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Our mission is o develop and fransfer microtechnologies to industry
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Disruptive developments — a story of “firsts”

The first electronic The first commercial The very first fully The first 3D TOF
watch in the standalone AFM in integrated camera in the
world: Betal Europe convolutional NN world

chip

1967 | 1982 | 1991 | 1993 | 1997 2003

D
o

The first watch The first optical The first UMTS (3G) The first
micro-processor mouse in the demonstrator in “Invar” out of
world the world silicon
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And since 2012¢

A revolution in the Landing of Philae First commercial
mechanical watch on P67 the eyes solution for GPS-free
industry, a completely of the scientists geolocation of

new movement principle connected devices

2014 | 2014 2014 2016 | 2017 -5

Observation of Colored Architectural Smallest
the oldest photovoltaics integration of BLE 5.0 chip
galaxy panels PV solar panels of the market
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Outline

Ultra low power challenge
Low voltage approach
55nm DDC fechnology
Body bias compensation
MCU system
Measurement results

Conclusion
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Technology has made a long way!
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From Kilby's
first circuit In
1958...

Core™ 7
[
Pentium® 4.~ ® Core™ 2 Duo
°

Pentium®.g'® .P_entiym‘?'?“ 11l
486 <@ Pentium®Il

Transistor Count (106)

...to nowadays
integrated circuits!
1970 1980 1990 2000 2010 2020

..following Moore’s law...
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But the path is full of fraps...

Process variations

(a) Wafer-to-wafer
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(b) Wafer Level
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(c) D|e Level |
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(d) Layout Dependent
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(e) Random

Temperature variations
Vin(T) = Ven(Ty) — k(T — Tp)

T\
u(T) = u(Ty) <7>

Voltage variations




Cumulative Interdependent

Challenges

PVT variations to be considered for design’s manufacturability and yield

A Late CMOS

AREA — TIMING — POWER-— YIELD @)

T+S  New CMOS
@)

ariability

|£ liLeaka& @
SD Leakage

Manual =

Design : Dynamic Power

T+S .
Happy Scaling
E —»8 1/8 Market Bifurcation
_ Lolw Cost, Power, II'TR VS. Flexibililty

1980 1990 2000 2010 2020
500 250 180 130 90 65 45 32 22nm...

Technology scaling 2 -2

= Ccsem

Post CMOS
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Then come ultra low power constraints!

Constrained power budget

Growing memory needs

Connectivity

Miniaturization




And subthreshold design comes to save the day...

Low Vdd

Logr * Vaa

E=a-C-Viy+

f

Minimum energy point
Total obtained when reducing

Dynamic the voltage
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But voltage scaling is challenging...
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= CSem

Voltage scaling adds
complexity to technology
scaling!
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The magic cycle!

Mature technology Standard technology
* PVT under control « PVT under control
« Minimum energy point « Energy constraints
13
Subthreshold :
technigues |
Challenging technology Challenging technology
* PVT sensitivity  PVT sensitivity
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CSEM’s has a long history on subthreshold design

From Eric Vittoz first MOS
meaurements in 1967...
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’rhrough memory and standard cell

PW

current

DAC =
-V

Current Controlled Biasing System

Pa’ren’r US 6,366,504 B1 14

Biasing
System

SRAM
Periphery
Biasing
System

ROM
Biasing
System

Core
Biasing
System

Ring
Biasing
System
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Subthreshold chips in the last years
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DDC 55nm
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55nm DDC CMOS

Strong body factor of 376 mV/V (FDSOI. 80mV/V)
Allows fto scale V., from 250mV fo 850mV

Undoped depleted channel that does not suffer from random dopant

fluctuations

Gate Oxide
Source Gate Drain / Depleted channel

V; setting offset layer

' Screening layer
Anti-punch-through layer
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DDC body bias conftrol

PMOS NMOS
1.0E-04 I
f="cy

1.0E-06
E
g 1% Almost same frequency (i7)
§ 10610 ¥ at 0.5V compared to 1V

with DDC |
1.0E-12
1.0E-14

Huge frequency and
leakage scaling

capability
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Frequency compensation principle

Frequency[MHz]

Temperature[°(] Temperature[°(]

ADVDDFS stands for Adaptive Dynamic Body Bias Voltage Frequency Scaling
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PVT spread
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Standard cells frequency compensation

Uncompensated

FF 0.45V 125C
FF 0.45V -40C SS 0.55V -40C

20
10 p

FF 0.55V 125C ) SS 0.55V 125C

FF 0.55V -40C SS 0.45V 40C
55 045V 125C
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PVT Compensated

U

1.0
\ 0.5 |\y

s
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6T SRAM frequency compensation

Static noise margin in the whole bias range

Forward biased | . o Bitcellaray &
.. \] Ver r
— \V
@ o J_ BNW,B
e
o)
3 V
ks BPW,B
=
o)
o . T ;
singleside  Periphery  o-Vgpw,p
en read through
— tri-state buffer O_VBNW,P

Control] [ Column decoder ]
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Well currents are far below lon currents

1.00E-07
—— T bitcell =———FF bitcell =SS bitcell

e==sTTwell ===-FFwell ===-SSwell

1.00E-08
1.00E-09
1.00E-10
1.00E-11
1.00E-12

1.00E-13

Bitcell SRAM leakage (A)

1.00E-14
1.00E-15 +——r—r—r+T"7+7+ —V 7V—"""'"r—""—"rr—TrTTrrrr—oTTTTrrrrrrT T T

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
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System block diagram

25V
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32 bit Microcontroller + 64kB SRAM + Analog-Assisted Adaptive Body Bias PVT
Compensation

= Ccsem




Measurement condifions

\\ ALY VLWL L L /‘/",’
7 o8 paf v M 0 Wt ey e et b Y MW e T

Process: 55nm DDC SS, TT, FF

Voltage: 0.5V £10%
Temperature: -40°C to 85°C
Frequency (mode): 0.31 to 10 MHz

SRR Ry AR At s M AN 0 L
CHELE LR R SN
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32 bit RISC Core measurement

()

Leakage
Frequency | FF0.55V 85°C | TT 0.5V 25°C | SS 0.45V -40°C Dynamic
11 0.25 pA 54 nA 14 nA
m 4.08 pA 0.24 pA
Frequency | Frequency variation over PVT  [n typical conditions
0.31 MHz = > 30x frequency scaling
10 MHz + 6% = > 20x leakage scaling

Variation increases in sub-threshold operation
(use of reverse bias for low frequency)

= Ccsem
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64kB SRAM measurements

Bitcell VBPW (V)

Dynamic 2.5 uW/MH:z

= Ccsem

SS,0.45V,-40°C

0.6 -

0.4 -

0.2

0.0 -

20 MHz
o
10 MHz
o
5 MHz
o

@ 2.5\Hz

@ 1.25MHz
@ 0.62MHz
@ 0.31MHz

% retention: 0.1pA

-0.5 0.0
Bitcell VBNW (V)

0.5

TT,0.5V,25°C

0.4 -

0.2 -

0.0 -

-0.2 A

~0.4

% retention: 0.4uA
|

=0. 0.0
Bitcell VBNW (V)

0.5

® Functional

FF,0.55V,85°C
0.25 -
0.00 -
~0.25 - 10MHz @
SMHz @
_osg | @25MHz
@ 1.25MHz
@ 0.62MHz
0751 @ 03iMHz
-1.00 4 ¥ retention: 4.2uA

-1.0 -0.5 0.0

In fypical conditions
= > 60x frequency scaling
= 3.13 NnW/kB retention

Bitcell VBNW (V)

0.5
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Conclusion

Combination of DDC 55 nm CMOS with a novel analog-assisted
current-based adaptive body bias for low voltage

32 bit Microconftroller system with 64kB 6T SRAM at 0.5V

30x frequency scaling, 20x leakage scaling at fixed voltage
Down to 6 % frequency variation over PVT

32 bit RISC 2.56 yW/MHz, 27 nW leakage

6T SRAM 2.5 uW/MHz, 3.13 nW/kB retention

= CSem
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Deeply-Depleted Channel (DDC) ecosystem

Chio Desi DDC based Extreme Low Power
2 el Design Flow Chip Implementation
e

Design Enablement
Standard | Memory 1/0 cells
| Cells Macros 2

Wafer Fabrication DDC 1/0 R C L
Technology Tr Tr (Passives)

DDC-Based Extreme Low Power Platform
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