2017

IDEC
Necwslectter

Vol. 242

IDEC 54  MPW Qi X! w8 UH 7|Ez EDA Tool 271 (QRCX)
£ 2l

= =)
JESHLE YOS 171 S MMAS AT IISTE  AZSTRI A AZH0| K4S WolLts SRt ) LA M

IC DESIGN EDUCATION CENTER




evrleTlen

MPW

Multi-Project Wafer

0|

20174 MPW Xl 318 )

ORE-P

- DR 2LHE/SKSH0|H A B3 Package Type HZA (HZAM : LQFP 208pin = HZAZ : MQFP 208pin)
® ZI3l 34t
- 201749 MPW MAIE 2Z] Ot
- 2018 MPW &l oM 2 ZH LHE2 128 SX| o™
- 20174 T8 AH (2017.07.28 7|F)
=5 S|xE ZEES Hnay FojEl DBotzt Die-out Hlm
°° (BY HzaA)  (mmxmm)xEs Aoy ((mmxmm)x&<)  (Tape-out)
MS180-1701 2017.01.26 ((33'88")(31'89);‘)(243 2017.03.20 2017.08.21 Hlztetz
(3.8x3.8)x18 RIRI RS
MS180-1702 2017.02.20 (3.8x1 914 2017.05.22 2017.10.23 S)SIESES
MS 180nm MS180-1703 (3.8x3.8)x25 2017.03.13 ((33'88")(31'89);‘)(243 2017.07.24 2017.12.26 DBZES
MS180-1704 2017.04.10 ((33'852‘31'89);‘324 2017.09.18 2018.02.19 MAS
(3.8x3.8)x20 o
MS180-1705 2017.06.12 (3.8x1.910 2017.12.04 2018.05.07 MAZS
MS350-1701 2017.02.20 (5x4)x15 2017.06.12 2017.10.02 RS ESES
MS 350nm (5x4)x20
MS350-1702 2017.07.10 DEE 2018.01.15 2018.05.07 MAS
$65-1701 2017.01.26 (4x4)x33 2017.05.22 2017.11.27 MAS
AMM 65nm $65-1702 (4x4)x40 2017.03.13 (4x4)x40 2017.09.04 2018.03.11 MAS
$65-1703 2017.06.19 (4x4)x40 2018.01.08 2018.07.16 MAS

U™ APYol| w2t ChA HEE & QU

S65-17013] (A4 65nm) £ 7|1& MA| Xlgioz MHE ERst Bot 2] 7tsE.
- 3Rt 27| SYIAE-EE BEEM (GA]) A 65nm 20174 13X} : S65—1701)
- 23 7|7t B oAU RRE 2F MEEH Ee
- Package M|ZH2 Die out 0|2 1711E AQ=!

201611 MPW %13 L} )

® 20169 MPW 3|kt 2 X! si%t
- 37 378 105| 213, 2838 &0
- & 2837 M= A2 (2017.07.28 7|F)
AR OfaLFEl/SKSHo |l A
65nm 180nm 350nm

Ex|EE 108 134 41

A mpw @t 29|
0|2]= M2 (yslee@idec.or.kr, 042-350-4428)



IDEC 7471..
Mnewwrtbel let Vol. 242 August 2017 | 3

WSEZ T Oh

2017'4 88

IDEC £H|0|X| (www.idec.or.kr) & HH25F0] AIASIA|7| HEZHL|Ct,

82 3-42 Star RC Toolu & 8/ 3 4
8gl 7-8 HDL Debugging Training(Verdi) Toolme ZZEH=  StarRC
2k XIS HXF
829112 Xiinx ZYNQ Device &7 mS(1x)  MA 1S & M ZuES3(Synopsys Korea)
| | | gilJHg
=X - {e] 21 4 | A YoF = (=] . . . TR
82 16-182 MHY A A T A4S ToolulF After a design has been completed and laid out, the circuit timing must be
i R ., FPGA-based Hardware-Acceleration e tested. Accurate timing analysis requires that all of the parasitic resistances
ZHIE 882223 for Machine-Learning/Desp-Learning A0S and capacitances resulting from the manufacturing process are taken into
account. Extracted parasitics are also important for other simulation tools such
83 24-25¢ Finesim Toolus as circuit simulators and electromigration analysis tools.
82l 28-202 (0|)ARTIK 2=} MADS =2+ Designers or process technologists who need to perform signoff
, | ol , extraction
2 o ol o|ZX|= 7 = MA TS
SE 292 GPU = US |c> 7|'—|7| ?’ Eﬁl-u—'-“? le#—-’.f— ZEE‘ 70*2]§E|| 0|%+*El§
82 30-31 Mentor-Calibre xRC Tooluw 2 APHE[A] - MaTe
821 7-82)  HIE| A|AE X A O NN Hy} MADS Familiarity with place and route tools and flows / transistor level tools and flows
88 21-22¢ SoC &A EE HA LS
asgy HHE A e 8/7-8
o Advanced Digital Circuit . . . .
84 23242 and System Design Aus 2z HDL Debugging Training(Verdi)
Z A HMEE XE(Synopsys Korea
saE11Y loT ok 44 M - 98 28 Synopsys Korea)
22l ZINe
83 21-242 XS4 9ll0{2{E Bio loT &7 HAus Verdi3= Behavioral-level2l Post-debugging solution@ZM debugging
- ABIH 7|22 O3 [=3 . . . .
82 8-102 CMOS analog H{3|2 417 M TS methodology0il +3tH 7|=& G5l M2 temporal visualization, symbolic

design exploration, auto bug tracing®| CiYst 7|SE ME =M & 2
Focf 8™ 17-18Y SoC AES 2[5t PCB & HAuS HDL design AHE ZoHEC} MHHOIA 7HY B0l AHB == Simulation event
HEE B FSDB(Fast Signal DataBase)0fl Cia WSS XISHC)

Zi4k  RTL/GATE Design(Logic) Verification Engineer

IS gz 23 LOIEE 0|2+

8% 22-242  Verilog2 0|25t digital system M| MA D

4
>

M 0.

Verilog HDLS 0|6t

2] g_.1412l
g 011 16H|E 00|32 Z2M A MA|

F

AEIA - MaTHE
8a 17 BH=A| A3z MASH HAu= - HDL(Verilog) coding Skills: Verilog, VHDL, SystemVerilog

Veriog HDLS 0|23t - Standard Logic Simulators: VCS(Synopsys), IUS(Cadence), MTI(Mentor)

= =3 _OR0| MIA TS
Mot 8222298 gng namamurroasg U8 8/9-11
saoqone TSPCESESHOEEIARMA oo
-~ _ EiLh
= 9 RFIC 7|% = ZZHE  Xilinx ZYNQ Device 87 @S(1%H)
82 29-31 FN |2 Mol 7|E MA LS Z A AN EI(EHER)
) r23t 1 Mg A 2rhs
82 16-182  VivadoZ &-23t Xilinx FPGA A7 Al Mm-S " ) _ ) - .
2l = 7 dE dAus Xilinx ZYNQ C|HO|A Architecture O|3HZ 7|2tO 2 Vivado SW S S 0|2510]
20 8y 23-24 olZRIST By =y I3 HW 7]gte] ZYNQ CIHI0|AS &25ls T2HE Fg U O M&S 6, 5=

H0f 7|Ete 2 Sh= M | ASS TIYSIT)

& Xilink ZYNQ DeviceZ A23sH0F 5H= HW AHIX|L| O

8¢ 242 Display pixel 3|2 2 2 MAuE

LT

Verilog HDL 210 =&

82 8-92 1 243 710]2 ot Toolg ZoszE 53 LOIHE  O|Z+A
ste x =2 =
ety - MEXA « M=0EE Xilin Vivado AR A&, HDL 7|2 XJA 2 Xilinx FPGA ARE ZE

8% 10-11¢ Verilog 210 S5 Toolul &



mevrleTlen

wsIZ M Ok

2017'4 88

8/16-18

AEHE MM e AA 2
Z- Ab O|3HE 2HEH(Synopsys Korea)
7

Low power Z4Z TR0l CHoH MISISHTt. 2HY 0|4 £ UPFE Salf M 713 R AS0f|
LS Ie #XE RgE o U1, sliig UPFE 7HX|1L VCS-NLP A|Z2[0|ME siA
= 2AHA function &

A58 84 ULk
HEH2 47 012 U A5

o]
4 HE]
ZopzE 53 ZOIHE  0l2+4E

AEX|AL - ME0EE ASIC 7|%, Low Power Methodology, Cell library

8/22-23

ZZH=  FPGA-basedHardware-AccelerationforMachine-Learn-
ing/Deep-Learning
FoOAb 7|9t BEAHERCIKFQIA| A

X gzt LIS EHIS

oN

X

8/24-25

ZZHS  Finesim
Zb A} MZES X}E(Synopsys Korea)
ZEHL
General description of the major options and lab for the accuracy and perfor-
mance using the FineSim SPICE/PRO
+UY
Analog designers and engineers who perform circuit simulation and analysis
at the transistor level
do=E B8 ZoEE O|2+4E&

MFEX|A - M4=01=E Analog Circuit Simulation

8/28-29

2EHE  (OIARTIK 23
Z Aoy

X 2t HE EHIS

8/29

2= GPU 3 QISXIS 7147 2

Z A oEe ua(AME)

Bz

GPU AL & SIEQIN 7&, GPGPU T2 Y 7|2 22, AIBX|5 7H47| 1%,
ASKIS 71571 8 R HY

+ZY SR, THshay, Ll

Zolz=E =8 EEEL I

AEZIY - Mot

8/30-31

oy
e
-]

Mentor-Calibre xRC
0|27 HH(SH=EHETHEA)

N
2]
=
o 2 o

Calibre xXRCE AtE510] Layout &2] Parasitic X& & HHIAIEE F5
% Rule file generation0ll TH5t0 WSSt Calibre xRCE| CHLS 7|5
Ofl CHEH A&at St

Calibre xRC User
UOJEE]  O|2+AE

t

2 Ok T 0 0
O 1 Ky

HI o= Ho
AL oF rfo

4> 1
oY
2

oy
1
I
M ox
P
i}

AR - MaTE

Calibre nmDRC/nmLVSOi| CH3t Z&0| HstLt, 7|2 521 LHE0| ZEHE|0] U XS
ToolE A3 = B 7t

2 2| | KAIST IDEC ZYX| (042-350-8536, yjkim@idec.or.kr)

Uy
S
8/8-11
loT 2ot M|
24 A EEM MMM HERD, MFF wa(H20E W),
MES u(FMSUstn), S wa~(MSOHEtw)

loT AJAR Y HOt T2 T2 7|&Z iR, AIZ20|8S St
BICt. loT EOF D2 3 24 MM HERS, loT HESRI
olet HAF AIZH 0| H HES

Sasict
LU SR, et sl
goeE 23 ZolgE| Ol2+a

AMEXA - d50E OIS, AREUE¥S

)

8/21-24

ZEHE  KISH 20122 Bio loT 47
7 b SRS, HEH DA(S20stD),
uhE4 IA(Z2UE), 0[50 M4 (ZAEm)

3L
Wearable loT0f| Z&= CH7 |5 MIAQt HIO|R AXFQ| 7|& THEH M EE] AKXt 3
O|21t 3 A[X3t ¢4, 2|10 AXt Y 3|2 HA0 CHoHN LHHCZ AT{E X}
SHCH IESHO|ZA| 731 E HIO| 2 MM ZEE HO{TI MA| A S H0|EE XES| X2[510
HHE FE3 2 U S Y AUSH| WiHof| Chol Hi=Ct

Al

=
ZopE £3 ZolHE| Ol2+a

Digital Signal Processing, 3|20|2, Y| S, YA S2], HXts|2

2 9| | ¥R IDEC 847 (02-940-5448, smartipc@kw.ac.kr)



evrleTlen

WSEZ T Oh

AT

To=
20174 8 s
8 - IDEC =1|0

8/7-8

ZdIHE  HREE ALY AZ 8A W YA GOt

4 A BFES uH(EEHE)

3pHe

HEE| AIAL X A0 03012, HM HEE| AIAH R 47 0y, HYH T}
RS

ALY M| FR, HEEL TR T SR/ A Y A

ZosE 53 ZOIHE  O|2(M&S 0|20| BLT L 5| HER A1)
AERIA - M201S ot AE0| HEE X Y =2 52

8/21-22

ZETE  SoC MH E2
z M
ZEHL
Systems-on-Chip(SoCs) are at the core of most devices. This course will
provide an understanding of the concepts, current issues of computer
arithmetic and bus architecture, which are subfield of digital computer or-
ganization. They deal with the hardware realization of functions to support
various computer architectures as well as with algorithms for firmware/
software implementation.
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This course covers the systematic design of advanced digital systems using
FPGA and ASIC. The emphasis is on top—down design starting with a soft-
ware application, and translating it to high-level models using a hardware
description language(such as VHDL or Verilog).

ST M|, ML HEEA HH HE SR/ AEAL 2 AH|

= ZolgE| O]

- MeTE

HXt8|2, OX|E3S|2, VHDL, Verilog

& 9| | 250 IDEC HOJE (053-950-6858, idec@ee.knu.ac.kr)

st

[
|X]

Vol. 242 August 2017 | 5

=K=]
(www.idec.or.kr) 2 250 AXSIA|7| HIZLICE,

8/8-10

CMOS analog MX}s|2 MH|
Z|GA w2 (RAE W)

S0{ZI FA0|CH TR
"._“1@94 QHE.'- H‘é“ I111%01‘5*7ﬂ H"
xte)

253 ZoIHE  O|E+4E

H7|2lZ, HAFEZ 1

8/17-18

0|22 ZHHSHA
07471

|_

ZEHL
PCB(Printed Circuit Board) &A|E O|aiot=d| & Zast 7|=X¢Ql
=253 S, PCB A7A0M 20ojLt= HXIMQl ZXIE CHECE 0|28 20

2001 2
SICHE 71 7| /201 274610 R IO PUBE OfE EASH= 201

ullbl ru|n r\l

I'IO

o A oy
oy 10
= e
0 ,E'-

1
4>
M

8/22-24

ZZEH=  Verilogs 0|2%! Digital System &4|

o
2 A ZE DASoEt)
2l

CIXIE St=20] *"71|—l = H BEA0QI Verilog HDLO| 7|=0|23t S0 CH5I0
SHE3ICE 555012 HIERR 7|5 285 M6, 2ZMRE CIX|H HAIAIH Q|
A 7152 Verilog HDL% 0|83510] MA gt =0 Training Kit0l Downloadatod

Jlsg el

=D

LU HAT| 3-4314, BRSO} Chat
Zorz 53 ZolgE| ol +AE
AFERIA




mevrleTlen

WSITZ M OhY

2017'4 88

M

8/9-11

ZZHS  Verilog HDLS 0|2%t 16H|E O10[22 T2 MM HA|

Z A SiES (S RS)

2N

AES|2, =Xt8|2 2|11 FSMO| T8t Verilog HDL 281t 43 I8t 3Y WS
SH& S Xilinx®| Vivado(E= ISE)E AL 718 X HIAEHMIX| 24, A|E20|M

2 SA3ICL SRIYOR 16HIE DJO|ARIZHMS MABITE
U4 VHDLON BHYQU SHEA, ChSte % 7Er

oz
oY mE o

4

o =
ZorzE 233 ZoIHE 0|2+ A
AFEIRIAL - M4TE CE2OY, AR, 00|32 TRMA

8/17

AEHS  HEN TSR HAZY

2 A X B(RYTstD)

piz Y T

HHER| ATIO] 24, TN Het OIS HIHOR, RERIAT, ery,
S, 018, M3H S HHER| ARE HIRIH| 93t 0f2f BNIIS0| B3t 0122 &5
8k, 2130] Maj= THO| i3t 0JHH=S oI

SN SR HAEIZ A0 TS SHEA, TSR 2 T|Et

zosE 253 Zojge o2

AEIRIA - M4012  BHER] RRBIR 70| ZAISIS SHEA, CaHIA 3 JIEL

8/22-23

ZEHZ  Verilog HDLE Ol CIXIZ AIAR 47 % FPGA S8
2 A HPN DMENGED)

Y i

Verilog HDLO|2t= SHER0f ANE 7HX| L CIX|E AARS EH W 2ol H3stY
FPGA HEHZ F3iok= AHYO|Lt O|F S5t &% SoC EA g0 22 Oshel £&

S5ITR BIL,
+7TH VHDL, FPGAO Bl SHd, chsteisy 3 JIEt
Z BoIHE O|E+iE

AR - Mt CE2T2Y, HAHE|Z, D0|Z 22 MM, Bt HiS st

8/24-25

ZZ[HS  PSPICES &2%t 0121 3|2 HA U RFIC 7|1X

2 A EBA DAEMOED)

IR

Hxt 3|2 2OIME circuit designg $I8t SPICE(simulation program with
integrated circuit emphasis)2| AFE0| IR Z6IH, 5| OfH21 5|2 MA &
S0 LXolct 0|2 s PSPICES] AH2H 5SS OrCADE 0|&83510f /5|1,
netlist 7|gte] &7 7|'H S iR 1X} StCt, 0|2 74| |2 CHsH 200 2851
QU= RFIC 238 7|2XQ L8 S i 1IAL SHt,
T4 PSPICE, OFH21 3|2 MA|0fl BaU= &7
Z

BoIgE 0|2+

M, ekl 3 7|E

AT - Maats CE2T2HY, MALE|E, 0I0|ZEREZ AN

8/29-31

ZHE HHel= dAe] 71=

A Ol ua(METH )

Zdaa

CIXIE AJARIS) 5|2 A & HH=R| AX[L -0 28t 7|=HQ X4l §5517]
Plali 71221 MOSFET HH=X| 22| X 3YS Lok 2, AIHE 2|29 SZS 0[5!
o1 PR

oN

oy

ST FABIZ, MOSFET A0 ZHAIQLs SHEA, TSI 2 7|}
uoleE 233 ZolHE| OlE+a
AFETIAL - M40lE  CERIMY, HASE, A2

2 9| | Ml IDEC ZY¥3 (062-530-0367, 888pp@naver.com)

== 8/1 6-18

Xilinx Vivado SW O[S 7[{IC2 T2

0|<>HE EOH E E% SiH, HDL 87 d&S

E X138 2 7-Series FPGAQ| Architecture
S35t 2Z| M7 7|8tO 2 C|XI2IS FPGA|

LU SR ES s, Aol
204z 253 LolgE OlE+ME

ZzH s 3Xsat Hald

Z A 0|HY W (EES)

PAEy/ k]

QIBXIS 7HE U 718 Sig, 7[AIEE2 7HE 2 WHE, MNP e AV
A SHEM nSHA = TShAY 2 Ul

Zo=E I8 ZolEE 0|2

ZENS Dlsplay plxel 32U ZH

RPAICH CIAZ20] L7188 ATHHR, SIS Baf ESHKIAE] S RPHICH SfataX}
et gz At

LU S EE Cstel, Aol
ZoeE =3 Zoge ojz

£ 9| | 501 IDEC 2tsiD| (043-261-3572, idec@cbnu.ac.kr)




IDEC
44ue;1~hréE¢77e/t

WSEZ T Oh
20174 8

8/8-9

B
=
J

Verilog HDL 210 =& 3! A7 710|= 2t¢l
&THE CHEO|AHINNOTIO)

ooy oy oY

mo\l

1]
=
o >

$Zt5 S8l Verilog 10101 CHS! 08Kt 2|28 (synthesis) SHOl| 7| =8t &
HFZ RTL(Register Transfer Level) T 7|& 4 2l M7 710|=2210)| CHaH CHE
RN FUHQI HAE &+ JUCE 0|23 ME S W SH=S SiCt
T sl /el
o

5}
ZoeE 23 ZoigE oj+ig

8/10-11

ZEZ Verilog 20 52

Z A UFEG AT E(INNOTIO)

IR

Verilog HDL &7 210{E AtESH SIEYI0f HH| 712 5 ZRENM, 7|1ZXQl Ver-
ilog HDL BHE & XI5t &E{0|A] AH| ASIC design flowS 12{8t St=H HA

A O O|l=
222 st

IDEC £H|0|X| (www.idec.or.kr) & HH25F0] AIASIA|7| HEZHL|Ct,

Vol. 242 August 2017 | 7

Education

=L




1. 2™

AME ClE{ull(Internet of Things) A|CHRH EHH| HE=A| 7|SS0| Lhetsto||
M2t AOLE YYX|L AOEED 22 0HE 7|7 |0 Z4E ME|EHA
Aix|| K| E(Physiological biometrics)E Z&ot= MA ICQ| =22
Aol A O &= UCH =2 10 Ato]of| &7 =(ECG: Elec-
trocardiography), 2H¥ &= (Electrooculography), 2™ =(EMG: Elecr-
tromyography), =|THEEG: Electroencephalography), ZstA] o}
(PPG: Photoplethysmography), &2}, ¢t S MA|ASE T2 o
A4 =ES0| FR MTIZE B2 Wi E|T| AIZZICH AR}
OHE, LGHAL, 219j0] & 2HI 717| i HIE Selo=z MAMS
ZX 0} HHE oAV} 2ds| TRl Q1o 2 S5 £/ 15Tt
S7tst1 Q= FAM[OICE, oE 7|7|0M e MHAS =5 M

AlAE T NS Z IR ofC| AL RRAC| 242 AEHE ZLE{R 5t

42 22| MH|AE HhE 4= Q)= U-3ll A7 0f(Ubiquitous Healthcare)ol|
CHst 2talo] =OFX| 1 QICt, o|2{8h U-&Aziof g 77t 37}
SHHA CHst MAAMSE stite] o2 £ 7158 Ciy|s M
BZ0| thF=| 1l Aol X7} ZITHS 2|t 83| o=
7|off 2kt it Eks| FIE| D QUCE EEFL U-EAFH 01E Sl

=
H oE| AL RRML| SHUTLZ X}

off tht 7|1 X 2l Mol 7kssto| mhzol 2ol thet

H
1
Rl
02
=2
o
on
rlo
re

[ S ]
o

(NI
0z
)

MOl APM o2t =X E & = US AU2E J|HHE 221 Ut

z|2 ZHl/3loj2 S EUE0| M2 1 s MAMSE IA oS
20| 2RE = oIt ED 2t ZECI0|2EE 0]25}0f & L &R0
ME FMIEE Ssl0] et ABHPPG)E A Sst= gh4lo] de|
AR2E|T QUC oIH|o| T FofM HIRIEM R M2 S Batelu MUS
EMot= B MESI0] AR, 2ME, Zul S| M| HMel(H|o]
REHAM) NS e AFE T QO ESH oo AC MRE 21t

ok
k=l
2]
4
o
rz
S
oo
i)
[
s
oy
i
LT
0z
m
rir
2]
e
mjo
i
02!
ol
2
o
o

AIRI 24, 24 Ale) Sof wat watshs TS HEH(GSR, Galvanic
Skin Resistance) S& A58 & Ict, 77| &t S o[83tod
gos S a2 A

o
0
%
g
o
]
021
0>
2
mn
m
Q
o)
o

ol
lo
0z
e
|.|-|
i
AL}
re
-
Ll
Kl
20
n

=
=
PPGO| AZHIS 0|88 Eot £

i
ar
[>
je=}
o
2
x
rr
0=
é
[
fol

>
it}
o
do
rok
2

20212 C{uto|A0M CHfe MAMNS S ZFTEY| 2/at MM ICS]

>
[>
gz
=2
Rl
rr
_|T|_
00
O
0=
i
r>
ol
>
A
mjo
do
o
_|T|_
e
10
=
nE
ot
=
2 N o
1

o

S}, AIAE| st B XTE et ZHOM Chfet 7SS &
Al

T 7tSet TR WA MS A 2|27t 2ds] i1 QICt

Battery LEDVDD1~4 AVDD DVDD IOVDD

coTs
Sensors

Readout IC

GP Analog 1~4 i—

Sample Rate
T Convertor
LED Controls
GSR Tonic/Phasic |

S -
e
o
@
-
1
[N

1
Host/Display/Radio

Bias

Stamp

ECGI/ETI | o
Bio-Z ol

Bio-Z Current Source

l
Memory
Bodybias | [ Bandgap & Bias 128KB

| Bandgap & | I 12C and Sequence Table | O

)
=

Electrodes

PMIC and readout IC
in sensor hub of the
SINBAND




2. BIO|RXEIE =7 3|2

HIO|2ZHIME Mo H|RoM £ == T Qe AU E oo
I}, O|2{3t AN oS ZH5h= CHEA ol W2 AlX|Q FEHO| 744
2 4 TS R0 LSS MRARIS B2 7|Ssk= Weolct
CHEXQI T | Y MA|M e o 230 ol st =ut, HEQ|
SIS 2HHE0] MU  WEHZ EY = ANE, 282 23 UEIE
LEHH = 2= So| ot MA|tlo= e o= °F0,5Hz~400Hz
&9 Fo i =4 pV~ mV 0[] 4T ITIE JHX| 1
ueH O HE AHAM EH=s T mV FEQ L LS E ZH

= =
] i3t 2 Aleln £2 el M Jixls HUs S 52|

ol

’%
w0
=
C
3
[0)
>
=
51
=
)
QO
3
e
=
@
i
=
]
LE!
0]
_O'L
n

~10mv

—— "

2
@
3
<

~5mV

N
v | TR ,

Respiration
010 0.4Hz
~ T™——" *Amplitude dependent on

external current source
0.05Hz  20Hz

60Hz 120Hz 150Hz 500Hz
50Hz N

Max Signal Amplitude

Frequency

iR MAlME £F 5|29 A thofl /IX[SH == A S0
(Instrumentation Amplifier)= 4= uV 0|LHS| 52 2124 ShA ZhS(input
referred noise)2 Yoot 510 I =& 213 N3l =2 ZEQDC
M7 H|E 7IXot sttt O = Also| 24 e} baseline M| 3|2
2 spike detection 3|2 S8 Sdl| MA A|AE XMElO| M2 ARS
Z| X3} op AL S 3|2 E 0|83l MEE HIo[Ee ¥2 [,
0{2{7kX| 7|=S0| THIEICt, So| A= M2 Zf = mV £F2|
dzof Hls 7|X o] =M mV HER FH 252 = QUL

A2 AMS 7} saturation=| 7| L2 motion artifact M| A 3| 2L} 9|
ZHEE HME AMESP| = o, 2 MY 0|5 22 SE5t 7 24bit
70| U Al HEL A|10HADC S8 AHSsiA] CIX|E HHoll= 22

oA baseline AE =2 HAs|7|E SHCIS,

Input stage

EPsensing  Muxi —i
] e LPF
A 1
‘ ’E_M 1A su |l |pea AO
1L &
— W oo

EP: Electrical Patential

ECG: ElectroCardioGram ¢ 4y,
i =

213 MY MAAS SHE 95 AS BE oAP

AZE =7

HIE 71Xl 37|12 YAl £ 3|=2o| siyX ol HehS St

NI

Vol. 242 August 2017 | 9

7+ thEX el el 2l 3-opamp A& S%7|= 3742] opampE 01F
sto] 18 4(a)2t 22 HElZ FYEI. 3-opamp AE 57|
2 Mgt MY 0SS S = UL SIX(2
[off SSZ2E HA 8|7} Mgt=|of 37§ 0| &<l
opampE AFSSY| tZ0f T3] 220t 2 BHHO| QICH 2|2 21
e MANE A 5|20l AE 27| TxE 7 40)2 22
current balanced IA(CBIA) T+ E= Tl 4(c)2t 22 capacitively
coupled IA(CCIA) 7+Z=0|Ct. CBIAZ= 3-opampdi| H|sl ATHMo=
REE U 280} Jhsein TEn 52 A 8|7t L4l
CCIAE :Z=A o=z 19 1t EE(high-pass filter)2| EMZ E0|H
DC offset H7{s{o} h= MAlAE H% S27]9 S43 2 atstof
22| 0|t J2{Lt HIAIE] ofF o ofs SSZEE M| A BI7E A3
=1

-
kA
N
)
>
ol
S 2
kR
rlo
lo IO

(a) (c)
inp
E inp 1L
B} LU
VWA~ inn_”_
RO S -
R1
inn

3. YA YAltis 2 3=

LEDVDD1~4
64 LED
-4PDarray
example

PMIC-

Readout

ol a
LED DRIVER P N N o % Ic
e s |2 o6 ]:
Battery / Highest ) SR matrix| | ¢ ® Sequence
LEDVDD “on ) NN NN Table

LED Anode Selector

LED Current Driver #8
LED Current Driver #1|

SDAB 12¢
seL (to configure)
l

PRI .
H
Table 4 q - A
LED Vol 4 :
<‘“(oat:ige L low "\ - 4@
LED Current|[|_| "% I ¥
Oot60 mA. F 7§ = @
LED Dri ~
Td; ‘N’
! 32 units[~
278 i ock
To PMIC LEDon
Timing Compensation
LEDon rx
PPG RX2 ‘
A
PD.
"% AmbientDC  INT_RST PPG RX1
PD3,4 Canceling
Ce Cint
it
x NG .INT_EN ——<—_|——INT_SWAP
2 + " ADC|+-To DBE
Physiological
Differences PD1,2 DAC|~- PD Bias

2l 5, PPG AlS £XS 9I8H AS 3|2 oAl



IDEC #_

e wrlellen

22k 2t PPG S = €#0o| EX5E &olof AlX| E2{oflA
=H0| 7l=5}0q Hio|RZEI M1} SHE| = mmo| H|™E AEHUAME
ZH0| 7Fso17| WZof| AOIE X[ 22 dloj2dE 717|0M RIF

-~
°ﬁ9

I2EICH PPG ¢S E £86h= 5|2= LED =208, ZEC0|2E
3! transimpedance amplifier(TIAZ LA EICH LEDE Saff T/l Y2
& MEjo|AM =2k 2} ALzl 22 photo diodeE Sl MF
sl T % Sof zigtoz wisksl= 777} Yeix oz Wa| Xg
rong 2424 27H(0l]: IR, Red)Z 0|88 Z<
AES|E(Sp0E FHE & rt,

I'EE'

rin
n
~
m
W)
)II:I
m

4. Bio-impedance %4 8|2
UA| duHAS FHslE 32 UAo| MFRE ST current

boldlof el MY MSE FHsHE AZ 527
Z FAMEICEH Current generatorE Sall modulated currentS
A'KIOH /51 LAA| m|E A0 bi2iE [ MS o EAEICE o2 st

=
e MzE A% 52| 2

04
al

generator 227

=0{|A currennt generator9| EaSy| R

N2 /XN el= current generator 54T

#HE FH 7} ed7tx| 2 AT
olx|of| FLl=|= square-wave SEHC cE=Ri|

t
current generator?| 2 2 0

=2 MEH 288 ¥ £ ot d2{L, synchronous demodulation
Al st MES0| Z0]| ofal Met=of| M|Eho| LS, Pseu-
dosine-wave S@EH2| current generator= £2 M 281 MEM S
71|21 e pure sine-waveELCH= %2 THD(total harmonic dis-

tortion) M52 7IZICE,

@ frequency shifting

f,
lop<t>  MUXo | e for fwe | by chopper with fwges
- cG SO @ Amplification by 1A
L @ iasw ®Demodulation by
le | chopper with fa,
L P: g ® Frequency
e g [ LPF
¢ 7
Vip<a i v 1 sH | |pea Il 20
24§ Dvines rHLE
L In] Rvar b_vpass
MUXi ! en
frmerged = XNOR(fimp,fen)
(Vip<1> = Vp<1>)
wtage (v <4> -V, <4>) e
- - Dummy five! n_ﬂﬂnnﬂﬂﬂ,j‘u‘u‘l_]l 50 kHz ~ 1 MHz
It 2| < T [ ] | 4 kHz~ 16 kHz
(Vip—Vin) -~ : e [ULITULIUTULALT e
= P— 5
12l 6, Bio-impedance ZM S 2[5t A= 3|2 0flA|

5. 8323 3=

S =3 s17| 2/sl amperometric electrochemical MM 7F AFZEICE
Amperometric electrochemical MAM&= M 7HS| F=(reference
electrode(RE), counter electrode(CE), working electrode(WE)2Z

1

o

Tl ¢lon] Cleksl it oz ol2{cts JAMEIT %L—_}s-m

[ N He
ZH517| 2l3t 3|2 2 MR E EN5hs 3|29 REC| &k
AFHAFE &2 (potentiostat) 2 A EICH M O F RES| A2k

0
ﬂIIU

0| =35t REQ
Ut RE Sensing strip

AlZ17| #alf opamp?] virtual ground EM
ZA3lo] DC offset currentE &g 4=
slstE ol Hi=20]| Qs WEN MEJ1 S 24
trans-conductance amplifier SR2CE M2 AlS 7} MEICP M=
ASE programmable gain amplifier{PGA) Tt £Z=|04 100Hz
Mol M 1t ZE{(low-pass fitenE Sotet 7| S=AEICH

I
i -III rﬁ o o g
om AL 1@ kI k1 ool
S o mp o o mp

| =|H current-mirrors

EC driver TC stage

i

| (Potentiostat)

EC driver

Sensing strip

Input stage
M m
1) ineimalER
X i ——ivb
e R B S
R_var
disconnect Short to Vb

5. U3

2 F2AEUME AoRE JI7I0A AZE=
ZX2 95t MA| ClE{T0|A0| O} EX| U AFE A

=
Abetol| chato] ZEstRArt MA| UE AES 2IEH 4 circut

ﬂ
Ir
0
0©
i
iz
>
for

i)
>
1o
[
v

blockel

instrumental amplifier(|A)= =2 2l21 la|HAQl =2 Fot 0| U
E2 SSREE M |7 27K SNl A H|IE agsS 1e{stH
motion artifact S2 HAHE 4 U= 7|=0| QLPLEIC} 5 O|A|
U2E SEsfobshy| W20l %2 3 HES oI5| Alet MES
A 7ol et 227t Mook Aoi2HE 717[2] Al =]
S7tet abi MHAS £ S et WA ICo| thgt =27t "R St
St U2, 0| FAI7|7| 2lol B2 7|==0| W= QUCt
3|29 ¥S0| AEH o= SEHM A ICo d2 H B2 7Skt
2 O 23Et E Aoz o EEIC), ZZolls shutef ZoflAM kst
YAHASE ZHY = A OIS Y SUSB0l| 24e =FS0| Yt
: 2o ES512{ 1 5= o7



o

=
=

K3

-—

9

10

S. Ha, C. Kim, Y. M. Chi, A. Akinin, C. Maier, A. Ueno, and G.
Cauwenberghs, “Integrated circuits and electrode interfaces for
noninvasive physiological monitoring,” IEEE Trans. Biomed. Eng,,
vol. 61, no. 5, pp. 1522-1537, May. 2014.

I. Kim, R. Lobo, J. Homer, and Y. A. Bhagat, “Multimodal analog
front-end for wearable bio-sensors,” SENSORS, 2015 IEEE, Busan,
Korea, Nov. 2015, pp. 1-4.

M. Konijnenburg, S. Stanzione, L. Yan, D.-W. Jee, ]. Pettine, R.
Wegberg, H. Kim, C. Liempd, R. Fish, J. Schluessler, H. Groot, C.
V. Hoof, R. F. Yazicioglu, and N. V. Helleputte, “ A battery-Powered
Efficient Multi-Sensor Acquisition System with Simultaneous ECG,
BIO-Z, GSR, and PPG, "A battery-powered efficient multi-sensor
acquisition system with simultaneous ECG, BIO-Z, GSR, and
PPG,” in IEEE Int. Selid-Scate Circuits Conf. (ISSCC) Dig. Tech.
Papers, San Francisco, CA, USA, Jan./Feb. 2016, pp. 480—481.

T. Calabria, “Software PACE detect with ADS1292,” heep://slide-
player.com/slide/5917472

J. Kim and H. Ko, “Reconfigurable Multiparameter Biosignal Ac-
quisition SoC for Low Power Wearable Platform,” Sensors, vol. 16,
no. 2002, pp. 42382-42394, Nov. 2016.

N. V. Helleputte, M. Konijnenburg, J. Pettine, D.-W. Jee, H. Kim,
A. Morgado, R. V. Wegberg, T. Torfs, R. Mohan, A. Breeschoten,
H. Groot, C. V. Hoof, and R. F. Yazicioglu, “A 345 pW multi-sensor
biomedical SoC with bio-impedance, 3-channel ECG, motion arti-
fact reduction, and integrated DSP,” IEEE ]. Solid-State Circuits,
vol. 50, no. 1, pp. 230244, Jan. 2015.

M. Konijnenburg, S. Stanzione, L. Yan, D.-W. Jee, J. Pettine, R.
Wegberg, H. Kim, C. Liempd, R. Fish, J. Schluessler, H. Groot, C.
V. Hoof, R. F. Yazicioglu, and N. V. Helleputte, “A Multi(bio)sensor
Acquisition System With Integrated Processor, Power Management,
8x8 LED Drivers, and Simultaneously Synchronized ECG, BIO-Z,
GSR, and Two PPG Readouts,” IEEE ]. Solid-State Circuits, vol.
51, no. 11, pp. 25842595, Nov. 2016.

Y.-J. Huang, T.-H. Tzeng, T.-W. Lin, C.-W. Huang, P.-w. Yen, P-H.
Kuo, C.-T. Lin, and S.-S. Lu, “A Self-Powered CMOS Reconfigur-
able Multi-Sensor SoC for Biomedical Applications,” IEEE ]J. Sol-
id-State Circuits, vol. 49, no. 4, pp. 851-866, Apr. 2014.

J. Kim, H. Ko, “A 1.2 V Low-Power CMOS Chopper-Stabilized
Analog Front-End IC for Glucose Monitoring,” IEEE Sensors Jour-
nal, vol.16, no. 17, pp. 6517-6518, Sept. 2016.

M. M. Ahmadi and G. A. Jullien, “Current-mirror-based potentio-
stats for three-electrode amperometric electrochemical sensors,”
IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 56, no. 7, pp. 1339—
1348, Jul. 2009.

AHE

Vol. 242 August 2017 | 11

ik

o2k

K- 2mEay|

Hhstm ZArgetet

ot

F g0k

ofdZa T3 Z, MM QIEH0|A, MMH/MTT EM US 5|2
E-mail hhko@cnu.ac.kr

Homepage http://icdl.cnu.ac.kr

F Aot
Hio| 20| Z HIA eIE{H|0|A, HERA| 20} ADC



IDEC

M)Jéb#&b

CadenceA}

. 25
Physical Layout®{|A{ Parasitic Extraction

L e
IC Design Flow = Physical Layout2 & 2t2 &
O|=51X| 4= Design L 7| ME = Parasiticg

AZ3l= SolutionS M2

AR

A
=
FESHo|

Supported Platform and O/S System
- Platform : Linux (Inx86)

- Architecture : X86_64

- Supported OS : RHEL 5, 6, 7, SLES 11, 12

= —
SRR

CadenceAt?] Quantus QRC Extraction= IC design flow &
physical layoutA| M| X}7} | =51X| 2= design LY 7|44 M 20|
MI|HAM 3|2 SEof| QS FA ==, AR HE MAS 23
& Mask M|Z ™ parasitic & 2 parasiticg Zgsh post
simulation2 Sdlf 3|= 2F 2+ 0|dof EX|st7| flsi ALZEICt
EESEH Cadence Quantus QRC Extraction2 sH-+2| technology file
= 0|23l|A Digital design £ = Analog design 25 A 71S5ICt

| .

Design Convergence

Silicon Virtual Prototype

+51 Optimization
Incremental
Extraction/ECO

Timing, SI, Power Signoff
Signoff Extraction

| — ——

Figure 1: Enabling in-design in the Encounter digital Figure 2: Key functionalities of Cadence QRC Extraction

implementation platform

Early
) ) Default Extraction Mixed —
Power-Grid Synthesis RF Analog signal Digital Cell
I
Placement

5 Model-Based CMP and Litho o
Ky i F
] Power Routing = E 2 =
g B Hierarchical Extraction £ 3
2 Clock-Tree Synthesis g g 3 By
2 £y Field Solver £
o Post-CTS Optimization B N G
m 2l £ m
= 20z Land K Extraction i
: 3l & s Bg
3 G = 7
o R and C Extraction
= Post-Route

Optimization g’

12

cadence

Cadence Korea

T4 H|E HEA 2ET HWE 334
Mtek IT Tower 95

st 031-728-3114

Web : www.cadence.com/kr

Cadence Quantus QRC Extractor= ASSURA/PVS LVS Z#Z
ZA 119} 2153510 Quantus QRC extraction MBS Sl MAH R}2|
O|EE "%t av_extracted cellviewES THE & ADE(Analog
n2 98 7715

GUI

Design Environment)E 0|-&35}04 post simulatio
SHEE HM3siH, dAXDL AHNoE AZE T U

(Graphic User Interface)E H|23lCt,

rir

Selup || Estraction || Filtering || Netiisting |/ Run Details || Substrate |
Technology frech_015 [l Ruleset fyo | =
plvsset UseMultRuleSets _

Setup Dt /home/squires/AssuraR0X/rox/tech_018/typ
RSF Include () view) (Ean)

Cel leakDetect  View av_extracted

Output (Extracted View @l Lib ‘design

Enable CellView Check [

Parasitic Res Companent presistor Prop I

Parasitic Cap Component peapacitor Propld o

Parasitic Ind Component ‘pinductor 7 Popld 1

Parasitic M Component

Propld
Inductance L1 Prop Id Cindl Inductance L2 Prop ld ind2

Call Procedure

Substrate Extract TN - | Extract MOS Diffusion Res

Extract MOS Difiusion AP Edract MOS Difusion High (o i@
Substrate Profile none

Libary Prefix

Library Directory 1@

COL Out Run Dirs
B

>y

2|1, MEHst parasitic £&1 £EE| parasiticE 0|23t post
simulation Z1}= HIEICO R 3|2 2% 2l0l EM 4l Q=X
HIX|E 28t 5|2 EM2 2|5l Quantus QRC Extractiono| X|&
5l= parasitic cross probing 7|5 K5t AAXIS0H|AH 2 20|
EICt, &5 advance node 3™ 0l|M 2MSHS of2] BM™ S Thet
stof o|o] M Zof| Htdsto] £ A SHAME Bt M=t 2o}

5|
FESI0] 3|2 2SAE AN YRS = UARS Cidet 7S

mo mu

Complete front-to-back
parasitic extraction,
cross-probing and re-
simulation capability




Vol. 242 August 2017 | 13

2
=

OIC}. O A

— A

L CC

42 0j200| Ut

i ]

= 71 AR QUL RF

alis,

ZA(Qualcomm)H|A AXLAHZE 3 674

Ooff SYotA = U

|.

ZE2NM Chfet 7
HOFz

o 7

CH

MR 24 S B2

NESC QU C

-
i

Ct. Ofof S gt

-
ek

iy
(5K

23

=10

st S

ERZAM K27

UL

=
=

, 2H0[I}O

=
o

Agjo| B1x0)|
J

i Al
= 2 A

013

Sl BN A7 2| 010F S 0] =

P = A7 = SR AR

| T AL

A RF 24 SA
Ol BRI

=
=

717t 0]

=
=

[ERe)
[ et

tcho) 4
0| Software Defined Radio(SDR)

AXH O A|AEO|

.
O
—

d
[E——

LICt. 0|2k

2ol Sl

I
a

S

H LHE0]

_%J\
OF2M &= 7HXIA

Lt O|2H 22 HY

-
2l

4

oty 29

2t

Ik

EEZgs EH O 2

OF HEL

Ay

AH
pa |

101 5L A

o
H

=

Al X[ES A5l ot

=
EZHOM B2 024Z0] £ AL H O[22 H|

LT

ol
=]

472 Xt2| 77k

.
O:
[

§ 12|10 7| SAEE AN

K
o
St

=

@A =A

| ZIest AU

AXHTTEK

Ab IFYRE o

I



‘TSt TSk 3 1~21 SOre FBO B OIS LI sty
OPLIZELICE J2ILt 204 Mt 3 0202 B3 stS TH
=91 I ROIM SUE HA 82 £ Y MES So o2
% RF SI20] Choh M2 BAIS 7HRI Sof ST oj ZIstot

EIASUL. Ol 2HOM 2

oI BHeA| HE AL

oY
o[

E5| Apple AI2| S6 & S6+0{le= AL = MHS AAH
SHEEX7FEEY | = S, D=0l 21 ALE SO|E SAARRI
verizon wireless2| S41 CHH0|| 21 Aot 3|25

OIASLILE. O2{3 AHEE 2 = O M7[51 11 7]“”*"|—IEF §

|2l Cognitive Radio

)8 FiEt P4 S K| 217, 43 el

%)
Ral
40
rx
ofm
z

PWAN(low power wide area network)S
S EEN AR E £l S0 Ut J= 2
A0l CHEH 0121301l CHOKA = SIZ UL

40 30
rr
o,
_‘
to
Ac]
i

O
re rot
>
ol
I
40
2
).
4 =
=

rt
[.|-|
b
ot
Hu
nx
i
F—III
ﬂ'lf_‘
(@]
>
=l
<
H1
[l
ot
Hu
bl
X
>
1
d
o
*a

-

Hol =
istofetAl 9 K2R 2 AARO] gl AEiOlA
$o) Li717|7t K] 922 L|T USLILE olof Hele
220101 CHRI0| 561 Thst 3 2 ¢

L7t QtsHH”

OFZE271 % RF 2|2 R0F= X|'= 30~40E7tup/down0| 213t
ZOF0[Ct. 1970~1980EHE HM CX|EH *IEH7PEEHOW 'Eé%

QHCH, SEX|ZH O|= 1990~2OOO'£|EH01I $ﬂ SH 20p7t
4SS WOHM THAZ OIHE 22 MA AtYHO0| ML,
0|3st 202 HO} J= OFL27 9 RF 3|2 20p7t & Lt

Z

7|12 HE A2 KD,

=

T

‘AT 56 AltHZ 7h= JE S0M 01 Vs 2E ST ER Y=
L2|0|EI T Ol 02 1 ds 3|25 et MIE 7|8 X BIZHO
XL ASLILE Ol 55 K0 M22 20k 24|
oS Plol B2 FARt A7t Tl D AFHCE”

ORX2te = O= AFA= AL AM0] AN 7+ St A
Lt2rol 3+ MY S E71= A0[2t Fettt,

rlo

“SHE 43I, AHIAF 64, O] 51 21| GIT1 IS FHKID] Thf3t
SOI0A CHYSt AIISS BILID) 259 53T Lol 520|
BTV} Ehe A7 |E QRIS ST R0 KpA| ECHs
Liptol 917 2HS SHE 1 B2AX o 2API SZSE 297}
Cf RIS LT X0Fe] S lo) SF01T HEIGHs XAI7} 2

=
HFAZMO| G52 AMYS MEL Hpist ghlnt.”

=
N

El
ot
Kl
oy
&

HITIRL2 A2 KO A31S 6| T THA|QU= 7|42 Dj2iS Yy
9| e 7St 5§



IDEC

Newsletter
20174 7€ | EH H2415

Wl 2017 72 31y Wl BfolE ARl ZEiS, A ME AEVIE 718 doks WA XM wKHE(DEC)

042) 350-8535 F.042) 350-8540 H.http://www.idec.orkr E.kimsky1230@idec.orkr

SEA ARSI A2 AESYRIESR, SEEIEA MRS
X

BHEA| S| A STRE, SKI0IHA, DIALUESIER, HTHI==X|F2|0he] XEe 2 w1 UL CE



