2024 IEEE VLSI Review

DGIST H7|HAHFHSS 0 giAtaryd 28

=

Ho

Session 23 Neural Recording Interfaces

#23-1 & =22 & UWROM retraining X E== ZFHO| 7t5% Stochastic-gradient-
descent-based Predictor with Integrated Retraining and In situ accuracy Tuning (SPIRIT) A|
AHIS HOHACE (A 4) 7|E FMetEl ALES2 ® R0 HO|HYE training X &
, B2 =22 Y 7IEE2 BF on-chip2t ACHs FOM =2

22 37 analog front-end®} classifier® LtE = UCE A=
b analog frontend= coarse conversion2 |2t SAR ADC2} fine conversion=
incremental ADCZ FME|0] QUCL Classifier= YEFH QI |ogistic regression (LR)
classifier0] AFEE[R 2, future weight =S @[3l stochastic gradient descent (SGD) 7|
£0| AFEEZ|QUCEH SPRIT A|AHEI2 7(17‘._"11 incremental ADCE 8310 2280z MA
=2tel sty 2ag|EE S XAEHeR oF ZRES JfdeezM

=
L 0|=0| 7tsditheE 7.‘:101|A1 7|1Z 7]z HEES A=

3 2
0%t

|->+
oA
r FOJ
>
| >

ot A o r
rc
o

rt

r

0% ox |-r|
mo H1

—Ho min

d0 % rio JL0_+

o

M=

=
=
MA|ZF 743

= {etsction
""""" l—Prediction | Seizure eoer::l;on
8 min (Avg.) i Prediction }
e
SPIRIT ([ Cne Detector [1]
cho Length : LR —
Zoom | | 2
AFE (“Spectral \||== L °
Bandpower|[|| 5 Stochastic Tion Conid el
ch1 Zoom A®D EZ|17] Gradient §
AFe [ ——||[= £ Descent Detector
Bandpower So
o Ratios ‘% 8 A .
® (Y I (Weights} <L S
= = 2 el
o @ o3 Stochastic Detect| Predict|Retrain? g“j
. 0 No
ch7 Zoom Gradient § o | 1| spec
N 1 ens
AFE Extractor_J |Classifier_ Descent ! o

[212 4] HeHEl SPIRIT system level diagram

#23-3 2 =22 dynamic zoom-and-track 7|&& AFE3t0] stimulation/motion artifact
Q} electrode DC ofsetol SASE A M E sub-pV, 10kHz CHEZ9| MAMSE OHYH
OS2 J7|E% £ = Incremental AT Neural Recording FrontendS H|QHHCEH (A& 5)
BLl=2 = recording front-end2| YHEHO| X E= HZE 100kohm &EH2| neural F=
Sof ZYEICt Ol AMBEl= ™32 frontend YT DC offsetES S A|ZICH =
MI3ap =Z ALO|Of| A ZHSH= electrode-electrolyte impedance (ETHE Qlsf 24

motion artifact?t 418 XAt=2= Q5] LWSt= stimulation artifact= sub-pva 7|2

_0¢
oY rr ret mo rx

R

r



MZO| <100mVpp 37]2| fast transient S 2 #= DCEE0| &4 7|Z=ICt O|H A
OlAM sub-puvel dMFMDE eHgdHo=z ZHFSH7| QSHAM recording frontend= X4
100mVpp2| dynamic range (DR)E 7}XOF FCE Interference MAHE 3l &= DRE +3

ot 7|& FE2E2 quantization noise 2|# 2 =0|= THEZ 7tX|1 QUCL O|E S0, pre-
amplifier2| gaing RF M2 9| saturations AR 2ZM conversion rangeE Hdl=
T&E quantizer?| LSB= 7R HEO|M amplifier?| gaing =F frontend2| ™
E H37] WE20, input-referred quantization noise= gainOf EHH|Z[SIO] Z7tstCt.
Coarse ADCE 2 37| A=29| transientE FE3t 0|, fine ADCE quantizationdt= 2
#Ho| 2= FHS= =7t2| quantization noise= coarse ADCO|| °|0H Z438x0 & A7
9| quantization noiseE =Lt O|2fet 7|&E 7|&252 SHAE =557 fsiM=e 2
2 g M=ol s MASHLR UXiet S 25| -°r|5HHE He Y=o
DC servo-loopE T#35l0] DC AT E WEH XD MAHSH= A0 X
ULCEL 2 =F0Me= Y M3l sloped| M2t DC servo-loopll CHY =1t ¢
dynamicotH BlAE = UAE slope-adaptive dynamic tracker 7|=2 X Qt3iCH &
Of R3|2= A&xxQt #0| Y= 7HH0| 7H&T input slope adaptive filter?t &

| =FO0| 7}53%t input range predictor2 LH+0f =Holgt 5= QUCH

1o

0E J

N 4o MR
oE ny np 4>

1B

Proposed transient tracking scheme Slope-adaptive dynamic tracker
Inpuf range Input slope
° Kpac: IDAC gain pfedtcror adaptive filter
> Dcunvgrsrun Kyco: VCO gain Step I 3
g |Lanoe Kerp: PFD gain
2 Spike in PFD 9 Memory Ctr\ )_’ Cm g g
‘ transient DAC @ o
range Variable step Vamable BW : -
UP/DN counter v low-pass filter] ||S &
Variable tracking speed Koac Vdslay l i Te i P 2— %
w/o contpromising resolution « z 5 o5
= Preserve information _R$T RST 2] g @
Ug _ ad =
- u cifs oy ™M Vaoe
ﬂa"i Low Q-noise throughout Time ,_,-; % @. M _,frrr {g v Colp, H—
< the whole recording Us e Kerp
el ch ld 2".order loop filter
Time se & quantizer_

e ' Tracking wfo L 1 ient
z ! " expanding range: —age lransient — Input

i 1\ Uncompromised 22:2;:&#«3 Conv. range —t Tracked

i \resolution © A=+ r+yn A BW| i
DR extension vl ¥ “Step|
Via transient tracklng. A=-1/ Vs -
! ! A=-2 /v Wi, Settled input
A=-3/-Vinz - Step?
Input amplitude

[1& 5] H2HEl Zoom-and-track Incremental AY Neural Recording Front-end

#23-5 2 =&2 closed-loop neuromodulation =¥ A| ZH3L= common-mode

interference (CM)E HMA3}7| {8t analog frontendS A QHHCEH (A& 6) CMI 2 Alof|
e MEMZE HF8l0] FHEY| fdiMeE EE H2 YHHYUYAE = MEM= 7|5
ADCZt E 85|t} Shx| 2

& ADCO| EAE U2 & UCHs HEO| AULE 2 =F2 CMI-tolerant neural AFES
16X 22 352, common-mode suppressiond| L3t amplifierE 87§ X2 0]

QEORM MY Y MHYLADE FUCH THE AAHS 6o 2 UY YMHAS

_'_

e

[e)
=22 7|22 CMIE suppressionst?| ME0| MAGLrZ 7|
A

g}



40
d

22, 3.125uW/Ch HE A2 2F 0.006mm22| Of

1.2v
Att.
CM swing AV ¥
flr_ Cln” -‘{- +
Sti V; Vi
Ifrﬂ-l (MG _ZE&H—E]F
Cin"
\flco ccf

GND

N
: CMS Amp. Vv OTA inherently sense CM at V,, and V¢,

CM suppression ioop i ) .
vV V. isolated from C_ CM sensing capacitors

[22 6] HCt=l CMI-tolerant neural AFE

AP B

do
ox
Ho

HEARTFY o e A

=

: DGIST EECS

=0F : Analog ICs for biomedical application

=

e o 0 o
ot © re B
4 b

|2 : wiejung@dgist.ac.kr
|

H|O|X| : http://ins.dgist.ac.kr




