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‘ DDR H Output H FsSB H Peak Bandwidth ‘
PC1600 | (200Mh2) | 100Mhz | 1.66B/sec |
PC2100 | (266Mhz) | 133Mhz |2.16B/sec |
PC2700 | (333Mh2) | 166Mhz | 2.7GB/sec |
PC3200 | (400Mh2) | 200Mhz | 3.26B/sec |
PC3700 | (466Mh2) | 233Mhz | 3.7GB/sec |
PC4000 | (500Mhz) | 250Mhz | 4.06B/sec |
PCa200 | (533Mh2) | 266Mhz |4.26B/sec |
‘ DDR2 H Output H FSB H Peak Bandwidth ‘
PC2-3200 | (400Mh2) | 200Mhz | 3.26B/sec |
PC2-4300 | (533Mh2) | 266Mhz | 4.36B/sec |
PC2-5300 | (667Mh2) | 333Mhz | 5.36B/sec |
PC2-5400 | (675Mh2) | 337Mhz | 5.4GB/sec |
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PC2-7200 | (900Mhz) | 450Mhz | 7.26B/sec |
PC2-8000 | (1000Mh2) | 500Mhz | 8.0GB/sec |
PC2-8500 | (1066Mh2) | 533Mhz | 8.56B/sec |
‘ DDR3 H Output H FSB H Peak Bandwidth ‘
PC3-8500 | (1066Mh2) | 533Mhz | 8.56B/sec |
PC3-10600 | (1333Mh2) | 666Mhz | 10.6GB/sec |
PC3-11000 | (1375Mh2) | 687Mhz | 11.06B/sec |
PC3-12800 | (1600Mh2) | 800Mhz | 12.86B/sec |

L@‘igsl{.o.:).wsDDR , DDR2, DDR3 ébd.léébﬂ‘sérg:l“]s.\q

: Saolod slbb alisl> o (Refresh) Jlw,je, 4

31 e ol oLl 30 LS g Cawl ouls o0l ‘;,LJ:J5 o jo a5 jghilod ¢ Soluo by alidls LSl o
a5, (6115 b alidlo Jpbs 55 50 5155 8590 (35 . Consl ookl o8liiuol gy 3l 53 9 3316

www. Par sBook. or g


https://telegram.me/karnil
www.karnil.com

3 b=y samo L 5)ab ol (1 Blaio) sl oudls 5L (35 &5 (olS0B . wbl (00 550 51 JIB L g
5Ly ool 51 g o o315 3Ldg el Gl el 5L auds ol 09 (o0 Ands Sl by G
cBLET 5l ek jabiio 4. 09 wwled 1 (i grlaw Byme 1505 ¢ 39 5 ol jlxe ludie
@ ollae ol ). Wigdh oo ouwoli REFTEsh wiyjlue a5 05,5 o0 a8lol Soliys alidl> a4 STyl
111 e glls atibls ol ails 5Ly pebauw « i 55 . Wil oo b alidl> SleMbl Sluyjs)
ol by 5Ldy 50 1y yho Bl (g1l aliblo sl ails 5Ly gebaws g« ghiie (T 4 L o 5Ly

Ca 10 (o0 oSS e

_90s__dosvs . dvs
dt dt dt

L= @

bl oo id ol 1L g o)l ol 5U0s VS ¢ Seoliys alils o3l CS o (1) alafy 5o

Vst

Xy
/n:m Logic 1 Voltage

vl -2

Obw)393 4 Hlae (9 ¢ (Gt by F1 50 Gloj (! (Saweliys aliSl> 515 Wy Hloges : 13 S

cal oo il loy b i by T 50 3 5L ¢ Cawl suls 00ls i 13 UGl yo a5 jghailon
dilyl oo 4 Cawl ildg JBlas Ly cpl . Cawl o 0015 i les JSCi (! jo VI 5Ldg ol b (g5Lg
plaml Slwy 395 4 Joe wsb T 51 Jud a5 cawl Sloj th oylo azis yo . avd Gl 1)1 Glaio o

L

IL=—CsA—VS—>th= Cs AVs  (2)
At I

c T g0 iy 3 bl 51 Gl 59 43 LS55 g

1
frefresh :m ©)

p3¥ ¢ Gloj (e A G (510 A 0 g Al (oo Al (o Wiz 390 50 (Glw )iy 4 o)
Al 4l 950 25 3gus 10 (3w 50 Calll sledol> pae Job ol
1
N Ny

_Z'G:

(4)

TR

www. Par sBook. or g


https://telegram.me/karnil
www.karnil.com

PG (o0 (D pr0 Cpi 4) akly yo polio
o :Capture cross section of the trap
Vi, : Minority carrier thermal velocity
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2310 oo il (o0 b2 (] 50 Lebole (ot 45 (2) 9 (1) oy 4 Lo Aoyl 5o . Ly
TSl padimnmo s 3145 Jlo 5 — o0 )X &9 395 90 31 (retention time ) . laalss yloj &9 398
) intrinsic (Main) asLis 99 . cuwl Al JuSid srozs Jloda! S o ¢ 15 sl adile « ol a8l
L Ogs o0 oudline Sz o (lds ) extrinsic (tail) ¢ ( Lol

ol Al Jolos Sy 50 (G35 5l i JuSS (gl : 14
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abdl> Jolw S gl (Passive retention) g luals by Soww : 15 g
Gl o Jolu 50 5k Jbb 65,51 (635 051l blis ooms oLid S 4o 1 a0 50

ooy oSl (5 5ol g5 (5,1l sleilo) b (ledabu 1 a5 15 S e (Tall) llio 2595 s
oo S30xo [y DRAM 5 ,Slas « 59 o0 Jobis 1y alibls olo ails JS 51 oS s Slaxi 5« ol
Jlo 50 (o 3 Canmnd (0l (595 32 iz 31 (6 5lommn - Sl T 41 Dguimo i axlad il 5 gl
[8] 9[5], [7], [6] wiisls (oo (2
232 Olg= 4 ZN 9 AU 3l Juol> (G-R) S 53k 5 sdgi sl y2 « L sl s (ool 2 [6] o
as (TFE) Thermionic field enhanced s julso < [5] 5o . ol suis slgguiion b 32 oyl o
GIDL ([7,8] 35 culed 3o 9 cowl ousis Slpaciian ol Jole oylgie 43 95 o0 Juol> Jlail a3
- el ol By o0 s MOS o tall allis 2595 (b ynd (31 yinten 31 (S (ylgis &
Sl oul plonil alidl> sledgbw 0bj pxo S 50 (5 ©jge 4 L (6 oIl wlidizx 35T )0
25 9S50 1y Wake IS o 31 20 1070 sgus 50 L (traill) Wlis sledgbus a5 T
Iy gy dmrls 45 S (oo ;5 Lo UBlgo dulne (S yd 1 ST 1 anmlono by ¢l b azetd
F ool dslovo Losdiitno 1) Al sledglw Cluogas g (b Wl 1S o 0 10
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09 (0 Jos

' Ty

@ Choosing cells from
within small t,, intervals

Measurement of (T, VBB, VNWLL)
@ for all cells individually

@ Calculation of activation energics E,
{with VBB & VNWLL as parameters)
e s

Al sledgls Sluogas 3,5 adivo Joly0 16 JSC
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Leakage Sensitivity Function (A)

Y Position (nm) 250 g

S9b (g0 oaaliie (P15 CurBsn 9 TrAP (P (5551 3 (s Ol o2l 0 — (S Gl Sl U218 IO

oo

maximum at the
_ gate overlap region
P

E=-013eV

150

100

* X Position (nm)

10— & 3
= [ ——region A+B ]
< 10 F= = region A 3
2 F—-=—regionB -
= 10§ -7 T3
= E T=77°C, V=0 V - 3
[=] : 3
A oaf :
o 107k :
Zz f 7y 3
et -1
= 10 F J.‘ IEL»v‘/ region A 3
E 1o 3 " region B !
G f ! :

1{}.1 L1 a PR | A e

0.1 1 10 100

(B >19) 219 plw 9 (A axli) gate overlap asb yo 6,10l yloj piaw 1 19 S

Retention Time (arbitrary unit)

]U'": :
-~ Nk
<10
=]
ok}
=
= -14 | |
S0 ;
= normal cells : Tppr ~ 15 (2. 0.)
2
=
5
]

et .T=T?“'L“_‘~ V=25 ‘I\f tf'n“:_?_g W

-1.5 -1.0 -0.5 0.0
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"

Leakage Current (A)

“T=17°C, V=0V, Vog=-0.8 V
0.0 ‘ 0.5 1.0 I 1.5 ‘ 2.0 . 25 ‘ 3.0
Storage Node Bias (V)

Fyoxe 9 ALis sledgbu ;9 05253 LU (Wbl & (SLlS by (Samly 121 S0
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1E01 _
=
é 102 §1£'14
£ 1E03
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g 1504 1E-15
B 3
3 1EL05
E
3 1E08 | §.1E4E
1E07 _
1EDB 1E-17 EE
Data retention time Tret [a.u] 01 2 3 4 5 6 7 8 9
Crain voltage Vd [V]
1E-13 1E10

O e ol ket afler re-ox Idalion
noRTO=RTARTON RTO2Z<ATOI 1E-41

1E-14 1E42

1E-13
1E-14
1E15
1E-18 } g
JE47 Lovas

1E-15

Leakage cument [A/cell]

1E-16 | gl ki

01 2 3 4 5 868 7V 8 8
Drain voltage Vd [V]

0290 5y 4 (S oy (Soly 22 IS
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0 1 2 3 4 3 6 T

Activation energy Ea [e

0 Fo o afaaaadasnafonaaboans o iaboy i Lyl
o 1 2 3 4 5 6 TF B8

Drain voltage \Vd [V]
200 3y 9 ol Az o & (Sl e (Soly (3) 123 Ui
299 56 4 g3be Jled (65! (Kinls (D)
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T(C)

10+ 1_2'DI1UD . 80 &0 40
' (A)
(B}
1']-12 |
I 9]
1073
(3]
<
= {A} Trench + LOCOS
1014 i
U (
{B) Trench
. | | e Qa = 0.68eV
105 | [ &
| C) Locos
( v ' Qa = 1.19eV
10-15 h A | ke | L " L
2.0 2.5 3.0 3.5

1000/ T (K)

(c) Trench 43t (D) LOCOS (g3lw algil g Trench 3 (8) @yl 4z yo 4y i ol yo Sowly (8) 124 Jsio
Locos (g3lw ag 3!

)y |) aJlio u.-:‘ C.’l_u Le‘.u l:u;‘ 3o Lo &5 Sl o0 00)3]- [4] éa}oﬂ ‘S)ig.é ‘SLQJS.N 2yy°
ol 05T 1y T SIS oo 55 33250 (SLedSci L 5 il 03905

( set temperature + soak

-
select cell + subarray

i ™

set voltage settings

measure tg,
jusing interval halving scheme)

next voltage settings
L.

next cell
L.

L next temperature

[4]6.").0 30 tRet LS)?: o3lail Jolpo 25 Js<s
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[4] a2 7o 5o 651585 Jokaw 33 et dnlone Jolyo 2 26 JSi

[4] @ 7o 59 5o 581 Jolw 98 (5 ol oy 1 27 S

[4]a= 70 5915 Ui ;o A sldsbu sl Ea a3 1 28 S
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- ol o0 6315 i Lo sl o 4311 (Refresh) swsilu 39,
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[18] 4 [17] &= o 4o sence amplifier : 29 Jsui

} vp(t)

vg(t)

| [ L
50 L] a0 wmno L&D 200 30 3o a0
Time (¥5)
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STORAGE CELL
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REFERENCE CELL

[20] &= o 4o sence amplifier : 33 Jsi
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VOLTAGE (V)
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] 02x10"7 04x10T 06«10 0B8x10-7

TIME (s}
33 Uil 5o caliseo blis 5Ly zge JSi 134 Sl

Vm,

[ vkl T

I
A

J- L

[22] &> o 4o sence amplifier : 36 Jsis
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Node Voltage (V)
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' Thermometer Block
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5 Temperature  —p Integrating = : §§
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) Temperature |
Self refresh execution |
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Conventional | | | Refresh Refresh | | | Fuse
Salf rafresh ! Period Period : Boxes
Logic || Generato Selector | (8)

[24] &= 0 30 Loy 395 4 5low pl SLo Seby: 42 S

- Gl 00 00,91 43 IS wiile (ol 515 Sobs 35 [25] @ 0 50 9

www. Par sBook. or g


https://telegram.me/karnil
www.karnil.com

[25] a2 30 50 b 335 41 sl pl,SL0 Saly 1 43 S

395 4 Lells alidlo b &l coled ¢ (Flw) 3y &1 (g ol 39 ¢ Sgb (o0 09343 JSU 50 oS jshailon
bl o oolaiwl Jlo 50 a5 Wigh 0 ouilw gy a aladls 1 oy Al Lid asl . wiglh o oilw,
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Algorithm:
Inifializaton- all banks ave in refresh mode, the last bank iz rhe
fazh cache; all pages in DRAM are inacnive;

Att=1¢2
find minimum numbsr of memeory baniz that allocare all active

pages; move other banks fo non-refesh mode;
Jor each access to a page AP
ifpage is in DRAM, access AP divectly,
else
{find an mactive page (RP) in (hon-cache) DREAM refresh-
ifno inactive pages then
if there iz a non-refiesh bank, then move it fo refresh
mode; (RF = the first page in this bank);
else
{ find CFLRU page (CFP),
if CFF is divty, then move CFP o cache,
load demand page to EP jor CFPi page |}

}
do page & bank aging
end

move page to cache:

find an empty page (EF) in cache;

if EF is not found
Jind a non-refiresh bank (WEB) in DRAM;

if NRE exists, then move NRB to cache;
let EF be fivst page in this bank;

Else
{find LRL cache page (LP) ;
stove content of LP to the flash memory;
empiy page LP; ]
drop page to empiy page EF (or LP);
Page & bank aging:
Jor each cache bank do
{for each cache page do
{if page iz not accessed in 13, drop page fo flash, empty page;
else ifa cache bank has only empty pages
then mave the bank ro the non-refresh modall
Jor each refresh non-cache bank do
{for each refiesh page (RF) do
{if P is not accessed in t]
then if RP is dirty, then move BP to cache:
move RP fo the mactive mode;
if bamk has nie active pages, move it fo the non-refresh mode }

}

. (Backup) cew! susis solisw!

bank, _ banks
el 1 [
| ol swap NAND
DRAM : swap ot
L[ 1 | .
k\_
Load fo DRAM

[26] : a2y 30 o0 aslyl gy I (Selos 145 Y
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Sl il jloms (5 5L 9 99 Ais s Sz 95 s Slsl 50 Wilgi (o0 ¢ oy Sz gF s JLiS Lo
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Double—barrier
Left—side Buffer ’Spu-r ISp-mI Right—side Bulfer
i R
Lo, oM | oM low |«

1
! | |
' ' |
Eqn. i I I

4
|
I
I
I
I
I
1
]

RTD wib s bo : 46 JSb

- Sl oo 03591 47 S 50 us axkad ! 1-V aazive

16 - . - T - =

14} STRUCTURE] T = 300 K

CURRENT (mA)
.

0 00 D2 DBI 04 0F 08 07 0F 08 1
VOLTAGE (V)
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I | Vn
cs \/ Driver RTD
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