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Session 18 Temperature Resilient Analog Circuits
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Session 5 DC-DC Converter

O] A-SSCC 2024°| Session 5= DC-DC Converter?t Z&#HEl F 4Mo| =F0| LHEL|JY
o, 0| & =20 LC oscillator 7|81} switched capacitor 7[8t2| converter & C

&St topologyll converter 7|&0| AZHE|IACE O FOHME

r

—_

f

75 applicationg st
4-phase integrated voltage regulator?l portable deviceE <98t buck-boost battery
charger 7|=0| 2ot &= 7HX| =&0f CHof Ot Rt SHCY.

J\l
Ot

#5-3 2 =22 AL 1485 GPUS| #H oz Qs Z2MAMO MY 2RIt 5

ttof meEt HMlEe MY &40 d4FE 0|+ E SiZStAX} SHRICt O Z2HEES

7| fIsiM= voltage regulator(VR)7t processor@t ZE|CHSH Z4740|  HiX|E| H A

current density?t DE8S MISsHOF SHCH VR AAOA ZHE 2 HWE dM42 QI

A7[2, 0lF 35517 #ld 2 ==20M= 28 13F Z0]| in-package inductors&
=5

oto] 201 HHETt 52 M= Mottt

Ok
==
X

mn

H i
oo 1o rlo St o

>

Inductor current paths

,,,,,,,,,

Proces:
-

Routing resistance:

Proposed IVR with

Conventional VR with on-PCB inductor in-package inductors

mx Large footprint and area occupation w1 Compact size with highly integration
Long high-current path M Vertical power delivery
Significant I’R loss M Short high-current path
B it e ooy :
[ e e e e S S S 20 1
VaT Master Phase | | | ! | O o, it e s o
iy
______ P
1 11
lIn(emal Voltage| AT Slave Phase
Regulator 7 /l( <1:3>
i

in-Package)
Inductor
fows

|

| |

3
12 | Lem
| ‘:D—{[: T

H
I |
| T
| |
| | lcm
[ (T

as<t:> 4 | Vinaw

KT L5
VSEN_MAS’EN Adaptive Multiple-Trigger-Enabled Vo Ramp ]
Sizing Control Transient L4 Generator

[ZL2! 1] Vertical power delivery utilizing the proposed IVR




&2 37|9] SMD ¢QIHEH(In-package inductonE &%t high-frequency, 4-phase

integrated voltage regulator (121)& 2A5t0 H|E EHO|UME 1288 F2I5IA

o, Ctx E2[A 7|8t 1t 2% 7|28 Z 8| fast load transient HEOIME W2
undershoot® {FXISHFLCE X3 ramp-adjusted current balance technique2 &

multiphase current® ZHYCEMN - HA ME|EES ZHMSHR}D, four 7.2nH 0402
inductors integrated in the flip-chip chip-scale packageE Sl M2 ZF7|E ZZ A A
X0 HiX|Ze =M ™EH &=4dar LES EASSIACH O Zan, 2 dA = ZO 7A2
Y TRA 7A/mm22| AF Y E FHRACH, Y AEHE 254mV(PWM alone)Of A

=
88mVE 65% ZH1SHRALCt £ 89.0%2| Zi 255 20|12 UACH

£

#5-4 & =&2 portable devicesOlA T2 =2 HiHz| &2 S7t0| {3510 I i

EDN ZEM FH &FHE MOUBICE 7|E charging profile® A built-in resistance

detection(BIRD) 7|&2 == 3 HEf BotE Qo) £t A7t LMst ST At

O ZOX|= ZH7t HZ3sH7] sl 22 22t Z0| constant current extension
(o]

=
2d8 =01 T AFS 5| HHsts L4S MASHAL

)
(=)
o

0

ot

Ve =--- ===l

. — - i AV i

o i i Vo Lot o=m—o

---------- -] =X REL S e S

" o S ; : Viave . :
il naccuracy introduced : :

Charging time reduced | | Virer remy  b-- o BL% 2]

by BIRD : Efficiency improved by ATS

i CC mode CVmode
i, ,Efficieny ~ — Conventional — Proposed
e ___ Improved by CCE
- | T
CC time extended by CCE technique 5 --\“\Tl t
Proposed Battery Charging Buck-Boost Converter with CCE Technique
- Vs1 Vss—
Viv Vsier ~ Vsm = Vour_ .~ Vear Ia
P— i Rav o
BN Vsr  Vieg—e—if CCE technique = ! Raa |
Ve Ve | =1 00 [l e e | BIR |
F 4 Shift register | a0 |
Vc 5 | BIR 1
—3% = Ve | paccM | i__|__ i
Current | 1 v i =
Sensor it e A5 I !
Viave | V/iet
TERM i Rea E:
v BIRD Vs
IREF TERM
’ Resz 2

AT K etShE S ®A HlW ())QF CCE techniqueE ZEESH X QHst=

buck-boost battery charger (OF2H)



0|0f T{3l A, precision adjustable charging current monitorg& &l 58 MFE ZLIHEY
St 0|z FEE X436t HYEE AT, fast start constant current 7|=

2 &3 constant current mode &S ATAH B A|ZHS TH=ESIQACE EDE non-

[
|

Interactive BCBS EQ35l0 =H 3|20 M S Z3lstn &2 =M ME MA Hetz
= JWMBIUCE 1 Za, BF AIZH0| 7|E CfH] 505% THEE|Of 2 WHE EH 252
2oL, =8 MR S MY 2120 84% HaUH, X[ 97.1%2 &S FHSIY
Ct & ©X2 3.1mm20|Ct.

£ . Jgoystn
=OF : Power management ICs
2 : uknow@korea.ac.kr

|
S| O|X| : https://sites.google.com/site/kubasiclab/home




A-SSCC 2024 Review

aE{ffstn M7|SEASsHE ALY S

Session 14 Amplifiers and Power Management
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Session 24 Advanced Sensor and Imaging Technologies
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Session 20 Innovative Computing and Circuit Design
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£ Zote 25D H2|E AHEAN F=RE ZASIRALE 7IELQ 2[F Mol A|A~"o|
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CMOSs
Circuits

Au stud bump

Active silicon interposer

Large
parasitics Interposer Bump Qubit chip

1~5mm
_I_.L.l.

%

Bonding | || Cryo-SWs |1 ~ 5 mm
~5mm | |[Cryo-ADCs

PCB
~10 mm

Bonding
~5 mm

iH l—g

Small parasitics

T

Convntional
wire-bonding

Proposed
2.5D flip-chip interconnection

[2E 4] MQHE cryogenic A MO|HE =eter 25D &2l AHEX =



Cryo-ADC= SA2 2E0A H2 T 2H[e AdEE SAM FHHEE EA 5

i P - = =
QICE. 33v HROIA SXOs W SN SAR TEE MO BR 3suwel Moz
TMH|E S EE HSoHH, 50MHze| & U9FsS K-t} £of, 38 dEd 2 &

EAEY ASXE 28 2AE Sl 7IT 7= O Y8 YT 83% NS,

S
Cryo-SWe= RHIERI| Mz TE HEE 2[4350 4 H2A[E EUSH, O|F Sdk
2-FHE MM @F &= 10mV 0l8te] Mol HErZ THEA|ZCH

3™ A1, 2 B2 MOIEHE 100mK O[3t 2E0|AM eHEXe =z At=dtH, QF HA
M0l CHH| A= ZI2[E 03dBE =0/, MY HESHES 6.5mVpp(1.8mVrms)E X
ASISHQICE Ol &off 2-FHIE Ao B3t A0S Moot 52 FYAE st
R, OW AFE =HHolM FHE Hojel 24t S Rt 2 =22 33X
=2 22 dAt AA AFY S Sl ﬁEI THIE MO 7|2 MER 7|82 A
NS, g2 S ZEMAMQ| 2 A Y JtsdE2 2Mstes O 7|10 ALz 7|
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Session 4 Emerging Wireless and Battery-Free Systems

O|H 2024 IEEE A-SSCC2| Session 4= Emerging Wireless and Battery-Free SystemsO|2}=
THZ & 489 ==0| ZHEUCE O] UMMz FM Y HS A HOlH TS 2
27p ZE MM QIEE oA AAE EE =20] 2H, MER sS4 Y4 XS
Mz 2Ho| =z0| g+ ZIE MASIZLE = reviewd M= 1 & 4-1, 4-2, 4-35 £
St At otCt
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1 = , 2SS S = =
st K20 =88 FE x| AL ZLEE (Cerebral oxygen monitoring)?! PO, MA AlA
HZ AVfotct BMSE B FUI¢ S0 oHEEQl AFEE RlG, ®EH ARE IA =Y
OF 5t11, O|F ot MTH M A2 L FM M3 ME X HOH TS A2 H
QHSLCE 7|1E Q| potentiostate &%t M A|AHRZ TIALE ©F O[3, ADC & 7150
My A0t o3t 3|28 ERE ift 2 =20AM= MY MRE FItdel ©3™ &
2 20|, sinking ME &S AI23l= IDACRR C|X|H3} 8t 7|&S HMOtstRCE SECt
O] BIOIEEN YWHldts S& = EX= bipolar residue zoom-in IDACS &5l SiASHY
Ch 20X o2 PO, M4 2270 ZE AAHEH F 71 22 8 4220 25)WE F
oo, siE =R 0.028%= 2| 0|4 ZOACL EDH backscattering HAlS &%t
434MHz8| Fht+ZF 7HX|= passive TXE &8 &4 MY TS A HOH ©& 225
TS, MEHH2=Z 2m AHZ|OAM 40| kst A|LES oA

§ ssmm o f awem
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#4-2 2 =F2 Shanghai Jiao Tong UniversityOfl A ZESH 172, WPDT A|ABIOA RX
regulationg ?I8t ME2 7|2 X JHME oy ©& HAZ FHOSHRACH 7|E0= RX
O local loopE TStALE, TXE uplinkE &9l regulationg RIASHFCt SHX|TH HH
LAAIZ| ALY, regulation £ =270 MSHEICHE EHEES 242f ZHX[D QURUCE O df
o, 2 =20AME TXO| local loopg TESHRALE TXL| coildfl ZEl= MYS
neural networkE trainingSt0], RX2| load &EHE OfFst TXCO| vy ZH|
w5 NISHRALE £t HO|H H&S i35 25t Adaptive-BPSK (A-BPSK)
uto Time Tracking Cyclic OOK (ATT-COOK)E ZtZ}f uplink@t downlink0f M-& S |
ULt 7|& BPSKE 2 bitstreama TH&SH7| 25 6.5T2] PLL locking A[ZFO| &
-BPSK= B1S}SHA| Gi= bitstream (11 82 0002 & Wol= 179 Azt
2 g+ AR 51, BEHE 173H] HE HOH & S o
OOKZ Bt carrier cycled|A AQXIE 18 B fIXE S HOIHE ™M&ESL7
| &2 XAz 5= QUL kX, AQKX[E = EfO|Yol e M3 &
AL, RX YO ZEl= YOl ZAaTF FAS WE HE Eto|LY= MEH
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A0 LHMo2 Of2| stageQ| TEV|Qt HFIIE LRE 0], 52 MY 427
RTELC Hette AGC 7|&2 2 5F7|9 TYO0|SE feedback factor S &4l
programmableStH| ZHS0|, ERE = F=7|Q rectifier?| =& SALZM THA
3A 2L = UALCE =3 BCC SE2 body channel2 Sdfl HIOIEHE M| Oj
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Session 17 Biosignal and Biomedical Applications

23l 2024 OFA|Ot1H|Z| 28HS5|(ASSCC)Q| HIO|2-Al5 8l HIO|R-o|ZE0f 2232

o
]

=(Session 17)0| MHE =22 572 F=E HIO|R-92&5X0| E3tEl MA S A
(instrumentation) o2 AFE COHFL ALy 2 220 AXME ==22 H=1 a5+ =5
It HHES QO HMH(HET), 02 S (wearable)O|2tE 7|R/ETF FRSHA CHt2CH &
Ot MEXe=z 2 1) 90{2{E HO|R MM sl A MTHZ, 2) ojzis =429

i
A% 4T

cHAE s=5 fleh AHE 0|2 9l229| ds 7i4d, 3) /oj2{=E HO|R 22| S&&0t

YE|RE MM 2 OIEHOA 32 A= Hals B 4+ ATk of ARAME AKE o

N dol AT F #17-1, #17-4 & AS H4HEIX} oot

[E 1] HIO|2-A15 Gl HIO|R-9|Z220F S8 EE (Session 17) MH =2 574
HS = a9

#17-1 A Non-contact TMR-Based Active Electrode for BCG MEMS 7|2 7|8te2 A%sl =l TMR(Tunneling

Recording Magnetoresistance) & Et=(BCG, Ballistocardiogram)
MA 9 QIEIO|A 3|2 7§

#17-2 | A 1.96Vpp Input-Range 3rd-order Noise-Shaping dolxE A (E YUY Hel =2 Y¥AYmEx
Pipelined-SAR ADC with Self-Boosted Impedance and | 27, M3 H 42, MEF §) 52 g 145
Active Charge Sharing for Biosignal Acquisition ADC i (e =2 HS &Hx)

#17-3 | RMMIC: A 40uW Reconfigurable Multimodal Multi- ChYst WA A Z(ECG, EOG, PPG, EIT) =& & ¢t
channel Interface Circuit System for Bio-signals QIHm O]~ 2|2 A¥3l G MM oY 527
Monitoring % COXE HHH 282 2T HEEY &8

#17-4 | A 1.27-mW Battery-Powered Multimodal Biosensor fojgls 22 W SHYS ol 3 AXSH| [t
Interface IC for Wireless Motion Intention Recognition | &4 XM Madl=s I HMA(EXG, CDC,
in Wearable Robots PMMG, EIT &) QIETo|A 3|2 gz} T4

#17-5 | A 1.92nJ/Conv Pulse-Width Locked-Loop Time Domain | M H3tE 0|88t HA(strain) MM E PWLL(Pulse-
Readout IC with VCO-Integrator and Pipeline TDC for | width Locked Loop)2 O|&3t0] +3, HA A%}
Wheatstone Bridge Wearable Strain Sensing System EPSESEkol =gt

'%
= 7|=0|Ch 2 d7ts "X Re *ﬁ:r“é', Ho|d & M
MEMS 7|28 &83t0 DZZ9l A3 TMR(Tunneling Magnetoresistance) AIME 7
35t O|F HA|7ZE MEE FHFO| 28 = UASS HHS S 20iF10 QUCH EB,
FBCE FHE MHEHEK= O 372 2 I HoegE & ¥ TH|OAM &E& 7ts



42 B9 Lt
=2 7|& Nife E= CoFe &2 NS0 HIEH AFEFXE 7HNH =2 AHEXE
(magnetoresistance) a2 Z& HXHIH CoFeSiB 2 = YsH A0l TMR MA Hs &

Z

Ao 7|ojste a3t 242 AFStD QUL 0.18um 1P6M CMOS 38 &850 TMR

Sensor0f SiEdt= 3.08 cm? 37|9| Chip dtLtet HZ2| 20| siZst= 1
Lf% HEZHOH, 2t chipg Q3|27 :

=(active electrode)= &S0 AU

o| OIE4t|"°| OpT 0| UZE (sensitivity) S F2 o
2 Ao

ds
Aot MEStY ZAgtetozM MetEl Mol 28

x
\'
(@)
3
|
i .
o
or ot
0H'|
r_._

ssssssssssssssss o | omser

Y= | Linearity

1# 3863.54 26430 | -61.32 | 970 | 399 [ 0.85

2# | at1916s | 26250 | -57.78 | 970 | 525 | 1.08

3# | aor1ss | 27493 | 5677 | 974 | 656 | 1.04

4# | 317349 | 24720 | -s65a | 922 | 133 | 1.44

(22 1] A7 #17-10] HA|StD Y= TMR Sensorl AE3|22| 1R E2Q} In-vivo BCG ™A1}

#17-4 2 =E2 KAIST, &8HX}, SK Hynix, NYU Abu Dhabil| S&HT2 At S=t
of 2t Crefot HEE SAI0 =Tt <ojiE 2RIt 4=%80| &83t7| 2ot
7|gkATLOICE AFOM =TSR X FHSl= MZ=2&=  EXGEEG, ECG, EMG 3),

CDC(capacitance-to-digital converter), pMMG(pressure mechanomyography), EIT(electrical
impedance tomography)Zt A2, 2tZto] Mz E £=85l7| ¢et IHHO0|A 3|=2F 3t
Lto] & oto 2& FHSHACE HMEE Ho= 1) ExG +=EHEZ 2Ie CClA(chopper-
stabilized capacitive instrumentation amplifie)E H|Z35t0 2) A|Zt-Z=0 QI 4% 2 CDC, 3)
DSM 7|8t9| CDC, 4) pMMG dIM FHEEZ 210 W7 Tt 5bite| NS SAR, 5) EIT =8 =
HMo| MEMAY| O EEEOJEE TS QmEA E=X7|7F ZEE|0] QI

180nm CMOS 382 &85t 14mm? 37|2| &2 HZESHR”A Zt PIHIo|A 2HE

=

)él-é-u:-!x-i Eo:l_l_—l— AA

A 0|7l U0f CHsl OAEE EHAUSE 22 = US Siel
Ct 2t 2EO| MEXHEZE= 1) 4XE ExG MMM %|Cf 60dB 0|5, 0.8uVims (0.5 ~



500Hz) &2

£ O|=, 2) AlZH-=0¢l

CcD

COl A 0~300pF2| °'E—| BRI

) 014 ek zo| Y HOIFED 9o, FA ¥
Z|CH 1.8fFm), 3) EIT AAIAOf A CH 0.33Qms T2 fEE &2 A =
L AR
E9' Xd E—:!—JIEEE 1.27TmW —|——||_—O| I:|'.
f -
) EXG channel (4 Ch) —
Conventional Time delay ® Time ‘"“““ osL (1H211.833V)
Actual Motion 0@ "
= g
Proposed Reduced delay © - Be
= Time o = CDC (TD) channel (4 Ch.)
Actual Motion = @[ Cowigerm ] [craL ]
mmmI t]‘m 0@ A e —
Motion intention recognition ({:T%i bt X L ecass
Bio-signal based sensor Physical sensor %’s’c"
o for N o |+ cDC
@ 1 _SARlogic [+~ (AZM) channel
Wa\zng p " J\\ % coc ¥ NN .__* ] z 2
assistance - e 'l 2
exoskeleton EMG Er EE PMMG  AC by pressure (BZW) g gen T r @ e P 2 || e é
1 . .-t
= im Ctrove LPF .(Euﬁ)
Proposed wireless multimodal bio-sensor interface PMMG B é
wera ] | ar @ i e [ E
Mltimodal S for MATLAB o ADC channel
i £l Ipython | C#++ i =
ase 5 [ Bisculbor | EIT channel (8 Ch.) =
*-’ 5 Real s b 1. T
) . MW& = = 08 e i
= Batter pwessuusoﬂwzre o i 10b
[i4 WY BLE module (TX) i Eg - ]
Wireless sensor module BLE module FPGA hub. Windows/Linux machine \| divider 1)
(= o = N = 9o|s A [m]
[AE 2] #17-4 /ol2lE 22X AMEX % HXIE flet AHIOo|A 9|2 g7l % Fx&
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208 2024 OfA|OtLH|Z|28t2|(ASSCC)| E=58 IZEAM AM(Application-Specific
Processors) F&(Session 21)0| MPE =22 5/M2 F2 LEHQl AL ZZMME &
8 O Al oi2e|, ¥ 5o ZHUM HRsHo=z 40| O|R0 & 50| 8=
CtYol 38 ZOFOAM E7 dEfe Aits sMHoz 28Xz +dstY| 2ot otEq)
of @TE C12D YUCH B £20| ANE =20 MBI AT I LHES 2
BHE?), dMM=L A4Y HEXNZE R0 X E= USKs 22X SO|A] bt
21 MY mENOZ $usI| P S4SH TN, HOE YIHH, FLEN-A
HotZHM(COP) & 7ZIEL ZEZMAM7I =& & B2 Algto] 2:2f Ze|= AHLE Fh&5t
= Ot S0 27HE0f QULt O] 2| FOM= AXE G Hdef 7t & #21-3 ¢t A
2 HEENX}; S
[# 2] E+55 Z2 MM £F (Session 21) ¥F =& 571
HS = 29
#21-1 ROC-Spin: A 28nm 2,000 Ring-Oscillator-Collapse I EN-FMEH(CoP) sidS Izt o] ZEQ|
Spins for Solving Combinatorial Optimization 28g -4 0K FE|l AHO|EE 73, =L
Problems =2 COP =HE 2 sjade = ASE ¢
#21-2 | A Unified Microrobotic Visual-Perception Processor | Ot0|AZZE2| A|ZQAX|ZZMAOA O|RX|E
with 62.2-FPS/mm2 and 103-ul/frame Navigation in | Cholesky ®3iE 7t&%} St ALLZE ReMMDASE
28nm 1OKSHOY AJZHA, SEEQIO] ETOIA Ads oy
#21-3 | A 0.04 pJ/Classification High-Accuracy Energy- SNN & 7H £2a3 gi4g 0|1, ANy
Efficient ECG Processor with SNN On-Chip Qg A HH oY & 7HESXIE SHoE
Backpropagation and Adaptive Threshold Encoding | ot HR#CeZ X|¢S Z0|1 FSHEE =0 AF
#21-4 | A 1.12nJ/Pixel High-Accuracy and Memory-Efficient | St0|E2|= Ct2 MET, HiZEN 7, 2#AEY H4H
Real-Time Object Detection Processor for S2 SIERNZ A 1.12n)/pixel TEL
Neuromorphic Vision Sensors IHEE 229 HAIZt AFE X ZEAMA 7H
#21-5 | A 433 bit/cycle Inflate Accelerator Featuring Static- | HIO|E 2% SiHE {3 inflate YLEES L= O
Dynamic Huffman Decoder with Multiple b7 HEHE i AFE S aEHo| AMBE=
Checkpoints and Optimized End-Of-Block Control Huffman Decoder, LZ77 Decoder?t &% O|O|HE
for Hyperscale data HEZ Ml E 8t N2l S5 SFast
#21-3 SNN(spike neural network)2 AMZAMZO| A FHAZ DHSE Ol8 MAY HEXA
2 OMIE WAA BIZSE SHS XD 0N KU wAlo WAl 25 SHe
ZZMAMO| Xt AFEEICH 2 A= B3 H™XHt7|Cis!, Hangzhou Shiguang Xight Inc



Nanjing Houmo Al Inc.2 2 T on, SNN Aol MME(ECG) 25/ dt=
oo M3 AA oS 28D ¥k ot C|ZE UA/(ATBE, Adaptive Threshold
Binary Encoding) 1t A|ZF &%l Zt FH(layer)Zt Handshaking #419| A4 B E(SHSI,

o
E3t OX|8 & 75X 2 (ASBE, Adaptive SNN

)

Ot

b e
rob i

SNN Hand Shaking Inference), S IIE
Backpropagation Engine)& ZQ%t0] X|AA|ZFE E0|1, H=EE =2 &= USS £
ALt

ATBEE AL Q| Zto| WlE FHSI0 FoXol d™Eo mtyE F4dst= P, Q
R, S, THS| {{X| HEE 96 HEQ| HIHO| EHOtEs LAIZFLE MY el HtE &
Eot= oHAE ®-SxH(adaptive control) 3t0], 1A E HO[EHS FRHE &0l &2
20|04, SHSI= o B0 HEE= 200|3 §EE Y™ HIH(spike input buffer)i| A
ot = MY = ZR0| CHHAMEE ALSED, i SO F 20|00 AMe] ALmo|AE
L5t HA2=Z SNN gits Eheslstd XA AlZkE ERCLH S AZEWMA
(softmax) Z=2 O|&310, ¥&=Y 7t HRE St 75X HIE ALt5H0 0T &

=~
NEXE EF5= ASBEE SOl TH AlAHEQl s AT
° o

|  chpo |

B
A/\(\ lr Proposed ATBE Detect

| ECG Data SRAM |‘—>| R Peak Detection Param. ]

—— R Peak]SRAM Addr Config
ncoding .

Threshold Adjustment | Threshold |  Binary Coding Moduls

state machine Encoding |le.Param.

Encoded|Data
Proposed SHSI
— | T
Neuron2 | | Spike Input Buffer |
Weight0
t { Req. $ VACk.
Arbiter | oo | Arbiter | —
+ Ack. Y Req. + « Weight1
I Spike Buffer |< ---------- | Neuron0 -
|| Weight2 [«
Proposed ASBE | Neuron1 I v
1 : Weight Clock [ SoftMax LUT
» SoftMax [ Multiply Update Gating <

| Memory

Of

(A8 3] #21-3 ECG =& =2 SNNOIM X[HA[ZE Za MTHHet U Jete gy g7 Wk
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Session 3 Efficient Al and DSP Processors

0l

B 2024 |IEEE A-SSCC &t3|9| Session 30| A= Efficient Al and DSP Processor2t= FA|
2 & 5HO| =F0| HHEL|RULCE O] M2 F=

22 Al U DSP ZEMM MAHE E

= SHsEhs O 382 FAUCL

k!

off Crel S& AlLI2|0A & 2H|E 0|2

0x

=
o

#3-2 =20 M= WhiteDwarfete 128 AMEY T2 ATS LHSIYULCE O AT **
Ez|E HIEY 3 2Y(triple unstructured sparsity)**1t & = J|&S ZATSH CNN
XA MLP ZEO| dit 28dEE Ittt &9, gdet, 718X, HE +=&2| 3ladS
2238 Ho|e M2l 284S #=0|1, INT2-42 FP8 Z2 MW HUTZE Ed o2z
HZa M AH|E ZEQULCE 0|E Sl ResNet-50 ZH2 2 A7[Q| 57%E L=EY
1, B &4 30| ImageNet HIO|HAIOM 747%2] dsE2 |XISHH, 1224

TFLOPS/We| 04U X| 2882 E/d5tFLCt

Triple Unstructured Sparsity Exploitation Non-Zero Compressing PE (NZC-PE): Exploits value-level sparsity (1, 2)
1, 2. Value-level sparsity of iActs & weights i “Mark-as-read ! i“ Uses zero-flags to predict
D

' ) (see Fig.1) | 1 masking ' and skip zero-products
iActs f FPB}‘! Skip multiplications | ! } Ve

1 I

' | 1

\ 1

| I

1 I

1 |

One-hot
Weights * "l INT4 that result in zero Sfcn‘itm »

a

at runtime
3. Bit-level sparsity of weights ]\‘

non-zero

oAct
zFlag

=4t
@0 gams 2%  Replace multiplication
. with a sum of shifts I 1

(UINT3 magnitudes) 5 2 | & e
Compressed computation timing chart (1, 2 and 3) :" . % : N 1"
- ,_-E,g S we 1
4xiActs | NonZero | Nenzero | zero 8 :g'h S ';,22‘3’ | 2Fiag {? non-zero @
= as Y %
(oXoX0X1X0X1X0X0X0X B ———

@C &S i‘.\\'“‘ g |\ Processing Element (PE): Exploits bit-level sparsity of weights (3)

NZiActs | NonZero | Non-Zero | Op Binary Order of Magnitude (BOM) decomposition of MAC £ 1 we R ‘I
1X0X1X0X1 X0 <% ¥ 1. Binary INT4 weights interpreted as sum of BOM - BOM list E,lBOM - |
= S a’\‘“w“‘ : 'g e.g. 5d =1.2240.2' +1.2° :g| LShift M:’:es "
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Session 15 Energy-Efficient Circuit Level TechniquesO|A]= Asynchronous Spiking Neural
Network, Time-multiplexed Random-Access Processing-in-Memory, Static Contention-free
Conjoined Master-Slave Flip-flop, Asynchronous Non-Volatile-Memory-based Computing-
In-Memory Neuromorphic Processor & & 5#2| =&0| YHE|RCE O] F Static
Contention-free Conjoined Master-Slave Flip-flop, Asynchronous Non-Volatile-Memory-

based Computing-In-Memory Neuromorphic ProcessorOf| CHdli &@m = DX} stCt,

#15-1 2 =22 Low-Voltage, Low-Power, 2|1 Low-AreaE Z+& Contention-free

Master-Slave Flip-Flop2 H|2tBtCt 7|&E C2MOS & flip-flopQ| 4% static contention-

freeQt F2 T 2H[E SA0| FESHX] Zote 2MEE 412 UAAL, O|F Hd5HH
.l

—
ot 2 BYS AK[ots =AMl UL

Master Latch Master Latch
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10Clock Transistors>>o>esscscaadss
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Session 19 Continuous-time ADCs

O|®1 2024 IEEE A-SSCC2| Session 19= Continuous-time ADCsZt= FHE & 4H9]
20| WHEE|QULCH 4HO| =2 & continuous-time YA MH Z8HO o Bl
TE 7| 28l noise-shaping techniques X 8%t =EOZ 2719 =22 X2 U2 A

77t e e TDCE 288t MASH HEHQ| pipelined ADCRLCE.

#19-1 & =<2 University of Macau®lM ZHE?H A=, 320MHze| CHA=S 7HX|=
CT/DT hybrid pipelined ADCS H[QISiCt 7|Z0|e D& X CT domain®| DefAE
ADCE THE7| 2I8HAM OSROIL} NTFQ| At=E =O[AL}, 82 quantizer?| SHEEE =
Olz WS EASHRACE SFX|TF Ol2{et WA2 power-hungry®t loop filterkl quantizerE
2oz oo met My 2840 FX| B/ACE EHH DT domain2 2 TE5HH, XMHH &
0| 7}s8HX|2t sampling S20| 2 aliasing 20t7t LIEFLEA =Lt 2 =22 0|
ot & 7HX] EdE X7| o, HHM stages CTE T+t anti-aliasing 21tE &
1, || stageES DT domain® T35t M 28d& =0|0Xt StRULCE

MHM stages= NS TD-QTZ2| Z1HE RC delay-linelt 1-DACE &3l residue voltages
M % SABE AESIY FE U DAC imageE ZEH S0 MESICE 2R stage £
NS TD-QTZE At23t0] A stage@| residue voltage X NTF leakageE2 shapingdiFH,
OFX| 2t stageOfl M D&£ZES I8l 6b TI SAR ADCE FHSHRCH ZIHO 2 320MHzO
52 BWOIAM 65dB7t €+ SNDRIt 57.7f)/conv.-stepL 2 ot FoMy= =5}

Continuous Time Discrete Time
(1 stage) (2" stage) (3" stage)
RC delay-line T i
= \l‘l— Passive
2" Order P 1*' order
CT-LPF T Integrator

: Freq. : It /_’(
@ Less Tonal % : - Y23
{(©) Weaker Leakage ' ‘ E

©) smaller Amplitude! Y, {
il b b B

[O3& 1] MSH= CT/DT hybrid pipelined ADC



#19-2 2 =F2 KAISTOA ZESH A2, CT NS-SAR ADC2t TDCE 2t 1-0 MASH
SEfC| ADCE HQHstCh YHPMOZ NS-SAR ADCE DT domainO|A 30| &|=0|, X
=0 CT domainO|AM Q| 0| XMetEl HF QUCH CT DSMIt FASHA anti-aliasing &=

ZFR| QUX|D time-varyingdte 3 AMSZE sampling 80| quantizationdtH Al error?}

l_

LS, quantization 1Y & residue voltageZt EX{SHK| 20t sampling speed 7t |3t
EICt= ©HEO0| Lt 2 =R0ME Y3 stageE Lt F745H0], sampling speedS X[ CH
st = UAA SIRAn, & {EIF HWElX|H LdSt= input dependent errorg 1-0

MASH T+=& Sl o 25t A} StRACE

MX|, capacitively coupled replica input stage (CCIS)2| F7}E& E3dl, SAR quantizations
HSt= SR CT HE7[7F ASSHM HES &€ = UA SHRAC Eot, O HET|9
ZHZ TDCE Sl quantizationg 2 ZM, quantization noiseE O RF1, AW stage

9| input dependent errorgE shaping® = URUCE 1 FOoIM UMSt= HE0| =
74
=

CM M Bigt 2XHE MZ2 VICO| ramp generator A2 HotstozZ )N sjZE 4+ U
ACH ZMHO 2, 7|E0 = MHzZ HMTHE|E sampling speedE 400MHz7HX| 3AH =&

2 YASH, inherent anti-aliasing E82 2 QI8 DT NS-SAR ADCO| H|s{l § =2 input
|.

capacitorS AFEE = URUCL EDH 23.2f)/conv.-stepL 2 23t FoMy = Z4SHGILCE.

Continuous-time Noise Shaping SAR ADC

Vem
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I CDAC1
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7 .1pF€ 100fF ; darz
. 170fF
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L \TTTOTT < >
il W 100F T ™ el

Vem V-T-D Converter
5bits (+1bit RDD)

Pseudo Resistor

Key Building Blocks

[22] 2] MSt= CT NS-SAR ADC2 TDCE ZAstst =X

#19-3 & =& Shanghai Jiao Tong UniversityOl A ZHE2t A=, 180MHzL| THE =
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=4 7HH7HA El=0l, ol= ._Eq 25380 EOZIC} CHE %“iigit, CT-DSMO]| time-
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Xgol CrE XEe FEE O|FSHHA recursiveStH &2 5H= extrapolated TI-DSMO|
XM Qtel HE A2, O|F F+AHRHO| A0 feedforward path?t ELDCE ¢/et MEHO| 3H &
716t DAC error compensationO| O] ECt= EX|7F JAQULCE 2 =20 = 7|&E 8 7|
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gt feedforward& Gn-cell 3 IDACE Sl FAHL2EZMN, 7|ELQ MNES0| 7H|=
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I9ES M= diHez =2 Fhte UYE A89%+= audio applicationg ¢eh CT
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SHISIX| 21 integrator®| OTAS| bias currentZ AL 2M, g, 2 7|21 noise
ST = DIRA HAIZ HQHSIRACE SEX|TH O]2{gt SE2 signal dependent?t errorE
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adaptivedtH| HZBIA|F7|= ADB 7|& HEBH M|QHSIQICH Z=TMMQl M3 AQUL LQSHE
ET511, YENoz ore Awol 377t X7| ME, ADB2IR7} SXtsHs AlZHO|

ux Yo MY AR S0k 2 FyS F
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O|®H 2024 IEEE A-SSCC2| Session 92 High-Speed Nyquist ADC2t= FHZE & 5HO| =
=0 HEEACE X2 0L o{E2(AH0|M0 Hetot ADCEM time-interleaved ADC (TI-
ADC), pipelined ADC, 2|1 & Fxo| ¥HEEZ ATt time-interleaved pipelined ADC
7|9te] ADC 79 7|=0| ZEstA AT UACH A& ADC FH9| Sy 1L U
= WED J2ASHH XN2|sts Aol AUCH #9-2 =20 XMA[El Heb Z0[, TI-ADCE ¢
o AMZE 02 742 sub-ADCE LIF0] AlZtHo=z FY5I0 MI|F=2ZMN, XZ£Z9|
sub-ADCE ArE3H0] 2 HYFS Foie + ACks FHO| ULt BHH, #9-1,9-3 =&
1} Z0| pipelined ADC= O8] A Q| sub-ADCE 2 E= HASHY, &
ADCE Ar8StHEtE =2 HEEE F-8e =+ ULk O3t O|]FE, 1£X1
£ 3Ao a7= ofEZ(A oMM = #9-5 ==20AM HtE  time-interleaved
pipelined ADC T+&7} AtF 28E|1 U2, OHX| 222 s sub-ADCE SAR ADC
TRZE AFE KEE D QUCH g2 AFNME =2 UK 282 wXAISHEA 2tE Hat
o=z

of Zelet 1% ADCE 7HE3t= A0l Saet A7 & A 2ol

#9-3 2 =E20|AE amplifying-and-select stageS H|2tSH0] 7| = pipelined ADCO| £
SHAE MRS, replica-biased supply-regulation 7|&& Z&et dynamic amplifiers
ALY X 82 =RCh 7|Z pipelined ADCE sampling, conversion, 2|1
residue amplifying &=AtCLHE conversiong &30 2} pipeline THAQ| 21 X2[ A|ZHO]
AN Het £ Hotste oHAE XL Ak 2 =20M HeHEl amplifying-and-
select stage= 7ts%t residue ¢t2 0|2 44 S SEAZL2EM pipeline ADC2| THAIE
HeE|of e g dldS HayUM 2 =20 M= 1b SAR ADCE sub-ADCZ AHE3}0]
T 7IX| 7}&Tt residue voltage @f2 0|2 &5t amplifyinget2E2M CHZ stagel
conversion =H| A|ZtS EFSA|ZICEH E3H K] X9 dynamic amplifier (DA)S At
8910 2|2 ST™E S7t0] ME MY A2 FME ZAZMX[T 7|1FE DASl F2 input
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[Z12 1] Overview of the proposed high-throughput and low-cost

optimization strategies of DL-detector.
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Session 13 Low-Jitter PLLs and Low-Phase-Noise Oscillators
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Session 22 Advanced Wireline Transceivers
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Session 26 Clocking and Memory Interfaces
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Session 8 SRAM-Based Computing-in-Memory
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