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#9-12 National ASIC System Engineering Research Center?t Southeast CHEIOA] HHSH =EC2
near-threshold voltageO|Al PVT variationsOl= 24X Ql SX2 X|&dt= Adaptive Voltage
Scaling(AVS)7| & HMAletct. XY =LUEZ Z[8te] AVSO|A+= Timing Margin Sensingd 2=
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O] =2 ZHO0| QUL Worst case Tunable Replica Cricital PathsE S+ ZHEXQl 2L EH &g 9|
AVSE worst case CPELCH 7l DelayS 2t TRCPE AME3| timing marging ZHSIHA ZQsh
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Pathe| QT EX = AX|C, EZL3t marging TRCPZ} 7+ == U7| 20| AVS gainO] Z2
H7b AT Y =20Me 4 2L EHZ HAS 7|U2 2 Genetic AlgorithmE AHESHY
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Dynamically self-calibrating system & AVS control logic
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#9-22 Peking University Shenzhen Graduate School0| A ZHE?H =F2= multiple supply voltage
systemO|A] ultra wide range level shifter®| T1Z=Z2 C3MLSE M|t RUALCE cross coupled level
shifter(CCLS) tZ=& HMTHEl conversion H|2t transition0] & OHX|E AtESt= CHEES ZH=Ct
Current mirror level shifter(CMLS)2| A% CCLSS| O|2{et CHEES Y& SfZSHX|TH U= Oo|HO
M2t static currentE® A28 £ A0 2 UHX[E 22T i ==20M HQHst= C3MLS=
J2ap 20| F HBHEIE CCLS AH|O|X|QF 2749 HZE CMLS AH|O|X|2 FMEICH CMLS AH|
O|X|e] EX mirror MF2| A9E SEH2E CCLSQ| current contention &X| X static current &
HNE siZstCt OlE =01, low-to-high transition®] Z<, Q1 === X3 VDDHO| HYS X+
Ct. O|O{A| INO| highZ HislstHA N1t N27F 74X|1 Q3E pull-down StHAl P2E Sl HF
£ A3t ofof et Q2o Mol Z2t7tHAM P32l driving MZ7IE 2&tAIZICE Mirror &
Qo] TYZ =21 P32 Driving M7ZIE AA|Z7|= EE EXSIEE, N3t P37t current
contention2 HZEE 2 = ULt Transition 0| N10| 23| JHX|HA static current path
£ JHHZICE O|E Sl CCLS stageOAMQ| static current® M AHPICE HAE F2 55nm low
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#9-32 Columbia University, AMECistn, s4Cistn, SHINSWOM LES =222 fully-
synthesizable Digital Low-Dropout Regulator(DLDO)E | QtStCt. Voltage-droopO| M S I, &
o Mol WE SFE SHAM Coarse HEEZER7 YHOIEE =HE 7|82z E2I0[HE HOf
StCh 8 30| HR7|= 2E MY HEA Mol XH0|E H|Wdt, CLK-Selection Logic
AOI0|E £ & MEStE g it LSS Az CLKAZet DL Mz o] MzoAof et Hlm
7| delay?t DLECH Z® 12 Bl= 02 =2CE H|W7|2] metastability2 I8, 2E O
HEHHL YD TINHEFF delay?t S7t5t= Y¢S 0[50 0|27t 2245 H|W7| X|AHO|
ZO{X LSS7t 18 EHSI=E M =2l CLKS MEHSIO] Fine tuningdtd, ofl2{7t S5 LSS7t
02 EHSIEE 3t Coarse tuningst=% tCt LD-D | = Inverter Celldt NOR gateE 0| &3}
O steady stateO|A] low voltageO|&Z|, ac gainO] & HEfOS| HMYS THE1, Voltage Drop2
SensingSt0 DDSE Z#3ICL HAE H2 40nm CMOS 3HOAM HMZEEIR}2O, voltage droop
98mVOi| CH3H response time 0.8ns, settling time 5ns2 HHEACE 35 MYQ| HLI7l 06 ~ 1.2
VO|1l dropout voltageZt 50mVE [, quiescent current= 59.3~ 724 uAE ZHEI|RUACL Peak
current efficiency= VinO| 0.6 V & [ 996 %= ZJEQUACH £t 7|E A CHH| 7t E2
current density(13.01 A/mm2)E ERICt
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16-bit Up-counter
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52 Mzl uof 2HESH =29 F Differential Contention-Free Pulsed Latch(DCPL)E M A|
Ct. Near threshold voltageO|A] &=XtZ|2+& Process variationO| L3t sensitivity7t 3 A S 7+5+0
A HEUF AA5t0 MO E T|S5HK| RoHA Efh 2 =22 X iZ2 s Pulsed Latch
ZE AESIRULE Pulsed latche EAZS ZAESH7| e Delay Logic, 2X EAE Hddt=
Pulse Generator, D Latch2 T&EICt 38 59 (1)9] @2 Conventional?t Delay 2+21910|, low-
voltage SHO|M= variation? A HSHAH Zor HSIX| RSICH ED (3)9 AL
Conventional®t Pulse generator@! O, (1)EH1te] =gto| FL B2 9| inverter’t ER5I0
power X areaZHO|A Z2|SICE )| =gto| AF thedt dynamic XOR HO|[EE A8}
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SEE FYLL 2 =20AME @2 AF 2K #=E AMESHH DCKE Pull downdto] EAE
SEY = A= QN/QIQ] rising transitionE QN/QI2| fall transition= Lt =7 HdSt=E &5
ot Zo| ZE5I eHYAel MIIE HFDICE HAE HE 28nm 3H2E HZAE|JCE 2
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Session 15 Energy-Efficient Machine Learning Processors and High-Speed Interface

Oltd A-SSCC 20229| Session 150|M&= & 4l 7He| =&0| YEE|UCE. &4l F =F(15-1, 2)0 M
= lloT deviced| M| MFE 7|8t |X Q1S5S fot CHP OFF|H X2t BLIGRUZ|E speech-to-text
accelerator® CtE1D U1, O F =&(15-3, 4)0|AM= high-bandwidth data transferE </t

(e]]

digital-to-analog encoding?| &9l

2l PAM transceiver?} 3D-stack memory2| synchronous
transceiver topologyXlAl encoding@ 2 QI8 LMLl limited data-rateS s{Zdt= 325 KO
oLt

#15-1 2 =20 M= 4L AFE AHU (oM HTE (ECG) dAH 252 &8 + UEE
Sl= QR-decomposition 7|t extreme learning machine engine2 A|QtstCt LYHMO 2 |loT MK
215 AlLtE[20M= 2HO| retraining 20| 7|ELl X FEE AOHZ|X| e

Xl HEE stEdlof oty dHNoz MEER |FX2| E5Z2 I8t back-propagation 170
M 71 X228l 25 480 =45t EO0lX|= o¢f(catastrophic forgetting)0| ' dst=0|, O
£ &X|5}7| I8l class incremental learning (CIL)O|2tE BHAO| AFEEICEH O] [ff classifiers O
O|E 3&}7] I3l recursive least square (RLS) GI4t2 HRZE 3ICL Hetsh= E2 QRD-ELM engine
I} unified CORDIC (u-CORDIC) engine@ 2 TdE|&=0, ®X QRD-ELM engine2| &< matrix
inversion 810] QRDE 37| I8 2D systolic arrayE CHZMSZ foldingSh= one dimensional
diagonally-mapped linear array (1D-DMLA)2 Z&$ICtH CHE 22 u-CORDIC engined| A& circular,
scaling, 2|11 linear operations= A|&ot=0, 7[& A0t CEEA processing element (PE)E
S5l Mt B82S SRICE AFH2ZE modelll algorithm@| co-designg 3l 7|& AISC7|¢t
inference & ELM[1]0t H|W3{| 4.04Hf =& inferencing throughputit 64H] =2 energy

efficiencyE E'JSHRULCEH

#15-2 2 =22 energy-efficientStHME =2 HHEE 7HX|= speech-to-text acceleratorg X
OHoICE HIQHE ®E2 28nm CMOS 3E2Z HMZAE U=, 9.58mm22| A0 FH0l| 9.42M7 2|
logic gateS A3t 0.6V MM %A 1.25MHz, [T 100MHzZ SZFSHCE TIMIT datasetOf A
%[t 15.2% phone error rate (PER)Z normalized energy 7|& 7|& A3 CiH| 6.5~1778] X2 0
HX|ZS 225t=0|, frameF 22 EH oF 13mwWe| OHX|E 22%tE 0|F ?8f 2 ==0A
£ bidirectional light gated recurrent Unit (BLIGRU), Fast Fourier Transform (FFT)2 AME3%t filter
bank (FBANK), Viterbi decoding® AH2%F beam search?t Z2 7|#=2 AHESICH BLIGRU2



Recurrent neural network (RNN)S 7|80 2 ot RHOIG|, forward?t backward pathO|Al AtEst=
weightE S/t HA2 &8 MM parameter| 7f+=E HEI2E ZF 0|1 scaling factor pruning
(SFP), multi-bit clustering (MBC), linear quantization (LQ)2t Z2 7|# = ALEd] Y=E|QUACE o
=22 7|& JSSCLI ISSCCOA HM|CtEl speech-to-text accelerator?t HlmE [ 2 normalized
energy per frameO|L} PERZ2 EO&FECt= FOAM ZEZ ZtX2 AUX|TH Z[Cf 100MHZzOA 5ioj
SAESIR| RoCHe ™O|LE I FHO0| 1.25MHz0IAM ERUCHE ©S Zoter I 28nmel X4 &
Hol= E45tn 7|E 65nm 32 A8 HE _'f Hws5to 2= Z™E0| tEE optimized
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15-3 & =20 &= 6Gbps data rateE Z= PAM-3 transceiverO CH?t offset compensation 7|
M QFSHEL. Pulse Amplitude modulation (PAM)O|2F SAOA CHEZS 2AEA|F|7] T YHE

EH
(=]
& SILIE, digital signal& amplitude?t CFE analog signal2 encoding St= @alE oL

mjo

Transmitter= PAM-3 QIRAL ZEHEZ off-chip channel2@ Sl &1 receivere signal2
differential 222 B#H2t5E F| single-to-differential amplifier (S2D)2} decision feedback equalizer
(DFE)E ArE3I0 equalizeBtCt, =20 A X Qtst= 24l OFO|C|0f& offset compensation block?!
Ol, Ol= offset sensing 2|Z2} reference generator2 &=Ll Offset sensing 2IE2& fault
patterne ZX|5t0| offset®] amountE ZOFLHL O|Zi0| AtEZtE UH7HX| S2D S DFEO| CHet
reference generatorE controldl|l reference voltageg ZXHEdt= G2 oHCh A transceiver?)
areat= 0.1mm?20|1l 1,15V 8! 1.18V voltageOllA ZrZt 6.45Gbps 2 6Gbps2| data rate2 S=AfoHCt
Hetsts 71Hol He2 Rx eye diagramit FHE bit error rate (BER)E &l 20{F=0, 3712
chipOil A Z’d35t= worst-case eye-openingg 38%7tA| J|MSIR D 22 supply level| A voltage

variationdf Lo Zolets EOECt= FHOM 1 Qol§ #AE + ULt



#15-4 2 =20|A= 3D-stack memory2| T2 2Tt synchronous transceiver topologyOll Al At
85t 7|& Manchester encodingd| Al Z’d3l= limited data-rateE Si{Z23t7| ?/8ll encoding €1
O| inductive biasE 0|83 HIO|HE T&EY += U= receiver 2 ZE HQHDICE 7|E HAM=
encodmgoi 218l data-rateZ} 8.5GbpsZ M BHE|AX|TH H Q= 2= 47| 2N RE

HAE UX|S7] 8l CH7| A|ZtO] Z2 SR latch@t BHA clock hysteresis comparatorgE A&t
= WAE %OH 12.8Gbps2| data-rateE EESCl. O] M no-signalg2 &XISH| 2?8 clock
comparator= 2|EX 2 Z imbalanceStH TIECE O[O AZE bitd Mh2f clock hysteresis
comparator= no-signalO|L}t positive, EE& negative pulseS ZX|Z == QUCL DDROJAQF 20| F/2
9| clock frequencyOflA Zt&E38H7] 28 27H2| clock hysteresis comparator?t HEZ At E|=0,

Z} comparator?| O|™ ZHE no-signal2 ZXAISH7| fIsH ME CHE comparator® feedbackk|=

rn

TEE 0|21 ULCL X SHE encoding-less wireless communication scheme2 bitE O|HX| A2
7t 05pJE, 7|F Manchester encoding®| H|sH 36% ZASHRALCE O|= data-ratelt energy
efficiency, 10 area efficiency?t €2 X|ESES 22 U} 7| wired and wireless integration 24|
of s FS3 E2 d52 EOFX|T, O|F 7257 {84 chip fabrication O|F testE &3l

receiver circuit2 calibrated{OF otCH= SHAE O] EXH LY

[11Y. -C. Chuang et al,, "An arbitrarily reconfigurable extreme learning machine inference engine for
robust ECG anomaly detection,” in IEEE OJCAS, vol. 2, pp. 196-209, Jan 2021.
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