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Design of logic process based 256-bit EEPROM IP for RFID Tag Chips and Its
Measurements

Kwang-Il Kim* - Liyan Jin* - Hwang-Gon Jeon* - Ki-Jong Kim* - Jae-Hyung Lee* - Tae-Hoon Kim*:
Pan-Bong Ha* - Young-Hee Kim*
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0 5

B = o] M= logic 578 7]14Fe] Azbat AL-E-3F 256bit EEPROM IPS A 7| 813l th Axkzte] Ak AlgAdo] B
5= 5.5V o 2 A 3H3}7] 91 8l EEPROMS] 0] 3] 22l CG (Control Gate) £} TG (Tunnel Gate) 7% 3] 22 =] ¢t
&9t} 28] 3 DC-DC converter®] VPP (=+4.75V), VNN (-4.75V)Z} VNNL (=VNN/3) generation 3] 22 A ¢Fa} 1L
CG9 TG 7% 3] 2ol A}-&-%]+= switching power$] CG_HV, CG_LV, TG_HV, TG_LV, VNNL_CG<} VNNL_TG 2
A3 25 AT dnbEl Beol e 700 A read, program, erase =2 A E AR = ZHZ) 12.86/4W, 22.52
M, 2258 o2 AAYE ARE zb=th a8 HAE S 2438 A1) 256bite] AAHoR 28 519 on,
VPP, VNN, VNNL2 4.69V, -4.74V, -1.89VE &% 4 ¢ ¢ o] 19},

ABSTRACT

In this paper, we design a 256-bit EEPROM IP using only logic process-based devices. We propose EEPROM core circuits, a control gate (CG)
and a tunnel gate (TG) driving circuit, to limit the voltages between the devices within 5.5V; and we propose DC-DC converters : VPP (=+4.75V),
VNN (-4.75V), and VNNL (=VNN/3) generation circuit. In addition, we propose switching powers, CG_HV, CG_LV, TG_HV, TG_LV,
VNNL_CG, VNNL_TG switching circuit, to be supplied for the CG and TG driving circuit. Simulation results under the typical simulation
condition show that the power consumptions in the read, erase, and program mode are 12.86/MW, 22.52/W, and 22.58 /0 respectively. Furthermore,
the manufactured test chip operated normally and generated its target voltages of VPP, VNN, and VNNL as 4.69V, -4.74V, and -1.89V.
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RFID B & 22 &4 7]}k 256bit EEPROM IP A 4] & =4

I.M &

RFID (Radio Frequency IDentification)= AF& ol 4
Ze B L(Tag) 2 5-H A& o] &slo] Al AH
9 FHARE 237, AR, 7% é L FAFo RN T
G AH 28 AT EE T FIE 14 ojth. &

2 RFID B 2 32 v 6 2] 7} glof A 7HA, &3 3ol
Y Y o2 el B2 =95 132 A
o[1].

4% UHFRFID B L L olF 21 32 24 3]
2 v Re 28 A JTH[2]. ol E R I EE
QreLbol A W2 F o E *}J‘l 7hs g dlolH 2 W E
she B3], dolHE F A5 2 vpdro] e W
%7], 21t (reader)°l ¢34 O}Eﬂb}oll TEEE dy
A8 TFAGeE wEolFE A&7l (Voltage
multiplien® %ol gt ZAIEE ZEEZ,
CRC (Cyclic Redundancy Check) &+91, of| &} H A}, & o}
g2 329 FAREE e ITS o 1
g 3 ZE ¢)7]/2~7] (read/write)7} 7} 8k 2L 9t}
+ (power-down)Al AZH HAHE FX f% =
EEPROM©] AR&E 1L 9low, wxe &
256bit] EEPROM©] 275 o] Zt},

TEY 1 Fol A= UHF Al 55 RlobA] o d =
E50 A& T]olA e Al Y (power
supply voltage) 2= IDE <15l 1 tlo]HE 2|t 7]
AEs7] A AdY 32 A B317F 75, |

I e A7t A3ke 918 AW A e EEPROM IP 47|
[4-5], 5714 Q1 EEPROM 3 A ¢] 2 2 §l& 24 374 7]
wko] EEPROM IP A 7| 7} & F-¥l T},

£ =iol A= 24 374 (logic process) 71 HFS] A2}
1wk A}-2-3) 256bit EEPROM IPS A 73141t} 1,000 2]
erase-program cycles, 10'd 2] ] ©] ¥ 2. (data retention)
EXNS RAe= AHAS 3Raly] 948 33V 2=
27] RE A 55V oW 2 A g T) o] & WA 7]7]
913} EEPROM®] 0] 3] Z¢l CG (Control Gate)% TG
(Tunnel Gate) 75 3] 2 & #3F3} %32 DC-DC ¥ #H7] <1
VPP (=+4.75V), VNN (-4.75V)¥} VNNL (=VNN/3) 34
325 AokslHth 281 CGY TG 15 3] 2ol A&
H&= 293 A9 (switching power)$] CG_HV, CG_LV,
TG_HV, TG_LV, VNNL_CG®} VNNL_TG 9% 3] &
£ M A5t T} Tower 0.18um 37 ] C-Flash A [6-7]&

2 71&
oty
7] &0

0

flo <~
by
Bor

o] -8-3}¢] 4d 7] ¥l 256bit EEPROM IP2] ] o] o} T 4] &
476. 041zm x 448.5/mo] a1, RO A} d Y AR = ¢

- |
7] BREO A 12.86/4, T2 13 R ol A 22.52/W, A5
7] =AM 22. SSLN\IO]E} 12 11 256bit EEPROM H| 2~

x%zs} 7:14,} xb\}x% =4 Exl-o}‘— FARN Q—O] }

AR
Zl:l'é‘ = RN=

o,

=

¥ (m

. 3=2MA

=1t 4] A A ¥ 256bit EEPROM IP9] 58 57
¥ 13 2o W22 832 256bite] 2L Tower 0.18
m 22 F7gE A&t & H A 2 VDD (=1.2V)
9} VDDP (=22V)S M43} 91 B4 RE 22 e
(program), A -$-7| (erase), $171 (read), 2] A (reset) .=
7F heh B R ] 5 (clock) FoHr= w4 WSS
skl A 3.85Mkz0] L EEPROMS] QB # o]~
5] gle AWA IP AATL 75 d Bl 5 7]4] SH
o] 2 A& AFE-3FaL 9T}, 1] AL separate 1/0 ¥
A& ARt 9l o, 2] 7] Al 7T (access time)-> 200ns

ol

Mo

E 1. 256bit EEPROMS| 2 £3.
Table 1. Major specifications of a 256-bit EEPROM.

Items Design Features

Memory Density | ) 6 16bit ( 162R5§w21tx 16 Columns)

Process Tower 0.18im process

Supply Voltage VDD(=1.2V) / VDDP(=2.2V)

Operating Mode Program / Erase / Read / Reset
Clock Frequency 3.85 M

Interface Asynchronous

o Separated YO
Access time 200ns

A7) ¥ 256bit EEPROMO] &2 5+ 1 (94 BE
Hlo} 7o) 16 3 x 16 G o] A o} o] (cell array), 5 =21
=of we} Ao NEE LAAT])E A 22 (control
logic), 91 = 2= A[3:0]¢l] w2} 1671 9] &) o shtE A
gl3}e] PS, CG, NCT, NTT, N_SEL, P_SEL ==9l A<}
S FH3HE & Y3 (row decoder), H OBl 2o U

= 61\ °
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3 G W EA41 83 =2 A A4 A8S

7] 913k BL S/A (Bit-Line Sense Amplifier), WD (Write
Data) Driver % 27| 7|50l & 2.3 1719121 VPP, VNN,
VNNLS 333155 DC-DC ¥3h7] 328 A4 5 o
ATt

H57]4 Ao~ AuE Ao AL (RST,
READ, ERS, PGM), AJ=&~ A[3:0], 42 t©lo]g
DIN[15:0], 2 dlo|E] DOUT[15:0]7} th. 221
separate I/0 2] S Al on, ¢l7]9} 27| = Y=
(word) B9 & FaHth 27 28 A7) 22
H F2-& oul g

VDD VDDP VSS

TS S |

PS[15:0]
CG{15:0]
NCT[15:0]
NTT[15:0] Memory Cell Array
A[3:0] meep| Row Decoder | w_SEL[15:0] 16 x 16bit
P_SEL[15:0] (16Rows X 16Columns)
RSTh | BLso] | [ropso
READ .
ERS Control Logic
PGM | J BL S/A & WD Driver
DC-DC
Converter
DOUT [15:0] | I
DIN [15:0]

a2l 1. H|S7|4 256bit EEPROMS| 25 5.
Fig. 1. Block diagram of an asynchronous 256-bit
EEPROM.

1% 2(a)= A 7% EEPROMY] 247] R 9] Efo]™]
tholojaBor T adsys 9 AL WA A&
% DIN[15:0]¢] Hlo|HZ Z2asst=2 o] gt}
ters (erase time)Z} tpm (program time)> DC-DC H 317]
o] B A E = A7k} 24 EEPROM A 9] EA4& 1123}
o 25 1.2ms©] t}. EEPROM | 22| of| A 2] ¢} 7] E}o] ™
tholo] 2 ¥ 2(b)oll A ®=nkel 2t ¢)7] w2
& gjojdl ol =g 2~ 5 WA 7FeE ¥ READ 2155 <l
7Fah Zd el 9] = H| O] B} 7} tac (access time) 7} A] ek ©]
% DOUT port = =% €t}

o
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[ N S WA S o N NV VR A SV S
| ) \ | \
/ \ ‘
READ Lv ||
7 | | 7 I
| s ) toymg | / |
ms _|) % [ 7 /
7 li
\ tegy teypc
PGM
/ ’J
‘ {
RSTh | Hgk |
\ | I\
Aol 7 D0 | I 777777,
Y T
. \

DIN[15:0] 7777777 777777777777 ProgramDai 77777777
DOUT[15:0] 7777777777V T777 77777777777 TV 77717777777
(@)

feux
CLK M\—/—\—/—\‘\_hu_/—\—/—\j_/—\;
/
w |/ /
g
READ | : L} |
| |
ERS L /
/ V i
/1 /
PGM Low
RSTh | High | [
\ X 5
Aol 77X ADDi X DD} X
DIN[I5:0]
D
sy Y
DOUT15:0] X Di X Dj
toaa toata
Strobe

a3zl 2 (a) #7| 2=9| Elo|Y clo|o{1Ry
(b) 87| ==2| Eto|d clojof 13,
Fig. 2. Timing diagrams: (a) in the program mode
and (b) in the read mode.

A 7€ 256bit EEPROM|A] A}-&-% C-Flash A&
control 7] Z) A|E] ¢} tunneling 71 2| Al ¥, read-out $1H E
(inverter), CMOS transmission 7] ©] £ (gate) 2 T/ 5] o]
otk 18 31 3.3Ve] NMOSS PMOS E @ %] ~E 7} A}
459t 29 32 C-Flash A% 4l (phantom cell) S K
of FaLglom, 16bitd] Y EE V|FO R WH Aol A7
£ 21.35/m x 68.69me] t}.

68.69mWord

2! 3. C-Flash ®& Al
Fig. 3. C-flash phantom cell.
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RFID B 2 3-8 &2 34 7]} 256bit EEPROM IP A7 2 =4

2% 5% E=w CFlash 49] vholoj~ H¢

AL BoJF a1 gt} X $-7] =0 A = CGoll -4.75V,
TGell +4.75VE 217}3}4] FN (Fowler-Nordheim) B2
g waorg ZZE AOE (floating gate)?] A
(electron)S A~ 7 (ejection)A| ZI o}, 18]l 203 &
Zol A& CGoll +4.75V, TGOl +4.75VE 917}éto] EN
Hdy Woz ZaE AEd HaEsE FY
(injection)A| 71T}, $17] HE=olA A9z AL BL
(Bit-Line)dll OVE &= sl RiH, =23y A
VDDE &3 3ttt

k-l
N ot

E 2. &2 =Y C-Flash Ao HiolojA Mot =AH
(@) X7 2E (p) Z23W 2E () AHI| 2E,
Table 2. Each node bias voltage of a c-flash
memory cell at each operation mode.

(@)

Cell state
Hodes Selected cell Not selected cell
PS 0 0
cG -4.75 0
NCT 0 0
TG 4.75 4.75
NTT 4.78 4.78
N_SEL 0 0
P _SEL 0 0
(b)
C'ell state Selected cell Not selected cell
Nodes DIN-1 | DIN=0 | DIN=1 | DIN=0
PS 1] 0 0 0
cG 4,75 4,75 0 0
NCT 4.75 4.75 4.75 4.75
TG -4.78 0 -4.78 0
NTT 1] 0 0 0
N_SEL 1] 0 0 0
P_SEL 1] 0 0 0

©

Cell state | Selected | Notselected, | Notselected,
Nodes cell same row same column
PS 12 12 12
CG 12 12 0
NCT 12 12 12
TG 0 0 0
NTT 1] 1] 1]
N_SEL 12 12 0
P_SEL 1] 1] 12

a8 4a)E AR we) E 29 Hholo] A H gt
9= CG, PS (Power Supply), N_SEL, P_SEL®] ¢S &
o= CG 75 B 2ot el SH 4= S R E

©} WD (Write Data)oll w&} TG 41 3.5 ¥+ 3= TG T+
& g =o|th 1% 49 2914 WA CG_HV, CG_LV,
TG_HV, TG_LV, VNNL_CG, VNNL_TG 5% Z=9|
upe} 3% 37 o] FHETh 19 4(2)9 CG 75 I 2
475V olste] 291 A%Es ZEE 7] 99
VDD-VNNL_CG, CG_HV-VNNL_CG, CG_HV-CG_LV
o] 3¢t At 7 W 3l7| (translator) 3] 2 AF&-3}S]
ZF ool Q= Ao Al W7o 2914 g L3°ﬂ
A B uke) o] 7zt & Ko s B 4.75V
olakel A& & & AUtk

7123 719 4(b) 9] TG 7-% 3] &% VDD-VNNL_TG,
TG_HV-VNNL_TG, CG_HV-CG_LV¢] 3% A ¢t &8
37) 322 Al e A g M) 3z ~9
3 A B 475V olsvt H 5 A AeH

¥ 3 3% 2o wE A3 mgl o
Table 3. Output voltages of switching powers
according to the operation modes.

el s

Mode Stand-by | READ | PROGRAM | ERASE
CG HV VDD VDD 475V ov
CG LV ov ov ov -4.75V
TG HV VDD VDD ov 475V
TG LV ov ov 75V ov

VNNL CG ov ov ov -1.58V
VNNL TG ov ov -1.58V oV
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ERSD_CG

ERSD_T¢

3374

PGMD_TG

(b)

a2 4. (@) CG 5 22, ) TG 75 322
Fig. 4. Driving circuits for (a) CG and (b) TG.

19 5= 287) REO M ek a6t 917 VPP
WA R RS BoFal gluh VPP B 32
2% cross-coupled 213} 3 3 (charge pump), Al 24, &
221 7] (ring oscillator) £} @' 7HA] 7] (level detector) =
T35 o] Atk VPP Hqto] HE A B} vk 79l
VPP ¥ 7% 7]¢] %2215 VPP_OSC_ENb7} Low
& 5 o] positive A3} G ol st} VPP AL Set7t
Al Tk VPP Adgfe] H3E dsE o]de] H™ VPP
OSC_ENb 137} High?} 6] A3 27} B42
= H-71 3} (negative feedback) ®2) ©. = VPP A 5 3%
Al 475VE A gt} wd g1 7]9] 715 Al
VREF_VPP (=0.6785V)= A% 17| (divider)E ©]-&
3o VDD W ¢S il ste] REEofxith

% 5 VPP 2l s 2o 2L,
Fig. 5. Block diagram of a VPP generation circuit.

1872

__________

L vour

MP2

MP5 >< MP6|

% 6. VPP B9l NMstH= 32 [g].
Fig. 6. Unit charge pump circuit for VPP [8].

BODYN2

DNWELL=BODYN2

1% 72 69 Dickson HEEZE AFE-3le] VNN
(=-4.75V)3} VNNL (=VNN/3) A%< 35 38F= VNN &
A 3|2 o] EE o]t} VNN H-7gko] 93] -4.75V 9
AsHS A8k VNNLS VNN/39 AsHs B33t
7191 8> VNN A3t P 3|2 5 HolFrh

VREF_VAN

VNN
6Stage CP

a7 7. VNN 24 3|29 =5,
Fig. 7. Block diagram of a VNN generation circuit.

LAlE a4 Al

ﬂ VNNL

a2 8. VNN MstH= 3|2,
Fig. 8. Unit charge pump circuit for VNN [8].



RFID Bl 2 3§ 22 374 7]k 256bit EEPROM IP A7 2 =74
19 9% 19 79] VSS Z &) 4] (precharge) 3| 2 E Ers o | | D
BolFa girk AlekE VSS Tl A4 3]z A A i 4
7 Z¥ (capacitive coupling) & ©]8-3} 7] B=2 1 475V
9] A N2 == A 918 VDDo| A OVE 7] =2 A] 7 MN3 = &
2 OFF A71= Al MN20| 2= Alo]E 22 wsm i} Qi
(gate-source) 249] AL 55V olerh A gok em e e

2] BEG A WA e A3 Clel A A E 75 e ——
o o)) MP2¢] 42~} =29 (drain) == Abo] o] 7 gh Rt ]l =

2 55volade §ANA £ il
(@)

MPI s o | | VoD |

- ‘ﬂ‘, 175V |

DCEN VDD N1 DIN-=1' T6 ?ﬂ"—\\_\ 475V |

BN DIN= o'm;’wh }

_|a S @“H‘ oy |

MP2 T R ‘W# = 1

- esm 3 = 1

M . s ]

MN2 in
V4 NeT ?ﬂ 475V ‘
VNN NTT :M oy |
RMN3
(b)

I8 9. M etEl VSS ZE[AHX| g2,
Fig. 9. Proposed VSS prechaging circuit.

0.18um 34 S o] 83t 24 T4 7|9k 256bit
EEPROM IPE A A3}tk 218 10& X 9-7] B=9 =
2% BEoA el Al nlojojd Ujgt Hod g A
ot} 3 29] nlojol s Mol o= AL el gt
P12 7] REA Alofjalz E Fo U F AT
of Hi3 RAE AS BolFt}h ¢y oA

READ 4157} ¢17}% ™ W # PS¢} N_SEL, P_SEL9]| 9]
3 Y= o] Aels] 11 CG A& 7F0Vel A VDDE ¢
s A BLE] #qto] Ale] 227] Adefof] mha} izl 3k A

Z 73} A H ) SAEND Al 3 7} SEA activation 3 A =
™ BL A ¢S 44 Elo] DOUTC. & HlolH & &35 A

Hr} Slow 2943 27 oA tACE 195ns & gttt

Z

a7 10. 27| ZEoA{el M dioloja Metol| of st
ZojAlS AL (g) X|R7| RE (bh) Z2OY ZE,
Fig. 10. Simulation results with respect to cell bias
voltages in writing : (a) in the erase mode and (b) in
the program mode.

= Slow Condition : VDD=1.08V, 88 model, -40°C

e = 1 1 |
e | T / i N
L] | 1 |

nsEL ] 3 i 3 3 | |

P_SEL ’““;j[ ‘w | 1 1 I |
] — T~ |

sapw = ‘ ] |

DOUT umv}[ __% massm‘ TN

— ot s
Cell Activation Dataout
O 11 7] REolMe ZofAE Zof

Fig. 11. Simulation result to critical path in the read
cycle.
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e FA RG] =24 A4 AgE

F4 REo] thE B4 AR AY 2SR

=5 A=

E 4 55 20| e SHEFO M 220
2

Table 4. Operational currents and power dissipations
for different operation modes.

Active Current Power dissipation
VDD VDDP VDD VDDP Total
READ | 10.72 pA 0 uh 12.86 0 i 12.86 W
PGM 969wk | 495uh | 1163 | 10894V | 2252 MW
ERASE | 971pA | 497ph | 116540 | 109340 | 2258 M

Mode

0.18me] =224 FAHEL o]gste] AMAF 256bit
EEPROM IP9] o] ob2- ARl 19 1200 4] Bi=nfe}
2o #lojols A7|= 476.04um x 448.5:m ©] T},

448.5um

| 476.04m

a8 12. MA= 256bit EEPROM IP2| 200tz AFZL
Fig. 12. Layout image of the designed 256-bit
EEPROM IP.

Tower 0.18ym 2 2] ¥4 & o] &3} A 2¥ EEPROM
S H2ESIT 19 13& AT HAE AAE 97,
el7l, =29, ¢Vl dEH o 3T A3} A&
EEPROM A& <, Z2 133 AL | go]HE &4
sk A stk 18 i = AE HABHEA
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256bitell ti3ll 54 3t A7 EEPROM 715 /A o2
3h= A1 Flakyith 17 145 2£7] R =04 DC-DC
A 37] 9] &2 19+l VPP, VNNL, VNN 215+ 574 &
302 747} 4,60V, -1.89V, -4.74V ] I A% ¥
o Lhgheh.

- >

0 N = 07 I | 0 I - 0

ol 5is 0 FRE || * e <)) i S !

a7 13 H2E o 45 £F md.

Fig. 13. Measured waveform for the test chip.

oferial i EEE |- * O ) =

a8 14, X[R7] ZEo|M HAE EQ| VPP,
VNNLZF VNN Mt &8 nhs,
Fig. 14. Measured waveforms of VPP, VNNL, and
VNN in the erase mode for the test chip.

V.2 E

. =10l A = EPCglobal ] UHF Class 12] Generation
2 A9 %% RAD B2 ol AME-EE 256bit
EEPROM IPE 4 715} 93 th.
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Ae 22 FA 719 AR AR89l o
Al 3.3V AaApE 227] REO A

t ol T & AAS AT 27t A
< g1 3lr] 98 EEPROM] o] 3] 221 CGF TG
T5 3ZE AUAsts DC-DC WE7]A VPP
(=+4.75V), VNN (-4.75V)3} VNNL (=VNN/3) A 3] 2
& Altesirt.

Tower 0.18ym 37 9] C-Flash A& o]-&3}o AAH
256bit EEPROM 1P9] | o] o} 22 476.04/m x 448.5
ﬂmo]—y U94A164 ﬁﬂxqeﬂ/\ulioj]y]_\;_ ];\1 12.86
M, TR D=0 A 2252, A|§-7] REoj A 2258
Motk Bl ~E HS =438 43 VPP, VNNL, VNN &
Qo] 7} 4.69V, -1.80V, -4.74VE X 2 a1 A @
wlo] 24 59t} 18] 31 EEPROMS] 2:7]9} 9} 7] 52}

%

> M
ox, Mo

ol

ﬁdﬁ

S5

ox ' d
<

o

S AR = AS EAsATh
AAE 22 FA 7o) EEPROME ©]% Z&] A o]
EE A8 EEPROMO H]&| w23 & Folm =2
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A M5 okE
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