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Bioplume Scenario

Liquid dispensing MEMS
for pdroplet patterning

Integrated piezo-resistive stress
sensor to control positioning

Dummy-based differential
reading to cancel T/M/E
disturbing signals

Multi channel digital ROIC
Low-power to prevent drying

Low-voltage for single cell
battery operation

digital /0

reference
pipet
active

pipets

battery

piezo-resistive
stress
sensor

microdroplets

pipet tip
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quasi-static stress signal

|n te gra te d piezo-resistance (+£0.0004%...+0.1%)
piezo-resistance
77777 )\\ ”;;;ismatchin
> Nominal value: R
5K to 10K2 | nominzl
100% (420%) 3 (100%)
> Quasi-static Wil 3
stress signal (9bit): common siurhine
+0.0004%. .. +£0.1% B v i
> Technology P ol (50:0550) 2
. . sens -~ ref
mismatching: +2% ,A_\
» Dynamic disturbing ffset (£2%)
signals: +£1%
U 0
sampling period 1ms time

+0.02% (50LSB) dynamic residual!

R. Dura et al. Centro Nacional de Microelectrénica



ISCAS'08: A Piezo-Resist. Digital ROIC for MEMS Intro

quasi-static stress signal

Gain Balancing piezo-resistance (£0.0004%.+0.1%)
Strategy
Vﬁrréismatchin
> Maximum gain P (E2%) ¢
compensation: +2% i nominal
| (100%)
> Gain accuracy: !
+0.0002% /2%=+0.01% ki i
common disturbing !
> Gain dynamic range: Signals (11%) |
2%/0.01%=(8+1)bit L A
I difff:rc:.{.iail f{i)s[t};f;;ug
Ryni By 78 ‘A\
> Residual dynamic
disturbing: +0.25LSB offict (+2%)
> Residual DC: £25LSB ,
Compensated by sampling period 1ms time

digital post-processing
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ROIC Architecture

Parallel processing to R
reduce noise bandwidth T
Overall programmable
sensitivity (Leom)
Rsens
Differential gain "A\V,WA:
b.alancmg through sensor R jO;
bias (Alom) MY
OTA pre-amplification Facnst
AVVVI“V{
Integrating A/D
conversion AN
R,.;
Digital only

read-out/program-in

Independent references
to avoid crosstalk
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Input Gain Balancing
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V™ L 5
. . Ry = Z R
Input Gain Balancing '3
v,
A&k\ Ly
V. ADC
o Tyl
> Calibration through Loy Y e B,
DAC AIcom(CS—O) 1 o7
. ) Leom Vin s ]
> Gate tuning: s\ g G oy & X o
| prog Yo
AViun = 5220 (Vorog — Y32 A R
tun — C1+Cy prog 2 25 % 2 3 M2 i M1 J7 i T T E
. C, 0 GGy
» Compensation of ,
piezo mismatch + gain preset gain calibration refresh A/D conversion
OTA unbalance . ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂrqﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂr -
s \
> Repeated before every o] W —
. e by ] I |
acquisition . nEninininEninin|
b ] -
> Design parameters: 4 ENENENENCNCNCEGNS
C1=9pF, C>=0.5pF
A‘[CO’I'T'L
Vsens— Vref = Leom |Rsens | 1 £ - Rr&f
Icom
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Differential Pre-Amplification
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OTA Preamplifier

>

Differential V to
single ended |

Ieff = Gm (Vsens - ref)
Equivalent input
low-noise

Large diff. gain

(in subthreshold):

Ibiasn
Gm = ——
m nUt

High common
rejection ratio

Design parameters:
Ibiasp,n = 56[J,A, 44/JA

com

VVVVY

ref =
=

DR(Vyens) ~ 1mV/4pV
(Rsens ~ 5k and I ~ 200uA)
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OTA Preamplifier

> Differential V to
single ended |

Pprocess
corners

Ieff = Gm (Vsens - ref)

0.1}

> Equivalent input
low-noise

> Large diff. gain
(in subthreshold):

Equivalent input noise | nV,y,s/vHz|

o Tyiasn 0.01 Lo I : L
™ U, 1 10 100 1k
Frequency [Hz]
» High common

rejection ratio

Vieq =~ 211Vrms up to 1kHz
» Design parameters:
T P A, A (Vires ~ 0.4V s for Ryens = 10kS2)
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10
OTA Preamplifier -
g
. . — process
> Differential V to g Coiers
single ended / -
k3]
£ <
Iejf - Gm (Vsens - ref) g \:'3_
g \!
> Equivalent input = ‘:\
. < A\
low-noise g 01 N\
g 3
> Large diff. gain & \‘
(in subthreshold): .
0.01
G,, = tbissn 100 10k M 100M

nUt
» High common
rejection ratio

> Design parameters:
Ibiasp,n = 56[J,A, 44/JA

Frequency [Hz|

G, > 0.8mS
DR(Ig) ~ 1uA/4nA

R. Dura et al.
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OTA Preamplif R (1 : )
reamplifier = -
P CMRR ~ G R ey
> Differential V to CMRR — oo for AGy, — 0 or Rigy — 00

single ended |

I = Gin (Vsens — Vier)  MOSFET mismatching + lbiasn finite impedance

10
» Equivalent input _fleggddBB
low-noise ]
> Large diff. gain <
(in subthreshold): = 6
a
Gm _ Ibiasn ;'; 4
nU; =]
» High common 2
rejection ratio 0.0%)?2%:7?]3 _r[ﬂ ”
> Design parameters: 050 T T
Tbiasp,n = BOUA, 44pA CMRR(DC) [dB]
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Integrating A/D Conversion
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A/D Conversion

> Spike counting:
PDM-tdigital filter
» CDS for

low-frequency noise
suppression

» Low-voltage
switching =
large reset times

> Design parameters:
Cint = 4pF,
Vi = 312mV

X Classic PDM:
reset-time
non-linearity

init+event

init

up

digital
counter

down

Upper range saturation of the A/D curve!
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init

o— Vieg + Vi
C”w 0 lnTlt
A/D Conversion , L[,
eff S v

int event digital
| | ) CE |
> Spike counting: ﬂ -
PDM-digital filter — T

» CDS for Vie Creset/CDS
low-frequency noise
suppression

» Low-voltage
switching =
large reset times

> Design parameters:

Cint = 4pF,
Vi, = 312mV o |
v New insensitive PDM Time

Iejj‘ Tint Gm Tint A[com
S11.0 = & == Icom Rsens 1+ - Rre
e Cint Vin Cint Vin [ ( > f]
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Low-Voltage CMOS Blocks

gg Vint
init

o]
] evens

Cmt T Creset/CDS me

—| M1 M2

» Compact CTIA with CDS I
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Low-Voltage CMOS Blocks

» Compact CTIA with CDS

» Class-AB window comparator

Veer=Vin

v,

r

otV

R. Dura et al.
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Low-Voltage CMOS Blocks

» Compact CTIA with CDS
» Class-AB window comparator
» Modular and floating

threshold generator

(W/L)s

AVy = Uiln [— <1+—

(W/L)a

VA - weak inversion conduction

ME : weak inversion saturation

Vth

é( init ;& V,ef+ Vi

b
V. va X
iy

Vet

+
MA2 AV,

R. Dura et al.
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CMOS Integration
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ROIC Integration

> 0.354m 2P 4M CMOS technology 2.4mm x 1.3mm = 3.1mm?
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ROIC Integration

> 0.354m 2P 4M CMOS technology 2.4mm x 1.3mm = 3.1mm?
)  mm . N | Sensor
1 ) i e = bias
DAC B =
Preamp Single
g i - channel
e ==
Digital :
1/0 — — . =
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Results

» MEMS + ROIC integration
not completed vyet. ..

600

400

CMOSs

ens”

m=189uA

R B =~

=1ms

=7100001000"

Q
©
Y

I

-0.1 -0.08 -0.06 -0.04 -0.02 0 002 004 0.06 008 0.1

=)
> Meanwhile, results from do 0
post-layout simulation o
-200
-400
> 4 channel power supply:
1.5mW at 1.25V 600
> ldeally:
S11-0 _ G, TimI R
A}{sens/]%sens Cz‘nt Vth comTsens

e %)

_0.8mS x 1ms 0

Vi PTAT and Gy 1/PTAT. If Leom bias PTAT = Si10 # f(T)

R. Dura et al.

Centro Nacional de Microelectrénica



ISCAS'08: A Piezo-Resist. Digital ROIC for MEMS Conclusions

[ Conclusions
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Conclusions

Quad-channel ROIC for integrated piezo-resistive sensors.
Sensor balancing by digital gain tuning.

Robust built-in A/D conversion.

Low-voltage and low-power CMOS circuit realization.
Integration in 0.35um 2-poly 4-metal technology.
Post-layout electrical simulation results.

Centro Nacional de Microelectrénica



	Introduction
	Input Gain Balancing
	Differential Pre-Amplification
	Integrating A/D Conversion
	CMOS Integration
	Conclusions

