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RFID 7]&2 nfo]l22 33 Ut s
tagE AHEo| H2Fsl1, radio frequency waves
ol&ste] AFE T} reader Afole] HlolE] FAIL 7}
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F2 9 AR o] B 5L & 4 gk 7]%o)
oh (3% Dol 2 4 9l uhe} o eleub
RFID tago]| of|d2]| & A|-&5t2 RFID tag:= reader
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Transponder Chip
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<2E&E>: Walter Fix(PolyIC), 2005.
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RFIDE 5% 3(active)d} 453 (passive) 0.2
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F 3o|1, £53L reader?|2] Az} A5 & HY

T W reader”| 9] A5 S HE HAlE= &
A= *7411](3m o) HE d MMt A
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Demodulator Cqmmand > Digital Logic/Baseband
Data
1 Anc Rectifier VDD NV. Memory
Ant. Interface > POR Generator POR (EEPROM)
¢— (LCTank) — Memory Interface < 10kbits
Clock Generat CLK SAM
Ock enerator (Security Authentication Module)
| Data
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&te]= printed RFIDE 71718 A]7]of] AH&3}E]7]
L o]a]g] Holu}, o2 A 9|3t ufZ =3 o] RFID 2

W Adgehe e H2) o2 2o R Helrk JH
QHEL 2 lEjso]A 7]5, analog, digital
circuit @ memory A2}ef gt A= 3 §7]
5 7|9ke] e WS o|-§ato] Ads] ZlE| 1

et

RFID Z2lg 7142 HAm 45mcks 44t
83} A e} FostA e ZRlY 7]
& 3 SAA D4 opt b5 lHIBA 7147 o
Z-ZA(roll-to-roll processing)o] 7Fs3tct. Z2
g 716 9 AR o] A7k & gt 1
BAE <& 2> Yehglot 2 712] Foj 2
g 7lEl ol %
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Flexographic printing((Z2& 3) 2F%)& thokst Ak
£ A 9 AR oA Sof Pe] ALgElS uhiol
o A Al A slols el 9
L4, direct print®] ¢ elafzhe] resolutione]] 2]
3] printing resolutlonol ZL2-5)o] £4] um o]3}e]
RS 2+ o= Erlssict that 7)uhe)
Hxa] S& Efi] o] 2RI} 2918 Ao Ay
Zreltt. Gravure printing F0] o] 2|9 ] Qlaf]
of Qs E4lIfe] shto|ci(2 4) X)),
Gravure HEto 2 #Hg utE e o TAle| =2
27)o] 92 olek Hofsle] 7x o 1)
0]4111]0]] Qlfj5}= whAlo|t}. Gravure printingS
flexographic printing®@} o} SAfsh, G3t 2}
o)L= o3 E HARN L= roller®} printing plate”}
Sh2 E3tE9ict= Zlo|tk. Gravure printing2)
tHA & obx Wil flexographic printing@} -S-AFs}

L

t}. PolylCE flexographic $4-2 o]-&3[4 RFID

o

(H 2) 0421 7X| Printing &iHo| EA

t(lea(?h?ltilgfe Thickness(um)  Feature size(um)  Throughput(m”s)  Registration(um) Features/Issues
B Wide range of substrates;
Flexography 0.8~2.5 80 10 <200 medium quality
~ Large run length;
Gravure 0.8~8 75 60 > 10 high quality
~ - _ High quality;
Offset 0.5~1.5 10~50 5~30 > 10 need for ink additives
Screen 30~100 20~100 9~3 > 95 Wide range of inks;
medium quality
Inkjet <05 20~50 0.01~05 5~20 | gital data:
ocal registration
Printing Plate &
Plate Cylinder Impression

Cylinder

Doctor
Blade

Substrate

Anilox Roller

Fountain Roller

Ink Tray

(22 3) Flexographic Printing
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Engraved
Cylinder

LN

(22! 4) Gravure Printing




Orifice Plate

Ink Channel

Ink Manifold

/ Acoustic
Pulse
Rigid Shell

Piezoelectric
Transducer

(22! 5) DOD Inkjet Printing

Diaphragm

TEE ALt Qle AeR 33414 et Inkjet
printing((Z23 5) %)L o] auke-2 7|7t 9, Y3}
sk 347 ]EOIE}
A & #A(spreading), §7 '(splash—
ing), eJ=7Hre & (drop velocity)?] W3l =
&1 9] resolutiono] W2|gk, o F7 o] Blaf iZH
O] 287} A2 o| {2 HE3] FA7NLo] o] Foi%]
I Qiek 53| vl Azpazt TS fsiA F=59
B a]z2|tfske ol aAl TS o|fsle] EalAE
=8| |2 2lo| 5 o] &sh= WS ARgSH
of HEld 7]&S HEsHTHS ).
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ML= Q= 7140 S8 vejehH F4H &
Hx 9tk ¢4 printed RFIDS] G429l 2HS

H 2 ote|ute} IC7} SAlof A& 7Fs3t A, A
pa ckagingoﬂ gt 214 el 7HsAl, A =st
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Printed Tag
/| ‘ >

10 Item Level Tagging

10" “Consumables”

Individual Item/

95
107s Consumer Durables

Bulk Box/

61
107 Transit

Number of Parts

Pallet/

3
107 Event

Cost/Tag -

001 (©

10.00 1.00 0.30 0.10

Cost per Tag
<2F&E>: Auto ID Center, 2005.
(23 6) RFID 7t oizt=

FAH O Z 2| A =1 Qick o2fgh QRIE2 ok
oA Y A171E 5F 4 ook

A7l Aol A2l 7]re] B of 204
HEE el 7HoE AAE el SHE ofs
20| AZEe S ofr}. BHIE ofste] RFIDE 7
2F5}7] GJailHE chipless RFIDS] 7jpato] o] 204
o} 3t} Chipless item-level tracking-& RFIDZ
A E7] el AE ofate] FpAoR Az
ojof 3=, e ZE HHHS A3t organic
RFIDZIo] 1HIES] 7128 w27 4 9l Ao
AR EICE RFID A|AFE 20109 <oF 469 e,
20139 oF 779 o, o] rled| e sfoyt
chipless RFID7} ¢k 791 & AxE 22|18 #o
2 Ho|u, 2017defl= AAA|F o] oF 1209 &
12) m Chipless Chip
101

8

Value US$ millions

24
0 _"‘-"'-"'."'l".'*
2007 2008 2009 2010 20112012 2013 2014 2015 2016 2017

<2E&E>: IDTech, 2007.
(3 7) RFIDL| AR S8K2007~2017)
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dejof o5 7o & of|Esta QIti(a™Y 7) H=).

Il. Printed RFID <49 A3
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7t. PolyICAt 71&

S

oo

PolylICAF= Eo] Mz} 3|Aab Siemens 2|E

Electrodes

49%¢} =2 3|AF Kurz 2|5 51% & gh5o]z] ¢l
2| B|rto|H, AlAellA 71 EstA| organic RFID

£ d3t 7i=Eo] 9tk PolylC7}F A|A|3h= printed
RFID 2 =m-g Ata ® ™ 20053 9] demonstration
3t1, 20060 Z2E RS wigst & 20084
He]E= simple application A|Z& &A|5k2 2010

HEE]= EPCof 2H4] 13.56MHz2] 96bitS 4| =3}
3lo] item-level trackingo] o3ttty sFgch
(72 8a)= PolylCAP7} 7juFZe] PRET®] 729}
NWEE Hepfr 91, (18 8b)x= FF3|2| &

Material examples:

a -~
conducting polymer T pay g 1,
or metal Polyaniline(PAni)
Insulator 3
insulating polymer I
Polyhydrox;;styrene(PHS)
Semiconductor - R
: J T
conjugated polymer C J] -e
Poly-3- aJkylﬁnophene(PdAT)
Channel due to Substrate
electric field — L ¢
S flexible film L COCHCHOC ),
* Synonyms:
- Organic Thin Film Transistor(OTFT) Folvesier

- Organic Field Effect Transistor(OFET)

(a) Polymer Field Effective TFT

Anode: conducting paste or metal

51— capacitor —»
:

.

Electrodes: conducting polymer or metal

Polyaniline(PAni)
Insulator: insulating polymer

PolyIC materials
Based on polymer blend

miconductor: conjugated polymers

Poly-3-alkylthiophene(P3AT)
Substrate: flexible film

O Lok

Polyester

Material examples

(b) PolylC9 Integrated Rectifier

<ZF&E>: PolylC, 2005.

(22! 8) PolylC Polymer 7|2t AX}




ol thol9 =t Afrlele] TR} HES Leh
3 Qi 7|[#He 2 =& polyesterd ANMLSHT &
/=Rl W AlO|E A0 2= PAni 2=, U2y
=, a4 5o Mgk 9l Hh=A| AR &= po-
lythiophene A|E 2] PSATE F& ARE3tt}. Ao
E Hdut A PolylC7b 2pA| 7HE&t polymer
blend 7|8Fe] 2j&, PHSo|n FZX= staggered
TET o]t} A{73]| 2oj|A] AFE5= tho] L Ex= Sc-
hottky diode E}Jo|c}.

PolyIC2] polythiophene A€ PTFT Az}=
mobility= ¢k 0.02cm’/V-s, Ly 10° 0|4, th-
reshold voltage(Vy,)= -4V, 22]1 subthreshold
slope2 2V/dec o|c}. o] EAL 107]¥ 3Foj&
degradationo] TEz] 988 Ax 2 stable 3jch
11 3t} PolylC= Schottky EF) Q] rectifierE 13.
56MHz o]4fofAl AC7} DC2 ¥gteE= 718 &l
3191, inputo] +15V AC 13.56MHz ¥ o] out-
put2 DC 6V o]Atojtt. 281y PolylC A2}= full
printing 345 &3l A|ZFE Zo] ofjz} photo-
lithography 50| F7}=|o] A|2t=]¢ict. PolylC7}
2004 ol Ag© = A2t printed ring oscillator
+ 1Hz HE=9] Fupyr} fojg ot zof= 600
kHz o]A+e] ring oscillator = & 13t v} QItH6].

2006ef PolylCx= 7.5cm QIAARE 712]=
8bit 13.56MHz RFIDE A|&slgict o] A|2FE2
0.1sec?] read time, 370¥ ¢t 27|1EA 0] £X]

-0.6
-0.4
-0.2

00 U N

0.4

reader signal(V)

0.6

50m || 100m = 150m  200m
time(s)

000000001011101100000000

<Z}E>: PolylC, 2006.
(22 9) PolylC2| 8bit 13.56MHz RFID Al
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Lt. OrganiclDAL 7|& T S5F

OrganiclD= 214 IS o] g3} 2 CMOS
@ f71%2k42t, REID tag circuit A4 59 7|&
kS sta 9ok 2006Eo]] CMOS3 9] 5-stage
ring oscillatorg AH|Zste] 3.2kHzo| -5 Fubg
EAE B} A3 2 bridge B} Q] A&
3|25 ARSI o] & o] &8l ~20MHz7k2| 7
544 Buslgin o] ofgofl= CMOS 7|3t D
flip—flopS A A5} shift registerS A2kt 1.6
kHz flop EAS R oJF9Ich RFIDS| quality fac—
tor: input 17.5Vel|A Vpp 10Vl ZHS Lehfof
ok 57%2] 88 HItH(TH 10) F=)[7].

-
-
-
-
-

22840

g EEREEHL 5
s-ARRgasE-4
L #

R
L §58 |

(33 10) OrganiclD RFID

Ct. IMECA} 7|2 WY S&

IMECZ H#i7]oflof| 91= H¥H=A| 7|RF S|AFZ or-
ganic electronicso]| thet ALE FL535] $-33H &
1 9tk E3| 152 RF AlSE vho} inductively
coupling A[%1 & ACE DCE HFste BFLAl

548 32 oheole, gRslze Agss
tlo|@ o= OTFT with shortened drain-gate
28} organic Schottky t}o]QE 20| T 712]
7} Qe o] = 7hx] 2e] EHL v malE ot
A0 & organic Schottky7} 2}2|5h= E7to|u &
A of|A £435}9it} Schottky contact 3h= A=
(ADZ} ohmic contact 3= H=Z(Au) A}o]o]| orga-
nic semiconductorg Z2Fst L2 2 semiconduc-
tore] Erph of oFw, Eak Mget ol Helg
3hm 50MHz7HA] H27} 7R3tk B skl

(73 11)2 IMECAF®] 14MHz&}F 50MHz &5
E£4& oS 9ty 252 high purity & 712 =
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schematic rectifier

g

20 — | =14MHz, R,=50k®, Re=100nF |
. P A i
] «-..”-.T,_.f..ﬁ—-—m-q,,-l-...-«-—.u-.?,..—".-.
10 — o P | \
o O SO UV S B
] | | | | i Ll
. E / | ] I
= 0 ~ I § I 1 ;
> 1 | / I |
-10 - I AC input signal
4 — rectified signal - Si-diode
] rectified signal — Schottky diode
- rectified signal — transistor diode
-20
] I ] ] 1
-100 =50 0 50 100
time(ns)
201 | =50MHz, R, =50k, R:=100nF
e el L
!
10—- R R I'l.. —t .--—-.lr.._
7 ] 1 I' \ I
L) ' S
I
= 0oq \ i )
< \ [
= f

104 1 - AC input signal
4, rectified signal — Si-diode
1/ rectified signal - Schottky diode
1. rectified signal - transistor diode
I I | | I
-20 -10 0 10 20
time(ns)

(32! 11) IMECAL Rectifierel 14MHz2} 50MHz

=
M7 5y

-20

pentaceneS 0]&&k =2 SCLC mobilityS &
211 polycrystalline morphology S 243} &
Fatrold B B 22 4 gl (17 8
of UepHl 50MHz AH EAL organic ZEE ©
83 71 & Foo th #

t}. o] EAL HH RFIDojA] 13.56MHz 4=

W3l 714749] BAP g Ao *PE%E}.

2_

2. 2 Printed RFID 93 53
o

ZA3|tol| AL 20054 IDW &ta]of| A o] 5 &
0.6cm’/V's, Iuor=10, Vy==5V2] OTFTS o|-&

7. 38

Lok

&led PMOS bootstrapped inverter L2 5 o|-23}
o 11-stage pentacene ring oscillatorS ¥ 3s}
) Oscillator®] EA-S 3~10.4kHz$ 31, 15us
delay time per stageE eIl Bootstra-
pped inverter& AHEet Z1o] XA, UuEA<l
E-inverter typeo]| bootstrapped capacitorS &
gt Voungnd 32 Vo= W 292S FA
sk g2 38k ab7] el A-8stala, o] A2
= FfjollA HE organic circuit FollAe= 7F
A &2 E/gdolet wetH.

Lt =l

Aol M= 227F E=2t2E REID tag A2 &
9zt S2pAE IC 24 QI 7|&S F2 A+t
=tf], 2006ef= P3HTE o]&3std 7709 in-
verter2 458 WA & AHEste] -60Vel|A| 192
kHze] Fat £44& BT

IV. 13.56 MHz Printed RFID
W 714 2 28 9

Printed RFID9] 7|4 7|2re 34 T 7122 1}
o] FfakE T o)
connection 7|&0]1, FHA|= active component
71%olct FHAol| A= low resistance antenna
printing 7|4, high Q, high induced voltage 7]|4&,
capacitor®] Fut4= QHY/Y 7|&E0| FE tfFoiz]
3 93, =H Aol A= diode rectifier 7]<, OTFT
and inverter for ring oscillator and shift register
7150l Fe] AE gick

27z 9] 7L organic RFIDE] 7% 25
Z3bellEd ottt A rectifier 3]29] ¢
IMECA}} 50MHz7z| A2ste] 13.56MHz 441
L& 74538l Rolu, logic clock frequency(F&
ring oscillator®] % frequency®]] olsf 2A=)
+ IMHz o|3}8] f-Foltt. o] A& 9] Zh PolylC
Ate} 7]e} ¢d-tAof| A photolithography 7|&-3 At

. AW 7= antenna and inter-




&35te] OTFT 9] channel lengthE 5um oJ5t2 &
= 5ol fofzl= A2 o2 printing RS
A5} organic RFID] EAS R EI= o= &
7] ore w2o| "aslc) o}RI7lx| printed OTFT
0]]/\']{— hannel lengthE E2]Z 0 2 20um o|3}=
2= 0] Brhsab] whmolc). S5 o230l L}
7]E} low cost printing 34 AME3 A= &
Hz 23 9] ufl¢- @2 5% frequency H=qF ¢
2|31 Q)= AlAo|ch.

ool AuE-L uwjetog 13.56MHz printed
organic RFID 7jHS fIsiiA 71 a3t FAl=
logic clock frequencyS =0+ Z3} 2 #&te] oF
Hu 245 Zdg o JAste Aozl & &
Sict AR Z ring oscillator 2] % frequency S
Eol= A8l f=uVpy/2al. ]| oJs AA =B o]
EL & =o|= EA|of channel lengthE 3= 7l
o] Weslth. V=100V, L=5umz}zn 7PHstn
13.56MHz 252 i Q751 mobility oF
0.34cm?/V-so|u} A& 13.56MHz 158 93
KE 0] 9] oF 8l o]AFel oF 2~3cm®/V-s2] o F &
7} " stk webd 13.56MHz RFID &S 25
HE 2~3cm’/V-s o|Aake] o|EEE 744 4 9l &
2] & sub-micrometer AE2] channel lengthE
2 22722 Paor Pl 12) FB)IO

Sl Aol Yo Zals sisd s Al
100M
—o— f; theo
10M} ceory ]
[ g = f, experiment
z \
= oMb~ i
g B+ \
= N
& "
£ 100kE O \
= S\ \
& N
10k F hES 5
1k "
1 2 5 10 20 50 100

Channel length L(um)
(22! 12) Polymer FET2| ag Zl0|2} Fmt

201 2| / Printed RFID 7&

o] ol et} Al 2l BAske A9, W
H|A| Z=ollx] 2] AtE = §lott 13.56MHz
T-&oll A3d3tz] ol theliA= Barg uprt A 9] girk.
#7l9] organic RFID 7|4 _/,\_5% thH oz at
813+ Zyk= 20054¢ MRS Fall meeting2] BASF
9 ?‘:-_J%OIE} 101.

circuit A2 Y3l mass printing 7|

52 integrated transistor
= AH8s F’“‘
t}. Screen printing, pad printing, 12|11 ¢l
S AME3he] 7-stage ring oscillatorE- A2k}
H| frequency= 48VollA] 1.2Hze] e EXS
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CLK  Clock

DOD  Drop on Demand

EPC  Electronic Product Code

F8T2 Poly(9,9-dioctylfluorene-co-bithiophene)
IDW  International Display Workshop
NV Non-Volatile

OTFT Organic Thin Film Transistor
P3AT Poly-3-alkylthiophene

PAni  Polyaniline

PFET Polymer FET

PHS  Polyhydroxystyrene

POR  Power On Reset

PTFT Polymer Thin Film Transistor
RFID  Radio Frequency Identification
SCLC  Space Charge Limited Current
TFT  Thin Film Transistor
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