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Holl= 24N 2E0| HX|=IUH EX XA7t QXA 27| 20| ot
E2lof 2LE= 20y AAS EXIE 4= oAl ok

o ra 4> o

_,_

[>

1S S5t MR FE 718

025t 2XIE Z=5t7| 2l 718 ZHHSHA| Azt
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of Q= Ll QIEHO|AS 0|83l CIHZ YEES SI=Y0f 2ot 2
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Signal Description
ETMICTL [20:0] ETM 1nstruction control bus
ETMIA [31:1] ETM instruction address
ETMDCTL [10:0] ETM data control bus
ETMDA [31:0] ETM data address
ETMDD [63:0] ETM data write data value
ETMCID [31:0] Current processor Context ID
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System Bus Traffic From System Bus
|=== _I _____ -
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] = Filtered erifier
< 7 .
Host CPU (= Z ATU Snooper | oo (CPU)
| o
L222 Jouuezecced]
Host System | External Monitor with Extrax

mllum €OI: Core Debug Interface (€] 21E{E0| %)
I ESF: Early Stage Filter (X1 %{2] ®EY)

ATU: Address Translation Unit (1 S22 BEH Q)
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| 8 :

IAddress [Address 1)
| Data Data
|Context D mﬁ:

9314

89y inding

0xC000424F (Virtual address) -> Not filtered out
0xC0004324 (Virtual address) -> Filtered out
0xC0080200 (Virtual address) -> Not filtered out
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maker), MAMS7|(defibrillator), 21322 (cochlear implant), MZXt=7|(deep brain
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* Microregulator electrically stimulates vagus nerve

« Signals through vagus and splenic nerve trigger
reduchion in activation of T cells and macrophages

in spleen
e

* Reduced
production of
systemic
inflammation
mediators

* Reduced
activation of
circulating

immune cells

* Decreased inflammation
= Decreased joint damage
» Reduction in joint pain
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MARKET VALUE (BILLIONS)

B Pharmaceuticals: $121.6
| Diagnostics: $16.8

[ Medical Devices: $6.1

a8 2. ™MA MBS 71eg
HFE[ A GSKE 7|aiy HY

C Imagine a pharmaceutical
company 20 or 30 years from now.
Moving beyond conventional

drugs that interact biochemically
with the body, it will have built o
hig “bioelectronics” business that
treat disegse through electrical
signafing in the brain and
efsewhere. 3

Morncef Sigoui, Head of Research and
Bevelopment at Glaxo Smith Klein [GSK]
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12 4. DARPA ElectRX Z2IH0I|M SHE Sh= 0|41 MR|TIXt

AAEIO| 1R (EX: DARPA )

4. O|AlY MAHTXL XHto|
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H7|M2f (electroceutical), 7KL (electrical

prescription), =& M ZXt 2|8t (bioelectronicmed—
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a2 5, MI7|IXEH (electrical prescription)] 7Hd &
T8 M2k (EX: DARPA )
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14

Z|Al 4TSS o|AYMAFAL Xe (Implantable Bioelectronic Prescriptions)

TREAT — Modulate nerve signaling
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ADLEEO| M-’REIi H%EIHIOI)‘ Z2NME ZE6liM 222
ABEls REEL ZRMAMES sttt = o2 JHel Z2 MM
Fofet & 45| 2 SRAM cache HZ2|7t 5tLtel Eofl 2
o] A= UL} olE S0, A Exynos 5422 {Z2|70]
M zZ2MME oS JHel ARM Z2MAM ZHE T A=d
0l & 4l 7§9] ARM Cortex—A15 Z0{0l= 2MB2| L2 cacheE
Atgsta U1 ul JHe] ARM Cortex—A7 ZO{0lE 512KBQ
L2 cacheE At&stn QUL CIAIEPCH AEE= Intel
Core i7-4765T Z2M M= 4l 712 Z0{2t 8MB2| cacheE
Ztm o, MHE ZZ MMl Intel Xeon E7-8890 v29|
Ad20= 15 el Zo{e} 37.56MB2| cacheE #x UCt CHIH
45 =017| Sl o=z &0l & cacheE At&sta U
OLt O0tE HAE ©o| AHX[st EESJ AHMEE 30, £3]
SHMFO| oSt AHMHEE 3= A0 THEOo|CH

Hi22Y HZ2l= M0l U= WEES UOHE|X] 27| of
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od
o

od
1o

STT-RAM celldll OLE= 19| HIO|E 2 & o
Ol= free layer2l Xtat W&Fs fixed layer
o| Rist wygtnt ZA StALE tIrEH Ysto=

HtRO{oF Stct o] F2 YdtMo=z I0|

Bl %2 ¢S MEC= *M._l 2 &
o 2l Azt S¢et £2{0F St et %J
W2 UXIE ALESHAl Et

ol

LX) fixed layerg S1tsHH

25| sping 7HEl MXigH Satsti|

40| free layerg XILIZFHA torqueZt ©

220 free layerQ Atst @SS fixed layeret

Z ghs0of Fot, B2 MKt free layerg S1t6t0

fixed layer Z2 2 7tH OIRJIX|IZ fixed layer@t Z2

9 's p|nE 7tEl Mxte fixed layers S1t6HA =X g

H3 0| sping 7HEl MXt= BIALEIO] free layerE Ct

SuetHAM free layer? Xtah @at2 fixed layerel Xt
Bt =7 gHEC

o
kB

IO
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AMESHX|2E 22|02 Xt5tE|=perpendicular MTJE At
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Read region
Tag & status array Data array (STT-RAM)
valid  tag v
1T ] [ ]
11 | [ |
11 | [ |
I — 1 [ 1
saturation counters
swap buffer
Write region |::|;
Tag & status array Data array (SRAM)
valid  tag
11 ] [ ]
11 | [ |
11 | [ |
[ | | 1 L 1
saturation counters |

J% 2. Read-write aware hybrid cache?| #+&.

3.1 Data—comparison write [1]

0|A2 HIo|EIE m=Zalof A7] Xofl HX HHM ME A1
At 5H= CIO|E|QF Hlmasl E1 CHE ZAQ0|2 o220 &2
2N MEe 3|28 Fols ZHst gHoloh o7|dMe
PRAMOIIA] bit EH9I2 HlWatn M= BHES HQtsta UK
oF 22 HHES STT-RAMOIAM 2ot 2 HeZ2 & a2
Ct. Flip—-N-Write [2], read-before—write [3] & {3
7EX] HEO| US & UXIT H7[0lM= O 0|4 CHEX] 7]
2 gt}

3.2 Read-write aware hybrid cache [4]

Read-write aware hybrid caches AH|MEHES 3 X|0t
k2 SRAMZF 1 8ol STT-RAMEZ &7 AHE5HH AlY
X 212 d= YWHoICt L2 cacheE 13 2% #0| =2
write region®t & read region2Z LI+, write re—
gion2 SRAMSZ THSOAM, M7|7t T2 Ao{Lt=lines
B &Sta, read region2 STT-RAM2Z TS0 A, %'7|7}
F2 5h= lineg HIYESZM STT-RAMO| M= 3|+E &
Ol= dolct,

Ut load miss, & AHZI0M miss7t H line2 Y2EX
d=zZ 247IE ol stA 2 ZAolztn o =st
0of STT-RAMOI| HiF3st1T, store miss,
Z MI|0M miss7t H line2 Y2E2E
M=z M7|E Bo| stA & Aojzetn

Ol =ot0d SRAMOI i BtCE, 1Lt

Ol o=st uiEst Aol HREU

Cho EHEtE|= line2 migration 2
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STT-RAME AtE

2 E35t0] Ct2 region22 F7ICH, 01IE £0{, STT-RAM
of BiESH lined A& A717 23EE= 0= (O
29| saturation counterg 0|&5t0{ LOotH) 1 lined
SRAMSZ HLif1, 0|2 ¢lsi SRAMOIA LRU (Least Re—
cently Used) EMo=2 Z7{Lt= line2 STT-RAM2EZ
ELHA = 0|2} 20| read regionzt write region ALO|
ol lineg MZ HHRA =X, olmf ERstH I 22 20|
swap bufferg 0|&3dtA =Ct.
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SRAM Lower-Bits Cache
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a2 3. (7} Lower—bits cacheZE A5t AS 7=,
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3.3 Lower—bits cache [5]

0|HE ¢/2| data—comparison write % hybrid cache?
HEnt A, Yetdo 2 F4 Ho|E= LSP (Least Signif-
icant Portion)& AtZ HHHX|ZE MSP (Most Significant
Portion)= X5 HHUX| ¢d=Chls A 0|8st= WHoICH o
710l M= L1 cache= SRAME ALE3t1 L2 caches
STT-RAMEZ AME5tH, L1 cache® L2 cache Ato]
ol lower—bits cache2t= %2 SRAM cacheg& F
= FEE MESIC L1 cachedl $t lineg L2cache
o £ if MSP= read—before-write2 &HE 0|&
o2 MSPE STT-RAMO| M= 3|8 FQICT

LSP2| Bd2= L2 cached| 2= CfAlof| lower—bits cache
ol 211 Jower—bits cacheOlA evict 2 Z<02t 1 oo
EE L2 cachel| &22ZM LSPE STT-RAMO| ME= 3|4
T EQItt, 82 L2 cachedlA evictZlof I CtS A9l o
22|, & L3 cachelt =02 2[0 write ot= Z<0ll, LSP7}
lower—bits cached| UA2H IAS CtS EAQ m=Zz|of
Mof st a2 32 ol2f§t S&E 2o &Lt

3.4 Write intensity prediction [6]

AoAM AHFEt read—write aware hybrid caches O

o M&et=7t Wojx| O2 Qs migrationS sliof st B
2= B7tstod ZotJt JoX| £X cte ©HEO0| ULCH,
STT-RAMZ} SRAMZE| hybrid cacheOlA 7t Z=0{Zl
cache lined| Ojafof XA & 3|7t & AKXl 0O/2| o
o™ 1 lineg SRAMO| SEESZM STT-RAM

+E 2 + US AoICh

rr -|>

= St
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Write intensity prediction &#2 o™ HHO0{(trigger
instruction = E0{M TIEfI'_ 22)7t miss% UoE
o I fI2 i linedl A= o] HOIX|H O HHO(hot
TNt M2 miss& °a'29|E CE lineEWlz A= o] ¥

St Cache AA[of Chst o7 S&F

OFZ Ziolatz ol&s5t0 I lineEs
SRAMO|| bH&SiCt, O] B2 Utxo=
ZZIYo0| £ E mf A9 hot Tl 2

A HiHE2 cache lineS0 A E 3|27t
A cache writeS0M dgs| 2 2EE AX|6t

Che &l 7|Hs F1 Aot

J8 4& write intensity predictiono 2|$t line &S
ot= cache?l #Z2& EOZECH Z cache linedl= TI
field(instruction 42| hash &+E& XN%&)2t counterZt
F7H=It, Counter?| 2t2 line0| & cachedl load & o
o= 022 =7\t T/ UX[TE 1 lineol W2 M7 E wjof
Ct 14 BILELCEH Counter #& 7|[&22 write intensity
predictor= TI7t hot2lX| OFX| 1 stateE &z2[ECt M=E
cachedl| load == line0| hot TIof &/t Zi0[H 1 line2
SRAMO|| HHEE[T OfL|™ STT-RAMO| HHEEICH

SRAMTag  SRAM Data +1 STT-RAM Tag STT-RAMData  (+1

V D tag data TI count V D tag data TI count
Write Intensity Predictor
V Titag state Loaded Line

12l 4. Write intensity predictiong A3t
hybrid cache? #x,

3.5 Dead write prediction [7]
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Dead-on-arrival fill: Y&t ZHR35|AM cached| 7IH2
Tl SIoL o 014 MBS i A2EM STT-RAM
ols MX| 91 3 9| AEQl cache Ht2 HLjE Fct.

Dear-value fill: Y&t HR5{A cachell 7tIH27|= ot
oLt HE MER ULE AAEE= ZSEM STT-RAM
= MX| 21 O ¢ AE9 cacheZ HIZ EWH LIS A
22 70| STT-RAMOI MZICH,

Closing write: ¢l A& cacheOlM write-back = X|
OF O O|A MEBEX %2 lineQ2AM otz ASol a2
Ht2 2WH ot

EM= XIZ STT-RAMO| Mo} &
lineO| 0|2t Z2 dead writeZt &
ARUX| E==E0|H F&stA o Sst
= Zolct,
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3 5. Dead write prediction Assisted STT-RAM
Cache Architecture

13 5& dead writeE 05510 STT-RAM cache0f] &
= AE AUHA i &= DASCA(Dead write predic—

tion Assisted STT-RAM Cache Architecture)zat
= TX2E B0 FCh
dictor LHe| sampler= STT-RAM cache write
£ of7|st= EO HEE BEEstch 7|0z E
Hof HEZ2= 29 write—intensity predictionzt
OIEEXIZ elfe HE0e FAE AISEL

o7l dead write pre—

Predictor table0l= saturation counter& 50 dead

writeZt LUMstH counter 3t
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£ oyl HHOItD HES
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STT-RAM2 WHO0|Lt £= HOA HW
T H g o222 2A SRAMO| H|5H0 1—’2
HEE &Y 2 U7 W20 cacheZ AtEE

Holct, &Lt o

=es 57| G20l /8 Folnxt st 3ol
Ch 23oIAE olet BRSO 1 59t 0|20iH 2
IXE eS| ANSCH YO Hot ehERolD
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r ol EY
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MentorMCapltal L3It B2 Code2Graphics RE2(EIS 018aHAl HDLS 1245 eration, Language Templates &Auto—Complete, Scripting,
SE2 HE $& QCh ESH Active—HDL2 O|H CIXIRISE E219l Legacy Design |2
A. == Re-Targetsll AlE20|8 ¥ ClHAUE sh= &2 Helgt 7Is2 M3
FPGA Design & Simulation Bt mDesign Flow Manager : SX7}t AF3t1Xt H= FPGA Toolg 3
B. 2 L I Lto| S& &80l S5510 A8 75 - FPGA 718 Al HoldE =i
. 2= o an g 4 E g e il.g}
FPGA Designi Simulation Solutiong M3 i i s i =
it WDATAT 8 - |
C. supported Platform and 0/S System ey : -%---u- = . mDebugging : Code Execution Tracing, Waveform/Compare,
e Windows 7/Vista/XP/2003 32/64bit Support s b Memory Viewer, Xtrace, Advanced Dataflow and Profiler.
: Ewstamc Huﬂﬂ B \'%nlug Moﬂal
D.sywrs Lot P °u<:|' g BT R L ﬂﬂi— £ mCoverage : Code Coverage, Toggle & Functional Coverage.
Active-HDL2 FPGA CIX[elT} Simulation &2Ma} o2 [SESERESREEERECEEE) rvir el
e i i e BREEL ) mAdditional Interfaces : DSP/HDL Algorithm MATLAB® and
FPGA Hie{ M7 E22E SH3ICt Active-HDLE CIXQIGIER], =1 Lo ..,_.u,:_l____fi e Simulink® Interfaces & Zuken CADSTAR PCB Design
A5 Mixed-Language Simulatorg AF2Xt7F AKZ5H| =2 A3 i | a7 F8
Ct, J2/o Sxiel ®2 FPGA HICIE(Xilink, Altera, Lattice, Mi— I — P EIEe m Assertion and Coverage (OPTION) : SystemVerilog PSL & OVA
crosemi (Actel), Quicklogic, Atmel)2 I8t AlE2lo|M, & 7261 1} 1A VHDL Mol oo pune ST x|, Dedicated Assertion Viewer, Coverage, Breakpoint editor.
HE StLtel 35 BZ0M MHE 4 JU== sHECE Active-HDLS 80 e
M7t HE= %2 EDA S5 QIEH0JAE 7EX|D U0A| ofF Z&st
EUES US0{ZECH
High Performance, Mixed—Language Simulation : Design Entry Tools 3| A : Aldec
Language Assistant f— Code2Graphics - ZF A ! https://www.aldec.com/en
FPGA Design Flow Active—HDLEZ 1¥s, 38-72, HIXIZE AE2|0|8E X|&st= SHRXIAL : @) A0EEM
Mixed—Language AlZ20|E{ & VCD, €& iﬁﬂfmﬂ Memory I“m]"“""l ﬁkgméﬁ H  3}:031)717-3560
Viewer, @53t IP 12|10 FPGA HIG 2to|=2{2|E8 Z&sict 2§ Delzcglicos ———— F A= YA 28T SLHS 16-3
HQI HAEHIXISS 0|8aiAl AJAR 2f|Ho| )\IEEIOI"1 zes =eto| Compllers FERUY 6052
S5 Cixigl 24 U AAG 24 CIRISS WA HASSIES u [
SystemC  SystemVerilog ~ Assertions

27 'IQI' °|‘ A|gE{|O|E'| 7| x‘”<:> n_H:I'

I I I
Verlog = VHDL }- EDIF

[

v

mix) - untitied.awe

Ble Edt Seoch yiew Vgrkapoce Desgn Smuaton Yeveform Lods Mindow e

D SH sEm Gy IOLEEAWTOR DSOS [ wors ] 6 B 2

A EHORER ASAAAAA M c L ARD SRR

lﬁwbmumr«my =~ » R ST

=4 top_th (tb_architecture) A
=4 UUT : top (structure)
U1 sender (sender)

Simulator Kernel

Graphic Design Entry : | - —~

= ar

Active-HDLE FSM Clo|oja2e &M K53t RTLE 2HS0] =0, LY i
HE 22 C10/0j1 BEIIZ 0I8sHM 2E CIXQl BESS Top 3l [« .
[ Files  #¥Struc... FaReso..| | '3  topbde s untitied awe |

HollM A5t 12X HDLS e + UE 7IsES MSslct & wizs
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20 - 2HIY AP, ZHY GPU,

Processors

ISSCC 20150ilAM LEE Z2MAM| =2

OlUX] E88 Z= AAol =F0| HFoRCL HER
o Z2MAM7E 24 SEE S8t 45 4, of7|HIX
s St oy = & L

B2, Of7|HX|, A|AH 2fHoMel M ®2| J|HS
AHEHSHO] OflHX| EEd0ll tiet efds =

IBMOIA ATHEH AJAR z OO T 2EZZMAME 8749
A0 64MB eDRAM L3 JHAIE WESIF2H
5GHzZ2 S&Istch 2t ZojE 2712e] #iE A8 R4,
2-way SMTE X|¥stH stLtel ‘mega mesh’ 2
ZHQIE AEEeZM 2 & HA HHIYEZ2 Sciskst
Ct, £t smAZel, dHl&Ab ofoj=zielEg Ssl 6
IPC (instructions per cycle)Q Mss& F8I5IULCt.

Oracle2 SPARC M7 ZZMAME AJlstn &2 o
2| AJA=I0] &3 7|=stRCH SPARC M7 ZZAM|A
= 32712 F o2t 64MB L3 FHAIE UWESIRS

1.6TB/s2| M2z tHHYZEZ XISt 2 & U EL

3E Sa 0.5TB/s9| HIo|E tHA=ES xMIstH X
28 222 AZ (adaptive clocking scheme)2
SEHY 2SS HUtoZ ZAA|ZICt ESH 4719
02t 8MB L3 HAIZ O|R0{ZI 7HA| S AEDICH
S Ot 0|Eet 2x MAME sestozZ I DVFSE
S8t 12 g 2HiE AHGHULCEH

IBMOIA AZHSH DIO|Z2AH= 127 Z Ot
48GB DDR3 DRAMS LHZStH BIH|0|E (big data)
S22 I8 M 2 % (server on a chip)o|ct. zt
F0= 2-way SMTE X|stH, 43.2GB/s2| 2
2| th9=Z2 xMSeict 4702 To=2 AN E S2AH
otch M3 22| A|AEE 7tX|D U0 SEHe=2 2t
oo MyE xFsl ™ ARE =CH £
hot—-water cooling 7|'HS Sdlf 36We| =2 =
UZE HRUCH

Intelol M ZESH Xeon ZEMAME= 18712 StAY 2
02t 45MB L3 7HAl, 4x{'22| DDR 4 2,133MHz H|
2a|7F WEtElo] ALk 237! | ZH0lEE S5 2o
HZ MS ZFStD HIHEES Fatgy AU
o=z My 248 EULCH

KAISTOHME EIAE 2D O|0|X|, @M QlAl Sap 2
2 ol 882 s Y2 (deep learning)
D2MME HMotstRH, 640x480 ol et =0l A
20ms2| A QA M52 ASSIUCE. 0| sl 2
X 4l NoCE Hotst 2% Eaf=

2 E%2H, oo 2t HAZ W mo|zZatel
78E Sdl ot XM2EHS =Ct

Intelol M= Ctol Wiel 38 Ho|, MY EF, 2= A
catof] Zelst MY XA TUS HASHALC
Ol el F=tet etold/oll2! HX| 325 FiStA

UHICIE CPU, YUHICIE SW, SoC A7 N
E-mail : bgnam@cnu.ac.kr ‘t

oM, 6 - 13%% HA B7t 0.2 - 0.3%% ©H
AR7L SMSEX|TE X[ GOPSE 21%2tE S7tAIX
oM GOPS/WE 67% EAAIZCE,

AMDE= ZHIY d5 &S fIst Carrizo SoC APU
(accelerated processing unit)2 AJHSHRALCE.
APUE= 4712 Z2MAM T2t 8719 TJefEA Fo
2 0|R0H e, L2 Aol fEER! =R}
0|2t EAE 7|HZ 0|85t XNAMY 2 EHS
JWMSERCE ESH MY MY Fotx AP
(adaptive voltage frequency scaling, AVFS)
£ Sall oxf S Fateet 2o OE MY dYS
SGHECEZMN M ARE Z|ASIGHRALCE

Low—Power Application Processor

ISSCC 2015 AP MlMollM= mIgtel HiEz| 2t
M =2 M58 F7sti SAl HH, ofuix]
Mol £xt2 2#s| s HMP 7x o cierst
2 22| 7|HS HEYE APSO| LHEIUCH

2

ol o
> [|_t|(]

g

r

AMOIME big-LITTLE 7Z9| 0 SEFTR0 APE
LHSIFOH =2 M50 272 i ™= 4742
big CPUL Ol X| S 2X2 S&E stz 4719
little CPU, 12|11 6742] ZO{E 7tXl GPUZ 0|
X At HMP AJAEITE DTM (dynamic thermal
management) A|AEIZ 0|3t OHX| E2%¢Q!
S22 s, Ny EHEES d7std GPU
o M3 AZE ZAARCH

0lo

National Taiwan UniversityOll = Z=E ™
22 st 4ol £ Z2NME LHESIYCL OF
Holl Aol AHIE o|0|X|E2 0|&35t0| 30fps2l fu
HD (1920x1080) 0| #E F&E5tXCH. AEE}O|
HHY AZS E8| DRAMS HES F0|m 4-
3 Qe E S M2EHS =Ch ESH Hol F
Ho| Htret MHADO EYOIERQEE CIE AlH
o £ MEiGoZN ZHE £ JU=ZE SIRLCE

==

[

MediaTekOl M= big-LITTLE 7|8t2e| 0|&F SEIZ
Of APE LESIYLEH|, Hl& +8S 5= 4740
big CPUS &xt ™S sl= 4719 little CPUZS
2 7M=lof Uch & MHE x AYXE Eof
CPUS| S m=of wat viol BrolojA Metnt 2
Here xEstol Melg malsich E£8t ‘fishbone’
22 oAl 2ZE 5ol 22 AFE FHAsEo=M
AABO| S22 SHAAIZIC




Hysteretic
Comparat

38 1. Current—-mode hysteretic buck

DC-DC g7,
PTU Resonator PRU Battery
/_\I Veect Veng _||charger|
Impedance ] =l
} Forok |t [ {;j’} ﬁgm ®
8.78MHz =
Rectifier Buck converter|
Out-band |~ zcinertace | [ oo, [Hiper
c communication ﬁor:r:\-
omm. @2.4GHz band _ | Module
Module I LDC: 2-ways
Mcu i
l L0O; Power switch

33 2. BUESH AA”S 225 2 0.13 um
BCDMOSZE HI=HEl & Abz
electromagnetic active MPP controlling
vibration AC-DC converter DC-DC boost converter
energy harvester Vber Lboost Vbuf
- _{@:
active
diode
=—Cpcr b Chuf
VaD -|-

A A 4 A

y

Y

A
Vset

I conduction angle evaluation |—>| set-point generation |

a2 3. Conduction angleX0{E
+AWSt= ZISOILX| St AE
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Harvesting & Wireless Power session

2015 ISSCCO| 2H = power IC & energy harvesting &3 A3
= 2709 MM (session 12, 20)0lA & 19HQ| =F0| YHEZ|UCt FHH|
n2|Ez LESHH inductor-based DC-DC H&7|7} 6, switched—
capacitor DC-DC H&7|7} 5H FMHEAMES0| 3™, ol{X| StHAE
0| 5Ho= Fgx[0f ULt

Inductor-based DC-DC B&t7|2| AR SE2 =0IX|= ALY Fot,
S MY X, MES ™M™ ZZ (granular power delivery), CHFst
H2 S YoM =2 28 KSR & £ bt RS AR
S&2 Hol2 882 m=&s =272l inductive coupling 2
(13.56MHz)1t FMETS 25t resonant coupling &8 (6.7MHz)22
Zlz|m Lt Switched—capacitor DC-DC H&7| ARSI £
Wattoll &ste MHIZEO otL2t =2 =23 2 WE transient &
Ho=2 ZEE|m Ju, oflHX| stHAE HTE= battery—free wireless
sensing® 2X22Z maximum power point tracking (MPPT), oL
X ZHAE, CHESE U X|ME MFAD gl0| LX[ots W S0 AU

gt AME HOAM CHE =R 245X|0 F2E0UsH =22 Session
12.12] 3 us?| load transient& %= current—-mode hysteretic
buck DC-DC ®#&t7|olct (I 1). Hysteretic DC-DC Hat7|= 5%
St 23|27 2e gleE &E0| /UX|TH transient response (recovery
time)at RC Al& 4= (output ripple)oll tradeoff7t Zxsict. 2 =20
M= H2 HA (3 pF)2 AEstHME LES AQE Fot4+2 SisHe=
recovery time(3 us)0| =8 MZ& quasi current-mode hys-—
teretic buck DC-DC H&7|8 AJfstm UCt, 1 2| 87%2 =822 7t
X|HM 4-phaseZ SZ5tE time—based buck DC-DC H&7| W2
H3tdM &2 222 UEHHEE adaptive pulse HEE = 10 &
buck DC-DC H#H2t7| 90%<2| peak =22 LIEILH= single inductor
multiple output buck #H27| = AIJHERUCH

HEME Bofe zl2 SHEE RMEXI|SO0| == AIENA H
M7IE MMM 2HESHICH (23 2). O 2 835t

, HO|2—-implant 228 &5
O AJHE AL

Ol KT 1% 40
Eorrnrx
Q'I_I
N
Lo
'(O§I=I.|.|.|.

ol x| StH|AR! 20F0A= Session 12.19] =20| ZIHHSIHME =2
2 (90%)2 gdstn Aot (A8 3). 28Xl olH|X| stHAEHS 26H
A7ls2 X5 maximum power point tracking (MPPT)E £&
A =edl, 718 =882 SHstAHL AN F7] S olHX| stHlA
Sttzle HEo| AACt o] =R A= ol2st ©Eo| glo| TS (vibra—
tion)2 0|&3st0d AC-DC ®Heto| ¥dojLt= conduction angleg AX|
Z£735t0{ optimal 8t MPPTE +&5tm Qlct,

3 2| Internet of ThingsE T&5t7| #Isi 0.45 V — 3 V H2{0lA xH
TFMElE= charge pumpZE 0|88t o HX| SHHAE 7|®™, electrostatic
Ol4x|E ol83t7] flsil 60 V 20 YH2=2 1 uWZ SZtste cold
start Ol4X| SIHIAE! 7|, 0.5 mm22 SESFEAM Mol & of x|
£ StHAESHE 7Y Sof &8t =20| YR AUCE

O|XME OollfX| otHAE T} O HX| HEt7|H2 M MAXMESE oid AL £
2 Zus0| g2ELn 0 Internet of ThingsE Z&56IH Yoz MZ
2 SEE07t I E ALZ 7|tECh

05 @4
A% : Astistm
ATEOF : RHTH M, LX) SHIAS, RFID

E-mail : jwlee@khu.ac.kr

PLL and Clock Generation

o Hat obEIIX|Z2 S5HE PLL S|2E ISSCC2l o3 EmtoAM CtREHA
Ct. RF ¥ wireless 200z &4 AAREZ @8, 2 LC-oscilla—
torg 0|&$t low—phase noise, low—spur frequency synthesizer
£ CtR1 (Session #9, 25), wireline 21t E= high—speed linkoil
S2% 4 U= low—jitter PLL, DLL technique 2 Ct&21 QUC} (Ses—
sion #10). Digital PLL2| &Y 222 High—-performance digital &
ool cH23 QUL (Session #14).

HX #9.4= Wifig ot MI|2M Z0tZ L2 -245,5dB FoMO| 7+
22 7|50|z2k=0l Y& 2|7t ULt ol2ist Atz 28nmel 39| &
EHE 2 Olfz JUAXIT 3IAtel design?l &AMEE T2otH EESH &
xlo|ct, & MZ F=2& 0tst 22 technique2 non—uniform dither—
ing clock compensation =0|1, LIHX|= E2| 40|z 7[& - LMS
adaptiver filter& &3l phase?l compensate0| &&= frequency
doubler 2 quantization noise cancelation — & H&3ICt. #10.70]
M= injection lockingdlAl M& £ U= timing error 2ME DLLS
FIHAIZ sl ZstRUCt 7|&Ee wAIST OfE FZ #AO|L frequency
tracking loop2l 2X|Ql =, calibration M52 X|®z2t & £ U&= ref-
erence spur?t —40dBcZ 12| £X[= ¢Ct. #10.80 M= analog
fractional-N PLL2| #30| AN g-noise cancelation £ current
DACS AE5HA| &1 switch—capacitor loop filterE AFEUCHE MO|
Z0|&C}. Ring-oscillatorg AIES0H = =76t &ds0| ECt.

r

oA

m
i Tl

#10.90| M= analog—digital hybrid PLLOA Bang—bang PD2} lin—
ear PFDE A235tHA fractional-N PLLE AAI=0l, g—noise can—
celation 7|¥0| =& otstct. #14.40 M= TDC2 frequency
multiplierE gZl digital PLLE Ao 0 adaptive filter2 fre—
guency multiplier2| spurg sHZstCt. ReferenceZt 20MHz ol gt
aff, PLLE O|=Ct 8Hi 2| S=6t2E loop bandwidth?t reference
o 1/100f NSt X| et=Cct= FAEO| ULt #1450 M= ring—oscE At
8o5tHAM 7|E2| ADPLLE F&st¥ed NMHM™E, HEYSe MER 7|8
CH= coarse tuningS automatic 8HAl = MOl 2HE CHREULCEH
#1480l = Bang—bang PDE ARESHX|TH limit cycleg &0l= 7|H
S MESCE BB-PLL 2ol sigma—delta modulator?| 7|#HE &3t
70| i #ilstctn g & UCH

#14.95 sub—sampling PLLOIA fractional-N& 755t =z¢
ol ZHHof ISSCCOl AMEIJUE delay—line =& 70| ot ADC2}t
DACE 0|85} fractional delayE Ol&stn &8st ==20|ct. 2364 Lt
2 =28 3 7t ¥odol UttT HolH Hs ESHFoM -242dBE ES
SiCt. #2510l M= Frequency—to—digital converterE AtE3%H ADPLL
Qlcll, ol 2EAM THAHol LEME FXE OHE ALEstHA Al ana-
log integrator& switched ring oscillatorZ2 CHA|GICtH. 0|2 QlaH
digital 3|27 o &7t} 2L, phase noiseZt S7tots X|HAQl tHH
2 ERstn ol ds EF 1t =2HrCt O LhXle ZoE LAC
OIX|2H O 2 #25.2= #14.9%3 ADCE A%t PLLOILF X = &HS| Ct
2C} VCO2Ql outputol 4-bit FLASH ADCZ 20t phaseE quantize
StZCt= ZQld, ¥&2 L ™2 OtL|Li(FoM —-242dB), reference&
100MHzLt AHE&H7|0fl C2 PLLED 36 Hlmatn 27| oot &
2 2she st=2oM F Hel ==20] YHEUCH (KAIST #14.4, H8H™
Xt #14.8)

2

2% 0 KAIST

HAAE0F : PLL and CMOS Sensors
E-mail : chosta@ee.kaist.ac.kr
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- 1% order 1% order! 3™ order]|
A A A
z & 2 DSM
& =g
ECW

LSB
S|

]

3% 1. #14.42] frequency multiplied PLL #£x

Proposed BB-DPLL (2™-order AX Analogy)
Feedforward Delay-Locked 1o out
Part (FFDLP)

(52 = foerol i &

upy  FREE AFG_CODE
reep Feeg JAFC

o {3 % | Quantizer

a3 2. #14.89] BB-PLL 2%

Auto-Frequency Controller
WAVE(f)

q g
Lock Path /

Vel fy00 = 3.2GHZ
m = Eractior
—
_(), ADC [n] @47 WAVE(f) @ . WAVE(t)
FCW[n] i ' kY /

A A

RC-wave Sinusiodal-wave

Digtial Controller

I8 3. #14.99] ADC/DAC H}EFQ| fractional-N
PLL #+Z=
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Data Converter [Nyquist-rate ADC)

20154 ISSCC Data Converter SubcommitteeO| A=
Med & 658 =2 Jo0lM 1582 ™5t (accep-—
tance rate = 23%) & 7Hel MME RTCE Session 15:
Data Converter Techniques 0l Al = sigma—-delta
ADC/DAC, time-to—digital converter (TDC), M™
reference driving schemell 13l = ADC 59| Ct
St MA7IHE CtEXRD, Session 26: Nyquist—Rate
ConverterfiA= MZ2 ring amplifier =2} calibra-
tion 7|8 ¥ OlHX| SEXQ 1% OOl HetV|H S8 A
JHRECH EHEE =2 F HE o4l 8ol =F0| SAR
ADCE 7[Ht22 350, 2000t SEEEH ZH o 2
SAR ADCE HIE2Z2 §t XM¥& ADC ¢+ trend?t Xl
£ ASE EFUCH mo|Zztel ADCE 50| HHEU
=l (SAR ADC2}Q| hybrid Z8l), 15 40| 12~14b9]
Il EE = 14 ADCE, Io|Z2tel ADCO| TaiMdE
Tolo mghdo| ALsHA ol8/LTET USES EAUCH o
™, X|H4eil 90GS/sel =14 ADCIZt &HE Aol H|5HH,
2ol YHE 2T £5 =22 5GS/sol XA (10b res—
olution), 1£3t EHMME 7|&29 =22 HoE= AHE
HXl= xIch

Input buffer

Duwnir array

ADDER

[ZARXI 15.5: PVT—tolerant synthesizable TDC in
14nm FinFET technology]

REF-DACs & Logics

\ain

# |Clk gen.
(sampling).

[EIAtEl 26.7: 2.6b/cycle—based 10b 1.7GS/s 4x TI
SAR ADC with MSHR]
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ISSCC 2015 &7t #7| & 7= E-=

2 JtX| E0|22 ADC HA7|&E2 MHEX MASH delta—sigma
modulator (DSM) #x=2| tHEHXMQI HHO|}E analog loop filter2t
digital filtere| 2&g ZxME si&st7| ¢l 27 Oregon state uni-
versity Ol M= digital filter7t M7 & switched-capacitor (SC)
Sturdy-MASH (SMASH) =& X o5t =, ol&Hol MITAH M=
SMASH #XE& 1£ continuous—time (CT) DSMof| g% 4 ASS
2ot (#15.1). CT SMASH DSM HEA0lAM X7t 2 4 U= O path
Z2t9o| delay Xt0|E gm cell el A& patholl ZHESt low pas filterS
=o2M HASI¥RD, DSMeZ2E Y5 =2 50MHz AlstiHolA
75dB0ll Z5l= SNDRS E¥OmM, 173dB2 SAFAIY %/19| Figure of
Merit (FoM)2 &RUct StH, MMYHEXIAM= &Y 7tsSt stochastic
TDC2tE MZ22 FZE HQ5tT 14nm Fin FET ™22 F85IH
PVTHS0| OH2 tolerant §t E™ZAME E X2 F5S LUCH (#15.5,
AR F3), MITOIM 2ES #15.6 =22 MDACOWHAMS| capacitor
DACO| 2|st feedback factor ZA 2xME &SIt virtual ground
reference buffergt= MZ2 reference driving 7|22 X Qt5HRICEH
7|&2| global reference driverg 0|&st= tidloll, 2t MDACOHA
summing node (virtual ground node)& YHSZE H= 0[50| 10]
7t7t2 source followerE S35l capacitor DACZ F&5tH S22 M
Miller effecte] H2 2 opamp? summing nodedlA DAC capaci-
tance?t HO|X| 22 SE HESIH DACY| s =0l F&5HH feed-
back factor7t 10l 7I4=E HAY &+ USS ERUCE 0] 7|'HE 0|8s}t
of 127 fJ/conversion—-step? FoM2 & XX 12b 250MS/s
pipelined ADCE #&5tiCt.

University of MichiganOllA Zx&st #26.1 =2& 7|&2| ring ampli—
fier7t PVTO| 2IZ5HA S2t6te 2M 2 pseudo differential +X22 2l
i XMst=l= common-mode % supply rejection? 2XME sH&5tH7|
25l XAISBEV| AXE TS MER HiQ ring amplifierZ H|Qts}
Lt O|E pipelined SAR F#+Zx 2 MDACO XHME35t0d TmW 13b
50MS/s ADCE Fd5t¥ M, 6.9 fJ/conversion-step? world
record FOMS ZM3IFLt. University of MacaudlMe #26.5 =20
M interpolation 7|82 M&%t 3b/cycle SAR ADC #ZE HN|Qt5t1,
0|& 4xH'd time—interleaving 5t0{ 5.5mWe| O X2 MHAZ A D5}
= 6b 5GS/s ADCE ZESIULCI. KAISTOHME #26.7 =20 M
2.6b/cycle conversion0| 7ts8t M2& Tx2| SAR ADCE X|¢tat
I, 7|& multi-bit/cycle SAR ADC F#Zx9| z|tf TXo|ztn & £ Ue
2 SHME 2EHME siZAst7| 5H multi-step hardware retirement
(MSHR) 7|2 H2t5te] DH? compactst 10b ADC coreE 7853
I (& ARl 26.7 &1), 0|2 4x< time—interleaving 5t 1.7GS/s2]
HEAT S FZSSIF 2D, 30.4 fJ/conversion—step?| state—of-the—
art FoM2 2MstiLCt,

0|4, 20153 ISSCCOIA EHE H JtX| E0|22 HASS AR E
o, &4HE ADCE=2l XMt ME F0|= IEEE Solid-state Circuits
Magazine Winter 2015&2| ISSCC trendsoll & Hz|z|of ez 0|
£ #1st7|8 Hstoh

B

2% 0 KAIST
HTEOF ¢ Analog, Data converter ¥
E-mail : stryu@kaist.ac.kr

RF and Wireless

235l ISSCCOlAM ZEE RF2} Wireless & MM X2 0|47t =2
e 188 &417] 3lE /It 24 32 7|HES YHS Session 2:
RF TX/TX Design Techniques, &2 1& &44M2 26 st &
£M7| MA At 52 AJHEH Session 9: High performance Wire—
less, Internet of Everything (loT) §2 lai Zs HH™2 S4417]
£ 2HSt Session 13: Energy Efficient RF systems, CIst 2ME
Al 3|2 A M 7S AJHS Session 190 Advanced Wireless
Technique S0| UCt 2} Session €2 F AtstS AmEH CtZot
Zrt,

Session 2= &47000 AFEEs OHYSt 22 S22 MEFCH Zrf
o &47] =, SOl CMOSE 0|&st 70dBm IIP3E EO|&= Du-
plexer, LTE thnt Lz2(0jE o miYWZS0| MERCH $t=2 =2
SE2s MYXXIOAN CMOS YU E FHSH7| s 22 Al=E= En-
velope Tracking (ET) 7|¥H& 28t Supply ModulatorE ZHSIRIC.
2 7|HE A8 LTE the mMYBZ= 40% 0|42 PAE (Power
Added Efficiency)2 EHFULCE.

Session 13 OIME FHE0A AEE= tHe nds S+47] 2|28
MERACE K& 950 24estn A= NS Tfn Xt FUE0
A M HEME J|SE0| 71550 st AHEO0] 5|

=
Al
CF. Qo Al 3G AFBEIE THIUmIE HRE 44

Session 132 XMHH &4417] 320 M= Bluetooth Low Energy
(BLE) 2t1 E2l= MTE S447000 thet WHEI} BUCH 0l= 22 O
ot A= 10TE fIT MPEH S47|E et Cidst #F0| ™t
U= Aol BLE 7t Al & &AM F2 o2 Heas XF ¢
A2 FUCt Dialog Semiconductor, IMEC SO0IAM ADIERHELL 7|Et
AN =70 S44 ZEZ AESH7I0f HEet 8-10mwe| MHARE
20|l= BLE &A7|5 A0 loT 20FE #2 Ol2is HXA sHFU
Ct. st=2=E22 2= KAISTOHA XMT™E OOK £A7|E& wHsID 47|
TH MARIE227uW 2 01 M2 HHARE HOFO0| MTH MAMU|
EIE 7ts5H st

Session 19 = AtAX|Qt thstollA CHASH FM SAS 2 M7 7|HE M
HILCt, UCLAOIME Carrier aggregation0l At == Reconfig—
urable 8t HXME THds HEHE WHES Front-end 32E MEJD
Columbia tH&H0lME= Nyquist rate2Ct 6.3 Hf &&= Compressed
sampling2 0|&%t 114 Spectrum scanning 3|28 AisUCH &=
=20 2= AMiEoM M MU AXIFH SpAT|E UHSIRD M2
2 MEZ 7|HE 0|85t ™MEZJt 1.9mmoll 0|22 A7 5o HY
x| FHo| st 7|7|0AM 7|Ee W= J(Hte] X|MA S HXIE 7t
A

HENZ

A% 1 ANMICH
HFEOl : RF 8|2, wireless 3|2
E-mail : taewook.kim@yonsei.ac.kr
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Image Sensors

Il

tedet Sejol =uted 7|79 Egut =0 MMt MA QIE{H 0|20 of
t

B Z240| MF o AXID Y00, 0| ISSCCHNE MA B2 A4z}
B =20 3718 HS OIS 4 UNACE Session 6, 11, 272 A A
o MMO| HiEEO, MY =2 4= 2580 o|2Ct,

o,
Session 60lA F=FT =F2, Sonyd A Zx .
20Mpixel, 30fps, 1.3e RN2 F3sI¥oH, ™™ ARE= 530mWol
oSt ol2{gt #Xl= 7K 20 E o|0|X| MM & 7t& x| & stHE
s=2 EHF1 Ut 27429] chip= pixel 221t readout 222 2
node (90/65nm)2| CMOS Sd& At8sI¥ M, 0|& TSVE 08504
HASH¥ I, columnOtch & JHe| ADCE A3 multiple sampling2
Tl el, £ Data rateE ¥ 7| ¢l compressiong X&st¥
Ct YHEE =22 0}0|Z6 2o MNEE {2 A

0% I Hu

Session 60A £ CtE ==& Otst =22, Shizuoka Cisto|Al ZESt
6.4 =222 200Mfps © =11 0|0|X| MAMZE time-resolving =M
2 multi-aperture2 F&istUCt olz{et =1& 7tiets 7|&EQ| 7|82
= 20Mfps Hzof HE2 oL, mMeteE Hat =M 2xE Ssi 0]

et et7lE 108 old S=EstRCH, 0| Sall CYe =1L ghg

i<}
3Q 3

bl —_o —_
HPE JtsstAl 2tE ol SAIEel Apet g 4 ot M 5nso B2
AlZtoll Et23l= 14 ZMES |ateral E-field modulationg Ealf 3

St 1, ol3{gt TS 5x3 aperture, & 15702 MZ CtE aperture,
£ S3all compressed O|0|X[E €11, 0|2 decompression &t= 4
S F|gtct. 2tztol apertures 64x108 7iQ mMg metstm ULt
Frame counte 327tX| 7t55tH, MMZ plasmaZt 2XX|= StHE =
o ZotZ MASHRICE 0|2 E0| Session 60A 22| Touch sen—
sor7t HHER =0 (SHARPLE KAIST), 25 I4S pen stylusE tar—
gete 2 C|XIIE[UCE,

Session 110M= COHYet 14s imaging AARO| Het=|=0I, 0|
Hl™ fluorescence, PET, near—IR S0 M2EQUCH =2 11.12 KAIST
oM 2HES =222 Near—IR spectroscopyE {al 4ch VCSEL
driver2t 10ch detector module2 single chip2Z FTMstCt H It
El chipse2 0|23l brain imagingE M4&3%22 reconstruction 3}
Lt Fluorescence lifetime imagingsS 2IiAM lock—in pixel (=&
11.2)1+ SPAD pixel (=211.3)0] MO H, T WA B pixel
density (256x512, 120x160)E& =0|7| #I3il analog HAIS AtEsI¥ 2
o, olof w2t column-ADCE AtEst Aol EFO|Ct =2 11.49 &=
SPAD pixel& 0|85t0 i 2H=7t =& endoscopic TOF PETS
TSI 430702 TDC array®t PVT calibration voltage gener—
ator 222 2 =0 Zl= E2£0|ct. Session 20 M= 7t&E, &=, 7
WAIE], Z7|E, 228 S8ok= MMt QT o|A 27t AJHE[=0, &
ZOo| AN LESH =F20| QUMUE Fo| ot ez Herh UrE =&
40| MEMS 7|8te| MIA (gyroscope, accelerometer, pressure
sensor)7t HEEFOH, 1R =2 AMEZ XNSAE MMZ 758 5
Z9o| A1E M AISIRICE CapacitorE CIX|EHZ HESH= & JHX] 24l M
22 ghAlo] X9t (27.5, 27.6, 27.7) ST, 2 MAMet X7|H MM
thermal monitoringO|Lt contactless current sensingdl H& Jts
St ol AT E[RACH

ot

MEH u
A% 1 AAMICHE R

AR 20l : Sensor Interfaces, Delta-—
Sigma ADCs, CMOS Imagers
E-mail : ychae@yonsei.ac.kr

Analog Techniques and Biomedical Circuits/Systems

Analog Techniques

231 Analog Techniques 202 =22 & 10H2Z session 50X
YHEE[UCE Internet of things®2t wearable devices7t 52 B= &
Mol 330 =X reference ¥ oscillator 3|2 HA 7|&50| Ck
2INERCH, MEXMQ TME instrumentation amplifier ¥ filter 3
2 dREUCH

O0|= Analog DevicesO M= industrial instrumentation S0il 'E2| At
&= 30V M¥ SE precision operational amplifiero| st =2
£ ZHEsI¥=l, 20029@ ISSCCOHAM FAl Analog DevicesOll 2fa &
NEIRE 7|&t RASHA auto—zeroingdt chopping 71&8 & A2
&S ZM modulated chopping rippleg &0l &, otz 23 11t
20| 6712 input transconductance stageS2 HZ2 HZASIH in—
terleaved clockZ FSEH2SZM input switchingdl 2|8t glitchE
9| spectral energyE amplifier2| unity gain bandwidth 0|42l =
ot 9o 2 22le 7188 AZSICH O|EA 22 HsHA e
output ripple 2 glitch&2 1™ 22 MAHSIHAME post-filterol 2|
5t signal bandwidth?| M= mE &~ JUS2 ERCL National Tai-
wan University0l M= 5tLtQ| active amplifier?t orthogonal fre—
quency chopping 7l&2 A&35tH 2iE capacitively—coupled
instrumentation amplifierg FHEMN HAWY Mz ARE F(AS
St= 7le2 MEXCH 0.35¢um CMOS XS 0|85t F#aig mw 2z
amplifier &7} 0.061mm22] HXZ XtX|5t, 3V M S=F Al 271 A
o MRE AHSHE M 26nV/4 HzQl input-referred noise®t 3.74
°| noise efficiency factor& ULt £3| 0.55%2 £ gain
matching 851t —-83.2dB2| HOt AME 7t crosstalk 85& 2Lt

w

ol bandgap reference 3E =20 YHEE/=0, 0/= PsiKickt
t= TSSOl 2ESH 2@l =22 Z+2H 32nWet 29nWEtE AR5t
= XY M| 7|&E2 A, RAEZ|0t2| Infineon Technolo—
giesOlAN HESH =22 single—point—calibration?t2Z -400CHE|
+120° C7tX|Q] 2= HRHAM +0.08%2| 36 inaccuracy % 7ppm/°C
9| temperature drift 888 %= digitally assisted precision
bandgap reference &7 7| CORULCL PsiKickOlAM Z®st =22
AmEM 2x charge pump 7[8t2] bandgap core2t switched ca—
pacitor network2 O0|&%t voltage scaling ¥ summation, cur-—
rent—controlled ring oscillator2t clock voltage doubler 52| 7|
=2 MEESEMN 0.5Ve X2 e HYMME S26tH 32nWEtE A
235l= bandgap reference 322 0.13xum CMOS 3dZ 0|&5tH
0.0246mm22| =2 MX oo £&GHUCE. 00CHE +800CTHXIS 2=
#Heloll ZX 75ppm/°C2l temperature drift 53t 2%2| untrimmed
30 process variationg ¥UCt,

roh

Ir

Oscillator 3|20 ZsiA= 2H =20 YHEU=0l, 0= Texas In—
strumentsOlA ZESH =22 5Lt crystal@ AFE5H0 24MHz crys—
tal oscillator?t 31.25kHz sleep timerE 25 S 2 M wireless
nodel| 37|& A Y £ UEE St= dual-mode crystal oscil-
lator &7 7182 AJNSIRCE. 24MHz crystal oscillator 2E SXt A
4454 WE, 31.25kHz sleep timer 2E SZ Aol 37uWE AZ5HE
StHH, RC oscillator #AI9| sleep timer2t Hlug mf 2= H3tet M2
M Hetol st o frequency stabilityE SRS Z N, HMEHH
o2 245t sleep timer FOM2 €& = USE2 ERULCH AIIE29| In-
stitute of Microelectronics?t st=2| DGIST, KAIST7} &7 L&t
=20ME SoC &0l digital noiseol 23 M¥ L groundZt Azt
stAl EEe Ye dEUME & SHE & JAEE power supply noise
rejection ds2 I A &AIZI CMOS reference clock oscillator 3
2 J|&8 AJMSIRCE Fully differential supply/ground—-regulating
frequency—locked loop 7x=2 &7 ©& Y0 S5t period ref-
erences = differential period detector, 12|21 virtual OV ref-
erence & & d5t= differential integrator& M8 &89S =Z M
decoupling capacitor® At&5HX| ¥ 1= -22dB2| worst—case
power supply noise rejection 852 A=, Ol 7|22 48 £
Z1} 5|15t 40dB 0|4 SAtEl Zdo|ct,

ISSCC 2015 &7t #7| & 7= E2

cHoP | cHoPe | pc | Az
CHOP | CHOPB | PC

chs [ chor | cHope
cne [ Az | cHoP | cHops

M SZ precision operational amplifier2]
input transconductance stage H& TAM1} timing
diagram [Analog Devices]




(33 ) (a) Palmtop dielectric spectroscopy sys-
tem [Case Western Reserve Universityl, (b)
Portable gas chromatography system [National
Taiwan Universityl, (c) CMOS lab—on-a—chip for
rapid blood screening test [National Taiwan
University, National Taiwan University Hospital,
Chang Gung University]

M w

A& DGIST(CHLZE 0572 9)

A E0F ¢ Microsystem integration (biomed—
ical devices, wireless sensor nodes, wear—
ables), Smart sensor interface IC solutions,
Low—power wireless IC solutions

E-mail : minkyu.je@dgist.ac.kr
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Biomedical Circuits and Systems

ol

Session 210lME & 9MO| personalized biomedical 222 &gt 3
2 32 system—on-chipd| &gt =250| YEEU=0, I & 20}
et dmEH 24tE 2ol 7| Tt AHEE £ U= point-of-care
Tt systemol] &8 =20| 3®, ExG signal acquisition0f &gt =&
0| 2™ mental health managementZ /st closed-loop transcra-
nial electrical stimulation systemof &8t =20| 2H0|R}2H, glau—
coma & Xto| circadian/cardiac intraocular pressureE EH™& 4
Q= implantable lensol #§t =21 body-channel communica—
tionof| &gt =25 AJHERUCEH

HIE2t=9] Eindhoven University of TechnologyE 3nWe| S A
a2 AQSH=E ECG signal acquisition front—end ICE & &5t =0
Ol 7|&0] ZaE AT aF0olM 7Hi7tE O SFoE W22, 1Imm3
37|9] solid—state thin—film battery2 75 A| 10 o|Alo] £HE A
2 & UCE 65nm FHo=Z FEHSH IC LHE= amplifier?t ADC, 22|
1 biasing % clock generationg ¢t 3|2E0| Z& =0 RUCE 0.5V
2E 0.7V7HX|e ©@ © HLA2 00COlA 850CT7HX|2] 2= HRI0A
otd™Mo=z Z25tH, 10—bit resolution, 1kS/s sampling rate, 2.1
noise efficiency factorel 84&& LIEIHCH ADC= 20139 ISSCCO
M 22 MXt ZHst dAE 7222 o2l 1.5)/stepel FOME
ICt O|=2] University of Virginia2t University of MichiganO| &
H 2ESt =20 M= harvester22H XMalg SZEot S&6t= fully
integrated system-on—chip2 AZi5ICt 4xXH'E ExG acquisition
2 {8t front-end 2= &, 75% end-to—end peak conversion
efficiency® %= PV/TEG harvestingS ¢8t power management
3|2, 7.8kb/s 400MHz-2.4GHz wake—up receiver, 187.5kb/s
4GHz UWB transmitter, 2|1 fine—grain power gatingZt clock
gatingg F88 MCU/DSP versatile digital 8|28 25 Z&5tH,
0.13um 3H™E 0|88t 13.56mm2 HA Mo FHHEJFDT A MH A2
= 6.54WOILC},

ne

0|=2| Case Western Reserve University= &4 L biomolecule

£29| characteristic relaxation behavior 240 Ar2& £ U= mi-
crofluidic-CMOS platform& ZHst¥=0l, 3D capacitive sensor
2t 0.35um ™22 73S fully integrated RF amplitude/phase
analyzer ICE2 F#4EH, 0|E 0|88l OMHzEH 2.4GHz AWM S
Zt5t= palmtop dielectric spectroscopy systemS X ZHaHRCh.
Sample 0| 2= complex relative dielectric permittivity 2| real
part2t imaginary partg& 2F F&std EFE = UASS ZACH R
9| National Taiwan University= lung cancer? =7| ZI=S 2|5l
BXtel &0l ZxH5HE volatile organic compoundsZ 15ppbQl =
2 sensitivity2 ZX[& = JE=Z St portable gas chromatography
system= AJHSIRC. CMOS gas detector, readout front—end, 11
2|1 MCUE =ZgstH 0.35um 3F2 2 F8ist system—on—chipat &
M, MEMS 7|&2 388t pre—concentrator % separation column
S AEstct, 2t National Taiwan University, National Taiwan
University Hospital, 22|11 Chang Gung University7t &n 2ESt
=20 M= CMOS lab-on—a-chipg 7H&3st point-of-care blood
screening immunoassays & # UEE o HES AJiSIULCE Lab-
on—a—chipdlA&= nanoporous aluminum oxide membrane2 £8t
blood filtration, target moleculet antibody2| conjugation, mag—
netic bead attachment, electrolytic pumping2 0|3t sample?]
0|3 % magnetic forceE 0|&% flushing, 22l hall-sensor
array?t 1 readout 3|28 0|88t detection0| Z5F O|R{X|H, 0|2]
st Ao S&E2 WEHE MCUO 2l5t0d Ao ElCt,

UAEQ| Masdar Institute of Science and Technology= epilepsy
X2 2 E 16-channel EEG 4128 Fdst dual linear support
vector machine2 0|&3sl0{ 2AMS22M seizure detectiong &
Qm, ZX Al voltage—-mode transcranial stimulationg £ &
seizure suppression7tX| &g = U= system-on-chip=2 LHSt
¥t s, s=29 KAISTHAME multi—-modal closed—loop mental
health management system2 A5t Ct, EEG, HEG(hemoen—
cephalography), HRV(heart rate variability)2 2% st &85t
support vector machineg 0|85t 2M& 22 M classificationl
M2 0|0, 0|2 transcranial electrical stimulationz} &H Al
2stoZ M, Ar2Xto|AHl AAIZE feedbacke HME5HE M, stimulation

=0 A

parameterE& reconfiguration & & U2 StQICH

Digital trend

2015 ISSCColl &EE Ctgst =2= 7t2dl, tXE 2
Of =282 M3zl / Z2EMAM / HEH circuitlZ 37
=& & Atk 2 oAM= o] 712d =X #H OX|

== 2AJM5taXt ot, Ssiol= 3| H2a|l / 2t
Y HH™ / 0|SS4! / Hio|mC|Ha ATt =2S0| T
LHEI|AUCE

H 22| 20fd M= NAND Flashel O/MstZ 218t BER (Bit
Error Rate)Z7tet #2335t ECC (Error Correction
Code)E HE%t =20| #7.70] LEZUCt o|0] H2 ME
GA7F BCH CodeZCt Z&Est @2HHs2HE & LDPC
£ AHZstn U2Lt, 0] ZR0l= Read Latency?t 3 &
JtetCt= ©HEOol UL 0lF ®lsiM siHE ==F0dM= TLC
(Triple Layer Cell) NAND Flash& 8t quick LDPCE&
Metst Jol, iy AZIol 20143 2HESH advanced
error—prediction LDPC (AEP-LDPC)ECt 83%7t2F &
2 read latencyE EOFULCt. AEP-LDPC= 7|&9
soft—input LDPCO|IA 27 &|l= analog Vthitg 27otX|
USOZM read latencyE 1ms HBEZ Y £ U2H,
Quick LDPC= sensing Sl+8 O EHE2EM 0|2
146us MEE &Y & UA =11, 0| Sall write/erase
(W/E) cycleg€ 100% S7HAZ 4 A ES 2Lt

Convolutional

Neural Netw Scale Space

Processor

Processor
(CNNP) i)

Keypoint Detection Processors
(KDP) 4 Cores

D P Y o
ﬁ Descriptor Generation
Processors

(DGP) 8 Cores

Filtering Keypoint Matching
Accelerators Processor (KMP)

0.13um CMOS

1-TxFSM

2 —Timer

3 — Multiplier

4 - CORDIC

5-Rx FSM

6 — Test Structure

7 — RxTx Digital Interface
8 — MSP Instr. Mem. Cntrir.
9 — Clocking Module

10 — Digital Pwr. Mngmt.
11 -DMA

y 12— LCU Instr. Mem. Cntrlr.
13 — AFE Digital Interface

Figure 2 10T SoC in Paper #21.3

MM #180l= human—machine interface % vehicular applica-
tiong 9ISt object-recognition &3 =2E0| Ct HHEEJCOH, E
5| KAISTOHME HMD (Head—Mounted Display)E /¢t SoCE %H
5t 2 FE2 E€UCH Y =R0MeE S48 2 HAXMA=s g2 A
Aol o= &Z 4 UE Ul (User Interface)ZM ALEXS A|ME =
HMst= MM Gaze Image Sensor (GIS)E otz 32 7| ¥
Logarithmic Digital Processor0 7|8t2 S0 Htst¥m, =H 24
= M HEIZ O 7|92] Object Recognition Processor (ORP)E
Hetsto M™M= s&2 /s DVFS (Dynamic Voltage and Fre—
quency Scaling) 7|#H& M&s5tULCt. GIS2 ORPE 3D stackingst IC
7t Hr AH| M 75mWE ASEE BT, 0| AX HMDO M&3sHo
‘EyeClick” AAHIZ HQt5tHLCt ESH ToshibadlME 2012E ISSCC
of 2Est ADAS (Advanced Driver Assistance System)2 ¢St 0]
O|X| Q1A |ICE HC} U™AIZIM HEXL AE, A1 HE, Zoig 4E, &t
M AE AsS QA 3 mEEXT QA 50| HDF 7tol2tet &H S=t
Jtsst SoCE Hetstct aiE SoColE 3-way VLIWO 7|82 &
processorZt 470 S0HU= SHAEHE 270 ZEE2EM flexibilityE
=0|1, 14712 st=Qo] 7147 S€ SaliAM o|olx| QAo H58 &Y
£ UAD o47]0l= EEA CoHOG (Co—occurrence Histograms of
Oriented Gradients) 7t& 7|, O|0|X|28E histograma &S5H7| ¢
St 7t 7], object-classificationg2 {8t C&2ol ZEMA 50| ZE g
ot OlE Sall MF2 oz & SA5tH GPGPU 2 CPUOIAN St
st= A OiH 22 45 /Mg 22 & UASS ECh 0|0z HEVC,
H.264, MPEG-2/4, VC-15 & 14712 H|C|Q EZES Zatsts 4K
HEVC Codec SIEY0{7I MediaTekeZEE 2EEUT, 1Gbps 0|4
o &9 B4 AAHIE 28 MMSE-Nonbinary LDPC lIterative De—
tector—DecoderZt 4x4 MIMOA|AEI DL SHH A0 =

MA #210lMeE 22 A 2 52 2= HO|QH O AR =250|
AUNEID, Y =258 SAMEES AEs SoCUHMEH HAlz{dol 7|
HH2 & SoC7HX|, Ct¥st ENE HF . #21.3=22 10T (Internet
of Things)E ¢Igt =0 &€&E & U= SoCE Hetstm U2H, E5|
BHE{2| glo|l S=t5t7| fIsH Energy Harvesting 3|22 Z &5t ULt
J2|3 ot 2 loT L=E50| YUMo 2 RxELE Txe| H|E0| o =2
Asymmetricst S41 £40| JUS0f| 7|85t Tx= OOK modulationdl
7lgtst UWBRIAIZ MEISHRI T, RxeE OOK modulationof 7|82 &
15-bit Kasami codeE &&% CDMA Wakeup ReceivergE X{EistH
Ct LHEXMOoZ= Open MSP430 % LCU (Lightweight Control Unit)
of 7|82 = 2709 on-chip bus®t Standard Cell 2 Custom Cell
2 &2% ADPLL, 22|1 4-channel / programmable FIR filter,
CORDIC, 16—point FFT/IFFT, heart rate (R-R) AFIB detection &
2 ZE programmable peripherals2 Safl CtYst SBAIAHIES &8
o2 X[ 7tsst=E = ULt SHH, Masdar Institute of Science
and TechnologyOlA ZESH #21 8=E0 A= HIEESE HAoZ SXt
UES seizure detection2 & SoCE Hetst 1, 0l= 16702 &ML
2 7tXl= AFE (Analog Front End)dIMEE HAlz{d La2[F0| 7|8t
£ & DBE (Digital Back End), 22|22 PVTES (pulsating voltage
transcranial electrical stimulation)g &t Z7|Xt=20l| 0|2 7|7HX]|
closed—loop™EIE 7tX|2 ULt £35|, Dual-Detector Architecture
(D2A)0] 718t2 & linear-SVM (LSVM)2 £ HAITZE A5t
o Non-linear SVMIiH| M2 &&2| Hl22|2 MIT-Children’s Hos—
pital Boston EEG database 7|& 95.7% sensitivity2} 98% speci—
ficityE 129 latencyZ TS5t

o K
0
[l

4% BHlsE
S

HFE0f : SoC / Processor / VLSI
E-mail : jihoonkim@cnu.ac.kr
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Memory Circuits

ADIEED Et=8 PC & A& 7ttt U= mobile & HEEL 2+
of &x0 Hze #3H =F52 X|tsiet OrEIHX2 otYyst 82k o2
2] % Il /O 7|&&0| Non—Volatile Memory (NVM) Solution Ses—
sion Z Embedded Memory & DRAM |/O Sessiong S5 MERICE

NAND flash memory =2&& &d OiH| chip & 2 SYotX|¢t

= s
T3 HANE EUCZM 8 Y=X| storage Iﬂa AI fo| St&E2 ol
gL, SRAMEI 42 o M8 SEME FinFET 7|& 28t =25
0] &#EE 0 technology shrinkE &t FF/7|29 0|"13 IPNEWE S
Emerging memory 0Nz 2H0= ReRAM =250| Zo| LHENU
o HtH 25H0lE STT-MRAM & 7|&E50| F2 AMEN H|E 0|F
AL,

NVM

NAND Flash memory= ISSCCE Sall X|tt 2003 7t <F 1. 6H{A Q|
HHAY EF BIVIE BT QUCt Eoh HEAZE AEE 2D NAND
2} 3D NAND9| ZYe2 2shol= ASEACE 2D NAND flash FHOA
= 18% =H2 2D 33 7|eS HtEgez2 4 15nm 33 7|"° S|
S5t MA =& chip S|ze—l 64Gb MLC NAND flash memoryS & at
ZCH ofof Htelf 3DOIME= =0 ZHHEE 24H stack wordline 7IHr
NAND flashdl 0|0 2sliol= 32% stack wordline 7[8te] 3D TLC
NAND flashE& 2®E3ICt. £3| NAND flash memory2| FU+H™ =9| 5t
Ltol M7 £=2 7|Z& 2D NAND flash&2Ct M sfMlicts Mol E3
o2 HZsict

NVM solution sessionOA= M2z =X 20 T4 SSDE NAND

Package& I8 interface chip 7|&= YHE|0| A[AEIKQI ZHEO|A
o] =22 ZXel o st EZVX|= ISSCCE E5f TR ALY

Embedded memory and DRAM 1/0

i
[e]

Ol 4

ADE AX|OIMEE Z2RE A|AH”0 0|l2= 7t R HFH I1IE |
solM =S =~ Sl A0l ZTMS embedded SRAMOIEL 0| #lal
z Its Heo of%;. F Y SETE AA F ChYEt %'!EBI =]
0| Tl ot =HEo ol Saio= MEQI 14-nm FinFET SRAM
2 2Mitf 33 7|§% = 2M =2 22 cell sizeE EE‘R";EL
Read/wnte assist 3|2 7|"H Y variation—tolerant sensing 7|&
Sl & MYE 0 RF= 78 ¥ cell array2 A =2 7t9 "10*
HE 27 e2M H=2 He2 %4 IS HEHsk= 7ls Al ATHEO
FE ROtX|= Chip W = Mol tH8shk= S2RUSS & & UJUCH

OI'

Main memorygf Processor 7te| M5 ZAXE =0|7] ¥ DRAMEL|
data rateE =0|7| {8 7|2 74|23HA1 LME] o 2shol=
LPDDRA40{| A 10Gb/$/p|ne X &5t7] /et 7|1=0] YHEEO DRAML|
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Low voltage/Low power digital technique
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