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HZ2 % CMOS TARIE

___varactor
off-chip P

2.3, 288-GHz ERE-=4| A5 (288-GHz Triple—Push Signal Source)
65nm CMOS 32 0[88t 283-GHz Hli= T n&E3H AISR0| B
ZICHEL Als 2 X 1A el 2l Helaez STIskE = 1o Xt
Qe (free—tunning) E2IE— —‘.*—#(tnple—push) 212kx17|(ring oscillator)2

TAEL, L2V = XIS 28 & QMEl|Ldifferential on—chip ring antenna)
£ 7SoiH, & KTl R[St 510 [m-E FrEhyper—hemispherical) 242
= HUxE 53 H FARBICE 2-9lI0|THon—wafer) SH0IA LUE7| Foi=
-15 dBme| £HS 20|, DC T AZ= 275 mWOICt TH7 [XIE Al
o] A} 73348 —41 dBmSE, 200 GHz 01&2| Tl CMOS +1s¥ &

P =2 Zho[ct QHEILIE Z=Elst 20| HA2 500X570 mm? O|ct,

On—chip
differential
antenna

a8 3. F el s AgE M=-A=(single—ended) 3-Lt

2&XI7|(ring oscillator) 20 [6].

2.4, 0.54-THz A58M7| (0.54-THz Signal Generator)

40-nm 3 (bulk) CMOS SHOA #HHE 0.54-THz A&
g 7|7F Bt [7]. 180 HzOHH SEet= X*‘”HIM%
T7I(VCO)= &tz 34t IF_ZF_HFE El g
Hmoll HAZECH EH(transformer)E
Sol 8= Z . 543 GHzOlA -31
dBmez =% mwo|ct, LC-VCO
o 7|4 I-MOS izt E3dll 539.6-561.5
GHz #¢lel £8 =0 | HYIE JHXIC

2HX|AE| x}Ef%‘—LLt—’.\—(cut—off frequency) O|&0flA] Al
7| el cHrol S71EHE ME RS Olgéh_'_ QICt[8] 7t

a% B5t0f Fai4 A/

2 MSH AlOI2] 22 Z

t=2/5
=1

(=]
=3 |

=
SH =!

(frequency locking/tuning), 21Z8Kbeam steering) 7|52
o= £3lleh 4 Uk 0] Xof HiHE Sall gLl =70l ELstn
AU (scaling)0| 7ts5t X! HIEYI(dynamical network)E
édg _J'\_ 0|OD:| 7|_7.<__| A|§$’__|0{| H|5H h:Q 5<E17(131‘l+ )Lli—.'_—E(Slg—
nal purity)= &2 4 lCt 65-nm Y3 CMOS SX0f|M 781=! 4X4
A HIZ2 338 GHzOIAM Z|Ci +H17.1 dBm2| EIRPS =0|0, 2AE
2 1 MHz 2&M(offset) FOR=0lM —93 dBc/Hz2 SHE|RUCY. 0]
T2 Hel20lM FeE E=o| Y HZl2= 2l sl

=
=

Antenna

Coupling

% 5. 340-GHz 4 uHE S| AHRI [8].
H2tsl2= HE7| (Terahertz Detectors)

31. 860-GHz £E7| C0|2= Z=7|(860-GHz Schottky Diode Detector)

130-nm CMOS 3H0lA 332 3 ¢lo| 718iE AE7F| C}o|
RE(Schottky diode)E 0|88t 860-GHz AE7(7F E1 T
.t A&E7|= 2% oo|22AEZ miX|(microstrip patch) Qe
Ltet CHO|RERZ FME[0 ULt HSS7H=(Noise Equivalent
Power: NEP)2 1-MHz H= ZFOt$olA 42 pW/HZ?2 &8
|ACH O|RE 2o M2|E MxE FAf6IX| 941 SHE 7HE
=2 M52 7tXl= MOSFET 7|gte| H&7|9t thSst 4F0|Ct
(1 THzOIM 66 pW/Hz"2, 650 GHzOIIA 40 pW/Hz"?)

== (=)

12l 6. 860-GHz AE7| CHO|QE ZE7| 0|7 AR [9].




3.2. 495-GHz 4sHXE xH¥ CMOS =417] (Inter-
Modulated Regenerative CMOS Receivers)

Bl2tsl2= o|o|d 882 el sSAXIe| Z L RIZEIx(frmax)

O|&0lA S&tete Z04 Fhfp HSHE MM H47|(Inter—

modulated Regenerative Receiver: IRR)7t 21 ULt 7|

Z9| 2 £#417|(Super Regenerative Receiver: SRR)Q| 7|

CI2 2X17|2 45HX(inter-modulation)E 5t

7t NZE £ e H2lE 0l183t UL fmax

S 30N 495 GHz2| Z[cH 44

ACt = Z™MoZ A= |RRE mIAMCh

o= o
m?e| Hxg RX|SHC,

47| #2101,

3.3. 820—GHz Clo|2E ¢1ZF NMOS o|o|E HiE(820—
GHz Diode—connected NMOS Imaging Array)

130-nm CMOS ZA0|AM CH|QE HZHE NMOS EMX|AE
0|88t 820—-GHz 8x8 0|O|X| &0l 7 =RUCt 1MHz2]
Fot4olM HF U2 Z(responsivity)= 3.4 kV/WZ, B
NEP= 28 pW/Hz"’2 K*El?itr. NEP= NMOSO Hlsl 3.5X
| Cto|2E= O|o|X| Higofl blsH 2F

Ith-row DC bias and
rectified signal line

Vsig.ir Patch 7
Antenna

30pm/0.12pum

lpiasi  amoAzum,

8X8 Array

Bias Circuitry
yuegq Janjdury
WG/

3-bit Row/Column Decoder

2.0mm

ag 8. 2% ¢

3.4. 9.74-THz &M AE7| C}0|RE HET| (9.74-
THz Far—Infrared Schottky Diode Detector)

9.74-THz9| ¥HQ|M(far-Infrared)g ZXIE %
7t 23 ERIck 130-nm CMOS SHoIAM 332
THE AEF|EH CH0|2=(Shottky Barrier Diode)2t 2%
OlO| 32 AER IHX| QHH|ILHE O|3s S =IRUCE QtEILIS| Tt
A& X|(virtual ground)E &Ssll HI0|0{A MR E ZZot0] s
ZIH0l| A ?340| 0131—3- Ho|mjA FHIHA|E(bypass capac—
itor)2| EXE o Aot AE7I9 SHE sH 30 pse
XXX 0| X(Free Electron Laser:
FEL)7F AF2E[ALCt, Z|Cf t HES T (optical responsivity)
A ol 2nE MXA ZE7(0f HlsH
f. CHOlE29 AMEF T Z(shot noise)dll 2lsH |
= NEPE 9.74 THzOIM ~2 nW/HZ"?2| 2tg 7}hzich,

Zst
HAZS JIX I'— 7%%

M1-M2
Ground

. }ERIM(FIR) ZE719 3D & [12].

AX} (Terahertz Passive Devices)

2a—xts HMEME D9 (Fractional-order
Transmission Line Model)

2EEHH

+3.J(causa| and

compact) £ 2 (Fractional-order Trans—

mission Line Model) N E|QUCE FObp &l 24t

(dispersion)t HIZ&X(nonquasi-static) 21+& T2{st 0]

D2 3"*”EP9P 0 GHz 7HX| YXIE EQI gtH 7|=9| &2

e 10 GHz 7 IE E‘R“;Ef LIok7t FHLE E%‘g 7&13

R=Ry+R,(1+ )Wo
G =Gy + Gpw

3210, TESM29 RLGC HeM SIIEIZ: (a) it 2E
(b) 2Rt 2 [13].
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Low—End Low—Power &IH| L E 0f0| 3 = T = Af|Af
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1. M2

Aol HIEH| |P ME3|AI2I ARMAHE 20154 Sixf 1Ms &
HCIE Z2MAM AZS 90%0|&2 SXstL USH, & MA
SHES 95%, ADIEEQ| 85%7F ARM ZZMNAME 7|He =2
CIRtQl=lm Uct 0|2t Hlw3H low-endd YHICIE Z2MAM
ANHEE 227t B7F MOl AN, EMAIFO] 2ol Exist
o Aok T 1M E= AME 22 AHEQIEY (Internet of
things or loT) AIZQ| HZEO0| low-endd ZZMAMO £
SItA71T e, dRHME 2020E 7K AR =E loT 7|8t
71717k 300-500< tiofl Ol A= HYSICH1]. olof 21
oMz AlEO| LitUeE 2R 7|™H2 low—endE low—power
UHCIE OO|ARTEMAS EXE HOED 7|8 SES It
orstrt, 22 £ RERoMes 2 d7AA a7 2 st
low—end OFO|AZZZMAME 7t2Fs| AJHSC

E

Internet

32 1. loT HEHZ Al2" [2]

10

Low-End Low-Power H|C|= Ojo|22Z2 MM o7 7t S5

2. Low—End YHICIE Z2NM 7|& S

A= Intel 8051, Zilog Z80, Renesas 78K &2 8—bit low—
end UHICIE Z2AM|M AZO| A=, M= 32-bit low—end
UHICIE Z2MNM AIFE Stien ot 2100M= 32-bit low-
end YHICIE Z2AMIMQ| 7]& STl CHsh

wZ T
_El
T
inl

Cortex—M0O (ARM)
ARMALOIA| 7HL¥SH Cortex—MO= QI 1ot &
O|ZRZZMAME UASH | et SR 2 WUt 7|E2] 8-bit
OZZMNME 32-bit2 thASH =M, H|mA XMEst 71H2E AA

Ho| 58 FAAIL 4+ ULk

Cortex-MO= 32-bit 3¢t mto|=Zatel & 0|H, 57702 HHAHE
Zh=rh 12712 HE XA, 8742 E4 X 2XIAEE JHX|H,
AAH HAE AHB-LiteS AF3t1, gate counte= 40LP ZH0
A 12000 H=0|Ct A2 M2 51z W/MHzO|H, DMIPS/MHz=
0.870|ct, Cortex—M02| 7HEst E2x= 17! 29 2Tt

a2 2. Cortex—MO LHE 22

4

A

Cortex—MO0, MO+, M3 S ARMQ| ZZNMEe MY AZE
0]7] &l sleep Z=2t deep-sleep ZE=EE X|RSCH3-5
SCR (System control register)2| SLEEPDEEP HIEZS
3l sleep modeZ =UEX|, deep-sleep modeZ =
X|EZHoIH, sleep modediNE Z2MAME S07t= S&
HXIA7|12, deep—sleep modedM= A|AEICZ S0{7}
222 ™X|AZICt Deep-sleep modediMe= PLLIF SafA|
22| 7kK| AIX| @I AIZICH3].

rir mo mer ofm

Sleep mode= ZEZAM|A 7t wait for interrupt (WF2} wait for
event (WFE) BHOIE 35t 0|F AlRtzl=H, WFESE S5l sleep
moded]| ZI/& Ii= event registers ZAISIH event register7t
00|H SZ2 HED HIZ sleep modedi| XIsEK(SH 0] 2l|XIAH
74 10|H 1 2t2 022 HZstn ofEl S&2 AILSITH3]L Sleep
moded| Est TR2NM= F2 AUHZE 2|5 wake-up
Z|H, wake—up 0|Z 0= restore XS S5l sleep mode
ZIdstz| ™ol otE g =2{=CH3L. (0l restore HAE
ai5t7] M PRIMASK bitE ZAALSHAl =l=El, 0] HIETL 10|
022 CHA| clearZ W7HX| 7|Ct2l & QHBE HSHE
sistct) TZ M A7t deep—sleep moded M= WIC
wakeup interrupt controller)7t EMstzH, M2 #Ha|&X|
= Cortex2 35kl HYE 25 AMHA|ZICH 0[2{t deep-
sleep/sleep modeE AIEsHA =H M2 A2= F2U 5+ U
X[2t interrupt7t LS o F0{7t HOILLZ|WEX| 7|ct2{0F
St22, interrupt latency 7t Z2HEICH3].

HrEpe

Cortex—MO+ (ARM)

Cortex—MO+= Cortex-M02| HMZ2 RX|otHA 52
MAIZI ZZMAMO0|H, 40LP EX0lM 12000 H=2| gate
count, 3.8z W/MHz2| X2l Am 0.952 DMIPS/MHzZ
Ho| UCk MOECL 3@ Z0l EAIE MO+= MO 22 57
He| HEOE ZX|BE 2EF mroj=atel 2RE HAZUT|
20, branchol 2lsf FHI== BEHE Ss5t= branch
shadow?Zt Z[ti 2719 HHOZ =ct, MO+= MOUME €
AE MPU(memory protection unit)g FIC2ZM H2
2|E 870 GYo 2 LHF0f, ofEalA0/M80] OS gHez F2
StX| RatA ot 23 HEe| FHe &4s 9f=CH4]. £
ot MO+= T2 Aa =0 exception vector?| MHAEH
0| 7t&38t vector relocation 7|52 X[$ICH4]. Cortex—
MO+2| Ztetst E2x &= I3 31t ZCh

rol

12l 3. Cortex—MO+ LE £Ex

Cortex—M3 (ARM)

Cortex-M3&= QE|Z2I0|= &, AtSAt A|AH H|of, & Ul
EQZ, FM HEYT Jla2 st SXo= JHLUE 32-bit 3
th mto|=atel T2 MIAM0|H, 33000 gate count +&E2Z
A g8t MO/MO+EL} O &2 d52 =22lc}.

ot

Cortex—M30l= Zojof| =& AZE 22| tightly cou—
pled memory(TCM)7t EfZHZ|0] JUSH, Ol= F0{7} A|AH
HAE AXIX| 921 &Y HiolH HZzlo HI2E & UEZE 5
of, M=z H2o A2&= AO|EE &0 =L}, Cortex—-M3
o MPU= MO+2t Z2 8712 gAg X|HstH[6], M AR
= 1z W/MHzO0|ZZ, DMIPS/MHzE= 1.250|Ct. & 10f Cor—
tex—-MO, MO+, M32| 852 R95tRLCt.

T2 Cortex—MO Cortex—MO+ Cortex—M3
Of7|Ell X 3-stage pipeline 2-stage pipeline 5-stage pipeline
iR 40Lp 40LP 40LP
Gate count 12,000 12,000 33.000
Sxt 45 (MHz) - - 135
MY AR(W/MHz) 5.1 3.8
DMIPS/MHz 0.87 0.95 1.25
CoreMarks/MHz 2.33 2.46 3.34

H 1. Cortex—M A|l2|= ZZM A M5 22

ARMALOflA= 0] 20ll= Wi-Fi, TV, 7tHI2t 52| 200l AR E|=
Cortex—R Al2|=Q} ADEE TV, rich loT §2| £0}0] Al2E|
= 185 Cortex-A Al2|= S CiYst AHICIE Z2MME XS
SICH7]. Cortex—A Al2|=8} Cortex—R Al2|== MO/MO+/M3E
Ct O =& gate countE 1 U1 (0f: Cortex—R4 = 18%F gate
count), Cf 185 AIEZ SHE SiCf,

APS23 (Cortus)

CortusAte ZgAQ| P SAHZAM MAN, ojzig 7|
7| § ZtCtet [oT AEE 2HEZ CHYSE low—enda YHIC]
E DZ2AMAM ¥ EFHES FMSstoh APS23= MIALE 90i2
2 717 52 9t | 32-bit 3&t mo|=atel

i)
|0
tu
N
1z

tn

=
TR ZZMAM ZO{0|Ct & ZE HAO| He gles 16,
24, 32-bit 7t#H Zo| FHO TEQl v2E A5t Hl&XL
o HHEO »%(out of order)2 S ds2 =2t v2 F
ol Y2 APS1T APS3ROIAM A2 E vi HEHof 2o
HisH T= L=7t 16% O =Ch APS232 16709 HE (x|
AEE JIX|H, AXI-Lite HAS ASSICH St X2 2E
(sequential) FH7|E€ XI&stH, of 2 &2 7=
8oz TG ACt APS23= 90nm Z2XE J|ELE
9800 gate countE Z1 U M3 AP= 11.64 W/MHz,
DMIPS/MHzE= 2.830|CH8]. APS23 SoCQe| Zt&st 22

= 33 49 Zrh

% 4. APS23 U2 =8

APS25 (Cortus)
APS25= 32-bit 5-7¢ mto|=atQl fLxE 7iX|H, 7HHA mo|

zZafel et A2 HA ol HEIZ0 AIAHO HESHEHE].
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