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Topic : Analog

Session 3 : Amplifiers and Analog Front-Ends

Session 3 Amplifiers and Analog Front-Ends Ol M= Class-D amplifier, Instrumentation amplifier,
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Session 4 : Analog Techniques

Session 4 Analog Techniques 0= ADC front-end, Frequency generation module, Crystal
oscillator, Class-D amplifier, RC oscillator, Voltage reference S & 6H2| =&0| HEL|Q{Ct A
It FAFSHA Oscillator 22 Amplifier0f] X|SE|X| &1 228t Analog circuit techniques 20l
g = QUA/JUCE O] & Reference-replication 7|2F RC oscillator2t 3nm FinFET 372| Voltage
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#4-5 & =32 University of Electronic Science and Technology of ChinaOf|A| &St =222, &
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Topic : Sensor

Session 6 : Imagers and Displays
ISSCC 20252| Session 6= Imagers and Displays 2t= FHZE &
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10H9| =F0| HHE[J}

E X|

Ct. O] Al
20 o

32 HE

#6-1 tHgdHxL, g2 et " Jtset 35 HE

DHF OfZ=a|#H 0| M hybrid shutter (HS) CMOS
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#6-2 UNIST, 2|8 78824 2|FE 10| pixel XIHE2E threshold (Ny)2 A O1St= background
light (BGL) 8% Nth 7|8t asynchronous 160x90 pixel array Z2{A| LDAR MAME H|QtStSCE
7|Z LIDAR M7} %[0 SNR ZUE ZHE pixelol 2o =2 £=7t Mstzle Adnt a2, A
2HSt= LIDAR M= 2t pixelO| BGL 222 EH NywE 273l time-of-flight (ToF) 42 &S5t
integration time2 &% ZZHSICt Bitwise arithmetic unit2 2 pixel L Ny, AlAH0| 74s3tH, HE
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#6-3 HMICHE®, 76m HEZ|QF 120klx background light (BGL)MA| Zt&S3H=  single-photon
avalanche diode (SPAD) 7|8t flash LIDAR MIME HQtRULCE SHA 7|&2 BGLES HHSHHM =&
AlZt2 R X[SH= multiple-chopping analog counter O|Ct. 7| & analog counter 2 M&d Hgt U
BGL Off o[t saturation &XME dHZSH7| {8 chopped charge-injection 2AIZ KQHHCE O]
A2 one discharge path & AM83t0] @38t counting step 2 M33t1 gain mismatch EXE
HAMCE HMtste s|2& 110nm BSICIS 322 M AU 2, multiple-chopping 7|28 Sl
counter saturation issue & S{ZASI 120kix 2| BGL 2| Z=SH| =[O 76m H2|0AM 6.4cm 2

depth precision, 33%2| fill factor & E&UCt



SPAD with Anaiog Front End Chopped Analog Counter
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#6-7 SHACHEtW, AR/VR 7|7|-8 OLED-on-Silicon (OLEDoS) displayS 9|$+ 10bit source driver IC
2, §HY 17U n&7A=o| EMS ZEE=C} All-channel automatic offset calibration (ACAOC)S

a9 2= AMPO| offset TS SAI0| 243510 xf 22t 2L E SHAIZ2D, data-difference-
dependent dynamic current source (D3DCS)& &3l CH7|HF 57t 20| slew-rateE L&A T
S5 E THAIZICE £3F 1:3 demultiplexer (DEMUX) 7+ % low-voltage (LV) DAC7|&S HE
5o 3|2 HAZ ZAAAZCH Xotshs 22E 65nm CMOS 3™OE HZE|UCH, channelD
2,273um>22| B, 1.9mVe| deviation of voltage outputs (DVO), 0.69us2| settling time=2 A 3MCH

Proposed SD-IC architecture with 1:3 DEMUX Architecture of proposed SD-IC

SYNC Traditional SD-IC
[ Sourdedriver (2000CH) |  Operation of 1:3 DEMUX [ g.g Shiftregister |\ 33V _ : ernrRD
¥ ¥ ¥ r Sampling latch| ; o 3av 34Vr3.4v
5 [Pxell T T T 4 2 Tory=0.69ys LOAD, 'Holding latch |\ | 2 MBS
el SRy i [ 18 e = = >
=3 OLEDoS display panel; pt- Vo} ! | 7] = ]
o8|, q* 4K x 4K F+ 53 G R0 8 B
©— 0~ - >
o - = - H H ]
I ) e 3 I ) “| & 21 i ’ @HV MOSFET->large area ELVSS
I Sourge driver (2000CH) | 3 G‘: ; Im 33y Proposed SD-IC
............................................... sv | € | 2T BRI
The architecture of SD-IC with DEMUX 5 iy, ( E z =
16pum----»> Wide width - —t i > L7 =
i i | 1-H time [Sub] 5ub | Subl 2.1V (DNW) o

Source driver (1CH)

; 7 ® Short driving time © LV MOSFET _
[ EolE e CH) Vo | - fast SD-IC is needed. ->small area oV

! Y L_—— oo ___FLUSY
EMUX [ 1:3DEMUX | Implementation of proposed SD-IC
Vs} | VRern_cau
Vo> — POL
o] Cbraion [ HEAL ex

-
w
o

Vr<31:0>

OLEDoS panel 4.00pm

Dn+1<9:8>
Dn<9:8> —XIDUTY
Dn<1:0>
i N
| 1:3 DEMUX | 1:3 DEMUX | H 53 Ve
| 1kSo driver (1CH) i | B |25 : ALeTry 5 Vo
urce driver : }
- . |R-strnng|‘®_’“:‘ 8b LVDAC :IV'F S+ 5 Vs
( Source driver (1CH) | (_,[ I
L

VReFL DA
ENC
B

© Small area (1 CH for 3 columns->1/3 area reduction) 4

© Layout possibility (wide channel width: 1.3um->16pm)

(O8] #6.7 ==0A X CtSt= SD-ICO| T+,

#6-8 1Z{CHSt, AMOLED C|AE2{0|8 external compensation circuit®Z, I'd pixel Z|Z2|
o2 Hyste EXS ZELE Noise-reduction dual current conveyor (NDCCO)E At
A % =]

X U2 HAM, OLED pixelof| ALEE low-temperature

errorg Al
83}0] display panel noiseZ5E ZHd
polycrystalline silicon (LTPS) thin-film transistor (TFT)2| non-uniformityE ZX|2Ct &3] mismatch
of TIZD integrator® ERE StX| %+ dual slope error detector (DSED)E &34l pixel errorg #
X|BtCE EEBE compensation channel multiplexer (CCM)E S6H 5tLtC| compensator?t 092{ source
driver channel2 A& == UA ot 2|2 HAD MBAHE IA FRJACE 250nm 2.5V/5V 378
OZ HMEEI/RS, channeld 4442.8um22| HA Db 133uwWe| MHAHIE MY SM, 300kHZ0 A

Z|ICH 630nApp2l panel noise toleranceE =4 3YLCt.



Overall System Architecture Proposed Dual Slope Pixel Compensator

E— Dono<° 7> Noise Reduction Dual Slope
. Ogro - m Ss;E<'8> Vs Dual Current O rror Detantor
£ B Cng Conveyor Spu
AR . lox = T BIRES. —
DATA[ Drev Dsion] [Dere || | <0> 7 'r;v 16l.sg o Logic |
~ N NOI C) sRsT Spu..
1 & Pixel :Sn<0 o
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R Dz S5<0> b sl
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iHH += HH - e H iH —— PULL] ~ VRer
r ' <> jec .. I e aBit oo
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4 : vSEN '"V.E" L8 81 CNT_laDgen
)E( E .. E 5\ % |p|x System Timing Diagram
L ey bt Compensation —Ors1(0.4)  Dwi(0.3) Dres(0.3)
Lvss ¥| vssd | ss<4> Och. Multiplexer ; ETR T
Inoise GENeration Sensing Method Comparison
Active Pixel leix Direct Integration © Current Conveyor Sensing
= lyer + Inoi Output
I il Stage
Rey 73> ~lewx,
Yy [Preol] Ly
- VN0|§ Inor Cel R 7% Om l-'pnx
Inactive Pixel Plxel . Om
P Bandwidth =&~
R,lP“ Slew Rate @(*), () Polarity
— > Dependent on Amp = Inoi Reduction
i‘” =0¢y /01 => Slow Settling © High Royr & Low Offset & Accurate Sensing
s © Inoi Reduction X © High Slew & BW  Fast Settling

[1&] #6.8 =20 A X 2tSH= pixel compensator o] = 3 SZH

#6-9 D2{Clistw, C|AZ2 0|8 10bit source driver ICZ, delta-sigma pulse width modulation (SD-
PWM)E &&% low-voltage digital interpolationg &3 HAE AA ZAAZ EHEZ #=Ch
4bit low-voltage pulse width modulator@} second-order RC low-pass filter T2 SD-PWM
interpolation DAC2} MSB switching binary-tree overlap switch merging (BOSM) 7|=Z 6bit
resistor-string DACQ| transistor =& 80.7% ZAA[ZICE 65nm CMOS 3E2E NEE(YUSn, %
CH DNL 0.42LSB, Z[CH INL 1.44LSB, static current 1.5pA, channel & 1884pm22| HANZ =HEMUCEH

Proposed Source Driver IC with LV SD-PWM Interpolation DAC
\'/ MSB D<9:4> High Slew Rate Buffer
R—:E:” ‘ w/o Miller Cap. @ Viesn
d Compact Size © 2 order LPF -
H Q IL _'_
o T g Mux :
i = Vi AV<iLSB -
....... = V Far :
I 8 Pixel v :
18 -DJWV—I -‘vw]* il
; o
. ——— [ . :
: < Near ;
R R M T pivel +
4b Pulse Width Compact Size —-—
—— LSBD<3:0>=»] Modulator @) (LV Transistor) A\sgng :
VRrerL JuL @ Highly Linear Effect V-R'?FL

=

(12 #6.9 =20)|A X OtSl= 10bit SD-ICS| +X U ZZHLIZ|.



0 daachstm, XHEAE HX|AT2 MME I8t electromagnetic interference (EMI) ZHA
7|28 X873t touch analog front-end (AFE) integrated circuitS M CHZHCE AHSAHE HA[AFZ Al
Me EMIE 2E5t0] Xt U o2 A 230 S¢S £ = A=, of EME sHZsH7| I8l
sine? waveform shaping 7|2, sine-chirp spread spectrum (SCSS) clocking, 2|11 pipelined dual-
frequency modulation (DFM) #AlS = ZMCtH 80nm CMOS 322 X ZHE| 2, CISPR 25 Class
5 14S EFSHHUME &2 SNREITH 49.6dB)3t frame rate(200H2)E M} 20, 105mwe| X

HAH|2F 221mm22| HA S YL

Touch AFE IC
Receiver (RX)
Touch-Screen Panel DQCC[N-1]
TSP CLK
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OR N Quad.
L] ; LI Current Dour
. c Conveyor
F1 » O
DQCCIN] C"
— Digital —
DQCC [N+1] Pipelined DFM Demodulator Back-End
P scss
\ MM Sine-Wavefo, S catan
ine-Waveform . ld elaxation Dlgllal
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Session 27 : Sensor Interfaces
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Session 28 : Capacitive Sensor Readout
ISSCC 20252| Session 282 capacitive sensor readout 2= FHZ & 4HO| =20| LEE|QUCE
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#28-4 Tsinghua University Differential RC front-end2t phase-domain-delta-sigma modulator
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Session 7 : Ultra-High-Speed Wireline
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X .
D NG - 1 w 03 02 .01 0 0.1 02 03
o VnH<n_>Da0 e é S 30410 U] | = pu Adapt. Phase (Ul)
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(106.25Gb/s) | _& V. CK Gen. | 3 | skew o
PAM4  LESD 6 £12 | ca. S
Visiion Vietabezss (=Y o Bt e 34.6dB loss
Vinspis VGA Viottbezr ¥ | offset §
D AV X6~y 4 | cau 8
VimapNo<2> > 9 ..... = -
L0 LT | B K BER = 1E-12
ais? -f* Bl ] g
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CK, o N [Rankz | T T l l =
(13.28GHz) A CKGen.| ¢ CKoig o BER = 1E-6
|Des"e‘”| | | 2214GHz) | {1
Picode | © % 10° 108 107 10°
§ 8 Jitter Frequency (Hz)

(©)
[22 3] (a) 224Gb/s PAM-4 =417 52t 3 ZHZL (b

SE )
Z1}, (c) 106.25Gb/s PAM-4 =417| S8t 8l =3 Z1t
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Topic : Wireline (2)

Session 22 : Memory Interface

O] ISSCC 20259| Session 22 Memory Interface®| FHZ & 5HO| =20 YHHEL|QUCH ZF
om0 HHE =222 22-2 =22 HBMO|A 2| Quadrature Clock Distributiong ¢let 0]
O, LIHX| 4742 =22 =5 Single-Ended Multi-Level SignalingS 9|$+ CHFst OFO|C|O{E |t
SHRALE

#22-1 SNU, 2 =82 Chipletd} Short-Reach Memory InterfaceE ?/8t Clock-Referenced PAM-3

(CR-PAM3) TranceiverE X|QtSHRILE Single-Ended SignalingO| 7HX|= Voltage Reference (Vref)

Offsetd} TX/RX 7+2| VDD2} Vref O|= M&0| Uncorrelatekl= 2HME 8iZASt7| ?5t0] Clock

MZE RXQ| Vref2 &85 WY S MOtSHRACt 0|2 &7 Far-End Crosstalk (FEXT) Cancellation

7| EBH MQtSHRICE Ol &3l Supply NoiseZt e SHEOME 42 Gb/s/pin ZE0|A 1072 O]
CF A o

ote| BER ds= FdF = UMM, 0275 p)/bit2| KUK 285 HESIRULCE

o=

4

oy Operation of Clock-referenced PAM3  pyr —ooooovoveoe :

(Data + TX noise) - (Data + TX noise) -

Data i L\ M B CLKp P (CL1Kp'+ 71'X ?oise) (CL1K,,'+ @ rlwise)
CLKp ) \I refp | el Data _l._l —_
CLKy : s CLK,, A P R

““Vrefn

#22-3 SK Hynix, & ==& Hybrid DFEZt H& & GDDR7 PAM3 ReceiverE M 5Lt GDDR72
PAM3 24 M Eut e OOl FEXHEl F7t= ISIE MASH7| /et DFEZF RXO| EQ3iCt
O| I Direct DFE= Feedback Time2| O|fx7} A2M, Loop-Unrolled DFE= It % ©H F7t9

O|7#7} UL O|F sABH?| 28t0| Short Transition0l= Direct DFEE &85}, Long TransitionO||



= Loop-Unrolled DFE & -&3}= Hybrid DFE HAlS
At
M

[ ]

2 Gb/s/pin2| HIO|H 4lds2 ZMSHACEL

1=
8t 20 HI8H 20%2| Feedback TimeO| ZAL|YSO, -5 dB £&4°
4 T L-_—oo=

Data High

DQ IN g=%
Small transition Large transition
(4 cases) (2 cases)
: Direct Feedback : Loop-unrolled

00 — 01 01 -1
11— 01 01— 00

MUX D

00 — 11 11— 00

[ 2] Hybrid-DFE PAM3 Receiver®| 2ZCto|0{a1t SE g

#22-5 Korea University, & =20|A{= Receiver DFEC| Feedback Time % ItI/HE =Xt

Current Integrator®] Common-Mode Degradation &X S& sjZ&d&
S

Equalizer (CFE)E X|QtStRALE. Current IntegratorOfl Capacitorg 2%

N
‘]_
V2O 2M Delay-less EqualizerE T+35tHA Common-Mode M ot

(i —

ot 4= Q= Capacitive Feedback

Ul o|Fe| HolHE ¢l
& SEAZC. 0|E Sdf
0.3 pJ/bite| O|HX| 22E 32 Gb/s PAM4 HIO|HO| =4lds5E EHESHRALCL

T ooz 2o
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I

. e A
T Sl s | s wa g K
9% cm— G S S— Y cke [X A A
7 w7
Vo,180 \\\

[1& 3] MOStE Capacitive Feedback Equalizer?| 52t €2
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Session 36 : Ultra-High-Speed D2D and High-Performance Optical Tranceivers
O ISSCC 20252 Session 360|M= & 9HEol ==0| ZHEU2H O &

=) I — S 3r|"_=|9 Die-to-Die
(D2D) Interface =&t 62| Optical Interface =222 TIEIRACE 0| T D2D Interfaces 2H

O] UCle Advanced Package Link7} 27420, 1H2 Edge DensityE =2|7| ?I8t Simultaneous

Bidirectional Signaling 7|&0] M&8& =&0| ZHE|ACL 3 ZF Edge DensityE =0l= A0

AMO| GDDR7 {4 A0

X QtSHRICt O|E & 25 Direct DFETHS
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XFO| YFON YSS ¥ & ULk

mo

#36-1 TSMC, 36-3 Cadence O ISSCCH A& 2712| UCle Advanced Package Link =&0| A&
ALt TSMCL| &% Dynamic Clock Gatinge X830 M3 ARE ZAA7|HM ZE HA AIH
olA2] Voltage Droop =HME sHZ5t7| ?Igt o2 eSS HASIALC Ol S8l 64 LanedfAf
32 Gb/s/pin8| 82 FESIF M, ESH 45 um2| Bump Pitch®|A 10.5 Tb/s/mm2| Edge Density
ol 452 YMSIRULEL Cadence®| ZP CoWoS Packagings EE3IYU20 0|2 S 16 Gb/s/pin

t 45 umQ| Bump PitchOlA] 5.27 Tb/s/mm2| Edge Density2| ds2 E-d3stIiLt.

0x

o =
AL —
ol M& Hs

=l

3. After Pl-Training & ¢ v
oaras (CUBD o mmemamsern DATA# ()
weOTS) T | § TRK@TS) __|_1
CKP(CTS) _m CKP(CTS) ,_]m_]
[a Runfime VT-drift + Caiibrafion ]
DATA# m DATA# -
weots) § L ¢ kot fia— ¢
ckeets) _fa. L1 ckecrs) _BTD_U

0

Ex: DDR mode

[Z12 4] UCle System Overview?t RX Deskew Calibration &2t

#36-2 Peking University, = =22 D2D Interface®| Edge DensityE ZEA|I7|7| 2t
Simultaneous Bidirectional (SBD) SignalingS X-&dtRICE x{E7h T X7t 22 D2D Interface 2t

OlM SBDE X&3dt7| QIsME Bi-Directional Coupling, NEXT, FEXT, 2|1 Echo §2| O]
E0F= A0l ZAsH &2 =f0Ms oF ot HEE  HMtSHICh  FEXTO

Capacitive/Inductive Coupling?| 20| St F XEd= C|XIQISHY LOo|=2o| Fd&d2 %A}
O, NEXT, Echo % Bi-Directional Coupling2 Dynamic Voltage ThresholdE At&%t GOl
S XS0 EME SHZSIRACL Ol S 64 Gb/s/wire?| HOIH & ds2 HHSHA

10.5 Tb/s/mm?2| Edge Density SE4S ALt

|M it

ot oY
2oy 32 4o mp o

L
0 bz

Rout 0 0 o0/1\0
+
Lout / \
Bi-dir Decoupling +
Echo & NEXT Cancellation fm e s
LNEXT+ LNext _I_\_\_,_

—{ OR>— TRV | — "

(—
Lout s Rout Lin _/_\—\j\‘\_\‘

—]D- l D-VTH}— & X
Lvi Lin o gl 17, Y[R ] Ve e s

—_-F j:_ Sampling z g E r z
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Topic : Power (1)

Session 9 : Ubiquitous Power Delivery

Session 90ME= 28 T, Y MH I ot &

WY, £82E SEE St CHYS

7|&0|

OtO
rlo
(@)
v/
A
T
Tot
N

BEACE F2 F
Al 7
—

£ H LY
8 S=147], sto|E2|= J#HEt|of et Aot

Previous Works
0 1S5CC 2024 [14]
Va2V LLCL Vo ! c=45-60V Vo
Lamwas | N ! o [ e[| 2
)
Coec = 180uF o !l ""I e I‘o
DC-DC I ' |_ =
Decoupling Comarter H Decoupling  DC-DC Converter
' mpedance
'

X Constant clamp current waste
X Low power density

[ Low VCR and efficiency

[ Alarge decoupling capacitor

[7] Reduced clamp current waste

[ Two more HV caps
[ Low VCR and efficiency

Semi-Active .
Roctifier ) Only one energy flow path toVo | Semi-Active Rectifier [5X) Only one energy flow path to Ve

” Cirrent Adjustment .
Pro osed Sigma-Floating-SC AC-DC Converter
- sc P s ¢ T Output Power
473 = =g Diode ] E :
v..& vn> -~ H v : M ||| ! Paec = 4fCxvace
: =1 (V2Vune-Vacd)
28 lr”vmelln( 4 T o | For 110V @60Hz,
L I e
Vi S ! Vaec <77.8V
| B increased Po &
©2: Cyge Charging H Power Density
...........
1Three Energy Paths |l | S1.5 w <| =
van-p Adjustment in 1 Y
—v VagesV, Semi-Active | um«m !Io(k i Ix s3
A Vo | g 4 s 82
v.iL i Loss Reduction | Vace Voltage Adjustment \cn) Siema 155 < I
1 tght Load: | Normal Load: /) Modutated Vyge  [Foating), > ES
b. R v,, Pacch | Vacc switches b/w Vyand Vo s irect 3
Vot o b DAMatched Puct®o | Volalf Ser <| &
' ec = Vo ~ |
tiote 4 ’ 10ss 4 ) No Current Waste ! I~Z stare Flotiog s¢
@1: High-Charge 92 : Low-( Chirlt' ['/] Reduced Low Power Loss I Prec= p‘" 0~ Precy rrent Stress

[3 1] (&b <#9.1> Sigma-floating-SC AC-DC #2t7|, (¥) <#9.4> Ripple cancellation SPT

#9-1 University of MacauOllAl 10T2} smart home device 8 11&& AC-DC converterg A7iZULCE

Sigma-floating-SC AC-DC Bi2t7|E X2+t direct charging pathE F7H3HCt O|& &3l current

freewheelinge 2t3}35}0] 8%2| B8 TA&S AQUCE 82 ~ 230 VAC HMUS 23 B0} 33 ~46V
1.52

DC HYS =Lt 2o =3 T2 Wo|t{ X[t 282 81.3% O|Ch

#9-4 University of Science and Technology of China®ilA{£ 5G NR power amplifierE ?/8t symbol-
power-tracing (SPT) supply modulatorg &Lt Ripple cancellation 7|#& &-&83t0| secondary
convertert main converter?| CIEH HF Z|E2 M2St=E HAEQCH O|2 Qs 2= FHIj
AHE 220 nF, 28 MY 2|ES 12 mVE MASHIA 20, 102 ns/V2| up transition X 180 ns/V2

down transitionS =M3UCE

#9-5 MZTSt WO A Sub-1V analog LDO 7|=2 YHIYCL Rail-to-rail pseudo impedance buffer
?} load-independent Gm-boosting cell& A Qt510] H2 2EE e 0 A ~12 A), H2 " He
(0.7 V ~ 1.4 V), dropout #H2| (0.05V ~ 0.2 V)O|A phase marging ZEI}Ct £S5t HFI HEF



mplex impedan
zero plane
150 | . sw=0
100 | 6 < @ lep=0
L S 4 into 4%
E of & 52 partsg
> s \ = 0 -
100 | Zero plan ]
100
Img, s0” w0 ‘my, 50 w0 _ Re{z}
'9 ¢ 20 9 20 Corresponding
<"’0}} ’ “Rﬁ (Z.q(m) Q"’Q)) ¢ Re (Lq((m Transient Waveform
et [Proposed Pseudo Impedance Buffer Concept | 5
i o 7 : ; HS L i
Covo 2w This Work - /B8 wE Class-E TX with RIM Technique and IPC Controller S s & Current S e
€ = Passive H Vsw>0 V>0
] @D | o = Ier>0 lcp<0
et g g RIM <1

Loop Gl
:
e
Loop Ganidl)

glares
y N . i
H - — H RC Loss & Current Spike
\ \ +* I Z,=jwhptj Zl+‘ IIC g O
| g = Z.=Conv(R,) ZTIWLa*iWZun*iWiCu Vo
o 6 I 0 o Tt of 4 FENR &l 2 =R {after compensation} el
- 5| o 5 an 1| N o e
‘z w,\\ % - N““ g ws K‘:, ©)IPC controller compensate part Z, into R
V\m 3 4 cand () RIM network convert R, onto high efficiency trajectory
- ( G:’r: Sage ) [p.m.:;.amh,,,,] ) Full complex impedance range avoid HS and RC loss

[& 2] (&} <#9.5> Sub-1V analog LDO, () <#9.7> Class-E transmitter

#9-7 Xi'an JiaoTong UniversityOilA{ £M F3 &=42 22t Class-E transmitterE 270 RUTH
Adaptive real-part impedance-matching (RIM) 7|&1} imaginary-part phase compensation (IPC) 7|
== M5 291d &42 20|12, 29/ EO|ZE ZHSSIACL 3w~29We| 2E HR|0M

88% ~ 942%°| =2 22 EISIALE

#9-9 University of MacauO|A S 0|E 2E&2E& power transmission cableg ?|2t bi-directional
dual-path boost-48 V-buck hybrid converterE ZWHEIUCH T2 SAL0N S, ©H =AE0M
AYSHA transmission cableOf| Al Zdst= M3 =42 HUIUCE O|F Sl transmission cable?|
FHE =0|1, 96.7% (165 W2 =2 2ES FHSIRULE Cable?| 7|d QAHEH HES MALES

ULt

%

Power Supply System for Humanoid Robot Weight Reduction Effect Using HV Transmission
10

w Cable 1: 24AWG
Cable 2: 28AWG 10

TEN Frr i
e - - S ==
{57 E’m" +39uH 955m0

Goilcraft XAL 5030

Battery Thick & Long  Loads Ly 22245H 202m0
Heavy Wires P i e
we 4 50% Weight Reduced BT~ = " P
= l i @ almost the same efficiency Frequency[Hz]
F i « Thick and long heavy wires causes T issit T issi T issi
d : higher power consumption of robots. Case Method Cable Efficiency*
s \F  Large IR conduction loss causes lower 1| HV Transmission Cable 2 92.3%
"& power transmission efficiency. 2 $0"V9f{"0{13‘ Cable 1 91.0%
* ransmission
*Calculate @ 18V 24

Conventional System with Buck-Boost on Load Side Proposed High Voltage (HV) Power Transmission Solution

N N ¢ 0.32P,
Vi 05 P Inductor Veai Cable 2 28AWG
A | %
Boost Buck Load
J_ Bucké
Cable 1: 24AWG Load
Tl e Boost L Cable Inductor E
VA ——— T 0.8V
v High Voltage Drop
Vesr_ pigh Cable Current Vasr
Varop
> Distance
>

Viarsmiston
Low Voltage Drop
Low Cable Current

Vear

Distance

« Thin wire: light weight & high resistance

o Thick wire: heavy weight & low resistance « Low transmission loss for robot actions
« High transmission loss for robot actions « Longer recharging cycle
¢ Bulky inductor(s) o Reuse parasitic inductor

[O3 3] <#9.9> ML O|E 2&2Z bidirectional hybrid B2t7|



Session 31 : Energy Harvesting and loT Power
Session 31 OfM= OfHX] StH|AE Sl 1oT 7|72 HEH H2[(PMIOE fIT 4 HO =&0]

HEIDQUCE E3| &8 AN HUIIE ZHR = 3 HO| Piezoelectric HLHX| SHH|AE 7|1t

TI- AL
1 O] mm-scale loT PMIC 7|&0| A4 QL
Power delivery modes Proposed HV energy storage and reconfigurable HV CSCR SC converter
7&‘ g ‘ Piezoelectric —
H $ Transducer  § Combine s f 13 Cells Step 1Steg
Klﬁc\fnel,g'y \3 Electromagnetic ; Scnsors ! b
T5> e Transducer Hybrid Kinetc iy harvesting Vo2

[ High fiip efficiency Extra off.chip Inductor

Piezoelectric cnugy harvesting [7] Electromagnehc I iE] [ Regulated output

| ] | Reconfigurable
Step up/down
CSCRSC

hat
v Efficient HV energy storage scheme

Vo Require large Ve

' rog
FE Harvester Ol DAV No reguisted output ] B Cscadeloss

Proposed hybrid coil-sharing energy harvestin H brld kinetic energy harvester _—
 [Proe bbbl bl bl . . Voes /\‘«\ + Extract most of stored energy with large AV: Time
t Comparison with SOTA

Piezoelectric \ /
N\

[1 transducer A226ME15 (Comsns224F)

]

8

g

Stored Energy (1)

%) X

Energy Harvesting

7 4 6 ¢
- CSCRSC e % B 0007081 04 110 100 106010000
"L | Conventonaisc PR
% ‘ parp Energy
Proposed HV storage + CSCR 1960 0°2°
v

Extracted Energy
EEE " ol Storage Energy

[TCAS l
@ ComeT5m

[ Noextraoffchip [ Can harvest @ small Veuth, %% ctive-
Inducior [ Nocascade energy loss ' © &

[ 0C-DC path from Double output for
battery for heavy load [ gifferent sensor nodes

®i]
g‘i

[O12 4] (&) <#31.1> Hybrid energy harvesting system, (%) <#31.4> HV SC #H=2t7

#31-1 Delft University of Technology OfA+= Fully-Integrated SIO|E2[E OfHX| SHHAE
AMAEIZ HREIUCE Piezoelectric =1
AA"OM & JHX] O 4 X[ &80| 7tsoteE AA QUL £ EM DL E SRS bias-flip,
DC-DC Hgh 8 EM O|HX| F&ES FHSt= FTXRE HASHACL 7
Z(QEH, AMAIE)S MASIH 20| 32D, 272 mw 2
c

% Electromagnetic (EM) energy harvester & S%ot0 TH

#31-4 University of Macau 0| M= mm-scale loT 7|7|& 9|3t capacitive PMIC & ZHEUCE DM
HV) 22 AEZ|X| HYAIHE FH =, 2% Switched-Capacitor (SC) HE7|E Sl OLHX|E
=5t SAZ K QHSHRUCH O|F Solf 7|E WAl CfH| 35 Hf =& Energy Extraction Efficiency
(EEE)Qt 27 Hi Z7tot Burst Energy HEO| 7tsotMH, Z[CH 568 mJ 2| Burst Energy X 71%2
EEE E 7|Z3UCE ot AE2[X| HIPAIEHS| 27|E 7|E CHH| 34 B XM A0 2W3H0] 7| HLCE

|_

XX R
YEY 2%
% . SPOXiSt e MASEH S

=0F : Sensor Readout ICs / Power Management ICs
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Topic : Power (2)

Session 21 : Compute and USB Power

O ISSCC 20252| Session 212 Compute and USB Power 2t= FX|
ALt O] MMM = CHYSH power management IC (PMIC) 200N =2 &
A7 fet 7|= ET Ot 2l O phase HUME T X TRO| HHY

=0| 27 E[RACE

Hu
Of#
(o]
rel
1o
rr
Mo
i=)
nE
H
n

|
| & (phase) ZAHEOIN =2 E22 |XISH7| iME
=20ME IEE 12V-to-1V HH BEI|E 28 two-
W stage OlA& 12VOIA 1.8VE H2HSlE Double-Step-Down
(DSD) ZAHEHE M8l =2 Het 2810 §2 Be H|Z(conversion ratio)2 2SI, & H
| H2lStE 3-phase 22| Regulated Resonant Switched-Capacitor
E Tt =2 ™™ Zk(power density) 1&s& WU #E 1tz SE
= ALt RReSCE 214 0|5 A Of(phase-shift control)& &3 1&g
HENOIM SESIH, B35} Het Al WEH 2AEBoost) £ H(Buck) ZEE Mot 26mvel R
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DSD Based IBC
Q, T

=~ L,

AT

il

SW, L.
4DVléxt. Q.“_D_,
GaN FET .

Q1—4 B 81.4c1;3> E‘...................-E : Sz

‘}' } S;

et Type J
Controller Phase b VREF;¢4 i

VREF MID Shift H Sz v

I S el CIKY,_[CLKL 1 S
CLK2  [p) | |-g=={Controller Ve | Tﬁ

3-Level HYHZ| T
_I

of +8% + YRS MU0, RN Y TR R4 FH Y On-The-Go (OTG) BE, B
A SRt BM B U BY IR 752 MISHCH 3, bidirectional SE BHUMT #E
VCF(EZIY HINAIH ™) @S |XISH7| fI6H coarse-fine VCF balancer 7|=2 H|tsto], &
Sb BAQO| QPEH Ol MY FHE SESIYC 0122, FI4 =S H(frequency foldback) KO
S Mg Yo MY W H(VCRE THTORM, FRE U IHIME S 5H @82
FAE = A=E EA = AL

i Proposed Dual-input Bi-directional 3-L Charger s \

[ 1

w ke ke i

: ,,{'_CL-IG Vehe —— wé: G:TG Veyp :

i 0TG @g t’{_m_j"l"f _||£Q i

) Batt. Chargin

I o QcHe | i i

|

| Fx Batt. Discharging |

1 Wireless ( [ i

| [‘l ,]} W -IHQ2 — I

I Chg. s Vwein —3 1 L Ino  Vear !

| L T “F kir |

| ] —

' Power ¥ L. Q: S

. Sharing A Que -

I H '

I ; |

i ' I

| 1, Q4 LI I

t Battery }

[23 2] 21.201 A X2t dual-input bi-directional 3-level charger



#21-3 = 07t S0 2ESH =20|Ct HO|EMEA 12v YHS XY BESHE multi-
phase (MP) ZAHHE Z7I6t= ZRFE d6 870 CHSSIX|T, ot Bzt Al 28 MY XStE
o485 £ 8 =0|&= A0 &85ILt 7|E MP ZHHE

E0[7] {3l AHYH MR &5 £

AO|Z XtO|2 QIslf || S 00| LUstH, 0|8 EH-sH7| foh F7rE el Ml

23ICh 2 AR = 3P4S = 8t segmented-interlacing (SI) ZIHEE XIQtsHd, I,

e 7" |X2 SA0 duty SHES 518 I, &5 SEE B7HAZLCE 0|

Al Mt A2 92mVE ZAA|7|1, light-load Al A& Fhl+ =HE o 282 FHAIZCH
|

PN
0.18um BCD 3EL 2 FHE[YUCD, XL} 929% 222 HdstH 7| A CiH| |

RzE g
FHYT S S22 ML

EI' SCa| [SCh
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|G :

4 1 &
M_l | ! x

1
M:

3P4S [8] Segmented 3P4S Segment-Interlace (SI)

[23 3] 21301 A X[2tSF 3P4SO M E Segment-interlacing ZIH E{77HX| 2] B At

Session 32 : Isolated Power and Gate Drivers
O|& ISSCC 20252| Session 322 lIsolated Power and Gate Drivers 2t= FHZ & 6HS| =&0|
YEE[ACL O] MMM = FI[ASA R AYE BrEXet 22 oot 2hZ0A etg-dat AE|

BHS= of2{7tx| 7|0 sl ~7HSHRACE E5|U =2 B 285, X2 EMI, 2T A0

Mo
o=
E #S7/&0 oo 2 ESHRACE

#32-1 Op7tOistol M 2ast =20|Ct 2 =&0AM= Q-downsize Class-D & ZE7|(PA) 7|
Hto| 180MHz E ¥ DC-DC ZHHE Hetstd, EMI Mz X =2 T "l 2 8(PCE) |RAIE
AKXt SFRACE 7|E Class-D A 20|E{ 9| Shoot-Through Current 2XE SiZ3t7| 2I8l, cross
coupling E MOS pair 2t &Y active switchE Aot 12 E X ESQULCE 0|E Sdlf PCEE 7|&E
Cib] 2AAIZ7|D, =2 FO(180MHZ)0ME QHY Xl SE2 EISIQICH Eoh AQA Fhbs

1 1=
(fow)2t 22O Fhi=(fos)2l 2LA0E &2 2ES RAY = ARE A8 EMI &

or



ICH 45.3%2| PCEQ} 1We| £3 ®MHZ ZMSI/U M, CISPR-32 Class-

Dipole Radiation Loss breakdown T T
ceeemeeee @100MHZ [3] Vor
* Driver 57%—
D674 0 :I I: o> MpII I:Mpz <o
i : DP1 DPQ
‘ 5T
Others 43%] T HT1
----- Veet— D00 {Ver L g

e [ gl e Duo
2l ] IZD{>£TI_E}MQH\ /\{Mm <o
i ; s

Class-D PA[3]  Class-D Oscillator [2] Proposed: Q-Downsize PA

EMI
IsT ' Deadtime < AC blocked
* Trade off
Ron
Gate loss x Very high v Recycled +/ Downsized
Sim. TX eff, 51.7% @ 100MHz |71% @ 90MHz 72.7% @ 180MHz

[Z12! 4] Class-D PA, Class-D oscillator, A|2t8t Q-downsize PA H|1L

#32-6 CHTF National Yang Ming Chiao Tung UniversityOil A 2tESt =20|Ct 2 =Z20|AE 48V
HMI|Ats A M8 A|AHE AEsE GaN load switch (BLS)S X Qtstol HME Xjch gl

(inrush current) 23 7|58 Z3}8tSICE 7|& back-to-back 2| X| 24l CHH| Bi-GaN (Monolithic
Bidirectional GaN) Tt&2E& X &30 RonE =0/, =2 282 RAGI=E A AT ET, soft
start 3 spike reduced turn-off circuit (SRT) 7|%% L3 ™=

A WEY ZHE SHZSHACE 5F 21, Bi-GaN 7|t

] 29X|9f 2P dS =0|1 MHF

mc o r|o
of

f
BLSE 11.2mQ2°| 2 Rons S XISHHA

A MEOM & 7t535HH, inrush currentE 91.4%, overshootE 89.5% &4



[ Conventional Gate Driver Bi-GaN Driver |
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In == bar Vibar
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+
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+

! 7 s Vs Vs2
—L_Choott VeiVesl  [CpoonL - Spike-Reduced =
Level | T T | Level Vewm_e—+{ Turn-Off Circuits Vewm_e
Vewn— Shifter Shifter < Veun VDLK - {SRT) - Vbootz
Vewk s
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Current
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- J ] et e

Extra costs QF IZF ! Voo
—

Charge Pump || Charge Pump Choott Vooott
Vai—si ik ik V52 (DCL)
T T
[23 5] 7|& gate driver S H|2tot Bi-GaN gate driver H|u
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® Q1120 : Power management ICs, High-voltage gate
drivers
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Topic : Data Converter

ISSCC 20252| Session 182 Noise-Shaping (NS) and SAR-Based ADCs 2t= FH|Z NS SAR ADC 2
H, DSM 1H, NS Pipelined ADC 23, Pipelined ADC 2 % 3X& SAR ADC 1HO| =25 ZE&S
o & gHO| =20| LHE[RLCE Session 24+ High-Frequency ADCsE FX 2 Time-domain ADC
2, Pipelined % TI Pipelined ADC 53, TI SAR ADC 1HS Z&3sl0] & gHO| =20 LHEE|ACE

—_

Session 18 : Noise-Shaping and SAR-Based ADCs

#18-1 3= UESTC CHEO|A 1 kHz BW 7|&E 189 dB2| =2 Schreier FOM2 Z& Fully dynamic
NS SAR ADC +ZXE HtStRACH HA FEE= 1K NS, 8-bit Capacitive DAC (CDAC)O| 1%}
mismatch error shaping (MES), OSR = 1000 22 &0 CDAC mismatch 7} LO{Z 125 dB O|&f
O SNDR, -134 dB 0|%}9| THDE EdY = UZE HASRACL CDACE 3-level switchingOil
predict and skip scheme2 X830 2-level switching® # 22t HWSO E switching
energys HHtOZ ZEYSD, CDAC mismatchZ QI3t nonlinearity errors £0[7| {ISHAl 3-bit
MSB DWAR} 5-bit LSB MES [1]1E ZAESIRULCE EDE system-level chopping2 E-&3t0{ Vem error
2 QIst in-band even harmonic tone=1t offset S 1/f noise?| @2 ERALCE 1X NS loopll=
floating inverter amplifier 7|8 integrator & H&3%t0 fully dynamic operationg E-d35tRUCt.
Input sampling switch= 5V AXAHE ARESHY differential input swing 89l +/-47 VE 3A 4
AL ol2{gt 7SS HIE 22 180nm SFMHAM HZ5H0 1 kHz BWOA 120 dB SNDRS
st oM, 189 dBQ| &2 Schreier FOMZ 7| &3HRACE

o, (3+1)bMSB

| 8unis 5bLSB ey s Gl
A A
oo \ [ | :
Vem T s D[5:0]
= : | Logic L
32 (3232 |68 |4 |2 1 127 D[8:6]
GND O
—
Viee —»|  SLevel cheve [ ee LDl Circuits
Ve —s| Switching & Switching & MES = Al
v Level Shifter Level Shifter ) Li
N Circuits
in1.8V
©gDey Truncation and Prediction
. i 3 _
110 ” Vi =0.9V
:;(/; : D[54 Veun=2.5V
i 10/01 [ ]2b VL,MH ~
} i REF™
[:}“: o |
D[5]
Chopper 1b
One entire NS-SAR operation cycle (1/F;=488ns)
DI8:6] by PAS . !-Sb S/.f\.R.c.onv, (~6f)ns)
5 D| D| D| D[ D| D "
Sampling (244ns, ®=1) 5| 4‘ 3| 2| 1 ! 0 Integration (~184ns, ®;;=1)
[Fs [ WFs [ o T WFs [ s [ 1Fg | 11Fg [ oo [ 1Fs | 1Fs
[ saFg=1) [ 82/F; (94=0) 32Fs (0c=1) | 32IF(@c.=0)

(38 1] =2 1810 A H 25l Fully Dynamic SAR ADC #+Z= 3 %t



#18-3 5= SQC{0|AM Calibration 810] 93.3 dBQ| =& SNDREZ %= NS Pipelined-SAR ADC +
ZE YHIIULCE Conventional pipelined-SAR T+X2| A2 CDAC mismatch@t residue amplifier2]
gain error2 QIsf MH-HO0| XNotEl= 27t A=0l, MetsSte= cross-stage gain-mismatch error
shaping (GMES) 7|2 gainll mismatch errorE &&t5t0] ZH0| 1t-order error shaping St= &4
oz o|st 2ME SHASIACL ZIE MES 7|¥E O bit2 CDACE preset RUCH7L 2|A1517]
2o U A= HRA7L dadte EHEHO| U=, HMetste FRUMeE 23 A= sampling &
I comparator2 MSB 1 bit2 O|2| prediction S level shifting 5t0 23 A= HLR{7} ZE0EE
AS BSHACt £t Aol YH MYES S5F510] voltageE drivedt= residue amplifier T4
O O|2| residue MYZ FHSt= integrator +X2E HEZ2EMN 1t-order quantization noise
shaping2 T&SIGICt Ol2{gt 7|HE2 HIECZ 55nm S7JO0IA MAHSIO calibration §10|&=
933 dB2| =2 SNDR H 156.25 kHz BWOIA| 180.4 dB2| Schreier FoM& EHE3stHAM &2 HelQl

inter-stage gain error tolerance (-33%~+50%)5 & &5} L}

Proposed Cross-Stage Gain-Mismatch Error Shaping —— Combining Gain & 2"%-stage Mismatch

1 w
Mismatch Mismatch __Mismatch ExZ(D:xW:) = Z(sz?z)
»" ~~‘."—— ~~~~_a"‘- ~~~‘~. Q
’ - -1 1
REF. Erss=W1sB1.WLss1 > Eaunified=W 2/G"W2/G Doy =V =g x1=27) = Eigey < (1-27)
[
L + + - % B P I N —EFEx(1—z’1)—61.~xE2x(1—z’1)
tegrator [ -
[ SAR Logic i g' tegrater L/ __SAR Logic PSP,
t + - Dy 45 (1+A)" G
MSB2

Pred | ( 1st-Stage MES ( 2m-stagemEs ) Shaped Quant., Mismatch and Gain Error

[ 2] =& 18.30)|A H Q5= cross-stage gain-mismatch error shaping 7|#2| &% &2

REFN REFN

S Tﬁ.,.......t‘(i _____________________ Residue Integrator " {013 1.
: OINT i :
¢5 CER) fc fc QINT (i
o o M| | = —I_ ol 1 Hy, :
by ]N- G ” ipac
J_J____J_J_ b L T L . L g
e — R = Y PredictBit MESBit MESFBBit "' oo *
MSB1 LSB FB feulcLDN ! b MSB2 LSB;
MSB1 LSB1 FB Detailed Cross-Stage Switching Process MSB2 LSB2  Analog Voltage Mismatch Pon
Sampling  Dpes  DisBi(™1)  Duseo(n2) Anaiog vottage Mismatch Portion S2Rst Vem Vem  +DAC2n-2)  +Equnitod(n-2)
81 Rst Vem Vem Vem +DACLsa1(-1)+DACFs(n-1) +ELsar(n-1)+Era(n-T) §2 Conv. Dmsgz(n-1) Diss2(n-1) -DACzn-)  Ezunifudin-1)
D n D n V -DAC -E -Ej ;
§1 Conv. MsB1(n) LsB1(n) om : ;f) . 1 s1(n)-Era(n) Ex unfied = WaIG - W€
Feedback Dwspi(n)  Disai(n)  Duspz(n-1) e—22oac
Integration Dwssi(n)  Dissi(n)  Dussz(n-1) $2 Sampling Dusg2(n-1) Disga(n-1) Containing Gain Error
Pipeline Timing Diagram | cycleN T cyeen
Pred
v s Ot Os
1st Stage X  S1Sampling XR3151 X S1 Conv. X FB X Integration X $1 Sampling X Rst51X S1 Conv. X:
Feedback a5

2nd Stage ( §2 Sampling XRslszX S2 Conv. )
Integrator (' Integraton X SCCMFB )

(A3 3] =& 1830 H|2tSH= Calibration-Free Pipelined SAR ADC 7= 8! timing diagram



#18-8 H7|0| KU Leuven CHEO|A 407 dB 2| SNDR 2 & =X charge injection (Cl) SAR
ADCE YHSIGCE YA AP s PHS Qs IX2 HHS Q8= qubit? readout 3|27}

target applicationO|H, #&11 cooling capacityE 12{5t0 ADC X ADC driver & A2 E XA

st = JAEZE medium-resolution SAR ADCO| input capacitanceE 4 fF &2 2 IAH &Y =+
AE Cl SAR FZE KESIRACE 7|E Cl SAR X [2]° EHE QI DAC common-mode voltage®@]
CERUAE sinking It sourcing 25 & = U&= complementary CI DACE & -&3t0f common-

mode voltage?t YESHA FAIE = UEF SIAUCL EDH comparator kickbacks =0|7| @[l
7IHES HIYHOZ 40nm SHOA HZEHSHO
, FH20A ClI cell®] mismatchZt 7-bit o4

IS

continuous-time preamplifierg %83t QAC} 0|24
6.5K2| =20 Mk 40.7 dB2| SNDRE st
EE 2435t Hols Fe27t i8S EOoFUALCL

RTI——T CI-DAC Source
1. Bidirectional (32 CICs, 6 groups) * ENI5:0] I
charge flow BIT archpin
g S s

=

I TRANS
Vem
= c—-] [ =1 = q)w'I CLKcowr ouTp
Y —>
2. Bottom -plate RV} _ OUTy P
PO'E: (/)” | Y ICU =2 fF\i BITp Esm
i
Boostrapped’\r' 131 , J_ o
switches No.[!j <p1| I f BIT, | timing
: ! : P 3.C t
LNl PR T
P2 (VP preamplifier <&Km
I BIT  arcupin
[ TRANS

CI-DAC Sink
(32 CICs, 6 groups)

(A8 4] =& 1880|AM X CSt= =X CISARADC 7= % £H =g

EN[5:0] [

Session 24 : High-Frequency ADCs

#24-1 5= HSICHO| A single channel2 12b, 3 GS/sE& EM8E = UE pipelined ADC XE |
OFSFRALE Residue amplifier2| nonlinearityE on-chipQ2 FE hardwareZt2 2 background
calibration SFHAME 152 fl/conv-stepl| Walden FoOMS MLt ®AH #+x2= [O8 512t 20|
3-stageO|M, & 7H2| pipeline stage2t OFX|2} 8b, 4-way Tl SAR ADCE backendZ THE|0] ULt
7|0 polynomial 7|8t2Z nonlinearity background calibration St= A2 on-chipL 2 25}
7101 SstER, g™y FU4S HE #2740 WEl piecewise-linear (PWL)SHA calibration St
= HAS K QHStRALCE 2+ F7H0f| CHSHA] Residue 220 analog dither injection, Quantizer &
O digital dither subtraction & Uf 2 X}O|0f 8§iESt= gain errorE LMS ZIE|EL 2 Z[A3}5}
= @z2|o|H, (38 6)ut Z0| LSBO| 8iE3t= optimal gain (k1~k4) & k12 LMS filterS Sl &
A AHO|EStD, k2~kd4E ZH HRI0IM MSBO| gain (b1~b3)ECH HZE WHOTH LMS filterE Sl
AO|O|ESt= adaptive threshold ZHAIO|CE O [ MSB2| gain (b1~b3)2 ki1~k4Z 7Ho{X|1,
stage 12F 20f O|2{$t PWL nonlinearity calibrationg M-&%tCt 0|2{st 7|HES HIEHOZ 28nm
3™ HZESHO] single channel 7|& 3 GS/s, 588 dB SNDRE EdsIRCt %[Ol PwWL
coefficient 3 SNDR2 CHEF 3ms Q0] &SI +/-5%2| supply variation, -40~85°Co| 2% HH¢
OilM SNDR X3t7F 1.3 dB O[St=2 /XA £+ UL



x4 TI-SAR

Signal
Input

| On-Chip Gated-LMS-Based PWL Nonlinearity Calibration |
12b§

[18 5] =& 24.10|M X QtSt= Pipelined ADC TX| X

: xk, E xk, i xk3 i xky
] B Sy s . F
2bpMsB | MUX o MUX L IMSB.a| boxks
Dres,raw | k2 b1 MSBca by fb---- 1?_1'9_5_c_a|. I
::3 Ez | iLssca. ; boxks
(N-2)b ¥ LSB 4 s 3 " by b+ : s s &
cal Py res,cal : : : boxk1
o 0 Vies
Vq Dd
Vv I\ QTz Correction fk Dres.cal
res L/ lf/ Block L
s & A
] ]
: — Adaptive :
! =320 Thresholds !
: b, =(ks+kz)bg :
1 b3 =(ki+ka+ks)bg |
1 Tk, Kz, K3, Ky !
: r I = I
! ,El H-sign(Dy) -||-|>b1|‘||'|>b2H|'|>b3| :
] ]
1 - |
| ' D—R—K S
Kq
] ]
] ]

e e = = = = = = = = =

[38 6] =& 24.100A X QtSt= residue amplifier2| nonlinearity background calibration B4

#24-5 3= Ot CHSHO|A 72 GS/s, 9b, 64-way Tl pipelined SAR ADC & H|Q+SFRALCE I1SSCC
2024 O A HHE =& [3], [4]0 HWSHH sampling rate O] &X[= *Xl'j._* 20GHz input Of|Af
41.0dB SNDR, 553dB SFDR & Fg3t0] dyds ECt Az 0|0k T fz== A
713t 20| T-coil & &= 7i2 ¥ HEHZ ZtZ} even/odd 8 MES drive Stil, Zt AMEO0|A
sample = AMZ7} sub-buffer & AKX 1.125 GS/s 2 &&= 4 7H9| pipelined SAR ADC Z
MEEls Fx0|CH 23 HI{O AL conventional source follower (SF)S| THEQl 1 EC} X2
gain, slewing H M¥Y SHAE common-source (CS) & F7t5t0| EASIILCE Bandwidth
mismatch 2| F& 22l switch mismatch 2 218t SFDR X352 Z=0[7| 25 bootstrapped switch
(BS)E AtE5SLE|, critical node 2| load cap 8 &Y = U= split-path BS 7+EE M50 track
time 2 ZRACt Unit pipelined SAR ADC #+&& [O& 8ot 21, X #Hmjet & HAY stage Of|Af
Z}Z} 4bit, 6bit € resolve St11 1-bit redundancy & 7tX|= TZO|C} Residue amplifier 2| &<

Xl HZ22 gain O] H3lX|= ratiometric TE2E AFESIRALE O|2{2t 7|HE2 HIESZ 16nm



FINFET 3780jA A ZfZ|0f 72 GS/s, 20GHz input 7| & 41.9 dB SNDR, 55.3 dB SFDR, 53.7 fJ/c.-s

Walden FoM, 151.5 dB Schreier FoM 2 &8t}

CK36Ge ¢ "\ ¢ CK36Gn
(16,32,48) (24,40,56) (28,44,60) (20,36,52) T T

(17,33,49) :
B e ettt vy
Term. S S S 5
Q (&) = (&3 = =
Q =1 Q =1 Low Jitter Low Jitter
= S N 2/ 2o\ Current Current
Oso Osp Os17 Dsq Divider Divider
c n 516] S24 S28 $20
$32 S40 S44 836
. S48 S56 $60 8§52
"o EaiE| Bafm| Eulz| N
S7IF| e7lF| e7F| ¢7F DIVZ J«
- ! N >—b|l 4u I4—<
NJodd Even " 3| gl & ¢l |8
Drro-15 Dso~s3 £, SR ZE g
© Sy Oy iy 0 yO_ve
#CIock Gen, Cj OD [j
$51 2 850 ' 16x
T-Coil Term. e
T V‘VV‘V‘
CKinpin 1ox
D0-63 -
s ADC CLK ;
Data Comb. . E Gen. Clock Driver
Dour ( ) Dso-63 Orio-15

[28 7] =& 2450M XM QtSt= T TI pipelined SAR ADC T+&
1st Stage 2nd Stage
Don 1 Asyn. Loop g;:;(:s?) 7| Data Alignment and Combination [»Dour(9b)
Dsnz Or | Dist c Or2 ]
= - Split Switching + ;I Split Switching
Vew-regulated Logic SAR Logic \_ Vewe-regulated Logic SAR Logic
[Bs] Vrp [Bs] Vrp
v $1 fsc| sc=[act]act —-c & Zec| 6c—=[sc[scT +c
P == = == T = = - == T
0 1 ] | oy Tl fali 0| | =
il T e el 1 Am R ! aZ0 afZ0 =0 |
O ;;[I ik et - P Orz gI,I FA—E——at .
W L’ % Tw 80 | 40| ac = %c L /o = ec| 160 | sc= | sc = %c
Vrn A

[N
o
X
i
I

£ 2450 A H|2tSHE Unit pipelined SAR ADC

#24-7 = EHSIHO|AM 8b, 10 GS/s 2X-TI pipelined ADC +Z& H|QtSIRUCE 7|& conventional
pipelined ADC2| &% 3StLtO| stage L &ZI0| sampling, quantization, amplification 3TtAZ T4
|30 1£9] linear residue amplifier (RA)ZF ER5tCH= EHEO| QUCH H|QHSt= Pipeline ADCE|
ZE [38 9] Z0| sampling & amplification, quantization & residue buffering 2EHA| 2 S5
| conversion time2 ¥ = 1, [OE 10]1F &0 RA CH4l differential sampling2Z 2X
passive amplification® T3 3t0 power efficiencyE & RLCt. Buffer= source follower (SF)2 T8
StAEM input transistor®| overdrive voltageE 3A HASIH EZo| switch S10|= power
gating® = U YACZ differential sampling2 St U= stages2| SF M ARE HAUSRA
Ct Ol2fst 7|¥SS HIE2Z 28nm SN 25t 41.7 dBS| SNDR, 2 channel2 10 GS/s,

22.0 fJ/conv-step2| Walden FOME EA35}SiC}



Proposed differential-sampling pipelined stage

Differential

Buffer
X1

sampling
LF
{4\/ !
P, @, DIN]
Stage N-1 Stage N Stage N+1

[1E 9] =& 24.70|M X CtSt= pipelined ADC #+Z& 2

Ts

CLKIO1]¢2[¢1|¢ZI¢1|¢2I:

Stage N [S&A |Q&B|S&A|Q&B|S&A|QaB|

Stage N+1|Q&B|S&A|Q&B|S&A |Q&B|S&A |

© Short conversion time
© High-speed linear RA eliminated

© In-range buffe

r output

(B for buffer)

Channel 1

Vie @’

Input buffer

Vinn ‘@/

@ Vrs[0] fo, Vee[1] |
" T - SF\ ;/2 I - % »| Vrel2]
Cso== AV/2 / | s S AV / |
(T—] i |
.......... Stage 1 St
®; \O | Stage
1‘ 2 * Differential ] D[1] ) &%
irrerentia |
VREFCM sampling _;F -’I Copy
| of
D /D, ' P, :stagc 1
= : = vt |
cSO -AV/2 : Cs —AV;
2T \ [ 92T — \ I
Sh o= ¢ SF4 » Vanl2]
Vaul0] [~ Valtl| "

a2

[11Y.-S. Shy, L. -T. Kuo, and T. -Y. Lo, "An Oversampling SAR ADC With DAC Mismatch Error Shaping
Achieving 105 dB SFDR and 101 dB SNDR Over 1 kHz BW in 55 nm CMOS,” IEEE Journal of Solid-
State Circuits, vol. 51, no. 12, pp. 2928-2940, Dec. 2016.

[2] K. D. Choo, J. Bell, and M. P. Flynn, "Area-efficient 1GS/s 6b SAR ADC with charge-injection-cell-

based DAC,” ISSCC, pp. 460-461, Feb. 2016.

[3] G. Li et al, "A 600Gb/s DP-QAM64 Coherent Optical Transceiver Frontend with 4x105GS/s 8b

ADC/DAC in 16nm CMOS," ISSCC, pp. 338-340, Feb. 2024.

[4] R. L. Nguyen et al.,, "A 200GS/s 8b 20fl/c-s Receiver with >60GHz AFE Bandwidth for 800Gb/s

Optical Coherent Communications in 5nm FinFET," pp. 344 346, Feb. 2024.
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Topic : Al-Accelerators and Compute-In-Memory

Session 14 : Compute-In-Memory

O]t ISSCC 20252| Session 14= 2HZZ| AFE (In-memory Computing)2 FHZ & 7HO| =
20| HEL|ACE & 8ff ISSCSHN HEE CM2 F 37tX[e] F2 EMES ERACEH XM,
= SRAM, DRAM, RRAM, FLASH & Cteot H22|E 8%t CIMO| ZHE|RCIH, 2 = o H
O] STT-MRAM 7|HJ CIM (=& 14.1) 3t HO| Gain Cell 7|8t CIM (=& 142) € HMQlstH 25
SRAM 7|8t CIME ZHSIUCE M, CIMOIM RE32+ES ofE §%’ﬁ9§ 22 g5 X
AX|of HESoHA Er. (=T 142,143,144, 145) AW, OIZE2D (=& 141) B2 24 A= 7|t
CIM (=2 14.6) ECt= CIX|E 7[8t QM #3E =&0| CiCt==RAct

#14-12 o EHASI S WR TSMCOA S8 AFE HEDH 22nm STT-MRAM 7|8t CIM 22 [}

=1
2 =81t 22| E23| Bayesian Neural Network (BNN) 7t%2 S8Z HA = Z0] F EZ0|Ct
£35] 0|O] 2o M U= 7|E ASK|s ALt He| H=E AL 4853 0{0f St= BNN &
A 7kEE I8l MRAMO|| Self-Compare Write-Termination 225 F7tsIF M, Fotst Aitnt
28=ot gito] ot 22 FES M2 OfE XEDE (M 2 2AZEN oUHX| 282
=25 RUCE CIFAR-100 Of2h= H|W X 4|2 H[O|E A0 A ResNet-20 Ol2t= %2 Q3Xs 2
S AEIRUB0E, 1.19%2] Xz 52 otk &40 F-E[= FO| orgX|o sie =
g AoM 7|E STT-MRAM Z|8F CIM CiH] 238 =2 O|H{X| 282 HESHRALCE
CﬂmPUfE Error vs. Inference Accuracy [ ,n.a| Twin Bank: Weight Mapping & Data Flow (Cycle k=0~ 7) %8 |
Z O a SCWT - SS-GRNG
-3
: small ||| || OYEEaly.- P {10, (O
(=]
g O w y-Error By = - : : : s|n : : :
£ | Owakmor s M-
- > Column MUX = [ Column MUX
Probability of Compute Error ."' VSAx 72 z‘l‘ ZM?—S-SMC 64
BNNMAC | (1) Power |{2)IA-Drop |{1)+(2) [:) Custom IN-DFF (B-bit x 72) i ADC x 64
EN-AI Balanced |Small (=0)| Best IN-SEL[5:0] ,|,l-‘4-;..-| L Monyo-ilk] lh-nmcc..m[ﬂ, [6], ... [0
(This Work) (3] =] @ MUL & Adder Tree Place-Value Combiner
W-AAINMC | High® No @ ERR Digital Shift-and-Add Channel Accumulator
pAAIIMC | Low® | Large® | @ W-MAC, 107 |4 - | BMACe, 000 |} - |
p-IMC-A-NMC |Balanced © | Large & @ || p-A Combiner

(33 1] "14.1. A 22nm 104.5TOPS/W u-NMC-A-IMC Heterogeneous STT-MRAM CIM Macro for
Noise-Tolerant Bayesian Neural Networks” | Ot7|&lX =



#14-2= AN DQL TSMCOIM 25 HTRE ZHEDS 16nm Gain-cell 7|8 (M 22 BEA
4‘—75' X AE {8l =93] AH83St= Shared exponent =& Shared scale2 CIM 2|£0] o|ESHX| ¢
, CIM LHEON 2& =& 7I55HA THEoE2M, 2223 oY ™MES ZARAIZl =FO0|C}
H§01 CIMOJIA ZpE BE2 HAED MHADE HO|= Addertreel| @LHEEE XAz} 17| 2[)
Xt LiEtLbE Olo|E IHEEHE s XH3tE M2 EWX|AHE ALESH Adder treeE B &
5t= LAZ NSt siE ZE2EMM = 7|E ZTEMA CfjH| 1.8~25H] =2 FoMZ E/d5t0,
Shared scale2 Ar83t= MXINT8 ZSH HO|E Q4tA| 1335 TFLOPS/WE, INT8 X|&A| 2054
TOPS/W O|HX| 282 EH5t=0 H3dt%LCt
Microscaling (MX) __Multi-mode MX-INT-FP Gain-cell CIM x22
Data Format __{2J 4 3".—; S| [Multi-mode Computingy4s —
f@} _ElI5= Array (M2-CA) EQ
Shared 1= clementsi|| 2 2|| @ & || [Mult-mode Computingll| 2 =
Scale (SS)i HEZE 5 & Block 2.8y T =
! Element, |'|l e 2|| 2 < ock (M2-CB) o <
~1i__Block _1|| 8 3| = = 3.x Transistor g T
" Fp8 | E 2| % = Gain-cell Array © g
S, | EXP(E,) | MAN(M,) E @ EE Multi-mode LCC E 5
Value=(2(5512N)x(-1)3 § § = : x64 = 2
x(Z(E'B'AS))x(LM) o] < g_ I M2-CB I a <
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Session 10 : Transceiver Chipsets for Communication and Radar

Ol ISSCC 20252| Session 102 Transceiver Chipsets for Communication and Radar2l= FX
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