—

—

= OFOi| A

£
o

..l

X
(s

=
=

IS
(s

_I

A
(il

.I

719l

=1
=

At

4

8

A
()

4

o

.
(s}

(4-3, 4-4)0| A|ZHZ| ALt F
Al

4

ik
—

Wireless Powering & Stimulation Systems for Implants 2t

—

7 A HE, H

2025 ASSCC Review

= OFolI A 2
b A=

7|
s
—

=1
=

tESE7| 9

(4-1, 4-2), ™7\ Xt
Z 8 h(ultrasonics), At7|™ 7| & Ik (magnetoelectronic effect)@t 20| H7|

ez MAIEle FUEH7I=2l 7[E 2HAE A

Motz Ao, ™27|1X=7] 20tAM= O

4

LU=

Session 4 Wireless Powering & Stimulation Systems for Implants

0| 2025 ASSCCO| Session 40|

T

7l&el 2AE

A
RS

'3 HO|H

AH_2
H- o

g&ct

2 A-LtEH(backscattering)2
HS M Qtstn UACH O] FX|of

A
&

mr
&d

xd

ok

StLf

— —

H215t0] 7|

|
[l

o

H
AFAM0A HHESD HO[H

53

I

Rl

70
A

A

o

bEF.

—

7| I

-
()

EEER:
(o]
HA

oIYH SH AlZto| 25 EzAFA T

FUEAZ 285, 0] 2ol

x 2

20|

3

o[2|e| HoJE &4

Fote| Hatet

[

AE
=
S|

Mol SA0f 7hSBl I,

L

Ao 7+S3HA Bt =& HA|

EA
=

o

=
o &

Of

A
- O
By
- O

EIt X
H

A A

BO[ AFEL|RUE. XA
o T

o e==0x Yo, HolE A
2+ olo|Ef

AR EUAEAS o

H}
o
q

=
it HolH

o_A
42

X
(A

OF
2
(ML

A
2|=

o

L

—

bEt
P

-
[e]

|
=

0l

q

=

o OZ A2 (time-division) &
=

_I



St MAtE2 A2 e Hoto 2 EAM MEEE StESHY| 2o §-23 M50 Ct
T WA HAZ EUStD 4 E M o w2t WA A HIojlH MEES S
Moz MEHS= X E KN CHSHCE M=l A|AEIZ BPSK, APSK, 4ASK BIZE X|l5IH,
ME MENZF Lot 42 O 300 kbpsl| -3 HOJH MEES FHSIHAZ HE
REZ(BER) 10° =F9| MEEE {X|et2 AyHoZ HILC} o|zfst M2 =30t M
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Conventional: alternating ultrasound downlink and backscatter uplink
'lc'llﬁ\gesr- Pgwer-lglalza ol t/ lpwr: determined by loading demands
mplan
| —Swmnk P ———[ Power RX & data RX |
Vo N Ao L lewr o
1 '.) TR - # Challenge: conflicting transducer
'  ° — T I termination requirements
Data uplink Trans- >
® Low effective data rate ducer { il S 1
g Iéowkave[c?gel PtOWG" delivered lrx: determined by uplink data backscatter
&) Backscatter latency

This work: simultaneous ultrasound downlink and backscatter uplink (adaptive)
Continuous powering

E’j‘é‘g; lin ﬁ 4 Implant = Power RX
o ] Vaux
| | Single-stage US [Veee

7
Q AL power regulator
VI VYTV VV VT YTy A
ontinuou Single
backscatter uplink transducer ]
Data mod. DL eval.

1
1
: I E d —H P .
| | ncoder akap;ilvewr eva
T 75mm N : —| Modulator | | Decoder |
|

System mock-up

© Continuous/simultaneous power and data © Adaptive modulation
-> higher, continuous power delivery - better BER vs. data rate trade-off
- lower latency, higher data rate w. lower pJ/b  © Single US transducer at implant

Fig. 1. Motivation and proposed simultaneous ultrasound downlink
(power and data) and backscatter communication system.

[A8 1] SAIH =30 FUHEEE 3 HolH S 7|82 /E=

L2
o
ot
o

#4-4 =22 THYCOHstm, KAIST X M2Cistmrzt % G2, AZt 2t X3

(Temporal Interference Stimulation, TIS)2 CHHEE 2ESH JHE R multi-TISS| +& ICE
MOtstCE TIS = ME 28t Fht+E #e IF0 W7 8FE S HE ZEOAM
MZFOb Z=M(envelope)E2 BEELEM, EH X=2 ZAZSHM HE & XA=2
7tsStAl St HIEESH MEZE 7I”O|CE 2L, 7|EL TIS AAHEEZ HoHE X2
o B2 MY, ME 7t ELXE Qg X= S7H MEHEO| FESHA| el EE
gl = Che ©F 0|y 7[8t 2|20 SETC 2N =Edat HEEOo| A7 JAACE



MA=2 olgst EHME si&st?| s DY =7
TXE KHEdSE 12KED multi-TIS E2FO|H ICE H|OtstLt
=]

HHA OfH| 3 Y-2=(PVT) 3o Zolshn,

~
rII

TS (source-sink)
= 7|1& ©&F 0y

o ArQlm HEje

=
ro
r
mo -4 rA
B

0%
™
dn
4]
O

S{Ef©
A= MzE O 22 M2 dde &= ACh 2 ME2 MHY DAC oM HMEl
HEUDH AQlm M= E WY Yoz FFES MIF0| QIR EMN, CHYsh £t
ZHNME SF MR =2 XY = JAZF GAEJACE =3t 2 =20Ms e
7 Ol % M EYUX=E Qs HMSE X5 HFZ2 EFSH7| fIst 3 EHA
28 (calibration) 7|#E HetsiCl HFEE £ mdg 7|ELE TUE 8 ZISRE
QXE FEotu, Olof U8t BEF IAEE CXEXo=z HgmozM e 7t
2YXE BMHSE HMAHCE OlF & CHE TIS & Aoz =ZEM Az9
=S xaztstn, Moz Hot FUsH 7Y IHEH HYO| s 2Lt

AMS AT HOHE IC= 180 nm BCD 2™ E HZE LYol X|f +20 VO &3 MY
HRAOM KEY ECH £2 mA O X5 HMFRE AFIHSE ASSJUCL 15 kQ Fo}
ZZAOM 1 kHz X= A| SFDR 62 dB, SNDR 60 dB, THD 0.119%S EA3lgom, 2
Ol & 2Xh= 1% 0|22 ZASHRACE Eot 8 ME multi-TIS T30lA T TIS
CHH| oF 25% o=l 37t MEHMES QIO 2N, HMOtel #x7F MR & HYZ 2ot
FAMOE K58 = UZTS HYHCE YBSALCt

-
/a1 (sec) . D
Carrier frequency (1), beat frequency (A1) Carrer frequency (1) (a1 Spatial selectivity t > 1/2f (sec)

“DC curent™ ) A curent = -
® Low spatial selectivity ® Low spatial selectivity ® Middle spatial selectivity © Multi-electrods - high spatial selectivity
@ Limited tion @ Limited penetration © Allow deep brain stimulation || © Allow deep brain sti
@
Previous TIS driver IC (current mirror) [9]
@ Low linearity «—— Vunerableto APVT ~«— Separated source circuit > Electrode T Non-acti "
Swiching noise __ APVT induced disortion Separated sink circuit i e ? 1§m've-
— iy « Total electrode:
T _ Ig:g YV fle : & * Max. active electrode: 4
Switching e JAWA! lohy 2200 —" H oo
noise SR VAV |
lo lo »
Switching noise Norlinear

o

lo summing 4 = —oo=
with switch 22 lnAc oo
operation DAC :
@ Low linearity (seperated squrce&smk circuit—vulnerable to PVT variation)

® Low linearity (switching noise)
® Low spatial selectivity (Max. active electrode: 4)

O
@ Low spatial
selectivity

Proposed multi-TIS driver IC

i a — FETTa— o ...wEecode .
Switching noise X '© High hnear}ty Insensitive to APVT ; Non-active © _Active @
4 Amplifier based architecture ! + Total electrode: 12
lo generated without integrated source circuit & sink circuit 4~ * Max. active electrode: 12
switch operation i—————
4 Vewmrer Brain
Voae NN\
Vo /\A/ Data | f Channel i =)
| logic ? 4|  ©High spatial
o u — ) selectivity

© High linearity (integrated source&sink circuit—insensitive to PVT variation)
© High linearity (amplifier-based architecture—no switching noise)
© High spatial selectivity (Max. active electrode: 12)

(b)
Fig. 1. (a) principles of tDCS, tACS, TIS, and multi-TIS, (b)
comparison between previous and proposed TIS driver IC.

(A8 2] MetEl BotE AlZh-Zhd A= 7|(multi-TIS) #&2l22] g =
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Session 16 Visual Interactive System

28 ASSCC session 160{= 37 image sensor =&1} 1742| capacitive E{X|/lIA =Z0]
27| ICEH O|O|X|dA 2O = FHAE2Z PIS(processing-in-sensor), LiDAR, SPAD-
PPD hybrid image sensorZt 27020 XY 7t 2Us| AT U= 201 =25
olct. Z =22 A& oHX| & &4H(16.1), background immunity 2&f(16.2), T 7
& 283t A dynamic range E4(163)2 SRESH MME HQtotCt

#16-1 National Tsing Hua UniversityO A ZHESH =222 128x128 dual-resolution
processing-in-sensor (PIS) +Z&E A 2t5tH, optical-flow 7| motion processing0| 244
O|Ct ZIME 7|&0 Z2 JAE0M ZHEJAH 6T1C PWM TFEE TEE0 U2H, T

2 = LHOIA raw image, temporal gradient, spatial gradientE SA|0 2% &= U

T & otCt Spatial gradient @42 AE CHO| FAE low-power, area-efficient
combinational logic® Sl $=235IH 7|ZE2] OPAMP-based 2 adder-based subtractor
O =2 OHX| 222 Fdotth. ESH 3x3 binning 22 FI156HY Mfd =
optical-flow pyramid Y2 T MMM dHe = 0, F Z2MAM| AL £E
2 £Y £ AUt w2t H el A= 9-bit raw image, temporal/spatial gradient, 3x3
binning2 2% X|SIHAEZ 30fpsOlAl 198.44 pwe| Of R =2 MHZ ZHsict

e e e e e L P P L L LT .
Tafe | pwmpel 1 Pumpiel i Puipiel | [Grad. Circuit H
= ALIL I kernel 1 Puc | Py I Pur Vo1 Vowy RSTsigH :
= Pixel A 0]o]o 1 s
3 1 Ixel Array 1]0]-1 1 ’ P | Pc I Pr |K lysign
= 128x128 0]o]o : y 1
& ly kernel 1 ‘ Pou | Po | Por pr,Rlew,D 1 :
0j1)0 : Re-order Cireuil,” | | Re-order Gircuit” | \Re-order Circuit,” ; Examples for ly and |y sign: 1
i T EE! 0j0j0 1 3 3 3{ Vowy < Vpwd Vpwu > Vpwp :
LAl 1 ' N4 Vows 1 Vewu 1 H
-3 ' 1 Grad. Circuit Grad. Circuit Grad. Circui: pru T pru ) S 1
S £ Spatial FaeForh 020 L WL b21) 51 R L I B |
g’ g N Gradient Circuit i ) : coL<n-1> coL<r> COL<n+1> lysigln "1 lysign 1
o 3 by 3 binning down resolution to H s Ty :
support pyramid optical flow 1 column- H
EEY 3 33y St > | Pwm,?q IT( shared H
. t |ayer low-res. 323 pixels 1

@ . P . ]
s go ! 3'3 Binning Circuit coarse optical flow 1 Vouls | [Counter :
: |d|s Or KQ\NT < :
2 T 24 [ayer high-res. 1 H i
=3 Column refined optical flow ! RSTon cmn - -
sL Counter & Latch : Ve 1
25 = = — e H
a8 ; Vopi Reset 1
Column Selector 3 : Bnlmm‘g lire .gpw,(dﬂ\ - o chw_hin - ;pw‘hin - Ilmt:gbm Conversion 1
~— 9-bif Output 26 H Circuit bin bin pwtotal ldis * Cbin :

(33 1] ®A chip architecture(ZHQ} M StSt= spatial gradient & binning 2|2



#16-2= Xidian UniversityOfl Al X2t flash LIDAR sensorO|Ct 2 =22 T8 1XE X
430 high dynamic range 2D intensity?t dToF7|%t 3D depthE sensing® = U&= M
ME CAtIStRCt 2 M= FH =2 of2fo[7t Ao Y photon?| time of
flightE digitize St= flash type dToF sensorO|Ct 7|& dToFMlA 2| challengeRH
background®f 2|2 TDC % SPAD pile up issuee CDC(coincidence detection circuit)2t
first-last hit signal selection@ 2 S| Z3SIRULCE S 3D mode®A TDCE E-ESHE counter
£ 2D moded|A= photon counting®fl AHE3HY 2D sensing0| 7hs3tHA| SHRACEH o LIO}
7} 2D intensity dynamic range 2&Z @[3 TTS(time to saturation) 242 0|83+
counterZt il counter depthE Z5IRS M| A|ZHS S0 XMZESHO 119dBO|

S5l= dynamic rangeS =445t SICH

Timing diagram of dual-clock quantlzatlon in SD mode
| e ounscary

P Global Countr  Fine Fine  Coun ter

SPAD_SEL & Reconfigurable TDC; Sta n Start Start Slep Smp

Quantization Control Logic & Latch h o
iShare_Counfer<6:0> Global_Start JI ‘

|
[CDCPuIse \ ‘ il il h}ﬂ }
T
|
T
|

Quenching & CDC 6 bit

Counter|
P>

SPAD_Pulse

o Togic &
CI span et |'

Encode
3bit

‘
1
vaed clkate || - —bt
® ’r STARTTDC _CMINNIC Snge I
CoeClk {so0 30 ewcezsm MMM~ UL 7hit
Logic circuit caed_clK _| | = NLILL™ Latch

Shared_Counter

!}! SI% 1 7bTeoarse T
9b Thine 1 [ TR T

coaecix (b)
iming pry ; i Schematic of the independently powered ring oscillator|
Local Pulse = -%1 - D i J
PR o0 e o RS OVERFLOW L
put (OF)
Event Pulse . l Real Fly
Ran Fux Reat Flux
Schematic of Inter- Counter& | i | Read | =% | Read| ,,,...
Pixel Signal Interacti " Out Out
e Sgna Iaracton | output paciRes Exnosule“ Exposure Exposure
XN e
et agz SPAD_Puls TTTT'"T MT"'T """ TTTT"'T
g —— ——
AR | H Valid SPAD Valid SPAD Valid SPAD

[Z12 1] 3D mode &% timing diagram 3 CDC, first-last hit detection circuit(E}),

HDR 2D mode &2t2| operational conceptd} timing diagram(<)

#16-3+= Sungkyunkwan UniversityOl A{ X[2t5t HDR 2D sensorO|Ct. 2 =& 217t &0
U= HEMZRL AFMHEE ZESH S10|EZ|E DM 0f2|0[E CIXIQISHRACE 2t MZE=
Z}Zf SPAD 2t PPDZ FoistZon &AXt ZAX| WHE7L &2 SPADRF H2 PPDAALE
gzl H2 2 480 seHez HE XY = UA SIRACE SPADAALE
=2 X dX UgdE=z Qs gErdo=z MxE MY D EFEStL photon

counting counter 7-&7t PPD7|EH TWHELCH Hl WX

Me e Td L= E 47 0|29 transistor2 7tABISIFR 20 photon counting 22t

charge transferE PPDE O|8%}0] 2&Mo =2 FHSIGILE Ol i 110nm BSI process

Ol A 18295um x 145 pmet= HWH %2 I F7|8 292 5= A0, SPAD 2
CHM S

PPD responseE A2 2N 109dB2t= & dynamic rangeE A SHRALE,

ofm
ot

mujn



Hybrid Pixel Array 528 x 264 Multi-bit Analog Photon Counting (MAPC) // Low Light

SPAD-only & PPD-only with the same exposure time____||_ SPAD.
MAPC : 3-bit image, 180 s exposure(SPAD), /8 MAPC
CA : 8-bit image, 180 s exposure(PPD), /8 ~4bit Image
PIIEZITY (| - 1.04 ms exposure(SPAD)

- 2:frame addition
SDPC
-7-bit image
-25.4 s exposure(SPAD)
CA

- 8-bit image
-30 ms exposure(PPD)

12A11Q MOy

SPAD & PPD for high resolution Imaging
MAPC : 8-bit image, 5.12 ms ), 32-frame
CA : 8-bit image, 30 ms exposure(PPD)

Up/Down
Counters

| 8-bit Sense Amp I ¢
............................... . S

Driver

(A8 2] M O7|EX Sl Sto|E2|E E operational concept (E),

2 MMz g

=

An

Zl HDR % Jsfji&t= O|O|X| (B)



Session 20 Circuits for Cognitive and Physiological Interfaces

ASSCC 20252| Session 202 'Circuits for Cognitive and Physiological Interfaces’ THZ &
5HO| =F0| YHLQCL I & Processor, FD-NIRS, Neural recording System-on-
Probe(SoP)0i| Chiot 3HO| =75 &K StCt,

#20-2 fNIRSE 02l Td1 HHS HWAlez HAZH & 2dEE A4EE = A0,
Hrolsh Ao FZED QUCH Shanghai Jiao Tong CHEHOIAM 2ESH 2 =

dynamic TIA 7|8t X Of7|ElX 2} APD DC servo loop, 4-phase MZ3 7|82

Tps O|2te| NSHAE ToF FD-NIRS A|AEIZ X QHSHRULCH XQHEl Rotational Modulation
Data ConverterRMDC) #Z& StLEQ| 4= FI| W 474 X|E MEZYES S UYEE
HHS Fdstol Hrol HFGI0l Ao Zeolst = StH, Differential
difference PWM FrontendE 3l H|17|9| zero-crossing S22 MHEMH S SESIFCE
EESH GISRO 7|8H 2[4 =HQl Y £Z2I data converter= gatingA|2| freeze S8
283t 1%} noise shapingR 2 =& =2dles2 FHICt 0| & 146mwel MTH2
2 093ps ToF 2dllsa ZFHGI L, In-vitro HYHA S=ZA MEHA S| X0 2K 3%

[Broz 7|E Jl% ofH| 243 AE PSS YTUCH
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Niacin Flush Test (Camera Verbal Fluency Test (Prefrontal Cortex)
0.095

PPG Signal —0.1-Hz LPF
0.1 mol/lL -
niacin 0.09 ~
0.085
0.08 [\
0.001 mol/L : I
niacin . -_— ., 0.075 making
100s 200s 300s 0 2 5'0 _;5 100
Niacin Flush Test (Chip) time (s)
0.046 1 FPG Signal 01z LPF
. 105 ~N m 5-Hz L
% 00441 0.1 moliL niacin T 10 e
< 0.042 2 95 i
= T
0.04 slow > 9
0.036 . i ) 0.00.1 mol/L rliacin i 8.5 i i
0 50 100 150 200 250 300 89 25 75 100

time (s) time )
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#20-4 Guangdong Institute of Intelligence Science and TechnologyOll A X|2tSt= Neural
Minere System-on-Probe(SoP) #+Z&2| 16Xi'd 41E 7|& A|lAgC=z 7|FH1I Mzd
Tz=HZ Y AW I7[X2E S OF & YS 2a HS2E SA0 7[FH
X|t5t= Bootstrap Reset/Pseudo Resistors(BRPR-IA) #+& & CHHA ¢

50pF W2 S 1/f =O0|=F A5t 2| A2X|2t pseudo-XM e
ZE TS 7|EQ| dead zone ZME 8BlOf, TOE DYLEHAE O
E&E StCt B on-chip SAR 7|8 70| H&El closed-loop R
CMRR>110dBe| = FAES =ESIZCt PEDOT/CNT H=(H
MEIERI ftx2 Z2EE HESI0 W2 5 mEAQY J7[A X
[t 5F 23 0.12mm3/chel & ZTEO|AM ECoG, LFP A

AMHAS N AEHOIAZNO T4 AFHHALL,

N 1.18uVrms,
= AO|= :35x35pm2)ﬂf
wodE SAH F25t
APE In-vivoZ2 7|23} 11

The proposed BRPR-IA Bootstrap Reset/Pseudo Resistor (BRPR)

1L
€, =50pF o3 Cibi

|_.. VDD ﬁefn i

VvIN | G W FL _FL,
NM6  NM7 |
i
cm !
L. Lok
VIP
Gin NM2 L nm O Ves
Cp,=1pF VeM |
GisEI2oF Moy 20909090 o omTTmmeeTemTmmEeemmmeememT
The SAR-based Calibration Scheme The RO with SAR based Calibration
calibration [
CiK,,, i CLky|&
CLK, b
——[Compare ]7 cycles 5
} CLK, 43
e
* ‘:'E 8.8
* * s
= 6.6
| Current +| | Current - ""64'4(')

00 0o
Time'}us)
[12 3] MQt=l BRPR-IA Z|Z(AEHQF SAR 7|8 E™H 9| RO 3|2 (8l



Polyimide

HMAEE

PEDOT/CNT
RN

o

20% stretching
fe———

— Au
= PEDOT/CNT

w a

Impedance(MQ)
n

Resistance(0)

A%

20 25

Timelg)

[ 1000 2000 3000 4000 5000 0.0 0.2 0.4 0.6 0.8
Frequency(Hz) Time(h)

et

AFZOF : WAMCIXRl, 282|284

Ol : slsnsep357@unist.ackr

S| 0|X| : https://sites.google.com/view/bias-
sogang/home
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Session 24: Advanced Circuits for Memory and Sensing

O]t A-SSCC 2025 Session 240 M= XM T2z 8 Y 3z 7|28 FHE S

o =20 WHE|QUCL & NML 3D DRAM X HE|ZE MA QIEIOIAZ FAo=Z
DTHHNEH AAH AHEZ ot OFFED 3|2 HAE CHELL H
(PVT) B30 ZQI%t 2|2 #ZE Soff HA U MY 285 M5t =2

o=z X1|A|EI9* Ct 2 2|70 ME Session 24 & 3D DRAMIt BHE|R2E MA QIE IO

JleS OE £ Ho| =22 FHOE2 MHEIX ML

#24-2 2 =& Shanghai Jiao Tong Universityoﬂ/\‘l duEot ATE, MY-TUF-HE-FHIA|
EANV/I/R/C) MZE SHLES| 2Z0M ME[gd &= Us HERT AQX|E-FHIHAIH(SC)
AN QIEEO|AE HMQHSHCE 10T MM S 5%0“ 1= Ctdet 22|Z3E sAl0 5H
sfof stLf, 7|E MM QHOOAE Az ZFREE VY OfHED ZEEQACS(AFDQL
ADCE EQE= 310 HAEN M 4AR7F F75= oHAI7F AU

0| o Zst7| ?I3f = =20Mes 2= €8 M2 E Tdlcharge) =HR22 ST
H

ot

1, 0|5 AlZt @Y 7|8k Charge-to-Time Conversion(QTC) #Alo 2 LXistste MEZR
TZE HQHStCE HQtE 2Z2Oo|ME V/I/R/C Y MBS E Y AHIWAIE(CR)O| HET
%, CDS(Correlated Double Sampling)7t H&%l SC $E7|E8 &l M= & FEIH, 0|2
st SFI|E QIC &0 THALESH HES| ADC 20| CIX|E =S 4ot

3| Hat N LS residue MSHE BE610] CHS Heh AO|22| Yoz
A8 SHE cyclic residue amplification XS ZTCZHN, Dofla S& A| BT ALO
= T/t 249 715t 2ME alH2 =2 2AStRACt. Eok A7 FY FXieto| £
2 2879 digital self-calibration 7|&Z X830 & HMY-2=(PVT) Hat X HL7| X|
Aol ME QXE Z[A2SHRALCE
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of, HetEl 22& 55 nm CMOS 370 FAHEIRICH, EY 2F 0.01
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Multiple Sensor Fusiun\ Conventional Sensor Interface Circuit

Applications i Customized Sampling | {  Voltage Domain Sampling & Quantization |
-'—"':-\5- _ﬁ_ﬂ C.TYPE =—| Capacitive Datector h . Doy i
E il T H oA
@l e - R-TYPE Resistive Interface |
£ loT A “’| k E CTRL
Bl W |g| | vovee e Trensimpedancenwe JH| = |
g, Humidity ) E V-TYEE ""I Voltage AMP 2 High performance with customized sensing
2 Yo {:}' o  e———— ! & Large area cost & fixed resolution
" =
g 2
@ g Reconfigurable AFE + ADC Circuit
5| Temperawrelh (= | e s
E ‘gr Ry u ‘E'. — Ehuog;::::mlng ‘-I'ollaga Damiain snmpllngsnunnﬂuﬂan
> 5 i .
= CIRIY-
E| amoem g |0 | Tvee T | cos
= Light - = H ASSISTED
o
S| @ 1 “1%|E i TCm | Sc-ame P
E :E | @ Reduced area with charge domain sensing
E - = R i @ Still large area cost due to multi-bit ADC
£l ow {
.:EI'{? Flm:nnﬁgurahlu AFE with Embedded i‘.hlantlzatmn
Target Specifications m“'l'ma Damain -r'"‘\. Uo-ltage Domain '
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398bit-based, Quad Core Architecture with PCle Connection

i Ctrl BRAM
_ Main Controller (2KB)
Hel gl | f =
SEF
v} o] o Main |ms ;
o 2 g BRAM |~ Fp2 calc unit
3 =™ | (25KB) c
= A g LA B Fp addsub m
]._ o ® 6 (6KB)
h - na Fp 5-stages
Core montgomery
— cache multiplier
(6KB) (630 DSP) |

« All datapaths and I/O values use data widths that are multiples of 398 bits.
+ Each module has a controller and ERAM, and wraps a lower-level module.

Three Levels of Computations Fundamental Fp and Fp2 Calculation
Fp aberp Fpy omtin Geme P
ADD | a+b modp (@r + ) +i- (2 +w) modp
SUB a—b modp (xr —pe)+i-(z;—w) modp
MUL axb modp (Tr ¥ —Ti-w)+i- (T pi+xi-y) modp

Quadratic Field INV a'xa=1 modp | &' =(z —i-2) (£ +2?)"7 modp
Finite Field a, b & Fp are 398-bit values, and x, y & Fp*® are 796-bil values.
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