.3b

H. Wang et al., JSSC’18



Power Management Unit

(o]
o

YES
}51
1
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Load Current = 10 nA

X,
3 85T
S
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~ 4=
L I 1 1 ! 1 1 1 |
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L
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S
Efficiency [%
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Clock Frequency [HZz]

Clock Frequency = 10 Hz

O
S
-
<
3
- O
o
o

101 102
Load Current [nA]

1.8V battery to 0.6V load conversion via a 3:1 Dickson topology
Minimized leakage power and high SSL metric
Non-overlapping clock reduces quiescent power by 21%

Peak efficiency: 96.8% at 100nA, 10Hz

H. Wang et al., JSSC’18
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UCSD

A 5.5nNW Wireless

Q ‘lﬁ ON-CHIP Voo _star Voo Li-ion Cell
X o T = Battery
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m - v circuit 31 DC-DC | Ve
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antenna
e Voo Voor Voo Vop
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ADC © |
= 5 shaper TX
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Relaxation oscillator gating
33

lon-Sensing System

- G-)D Amplifier
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w B B
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H. Wang et al., JSSC’18



= Power-saving receiver approach: wake-up receivers

UCSD
Conventional “wake-on” radio Wake-up receiver (WuRX)
Conventional Savings From
O ~ 1 Month ] ~ 24 Month
g Fetelip bebel: Device 3 ,‘.’f’f!‘f‘”" RX Device
3 Lifetime 2 i Lifetime
o o
= Tx. Data Rx. Data g Tx. Data  Rx. Data
z 6Mb/Day 12MB/Day Z . 6Mb/Day 12MB/Day

Courtesy of Troy Olsson (DARPA)
Near-zero power WuRXs can

Wake-up receiver requirements: greatly extend lifetime in low-
— Low-power (always on) average throughput scenarios

— Good sensitivity (ideally comparable to main radio for good network coverage)
— Reasonable latency (depends on application)
» — Robustness to interferers (may operate in congested environments)




Conventional WuRX Architectures

IF/uncertain-IF:

Impedance | Envelope
transformation LNA Mixer [F-amplifier detector COmparator
network Problem:

Power hungry LO generation
>“> and IF amplification

LEHe-—o1m

&

Direct envelope detection:

- Problems:
P . Envelope Moderate RF/conversion gain
transformation LNA Comparator e
detector — poor sensitivity
network
Y ; o - Low-Q front-end
— _':f‘,"_ () |>‘O — poor interferer tolerance

Challenge: achieving both high gain and low power




A nW Wake-up Receiver

Transformer Envelope

Digital 04V
Fiter  Detector CCrperator '

Correlator T

L ‘?é (l)z Signal

g detected
/ 2X sampling J.
25dB"~ g‘ 4 dB SNR t
PEERINR 9O Reference  Relaxation oL

OOK input ladder oscillator

o - > &#H}“‘* pH‘N

High R,, ED supports high passive gain front-end

Wake-up

- {MU’- f—-‘ *J [ﬂ_l I_"J signal

w/ high-Q filtering at low power
H. Jiang / P-H. Wang et al., ISSCC’17 / JSSC’18



Transformer Filter

AntennaYl', " Coupled ll(nductorsjl O Chip
| | | HF——"000" |
' | o | ' | |
|
2rd order,Ce 1 LGN EL | FCo =Gt R !
BPF | | | : | |
}-» 25dB gain = 1:316 impedance transformation ratio
Requirements: Implementation options:
1. High ED R;, (>15.8kQ) 1. Lumped L/L
2. Large LyL, ratio (=316) — Large L, but poor-defined k

3. Small, well-controlled k (<0.04) 2. Distributed Ly/Ls
— Well-controlled k, but small L

Challenge: implement large L /L ratio

with low and well-controlled k
H. Jiang / P.-H. Wang et al., ISSCC’17 / JSSC’18



Transformer Filter

Schematic of Transformer Filter 0
"Coupléd Tnducfors (e - = )
AntennaY | pk_o 4 | Cin |Lbondwire Chlp | :?: 5|
f ' 1500+ i | 500 | Y
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| | | T | é
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3-D Model of Transformer Filter
: A ~ "Zgilcraft 30
______________ , — 7 . ol
|L Distributed W e Q ol Moasured
. £ 15|
ILg: Lumped+Distributed S 10}
IReallze large L with well-controlled k' tibuted C g 5 Simulated
- v v > 3
Distributed Lumped 0 90 100 110 120 130 140

Freq (MHz)

Discrete inductors + stripline inductor control k precisely

H. Jiang / P.-H. Wang et al., ISSCC’17 / JSSC’18



= Active Envelope Detector & Digital Baseband

UCSD
% Comparator_| el | 1.0V —
o Vao [” I Output |\ | (Al [ L] | Lad | Lad | Lo INRRYA Wake-Up
7 U/ >\’ Codebook—+ eee Slgnal
Pseudo-Resistor-Based ov S
Active Inductor Biasing &= 4[ m, I_E_
————— 4
I ) _"J ,"" I_ Voltage
| A — w zZ.. Doubler Covrm
i : ol 0.4V
5b | ! { Vottage \v4
/ i // V,,, Doubler
I ! p 600Hz
I y | A ~o—] Latch
I I £ i Logic
R I = N
| = —
' : = ft\_l 6-Bit ? chua?er —
Programmable
L 6 " Threshold—* 15~

Optimal 16b code improves SNR by

Active-inductor bias improves SNR by 4dB at ~InW power cost

3-25dB over conventional common-source

H. Jiang / P-H. Wang et al., ISSCC’17 / JSSC’18



WuRX Measurement Results

 Power consumption: 4.5nW
« Sensitivity: -69dBm
« Wake-up latency: 53ms

wuwg

30 T
40 | 8
© [CICC13]
g -50
S 60 | © psscci6]
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Power (nW) _
40 H. Jiang / P-H. Wang et al., ISSCC’17 / JSSC’18



Improving WuRX sensitivity

* Key limiter in previous work: ED noise
* |dea: replace active ED with passive ED - eliminates 1/f noise

%163
T : == Active ED
Active ED 31 o w_1\lfn0|se == Passive EDI
- 2], [3]
or =10 k..=180.8
SR , 8
Passive EDw/ | 3 :[:_$ Bt
low noise ¢ ﬂ IAMp > - This work
BB amplifer | B o [ k.,=208.7
;
l V o.....é Yo? 100 10° 10" 102 100 108
oo R.EF. - Frequency (Hz)

41 P-H. Wang et al., SSCL, 2018



= | A6.1nW Wake-up Radio with -80.5dBm Sensitivity

UCSD
00K High-Q Envelope ~ Comparator w/ 04V h ~. . ~
input Esformer filter High R_ detector g_-C integrator T 60} \@\ . ~
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f“ = [ &L | v ———
ceee outp| y  Benefit 1: 2X conversion gain w/o Power (W)
| I \__output bandwidth penalty
| IE | -/~ | | I -~ | Benefit 2: 1.5 dB sensitivity
| ! Challenges:

| improvement vs. single branch only

1. Not standard compliant

ey ] Bulicuning unft cell 2. Low-frequency operation @ FM band

V.. =GND /- T~V \ ( Benefit 1: tunable V for PVT : .
|:| — —] I-I —— Benefit 2: no extra loading
. @ RF for biasing network

ulk e P.-H. Wang et al., SSCL, 2018




== An Interference-Robust BLE-Compliant Wake-up Receiver

UCSD

A Sensitivity: -85dBm @ 220uW

d  27.5dB better than prior-art
d Latency: 200us-to-1.47ms
 SIR: at least -60dB SIR (limited by

measurement setup)

-
o

| Measured under worst case BLE signal + Wi-Fi jammers | | |
0 FBAR 1 timing alignment between - ‘ |
m ! .

notch % B 200s signal packet and
3-10- : A\ 500us jammer packet 1 h.37 (Ch.38 (Ch.39 | |
® I
s -20} /! | | |
S Al P ; Pseudo-differential ED output
= anl L )
£ 30; Y Image Single channel w/o | '“' bl : :
.‘%’ 40} : frequency-hopping voting | -
%50} 3-channelw/ 802119 BLEjammer] Y T—
2 | frequency-hopping voting  WLANjammer 4 Incorect packet length voting decision
-604 & &0 S VN & ) corrupted by jammer
1 BLE advertising source

_70 1 1 1 3 I 1 1 N N v : ; 12 1 1 1 1 1 1 1 1 1
50 -40 30 -20 10 0 10 20 30 40 50 4 W/ 2Wi-Fisources s s 2 Timi-?ms) 3 3 4 45 S
Frequency offset to carrier frequency (MHz) i

. | P-H. Wang et al., ISSCC'19



Magnetic Human Body Communication
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= Ultra-low-power radios & spectral efficiency

UCSD
10mW | 0 o UUR
‘ PSK
w o
0 o a4
5 1 mW : No PSK-capable
S = ' 5 < receivers under
- B P 1MW
(4] ”
4 3 -
100 W | : ol Why?
4 S Because PLLs with
0 e ‘ sufficient phase
I Target noise require > TmW
’
10 W Lo LA : Piii) at 2.4GHz
100 kbps 1 Mbps 10 Mbps
Data Rate

All low power radios designs utilize OOK or FSK modulation
- extremely spectrally inefficient

Research Need: Low-power high performance PLLs
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Sub-Sampling PLLs:

Low-Power and High-Performance

Pulse Generator

—[ ] _+]|

XO Buffer | Sub-Sampling PD (SSPD)

v @ CP Ripple
Poor isolation from

Csampling
SSPD cap and VCO cap

Out

Advantage: No divider leads to lower in-band noise, lower power

Challenges:
1. Periodic connection between SSPD cap and VCO resonator
yields spurs

2. Charge pump ripple attenuated only by 1st order RC filter



Rlpple attenuated

Pulse Generator . Mlxer Frequency

> —» Out
I
I

VCO isolated from
sampling capacitor.

* Sub-sampling phase detector switches essentially perform passive
mixing between LO and pulse generator

« Main idea: perform active mixing instead for improved isolation of
VCO and more ripple attenuation

 Additionally, pulse active mixer to reduce power (by ~50x)

47 D.-G. Lee et al., VLS| Symposium, 2018



= AMASS-PLL: Measurement Results

UCSD

Phase Noise;:
W -121dBc/Hz @ 1MHz

Sub-mW power
with excellent
performance:

record-setting FoM

il with low spurs
FahBE BB i e
10" = o .
. -40 o
S 2 o
Q 501
= 100 = o
2 S ° °
ks =60
s a This Work o
2 e, -70
= %4y, This Work o e 8
'41\\ <> e \\\\ o - )
10-2 \‘\-265d§ ~ “ = -80 [ 1 L lo 1 L
107" 10° 10’ 102 260 -255 -250 -245 240 -235 -230
Power Consumption (mW) FOM (dB)

48 D.-G. Lee et al.,

VLS| Symposium, 2018




- Harvesting energy from human perspiration via lactate
biofuel cells

UCSD

Watch “OFF” Watch “ON”

120
— Buffer
Pyruvate 4\ 0, 1 _223
Paoe] £
0 e S e 9MM
**:z; Pt S 801 ———12mM
.;@ ° = e 15 MM
= = 60- —18mM
Lactate LOx P . =¥ H,0 E ZimM
404
P ®)
,;;f“"‘ '5
1i : am = 20-
| FAY 1§ AeR LN it : - 0 T T T T T T T T
TR Bt RIR : 00 01 02 03 04 05 06 0.7 0.8
MM N A A P L S PR T TR e S A (V)
Potential

49 J. Wenzhao et al., J. Mat. Chem., 2014



Increasing BFC power density

(‘ j Lactate
] Pyruvate

Islands-bridge

structure
enables hlgh A
power density TAu HNQ
(1mW/cm?2) 420 WeNTHAL0
ILOx M Chit

while retaining
stretchability

sAg+ 0, Sufficient power to

Cathode operate a Bluetooth radio

1.2

o Buffer

E 5 mM “

o ——10mM E ¢

= ——15mM "]

Z 0.8 —20 mM Capacitor

>

2 v

o 0.4- E B—F'c

o

@ BLE

g & Receiver_
£ 00— BLE B

0.0 0.2 0.4 Transmitter
Voltage/ V

50 A.J. Bandodkar et al., Energy & Environmental Science, 2017



U\D Small and efficient energy harvesting electronics

0.01-10mW/cm? L Sensors g‘
TEG, ,.
Heat © Process ‘
1-1000pW/cm2 == ?‘3‘" .6,711/
BFC o \
: . RF : . \
Biofuel |3 — Tx/Rx PR
5-1200pWiem? = . 28nm FDSOI test chip
Multi-Input Single-Inductor Multi-Output
(@ 100mv_ & @ 200V % @ S50.0mv & 100mv_ &) 3'?3:“ss.cozomm
MISIMO ' Varc ypp =0.4V, Py, =40pW ﬁ ; : : : - / }
W o = 4 :
e Multi-input maximum power point T S i i
tracking AND multi-output regulation, all N AU OGO U o &
. . . : : ; : Ll : : ; E
with a single inductor | % i e
* 89% peak efficiency fjﬁﬁﬁffﬁﬂ'ﬂ%,\fugﬁsﬁtﬁ;epﬁfﬁiﬁﬂf@% S

« >70% efficiency from 1uyW-60mW

51 S.S. Amin et al., ISSCC/JSSC, 2018




Self-powered glucose sensing

I | OF i )
| Raec J .l . Ii Cop | *No DC-DC converter
| } = S, o , s ( Q7 » All circuits optimized to operate at 0.3V
| N kHz ' kHz - cycled) ° H HHH
:<+>v e A ] [Sine | [Seraizer Full wireless capabilities
'\ e i i fiiter [ ] +FIFO o1 UW average power
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52 A.F. Yeknami et al., ISSCC/JSSC, 2018



Energy-Efficient Microsystems Group
Other Research Topics

y

30t >1,000,000x ——

improvement o

CICC'14

v ; | LLLULLLCCOELITTIT =Y ; 7@\“_:»‘, -~
> off-body s B cicls ; " e > My
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70 | 2.4Glélé d g ,
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Conclusions

* Next generation loT, mobile, and “unawearable” devices require:

* New sensors and sensing techniques
« Small form factors

 Long/infinite battery life
* Meet these needs through:

Appl |Cat|0n « Sample rate adjustment to fit application needs
. . * New sensor development
Engineering

ArCh itectu ra| * New sensor transduction/digitization techniques
. * New power conversion circuit topologies
Innovations

NeW Circuit » Topologically-defined “digitally-replaced analog”
. * Deep subthreshold DTMOS
Techniques
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