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B =1o|| A= UHF RFID ] L 3§ 512bit EEPROM 9] AW 2 A7 7143 nA A4 714S Algtetaith A4
3|2+ v]32 Y 24 (decoding logic)S w<r3}st WL % 32, BGR 3] & th4l A & &1l 7] (resistor divider) S o] &
g+ VREF 24 3] 2 o] t}. Magnachip 0.18um EEPROM &4 < ©]-&-3}o] A 7%l 512bit EEPROM IP2] #|o]o}-3- 27]
= 59.465umx366.76m . 2 71F 3] £ & A&-3F EEPROM tH] 16.7% =tk 18] 1L 227] F.E(write mode) S 4]
& @) DC-DC ¥ 37| (converter) o 4] &3 ¥]= 28 ¥ 81 9S VDDP(=3.15V) 2 WA 7] t4l, 355 A
(common ground)?] VSSE WA 7] = W4]-& A ¢tste] VDDP ¢S UASH F-X e 24 5V 227 2] = &
LA E s A8kt

ABSTRACT

In this paper, small-area and high-reliability design techniques of a 512-bit EEPROM are designed for UHF RFID tag chips. For a
small-area technique, there are a WL driver circuit simplifying its decoding logic and a VREF generator using a resistor divider instead of a
BGR. The layout size of the designed 512-bit EEPROM IP with MagnaChip’s 0.18m EEPROM is 59.4651m*366.76,m which is 16.7% smaller
than the conventional counterpart. Also, we solve a problem of breaking 5V devices by keeping VDDP voltage constant since a boosted output
from a DC-DC converter is made discharge to the common ground VSS instead of VDDP (=3.15V) in getting out of the write mode.
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UHF RFID Tag Chip§& A ™4 - 3141 2] 4] 512bit EEPROM IP A1 7|

I.M &

RFID(Radio Frequency Identification)= R2.& AR&ol
529 B U(Tag) 25-E] FAZA 71&S o] 8310 A
B AR G FHARE A 5h= Q14 7)ol 1], &
¥ 7% RFID ¥ 1= v g 2|7} glo] A 7H4, A3 gl
$#) 8 tH2]. 5% UHFRFID B] 25 21 13} 2o ¢t
Hubet Bl o w A H AL B 2 obd R 3] 7,
24 g% vee) 32w A F ] Yrh3|[]. Bl 3
of MEz 3| ZE ¢}71/227](readwrite) 7} 7}53H L 3}
-tk (power-down) Al A7dE AHE FAT F 9=
EEPROMO| 87501 A H[4], B = 3 ¢] 47} A& 9
3] 434 EEPROM< ¥ Q. 2 3H[5].
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J% 1. RFID Eia Ee| #+x=VDDPEE
Fig. 1 Configuration of an RFID tag chip.

7] 2] EEPROM 3] 2[6]= 2 WL(Word-Line) 7% 3|
2uitt  oj=g 2 g3y g 353k, 247 WLl
A AF Amd A gagsts 25 AHEsh o) 3
9-CMOS 23] 3] 27} 2pA| 8}= WA o] Z w0 glr,
22]3 DC-DC 7)ol A 875 71&45HE 2A
A7)E 71521 ¢ 2 A 7] 3 25 EEPROM IPo| X33}
D2 RFID B 72 3 A Ao A 19 1] o} 21 B 5 3]
2o A At 274 7](voltage regulator) & ?| ¢+ 71 =S
kA 7] 3] 29} EEPROM IP£ 2. 2 7|4 A 7] 3]
27} 247t Aot R ool WA BUQ A F
74k 4= Qi) A RFID Bl L F]oA] o} E 1 E5 9
VDD+= PVT (Process-Voltage-Temperature) ¥ 5ol &7
3 24 A %7F Y2 7]. 33 DC-DC ¥ g7] 9] B8
¥ =3 A4S VPP (=16V))9F VPPL (=14V) A ¢k 22
7] REOA W& wf 3 H3HE VDDP(=3.15V)
AYPo2 Ha ©Z(charge dump)7} dojdt) whek
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VDDP®] A3} A% A A el o] AYA R 2~7F 2 7 9=
% 8} & --(charge sharing) 2 ¢13F VDDP2] <t 4
EA7F H A eF=vh 1 o) AW A ©] RFID tag chip
A7) S84 Hat A ARWA | ~E Bo] Fol=
9 A3} Ffroll <8l VDDP M te] 5V AAE 92 g
T2 e EA AE & Ak

B =Ro| A& AW A EEPROM IP A7 2 $&te] T
Y 24 3RS I WL 1525 AASA
th 712 S H A7) 3] 27F A st dlojoh WA &
Zo]7] Y3l obdZ 2 AP VDDE o] &35k A £
w712 71 w7 328 AA s v v
0.18/mEEPROM &4 & ©]-8-}¢] A A ¢t EEPROM IP9]
o] o} A& 359.465m x 366,76/mo] T}, L]
23 mey 297 REA whA g o 247}
U VPPLE ¥ 8 ¥ AHS VDDPE WA &k#] o
%A A (common ground)¢! VSSE WA E 4
227 (write) & 20 2 18 VDDP o] 5V 2AHE
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512bit EEPROM IP A 7| o] A}-§-%¥ EEPROM Al ¢] &
W= 23 2ol A BEnkel 2o] SSTC(Side-wall
Selective Transistor Cell) +ZE A}&3FHH8]9].
SSTC - %¢] EEPROM % FG(Floating Gate) 2 %4
© 2 CG(Control Gate) 7} & ZH & EHM L = 7%
o]t} CG4} FG Ale] 9] A1 &2 1 ONO(Oxide-Nitride-
Oxide)= &% Y] & (coupling ratio) & =°]7] 93 A
238131 it} SSTC 49| Ak8}u(oxide)> 92A 9] GF&
2F3} 2ol tunnel oxide, 300A°] F749- 2F3}eH(thick
oxide) 2 T-EFTH9]. ¥ 2(b)E SSTC A 2] 7 o] o}
oW A& HolF i 9o, A Apo] == 0.88mx1.135
(m(=0.99;m) ] T}, 18] 31 HPW-S S 431 9= DNW
(Deep N-Well)> 3 19] 4 R = o] & ¢t =
21 A Hznpe} 2ol 2] 9-7] B Eof| ] HPWel| 14V 9]
A o] el7bE B R SSTC Ao A2 Y3 F a3t
U} FA ¢ Ao E AstEE X A E = HV select E &
A1 2~Holth FGoll AAE AAN = T24e 247
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oo A W EAI 8] =] Al167 A2E

REo]al, FGol A AAE FYAI &= 2 2219
K=ot} EEPROM A 9] #|%-7]¢} 2 732 FG of
2 2] tunnel oxideE &3l 4] FN(Fowler-Nordheim) E]'d
ol o5 o]Foltt TEIY HEojAE= VPP
VPPL A< 7+7} 16V, 10V(=VPP-6V)ol 1, ] $-7] &
ZoAMe VPPet VPPL AYE 27 14V, 11V
(=VPP-3V)<] Agto]t}5]. & 204 B iE=nfel o] x
271 A o] VT(Threshold Voltage)= 1.7V ©]8}o] i, X
295 A9 VI 4.7V o]4telt}h, 18] il VDDPE
3.15V+0.15VE ¢}7] ==X ON AFE & & 1044 o] 4
AR =

DWW

- -
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1.135im

)
&l 2. EEPROM A
(a) SHHE (o) 2lolotR.
Fig. 2 EEPROM cell
(a) its cross-sectional view and
(b) its layout.
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E 1. EEPROM Aeo| ZZ&ZEo 2 =Y
HiO|O{A Z=A,
Table. 1 Bias conditions of each EEPROM cell node
according to operating modes.

Mode Program

Node Brase [ DIN=0 g piN-1 | e
G Selected oV 16V 16V VDDP

Non-Selected | 11V ov ov ov
BL 14V 10V oV VDD
pull-up

SL Floating | Floating | Floating ov

HPW 14V ov oV ov
DNW 14V | VDDP | VDDP | VDDP

E 2 XA M =232 E Mo| VT,
Table. 2 VT voltages of erased and programmed cells.

Mode VT
Erase <17V
Program > 4.7V

e
(98]
_E‘
U™
i)

EEPROM 4 & SSTC A1 & A}-&-3}
g x AR FAH Utk FEAYL

VDDP7| < 39 (dual power) 2 &5 A TF =2 At
%1 VDD 27| R =8} $7| R o A 22} 1.8V+5% 9
1.8V£10% °Jtt. VDDPE Ale] WL 5oz
3.15V+0.15V o]t}

E 3. 512bit EEPROMS| 2 E£3.
Table. 3 Major specifications of 512-bit EEPROM.

Items Main Features
Process MagnaChip 0.18m EEPROM
EEPROM Cell SSTC Cell
Memory Density 64 x 8bit
VDD write mode 1.8V £5%
read mode 1.8V +10%
VDDP 3.15V +0.15V
Temperature Range -40C~85C
Operation Mode Program/Erase/Read/Reset
Write Time 2.7ms
Access Time 260ns
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7} A1 ¥t} EEPROM A 9] 227
Fi, EEPROM IP9] 227] A|7+e
2B NS 38 3te] 2.7mso] k.
B oA 25 A7 PVT ¥
3}o] 260ns°] T},
512bit EEPROM Y] 8= 19 3014 B
o] 643 x 8% 2] EEPROM Al o] g|o], & t] =
o wg} Aol AT E T = Ao =
dlol B & Ao ?56}% WD 753 %, A=
H = 74 8}o] 9] o] = RD(Read Data) 74|
EPROM®] 227] 7]5& a38t7] 918 2
el VPP, VPPLS 333l 57] 9% DC-DC
Jdu o] At Ao~ AsE AA 3
s, o=daAs, gy doly, &4 o
E1 7F 9 E}. o] o] A%<l CE(Chip Enable),
ERS(ERASE), PGM(PROGRAM), RD(READ), RSTb
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WU | EEPROM Cell Array
(64Rows x 8Columns)

WL Driver
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cE—
RSTb —
RD —]
ERS —
PGM —

Control Logic RD SW & RD S/A
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DOUT[7:0]

1% 3. 512bit EEPROMS| =&,
Fig. 3. Block diagram of 512-bit EEPROM.

24 A 3} 512bit EEPROM M| 2.2] 9] 227] =248 134

9} 2T} EEPROM Al & = 2 1 #5le] = A8 A& 5 =
2| oF Fr}5]. A §-7] TS Aok o] =g~
RTA[5:015 WA Q17Fek el oll A ERS 41 &7} high = &
38} H el ¥ = 1uho] E o] EEPROM H| &.2] o
= A YA} o] w PGM A1 5 &= OVE A 8fjof 3k} 1
2lal 2203 FA2 =g Al5:019F 9 vlolH
DIN[7:0]& 4] 17}3k defol A PGM 2157} high=
A4 3tEd A8 F = 1Hlo] E9] EEPROM M 22| Ao
9= do]E] DIN[7:01S Z2 #8317 At 19 49
tERS (Erase time) 2} tPGM (Program time)< . 2.7ms©]
v}, 19 5% EEPROM H 22| [Pol| A &) 97| 2= E}o]
3 thoJol 1ot}

c:»: _‘;}_T_‘. ..... F7) ..... _/_‘n\_/_‘j_/_\_ ..... FWFT*_
:.: PR “’”'m/ /

. W tw =
" — /

A[S:O]\ ::l( ‘\

- 5 "

a3 4. AT 2Eo| Elo|Y Cojof 13,
Fig. 4 Timing diagram in the write mode.

tax
K ﬂg\_/_‘g_/ﬁ\_/—z_/ﬁw/ﬁ\_/ﬁ
CE
o L N/
w
PGM Low
RSTb /\< /\ /\
High
AI5:0] ADD T ADD]
DIN[7:0]
e ey
DOUT(7:0] X Di X Dj
Data Strobe Data Strobe
J 5 97| 2=9| Eo|Y ctolof 2.

Fig. 5 Timing diagram in the read mode.

012 HA 273
g5 Alo] nlo|E
% DOUT[7:0] &
Ao} 2ol gloj

o17] 22 elod o= Al
ZRD A1 %2 highZ 843447
t| o] E] 7} tAC (access time)©] X% ©
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ol=g 2= 255 WA Q17beE ¥ RD 415 & high= 74
3} A]7]E A A2 A7 tAC o] F A el E Hlo] E < b
°] €] 7} DOUT EEE Z4rh 283 gl mEo
ol") tholoj 1#e 17 63} 7Fo] RSTb A& ol (RST
(Reset Time) W& low BAE 917}slH H 0], 5|24 0
= DC-DC ¥13t7] 3|25 A}hA|7] & Aol EEPROM
2 E tl7] e FE = vhet
e 3 Low
RD Low
s o
~ -
RSTb
Al50] / 7777 / 777
DIN[7:0] /. 7 / 7
DOUTTZ0] 7/ / /. 777777 / 7777

a8 6. 2|4 ==9| Elo|y Clo|oja,
Fig. 6 Timing diagram in the reset mode.

7]¥2] EEPROM 3] 2% 717 7(a)°l A E~u}g}. 7
°|2WL 153 2rjt} 3 o B~ A & ¥t
ZHH] WL -5 3 2o A HF o =el 2t = E}Eﬂ

rlo

25 A A9 WL eI 29 Hololy
209.12/mE CMOS t] 29 &4 3] 27} 2= 6} WA
Z @ie] itk 18 7(a) 9] 3] 2o Bof A= XPRE1>
Al, A29} A3E predecodingdt 71 ©]3l, XPRE2+= A49}

& predecoding & A o] T}

B =Fo A= A4 EEPROM IP A 7| & 9] 3}o] t
39 22 25 gt WL 75325 AAEH
th 29 )= B =il AAF WL 75 2R U
79 24 325 DA AT & =Rl A AT
WL T 329 8 o= 2 v Y2 predecodingE
XPRE1, XPRE2E U] 43t DEC213} XPREO/XPREOD
Z 39 o] HF vz shA 25al XPRE3, XPRE4AE U]
It r) 18 7(b) 2 3] 26l Ho] == XPRE3LS A3,
A48} A5E predecodingdt A 0] 31, XPRE4+ A0, A1}
A2E predecoding 8 Z1 o]t} & =1tol Al A A H WL
5 329 #olopy FL 13559mz 7|E 3= thu)
352%% €tk WL 5 3|29 ¢ wigy ](level
917}% = ROW_HV At 7 5

4ol

translator) ©|

306

wEl FFEE Aol dEih 2 $7] BroAE
VPPL(=11V) A¢}e] FFHI T2 REAME
VPP(=16V) A& ¢17] REo| = VDDP A4S &7

g}

Wi

(@)

XERD

J% 7. WL 75 32 (@ 7I1&9 WL & 3 =2
(b) MAHE WL & 3| 2.
Fig. 7 WL driver circuit: (a) conventional and
(b) proposed.

512bit EEPROM IP A 7] o]l A A--5] = 2 9F-2 3F 49
A HEukel ko] DC-DC W78 £ AY¢ o2 VP
3} VPPL #¢to] 9lal, DC-DC Hgh7] 9] 8 xgto =
VDD$%} VDDP % ¢Fo] 9lth. 1) 4] VPPe} VPPL| ¢}
S W57 9EAE Yubg o7 18 89| DC-DC W3k
7] 3|27k AHEE
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512bit EEPROM IP¢l| A}-8-¥1 DC-DC B3] &= e
7u 7] x{ol H]—/Kgﬂ,VPP g]uﬂ 7427] %—5_17] VPP
Ao &2, VPP A3} B, VPP 2|24 3] &, VPPL A
A 293 329} VPPL T2 A} 3] 2 & A w o] glrk
[5]. BGR2] £ A%} VREF A -2 7 40 A E~HP9+
o] 2O RE W 1231V, A§-7] EEdA
1.077Ve] A4S B2 st} VPP A gto] 52 Broj
uet 53 AdHT e 4= VP HlE &9 &
241521 VPP_EN©] high7} &) & %317]7} 2l
VPP 73} 3 3Zof| 23] %4 8l(positive charge) 7} VPP =

=2 73 5o} VPP A¢-S a}71A Hk VPP Aol
5 3% A<t o]Alo] ¥ VPP_EN A1 3.7} ow7} 5 o] ¥
o] HFE F-AZ WAS A8t VPPE B AYS
FAgel VPP W A&7 32+ 137019 nRStHE
NMOS tho] 2. =& 2E2 A3t Aot 7] & o] &
aho] 2uj 5l A -2l VPP/137} VREFS H] i alo] VPP A
SHIZE A o3,

¥ 4 S ZEHY DC-DC HE|oM A== Mt
Table. 4 Used voltages in the DC-DC converter
according to operating modes.

Voltage Erase Program Read Remark
Source
VDD 1.8V 1.8V 1.8V Input
VDDP 3.15V 3.15V 3.15vV Input
VREF 1.077v 1231V ov Reference
VPP 14V 16V 3.15v Output
VPPL 11V 10V 3.15V Output
VPP VPP
=
‘ HVPPM ween|  Ring }% PP F-L{ Charge  [Wreau|  VPRL v | VPPL
Generator Osdillator |Control Logi Pump [VPES|  Select T Precharge|

% 8. MAl=l DC-DC #atr|e| 5 cloloja®.
Fig. 8 Block diagram of the designed DC-DC
converter.
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a9 9= 19 89 VPP @ HE79 7
VREFE WEo]F+E VREF A7) 3] Zo]
VREF A7) 8| 23 719 9(a)oll A Hizwpe} 2
3|25 AFE-31H, 0.18m EEPROM 3% & 9]

ojo}gk A3} g o] o Alo] =+ 18154. 3ﬂm
S-HA o] At A & = A e 7] E

w

7l

ﬁE
= 3

AvS)

1

°
o
-

EO o Okﬂ m“
_0|L

i3
o=
N

3] 27} AA 8k glolol WA S #0]7] 913] BGR 3
2 4l obd 27 99j<l VDD% o]-g-3tod A& uj7]
2 71FASHHA7] s 28 AABHA T A o]
of| 4] “P%Mttl PVT %oﬂ 4% VDD A4S T
& ATHT). A ] o] ZEAsH 2] 3
2E 27 9b)e Zom, golofg- AFo] =& 6716.2im2
Z BGR 3| & tiH] 63% =Y 5 3l

VDD

|

<
=

# VREF

AN
Vv

%4[]%4[]%'

ally

<

o

(b)
% 9. VREF 27| 3|2 (a) BGR 3 &
(b) Mg 24i7| &Hefje| VREF 3=,
Fig. 9 VREF generator circuit: (@) BGR circuit and
(o) VREF circuit of a voltage divider form.

9 10< 19 89 DC-DC W7ol M A 54

A A 2:7] UEOﬂ Q3 AU VPPE RHEO] T

Dickson A3t 8 3|25 Ho]F31 9l o™ PN {3 o
o] & Al tho] 2. =9] Cut-In Aol Y2 N-type<
Schottky Tho] =& ALg-3to] B3 ko] 5 Fof AW
2 A7} bt e 5 sl TH5). 18 8ol 4] HolA =
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S BB =] 4168 A2

AstH =z &8 A VPP, VPPL_PGM3} VPPL_
ERS A Sto]th. VPPL A Y =9 A S 2= 22 a3 B

oA VPPL_PGM #¢}o], 18]a #]$-7] J—V—OWE
VPPL_ERS 7 ¢}¢] VPPLY| 33 H T}

% 89 A 3R 2] BECA Oy
RE2 AYshH DC-DC ¥3hr] o] oy wx=9l
9} VPPL A ¢+ VDDP A ¢t o &2 a2} A|AZFY, o
u) VPP2} VPPLO] 3} #4174 A Al Bl ol A 745 -2~
A3t VDDP 3912 Al @izzh dojdrl g
VDDP®| A3} A% A A E] o] AYA 2~ 2 %
Aat 292 215 vDDPY At Ao BA7} 54
k. 2™ b A 2 REID Bl 71 & A A|817] 98 A
VDDP =E9] A&t A% ATYAIR A Fo] ZFo|= 4
S Ast Ffrol s VDDP Aol 5V AAE 93 A
T2 g7k EA7F 918 4 ATk REID B2 3ol A
VDDPE DC A gto] oy 715l 19] ofd 21 E59
A UHF 2155 Wrol A qtal & 7)o A W&ol Xl A3t 3
FE Agtolth e AEAL 27 TR A
EEPROMoO] 2~7] BEol| A whauh-g o 28 Agkel
VPP2} VPPLO| 4] VDDPZ 73} H Z ¥ X VDDP & ¢
191 109 B oA Aol A of o] AE3tA Hol 5V
22 A 9l

< ox
=

P

o/

g
&O rr 19 oﬂ_,

Voltage (V)

[ m w N E E) [ [ i T
Time (s)

% 10. HA5Eel AT SEo| A VDDPE
DoAYy mH.
Fig. 10 Simulation result of VDDP in continuous
write cycles.

a4y
== JFJ 1e xﬂ J
Fo 2 17 9(b)<} 2ol 1?‘%}
3} VREF 248 7], IVPP 2| A &7], &
P Ao} =] IVPP A&} H 3, IVPPL A& 3| 2,
VPP =¢34 3|2, VPPL 294 3|2 2 A 5o gt}
%] = o A WA Lh-g )
2Hel IVPPS} IVPPLO| Al VDDPE M4 A 7] %]
e AR VSSE A o= WA S A sk T
= Alt¥ DC-DC ¥ 37| e] 2 2E=d voltage
source®] A4S HAFUUT ToF EJS 27 B
ToA O] RER AYsHA 17 129 17 139
Atel =9} o] K~ 9l NSPVPPL,
NI0EVPPL, IVPP9} IVPPL %S VSS& WA 7]+
Aolth. o] g A stB = B 2EH 317} VDDPE M3t
Hxrt dojub= Ae WAE 4 Qo VSSE M}
Gyl dojuy 8= VSSE T EH A o] 7] Wi 2

A A7 5 A b=

it
)
=
<
S
S
2~
_1IO::
5 o
W
<
)
_‘>i,
e
_\':L
QL‘
o
b1
btk
3 o

voop

vw we
lVPP level [woy  Ring [we. lVPP lazo|  Charge  [Tepveet L
Gensao« Oscillator i Pump  [NK Select

a8 11, HetEl DC-DC ®¥i&r|el E5 clo|oja#.
Fig. 11 Block diagram of the proposed DC-DC
converter.

5 82 mEd FHet=l DC-DC 7|0l A
AFE == voltage source®| A ¢t

Table. 5 Used voltage sources of the proposed

DC-DC converter according to operating modes.

T
ar

\;ZLTE: Program Erase Read Remark
VDD 1.8V 1.8V 1.8V Input
VDDP 3.15V 3.15V 3.15V Input
VREF 1.231V 1.077V ov Reference
IVPP 16V 10V ov Output
IVPPL 14V 11V ov Output
VPP 16V 10V VDDP Output
VPPL 14V 11V VDDP Output
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=

a MN3

a8 12, H

otEl VPP MstE= 32,
Fig. 12 Proposed IVPP charge pump circuit.
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T
a
>
a
%
z

VPP

PGMD —1—] j
L IVPPL

VPP

ERSD —1—] |:|

a% 13, IVPPL MEf 3| =2,
Fig. 13 IVPPL selection circuit.

N10EVPPL

¥ 14(a) St 17 14(b)= 242 VPP =913 9h9] 3|
29} VPPL =94 919] 3|25 HojFa glon, 7|2
o2 ~9A gg s2=27e gE A
Stol EH = 2oty T2 g e} 2] ¢
IVPP #1%+o] VDDP A HTh %:'E.O_EE VPP A
IVPP A& &2 3ha, ¢} 7] R = oA = VDDP A
IVPP AR T =0 m 2 VPP A He VDDP A Y

ERia= u}xwwi VPPL A ¢t
7] e A= IVPPL AYS 86, 97] BEo
A= VDDP H4S et olF Y2 i 19
EEPROM A ¢] 52} R = nlojo] A 7S &
=

o~}

a a -y a
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