1A 9

kel

ayalumingaud

i
AMANYMSUBINUIBA NN
ANNuazlasaiaIvieA T

FUAYsINUITANNMaz AUl

9.1 Information Storage
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Static.

9.2.1 Volatile and Non-Volatile Memories
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9.3 Memory Capacity AND Concepts
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9.3.1

Memory Capacity

. P o A Y < o o
Capacity “ﬂQQﬂﬂim"u')Uﬂ'Jnm'l ﬂﬂﬂ1u')u1’ﬂuﬂ'ﬂ'ﬁ‘m1iﬂﬁlﬂm‘ﬂulé’

4 » [
wu WaeUaatving 3.5 17 wwilanug 144 KB mizeaamiimsieia

wheriinngeglugas 256 bit fla 16 MB g9nA15 1 9.1 HARIMLIEYEN

AIMY

[} [ ° d o o,
AN 9.1 MUIBYIINUIYANIUIINTINAIU

Unit Term Capacity (bits)
b bit 1
B Byte 8
Kb Kilobit 1,024
KB Kilobyte 8,096
Mb Megabit 1,048,580
M B Megabyte 8,388,640
Gb Gigabit 1,073,745,920
GB Gigabyte 8,589,967,360
M3 9.2 ANNVeIEIsHEhiialed
Memory IC Power of 2 Capacity (bits)
1Kb 210 1,024
2 Kb 2" 2,048
16 Kb 2" 16,384
64 Kb 216 65,536
256 Kb 218 262,144
1 Mb 220 1,048,580
4Mb._ 22 4,194,300
16 Mb 2% 16,777,216
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9.3.2 Memory Concepts

msdszgndldauvesmizsanuilunsiadudoya mu@idudoyaluglves
ANMZA N YOITLULAYASA 8 An1Ie nazlimsfmuaueaase 4 Tamuise
mnuanemasa 14 16 neamsade 0000- 1111 Tundnzueamsaaziideya

yuin 8 fafteFond1 1 lud naaslugiii 9.2

4-Bit 8-Bit
address data
(location) (conients)
0000 L bl
0001 buligl
0010 Laalearl
0011 Loveligyld
0100 [ENENESEE 16 Bytes of data
.

1101 SNRENENS
110 Lol
1111 Lo bl

517 9.2 msupaioaas tiazdeynlumiioanus

szuuntheanuiwiialed iz lWaurasy 8 ia 16 A lumsiamnudeya
v1a 16 Tud teaaTavua 4 9a 19 Address Decoder ¥1@ 4 : 16 line Tun1300ATHA

LA AYUIR 4 DA Wednmiboaus e ldluan1iz Active Low 1Weidenified

1 usaasaly 16 nomATe AW 9.3
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Address

Ay 0ld address x New address;
Data
oD, Dddua X New data
WRITE \ /
Qutputs =27 data d
00-0- Necw data
[ {, —» fl’—b

\ = sewp hng
1, = propagation delsy lime

3111 9.3 nailFlunsdoudayavasmieniud
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Data bus

n,

Adklress bus
A A
" N ny
ADDR 0k [ |
Le, Do Dy
74LS374
[ QoE Qo [o3)
ADDR (K1 [ l
c, Do D,
74L8374
QoE Qv QT
- LR AL T T
ADDR o0t [ I
be, Do D,
olp— 74L8374
1 Ay 1fp— _[OOE Cu e
20— = A N I ¢ T
Ay F] S
A g - .
§ o - - :
Ao 5 . :
T4LS154 7 - .
8 -
i -
10 p—————————— - -
"np—---
12—~
Y < S———
15
C,, Dy D,
74LS374
QOE ¢ 2;
— A, Dy - = T T 11 L
— Az D(, -
— Ao Dy
Dy[—
o ADDR 1111 [-l:
WE-—d £ D - c, o p
Dy +— 7415374
9o @ O
Block diagram = L =

7171 9.4 2aeTmirANE A 16 lud
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Fn'lo% 74183745 19 D WAurtasu 8 # lumsSafudeyauas Tri state outputs
lumsiafuteyaviia s iin fie Do-D7 Wusuma matiudindeynezshnuidedio
daynor Cp aldousoin Low fu High doyavzgniaiftnlu Qo- Q7 Taswinaugu
madsdaynlidudmafe Output Enable (OE) vziiauilu Low -

nthenueRMINNIN 1 Tu 16 UBAKRIT vespAmIaYLIA 4 1ia Ao Bunaves §
1 74 LS154 (4 to 16 Line Decoder) c‘l’f\ué’mﬁ 1 1u 16 92381 Low ni"iaﬁfgiym Enable 8U
WAL Write 151 Low

yumnsoweuiiunet lumsimuausamsadio uaziadeyn uazdoyanu
Write a1 laezunsunatannsesih inuud lemsienweamieaiud uass
Tuzaffi 03

mﬂzﬂﬁ 9.3 UDAIATTANEY Data lines 92 ADUFAIIAT (Ts) ﬁauﬁvﬂuﬁmig1m
widmezAeurein Low to High YBIAYYIU Write FIUATINUYES Word 81
weatas iz adeynizReaiiminiueuneu (valid) Tusrane Ts feu Aoy

1f8uU1In Low to High vesdyyn sl Write @115 74 LS 154 D Flip Flop

Address bus
Aq A
0 D——'T
Ay 1
2 p—
A: 3 p—
A 40—
50—
Ao 6 p— _
74LS154 7 o— | Toall OF enables
3sb— of Fig. 16.2
9po—
10 o—
1l o
E 20—
— I ¢ 13 p—
READ E, 14 D—[
15 O—l

[

717 9.5 319199 neaTaneAms N
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9.4 Static RAMs

CT 455

MINYANNSIMANUDIABNRIABINSONIT RAM  (Random  Access
Memory) 301513 anfulutm Read/Write Memory Sluviisanusigans1ai
WHumsifudeyauazidaluszunluans swayed Avin Random Access

- 9} 1 ) 9 o ] s [] ©
wedadifaunsositisuteyaldnadumismeluginssimizsariusman

qu
Uszinnwesmiisanuswiia RAM utiseaniiiu 2 Uszinnie Static uaz

Dynamic . Static RAM w30 SRAM 1§uaumasuiufiugnilunissaiiudoya

%74 Dynamic RAM %38 DRAM Tﬂﬂﬁ%’uﬁruﬁmnw°1uui‘lum1h®ﬁa§1ums

Jafudeyasrdeslinmssidselidoyansanineg
The 2147H Static MOS RAM

2147H e MiaeA1 w8 191ia Static RAM fiiendiuann Tasld
maTuTad MOS mieausues 2147H a1y 4096 (4K) AL udaz
ammiadideynvia 1 da Tasaadra5u5en71 4096x1

madansRSWTHoART A 4096 Fuva TundazRumiaezd
12 fia dumisvesmitsanuiionsaiuezisd 1A 64x64 ozisd fin A0 - AS
dmuailu Row address daunaa@In A6-Al1 Mmuaiiuneduineaasa gie

2i36A91@ Data sheet 11 307t 106 UmAs WA BIRYBIMIEAL TR Static

RAM U3 2147H Waudneu#i 161 D Flip Flop

Tuswweemshnulums@eudeyalumizsanus l”ty_mum D10 ¢
AAAYYIUAIY Tri-state buffer FQYY Y Chip select (CS) vzABIUA Low UAZ
Anyy 10 Write enable (WE) 938if1 Low damlusisysamseudsynaimiiae
AW dRyeyIni D out 925U9YARIN Tri state buffer AYYIM Chip select WADY
1A Low tnzfayey 1 Write enable if1 High Fadhumsienluannzmsei

doyaveamaennus uaasluzii 9.7
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2147H

HIGH SPEED 4096 x 1 BIT STATIC RAM

2147H-1 2147H.2 2147H.3 2147tL.3 2147H 2147HL
Max. Access Time (ns} 35 45 55 55 70 70
Max. Actlve Current {(mA) 180 180 1.90 125 160 140
Max. Standby Current {mA) 30 30 30 15 20 10
. Pinout, Function, and Power Com: . . Direct Performance Upgrade for 2147

patible to Industry Standard 2147
HMOS 1l Technology
Completely Static Memory-No Clock

or Timing Strobe Required . Directly TTL Compatible-All Inputs
. Equal Access and Cycle Times and Output

Single +5V Supply

s 0.8-2.0V Output Timing Reference
Levels n Three-State Output

The Intel® 2147H 1s a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using
HMOS-II, Intel's next generation high-performance MOS technology. It uses a uniquely innovative design
approach which provides the ease.of-ugse features associated with non-clocked static memones and the
reduced standby power dissipation associated with clocked Static memories. To the yserthis means low
standty power dissipation withcut the need for clocks, address setup and hold times, nor reduced data
rates due {3 cycle times that are longer than access times.

€S controls the power-down feature. In |gss than a cycle time after (G goes high—deselecting the 2147H
-the part automaticatty reduces its power requirements and remains In this low power standby mode ag
long as 53 r8Mains high. This device feature results in system power Savings as great as B5% 1" larger
systems. where the majority of devices are deselected.

The 2147H 15 placed 1n ar 18-pin package configured with the industry standard 2147 pingut. It IS directly
TTL compatible in ali respects: 1nputs, output, and a single + 5V supply. The data i§ read cut nondestruc-
tively and has the same Dolarity as the input data. A data input and a separate three-state output are used.

. Automatic Power-Down

s High Density 18-Pin Package

» Separate Data Input and Output

PIN CONFIGURATION LOGIC SyMmBOL BLOCX DIAGRAM
i w3 vee :: ﬁy‘—‘tf @ Vee
A (]2 111 Al — A ‘® .__.® ane
s PRI s ) B ! @
e s o ] A —E MEMORY ARRAY
ac]s 100 Ay - :‘ Oaur F— R @® E sz':.a(:r o nows
4 (e uzgm —A: ,®——E s4 coLubns
Cour (7 120 An —] Ay ™ 1
we (s 1[7 0w ] :: O] |
ey WG Dy WE CS "—_x
I
| 1 [
Dy @ COLUMM /O CIACUITS ..._DQ Doyt
. PIN NAMES GOLUMN SELECT

Ag=Ar1 ADDAESS INPUTS | vee POWER (-5V) }
WRITE ENABLE GNG  GROUND |

cs THIP SELECT

Dy OATA INPUT

[Dour  DATAGUTPUT DI @' @i @ @

Ag Ay Ay Ay Ay Ay
TRUTH TABLE &G ey
[B" MODE OUTPUT | rowER
M| X | NOY SELECTED | MM Z | STANORY
vl WRITE HIGHT | ACTIVE |, @
| wH READ Baur ACTIVE e —d

Team

o
g1/ 9.6 21478 4Kx1 Static RAM
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READ Operations N151¥813@8249959891%499A3 08189 2147H Tumisgdeya
awgildi 10.7 fueamsad iy 12 neaasaimbdlumsimuanemasaves

A u dyauduya WE sxiie High ile Tilimsgmdeya

i Address bus

2147H

Doy (> Data ot

Ay

D,WE Cs

e | (HIGH for Read)

fre

Ag=Ay x New address x

i o —

- |High impedance - High imped
2 %,_Undetermined Data valid mlldalia
DE——Te R :
Mz

Symbol Parameter l Min. I Max. Lji n it
ne Read cycle time 35 s
Tan Address access time 35 ns
!acs Chip select access time 35 ns
taz Chip deselection to high-Z out i} 30 ns

(a)

10 97 2147H Static RAM timiig waveform a) READ Cydle
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mhanlunsdsudeyouaadlugilin 0.8

i " Address bus ‘f
2147H

Dmn ™~

M A4y

D, WE CS
Data in ———= 5
O (LOW for Write)}
Y
AA "
= X New address

Symbol Parameter | Min. ' Max, | Unit
e Write cycle time 35 ns
Ty« Data valid to end of write (Setup) 20 n;
i Data hold 0 n;

{b)

71/ 9.8 Write Cycle 489%¥ 2147H
s UM A NS1 a0 n JuLARzd LM eanIEA W 2147H uea

wsaay 1 0a nadnluszuvaouinaeideamisneansany 8 19 5 1edolEsv lad

21474 8 Fnnevinuiudanaaalugalii 9.9
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Address bus (AA;;)

Ag-Ay AgAy Ay-Ap Ap-Ayy Ag-Ap Ar-Apy Ag-Ayr AgAy
. 2147H 2147TH 2147H 2147H 2147TH 2147H, 2147H 2147H
Do Dyyr L2 2 Do Do Doy Do
Dm Dtn Dm Dm =1 Dm Dm [ Din Din
WE Cs I WE [ WE CS WE CS WE cS WE (&) WE CS WE CS
4 i i ? ? 5
s

Iy

n,

D,

y

h,

P,

(a)
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2118 FAMILY
18,384 x 1 BIT DYNAMIC RAM

addressed.

2118-10 2113-12 2113.16
Maximum Access Time (ns} 100 120 150
Read, Write Cycle (ns} 23.5 270 320
Read-Modity-Write Cycle {ns) 233 320 410
= Single +5V Supply, +10% Tolerance . CAS Controlled Output s
Three-Stale, TTL Compatible
s HMOS Technology » RAS Oplv Refresh
= Low Power: 150 mW Max. Operating . 128 Refresh Cycles Required
11 mW Max. Standby Every 2ms
. Page Mode and Hidden
m Low Vpp Current Transients Rgfresh Capability
u All Inputs, Including Clocks, a Allows Negative Overshoot
TTL Compatible ViL min = -2V

The Intel® 2118 is a 16,384 word by t-bit Dynamic MOS RAM designed to operate from a single +5V power supply. The

" 2118 is fabricated using HMOS — a production proven process for hlgh performance, high reliability, and high storage

density.

The 2118 uses a single transisior dynamic storage ceil and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typicai of dynamic RAM operation. These low
current transients contribute to the high noise immunity of the 2118 in a system environment.

Multiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry standard
16-pin DIP. The two 7-bit address words are latched into the 2118 by the two TTL clocks, Row Address Strobe (ﬁ“S) and
Column Address Strobe (CAS) Non-critical liming requirements for RAS and CAS aliow use of the address. multiplexing
technique while maintaining high performance.

The 2118 three-state oulput is controlled by CAS. independent of RAS, After a valid read or read-modify-write cycle data
is laiched on the output by holding CAS low. Thedata out pin is returned to the high impedance state by returning CAS to
a high state. The 2118 hidden refresh feature allows CAS to be held low to maintain iatched data while FTAS is used to
execute FIAS-only refresh cyclas,

The single transistor storage cell requires refreshing for data retention. Retrashing is accomplished by performing AAS-
anly refresh cycles. hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ag through
A, during a 2ms period. A write cycle will refresh stored data on all bita of the selectad row except the bit which is

PIN BLOCK DIAGRAM
CONFIGURATION LOGIC SYMBOL

» 108 0
- ry #6012 EELL
* [ 134 AOW
P Py ~ AT MEMORY ARRAY
—a; A RO
—fay Ow A Va5 sENSE
—a A 1 AMPLIFIERE
N A 1 OF #4 COLUSMY
% » 'y L | DECODERS
U PR V1Y aad Ay N
W 4 sy {7
e v ToFm
1aTCH eV HCRL
—<jcas (COLmN| how MEMGRY ARRAT
ne ]
?
Ao A4 ADDPESS INPUTS T
CAS _ COLUMN ADORESS STADBE TLocx ciocx - DATa
Dw__ OATa B Jcininaton GENERATOR ENASLE T
[N NO. 1 w2 WEFER [l
WE  wAITE ENABLE i
FAl  ROW ADURESS §YTROCE W 1
Vo MOWER Sy
h 13 GROUND
(a)

3141 9.11 The2118 16K x 1 Dynamic RAM

CT 455



10.5 Dynamic RAMs

oA 1%1iA Dynamic RAM iThiasesiifianmgeeinunmisaaudwila
Static RAM miﬂmqnﬂdwsﬁaﬁﬂﬁaﬁmm:ﬁmmnumu'uqq mstlszgndlFauezinn
unufinizeaus1wiia satic RAM 20esnelussidanhdme suumuiniurosy
nazanhiFineinaResns recharge YN 2 ms Lﬁﬁ)i"nmﬂﬂmﬂay,aclﬁ'ﬂmg: ITU 16K x 1
Dynamic RAM 484 Intel 2118 f}'i‘ltlﬂ:!ﬁﬂﬂinﬂmﬂgﬂﬁ 9.10

wiheanuswiladilieansaanus 16384 teamsauazueamsasu 14
T gmisinulugli 10,11 2) vamaieansa 7 i fle A0 - A6 iifssnmiifumisai
fwwalng neamsadavzuiaiiu 2 nquaguas 7 G utailu Row Address (RAS) uay
Column Address (CAS)

nsnuqualnsaiizAedinisdmuaueamsainivew 7 Savesmizemmid
fmualudiuves ROW As A0 -A6 uazdsFyanuueamsaa Tasy (Strobe) (RAS) 1Tu
#1 LOW e lilnsmuguisz Amuaneaasadn 7 fia Amualudiuues COLUMN Ty
HBAIATE AO- A6 Unzasdya meamsaalasy (CAS) ifuA1LOW

dyan WE s21¥ Tasasaueaigdnsnsemmazasiisumoudumizsaiiud
¥iia Static RAM ife WE finuiiu Low deyaszgnidivunsly RAM M Din uddh WE

fif iy High Yoyaezgne1ueIn RAM N1 D out

RAS N\

CAS \,
Addresses %w address )¢ Column adm
| — texe —]
Do, High impedance RAC > g

.\ Valid data out

e s = access time from CAS
fkac = access time from RAS

4
;ﬂ'n 9.12 a) Dynamic RAM Read cycle
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RAS \

CAS N

[
Addresses Xlow address x Column address)(
'( I3 ;““ ‘Di ‘—’(

D, X valid data in Y

Iy = setup time befo@
{131 = hold time after CAS

71/ 9.12 b) %8 Dynamic RAM Write cycle

Read Cycle Timing ( 31'17; 912a)

1. WE %! HIGH

2. A0-A6 fimuailusl ROW ADDRESS uay RAS fif1 LOW

3. A0-A6 fmuadium COLUMN ADDRESS 1iag CAS i1 LOW

o Y a2 ¥ ' ) vow A
4, “ﬂQ‘J'\ﬂnﬂ'lm1ﬂQ\|ﬂHﬂﬂ'l‘Uﬂq RAS 1@y CAS 92AINIUAN ‘Uﬂi‘.]ﬁul‘lh'\

P
Dout AN

Write Cycle Timing ( 31]‘?; 9.12b)

1. WE i Low

2. AO-A6 fitnuaitlufin ROW ADDRESS iiaz RAS fifi1 Low

3. AO-A6 Amuaiilus) COLUMN ADDRESS iiaz CAS fif1 Low

4. ynzfnAous191n HIGH to LOW Y8948 CAS 5¥/Uv8d Din seiaiideya
ftmualuieainsayss ROW 1Az COLUMN A1V94 Din segnifaneuiie

ez T undan1nvou HIGH to LOW 983 CAS fhaugndes

CT 455



CT 455

Refresh Cycle Timing

Tundaz ROW 49991491 128 ROW ¥4 10 2118 32A89ln15 SN T3

finszurumsssmneavesniion s 3 nede

1. READ CYCLE
2. WRITE CYCLE

3. RAS « Only Cycle

High-order hex digit
A A Arn Ays
RD
+—O EN, 0 o—————— To EPROM |
O EN, 1 o————— TOEPROM 2
20— ToEPROM 3
I—— EN, 3pp————— To EPROM 4
4 p————— TOo EPROM 5
Ao 5 P————— To EPROM 6
A 6 p———~——— To EPROM 7
A, 7 fp————— TOEPROM 8
74L5138
——OE_N]—(JO——- To EPROM 9
0 —0 £N, 1 P———— To EPROM 10
2p————— ToEPROM 11
EN, 3p———— To EPROM 12
4Pp———— ToEPROM 13
______ A 5 To EPROM 14
i A, 6 To EPROM 15
| A, 7 To EPROM 16
7415138
Expanding the memory of Figure 1613 to 64K bytes.
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S Address bus ;

| "
AO Dm
. Dy, r———‘
:. I: Aq
— O RAS
3242 _
@ —CAS
AO : WE
L e 7
Az s
Dynamic
RAM
controller
Refresh o
enable Zero
Row
enable ]
. 2
Count 2
[
-
2118 b
U t AO Dm T
: Dnul
Ag
—RAS
—OICAS
WE LA~

gﬂﬁ 9.13 3242 Address Multiplexer and refresh counter in 16K x 4 Dynamic RAM
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9.5 READ ONLY MEMORIES

CT 455

ROM Aemisauiwiia 1C MlFlumssafudoyasdnnns fiany
musolunsihdedeyauvuguuazifuyiia NON _ VOLATILE nunefadeya
o L] r Y dy 7] & (=] '
figadaiulumizsanuwiladie hifinsgameadie lufinadwnszue i
rROM fitlsz Toniluns 1$Saifuszumlfiamsvesneuiiames duannn

r’s AR - | e g ¢ 1
aouRmes nioulszdlsuo

rRoM Tawi Tmsinuszeedwdsima: Tuannsotiufindeyans
1180 nadiil RoM vedszinniiamisaau 1A 156031 EPROM (Erasable
Programmable READ ONLY MEMORY)

514 914 2716 EPROM IC

299



71919 10. EPROM #a¥ EEPROM

Part No. Organization Description
2716 2K x 8 UV-erasable MOS EPROM
2764 8K x 8 UV-erasable MOS EPROM
27256 32K x 8 UV-erasable MOSEPROM
27512 64K x 8 -UV-erasable MOS EPROM
271024 64Kx 16 UV-erasable MOS EPROM
272048 128K x 16 UV-erasable MOSEPROM
2816 2K x 8 Electrically erasable MOS EEPROM
2864 8K x 8 Electrically erasable MOS EEPROM
27F64 8K x 8 Flash electrically erasable MOS EEPROM
27F256 32K x 8 Flash electrically erasable MOS EEPROM

A
é
14
r
.
5
s
b
u
s
CEIPGM OF
Addresses x Addresses valid K-

Ag-Ay

CEIFGM /
e “‘-‘"4
o e 'nr
for ‘0K

tare
ACC High

g:fg; HighZ Valid output
\S S e
Undetermined
tyce = address to output delay (45C ns)
g = CEto output delay (450 ns)
lop = OE 10 output delay (120 ns)
the = OE HIGH to output float (100 ns)
fon = output hold " (O ns)

{a)

311 9.15 2716 EPROM Read Cycle
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b)

CT 455

Addresses

Data

CEIPGM

F- o
2716
2K x8
EPROM
2 = A.(’ O.O A g
2 . Ko B
£ N CIN——
3 Ao 0, =]
25V —riyV,
4 OE
L
CEIPGM 5V

Addresses valid

X Data in valid
ey Ty - yy ——>
A Programming N
pulse
50ms LA

i fas

fag = address setup time (2 H§ min)
Ipg = data setup time (2 15 min)
!4y = address hold time (2 L8 min)
p = data hold time (2 Hs min)

51#1 9.15 b) 2716 EPROM Program Cycle
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19679 AISVLIWHUIANNT AL NTORTHALIDAIAS T

R T i
ArafA 13412 [Ass :
3l |1
<) <€
a2 e
VI N\ §
Ag-Ays Microprocessor > i
RD '
—r ]
2732 (4K x 8) |
.Eb ADDR 0000-0FFF | Dy Dy (&) >
‘) (04K )
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