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Distributed DLDOs
w/ EE Control

Workload-Driven
Current Balance

Learning Sparsity-
Aware Droop Mit.
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Power Supply System for Unmanned Aerial Vehicles (UAVs)

Li-ion Battery | ; : PoL in UAV
(6SxP) | Direct Step-Down i |

| 16v-24v[iC 7] iv-1.8v | [Memory ]
“ i ne Sensor

¥ Wide input and output voltage gap

O Higher power demand = Extremely short duty cycle
O Longer flight time ¥ Bulky inductors with low DCR and high lsar
O Small volume, lightweight = Compromised efficiency and power density

Features of Commercial SMT Inductors in DC-DC Converters
DCR v.s. Volume lgar v.s. Volume

1000 10 —
e ® 22pH ® ZZyH
y T = ATpH | 4.7pH . B
% & 10pH A 10pH ]
gy wd S *Swn
. £ s “uy A uly
g e, R A = s® & E on — ]
=10 e Tm. AL P *e
] .8 unm T Z (e ® ] [ ]
=1 B By A4 = S & a
'l- o . LI [ ]
:'-...‘ .l T SRe 'y A
L A
10 LY 0.6 . .
2(~20mg) 100(~500mg) 2(~20mg) 10 100{~500mg)

10
<& Volume (mm?) Q < Volume (mm?) 0

[ 1] Power supply system for UAVs and features of commercial SMT inductors
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i Fibonacci SCN Phase 1 ; Inserted Phase: Generating 4Vo
' il —| L ®: DT 0 oendVo o= +11=] Vg
Crs L Vo L i) o— ] |=¢
|7 “TVin200m Vol 40— s Cre

Vs “ﬂﬁ;

Vo
C% I?:
®3: (1-D4-D2)T Fibonacci SCN Phase 2

II@FJ
'“jﬁﬂ_ fvm;wd/ VoL t
I | -5 g - A i Loy

e

|V_'_lmm\_'_.ﬂ. | Vo D

Vsus | cd | [ Verr | Verr | Vers | Vew |Vm‘mz
Vit Vo | ViV,

|Ytte Varel gy, |y |4, 2

2 2 lo_ 4+3D 4D,

[ 3 2] Operating principle of the proposed hybrid buck converter
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Conv. Multiple-Inductors (ML) Structure }—————— [ 2L 3-Level Structure [1] }—

AR L Ideal Case —
Y 4 L hih: @AR=0,AL=0 7 o%
L1 L L3
AL L Db INENENGE ke ALl | Ve
. b Balanced h1: H m‘_a,cf"r Sen
3 Practical Case ¢ i

Minimum Peoso

ki l: @AR.20,AL20
\nrheniu#u =

rli.:

Peows

= PWM CTRL.
R T Un-balanced k12
Peows increases nonelingarly . s s me =t o

T #1
Y
1
Conv. 3-Level Structure } Voigs i Y T] | sen
(D)Gate Dn\rmg Power Z)Cer Chirglng 3

Vg #Vol2 £siress,
& X Complex sensor per L
- Transistor Damage
~T00- % rge Rlpp!e X 1-Ver sensor &
1-Balance circuit per Cr
= Large Conduction Loss ]
I Self-balancing [2-4] } \

A et
Lo Ve ____ : CR| D|Lm|[ [3]. 14
gl Full range
W 1 Fulirang
:_ﬁ:l'?“’: Vo of D&CR
L Y ool e

.

R 2
V Self-I. balance 1 -ﬂ?.(uﬂl.l.ﬂ..:g.-
X Max. Vos of SW =V 0 0.5 1 D’

X Narrow operation range (X Limited duty cycle (D) X Can't balance Vir & L, simultaneously
X Ver imbalance & Conversion ratio (CR) -> Large ripple, Low Eff., SW damage
L v
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Proposed Ce-shared 2-Inductor 3-Level Boost Converter

— Vin> 0.5Vo—
Lt o S:  Se g
I e I*

1= Ver1

: Q.Igere_ntial _g_:':‘!tage remove Ve
;i Ver difference- - IR 0.5Vo
" Veri-Vera=0 Ver2

- S~ D

De=Pp [T Alis # Ala Ppud Pppot
V Inductor current (k1= h2) & Both Vcr12 balance (Veri = Verz = 0.5V0) by 1-balancing circuit
v Wide operation range (no limit of D & CR) v Low voltage stress of SWs (=0.5Vo)

(A% 4] 2 ==20M Hetst 2-L 3-Lv #AE A 3 uIcTel % 44

XXER

Olg= HAtaPd CHsHal S

Az . DECystD

AL EOF : Power management ICs

H Y : uknow@korea.ac.kr

Z|O|X| : https://sites.google.com/site/kubasiclab/home
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1 Rx =Rectenna array

Rx - Multi-Input
< —3{ Single-Output|Vo Load
GaAs | (MISO) System
%|[Rectennall DC-DC BC 25V

'® 1) Concurrent multiple power collection
Tx Power Beamforming|| © 2) Si'"!g|e Vo regqlation '
Amplifier [~ Controller 8 3) Uniform multi-input power collection
5.8GHz wireless power beam = 4) Continuous current to Vo

Conventional MISO Proposed MISO-PCR
Power Topology Power Topology
¥§;§ SISO MISO Power Combine-and-
. g./v e VCEEM DC-DC |Vo Regulate (MISO-PCR) Converter
b / T Converter Vins
VRG%—/ UL leg %é Vin2 MISQ
Eff.=ncom Eff.=nrec V:: = < m i Vinsi  Hybrid |y,
@ Ntotal = Ncom X NReG (2-step conv.) VRZB}— 2= {Vinai Converter _g
_»Time-Interleaving VRsRH - Vins
VRIBEET Miso VroiH (o) Vine: [+ -]
o Kol i DC-DC Vo ¥ Eff_:nREG 4
¢ Rt |t Converter v Goal 3) v Goal 1) 2) 4)
Ko
VReRHie T © Ntota = NReG (1-step conv.)
Eff.= .
®Pg= % (Sequ"§§§a|) © Po = Y PRr1.6 (simultaneous)

[ 1] RF-WPT & CtH|L} HHE 28 H CtE &4 MHZ =T5H7| {8t Nl MISO-PCR H

= 2ol ek

2 =22 0|33t A& 32517| {8l MISO-PCR BEAE AHEE F|QtsiCt o] &2
of2f & StHILel £33 Y SHAOM SA|0 Zgstn otgetEl MYES M-St
o O Y3 AA0N ZYUSHA THE Y £+ UEE LU2FH 94" AXK|
HE=IAQL ATE|O| RULCH

=20 MAIE [OE 112 O A|AHS XF5 HAZ AZ4EHe=z HOELL [ 119 &
T2 Hx A ST o JHel =4l CtHIL BiEo| M2 MES= T A|IAH #4
= LIEIW N, ol &2 &M M3 MES 7IsstA st el 2[o|ct (A8 119 &
Z Sith2 J|E 71&e SHAE EOFELCE J|1E HAZ oy i YH AAE ZpZHo|
DC-DC HAHHE AN LS ZED F XA, =XHE MHZ F=2st= 240
oA HZEZXO0|ULCt BtH, QEXF SR =F0|A H Q5= MISO-PCR &2 EOIEL}

=

o] &2 oz YL (Multi-Input)S O
.|

2! b
Combine)stil 9Hd3}(Regulate)St= 1



¢1 (D‘Ts): V|N1, V|N3 Power Extraction

VN3 -ViNa+ -ViN5 + ViNe+' 70 lcg (=lc1=lc2=1c3)
S3 C S7 Cs Ssg Cx So

s
Ca Z_VIN3 s-Vo

S " | J_ |o
1 VS13 I
* in1=D-I, Iin3=D- |c4 ViN1 =

IN4 IN5 IN6
N4+ N5+ N6+
1310 |(;2 S11 |C3 isn

= Ll(= |c4)

* Iin2=(1-D) I, ina-6=(1-D)-lc1-3
© 6-input hybrid (C+L) structure
© V|n1-6 power collection in 1Tg v Goal 1) 4)
© Continuous power delivery (Ic4+IL)

[O& 2] MISO-PCR EAE ZAHES EZZX| 8 &5

=20M HotstE MISO-PCR EZZX|= 6702 DC Y (WV,y1_6) 4702 S2H0|-FHTHA|E
(Ci_y), 1702 CIEHE (L), 22|21 17He] oY EH(y,)22 FLMEIC O] HHEE o A9
FNTs) B F IR &0l 02)22 SEGCL o1 MWD -Ts) SO vy 2 L0l Of
HXIE &80t1, €& Vinz 2t Vo A0 HEZ AZEIDE O 02 YoM €50l
ZtZE Ving_oOl 2f8l 0|2 SHEIAT] W20, OIM €4 Vins + X Vines — Vo IHX| SHE
Ct. O|2M o1 &2 v, ot vy Ol T3S BO|2LCL CS 02 (1 -D) - Ts)ME
Vina—s’t Ciz2 MBTSIL, Viny, L, Gy, Vo7t 2B 25 dotl) 0 78S Sl o

Ct.
F7|0i 22 YN HHES SAO FEot0] AOjel MY =S 7SOt
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15.1~22.1dBm 5.5179V (V)

Rect. voltage range« VN1
& ["MN >———o——s 0\

- ® ~ ®'\ Case1)
MISO- [Vo '\\ /'\ Case 2)
PCR N Y Cose2
DC-DC? . ﬁ\; N N ase 3)

T —0 o——eo Cased)
*MN: matching network Vinti Vinzi Vin i Ving | Vins i Vine Y

Operating Waveform Vin1-6-t0-Vo Conversion Ratio

o4.2Ts(1.D)Ts Vi,01=Vint Vint (®1)- ~GND (®4)
P1_[®] P4 [®2 4| Vio2=3ViNz6-2Vo0; Vinz (P2)~ ~2Vo-2 Vinz-6 (P2)

Ind. Volt-Sec. Balance s,

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

D-ViN1+(1-D)-> ViN2-6

- L] e

Duty (D) Range
. R el

e

a
| <« d—— —@— " »
ca— P~ »t| 0.1 0.550.64 0.780.840.9

| ~~~~~~~ V ~~~~~~~ l/ " Rect. Range

Cap. Charge Balance ® Vo (=28V) regulation for 27.5

-

2.6 (V) MISO-Pap.
OPeratingo PCR's

(hnz2=linz=lina=lins=liN6) various V|n1-6 scenario Ty .
|chT I\l I\I =/ Goal 2) 5.5 9 Ving (V)
(= >t Relation of Avg. [JE7 VNN
9= | — Input Currents (Iin1.¢) & XL«-:W:t.'g*n

3l dca D 0.55~0.84
- »t| Ln1/linzs| 1.22~5.25

[ 3] ISO-PCRe| 671 2LZHO|M V20| Het 8l 3 ™

MISO-PCR ZAHEE 6712 & HMU(Vyi1_6)= StLIC ==y, 22 H
HE2 Vo =[DViy +(1=D) X Vina—l/[2- (1 —=D)] 2 ALL=ICE O] =42 FE| H|(D)
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M4 29+ ‘Communication and Processors'2t= FHZ, O/2f &4 7|1t 0|F X|&dt=

Hel ZEMAM AFLSSE CHRED ULCE Of MMM = 2 CHS A XA MIMO(Massive

MU-MIMO) A|AEIQ| HIO[E XN2| 285 SM2tste AE7[(detector), 1% FSHES

2|5t O|4X| Z8XQl FEC(Forward Error Correction) C|2H, d2|1 CIX|E A Xz
185 RISC-V HIH Z2MAM & CHot SHEQO 7|=50| YHEEACH

S|, Al AlCHO| St3 M3 &2 SCi=Het NPU(Neural Processing Unit) =& & Z2tg
Rl g N&

Melote Z2MAM 7l S/ds B0 1 ACL

#29-4 KU LeuvenZ} NXP Semiconductor?t & &S 0] =22 23 g
HX 288 243t 4d8Y M| FXNPU)E HHFELD = M3E

Zo YIAZRENM SHHR JEX L= =2 it HEEE SA0 FHSHY] 25
TxotEl HE B 34 (structured bit-level sparsity)it =& H|0|E ZZE(dynamic

dataflows)S Z&%t= gla AET ZZ M AMO|CEH

Shared Processing Engine
L2 MEM ANCN 4 14001/D) ¢ 1 r 7 T L J
(2MB) AMEMO (128K8)[Banko | [Bank1] “* [Banks] [Bank7 ]
= Feat. Il ]
Barnk] edhs | SparseLine Index Decoder |
WENT
: 1 WMEMO N | InputlFIFO |
(128KB) A .
Bank30 o <@ _l_ [ Act Dlipatcher | Feat Il
Bank31 kS - 5]
= 5| ||sCCore||sCCorel|| [E
— 8 : S n E
_ = : | |l SCUAmay || |8
3 || = o a
B 8 = S (512 SCUs) : §
D || ol 1— () " =
2ls||E . = A £
512(I2 —— s
21| o
% 21| Tensor Engine
=1 Feat. lIl
L] [ Nondinear | [ Quant. | | Pooling | [ Reorder |

[ 1] HAE Fo| of7[EN 37tX| §%)



el J8e =&0| HN2tstE NPU(Neural Processing Unit)2| MA X Ql S=0f Of7| &l
ME EOEL} thest 25 Lo OME €O, =229 MAel A 7HX| 7|&X EX-¢
=3 Qe HE e 3AM(training-free structured bit-level sparsity), & HIO|H S &

(dynamic dataflows), 2l Ol &sts FHO 7[He] Z=Z M AM(instruction-
programmable processor)?t H{EH R7[Hez AHALO UA=XE & &+ UCL 53], O
OlHZt mEZe2[(2, LHAAM et &8 CIAm™ME AN 512702 SCU(Sparse Line
Computation Unit) HIZE MEE= S ES EQE2EN, 2259 HO|f 0|1t A4t

o o] Ho| WYY & 4 ULk,

Of =2 Al =0 A S| & 7HX| iy HHE siZdstdie A2 & = AL A
M, Al 220 Hiti=tof HE ALE A HEL 27 S7L =M, 0 2EH2E X
ofloF ot= T =&d MOty 59|, 2HE & K| CjEjo|Aef £0] MY X0 o
2Z0M= Of & 7HA| AHE S0 B2 A0 EHO|Ct MA=2 Of 2X
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~ o B Value-level sparsity _ ® Bit-level sparsity (2's C)  m Bit-level sparsity (SignM)
90 — 21.75x 11.00x

ResNet18 ResNet20 Bert-Base CNN-LSTM MobileNetV2

Challenge 1 Challenge 2

ResNet18 Conv 2's comp. TU: Temporal Unrolling  SU: Spatial Unrolling

\ 1{1{1]1]1]1] |1 FC layer weight Bit-serial (BS) Dataflow
(for kt in K/K O channel TU

il kbl for ct in C/(Cu*Cu’) /W channel
oLl I _forbin B W Bits (extra TU)
" Weiaht Value parforcinCu  I/W channel ]
clht Value [ parfor k in Ku O channel
Irregular bit-level sparsity parfor ¢i in Cu’ extra SU

->inefficient storage and computing
L 1] Pl BS dataﬂow needs larger suU

Feature | Feature I -> MAC underutilization
Sparse-line-based Bit-serial Sparse | ||
Weight Compression  Line Computation Feature IIl Dynamic Dataflow Processing

(A8 2] MBY ZZMHMOAM 7S X|-HIE 3|2 (weight-bit sparsity)S 2-&37| fet Y 1t
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DA-SignM USCA HUAA Onyx This
ISSCC'23 [2] | ISSCC'23 [12] | ISSCC'23 [13] | VLSI'24 [14] work
Technology 28nm 28nm 28nm 12nm 16nm
Area [mm?] 7.75 2,69 7.81 23 6.5
Frequency [MHz] 55-285 60-400 100-500 500-980 50-280
Voltage [V] 0.65-0.9 0.48-0.92 0.66-1.3 0.6-1.0 0.565-0.93
Number of MACs 1024 256 1024 1536 512
On-Chip Mem. [KB] 1074 176 1120 4500 2560
Sparsity Support W bit A value None WI/A value W bit
Flexible Dataflow None None Yes None Yes
Power [mW] 6.6-179.4 366 17-174 - 6.13-102.4
Peak Performance | 27.97@0.9V ] ] 73.00 54.72@0.93V 2
[BTOPS]" 5.38@0.65V ' 11.66@0.6V"
Effective Peak i 99.2@0.85V 480-716.8 i 190.71@0.93V*
EE [E-BTOPS/W]"! 264.9@0.48V 645.12@0.6V"S
Sparse Peak 268.8@0.9V | 179.2@0.85V 193.5@0.66V, | 550.4@0.93V
EE [S-BTOPSW]" | 517.7@0.65V | 767.3@0.48V i 500MHz " 1320.8@0.6V"
Area Efficiency 3.61@0.9V ] ] 159 8.41@0.93V2
[BTOPS/mm?]™ 0.69@0.65V ’ 1.79@0.6V"

*1: One operation (OP) is one mult. or one add. *2: Measured at the highest performance point.

0.93V for logic, 0.92V for mem., 280MHz, 6 sparse lines. Activation with 50% sparsity.

*3: Measured at the highest efficiency point 0.6V for logic, 0.55V for mem., 71.4MHz, 6 ZLs.

*4 *5: Peak EE excluding skipped sparse computations w/o ZLBoost. *6: Reported TOPS/W was

not clearly declared to E-BTOPS/W or S-BTOPS/W, used as S-BTOPS/W as sparsity is exploited.
[A8 3]

7l B &

El

E RS
§_%J—|_|. 2rto
BTOPS/W(Sparse BTOPS/W)2t= 3|
20| FY5t= HIE te 3lad 7|=0
3lad 7lsS HESIH
7] Ol L= X7t Yd
SHCH 512749 SCU(Sparse Line Computation Unit)2 g &l A4t S
g 4ol &8 AtEst= 0| otz dXf M2|dt=
Z[Ho| HOo|H Ol B2E EiTICE

10
>
ot

A0 BRI D
S

|
tet. O] ==2 Ol sii&st| %I 5f

—

|ot
20U mu
e Mo
2
= 1A
@ koo

m rjo
0x
>
o
=2

of =22
HMAIZEHE HolA i
HHAlS 7| ZO|
A o[ A %%
of a2t o

P onx
x
=II:=|

LT

o 0

O o

Rt o o

oA
0x
=
A

re
mjo
=
i
Ot
=
nz
=
0
oo



LESH 550~1320 BTOPS/WElE =2 OUHX| 22 ZHtY

3

KO

2 7|& x| 7|= CiH] Z|C{ 6.82HHL} =OF AFMICH Al 7t57| Al

ojnu

(=13
=

S wMoz A

=]
=
2| A o] Mo =

2

72|13, CNN, RNN,

=
=

of 538 of
el Al 7[=0| 58 2RO o|ESH7| L0t Cf

=
[

20ojECt o

M
o

OfO|E|0fE

Ho[H =Sut

M EXNH
o, ©F

e g2

il

Kfo

O 2 M, Al SIEQI0 Ao MZ

iRl 710 E SHRALY.

L
12l

o= ¢

S|
~

Ho

q

E

JAES

AP B

—
2]
<
A4

<}
IH
_|_I
Bl
°

CIXE =22 24

: mhpark@ics.kaist.ac.kr

e OO
® S O|X|

. https://idec.ork



2025 IEEE VLSI Review

Session 14 Analog Techniques

O™ 2025 IEEE VLSI Session 14= Analog % Mixed-Signal 2|28 FTHNZE & 4Ho| =
0| YHE[Y2D, mm-Wave PLLE {|oH Z=10% TDC, ™Y =20| 7t
HE22F load capacitor(CL)E +35& 3-
2| 7+& Class-D 2|2 H[ZK| Cifet & =OFOAM 22

282 Mdste MZ2 22 7|g30 2HEIRIEL Of 7h24

rot

=St SAR ADC,
d2|D 138 HiH

M
oo
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L
— !

H o

Stage 110|5 57|
(o]
—

o yo

—_
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20IME Gm-
CLANE oy

o
g 59 2%

M K

™

BoostingZt Gain-Enhancing Feedforward Path(GE-FFP)E Z83| CHE2
=]

=

o2 FAHE 3-Stage ¥, 2|1 True-Zero-Switching(TZS) 71#2
AQQE 41t 07| MFE HI|HOE F0|1 2VBATHK| £8 Mg RAE

= HE 2| 5 Class-D QLC|Q WZO| AFS U3=0| AEHE DX SHC}

et
1
£Q

3-Stage YZE M|QHSIRALCL 7|E 3-Stage WZ= = CLO| 2
SHOFX| L Miller 2Z(TML)Q| &7t FIt4= 0|50| 5

S| 2EEX] X ?lY RPM)Zt 22 SHISHX 7

= === Oof2f O3 52t 20| Gm-Boosting Cell(GmP)1t Gain-Enhancing Feedforward
dget M2 24 FXRE NHSHRUCH MetEl RO ol Z28E At
Active Zero Hot U=t SUSHA SESHX|T, GE-FFP7F F7HE|H 0 F

THO| M GE-FFPo| O|&0| M9l ZEHLCE HXN TMLS GBWS A =EA|ZICH ESH

—

el 24 mEM Rm(T71, TZ2)7t 4= AZE|O| Adaptive Passive Zero(A-PZ)E &
7] WZof, PvT B0l HEHCZ Qo RE HEY = UCL O|2ZM CHEEF CL

o o

4 9F 4n

S Ao S22 GBWEI 5&23%t PME SA0 28T = QIC}
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v Main Path (MP) P—
Vin 1
Ggm1 Om2a
4 RoaZ TCpa b—"
RoiLyICos T ~Jmz1 Roz
= Z2 =
/;TZZ Cz GE-FFP
V
SR
- e
Feed-forward
_—D Path (FFP)
Rw{}c roposed vy
il Compensatmn Stage
Vi Main Path Z = TuLof MP IProposedAmplifer—*GE-FFP+MP]
- )
o =\ Wew Z .. Uecr: 2-Zeros
3 :-' (] 5% Wz caw, Wzpm
&\ | o
§ Wl N Miller Loop
GBW,PM ¢
C t to| Vs | /
+ HL.% +GE-FFP |

[JE' 5] 2 =201 HMetst Gm-boosted Amplifier?| F&

otz 22 61t Z0| GmP= Nested Current Mirror(NCM) Tt=& E3lf 38 dB2

0|58 MNIStHME DnFL 3™ GBWELH A |AI 2 SEEZE 52X

Ct. GE-FFP= OIQl AE(Main Path)?t BEE FIIE Mz ZE2EE, Fhtlt 20EFE
O|50| &7t §4E 0|83 TML2l GBWR2t PME &A |01| it 51 AHDAIH
CZE FX| iyl =& v30| AZSIY, st &At2 0l F22 AF(wZMP)2 ddet
At SA|O| GE-FFPE HESHEE TSI FIHEQl AKXt 2H161|E% x| A3tk 0]
ot 7258 Sl MetE == 130 dBO|&f2| DC O[=2f 160nFe| CLOIAM 1.47 MHz
GBW H 51°9| PME Hd5IH, 7|E CHH| FOMS 16.9Hl, LC-FOMS 30.6H] & E ds52

2oz

Ct.



1st Proposed 2nd  3rd
Stage Gn-Boosting Stage (Gme) Compensation Stage Stage Stage

M
5 . i M
o L ﬂ.ﬂ}lﬂl MP !_l-'.;“_

3 = A Mz
T To4a)
Vept bt~
apt™ —T]

¥ Wl M| fGeFip 2
-1 e 04uA [l20uA  flzouA  |i2opA [l0.8pA [=_ﬁ' éﬁLE-I{
' 5] ospalll! Tz o m
Vot ] 7 ] gon Mz .
M?FF_!_HMB E EL'{ - _L M 1t @M-I‘l %ML 13.2uA |}B.0pA
!s;g M7 Myg| (1o Mzo] [Ma1 Mz r‘

10.8uA ==

0.3uA)

Device {Hﬁ'ﬁfm:‘ Device [u?r:r’z:m] Device | (um, J'I-' m) Device (pﬁﬁfm}
MMz 6/1 M3 0802 | WMeaMs: | 0.400.2 | Megt/Megs | 0.800.2
Ma/My 8/05 | MMMy | 4102 | MMMy | 0.8/0.2 Mpps= 3202
MsiMs 1.6/0.2 [M17M1a/Mz1/Mzs| 0.4/0.2 Maz 32002 Cm 08 pF
Mz/Ms 8/0.5 | Mu/Ma/Mz | 1.6/0.2 Mas 3.2/0.2 Cz 0.24 pF
Ma 4/0.2 a4 0.8/0.2 Mas 80/0.2 Rz 280 k0
Mio 20/0.2 Mzs 0.8/0.2 Mas 48/0.2
Mi4/Ma2 101 Mas 8/0.2 Mgt |41

[18 6] & =20 XSt Gm-boosted Amplifier?| 2|2&

#14-4 = =22 HiHE|Z FSE= 717/0M =3 HHPoUunS HIHEZ| T (VBAT)2|
HINX| BAE SHEHME ®2 07| FR1IQLY =2 UL ds5 Ed5H7| 28l Mz
2 CHYEH1-stage) FAE (lass-D 2LC|R YIZE K USHRACL 7|E Class-D WZ =
PWM A2{&0| 20| 0¥ Mx X|HE|0f IQ7F AKX, BRAE ZAHEE HEE ALY}
Of 2Et M3 Heho ME =& X5t =7t LC EH7I ER5D, -VBAT 4d HAlZ X
got= A0 BE T Al 30| 50| YUSt= ZHS0| JUARUCE O|F sZsH|
8 2 ==& otz O3 71 20| th E2tY HIWA[E|(CF) 7[8te] RAE

@} True-Zero-Switching(TZS) 7|82 ZAest M2 Class-D WZE KNSt siY +
Z& VINO| 0ECt & A|, CFE VBATRE FTe F| EESIY -VBATE ZH0| 217451,
HICH2 VINO| 0ELCH 22 A, Bt fI&2 2 FEA|A fully-differential =3 (VO+&VO—

S -)
O] +VBAT He|E Z#EE THELL O|F Sdff 2 FAE ZAHE Q0| 2VBATS| &%
Mt AS A0 X|CH 4Hiol &8 NMHZ NI =+ UL ESH TZSE M ETH BIx
A2 VIN=0Y [f VO+2 VO-E 0VE {X|8f EZast AQAES AKX SHCt.
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w/o TZS Loop @ Vin =0

‘. --------------
Main FB Loop

1
"
¥
]

4 .-:\‘-'_“""VBAT i Spike —-ngh laps
pulses @ V=0

i Spike OV
w/ TZS Loop @ Vin=0
E e *VTH,P_-WM g): LE(Z) RFB
CM—= = == E s
Erry - A
PWM P2 .i. 'ﬁ___ R;N‘I """
PWMy,___ 15 “ Ts Uy Vo
L. ) ol o
V s i i —f
5 ©No switching | v >Trl{e-zgro_,lafps
Vo g, oy (Switching — =0

*V1u,ps (>V1Hewn) = Equivalent t[{reshold of dead-time blank
*Vrupwm = Minimum detectable level of PWM generator

(18 8] 2 =E20A M2t True-Zero-Switching(TZS) £ & It
XMXPEE

£0F : Power management ICs
2 : uknow@korea.ac kr
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Session 6 Imagers

O|®H 2025 VLSIQ| Session 60| A= Imagers2te= THZE & 4HO| =F0| LHE|RACt O
S #6-12 global shutter CISO| 2tHE LHES M5, #6-32 A LHE0 CNNS
4o 0|0|X| MAO| ZtEEl LJ2O0|C} ESH #6-4= ADASO| AF2EL[= O|OX| Ao 2
2

= LHEOICt.

#6-1 =22 CMOS image sensor (CIS) 7|E2| rolling shutter CIS7t WE2A ZZ0|= =
M ZEO| 0]2{20] dA O|F sHASH7| fISH L2 global shutter CISO| 2%t L &O|CH.
HOt=l digital pixel sensor (DPS)= ZELIOIQEE £ J42 L FZZ, large
photodiode (LPD)&= AZEE ZHFE0|AM SNRZ & ESH= H 0|4, small PD (SPD)& high
dynamic range (HDR) TtZtOAM =2t Q0] A=XEF wX|St= O AeICt ol SPDO=
chopping operation2 =78l LED flicker ® XFIt 22 0 =0, Z1X 22 HDR
HME R & HE H3ICt ESH single-slope ADCOl %= 7HS| DC coupling
capacitors [Cfdll auto-zero operation0| 7t&dt== 85t random noise2t fixed
pattern noise (FPN) =XME SA|0| ZHCh ZA/Z2H J20M d7= =M1 M3t

of | O &5 == HO[2l global shutter &2 Al Z2f| Yo # U0z

1t
0
0

==
E20| Elot olgfst 7|HES Sl analog gain 1601A 122 e-rmse| W2 LO|=E &
M, 3MPGS ZE 60 fpsOlA T3 AQE 270 mW =FO0|C} ESH 7|E =21t
WwHE I I 37|, random noise, HDR, T3 AZ HHM ZHH = =XE EX
A, BEE TAMOME fFS EO0|BHM MEEIXE 2d BRUM M FHE /A

i
e
-
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-=”" LEDPeriod = 11.1 ms (@90 Hz) SMP1 SMP2
‘Qouty =10% (1.1 ms) |_L ~ s
bl PO
Ar—r A' IB
1 BB Vaues Vauez

(O3 2] #6-10| A HFA[Bt split PDE AHE S, chopping operationg AE%H pixel structure

#6-3 =22 edge deviceO|A] S0{Lt= vision taskOll CHSSH7| ?I3H, Al processor?t A
o M2 A= F+= i MA LHEO CNNS €2 O|0[X| iAo ot Lf&O|Ct 7|&
Afts2 MY 2271 AL, S8 MY =7 BHX[ALE, weight @227}
LEOtA BHAIZE ARALCE O] =22 258x129 pixel arrayE 3x3 sub-pixel array (SPA) TH2
F1, exposure time=2 weight2 programmabledtH ZHESICtH Conv layer?| fractional
weight= —8~+8 HEIE 0.1 step2Z2 FoI5t=0|, SPA LHF HEZ2| exposure A%} *I
M1t up/down 7IRE = 345 I35l two-step ConvE ASsHCE O|ZHA
feature map (FM)2 RelUZ 7% % analog MACOIA HAJRZ BBHE[1, 5-bit fuIIy—
connected (FC) weightsZt 2%|X| on A|Zt2 3l global capacitor®f| TSIE F+XBtC}
Mo nMOS-only PWM pixel +ZE MA fill factorS 30.6% SHAA|Z D
pMOSE HE/HiME ERCH RGB XE2 SEUNSE Ne|siAM Z
high-resolution fractional weights2 €& THAOIM 270 2 =22 MEY 20 fpsof
M 1375 yWE 2231 iFoM 206.6 pl/pixel-frameS E/ERULCE. digital MAC CHH| analog
MACZ BH 83% O[HX| 68.8% E&O| EECH X EfAI0|M= fire detection
89.6%, fruits freshness 90.9%2| =& B, 5L FM

AME Al 80| 175% / 31.9% HHE[RALH

M =0l A gray scale CHH| RGB



Multispectral Sensor with Embedded 2-Layer CNN Model

[ ——

Global _@

Capacitor
L Analog

Output
T

Input Image
(258 x 129)

Ex2. Fruits fresh/rotten
classification 3x3 Conv + RelLU FC Layer

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&

H*

6-4 == advanced driver assistance system (ADAS)O| FO| AtEEL[= O|O|X| At
A= ==FO0|C} High dynamic range (HDR)2} light-emitting diode flicker mitigation (LFM)
AHSK AMOM 7Y 5235t QAL 2 =22 A2 large photodiode (LPD)2t
small photodiode (SPD)Z2 &0 U1, THY T F(single exposure)OjA] EZELCIO|QE
Z20| meEt & Yl el MAYS =it 0|0|X] MA &= 12-bit single-slope ADCE AHE
StH, Wl ®of 2X ¥ A= 28-bit HDR mergerOl A ZTHE|Of X[ 144 dB &9
HDRE #Iot Z|i 16x analog gaing A|@TtCt. YotH o= HHE FO0|7] 28 F+
782| comparator?t StLEL| loadE & /5H7| = SHX[BE, O] B2 noise coupling =X 7F 44
4 7 A0 & =&2 auxiliary comparatorg ZUUCE EESH ADC ramp slope2t H&2
oversamplingR 2 Hr3lE|M, readout AlZt M s ZEH=Z ADC 2disit
oversampling HIE XHFASHCHO: LPD-H 10-bit 0S4 &). O|2{$t 7|HE2 Sl analog
gain 16x, OS40| A, OS7} 212 M CHH| SNR1S 39% =& == UL} read noise= room
temperature®|A] 0.5 e-, Tj 85°COA 0.55 e-& HEFCH CHE == HLFS M

Mot 7|He2 243t FoMdt 283 Q= HDR % SNR2 ERILCH

rMo ri
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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

SOME 7tEX 7)€t ZE Aob 0% O|HME HAS7|E A tHY HI2E 156 dB
AHEHRIQL LED E2|H AAE 8T 2.1Mpixel SPAD O[O|X| AlA, d2|1 S7¢
AlZt ME-30 2 & o2 FFE HOHE E HASHM 25M points/sE %

Direct T ES

SPAD Direct ToF LiDAR Al A{0f

#27-1 2 =22 XsA 220N 27 &= XMCY O|0|X| MMl SHAE =
2/3-inch 2.1Mpixel Si&=2| 3D ®E SPAD O|O|X| MAME HHSHULCEH Xt2FE
A HZX AAE (ADAS) BHE0Me ZNZEQH 12[=o| HE0| SA0 &
on, ol 7|E& CMOS O|O|X| MM (CISy= LED =270 F A4St
(HDR)2 28l CtE =& YAS AMESIEZ SNR Ed¥Dt M XS 22X 7t Ldst=s st
A7t ARUCE ol ZHE SiZASH| fdi, & AT M= weighted photon counting
(WPC) 7|8He =3l tHY £ H(single-shot)2 2 156dB2| £19Y SEHQE ZHS|
1, SA0| LED E2[7H X 7|5S TFSHAULL

L
|::F|Or

Ofgff O3 9= wpPC &% {2[& d%st= J80|Ct of =g dE Cheol 3™ F7|=2
L &, A BR EX2F RASHE AZH| 2t 7S X(1~8)& FO{5t0 =5 A=+5l=
2HA0|Ct O[2ZN 2 FHOMe ZEIE|X] %1, F2 YHOME F&2° tI2E =
2l th HAHO M 156dB HDRS ToiotCt ALt MEE 2d0M= ZEO| EZ4
CXSHCE O] OF2f 33 10 Z0| consecutive event detector (CED)7t WPCE A+S

|0

S
2 HZgdgstoty 2 2E FI2Eez [ MELEO M2 SNR XotS EX[SHCL



P Exposure time >

recharge cycle 2
pork List s g _[o] P
window ‘ili_:_
tOt1t2t3 “ 6 6 7 18
bright i  iphoton |
TCLKH W rv vivy vV |vv v YW v vv v \A L
o)) Jn+3[n+4]_ n+5 n+6 n+7 n+8
Counter
I'] l9 v v ¥ vJ
n n+1 n+2 n+3 Jn+4
Wi | ® i
n n+1 In
H1 | ] [ [ |9
dark n n+1

[Z12 9] Weighted photon counting (WPC) operation principle

PCLK
—1> TCLK— pwGT . —ouT
VK — ) tobit | [ 106t |OYT
POUT Counter| [Memory
SPAD [}
RES EN WRTRD
Weighted photon counting in bright situation
4 PCLK L 1 1
Photon 9v ¥ vw?v WYy vy 9vvvvv
£ Window [ 5]
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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
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Session 20 Acoustic Sensors

O 2025 VLSIS| Session 200 A= acoustic sensors2t= FHZ & 5HO| =20| LHL]
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Proposed In-Line Current Sensor
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Session 31 MEMS and Display

O] 2025 VLSIC| Session 310 A= MEMS and Dipslay 2t= FHZ & 5HO| =&0|
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Session 16 Hardware Security
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v — v v v
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» Time
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Hash & NTT Paralleling_: Hash & PWM Paralleling _ Continuous Hash
S pPQChash | =% n"PQChash || = n"PQC.hash
1st stage of n-1"' NTT; A" PQC.PWM | i -1 PQC.hash
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IL-DCO: Injection-locked DCO

~ Requirements for signal selector | .

« Small area and low power = To increase # of qubits
(Available area and power in 4K stage are limited.)

* Narrow bandwidth* - To increase # of qubits per single cable
* Low phase noise = To improve qubit control fidelity
L * Bandwidth is defined in Figs. 7-8)
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[7-1] OTX & ORX block diagram.
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[7-2] (Zh) (a) Top level block diagram of the UCle-SP module, (b) bump map of the UCle-SP

module

[7-3] (%) 3D chip-stacking decreases bond pitch from 50 um to less than 10 um and needs new

die-to-die links that are small, energy efficient, low latency, and high bandwidth.
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[7-4] Machine learning inspired wireline transceiver concept with feature extraction and random

forest classification.

[7-5] (a) Reflection in a multi-drop bus channel, and (b) the concept of the proposed echo

canceling FFE.
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Session 12 Ultra High-speed Wireline

Session 12£ &8 AAHLEE-5 nm)dt ™ &H, ENX|H 25, MY AFE-24F DSPO|
It ZgtZ Soll, AMICH Al/HPCR| CHEZ/E SHAIE AAISHD 802.3ck-PCle Gen-7
S)HK| OFREE d52 HMAIBCL

ull
FH
MM
fot
rtot

5 &
HE 222 FU 8 1275342 E0 £ 7|42 OE H2510(T-
coil2 ESD C & ), (i 8-l ©Eol2tel+FE/AH EF+RY 2HO|HZ 1FHE Ef
| CPG7} 1-UI/3-Ul EAE ddsh 3-Tt 81 MUXE T+&5t
iny %ﬁﬂ %*/TI OXIE VT &5 EUWXAHE O/N XA Y ot Eod2 MdAztst
Ct 2 25 £5H=1.2 pF/phase)= &8 25 HIH(=19 GHz, figure-8 V2 XT3 A
=2 24 0| Y22 XDHMXH &2 F+ASH 72.8 GHz toneOA] ENOB 4.1 bit(0.15
GHzO|A 6.62 bit), 150 GSa/s@620 mWE Z/dH 11, 150 Gb/s NRZ / 300 Gb/s PAM-4 O}
O|(soft 10-tap FFE pre-EQ = HZ2 2 =QIRYCL ZNHo2 {FH/EFE/E2YH SEAZ =
}ck> CFA

0% 4 DACO ARZI} 9% SAEES EA| T4 Ho| WA F|ojo|ct,

128:8 mux 8:1 output stage
——

2> IXDig oA Term
[ LDO |
8 8| T1 o P é s
[ T Pattern | 3 = &1 == /% Out —0
& Gen 7 »> MLIX Drvi N/W -0
5] B4 s | 8-tap FFE e—
S s
B> —— Clock |°
¥ 15 Cal
3 LC-DPLL Clock distribution
8 | B1 ' 4
400 (o]

| Illz _[ — {MOSH I/Q QEC }_ To TX Dig

12-16.6GHz

[12-1] (Zh) Prototype DAC architecture block diagram.

[12-2] (%) Block diagram of the 7b DAC-based quarter rate PAM-4 transmitter with per-lane PLL.

#12-2 2 =22 Intel 18A(GAA RibbonFET + PowerVia BSPDN)O| Al 7-bit DAC 7|2t 128



Gb/s PAM-4 TXE -‘rwdﬁH 38 24 Y 0|52 2Z2/2{0[0r20 A ZTCE a2 (i)
AOIE MBS +SAXHIM0 M3 2&(1-Q LC-DCO QAHEH, 20 um 1t KX E WAL
ol 25 Ef—?—%‘, PowerVia2 Bl E )| 25 SE-HEHIM 7|8S SA0| &
Z=1, (ii) LC-DPLL + QEC/DCC + LDO(0.9—0.7 V, >28 dB PSR)Z X|H-FE| XS 2H}
O, (i) ZPASFE 1-Ul A HO|EQL 41 MUXE & 7-bit DACH/ZEH =& HiM)

O lok
> Z

-

X 8-tap CIX|E FFEE 1% MASE /gt FOICL Of HAAE SNDR 396 dB, 0.67
pJ/b(AFE, PLL Z%t 0.76 pl/b), HA 0.076 mm2E &3, 128 Gb/s PAM-40{A RLM
0.973, XE/MEE/CM =O0|= & 8023ck &it] HFS FFIULL ZEXOZ HIAO|E
M H|MO| A|AHIH™ §|-9_o| MNEH.XDEA TXO| A

= Rl Lt = [} = =]
#12-4 2 =22 4 nm FinFETO|A 2125 Gb/s PAM-4 =417|& KH|QtsD, CH&4 (40 dB
@ 53.125 GHz) {22 HY AFEES-ADC co-design@ 2 EASHCH A2 (i) 3l0|E 2]

E CTLE + 288 &% CMFBR FA|-2 TF #¥S RAoIH 0|5/9l¢ OlRs &
Sk, (i) &= AHEE ZdY Gm-TIAZ 0'34 =8 UHHE ZZAA Gm-TIA?] 1EH

Chel =t3 otAE ShhH|ag oiHl x1.8, FQIEE CHH| x2.4 BW)3H0Y ADC £35H(=300
7R AE +5, (i) 2HI-/A0E —2‘% E2o|Hz 9SSt S80 ofet X[H EH
d= 8ot PI-YMZE 4-2/¢/1-U B Y ZB= g8 oItk 07]10] 96-way

Tl 7-bit 106.25 GS/s ADCOf| ASC = -HEIoHY 2#HE Cd|
RCH AWM OZ AFEE 50 GHzO|A 135 dB I3 (L|FAE

o =7 MBEE B2
StESH, HH0
MLSD2| T& =

=
24 #BH0 MOl A

g 28 %‘%i‘itk. EO 0.56 mmz?, 675.2 mW(3.2 pJ/b)E, 1% &M
g 4 SHAE XA 3-9 AFE+2E+ADC SA| X X3t2 Lo{22l 20| 7|0{0|LCt

1% rank x16
2™ rank x6 96x

% ADC Capture
o '-’ —HF%J—D—/—@ Memary
|
1] Bk
106.25GS/s Global Aligner

Tbit 3| CLK Gen

s Pre 5-tap LMS
8-phase | 8UI Post 40-tap Adaptation

Floating S-tap

FFE Offset
T Calibration
e

Pl
6b/UI

Receiver |4&-phase | 4ul

Common Stndmg ]

CIOCK Cth;'i.vor
Unit

4.phase |4UI

DFE / MLSD

PRBS Checker

Clock 5| Quadrature
LCPLL

[12-4] A 128Gb/s ADC/DAC Based PAM-4 Transceiver with>45dB Reach in 3nm FinFET
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=2= (1) Hd-2[Efo| . I1I7<| g LL| o] Zeto 2 PN/AIEE
B2E oEL zASt2 2hE Hoter #E ME TR EH%3H31, 3) HHHH z[Ht2
HAE 2 SYd2 =%UChe FOICh ZiFez 2 MdE2 2 ms XH, =
fractional spur | 2
5G/6G, UWB, 2|1
7|&=ME HIA|SHCE
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T
N
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o
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#19-1 2 =22 28 nm HPC+O|A F QIHM. K}
ILCM(Injection-Locked Clock Multiplier)2 | tSHCE.
UX|-ZHold =22 I38A=z XA IiHx+= 2EE2 A0 BE0{22 1225-226
GHz(QRO) — 24.5-45.23 GHz("E4)°| AL S Estn, (i) ECE AEH 7|8 Xp7|-

2 A PN2 HZ, (i) SAO
St Mt (dual-node |nJect|on)OE 2o Y= fBW)= 7|1¥ Z-7|8t9| PN o
2=t "o|ct ES ME-H205) ZEQF QPS-EA NPGE N=9-322| Hijz= He
sl U Fht 27 E 133-1.41 GHz(5.84%)2 =AStCt O Zf, 39.5 GHzO|A
32.83 fs_rms(N=28), XL 25.4 GHzO|A| 40.55 fs_rms(N=19, —42.6 dBc ME-F A L)
2 ME-50 fs @7 & THEMD, © YoM FOM —255.7~-252.4 dB, FOM_TA —277.7
dB(55 *1)E 7|2CH 20 HA 0,037 mm?2, M2 22.8-26.8 mW, HRR ~30 dBcZ, £
- MXEH-ZHY mm-wave 2 Hi4 SE 0] 2 2fel QIZo|M M-d35te = 5G/6G

XD SeDes U0 MBS UHO2 YFALL

=2
Ral
2
o I

[0}
mjo I
mt ﬂJIO
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DLF DCO
SCDPI_CW
[bLY compl«—{scopIE & PHis |
m CLK_000

C-ap-bank
Coa.[5:0] | Med.[5:0] | Fine[7:0]

Alignment CP |
INode,

3H"ﬁa |Node:
I-PULsAFPUL Node;
|

[19-1] (Zh) Top-level diagram of the proposed programmable timealignment ILCM with a detailed

schematic of sub-integer quadraturephase-shifting pulse generator

[19-2] ()Architecture of the proposed fractional-N ADPLL based on PRNM.

#19-2 2 =E2 40 nm CMOSOIA EZ(calibration) 80| 2% ALE 9AX|st=
PRNM(Q|AtLtS QA HIX) 7|HE ADPLLE XH|OtstCt sHA2 () el CHE #=x
DPI—SCDPI(AQIXETHZE Ao HE/ET & KELO|Y, CBDPI(AHA|-H|O|AE)ZE HY

_|n ‘|>

A BERE ZA| AFRSL0, (i) MO YEL| F7|M(CW_ ideal)2 DPI HIMEM(NL_DP)Z} 2
EYoz EI|stn AHEHZ HMSHwhite-noising) B2 ZM fractional spurg ZSK
ZZ2 2LHA7|= Ho|Ct o] A2 DPDLE DTC ME3t gi0|= Eao] He/2dls E
HO|EQTZE 3|mstH, e Fat SZ.FMCW Z0|CHo| Xetsich MAA XH 2H
O SCDPI 22|X|E M 7A3st1, SCDPI-CBDPIC| 4 HRAE SLotA LF 2™ 22
BEMCE A= ALl PRNM O/HE Al 28 M E0|M —60 dBc@48 kHzREH AIH7t

PRNM H& Al HEZXZE? Ot2fl(< —80 dBc =&)2 At2tRL, X[HE 2115 fs — 1634
fs(—48.1 fs)2 JHME|ACE 2O A 023 mm2. QAM, "HE-EX"Z FI7|4HMEHo|
222 B0 AmE #HWAMSISt= OfO|C|of7t 27 Sle XA ADPLLE 7hs# o 40|

= 7|0{Lt.



#19-3 28 nm 782 A Q-FAE XX|-MO{E 2HZ(GB-CSL) PLLE H|QtotCE 94 OfO|
Clol=, AX[-Mofd THAOM He TR HNSE 28 ZAl ADCE 0l CIXE

SE 7|2 5l ofF 2 XX[-Moj™ FHIHA|HE S DACE LC WA0| CHA| FSH=
Z0|Ct O|HA otH F8 FY 0|50 AN FX fYZ0| HOX|(Ql-YHE X|E7t &

&), SA0 E30| 715Xl Fof Bx7F Aol K| @oh AWIZF M et O Lot

UFUS o =4 422 HZ 0[50 M2ES O/M HHAIE 3 2FNA &

fu
k)

DCOE-AZD ZAg, nXIm Z3h)et 4H|E CSL B2 97|12 #HEH, SSEE A
M-ZHL AQ-BAE AN-ZHE LmHAI7|HAM I X|A/Md0 w2t CIXE Z2|4
= 7ttt 58 Z1 31.5-36 GHz HRI0A rms X|E 54 fs(ref 500 MHz), flHZA A
IH —66 dBc(10 GHz 7|& ™M1t3t —76 dBc), SIE-BHZA —73 dBcE MU, © hHY
Ol AIH < —623 dBc, A|H < 58 fs& FXA|IUCE ©H 148 mw, 20| HH 0.183 mm?
J2| XH/ee s XEED A2 7I5CE aostH, 7 MoE CIXEE 3
Zof AW FHIHAIHE CHA| FSH= CSL Z43t2 FZ HYE 23 A AQHE SA|
o O|2 X2 mm-Wave PLLO|LC}.

Gain-boosted Detailed architecture of §
Block diagram Gain-Boosted CSL PLL
(GBCSL PLL)

3"9HE + Buffer

& _IN
Pre-charge _ _~Charge Sharing
¢ I N N n
/Residue read
‘*’3 = L
Pre-charge —CM re-charge GB pre-charge CM pre-charge GM pre-charge
mode S1 S2 S1 S2

[19-3] Top-level diagram of the proposed GB-CSL PLL with its corresponding timing diagram.
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2SIHAM = 50fs O|8te| &K X|E{(ultralow jitter)2t -60dBc O|3}2]
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® Delay on falling not used:
half DTC power wasted

Suc . SudkI Y Skt I) S, Jkt 2]L

------------------- Proposed Double-Edge Variable-Slope DTC + Doublef-+-+--+----
Tulk]

refN N — ref, refy,, ref | l
2 > T KT, Jk+7]
ICFIX radl efncny refD 2 a :

DE-VS delays independently ~ "®foay f L f
@) both edges: ref,,, [ A

x2 lower DTC power
4 Su .Sl S, c[k+1]XSGl,L[k+2]L

(22 1] Met=l DE-VS DTC

S,..[K

dtc,c

elki— miigein calbraion
elk]
edge Kl QK | om oul edge_[K]
LMS SIkL{Divider control w/ DTC
—T—'@—‘ range reduction FCW
--------------------------- DE-VS & Fine VS-DTC multi-gain calibration -----------------e-s-es
edge_[K edge_[K
il U 5,

edge,, k]

elk g%, o-off, [

edge_[K] % ' @—'Qk[k]

[Z12] 2] DE-VS DTCO| ®A 32=

#25-3 2 =22 ZTINV|CHOIN HESH =222, =2 FoM 240 x™MS U= DTC
7|9t Fractional-N MZ2 PLLZ X QtotCt O|E I8 DTCe 22Xl ZXQl H|M

e o
o ox

.|
= SPDE F7IUCE H|
PLL(OE 1)2 DTC AHAQ| XH A X|H(jitte) 7IHE=E Z0|7| s 1X DSM(AX

Modulator)S Af%3Pﬂ1, o ’8% XI—’FE ':E“Sﬂf o =ds HHCE Eot H2 S
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= ofZst=s BY VI8N Y A AE YEES ST
m]

-

£ Y edt= 4H|E Coarse DTC2}

== J2EE HYol= oHIE Fine VS-DTCZ dEICt,
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i MK DTC 0|52 Z7JstCt. O LtOH7t Coarse DTC ZEQ| X[ JtFXE &Y EY
8f MEMES =EIUCE X7| 5 Al0l= EX DICE AtE8l W2H X£7|gH2 M-S F,
Ol20= 2= DIC M= ALt MY 285 AL SPD #X2UHAM LMS 2E= ¢
M= fI4d QXS B35 FStA @0 LHOF otCt SEA|RE HIW | 7|8k HiAl2 Z|Hk
(kickback) =O|=E X{Ctst7| ot the| 0|5 HI7t EQSICh d2fLt Of =2 7t

52 > oL o
I L
r
JH
o

Ol
=

=2

o |
gaoty| ™ EAY 1H MEYH SHOAM MY HUE sH) =S =
=

x|
Qs SPD Tt HWI|E

26t ME2E golxoR ZHgoEM ZW o= g
&= AEot, HEHE Mool O Aot MetE PLL2 -257.4dBEt= O1® =2 FoM=
=2 IUCt
------------------------- -Conventional Variable-Slope DTC + Doubler------+-----=-=-------
ref refxz ,Td"_[k]\, ref ref I
<5 ref
tary * & Sdtc ICFIX
® Delay on falling not used:
half DTC power wasted i
Su . Sudk Y S k11X S, [k+2]x:v
------------------- Proposed Double-Edge Variable-Slope DTC + Doublef-+--------
Tydkl
N —— ref, ref, ., ref ﬂ
D= ] T e
Smc ICF»( 7;; (efD.d/y ref, i q
DE-VS delays independently "oy ' L f
@) both edges: ref, TLET 11 E
x2 lower DTC power '
SN ENC) SN
[23 1] M2+El fractional-N PLL
N+1 2
N Pulse Detector | NLex ﬁ Pulse Generator
N+1 Dow & Generator [— » ——] N
N it Viamp } . :)Ek]
0 ea
0 EN,0
A « CKDTED,,. Rs CKow
- DTC C
1-2xe[K] et S *oufw, v
c J_ Sﬁ C samp
__I s 0
gl v
‘ DDlV ; u
e Dwc & >< >< >
kXj $
k>j I Duc —p! %‘lgﬁ Ilg:tg(;tno.r DTC delay/\//\
+1 Vramp,dr V V |
8 L EN[k] Vsamp Y — \ —
B 71 ARY accwrlK] LMSenL] = = t
1-2%e[K] WE, | Ao Note: Viampqis the discrete time voltage of Viamp
1-Z when comparator is triggered

[1& 2] M2tEl Gated-LMS-based gain and nonlinearity calibrationdt X|Qt=l SPD
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Session 11 High-Performance Oscillators

Ol VLSI 20252| Session 110|M= 1485 ZTI7|(High-Performance Oscillator) 7|=2
SHeE F 5H =0 YHERUCH 24 =22 1FO YoM /4TS NME, ©
H 2g g EEe 7|3t X, ZMTH |oT &, MEMS 7|8F E2N0HHH UTIT|
& Lot H22 Sl AtMo) L7 A waks MAISHRUCE £3] HE[ZO vCog|
2det A HEE 79, MEMS ST7[E 8%t Quartz N 7tsd 5, =X 3
BIAE WRTol 2 BEA M, HE J|E S E YA injection 7|EH LEIT| 5 3
2 7z o4t 88 =FE0| AXEAC

#11-2 & =22 Fudan University?t University of MacauOilA ZaESH AFLZE, 28nm
S of

CMOS 38 7|Ht9| 14.7~20.2GHz Quad-Core VCOE &S0 7|& HE|Z O ZI7|9|
SHAE =82% WES CHELCL HEIZY VCOE YHESS /e &= oLt Fof 2t
Fut 2LXL 7|2 28 M2 Qo AN S Lot M7t LMICH 0|2 sl At
7] Q8 £ A= Folded Circular Transformer &£ X|QHSIQULCH O] == XH7| Ast
a H7]1 Z2et2 sAl0 =8¢ Y 7o & IHE ZHGA S7|=6tl, Ats EE
DM)Qt 3 ZECMOAN 25 52 Q QXE =ESICE £ WE Tail Coils £l &
B2 AAHME AXStD, QMRS ES 1MHz offsetd Al 10dB 7HMSHRICH =3 CM &
Fo| dumEHATL 7|E F&

= & CHH| 80% Z7tst Q7F 20% 2|0 flicker noise 2| 0f
A1t SiY VCOE 14.7~202GHzOIM SEfsiH, My AQE

53 BT vCO T 30% O AESEPHE R U=
o 2 @RE AHSMHANESS SAO

JdEHSS 2o == 5 Zol= ZE[Z0 vCOo
2A4 TES MAISHH, XM 2zt S0 Helet o7 |9 Ys YSA



#11-3 & =2 University of lllinois?} Stanford UniversityOl Al ZHE2t HAFZ, 65nm
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Session 4 SRAM and Mask ROM

O|&H VLSI 20252| Session 40{Al= Dds A NHH @FE A0 TFAF|= KA
Cf SRAM % Mask ROM 7|&2 FHCE & 4H9| =20| LEEUCH SH-EAH =X
KM X MSIE Ed SRAMO| £&, HA M OHHMEES TFatA7|7] et CHst
0| MAIZIRCH, E5] MAY &d, M5 a8, ME|H0 O|FE F1 AKXt 3
Eo| ZAHE HLIEE 7|==0| =52 ULt

Session 42| YH =2 &, SRAMS MO =2 CtE 2HO| =R0A s 42 3 Chedt
ot AMEjd ZE, Al HE2 SEAMol SE XHsof =HZ NE XA 7|=S At
SIQULCE 2 2|50 AMe O] & HO| =22 FAMOZE 7|aX™ Y8 AmE X} St

2 TSMCOA ZED ALE, 3nm FinFET 373 7|Hte] noE oY ZE
&oH O1|'—J|7<| gE0t AHMHO| =2 TR/ MadS sAlof 24t W

A O'Er HotEl A= & 563kbit 20| 355 Mbit/mm?9| &2 HE LUz E JIX|H
3.89 pl/access®| w2 Oill—‘ixl AHEQF 275 pW/Mbit =&2| AFEH EE(1-CLM)E Ao
UL <y 7[He2& Chg & 7HK|7F UL

KM, eXtended Dual Rail(XDR) Ot7|EIX= o222 M &
TEot LHHX|= MELe=z N[5t 2 +|=E o=
= SA0 SRACL

=M, Delaying Write Word Line(DeWL) 7|%2 NBL 240N Zdst= H-EBt0|H =
=2 Y 47| MY 38% B4 HE/UCL

#4-1 2 =3
=

~
Lot
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[Z13 1] Delaying Write Word Line (DeWLl) 7|81} =1}

Jleg 84 1 =FQl 37.8 Mb/mm?2| EEE P Al E 2% & 2= %
of 8HZ = 6T & 7|2z FEE|H, SoCoM HEXHLZ A& 7tsth

SRAM 7x2 Z8&F # ULt =20Me 35| F 7K F82 7|&0| =YLt
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2 74510 Bitlinel| &2 A0l A7| &0 O|X|= &S &Altct O 22 ©E
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O ZM write driver HAZ 35% HAAA|IZICE O] & MAH WA 222 HE QHF|E

L L 15% =F02 X|A3E| QAL
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Session 22 OTP and Nonvolatile Memory

O|tH VLSI 20252| Session 220{| A= OTP(One-Time Programmable) 5¢ XtACH H|E|Ed
HZ2Z|(NVM) 7|22 SR F 4HO| =F0| YEE[QCE Zt =F2 X}l O|A|=tet

DHXSE @t 3D HE X, A2 2HFo|Mel HolH |X|, A2/ BEOL 58 =&t
Hde2 HESIHME 22 ME[EES RASte 72 44 59 7|&H O|FE &1 UCH

3 MHY %, g EY =, 3 SEFPE A4t 42 HdEN | YYES St
57 ot AX R FRY FHI20| F=S HUALH, OTPE HIESH CHYDH NVM 7|22
scaling 24 =5 ® logic-on-memory 7+ 7tsdE8 dXdte HFdE0| =E UL

Session 22°| EE =& &, BEOL 57312 ST, 30 {F 7|8 1A% OTP 71¢d &
Aojst 78X MZE S 02" OTP/NVM 73 &3EE KAt 2HO| =28 Ao
2 7|28 Y88 HmMENX} Bir}

#22-1 2 =22 ofd IRE2(0M ZED ATFE, 2nm Gate-All-Around(GAA) 37 7
HtO| 128Kb Anti-Fuse One-Time Programmable(OTP) HZ2|E M7 ZZx=Z Fpstna, =
DM SEUM EX7F 2l= 8171 Ol M5tE s 2517 fiet M22 78S HeHstRAT
OTP HEZ|= SoCOM MEZ| 2|Ho, EeF Oofg=1 ZZ|E 0| S0 BIEA @+
X2 SE0| DMzt AO|E +Ltsl3to| GOt AHO|E =4 ©&/IZF S7I5te, 1
A0t HZ 233 M MJICELL-0)7F BI85t Zz a2 M MB(ICELL-1)= 4280 T
MR 2te| XOo[7F E20E= M7t ZdSCE O|= Sense Amplifier(SA) =Mt Bit-
Line(BL) 2Z4lo| Fotg HE IA TS0, ZutHo=z oHEXNQl Hojy EHHO| o2&
ZIC}

O|E sl&str| @8 & 7= &% BL A SA 2EM 7HE2 0| M(Dynamic BL & SA
Offset Cancellation) 7|®& M 2StRACE F7HE Q1 Reference Cell ArrayE F0{ BL =4
I{EHES HY54, Sense Amplifier THAOM 2EMS S HMAZLEMN, 7|E &4 CiH|
2 IREF &Z0ME HEHQl EEH0| ZhsoiRch & Zan, MetE 7|¥2 Fail bit
countE& A E0|H OOl FAMEEZ &3, Shmoo plotE &l BL +4 TF &
HR|7F HoiX|n MY SE OrElo] =CfEl S 22IstRCt. £35|, VDD 0.42V, VDDH 0.8V7t
X &% 7bsstH, M2 AlZE2 0.9VOIAM 33ns, 0.5VOIA 66nsE ESHRALCE EBH CMOS
22X 32 2nm GAA Z[EH OTP H2Z| DIEE2= HE[E dSMA 100% =82 E0|0,
ZONM 378 SEoME ePEEQel OTP 3 7tsdE2 Y3SRich 8 gi= ¢
SoCOlM E=HQl OTP HEe[o AME|EI MHY SEE A0 28
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Phase 1 - BL & Corr Discharge Phase 2 - sampllng (Read Reference cm)

Qo % o

Phase 3 - BL Discharge
Main Coll

WP PGMV PGMV  VDDH

WR VDDH VDDH vss

vss

BL VSS VDDH or VDDH

Unselect2 i i Unselect 3

[22] 3] 2nm Anti-Fuse OTP H|E
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RRAM Gt 729t &2 M3 AQA H|Z, BEOL 2ehdS HIE S =Z XHA|CH H|Z[2d
HE222 FFET QOLL XX SE0A= 150°C O]9l 120A retentiont
endurance &&7t 3 1tA|O|CE O|E SflZst| fld & A+= M 7HK| =82 7|=2 A

oFSHRALCE.

KW, 5V 10 MOS2f 1.2V Core MOSE ZAgtst ME& Wordline Driver(WLDRV) 7t=&
=ABL04, 7| 10 7|4 WLDRV CHH| 97| £& M3t DHY AEY A 2HE s{A}
HME HXE 562% HUst, 22 HH HES 105% ERUC
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2 M7 M7 S0Y ZHE AN =2M FYTt X7 EHE EFE&MEr AW, 2=
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O] 2025 IEEE VLS| SymposiumOf| A= Wireless £t & 742 MMO] G on, 2t AN
=2 4 EHel =80 AW ERICE O] & & 2|F0A= Session 20|M= Ka-band CHY 2

Receiver?l PA, 12|11 Session 280 |A{= D-band Transceiver =27tX| & M| S CtECL

Session 2 RF/mm-wave Tx and Rx

#2-1 O|H0] 2|FE =22 TASYLHE2| Kenichi Okada W4 AF0A ZED "A
Ka-Band 8-Stream Phased-Array Receiver with Time-Hopping Blocker Rejection for 6G
Applications"O[C}. XtMICH 6G SLO|M= HOIEH H&E S7HE flof LIS HILE [
O] MIMO(Multiple-Input Multiple-Output) 7|=0| Z=XO0|Ct Fu}

LE 2ot 7hs3 Ch2l QtEILIE EXY = ‘BAII”.J, 1&g
2 DjEsfoF stez & END Y 4~RJF AChs oA 7F AU O 7Hddt7| 2I8
AlZt 2 (Time-Division, TD) 7|20| =LA 2Lt, LIO|FAEE(Nyquist-rate)E HFEA|

|

AERS AHSHE IFFO|AM =27 (Blocker) 2= 9| U206 d(aliasing) =H7t Edst
M, 0|2 9YHst7| 2siME EZO| anti-aliasing ZE7t ZL}CH 2 =22 HFY
(Non-uniform) Et2= 3 (Time-Hopping, TH) 7|82 &&%3%t0] O|2{st 2XE s{As A0
SHAOICE 7|E TD 7[¥0l nEE =ME AEZZS AQHUSH= UHH, HCtE 7|82 N
F7|ocs 2EEE R =ME2 Tttt 0|8 88 227 M=o AHEHS it
M -d(reshaping)dtd, EH 80| 227 UZ(0HES MY = UASS ER/ULCE Ol=
ADC 3 MEMEZ FAMI|0|M 2] AH8El= HZY MET 7[Ho|AM Aetsh 0|0}
T E 2 65nm CMOS &7 7[HIe 2 HZE|/U2H, 87H2| RF 74§9r 8-way E+Q ¢
HelE 22Xz FYECh 7Y Z2t2to[Ho|M eHE|LHH-Pol., V-Pol)2t & 6H E 8
AEZI=2

AEEZ A = UCH FF Z1H 64QAM OFDM H R0 A 384Gbps9_l HOolH M&E
2 -23.5 dB EVMRMS2t | FH-dSHFCE o KQtE HZY TH ZEON= 7|18 &Y

TD ZE CHH| %[0 34 dB &2 2271 5|8 T (Blocker Tolerance)2t 429 dB2| E27{ ¥
2|01d 9N ds2 BEQiCh dEXeE 2 fis 2EEY XA RF EE $£E 1
HIolE MEEZ 7IESIHAE, 527 Y20 EME TIHCZE SHZEUCH= oA

F4 84 A|IAHOM 122 XMHE 4 HIE =47(9|
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N : Time-Interleave
H-Pol. (T) SW (H
RF Path H1 ==
% RFPaRAZ Q out| 33
c 2 < <
<% RFPahis 3 ed T3
S — x o\ 55
| o Aux. Time Modulated oo
5 (X NA ‘ps  ATT Buf.  pS(TMPS) J T
- T >
[an] :l:-—.-u-: §L4
R ’ Detoy
RF PathH4  E5p PS Decoder JEOCor
CLK=32GHz ™ —¢ ! 2-bit CTRL
Multi-Mode Seq. Assignment
(4 Dual-Pol. Antennas QUniform TD Seq. Assignment in [2]

USupport 8 MIMO Streams ~ Proposed Non-uniform TH Seq. Assignment
Single Path Power Breakdown

Building 11 NA [Aux. PS|ATT|Buf. | TMPS| Digtal | Total

Power (mW)[18.5] 0 0 1]9.5] 10.2 3.7 41.9

[Z121] “2.1 A Ka-Band 8-Stream Phased-Array Receiver with Time-Hopping Blocker
Rejection for 6G Applications * T+Z&

#2-4 O =E2 FiOfgtn WXIM Wd DF0 MM ZHEDSH “A Digital Envelope
Tracking RF Power Amplifier Achieving 400MHz Channel Bandwidth and 91.9% Efficiency
for Upper-Mid Band Extreme Massive MIMO 6G Communications”O|C}. 6G 0| & -S4 0f| A
FEEE 7~24GHz FR3 [HY2 =2 PAPRE #{= OFDM d= 54 M=o HHSE7
o & Mot7t A5tet 2HtY tHY|o F2 =8 THO| 1w 0oz E0{51

AU
X2 ol Hs| ddut 288 SAO HESHY| 02| J&O|CL O|F si&sts| <8l Tl
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OFSERICE QLR FZE= Al2|= AQX| 7|8 DET HAC 2, 2id ME AX|et A &
2t0|d(cell slicing)g S ©ES |“'°P71I X|ofstH 1 288 =00t E£3h WE DO
E F7f ZE Fet Al WS A HEMl sAE HETl

2f 201 EHE XS] sl
. Z™0|ME 130nm BCD 2™E 7|gte 2 H|ZEH=El DET ICE 13GHz CiY GaN PAQb Z
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m
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91.9%E EJSIRULL £ 5 =HOAM 178 ™2 PA CHH| 100 mw O|&to| M=y HZ
RUE EQCH EFH 400 MHz 64QAM M SN T 2.81%2| EVMIt -36.8 dBc2| ACLRS
718510, ZHHYME MALN 2282 SA0 SFHS LBOIRULCE ZEXCZ, O]
A4e ZHY ST PAOIAM DET 7|=2 MBS 12Xy &2 AWM CH,
£95] 17 dBm S&ENM 2t MY HL E A0 E0FE Z{0| HAX QI Huto|
Ct. Ol= 6G FR3 CHYQ| 2HIY 7|7 4T AAOAM F23t 20E #=Ct
e e |
Modem [Corpic] |10 [{SPI[] LS OCP
1
Digital CFR v Loop Controller
Envelope v“- F.B Sel. |
Shaping DPD AEL  Network Buck
Controller
0 R;l.c BGR ] Uhy~[DAC A
ENV2
Level Selection Switches
HPM - -
|__Switch Size Selector | Switched Capacitor Voltage Balancer
/0 l ], Jxam D [xa Vos
=1 T s e = .
Skew rﬂ? LVﬁI A 5I-| ! 3!-“ 1 O Oa Oscillator
Aligner ;[ il i i 1T Vou o | Jfosc
Iﬁz[ 'l +—+ +—+ 1t Vn F
[ e o SR ST L I
4 = = ' s Divider
U 1k ! TVos
SW Power Lvs:l-| = = o o e Ves lfsw
LS (8 viode (OGN L L 6 Ror
OVOT; Y4 Selector : Iy I || Vo @eACIF ®a Ve, | Overlap
orep TN e Controller
Contrd'efm "Lyg ll_ = + ==-r=—= + — |l 1 1
& | i : i I i Vos O Ve, | Gate
Selection L Ll -||: ;: G | ! .{|: H J_ g ?rive{
ATrre, oo b Crope erors o ey, R |
l Da Dn O
Vi ,swmaz Vo
—i—> * LVSW : Level Selection Switches
I P * F.B. Sel. Network : Feedback Selection Network

[121] "2.4 A Digital Envelope Tracking RF Power Amplifier Achieving 400MHz Channel
Bandwidth and 91.9% Efficiency for Upper-Mid Band Extreme Massive MIMO 6G

Communications * #+&x



Session 28 Sub-THz TRXs

#28-1 O|HH0| 2|RY =22 RS YLHS Kenichi Okada wH AE0A ZE
ot “A 150 GHz High-Power-Density Phased-Array Transceiver in 65nm CMOS for
6G UE Module"O|Ct. XtMICH 6G FM &40 A= 100 GbpsE E= =114 HO|H
H&EES flol ME2-THz Y, £3| 140GHz £22| D-band?t E2% ZTEE HL
EN QUCE gLt Xl%”fxl HHE EE22 D-band EFAIHE= Y E-T-'f oF
HLU ZEZ AI25l= 7|X|=(base station)O|L} B = (backhaul) E 20t AH g
of 2t 2 d3= o[t FHal, MA x=Z=2 AEX BHE7|(UBE fI2 D-band
OrH|LE-QI-Tf 7| X|(AIP) 2= Z[8t EMAIHEZ HMAIACI= FOM 227} RUALE O]
Aol W2 L0 Holel AW M AQ FHE SiZ5H7| s HMQtE
injection-locked tripling phase shifter (ILTPS)O|Ct. 7|&E2| heterodyne LO A 2=
UMO FEr B 0|52 Qs ottt Sd7|et HIHE ALEdloF st2z HA M}
AH|FHEHO0| Ach= EHEOl AR/UACE Ofof BB ILTPS= 23 GHz [UHS ZOF 69
GHz M= 2 3Hi4 BH2ASIHM A0 & O] 7|55 AT, Varactor T
FhotE HPA|F|H -45°0| M +45°7tX| FEot f|&F Ot
=

JERE HEHE_% £8) o 302 94 ZHO| 0|$omcr. J

2
Q,FE%* 2= A2, injection locking Ij1|5"| LSS & t8He Fht S%S
SotCh O ZALb 7|F L0 M@l CHH| A M3 AR

RMS 24015 2XE FMSIICE £ 2 EMAIHCSl PA/INA ZHE
OHE|LE ARX|= ChZat 20| HALRJUCE 7|E QH L AQX|= shunt ERMX|A
E{o] 7|’ HIHAIHAZ Qlof Sil.4dl ZE =4 Ato]e Efo|=E= 7} 2y
St ZHZE ARACL O|F sHZASH7| fUsh, HHILE A9(X|= PARL LNAS| OfE ]
EQA0 A, &4 d20es Bl AYE AXIL EXWSHA| Lt
ESH shunt ARX[Q] 7|4 5’1HHAIE*¢E U M QIGHAO oo o EICH
PA/LNA AtHlE O 55 ez F-EQ AL, feedback gm-boosting 7| &S
Hgel o5 MAEALES &ESIYUCt =F ZAuh HMeHEl 150 GHz EWA|H £
65nm CMOS &HC 2 HMEEIYCH 8-4X AP ZE HEZ FHEJCHL S
Ot HRE 142-164 GHzZ, X|Cf EIRPE= 257 dBmeS 7|E3IQUCt THY AX}

OJ.."E
n
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7% AH[TEEH2 54 2EOM 150 mw, =4 2E0A 93 mWO|H, Ol= E2f
A OHH| 22 Mol 7hg Z2 +&0|th HE

2= 03 m AHZ[OM &
2 Al Z[TH 56 Gbps, =& Al 40 Gbps2| HO|HE&S FI}2O, 5 m HE0ME
QPSK HZEE 20 GbpsE FAISIRALE 2 MO Al RMS O] 2Xt= 0.18 dB, ¢
o A= 079°2 FPEO O Z2o P2 ds5 ER/ACL 2EXHCE =
=& D-band Fht CHHOM MA Zz== ALEA BHEI|IE AP 7[HF EH
HE MAISID, Bl HEY Z[D ERPRE XX MY 222 SA0 Zdot A7

q &
O[C} Ol 6G UE =9 29 7tsdS EOlF= 8% O|d&#= EUteECt

A

B 69GHz ILTPS for LO Generation >Coarse PS (ON)

fLol6 = = .=
— + /2 23LGOHZ LOp
(XJ L

3 SWPS=1V LO
»Coarse PS (OFF)

; f,_ol2 “_lé-_l :'
23GHz LO
- SWes Vet ]
Balun + Coarse PS Tr|pler + Fine PS

(0 or 180°@ fo) (0-180°@ f, o) SWps=0V

O Proposed 150GHz 8-Element Phased-Array Transceiver

 SPI TRX 4 ]

crtl Bias |[Phase TRX 3 1
*CH H
Data Ctrl. J|_ Ctrl. TRX 2 |

[ TRX1™Bi.Active PA-Sharing

IF1rx Sub-Harmonic TX/RX SW -
IF Mixer (BA-SHM) I TRX

4 26C 1 | VA
[GHz] 142 164
LOw [GHZ]

C
23
[GHZz]

oG

[121] "28.1 A 150 GHz High-Power-Density Phased-Array Transceiver in 65nm CMOS for
6G UE Module " %
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