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loE market : 10$ trillion revenue,
100 billion conected devices by 2025

loE is where the physical world
connects to the digital

ncludes sensors, converters,
yrocessors and transcievers

Power efficiency is the keypoint

A Novel techniques and design
methodologies are required

ADC Converters in loE requirements:
Medium-to-low bandwidth signals
Medium-to-high resolutions
Low power consumption
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SC-DSM design based on Class-AB OpAmp drawbacks
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SC-DSM design based on Class-AB OpAmp drawbacks
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optimization while accounting circuit related effects is needed
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Class-AB Switched-Variable Mirror Amplifiers

A Class-AB allows for Low static ]
current consumption a

Fully differential architecture.

CMFB control through the NMOS pair tail

A 50% power consumption in —t

Voutn Comfh Voutp
switched-OpAmp operation
MP2 (X} [}Pl
A All Class-AB current generated L
at the ouput branches I, = =
Two types of non-linear voltage N Ven Ve )

control variable gain current mirrors e
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Class-AB Switched-Variable Mirror Amplifiers
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Reduced Switched-VMA Testbench

Pelk —I | I | l
(2} Cio on| [ 1] 1 /
Ch1 .
Cht . O2,N | | | |
1
oz | | | [ ]
o G iz s b ] _— n
rn rp \
Vinn " \
7 C 1 : ) +:|: 5out Oout | Oout (n — 2) I dout (n — 1) I dout (n)\
V- SR Ll 3 * 5 Time (not to scale)
nn [ |
Vip Vin .
- Vo Reduced electrical Testbench
Cteo )
Ctp1 l/ Cii
C 1 I\
2)— =0

:
Vvinpi

. . 2 \| _ !
Same boundary conditions = CCS’S'Z- ' > é;
and operating points Vinni —{ 2 }—+=24| 3 ~—+/— ' -
Lo o
Ciz' onz?
A Faster than a complete DSM ¢fﬂ i
electrical simulation - —> - Cp_. L
a
¢XP

J. Cisneros Fernandez DCIS 2017




Design methodology for Power-Efficient SC Delta-Sigma Modulators Based on Switched-VMAs

0.50 4 AN e

Reduced Switched-VMA Testbench Differential output voltage
Reduced electrical TB " y
(i F Veom ** =

0.254 I N C—

. Vo
SVMA op?
| T Bg §
Viapi —(@ @ D !
SS? 4 O :
V ) — Cssfl:\l ) > \}'L | : i
oD@ T ,. S —
3] 0.00 S

C..

I/ 17
I\

AVour [Vrg]

—0.25 a l a l a
0 5 10 15 20 25 30

Differential input is fixed for each time fus
charge transfer

Settling transfer curve generated
by sampling at the end of phase 4

J. Cisneros Fernandez DCIS 2017




Design methodology for Power-Efficient SC Delta-Sigma Modulators Based on Switched-VMAs

Reduced Switched-VMA Testbench Differential output voltage
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Methodology design flow Commes )

DSM code PYTHON | Data entry Arhiccur CADENCE Fast architecture validation
oh Order . . .
| el OSR oguee using the high-level environment
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Architecture validation
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Methodology design flow

DSM code Fast architecture validation
using the high-level environment
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Methodology design flow
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Design Case: 16-bits 50-kHz Bandwidth SC-DSM ADC
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Design Case: K,g vs |b trade-off
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Design Case: K,g vs |b trade-off
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Design Case: K,g vs |b trade-off
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Design Case: K,g vs |b trade-off
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A Good KAB&Ib
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" Schematic validation:
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methodology and Full electrical simulations
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Type 1
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Design Case: Extending the TB method to partial post-layout
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Conclusions

A New circuit aware design methodology for delta-sigma modulators

A Time consuming full electrical simulations left for verification purposes
A lteration time reduced from ~7 days to ~15 min

A Reliable design methodology including circuit related non-idealities

A Can be extended to any other OpAmp circuit topology

V Specific for discrete-time Delta-Sigma modulators
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Thank you!
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» VMA switched operation
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» Classic methodology translation phase
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