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Enablers2t= FHZ & 4HO| =20| LHE|RUCE O MM =252 MTEH FM ¢
21 3 7Y 2 2E CHF0, AOLEEO|L; wearable 77|t 2 SA8HOF St loT EN
1, VR/AR 71712} k|-ZHFE QIHL|O|A (BCI, brain-computer interface)E ¢t =X
s 23 AEE UWB ZO|EAME JIE B 44 R0 MER 7[s8 He S
Z0| EC} 26-32 switched-capacitor C|X|E PAS| FHIHA|E{ O{2{0] AtO[0| QIEHE 4
ol nxmt S MFE AX[Sh= SLCPA X2, 6 dB power back-off0ll Al Class-B CHH]
1.29H12] E22 ¥ DPD 20| 100 MSymbol/s 256-QAM (800 Mby/s) A= & X|@IPHC}
26-4 |EEE 802.15.4z =& IR-UWB SoCOf| FIR EH 7|8t self-interference cancellation
20| TX/RX7t QAHLIE S75t= full-duplex 20|E A2 7tssHA o
M OFE ZX| (child presence detection)& A|ZUCE &£ 7|AL M= O] 7}
HAD S4 RO FA AME HHE F H F H2A9 d5 OXE 4
t preamble 90| PSKE IR-UWBO| Z&ot 26-11f, 57 Ft2t
backscatter FLtS CHE Y2 E2|8| selfjammerS MA3ID HIEZ| Q= AoA
K FZ Wi-Fi BEE mask =& SA0 2t 26-20 S5t Mzotot
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#26-1 VR/AR wearablelt implantable BCl= == Gb/s2| HIO|H&2 = mw 0|5t M
O2 HMEYOF st &FE 278 Z=Ct Impulse-radio UWB (IR-UWB)E E2 AL
tE¥o=z LEUW= A0l Of =A0 Hetsih, ZZ20= HX SHL0| pulse-
position modulation (PPM), pulse-width modulation (PWM), frequency-shift keying (FSK)
S o2 HIZE SA|0| A0 #HiX X5 &O0|&= hybrid modulation0| GIO|E{&2t 0fL
X 282 & E02ele Wtz Xp2| &Uct 23M #HE WA 720 phase-shift
keying (PSK)2H2 hybrid0fl Z2tst7| O{2{ Lt 7|& PSKE GXIb A|IAHRZ MAZE BHE
0N 2l 7|&2 ®XI5H7| flet PLLat &A| SESt= LO, AE[X preamble 7|8 S7|
7t BQst, AT ™Mo 20t EXfSHE IR-UWB HE0M = A Ato|of 94 &S
Of +HE|0f 37|17t Atz MZILCE ACH7E 90| BT EHA Iobd XpM7p ZetX[2E=
PPMO|L}E PWMIt HustH Zetstr|= O fLt

=20| N|2tSl= edge-reference differential PSK (ER-DPSK)= O] 2XE HA XtAof 7|

Me WAooz ErOf 2 BAs HXY 393t FEHQ| 7|E K| (reference edge)E
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Efo|d Haeot 2 4S0|E2 HAs g% o450 ATt me[E = HE FEf=
HA 0 oKX X7} HEH o2 TS| =& JUCt HO|He ™o & HA9l 24 X0
of d2l= Xt&s Fxet, o] 4= IE0M 47|= EO|Y EMO| Atse = A1
HAOiCH 2|40 ME FEEEE 2o 30| FHEX 0t 7|1F X[t E2HMO|
QAN ZHSIA SLSICHE © W20 PPM, PWMIS| EHN T3HYE SHE L0, PSK
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£ hybrid modulation?| o+ %22 @2 + UA ECh
T30 M= ER-DPSKE A |4 47HE &= ER-DQPSKE THE0| BAT 2HEE 11
O 7|0f digitalized multi-pulse-position modulation (DMPPM), PWM, FSKE Z 3Lt 250
MHz 28 st 7| (4 ns)0fl ER-DQPSK 4H|E, DMPPM 3H|E, PWM 4H|E, FSK 2H|E, &t
A 13H|ET} M2 325 Gb/s7t =Ch & 2|2& ring oscillatorE pre-chargedt] 2|4
FEE FEY FUCHKL HA 7|F OXE WEWD Atz MEE (4ol me|7t 0|0
K=& 3= ER-DQPSK ZAEE2{2t pulse shaperO|H, O A2 T2E Ta 22 7|
T OX[7t =S =Yt
[18 112 7|& UWB PSKet A|Qt ER-DPSKS| 7HES H|m$t ZO|CE 7|E AN E
A F otof 20| 0°21X| &2 F&= 7|&0| S0l =4ITHO] preambledt PLLO| 2| E3H
OF StX|2F Xt HAME B BAZE Aol 7[& OX|E #1 1 F0f 0°,90° 180°,
270°2| @& FEIt mEt2ch A2 X AE5t O o X|of F Stk Hetst
5l oI HA 7F Y4 XO|E O|2dt= ATCE HOJHE S/]Y = UCh
EAM7|= 28 nm FD-SOIZ & E0 0.018 mm2e| HAES X}X|SIH, 6.1~8.6 GHz CHHO|
M FCC spectral maskE EHESICE 3.25 Gb/sOIA AH| MEHE2 241 mWE O|HX| 282
0.74 pJ/bit0|11, =22 0| 3 Gb/s2 IR-UWB SA7|2ZE HS2Z 1 pJ/bit OF2HZ LY
2{7t 202 AMAIBICH Hlm CHARI X2 hybrid IR-UWB &417|S0] 1.66~2.54 Gb/s0f| A
1.2~5.8 pJ/bit@! AL} CHH|EICE 3 dBi QtH|LIQF A2ATFZ= B4 ZF-o A0 325
Gb/sOl A BER 102 7|& 50 cmQ| &4 AHE[E A2, 0X| dF 22 O3 TF2| 5%
OFE HiE O HICHE ZAO| OfX| EfO|Y HXt= DMPPMOA 4.7 ps, PWMOIA 9.7 ps2
2] (14.0 ps, 29.0 ps)2| °f 322| 10[QULCt AHXIME FMH=ZE oF PSKE E2A 7|4t
A 2B SEA CHA] HO[3510] PLLI} preambles 2iQH &2 BCICt wearableS {8t =
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Convetional PSK vs ER-DPSK

Proposed ER-DPSK

Before Communication

& ® Wast . (® NoPreamble =No PLL
R = Achieve Synchronization
1% '-W_MH'J‘“."'-'-”.UU* RX ‘Wmﬂf Only with Reference-Ed
n Y Preamble ¥ N
| Every Pulse has its own Reference-Edge |
Hey Rx! This is Phase 0° : : ;
- ¥ v Y
Always-On LO :
Tx_Phase Noise —"
W= | rRx i Aways GoodSyn
Sme sycfal | Emepe Ly,
S WP | & A—AWW—
Sorry | Forgot @

Fig. 3. Conventional PSK vs. ER-DPSK: Preamble-Based PLL
Synchronization with Phase Drift vs. Reference-Edge-Based Per-
Pulse Synchronization, Providing Always-Good Synchronization

(A8 1] =2 26-10|A HQtStE edge-reference DPSKS| 7HE: ¢4 7|&0| = 7|& UWB PSK
, BE HATJIE oKt /e HEE 2 = ER-DPSKQ| H|u

= HiEz2Z| 2= loT B2 & 71X Hgez AL o
53 37|z BE AUS EU= SH2 WIi-Fi/BLE &
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S0 UESME HIAAF BIESHE backscatter HA2 pwg MEozZ =2 I3l H
SES WX M 7tX| SHAS D URACH BEAL MSoF FH HhEmIt 22 o] o
O 4%t selfjammerZt =41 22& Eo{E2|1, X FE2 multipath0l| F S RSSIOf
OF o|ESHD, BtALZ| AKX ofgjo|e| H|MAEY 20| ABEZHO| HA A BLE mask
£ ES = Wi-Fi BT masks ESH7| of2{LCt

=22 A WK 7|82 Z7 Dt backscatterg CHE CHYC=Z 22|SH= cross-band multi-

carrier fusionO|Ct. Ef= 915 MHz ISM CHY2| 5 B2 O|HX|E s=6ta, Z2 M
S0 M2l 56-NR EZ2fME Manchester C|2 Y510l Ad &&at Ej DS 2eCt g
A0z ==t 915 MHz 7|& FI+E252H sesqui scaler?} carrier regenerator® 2/3
fwer2t fuer= 2H=1, O|2 baseband@t A multi-carrier mixer®l 20 2F 1.5 GHzO| IF
MZE ALt HEARZ| O{g0|7} YUASE 915 MHz BtESIE O| IFE BHRS| HHALSHH
O BLE/Wi-Fi &3 7 BHEO0{X[12, 2F 610 MHzO| 47|= imagelt =¥
=2 0|5 g CtH|Lte| Fe 2|=7F Z2Hhh YA BIAIE M2
£0|22 I Q ZH 80| self-jammerE MHY == Y1, QHH &2 2
910 TH=ICH (SSB) backscatter/t T+ E|M, HFAF M 7F JHRSHEN EZ0]| HY
H12= HMS2Z angle-of-arrival (AcA) X F=F0| ZhssiZICt
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= HE 7182 Wi-Fi #F maskE HF7] 2%t polar-modulated pre-distortion mask
shapingO|Ct. baseband HIOIHE CIX[EE Ity Fyst § {4 PM) d&23F TF (AM)
HEL2E LIFd, PM 22 5/3 fypr BHEIRE 40 IF H2FE HEDH, AM dE22 C|X|
S YoM 02| AFS 24T F| thermometer TEZ HEH| 32H|E MY HALY|
O'|E|O|E TESCE BEARZ] Of|0[0 A PMIF AMO| CHA| 2HX|H HEYE AHEFO
backscatter 127t Lt O] &Aooz AYIAS| AXIIL AN EO Wi-Fiet BLE & #
Z9| maskE & THESHCL

[A2! 2]= cross-band multi-carrier fusion?| FA&1F 02 EOQICt 915 MHz 78 E0fA

Fht S 427t IF BHESOE PHED backscatter 227 0|8 BHAISHE #+RE2, Y
Bro| @™ E0| QHE|LE THOA HEE[O] self-jammer 810] AoA Xl =FO| 7tsdiX|l=
A4 @A Qi= SOCi7F oL A2 M 27| @10 SSB YAt k= AS
e 2O FCt

i3 H2 65 nm CMOSE +HE[0] 0.798 mm?E AHX[SIC} 915 MHz 30 dBm ™ Of
2iOoilA 9 m EHO{Tl ADIEEO| Ef7} backscattergt Wi-Fiet BLE IjZlS 4lsl 2O
HAISHE AS AAD, ADEE Z0|A over-the-air2 Z$t 24 GHz Ht&Ito| Q4
HE2 1 MHz LA —111 dBc/HzSILE cross-band BHAL AHE 0N ASt= Hnt
Ci= image=Ct 32 dB O|4 &3l 32 dB O|42| image rejections 2, M 742 EfL

dot HEfOA AoA 7|X[=0| BLE IfZI2 2 +10 cm O|LHS| MA|ZH 1K F7F

ot Ols FHZ +HAMLL polar pre-distortions ME36HH backscatter Al==2| INLO| 6.70
LSBE &1 Wi-Fi AHEZO| EFE mask 20| SO{RCLH M2 =3 T

CHA 1.2 pw, Y33 EHA 215 pwoO|H CHRE 3 54 kb/s, HE3 1
Mb/sO|CE H|m Ciefel 7[&E ADPE% 2t HiHZ2| 9= Ef2S0l 25 in-band

backscatter2 image rejectionO| A4 0 dBO|ZL self-jammerZ7t Z=MSIH Wi-Fi maskS
TESHX| ZotALE ASoHA| B2 AL f H| @&}, cross-band X2} AoA IX| =M, Wi-
Fi mask =& 0] =20 H& E¢l &5=0|Ct 82 ADLEEO| Ot HEQ| 915
MHz SHO0| EEslaz MA HiX|ojAEs 3H AZ2p7t TRSICHE Mg Zots|of
SHAR, Sdar S4le

| idS 22|otCh= oLt Z2780| self-jammer, X =, BE
mask2t= MEZ CHE M 2XME sA0 20 FOA backscatter Ef2| EAH S7tS
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Fig. 3. Proposed technique#1: cross-band multi-carrier fusion to Fig. 4. Proposed technique#2: polar-modulated pre-distortion mask
eliminate self-jammer and enable SSB backscat_t@r shaping for Wi-Fi/BLE standard-compliant spectrum.
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