
(19) United States 
(12) Reissued Patent (10) Patent Number: 

USOORE401.32E 

US RE40,132 E 
Etoh et al. (45) Date of Reissued Patent: Mar. 4, 2008 

(54) LARGESCALE INTEGRATED CIRCUIT 4,161,040 A 7, 1979 Satoh 
WITH SENSE AMPLIFER CIRCUITS FOR 4,233,672 A 11, 1980 Suzuki et al. ............... 365, 181 
LOW VOLTAGE OPERATION 4,288,865 A 9, 1981 Graham 

4,290,119 A 9, 1981 Masuda et al. 

(75) Inventors: Jun Etoh, Hachioji (JP); Yoshinobu 
Nakagome, Hachioji (JP) (Continued) 

(73) Assignee: Elpida Memory, Inc., Kanagawa (JP) FOREIGN PATENT DOCUMENTS 
JP 53-12280 2, 1978 

(21) Appl. No.: 09/864,338 JP 53-114625 10, 1978 
JP 54-137246 10, 1979 

(22) Filed: May 25, 2001 JP 54-158848 * 12, 1979 
JP 55-038611 3, 1980 

Related U.S. Patent Documents 
Reissue of: (Continued) 
(64) Patent No.: 5,526,313 

Issued: Jun. 11, 1996 OTHER PUBLICATIONS 
Appl. No.: 08/104,508 
Filed: Aug. 10, 1993 IEEE Journal of Solid State Circuits, vol. 23, No. 1, pp. 

U.S. Applications: 
(63) 

(30) 
Jun. 17. 
Sep. 7, 

Feb. 20, 
Mar. 20, 

(51) 

(52) 

(58) 

(56) 

3,980,935 A 

Continuation of application No. 09/095, 101, filed on Jun. 
10, 1998, now Pat. No. Re. 37.593, which is a continuation 
of application No. 07/366,869, filed on Jun. 14, 1989, now 
Pat. No. 5,297,097. 

Foreign Application Priority Data 
1988 
1988 
1989 
1989 

(JP) ........................................... 63-148104 
(JP) ........................................... 63-222.317 
(JP) .... 1-29803 
(JP) .............................................. 1-66175 

Int. C. 
GIIC 5/14 
GITC 700 

(2006.01) 
(2006.01) 

U.S. Cl. .................. 365/189.09: 365/190; 365/203; 
365/205; 365/226:365/227 

Field of Classification Search ............ 365/189.09, 
365/189.11, 226; 327/530, 534, 537, 538 

See application file for complete search history. 

References Cited 

U.S. PATENT DOCUMENTS 

9, 1976 Worst 

- - - - - - - - are rear r- - - - 

12-18, Feb. 1988. 
NEC 4-bit Microprocessor Handbook, p. 148 (no English 
translation), 1988. 
Hitachi IC Memory Data Book, Hitachi, Ltd., Tokyo, pp. 
44–45, Jun. 1987. 

Primary Examiner Son L. Mai 
(74) Attorney, Agent, or Firm Mattingly, Stanger, Malur 
& Brundidge PC 

(57) ABSTRACT 

Disclosed is a one-chip ULSI which can carry out the fixed 
operation in a wide range of power Supply Voltage (1 V to 
5.5 V). This one-chip ULSI is composed of a voltage 
converter circuit(s) which serves to a fixed internal voltage 
for a wide range of power Supply Voltage, an input/output 
buffer which can be adapted to several input/output levels, 
a dynamid RAM(s) which can operate at a power Supply 
voltage of 2 V or less, etc. This one-chip ULSI can be 
applied to compact and portable electronic devices such as 
a lap-top type personal computer, an electronic pocket note 
book, a Solid-state camera, etc. 

17 Claims, 129 Drawing Sheets 

  



US RE40,132 E 
Page 2 

U.S. PATENT DOCUMENTS JP 58-108089 6, 1983 

4,399,524 A 8/1983 Muguruma et al. R Si. t 
4,460,835 A 7/1984 Masuoka JP 59-15331 9, 1984 
4,482.985. A 1 1/1984 Itoh et al. ck 
4,539,660 A 9/1985 Miyauchi et al. E. 23. 3. 
4,730,122 A 3/1988 Dreibelbis f1985 
4,780,850 A 10/1988 Miyamoto et al. .......... 365/205 60-66460 4 
4,780.852 A 10/1988 Kajigaya et al. ............ 365/205 JP 60-167523 8, 1985 
4,794,564. A 12/1988 Watanabe JP 60-191499 9, 1985 
4,794,571 A 12, 1988 Uchida ....................... 365,205 JP 60-242585 12/1985 
4,806,789 A * 2/1989 Sakihama et al. .......... 327/437 JP 61-24090 2, 1986 
4,833,341 A 5, 1989 Watanabe et al. JP 61-61479 4f1986 
4,837.460 A 6, 1989 Uchida JP 61-148700 T 1986 
4,855,613 A 8, 1989 Yamada et al. JP 61-158094 T 1986 
4,896.297 A 1/1990 Miyatake et al. JP 61-160975 T 1986 
4,916,667 A 4/1990 Miyabayashi et al. JP 61-217986 9, 1986 
4,931,075 A 6/1990 Kuhn JP 62-015910 1, 1987 
4.937,789 A 6/1990 Matsubara JP 62-112357 5, 1987 
4.943,952 A 7, 1990 Terayama ................... 365,207 JP 62-119958 6, 1987 
4,943,960 A 7/1990 Komatsu et al. JP 62-183161 8, 1987 
4,952,825 A 8, 1990 Yoshida JP 62-208496 9, 1987 
4,961,166 A 10, 1990 Sato ....................... 365,207 X JP 62-229952 10, 1987 
4,962,482 A 10, 1990 Jinbo ..................... 365,207 X JP 63-037716 * 2/1988 
4,982,367 A 1/1991 Miyatuke JP 63-64694 3, 1988 
4,984,202 A 1/1991 Kawahara et al. JP 63-76007 4f1988 
4,994,688 A 2/1991 Horiguchi et al. JP 63-94499 4f1988 
5,046,052 A 9/1991 Miyaji et al. ............... 365,226 JP 63-086559 4f1988 
5,148.255. A 9, 1992 Nakazato et al. JP 63-179576 T 1988 
5,227,697 A 7/1993 Sakagami ................... 365,203 JP 63-211193. 9, 1988 
5,272,393 A 12/1993 Horiguchi et al. JP 63-229848 9, 1988 

JP 63-282994 11, 1988 
FOREIGN PATENT DOCUMENTS JP 63-2994.09 12, 1988 

JP 63-3O8791 12, 1988 
E. s:0 's JP 63-3O8792 12, 1988 

JP O1-105391 4f1989 JP 56-13O894 10, 1981 
JP 56-159892 12/1981 JP O1-149292 6, 1989 
JP 57-82285 5, 1982 JP O1-149293 6, 1989 
JP 57-142032 9, 1982 JP 1O-369.011 3, 2001 

JP 57-172761 10, 1982 
JP 58-070482 4f1983 * cited by examiner 



U.S. Patent Mar. 4, 2008 Sheet 1 of 129 US RE40,132 E 

F. G. A 

I/O 

H 
Na 
O 

l 
1 
O 

f 

O 
S 

  



U.S. Patent Mar. 4, 2008 Sheet 2 of 129 US RE40,132 E 

  



U.S. Patent Mar. 4, 2008 Sheet 3 of 129 US RE40,132 E 

F. G. C 

OUTPUT 
LOAD CAPACTANCE 

8O OODF 3of P 

7O 

6O 
o 

S 50 
-- 

U 
2 4O 
- 

(f) 
f) 

3o INTERNAL 
9. CIRCUT DELAY 
CO 
C 

2O 

O 

O 2 3 

EXTERNA POWER SUPPLY VOLTAGE VCC (V) 

  



U.S. Patent Mar. 4, 2008 Sheet 4 of 129 US RE40,132 E 

F. G. 2A 

POWER SUPPLY A 
RANGE OF DAA YEGE POWER SUPPY WOLIAGE 

RANGE OF NORMAL OPERA 
TON 

(V) VBT (min) VET(max) VCC(min) WCC(max) 

2 

O 2 3. 4. (V) 

VOLTAGE VOC 

  



US RE40,132 E Sheet 5 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 2B 

> LO NÒ 

3.5V 

TIME t 

  

  



U.S. Patent Mar. 4, 2008 Sheet 6 of 129 US RE40,132 E 

F. G. 2C 

(V) 
LM 

l VCLC = 1.5V) 
3. LM 
c BVCC (3 = O5) 
D 

VL (=O75V) 

VLX (V) 
(l.5V) VOLTAGE Voc 

F. G. 2D 

VOLTAGE 
COMPARE 
CKT 

V als 

LM 

BVCC LM M 



U.S. Patent Mar. 4, 2008 Sheet 7 Of 129 US RE40,132 E 

F G 2E 

(V) / 
M 

/ PD 

5 - Wol (= 1.5V) 
c aWCC(a = O3) 
D VL (= O75V) 

4 
WCX (V) 

(=2.5V) 

VOLTAGE WOC 

  



US RE40,132 E Sheet 8 Of 129 Mar. 4, 2008 U.S. Patent 

F. G. 3A 

------ 
VOL2 

or values reas & six-il ele- - - - - 

  



U.S. Patent Mar. 4, 2008 Sheet 9 Of 129 US RE40,132 E 

F. G. 3B 
POWER SUPPLY VOLTAGE 
RANGE OF DATA REAIN NORMA POWER SUPPY 

WOLAGE RANGE 

O 2 3. 4 (V) 

VOLTAGE WCC 

  

  



U.S. Patent Mar. 4, 2008 Sheet 10 of 129 US RE40,132 E 

rts 

"...g. ". SE/X XXx:y 2O X. 7 a. frter 5 
Oli raS CoS U?e din dout 

MEMORY CELL ARRAY 

W T8 3. 

24 \Cs 

RFS 

25 
  



US RE40,132 E Sheet 11 of 129 Mar. 4, 2008 U.S. Patent 

F G. 4B 

TIME t 

  



U.S. Patent Mar. 4, 2008 Sheet 12 of 129 US RE40,132 E 

F G 5A 

3.3V 

— 2V 
2V 

PD 
OW 

O ---4O95 O --4O95 O ---4O95 

R U 
- -Tcl Tcl- - C3 - d 

T ME t -- 

OV 

  



U.S. Patent Mar. 4, 2008 Sheet 13 of 129 US RE40,132 E 

F G 6 

(SEC) 
O2 

CN 

9 Voc = .5W 
O3 

> 

Pu O4 
S 

5 lo-5 

O 5O OO (°C) 

CHIP TEMP T 

F G 7 

5 

2 O Z 

d 
d 
u 

33 5 85 
C FAL BIT 

OTC TC4 TC3 

REFLESH PERIOD arm-ammar 



U.S. Patent Mar. 4, 2008 Sheet 14 of 129 US RE40,132 E 

F G 8A 

3.3V 

WoC \ 
2V 

2V 
PD 

OV 

4O95 

- LIII. - -Tcl 

-Tc3 - 
TME t -- 



US RE40,132 E Sheet 15 Of 129 Mar. 4, 2008 U.S. Patent 

F G. 8B 

OSC 

gbo 

DV 
d 

DW4. 

DV3 

  



U.S. Patent Mar. 4, 2008 Sheet 16 of 129 US RE40,132 E 

F. G. 8C 

O - - - - 4095 O - - - - 4O95 O - - - - 4O95 

all. UUL. NULL 

O ---- 4O95 

- -Tcl 
TME t -- 



U.S. Patent Mar. 4, 2008 Sheet 17 of 129 US RE40,132 E 

F. G 9 

| Heck | H R v 

MO 

  



U.S. Patent Mar. 4, 2008 Sheet 18 of 129 US RE40,132 E 

FG OA 

BUP 

  



U.S. Patent Mar. 4, 2008 Sheet 19 of 129 US RE40,132 E 

F G OB 

(V) 

4F -93A.gifton 

VOLTAGE VCC a 

  



U.S. Patent Mar. 4, 2008 Sheet 20 Of 129 US RE40,132 E 

F. G. IOC 

Vol. 

  



U.S. Patent Mar. 4, 2008 Sheet 21 of 129 US RE40,132 E 

F: G A 
Vss VEXT 

B 

NPAD 

Vss 
PAD 2 

4. T 
V GEN 

9 

MO 

  

  

  



US RE40,132 E 

- 

- 
V 

C F G 

S 

„LNIA B9VLTOA 
(V) 

VOLTAGE Woc 

  



U.S. Patent Mar. 4, 2008 Sheet 23 of 129 US RE40,132 E 

F. G. 2A 

(A) 
SUBn --SQARE THRESHOLD ROOT 
REGON REGION y 

- 
Z 
t 

23 
CD 
OC) 
O 

WIO V (V) 

GATE-SOURCE VOLAGE WGS 

F. G. 28 

VDS = 1.5W 

d 
?t 

ES H 
t 

(d 

O2 O3. O.4 O5 O6 O7 O8 

CHANNEL LENGTH Leff (urn) 

  

  



U.S. Patent Mar. 4, 2008 Sheet 24 of 129 US RE40,132 E 

N CHANNEL P CHANNEL 
MOS - FET MOS- FET 

6.5 6.5 
(5-8) (5a-8) 

O.3 O.3 
(O2 MO4) 

- O.3 
(-O.4 ru-O2) 

GATE OXDE 
THICKNESS 

tox (nm) 

EFFECTIVE CHANNEL 
LENGTH 
Leff (plm) (O2- O4) 

GATE 
THRESHOLD 
WOLAGE 

  

  

  

  

    

  

  

  

  

  

  



U.S. Patent Mar. 4, 2008 Sheet 25 of 129 US RE40,132 E 

F. G. 4A 

-- 

N W NAAN s Vr RN as E!N YLN SNRA2>N 
N 

(PERFERAL CKT) 

F. G. 4B 

NYS2Aff N 2. YZ2 2Z) &Q N&S3S 

( MEMORY CEL ARRAY) 

  

  

  

  

  

  

  

  

  

  

  





U.S. Patent Mar. 4, 2008 Sheet 27 of 129 US RE40,132 E 

F. G. 5C 

5 V 

PD 
OW 

1.5V 
NODE 
N 

Ov; 
- V 

5W 

REE : arr - usua am as an as sm as 

3 OW 

OV WBP 
P WELL 
VOLTAGE - V - V 

WBP2 

TIME t - 



U.S. Patent Mar. 4, 2008 Sheet 28 of 129 US RE40,132 E 

o 330 A i 
O- C) 

Q e . 
------------------------ a 2 

s s ----------------------- > 
C 
U 

GE w-re 

5 is is SD H-HT 

PP 
s 

ba 

D 3. 
5 -S 

M 

3. 

  



U.S. Patent Mar. 4, 2008 Sheet 29 of 129 US RE40,132 E 

F G 6B 

5W 

p 
P OV 

SHRL 

SHRR -- 5W 
SHRR 

DWo 5W 

WO OW 

DATA 
LINE O.75V 
Do, Do 

DATA RETAN 
--- 

COMMON SOURCE O75W 

Yo OV 

COMMON e W 
I/O LINE 2 

TIME t 

  



U.S. Patent Mar. 4, 2008 Sheet 30 of 129 US RE40,132 E 

F. G. 7A 

N N N V, N SS3:S NZY.2) N S3 &éS 

  

  

  

      

  

  

  

  

  

  

  

  



U.S. Patent Mar. 4, 2008 Sheet 31 of 129 US RE40,132 E 

F. G. 8A 
S 

T8 

Five = 1.5V) 
N7 

-Tso 
X WORD LNE 

Hill DATA LINE S3 

P 

F. G. 8B 

S X OW 

2.2V 

X 

OV 3V 
(S=5V) 

.4V 
NODE { 
N7 OW (S = OV) 

—ss WORD LNE 

— —so 
TME t - 



U.S. Patent Mar. 4, 2008 Sheet 32 of 129 US RE40,132 E 

F G 8C 

BCBASE) 5O 

SS5. w (NNNYN5% N 
N NžYEX) NXE 

F. G. 8 D 

  

  

  

  

  

    

  

    

    

  



U.S. Patent Mar. 4, 2008 Sheet 33 of 129 US RE40,132 E 

F G. SA 

CSN 

G5 
PD tes- H 

Tss STes 

F. G. ISB 

  



U.S. Patent Mar. 4, 2008 Sheet 34 of 129 US RE40,132 E 

F G 2OA 

Out 

Out: 

F. G. 2OB 

(V) 

t McC-2V 

9. Vp 
O 
D 

2V 

V 

O 2V (V) 
VOLTAGE Vec 

  



U.S. Patent Mar. 4, 2008 Sheet 35 of 129 US RE40,132 E 

F G 2OC 

Tio N Voc To-TVCC 
VP +IVP Voc o, 

Vec 2. VP+WTP 
O3 O3 

VP c T Out 2 VP Out 2 

To2-y Voc To2 O 
Vn C Out Vinc Out 

Too-y Vn-WN Too) O 
O C Out Vn-WN Out 

in in 

F G 20D 

N LOW INPUT Note: Eagles. For 
to vee-valve vee-ve vie 
To vo-ve v 
To v.-vi. v. 
to v-v 

MAXIMUM WOLAGE APPLIED TO GATE ELECORODE 

  

  

  

  



US RE40,132 E Sheet 36 of 129 

F. G. 2A 

Mar. 4, 2008 U.S. Patent 

F. G. 2 B 

> ro CN CN] G 

in 

  



U.S. Patent Mar. 4, 2008 Sheet 37 of 129 US RE40,132 E 

F. G. 22A 
  



U.S. Patent Mar. 4, 2008 Sheet 38 of 129 US RE40,132 E 

F. G. 23A 

(V) 

O 2V 4W (V) 

VOLTAGE WOC 

F G 23B 

  



U.S. Patent Mar. 4, 2008 Sheet 39 of 129 US RE40,132 E 

F. G. 24 

  



U.S. Patent Mar. 4, 2008 Sheet 40 of 129 US RE40,132 E 

F. G. 25A 

  



U.S. Patent Mar. 4, 2008 Sheet 41 of 129 US RE40,132 E 

MAXMUM 
WALUE 

OUTPUT 
CRCUT 

F. G. 26B 

(V) 

VCL. (DATA RETAN) 
VO (NORMAL 
OPERATION) 

- - - - - - - 

u-ra-VA-l/5 Voc 
------------as a ma maia -a- TV-Vref (=O75V) 
-- 

OV 3.75W (V) 
VOLTAGE Vcc 

  

  

  

  

  

  

    

    

  

  



US RE40,132 E Sheet 42 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 26C 

- - - - - - - -- 

--------- 

90d 

Vn 

-------- -- a-- run was as 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - 

;: 

: 

| 

| 

N23 

eOb 9O 

TYT 
PD 

Wref 

  

  



U.S. Patent Mar. 4, 2008 Sheet 43 of 129 US RE40,132 E 

CN 
O 

it 
2 N) 

s 9 
hi - 

C 
N 
CN 

-LO 
CD O) 

R 
O is is CN F 

3 3 2 
2. Cld 

A. s 

  



U.S. Patent Mar. 4, 2008 Sheet 44 of 129 US RE40,132 E 

F G 27B 

  



U.S. Patent Mar. 4, 2008 Sheet 45 of 129 US RE40,132 E 

  



U.S. Patent Mar. 4, 2008 Sheet 46 of 129 US RE40,132 E 

F G 29 A 

  



US RE40,132 E Sheet 47 of 129 Mar. 4, 2008 U.S. Patent 

F G 3OA 

------ (V) ------- --------------- 

Voc 

VeN3 

O Out 

-2V) 
WBP 

--------- ------ 

F. G. 3OB 

OUt SV 

  



U.S. Patent Mar. 4, 2008 Sheet 48 of 129 US RE40,132 E 

F G 3A 

Out 

F G 3B 

  



US RE40,132 E Sheet 49 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 32A 

F. G. 32 B 

  



U.S. Patent Mar. 4, 2008 Sheet 50 of 129 US RE40,132 E 

F. G. 33 

223 

NPUT X 

NTERNAL 
CKT 

VOLTAGE 
(V)2 VIH 

TT TTL 
INPUT EME OUTPUT LEVEL 

VL O.8V 
VOL O4V 

O 2 3 4. 5 

POWER SUPPLY VOLTAGE Wec (V) 

  

  

  

  

  



US RE40,132 E Sheet 51 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 34A 

YOBs 
L 

6 

  



US RE40,132 E Sheet 52 of 129 

F. G. 35A 

Mar. 4, 2008 U.S. Patent 

--------------- 

••••• • • - - ----- - - - - 

F. G. 35B 

(/\) 39VITOA 

POWER SUPPLY VOLTAGE Vec (V) 

  



U.S. Patent Mar. 4, 2008 Sheet 53 of 129 US RE40,132 E 

F G. 35C 

TIME t 

Voc = 5W 
Vc = .5W 

  



U.S. Patent Mar. 4, 2008 Sheet 54 of 129 US RE40,132 E 

F G 35D 

F. G. 36A 
------------------- Neo 

Rio 

VBPs 

  



U.S. Patent Mar. 4, 2008 Sheet 55 of 129 US RE40,132 E 

F. G. 36B 

F. G. 36C 

42443) 38.438 (144 
35 %: W 3. % Z 7 / 

5ONNaNNNYSnS 7NSriS/SNS Y-2 3. 2/4 / 

  



U.S. Patent Mar. 4, 2008 Sheet 56 of 129 US RE40,132 E 

IS 

s 

O P C Ps s 
O?) 

C % NOc is to - QC 

. g-HHH PHH |-- --- X 

- 

U ----> i 
H O C 
k 

P Y O O X 
Cl s 

g 



U.S. Patent Mar. 4, 2008 Sheet 57 of 129 US RE40,132 E 

F G 37B 

GPP 

WORD LINE 
WO 

auaaran 

l/O, ly O 

  



U.S. Patent Mar. 4, 2008 Sheet 58 0f 129 US RE40,132 E 

F G 37C 

shp 
OW 

WORD LINE 
Wo 

DATA LINE IV 
Do Do 

NODE I9 "-"O 

NODE IO 
"O"-" " OW 

OW 
2V 

  



U.S. Patent Mar. 4, 2008 Sheet 59 of 129 US RE40,132 E 

F G 37D 

ThrSHOLD WO TAGE OF 
MOSFE OF SENSE AMP 

O O5 O 5 2.O 

MO 

I/O 

  

  



U.S. Patent Mar. 4, 2008 Sheet 60 of 129 

F G 38A 

4V 

tip 
OW 

WORD NE 
WO 

OV 

DATA NE ano an 

EE) V oPPD(D) n Un g-u 
al- V 

'psN OW 
2V 

PLATE PO 
A 4 a 4W NODE IO TV 

" 2V 

NOP50 oy ppm in 

Yo 
OV 

I/O, I/O 2V a. 
I/O 
4W 

DOut 
OW 

US RE40,132 E 

-- TIME t 



U.S. Patent Mar. 4, 2008 Sheet 61 of 129 US RE40,132 E 

F. G. 38B 

4W 

pp. 
OV 
4W 

WORD LINE 
Wo 2V 

OW 

DATA NE ty Do, Do 
'pSP IV 
wom V psN 

2V 
PLATE Po 

NODE IQ, i. "-"O" 

NgE '9, Oy 
Yo OW 

pw 
OW 
2V 

I/O, I/O 

  



US RE40,132 E Sheet 62 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 39A 

W3 PWW2 PP3 Po 

F. G. 39B 
  



U.S. Patent Mar. 4, 2008 Sheet 63 of 129 US RE40,132 E 

  



U.S. Patent Mar. 4, 2008 Sheet 64 of 129 US RE40,132 E 

F G 4OB 

7 V 

5W 
WORD LNE 

WO 
W 

ov---------- 
DAANE 5VDoD) 
(55) ) 

4W 
(Psn 3V 

PLATE P6 l, 
a 8V at 8V 

NODE O 

No.50 3V. V--- 
e8V a 8V 

NODE 

-SY!--- --- Y - 
NODE || | 



U.S. Patent Mar. 4, 2008 Sheet 65 of 129 US RE40,132 E 

F G 4OC 

7V 

5W 

WORD LNE 
WO 

ov 
DATA NE 4W Do, Do 5C3v. Do Do X DO 

V (bsn 4. 3V 
6V 

PLATE P6 
e.8V a8V 

NODE IO 
e "O" 

NOPE O sy 3V 
O"- a 

Yo 
Yn 

OW --- 
awa-aaaa. SV --war 

I/O, I/O 3V I/O 

MO 



U.S. Patent Mar. 4, 2008 Sheet 66 of 129 US RE40,132 E 

F. G. 4A 

5W 
4V 

WORD LINE 
Wo 

OW 

DATA 5NE 3V DO (D 

(65) ibotn 'hsP 3V 
o 3V 

$SN 2V 
4W 

PLATE Pb 
26V 26V 

NODE O 

NODE, O 2V humours as 
O a 6V 

NODE 

2V 2V -- 
NODE || -- O 

Yo 
OV 

I/O, I/O Z 
I/ O 

- TIME t 



U.S. Patent Mar. 4, 2008 Sheet 67 of 129 US RE40,132 E 

F. G. 4B 

WORO LINE 
Wo 

DATA LINE 
Do Do 

fSP 

pSN 

PLATE P6 

NODE IO 
" s "O" 
NODE IO 
"O"- 

Yo 

I/O, I/O 

  



US RE40,132 E Sheet 68 of 129 Mar. 4, 2008 U.S. Patent 

F. G. 42 

-------- 

F. G. 43 
  



U.S. Patent Mar. 4, 2008 Sheet 69 of 129 US RE40,132 E 

F G 44A 

SENSE AMP 

1. PL 

PLATE SHUNT 

  

  

  

  



US RE40,132 E Sheet 70 of 129 Mar. 4, 2008 U.S. Patent 

  

  



U.S. Patent Mar. 4, 2008 Sheet 71 Of 129 US RE40,132 E 

F G. 45B 

Fo Wo W P P2 We W- Ps 
Do Do 

D D 

... ." D2 D2 

D3 D. 

N/ 
3. 

SA3 
  



U.S. Patent 

WORD LINE 
Wo 

DATA LINE 
DO, Do 
(Dn, Dn) 

issP 

(PSN 

PLATE Po 

NODE IO 

NQDE O "O" 

NODE 

NODE, O 

Yo 

I/O, I/O 

Mar. 4, 2008 

F G 

Sheet 72 of 129 

46 

US RE40,132 E 

OW 

ap 

  



U.S. Patent Mar. 4, 2008 Sheet 73 of 129 US RE40,132 E 

F G 47 

  



U.S. Patent Mar. 4, 2008 Sheet 74 of 129 US RE40,132 E 

F. G. 48 

WORD LNE 
Wo 

DATA LINE 
DO, DO 
(Dn, Dn) 

pSP 
psn 

PLATE Po 

NODE IO 

NOPE, O "O 

  



US RE40,132 E Sheet 75 of 129 Mar. 4, 2008 U.S. Patent 

  



U.S. Patent Mar. 4, 2008 Sheet 76 of 129 US RE40,132 E 

F G 49B 

4W 

spp 
OW 

4V 

WORD LINE 
Wo 

OV 
4W 

DUMMY 
WORD LINE 

WDO 
OW air-r 

2V DO 

DATA LINE 
Do, Do 

(LOW READ) IV FAV 

OW DO 
2V 

Dr. Do 
O LO V 

(HIGH READ) FAV 
OW Do 
2V 

qbsp V 
V 

isn N OV 

--T ME t 



U.S. Patent Mar. 4, 2008 Sheet 77 of 129 US RE40,132 E 

F G 5OA 

F. G 5OB 
  



U.S. Patent Mar. 4, 2008 Sheet 78 of 129 US RE40,132 E 

F G 5A 

3OVCC (5V) 

F G 5B 

5W 

$4 
OV 
5V 

NODE 35 

5W 
4W 

NODE 33 

OV 

  



U.S. Patent Mar. 4, 2008 Sheet 79 of 129 US RE40,132 E 

F G 52. A 

OW 
4W 

PLATE PO 

DAIA NE ty V DO 
Do, Do 

NODE IO 

NODE O 
O 

$SP 
isn 

DAMMY 
WORO LINE 

WDO 
WORD LNE 

Wo 

  



U.S. Patent Mar. 4, 2008 Sheet 80 of 129 US RE40,132 E 

F. G. 52 B 

PLATE Po 
OW 

W DATA LINE ramp W Do Do <Cow Do I ) 
sey all 6V 

NODE O 
"I"- O" 

NODE 19, OV N-Oy--- 
O"-" 

$SP V 
W 'psn 

WELINE area - - 
WDo WDO 

WORD LINE OV 
Wo M 

Yo 
OV 

shw 
OV 

I/O, I/O 



U.S. Patent Mar. 4, 2008 Sheet 81 of 129 US RE40,132 E 

F G 53A 

NODE 64 

WORD LINE 
Wo 

  

  



U.S. Patent Mar. 4, 2008 Sheet 82 of 129 US RE40,132 E 

5 

QC) 
s 

O) 

C 
V 
O 

O C) 
to X 
L 

  



U.S. Patent Mar. 4, 2008 Sheet 83 of 129 US RE40,132 E 

F. G. 54 B 

4W 

p 
OW 

4W 

PLATE PO 

DATA LINE a Co,50 V -Coy D. ) 
a 6V a 6V 

NODE O 
2V 

OW O 

unro W 

dissn OW 

WORD LINE 
Wo 

OV 

YO 
OW 

I/O, I/O 2V - 1 

TME t 



U.S. Patent Mar. 4, 2008 Sheet 84 of 129 US RE40,132 E 

F. G. 54C 

4V 

PLATE PO 
SY D 

DATA LINE V Do Do KovX I Do ) 
a 6V 2. 6V 

NODE O 

-i-K isn OW 

WORD LINE 

Wo OW 

Yo 
OV 

shw 
OV I/O 

I/O, I/O OW 
I/O 

- TIME t 



US RE40,132 E Sheet 85 of 129 U.S. Patent 

  



U.S. Patent Mar. 4, 2008 Sheet 86 of 129 US RE40,132 E 

F G 55B 

PLATE P 

DATA LINE 
D,D 

NCPE, O 
3VEE---- 

disp 
psn 

DUMMY 
WORD LINE 
WD 

WORD LINE 
W 

Yr,Yw 

  



U.S. Patent 

PLATE P 

DATA LINE 
DD 

NODE O 

NOPE, IO O 

sibSP 
fsn 

MMY RE LNE 
WD 

WORD LINE 
W 

Yr, Yw 

II 

Mar. 4, 2008 

F G 55C 

-- 3-VE 

OW A. OV 
3-VE 

Sheet 87 of 129 US RE40,132 E 

  



U.S. Patent Mar. 4, 2008 Sheet 88 of 129 US RE40,132 E 

F. G. 56 

AS 

CAS 
WE 

I 
WORD LNE 

WO 

OW 
C 

DATA LINE 4W DO, DO - sy Do A 3v D 
y --Do IV ty ÁVHC \ qbsn 

6W 6W 

PLATE P6 

at 8V e8V. 
NODE IO 
"" 

NODEO 3V. "O" 

Yo 

OV 

-- TIME t 



U.S. Patent Mar. 4, 2008 Sheet 89 of 129 US RE40,132 E 

F. G. 57 

RAS 
As -- 
WE 

WORD LNE 
WO 

OW 
C 

DATA LINE 4W a Do, Do 3v Do I A sy) A sy 

iv ( , \ spsn 
6V 6V 

PLATE P6 

a 8V a8V 
NODE IO 

f NODE O 3V fy 3V / 
"O" X w. s --------- as a am 

-- TME t 



U.S. Patent Mar. 4, 2008 Sheet 90 of 129 US RE40,132 E 

9 

ER, it is 2 o 

HE III (d CO 

s 
slas 

  



U.S. Patent Mar. 4, 2008 Sheet 91. Of 129 US RE40,132 E 

F G 58B 

spp 

DC OV 
5WBE 

WORD LINE Wo 
DUMMY WORD 
LINE DW OV 

DATA LINE 2VBE DO 
Do Do { vae ) 

NODE | 

NODE IO 
"O 

Yo OW 

I/O, I/O -- 
I/O 

-TME t 

  



U.S. Patent Mar. 4, 2008 Sheet 92 of 129 US RE40,132 E 

F G 58C 

an 4W 

spp 

DC OW 
5VBE 

WORD LINE Wo 
3VBE 

DUMMY WORD 
LINE OW OW --- 

3V DATA LINE 2ve Dovey-D 
Do Do iš(vX D. D 

Do 3VE 
$SP 2VBE 
viaas 2VE 
spSN VBE 

4V 

PLATE PO 

OV 
NODE IO 3VRE-4W 

t 

NODE 

NQDE, IO O 

Yo 

I/O, I/O 

  



U.S. Patent Mar. 4, 2008 Sheet 93 of 129 US RE40,132 E 

-- (- 
a 5 to o OO A 9 

S. S. c 
H. H. H. H. 

s HT-C s Y 
Ou-O O 

8- - f 

ro O 
O a. It 

5 : O as H H H H H X 
-S-E- Eels E 

A His it. It 
89 O IFIS I. 
al., H. His 

- 

e 
X 

R 
(N 

O Q 3A 

/ 

lé d’ ld 



U.S. Patent Mar. 4, 2008 Sheet 94 of 129 US RE40,132 E 

F G 6OB 

spp 

DC 

WORD LINE WO 
DUMMY WORD 
LINE DW 

DATA LINE 
Do Do 

qbsP 
isN 

PAE PO 

NODE IO 
t" 

NODE | 

I/OI/O 

  



U.S. Patent Mar. 4, 2008 Sheet 95 of 129 US RE40,132 E 

F G 6OC 

re- 4W 

spp 

DC OW 
5.5V 

WORD LINE Wo 
DUMMY WORD 5VBE 
LINE OW OW rare 

DATA LINE D 5VBE DO 
saas 4VBE LO 5,5: "EOsvae DoD 
$SP 4WBE 
qs 

N 5.5VBE 

PLATE PO 

2.5VBE 
NODE, IO 8VBE 

VD 

go UK D "O" BE 
4W 

YO OW 

s 5W I/O 
I/O, I/O BE 

3VBE 

I/O 
-- TME t 



U.S. Patent Mar. 4, 2008 Sheet 96 of 129 US RE40,132 E 

F G 6 

  



U.S. Patent Mar. 4, 2008 Sheet 97 of 129 US RE40,132 E 

O 
O 

  



U.S. Patent Mar. 4, 2008 Sheet 98 of 129 US RE40,132 E 

F G 62 B 

SV 
qb 
P OV 

WORD LINE 

Wo U. OV 

NODE CSP 4W 4V 

5W EV PLATE PO 

. . . . . . Do, Do S-3V-P 
t" 8V DO 8V 

5V 

NODE No 3W. or rrrr 

O 

NODE Yo OW 

g-r OW 
8V 

NODE N 3W. --- 3V up --- 

"O" QV - 






















































































































































