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CMOS ROIC

Microelectode
recording site
AFE circuit

Low-power ICs with massive number

of channels needed for neural recording %

¥ Monolithical high density in small areas,
~

Sensor-to-circuit
connectivity

LI XIXIX

high fabrication cost and low scalability

Hybrid (sensors+IC) device preferred for
large sensing area, low cost, CMOS
compatibility and flexible substrates

Flexible array GFET recording site

CMOS ROIC

A New Hybrid multiplexing scheme for low
cost and large area flexible GFET active
sensor arrays
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A Liquid-gate Graphene field-effect
transistors (GFETs) are good candidates
for micro-electrocorticography (LECOG)

Ips Vs Vgs GFET Curve

co

Ipg [pA]

A Good Signal-to-Noise Ratio (SNR)
while keeping biocompatibility, low
dimensionality and mechanical )
flexibility

0.1 0.0 0.4

A Active sensor with an expected
transcoductance of Gm = 0.1 mS
and Rds of “2 kOhm

V¥V GFET ambivalent conduction requieres
from second technology for multiplexing
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Time-Multiplexing

Classic Time-Domain Multiplexing

Column 4 @Colx Selector CMOS
digital ~ / \ frontend

multiplexer
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current
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Gfet
Sensor
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Series
Switch

V GFET + Switch Technologyintegration

A At any time only one device connected

per row
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Classic Time-Domain Multiplexing Proposed Time-Domain Multiplexing
™ N\
olumn @Colx Selector CMOS [ I _ CMOS
Gigtal / o \ frontend =S J’J‘l é* Column ¢ o ntend
multiplexer I multiplexer
:I/ A \\'2\/\ # \\2\/\ K Q/\} K \\2\/“ i Clﬁ"(r):;lt Ef/ Al Al YV Al ‘1 ci?glt
E % « \/ « i read-out S(e}rf(s)gr i & \Q\< \Q\< \O\\< i read-out
| : «— 1 —> | ;
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D M L A M| y | ML oA Q*
MoV LoV oV toi¥ I IE- HolilodioNio N
S GFET matrix' _______[ ), @, S GFET matrix’ y @
\ = J =
V GFET + Switch Technologyintegration A On-chip cmos switch for multiplexing
A At any time only one device connected v Pre-Amplifier Noise Figure Loss due
per row to GFET permanent connection
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SPI X Configuration
interface data input

Architecture
%vm] o % Vit
ROIC Column % 1 1Y ?
multiplexer <7 1 I I
32 columns
X8
" Thd AN
\< . \< . \< x4
I-to-diff-V preamplifier CDS + PGA )
DI $eps :
[ Il o
N \/\f\ A : I I Cf
e gie @ R
. . c,
3 [ - ,
Im“N 1 4 SAR | 13b )
I ADC
A A\ S VAN ] += Digital
\< \< \< . s ¥ serializer
11 422 kS/s
- g G|
32 rows Offset Offset PeDs
( ancellation programm;: 1bh

1024 GFET

Vorr X

memory

sensing array

sequencer 3[

On-Chip cmos switch

Transimpedance Amplifier (Rgan =25 kOhm)
Offset Cancellation 3-Bit R-DAC

#FCSIC @I

Single-to-Differential Amplifier

Master clock
at 27 MHz

« 8 serial
* read-out
* data outputs

Programable Gain Amplifier + CDS
SAR ADC 10 Bit ENOB

icrs % ICN2° UNB @



pem(  |EEE
- IiicEEs2020 0.
27" |EEE International Conference on Electronics Circuits and Systems C AS

Virtual, November 23-25, 2020

Operation
%V“Dl % Vater = Vs
ROIC %
Column 7 1Y i3 SPI ] Configuration
multiplexer <7 [ T T interface data input
, Rest of
Irs Column Columns
connected remain £
to VDS grounded 26
NS NI
. . Y X4
Q \q Q I-to-diff-V preamplifier CDS + PGA ) . X Master clock
Eﬂ—— o at 27 MHz
i I —
S
P PR ¥ 1T
Cs
| |
7 4 - I -+ SAR 13b \Eqv 8 serial
row Q» AD C : read-out
N~ A AN — | += Digital LX) data outputs
\< \< \< . Cs serializer
| |
P 1 422 kS/s
5 g Ci
oll" _Q\o_
32 rows Offset Offset OCDs
1024 GFET Lancelhtlon programmable o
sensing E‘LT]“EI}' Vo Eﬂ bE(lL‘lEIlCeI memory

Channel multiplexing controlled by changing V¢ of selected column
One Column selected at a given time (array power consumption limited to 32 GFETS)

Remaining Columns biased to ground by the respective Transimpedance amplifier
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Operation

Veol Vatet = Vs
ROIC Column T%T 1 7Y SPI Configuration
Rest of multiplexer < | l | interface data input
C(;I;m_ms Zlc]gm(]"g(]-?:én
remain e
grounded to VDS e
AN Ut A
XXX x4
[-to-diff-V preamplifier CDS + PGA =9 . 5 Master clock
< beps : at 27 MHz
Il Il -
. I 11
\2/\1 \V<‘J\ \\</\‘P . "1? ain IC;f
b\ o o b\ v o L S ]
5
| | /
7 Eg - VWV -+ I -+ SAR 13b ) \Eqv 8 serial
N A [ H ADC . E’ﬂ'gﬁiputs
A + += 1l += Digital P
NS NY N4 Cs " serializer
P 1 422 kS/s
Cr

32 rows

Vo DX

1024 GFET

sensing array

’ .
Offset Offset dcps
cancellation programmable ’
T 1T sequencer 3h memory

Two Challenges:
V AFE Noise figure loss due to GFET Up-Scaling
V¥ GFET Ry variabilityand DC Offset
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DC Offset Cancellation

20.0
17.5- Ips Vs Vs GFET Curves
VDS =16 mV
15.0-
12.51 \\
'Z V .
=10.0- |
=
751
2.51
0.0 | , | .

pemm( |EEE
IiicECs 2020 Ve
EIQ“J[[[ International COHY,S;?(;CE on ‘

@ Glosgow sc

27" |EEE International Conference on Electronics Circuits and Systems ‘ AS
Virtual, November 23-25, 2020

ROIC is a Fully DC coupled
adquisition system with limited
Input Full-Scale of 20 uA

V¥ DC Offset: GFET Rpg=2 kQ and a
Vps = 100mV a current of 50 pA is
expected

V¥ Bio-Signal: GFET G, = 0.1 mS
and Vg = 10 mV a maximum
input current of 1 pA is expected

Trade-Off: High Transresistance needed for Bio-Signal amplification but DC Offset

must be cancelled to avoid saturation
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3-Bit Resistive DAC before the
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transimpedance amplifier

Irow Ipre

Ioff
X7

+

f

Voﬁ'c I I

A4

Rt = %71%0&--%71%0&--%71%0&
Offset, }
thermometric

code

(Rof/2 : Rot /T : Rogr)

A Prevents saturation by subtracting the corresponding DC Current

A Covering a mismatch of £30% on 5% Steps from the Typ. 2 kQ GFET

A Individual Offset cancellation configuration for each recording site

(Offset configuration map)
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V¥V Transimpedance noise figure loss due to GFET permanent connection
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Return-to-Zero Phase
Veorp = 0V Vo, = 0V Equivalent Deds

preamplifier

A% ol AN Rgain Vi @ \V4

ot
T T Irow +Cs_

- —F { Il -+ o+
" + él’ — V-";oll RTZ ngfet
%32 s | A B | ;
Offset V élf 'V i ;
current Veolk RTZ

cancellation ¢
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Veolsa | | RTZ

E : i leal response
L = _l: ic I
Vpro ] :

-  low-foqu
i low-frequency

noise
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Return-to-Zero Phase
Veole = 0V
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18-20

CDS PSD
_40_
A Low-Frequency Noise from AFE

& —607 cancelled
&)
)
£ 807 A Overall AFE still DC Coupled
S —100-
§ A CDS circuit reuses the discrete

“12017 . pg o Switched-Capacitor PGA stage

— CDS on

Bt [ T (e
Frequency [Hz|
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A 18.1 mm?2 ASIC Integrated in 1.8V 0.18 um 1P6M MIM XFAB

Digital serial output (x4)

+ configuration R dule (x32) Row inputs (x32) + ] | rofﬁ?ﬁﬁ%

cital o s ow module (X ow inputs (X analog supply »ferences

+ digital supplies \ and bias
7/ N\

il B s || = £ i = e | o i e Il e g I A i} = o i - || =1 i I e | ) (562 s 1| e | g = g e | s1 i = i CA o || g 0048 |
O O OO 5 O O 500 5O O 0 O 55O O 2 >,
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D

Analog /
references Decoupling capacitors Jolumn outputs (x32) + analog supply | 1 mm |

+ configuration

Digital serial output (x4)

+ digital supplies
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Chip

1024-cHANNEL ROIC POST-LAYOUT SIMULATION RESULTS.

Parameter Value Units
Row preamp  transresistance 25 k(2
equiv. input offset <1 mVims
Row PGA voltage gain 2/4/8/16 -
CDS output noise <2 mVyms
Row ADC diff. full scale 2 Vop
sampling rate 422 kS/s
per channel 13.2
dynamic range 13 ENOB
Digital I/0O nput 1 SP1
output 8 serial
speed 27 Mbps
Supply voltage +0.9 \%
analog ref. +0.5
Power preamplifier 800 uW
consumption  PGA 260
SAR ADC 80
per channel 36
Silicon area  chip 18.7 mm?
per channel 0.018
&1
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A High Transresistance

A 4 PGA Gains (1 Decade)

A 2Vp-p Differential FS from1.8 V
A 6.6 kHz Bandwidth/Ch

A 1 SPI for PGA gain configuration,
Offset cancellation map and TDM
column Scan

A Output Data rate 216 Mbps
A Power consumption 36 pW/Ch

A Area0.018 mm2/Ch
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A 1024-channel modular phECoG ROIC with liquid-gate GFETs

A Novel multiplexing scheme with strong sensor-to-circuit
connectivity reduction for low-cost integration and low-
power operation

A Mixed-signal ROIC architecture capable for GFET mismatch and
preamplifier noise figure loss compensation
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