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(O3 2] #6-10| A HFA[Bt split PDE AHE S, chopping operationg AE%H pixel structure
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Afts2 MY 2271 AL, S8 MY =7 BHX[ALE, weight @227}
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F1, exposure time=2 weight2 programmabledtH ZHESICtH Conv layer?| fractional
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Multispectral Sensor with Embedded 2-Layer CNN Model
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4 Key Features of Proposed Vision Sensor

(1)Multispectral Sensor 3 High-resolution Weights @ Analog FC Layer

(R,G,B) e Programmable ¢ Area-/Energy-Efficient
¢ Enabling color based e Fractional Conv weights @ Reducing the
classification tasks (-8 to 8, 0.1 resolution) computational burden

2)nMOS-only PWM Pixel ® 5b FC weights
¢ Improved fill factor ® Enabling RGB compensation

[2& 3] M2 multispectral vision sensor®| 7xE2F T2 W&
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Session 27 Sensing and Ranging Technologies

O[tH 2025 VLSI2| Session 272 sensing and ranging technologies@t ZHE & 4HO| =
20| HHEL|YOH, O|F =20|A& SPAD 7|Ht O|O|X| MA, LIDARE 2[$t SPAD direct
ToF MM, O2|10 x4 &AM 7|8 22 MM S Chst M 7|&0] A0 [RACH
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[Z12 9] Weighted photon counting (WPC) operation principle
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[3 10] Pixel circuit diagram and conceptual view of consecutive event detector
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[Z18 11] Equivalent time sampling circuit diagram using multi-phase clocks
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[Z18 12] Operation waveform during photon detection in two different usages
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[C13 13] Depth extraction from echo histograms and timestamps

2 2-Die Stacked T+Z(&Tt BSI SPAD 0120, tEF Mz X2 IQ)Z2 KM E AL, SPAD
M2 10 pm HX| 105x1572 HiEE2 FEECL F8 WIAZEE 520018 S =%
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Session 20 Acoustic Sensors

O 2025 VLSIS| Session 200 A= acoustic sensors2t= FHZ & 5HO| =20| LHL]
ALt O] & #20-12 shunt-resistor-based current sensing0 Ze+ LHE0|H, #20-2=2
internal acoustic activity detectionOf 2tot L{&O|Ct ORX|ZQ 2 #20-32 AOHE 3(o|4

2tAH 0| M2l automatic speaker trackingS CHZC}.

#20-1 High-linearity shunt-resistor-based current sensing2 AI|7{9| H|O|AHE 23|
7| 2l AFEEICE CFEE shunt resistorl] 2E ME0 on-chipftlE2& MAE7F K| 7|
1, J2fM off-chip M&0|Lt E+= &8 NS AW H|& 207t HZICt E Class-D2
PWM AQ[HO0| MY SE[X|2t =S FLUSIEE 0] FA| siZs{jof oiCt 2 =22
shunt resistor? £5t MFE MY E HS5I1, O|F Floating Gm (FGm)2E CHA| M F
2 HFE F, current buffer® AN TIAZ ELUf 25 =3 MYS QtE= LXE X Qtstict,
Shunt resistore diffusion X2  FAHStD, depletion BIME  FO0|7] LI
complementary body connectionS #Ct. =3t shuntQ| self-heating@Z FGm LHE X3t
o] 2=-4Y ojEo| E0Xl= ZM0| thslH, FGm M-S 02 sub-unitE 24t HiX]|
sf & ojES TUCL ZF Z1f, HD3E 2 A@1 kHzOIA 20 dB ZAZL, DR 89.1
dB(A-weighted)E E-d3}Ct THD+N2 %1 —87.2 dB/HX| 7HME|YD, 7|E CiH| 1
kHz®t 6 kHzO Al Z}Z; 17.1 dB/28.2 dB [ RRULE. PWM SSEE A= 144V 20
M E|C) 2 MHzIEX| 748l 7|& 125 kHz CHH| 16H] SR E|JAD, A7 Hel= 26 AE X

gt
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Proposed In-Line Current Sensor
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Output Stage Jv l l

High-Linearity Thermal Compensation

[2& 2] #20-10 A HMAISH A A|AH

#20-2 Multi-modal AIZ7t microphone Yoz Zt&dEtn QICE 0| M7| LM+
always-on acoustic activity detection (AAD)7} ZAEEZ St=0l, ol X[&£EQl M3 AR
ot Q2 clock 2|EO0| ZXICt 2 =& voltage-boosting dynamic analog front end (VB-
DAFE)E A3 ASE boostingdtd gaing ZZIA2{HESIAH DTHECE VB-DAFEE
reservoir capacitor®} load capacitor®| H|(CB/CL)YE ZH3H voltage gaing AL} O
E32 zoom-ADCE S0{7tH, 150 A= CDAC7t coarse HES $HstD, H2 M2
25| noise-shaping SAR ADC(NS-SAR)7t XMz2|sli A AAD THCHO| Z Q8 multi-bit G| O|
£ DHELCE XM otet AAD 12|52 g3 Mz LO0|=.7H49| time-domain A E 0|8
Sl detection thresholdE Ats ZHYCEM false triggerE ZQICH FE 21t 1.8 VO A
131 dBSPL AOP(THD+N 10%, 1 kHz), 66.3 dB-A SNR, 103.3 dB DRE Fd3 1, self-clocked
AADZ 2% clock 10| standby 105.7 pyA(@128 kHz W5 clock)E F+HHIMCE



Sonic Input :‘"'é\}'o}{f-br"&'o'ﬁ""._.so Supply Controlled
—p Microphone by ED Signal
. (Always-ON) (Wake-up Mode

.................
.........................................

O—L,_)—C_) (SCLK mr) .
*Scaling Clk 0 <
DAFE PV ; u 'éa
- ADour g R
' Chpgt T
Event-Driven
\— \\_ : =)
Solutions: @ ED Zoom ADC
@ VB-DAFE 2-stage architecture —» HV to LV Condiion
Voltage Boosting Multi-bit SAR ——p | Free of Dacimation Filter
—>»  High AOP - P |
Dynamic Operalion gr:An;c Operation—> ower Scaling
e On-chip LK ——  Free of Exiernal CLK
Adustable Gain
— Hiah DR Statsical Akorithm —»  Interference Resilinet

[22 2] #20-201 A R A|SH ®A| A|AE

£ HM™A3t= automatic speaker trackingOfl 2ot ZdO|C} 7|E2| power detector (PD)—

#20-3 =22 smart meeting roomi|A] ESt= ALEC| FA2[E FHSIL interferences
O

based direction of arrival (DoA)Lt AFE gain control2 =0|Z=&} disruptor voiced| F s

Ct 2 =82 speaker verification (SV)2F CNNS Z&st0] disruptor-voice noise 0|

T & JtssteE ULt Ol delay-and-sum (DAS) BIZO{7} X{EE2| delayE HE-

SHitsl isolated voiceE M43I=0|, high-bit-width DFF CH4l capacitorsE AHE3}0]

power?t areaE A ZRLCL ETH SV 2E2 4-lager CNN2ZE time domainOf|A{ 52-

dimensional embedded speech featureE F&5tH, X MM layer= analog-based2 8

x

Sl feature-extraction powerE 1.48x ZRULCt Ot=2 2| SV-score-based optimization Y112
Z0| AFE gaing =&l SNR2 =01, input SNRO| HOIE output SNRS +1.4 dB 7HM3H
Ct. £ Z1t SNR2 2.7 dBOIA 9.1 dBE &R}, system-level powere 52 yWE

ULH EESH 7|FE =20 HDHE I 2&F 500x F2 powerZ2 &5 d62 E/JLCL
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| Beamformer |
:High SNR, speech clipping
[Feature extractor ] | i

} Features

(34) puz-juoiy

—

§| Neural networks I

i Low SNR, noise dominate
Multi-speakers Optimized gain ? ! Challenge 3:

Cha"enge 1: DoA Noise Distraction :: Challenge 2: Only FE or NN :: Fixed AFE Distort speech

-
Switch From Tar.2 E
Tar.1 to Tar.2 O VI i v High fidelity output (ana.)

0 i v DAS in analog (low power)

Femre 2: SC-based scalable Mic.
scalable DAS [{ oA tracking

: ‘ I_L. _I- 1
£

B Ana. Ana.
g b Delay || Sum
=

J

Feature 3: SV Defined AFE gain

[& 3] 7IEQ| tracking systeml| EXF Hotst= 7|=&.

MAE &

2 E80] E2t0|H , ZA Hab / BEX| MA
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O] 2025 VLSIC| Session 310 A= MEMS and Dipslay 2t= FHZ & 5HO| =&0|
HL|QCt O] & #31-12 switched-capacitor MEMS driverg H|QtstR 1, #31-3& Cl|A
2ol ofzfofM S MYSt= 2[Z=O0|H OXTLZ #31-4= C|AE 0| =0|= M
st HX| MME LH o

e

mo ik

9

ALt

#31-1 =22 Piezoelectric Micromachined Ultrasonic Transducer(PMUT)2t Z2 X2t
MEMS2| 8&d £IE 22Nz {+&5t7| et E20|HE X ettt PMUTE 23
Moz ZHIjA|EM(load capacitance)O|2t -8 IPHOA &40 ZLMsHY| £ICt 0|

A=

Z£0[7] flsil MAts 7|& Sh=d(unipolar) series-parallel charge pump(SP-CP)2| $HA
2ok A= (bipolar) SP-CPE E QL 4l OfO|C|0j= 2F AH[O|X|Q| flying
capacitor& FI| LYo HESEH o Hir) 2 REEZ KPS0, 5L AH|

e EHULH:) 282 25 445t TSHE 2l (recycling)etCt. 1 Z1t
o |

O|X] #=0iM A

S =7 L MQ AE 2Tt )2 =0{Lt, o|o| a2t
Ch A3 ZAntoM =
8

0

O
=
(o]

a

=
power reduction factor(PRF)2| &5H0| Atd 4 &= HiZ ZHEEl

SYT
active stage == H|WdtH, X Qtot =4 FZ2= VCRO| f 84%, PRF7} &F 93% S7I3K
Ct =t 22 i+ HY 288 7|222 =W VCR2 9 6%, PRF= & 12% &k
AL FZH ZHOIME O[F-O| UCL 22 AF =5 Ot Wf th=7d CfH] HEto| AH|
O|X|Zte 2 FE VPPO| =2HE £ A0, Q3 flying capacitor =7 21 HAY.&MS

g Z= + UCL



(a) Unipolar Series-Parallel Charge Pump)

Switching Switching Output Output Waveform
Cell 1 CellN Cell (e.g. 2 Stages):
— = - $Vour Switching
CIC L
Vi [ = =4 Vi I | _/
.L —l | ~| 1\/"' 12 3Va s\o[1
] ————d ~dICL S LU | V;,./_,,,,; & PRF < N+1 15 t
N

- N+1 Voltage Steps
- Capacitor refresh once per period

(b) Bipolar Series-Parallel Charge Pump ) Ouitnat Wasfor

Switching Switching Output (e.g. 2 Stages):
Cell 1 CellN Cell Vour
1

"“lC [Ty
T

+ 2N+1 Voltage Steps Voure ¢ oRF < IN+1
+ Capacitor refresh twice per period V
+ Veemax @almost doubles for same number of stages

Switching

14 t

[ 1] #31-10A XIA|$t Bipolar SP-CP2} 7|&9| Unipolar SP-CP

#31-3 =22 C|AE2 0| of2fof &= ambient light sensor(ALS)0|l Ztst Lj-&0|Ct X[l
ADIEEZ Ats 97| ZES I ALSE 2t Ootz{of HiX|BHCE SHX|2F sub-pATILX| &
HolioF sk, B2 A7t Qo Mlo| ={OfF BHCE sub-pA FHE IshA = in-band =O[=

# otL|gt U Fm Y LOo|=k XNz2|siof oot E&2 O|E 8K charge ampll T
2 =O0[X[ZH O] =22 Cj4l LPFE HiX[S] %2 MELZEE LO|=E RIEHLE XE|
UCH S TEW CHO|REo= 2 718 HINAIEZE EXfS) HEE=7F EO{X| D M Al
710l =& = ULt O|E o Z3t7| Il 2-stage ¥ZO| auto-tracking zero EH7|E
HE5, 2Lt S AL FASHA A40{ 55 0|42 R[XIMCL o2t 7=
£l FoM-DR 206.3 dB, DR 146 dB, 0.36 pAPP2| 23l YHRUCL 7|E =21t H|us|

pA-cEel M7 MY BHEIL &1, L0|=read-out AIZHEE @ EHME 2 718 7

1

il
AR 2E0M 7t E2 21t

ru|ru
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ﬁﬁlM/ : f(p.in)=(2aCoRys)”

Cascode |
Input | |Compensation;

Zero-pole Doublet :
N W Vour! f(zero)=(2zC;Ruz)"
-0 H .

CT . : ~f(p,in) :
(@ A T T f(pole)=C,/Cc ﬂzero)'a
L =l 100A 1 2% o S FS SFT
2150 |k ——w01nA | £ 4 -20'C 27C 85¢C
2 Pole.in | poubletl | S
® M |Doublet| | &
@ 100 ‘ | \ = 70
Q 3 %
8 s i == £60 N 4
é " No Zero 5. | . ] < 5 PM>55°

-
{10 100 1K 10K 100K 1M In 10n 1000 1y

(b) Frequency (Hz) In (HZ) (c)
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