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A design on low-power and small-area EEPROM for UHF RFID tag chips
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2 =Fd A 0.18me EEPROM cell& A}-8-3}o] 453 UHF REID B]1 o] AME-H& Add, quF e
IKbits H] 5 7]4] EEPROM IPE A A|5}51th A W4 32 47 7]€Z+= 0.18um EEPROM 33 & ©] &8t v] 57|
21 EEPROM IPE A #|3}= 2 command buffer?} address bufferZ |43} 1 separate JO -4 & Algtn g
tri-state G| o} €] 23 ] 3 (data output buffer)Z A A3} t}. 22 2 A A ¢ow voltage) 2] VDD A EEPROM cello]
P2 2 3l 14 S(high voltage)Ql VPPS} VPPL M-S ¢tA A o2 FF517] 98] 7]& 2 PN g tjoj o= 4l
Schottky T}o] © =& A28 Dickson AsHHZE AAS 22 A3}H 29| 33 th(pumping stage) o] & £ A3t
BE} AAse WAS 90 AAY 32 AHA 7|2 Dickson A3} E Z(charge pump)E ©]&3ta] VPP
generatorg WM& 11 Dickson st H T o} 9 ojo] 1T AL o] &3t L2 aH (| 97] BREAM 44 e 2 3
© VPPL ASHS ME3 =g 31/ 85 VPPL A9 293 325 Agste] 7] 4 f(write current) & £0]| 22
#1712 EEPROMIPE T &35} c} 0.18m 34& ©]§3}o] 7% 85 7]4 EEPROME H 2=E & A2 F 3
oo, H]%7]2 1Kbits EEPROMS| #|o]o}-3- W& & 554.8 x 306.9um2 % 57]2] 1Kbits EEPROMo| 1] 3] & oo}
HEE 1% 3E £

ABSTRACT

In this paper, a low-power and small-area asynchronous 1 kilobit EEPROM for passive UHF RFID tag chips is designed with 0.18ym
EEPROM cells. As small area solutions, command and address buffers are removed since we design asynchronous IO interface and data
output buffer is also removed by using separate JJO. To supply stably high voltages VPP and VPPL used in the cell array from low voltage
VDD, Dickson charge pump is designed with schottky diodes instead of a PN junction diodes. On that account, we can decrease the number of
stages of the charge pump, which can decrease layout area of charge pump. As a low-power solution, we can reduce write current by using the
proposed VPPL power switching circuit which selects each needed voltage at either program or write mode. A test chip of asynchronous 1
kilobit EEPROM is fabricated, and its layout area is 554.8x306.9 ym2., 11% smaller than its synchronous counterpart.
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I.A& 2
RFID(Radio Frequency Identification)+= A} &) 223
B 2(Tag) 2 7B A& o] §3o] AlE9 AR 2 3
AHE 3, z}ﬂ FA 9 2AE 0 2N thakdt Au) A
AFske T3k 914 71EoltH1]. @) RFID
AHE-she °F7} A wol AU A vl B ] (battery) 7}
% T % ZohuiE Evt §lo] A7, 23 8ol #-2)
8 B 3 e Be xES v1goja itk
[2 1. RFID B} 21 5+ 3 F 0| A Class1 4] Generation2= 4%
(passive) B} 12 2% gto} /1A A A {ej @ o)W &
7HA AL glem, 9719} 7] 7] 5wk ofu 2} Abg-bo]
4?* N b /‘i’rﬂlockﬂ 5, B o) AH8-& 3
Rt EE kil 22 BHAQ 7)5 S ghAleka gl
01 I, WL, A A o} L okl A o 8ol o
gt

r°" LA lr m[ru

Data Logic
Voo
Analog {

Datn

Memory

{Tag Antenna)

{Tag Chip)
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Fig. 1. Architecture of RFID tag chip
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Fig. 2. Block diagram of asynchronous 1Kb EEPROM
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Fig. 3. Write timing diagram of synchronous
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Fig. 5. Write timing diagram of asynchronous
EEPROM
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AEA A vE714 1Kb EEPROMOA &= 7] &2)
Common YOE Y& L E¢ ¥ X EZ 15-o] AHE-3)
i Separate 1/O A& AHE-stgiTh 29 72 ¥ F 714
EEPROMOo|| A} A}-&E Clocked Inverter H}F4] ¢] RD(Read
Data) A S¥7|M412 A $E7]9 &o| viz
DOUTe|t}. o] 9} o] Separate /O "4-& AHg-3tE 2
tri-state Data Output Buffer£ A A& 4= g o2 2 @ ojo}
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£2} 1S o w2 EEPROM 4 9] nho] o] X (bias) A gt
W 313 2ok T2 BT A= VPPS}: VPPL
ote 7+7} 16V, 10V(=VPP-6V)o| ], X $-7] B = o) A
VPP9} VPPL A< Z+7h 14V, 11V(=VPP-3V) 9] A
ot}

2 rfr o B

¥ 1. EEPROM d2o| &2 o me =4
grojojA Moh =
Table. 1 Bias voltage conditions of each operation
modes for EEPROM cell

Program | Frase Read | Stand-by
Cell Cell Cell All
Control gate 16V oV 1.8V ov
Bit-Line 0v/10V 14VA11V 18V Floating
Source-Line Floating Floating ov (%
HV-Pwell ov 14V ov ov
Deep-Nwell 1.8V 14V 1.8V 1.8V
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F P REAGH =EA AL AT

9 88 7] Roja g A HZ(Dickson
Charge Pump) 83k nAYS A7) 9%
DC-DC H3l7]| o] EEx o]},

gl 8 DC-DC #atrlel EER
Fig. 8 Block diagram of DC-DC converter

DC-DC 371 =7 71549 24 71 (Bandgap
reference voltage generator), VPP ' 2 & 7)(level
detector), ¥ WA 7|(ring oscillator), VPP #lo} ZZ
{control logic), A3 Hxol VPPL AY 2$914 32
(power switching circuit) @ A4 = o1 1t} VPP A Sto]
E T A Ytarget voltage) B.0} S 9= VPP ¥ 7
%7]9] 28213591 VPP_EN©] high7} & o] & 27]7}
kA (oscillation) st o] As) Hazol] o]sf| 94 SHpositive
charge)7} VPP =2 B3 ¥jof VPP H 2 S27H
T} VPP 14F0] B3 114 o] o] Hl7 VPPEN 4%
7 low7} Ho] H o] W= - (negative feedback)
WA AL o) VPPE S ASHE 579} VPP 2
W 787 2L 139 TAHE NMOS ol 2 =8
A4d 2 A48 A ol 7l (voltage divider) S ©] &3}
i 4}kl VPP/13 3 VREFS Bl a3t L5 Ao{ ¢

27 B 2 VREFY] A ¥ 20) 4 B =nle} o] T
i:la,ﬁ B oA 1231V, Erase =04 1.077Ve] A<t
£ P8 F 3}

{t

LHE

3]

2. Xtz =of W2 VREF, VPP, VPPLS Mgt
eff el

Table. 2 VREF, VPP and VPPL voltage levels at

different operating modes

Program Erase Read Stand-by
(v I vi [vl
VREF 1.231 1.077 0 0
VPP 16 14 1.8 18
VPPL 10 11 1.8 1.8
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219 9% DC-DC W7ol A A4S SUAA 27
= Ao B3 uA¢Q VPPE W59 5 Dickson
HPE 323 HojEth 48 WYO 2 VDDE AL
393 ¥9 7)) A 8 & MIM(Metal-Insulator-Metal) &
AHgstgTh datg =) &9 A2 VPP VPPLo| T
B =RoME ARG B vel 5 Fo AAS
Zo]7) 98 PN 4§ v}o] L= vl tho] £ =9 Cut-In
A o] w2 N-type?] Schottky Tho] & =& A}-8-813] 1.
18] 102 A 81 Eof| AE- g Schottky Thol 2. =] thd
%olil, Anoder T4/ A|EQ CoSio] AZHH,
Cathode= High-voltage N-wello] 2o N-type
Schottky Tho] 9 =2 S3aA] Hrt

S S A

YePL_PGM
VPRL_ERS

ypp CLKIb _ 1 1 _L 5 _[_ i

22! 9. Dickson M3t HZE 3|2
Fig. 9 Dickson Charge Pump circuit

a2 10. N-type Schottky Diode?] T =
Fig 10. The cross sectional view of N-type Schottky
diode

Tz 38 T SoA= VPPL] VPP-6V, X $-7] 2=
o A& VPPLO] VPP-3Ve] A4S Alggog 52 &
=9 VPPLS 73l 6l7] 98] F714 0.2 DCDC ¥ 37|
328 9282 87 drtk F713 A DC-DC 37| & ¢
ololy- WAL FIAZ Bt op gt AHARE SVt
A et o) EAZ A7) A B =Rl 1d
9¢] VPP A3}¥ =9} elojo] w-=x9el VPPL_PGM
(=VPP-6V)3} VPPL_ERS(=VPP-3V) A 4-& o] &3} 1
D110 A Biups) o] TR 78 B = oA & wm-ond



UHF RFID 871 34 A%, 4@ 2 4]F7]2 EEPROM A7)

MPOS 53] VPPL_PGM A 4to), 1811 A $7] B
1= tum-on® MP1E &) VPPL_ERS & ¢to] VPPLo

THHEE = VPPL A Y 293 g2 Z Atk

VPPL_PGM

by Mo
PROGRAM __{ !
1 % %

[> _

YPPL

VPPL_ERS

I3 11 VPPL Me A9 32
Fig. 11 VPPL power switching circuit
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SAEND 45

DUNE.LOADY

Doyt ¥

RN A D za“‘ B @ n S
BL DUNE W, Sense Amp
Commend insert  Prechrge Activation Enatile

a7 12, $7| AlolZoilM e critical patholl cH st
SolAE At
Fig. 12 Simulation result to critical path in the read
cycle

golojasls HojFa itk ¢}7] WHo7t 5029
PRECHARGE 4l 3.l ¢} &} DLINE# BL-2 VDDZ Z g
AR @t BLo] Zg kA ¥ 3 WLo| &4 3} HHA
BLe]| ®lo] €7} A 2= SAEND Al 5.0 ¢} 3] DLINEY]
Hlo}E)7} BL 44 5% 7] %3 DOUTL 2 Y7/ €t
2.9} 28 A3} t40c(Read access time)-& VDD7} 1.62V, 2
T50CY w 8lnsd-& & & UTh

2% 132 233 79l x)$7] R VPP
S} VPPLE B2t BOAE 2H T2 0 B oA
2] VPP 16Vo]1, VPPL-2 VPP-6V3l 10V-S 315}
Qa, 47 ZooAe] VPPE 14V o], VPPLS
VPP-3VQl 11V7} 398 185l

% - Program mode (—» V¥
[P
144 b VR 2
12 4 P
Erase mode M
Voeme
Ew R 4
g W VPPl
L
6
1
el ped |
[ 2 10 Zen 25en

ml’ln'\e[s]mm
8 13, &7| 2o VPP VPPLY| st
2olME 23

Fig. 13 Simulation result for VPP and VPPL in the

write mode
¥ 32 4z mojdy 2714 wE Program, Erase,
Read RE 9] Af{ AEZHS Yehi Yot Z47tel &
A # 271 4] model & NMOS 2} PMOS 2] wafer E4
4 et} FF, TT, SS+ 242} Fast, Typical, Slow model
< el Typical 2719 A read, erase, program 2=
o) AF AFETFE 27t 8.0uA, 25.50A, 28.4pA o] T}

T 3 2oAd =AHol wE Curent dissipation
Table. 3 Current dissipation at different simulation

conditions.
FF model TT model SS model
VDD=198V |VDD=18V |VDD=162V
Temp = -40T Temp=25C | Temp =50T
READ 9.9 A 8.0 A 7.3 yA
ERASE 279 A 25.5 yh 23.6 yA
PROGRAM 314 384 4 25.7 ik
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Fig. 14 (a) Layout plot of 1Kb synchronous EEPROM,
(b) Layout plot of 1Kb asynchronous EEPROM
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