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" I
Types of Memory Devices

Two main types of memory:

m ROM
Read Only Memory
Non Volatile data storage (remains valid after power off)
For permanent storage of system software and data
Can be PROM, EPROM or EEPROM (Flash) memory

m RAM
Random Access Memory
Volatile data storage (data disappears after power off)
For temporary storage of application software and data
Can be SRAM (static) or DRAM (dynamic)
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Memory Pin Connections

m Address Inputs:

Select the required location in
memory.

Address lines are numbered from
A, to as many as required to
address all memory locations Address

Example: 12-bit address: A,-A,;
= 212 = 4K memory locations

Today’s memory devices range in
capacities upto 1G locations (30

address lines)

Connections

Example: 4K memory: 12 bits:
OOOH-FFFH. e.g. from

to

40

FFFH.
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Memory Pin Connections

m Data Inputs/Outputs (RAM)
Data Outputs (ROM)

Number of lines = width of data
storage, usually a byte DO-D7
(M=7)

Wider processor data buses use
multiple of such byte-wide
memory devices, e.g. 64-bit

— 8 x 8-bit devices

Sometimes the total memory
capacity is expressed in bits, e.g.
a 64K x 8-bit = 512 Kbit
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Memory Pin Connections

m Control Inputs:

Chip Enable (CE/), or Chip Select
(CS/), or simply Select (S/): Select
the memory device for READ or
WRITE operations.

In addition, Indicate whether you
want to READ or Write:

READ: Enable device output for
READ operations (only operation on
ROMS) using OE/ or G/. If not
enabled, output will be Hi-Z (floating)

WRITE: (for RAM only) Enable
device for writing using WE/ input.

Should not be active simultaneously
with #OE

Some memory devices have one
READ/WRITE control: R/#W
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"
Memory Organization

m  Many memory device are 8-bits in width.

m A4K x 8 memory contains 4,096 (4K) memory locations, each
containing 8-bits

m Al6M x 4 memory has 16 M memory locations, each being 4-bits
wide

m A512M byte DDR* memory card for your PC is organized as a
64M x 8 bytes. It contains eight 64M x 8 bit memory devices
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" S
Read Only Memory Devices

Many Types of read only memory: (Programming getting easier...)

m ROM
Device permanently programmed in factory by manufacturer
Must be large number (10,000 pieces) to justify cost
Once manufactured, can not be erased or reprogrammed

m PROM
Programmable ROM (Programmed once)

When number of devices is too small to justify high factory
programming cost

Programmed in a PROM programmer that burns fuse kinks
Once programmed, can not be erased for reprogramming
Changes? Throw away and program another one!
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" J
Read Only Memory Devices (Cont’d)

m EPROM
Erasable Programmable ROM (Programmed many)

Used when contents need to be changed, e.g. during the
development phase of a product

Reprogrammed in an EPROM programmer

Erased by exposure to UV light for say 20 minutes before
reprogramming

s EEPROM

Electrically Erasable Programmable ROM (Programmed many ...
and in situ)

Other names: RMM (Read mostly memory), NOVRAM (Non Volatile
RAM), Flash memory

Erasing and reprogramming is made so easy (and in situ) that it can
be thought of as writing (hence RAM, but with data not volatile)

But erasing/writing takes longer time than writing into a RAM, but this
Is OK since it is less frequent

Applications: BIOS, Memory for digital cameras and MP3 audio
players, USB storage devices
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"
EPROM

0 2K X 8 read only memory

LS

1 bit + 10 bits\= 11 Address inputs

8 Data outputs

m  Members of the 27XXXX family:
2704 |:512x8

27108 |:1Kx8
2116 |:2Kx 8
2032 |:4Kx 8
27164 |:8Kx8

27128 |: 16K x 8
27256 |: 32K x 8

. = Memory capacity
27512 |: 64K x8  TheY

271024 :128Kx8 _~
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PIN CONFIGURATION
Address

A7O1 2 0Ve

he 2 23 [ Ag

A5O3 22 DA

.Iﬁq;l,c 5 21 II|.|'|:Jn|:ln

aads| | eopes ™

A06| oL 190A

A107| —| 180PDPGH

ApClB c't] Hi[

pOo 1600

Q1 1500g

0,0 11 14 [104
GND O 12 13003

Data
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" J
EPROM (2764A)

i

a 8 o D o
E8RE8E eproM EEEREE
As Ypp Ypp VYpp o \./ 1 Voo Yoo Voo Vee
Av Az Ar Ae O ] PGM PGM Au  Au
Ar Ar Ar A7 Ar Ar Q° \_/ [1 Yoo Voo NC. A Az Asw
As As As As As As [ 1 A2 As As Ar Ao Ao
As As As As As As [ 1 Ae As Ae As As As
A+ Ad As Ad A A4 O M| VPP An An  An An  An
As As As As As As 1 OEVpp/OEOE OF O Vpp/OE
Az Az A Ar A Az O 1 Ao Ao A Av An Ao
Achip | Addresses A A A A A AT N E G GEGE G GE
CE/ Chip Enable Ao Ao Ao Av Ao Ao O 0 Dr Dy Dr Dy Dy D
OE/ Output Enable Do Do Do Do Do Do [ [1 Ds Ds Ds Ds Ds Ds
0007 Outputs D Di Di D Di Dy O 1 Ds Ds Ds Ds Ds Ds
PGM/ Program P: D: D: D: D2 D: O 1 D+ Ds D4 Ds Ds Ds
N.C. Not Connected GND GND GND GND GND GND [ 1 D Ds Ds Ds Ds Ds
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"
EPROM Timing Parameters

27512 27256 | 27128A 2764A 27T120A | 27256 27512
270512 | 27C2s6 | 27cizs | 2 O2A | 2718 s I8 | WA | aeizs | 27cese | 27051z
Ars Vpp Vep ¥Yere (1 np) t:,_; VC'JG v':': v':":
Aqz Az Age Az E : 71 PaM PG Ava Ay
Ay Az Az Ay Az A s nll N Voo Voo Ayg Aqg Agg
Pe As As Ao | Ae Ao LY4 2D A Ag Ag Ag Ag Ag
As As As As As A, (s U Ay Ag Ag Ag Ag Ag
By Ay Ay Ay Ay s np 2 Vep Ay LYY Ayy Ay
An Ag Asg A3 As AT ] Gf -l OE/Vpp OFE (a] OE/Vpe >

AE Fl.z I'l? ﬁ.z ﬁ!z A (e N3 ‘_IU ﬁ“] Aspn LT A An
Ay Aq Ay Ay Ay A, Os [ CE < _CE (53 CE &E CE_ >
Ag Ag Ag Ao Ag A: Q1o ol S 0r 07 07 07 07
Oy Og Op Op Op 0 1 it 2D Og Og Us s Og
4 04 O O 4 a. (]2 T o, Os g Og Qg Qs
O 0, Oa 03 02 o; [ 6] o, 0y 04 04 Oy 04
GND GND GND GND | GND GND (14 15[ o, O Oq 04 04 Og
EPROM
Buffered :
Address ADDRESS
t Acc
CE/ t DATA
EPROMCS| > CE....
MEMR  ——r
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" S
EPROM Timing Parameters (2764A )

A.C. WAVEFORMS

Yin

=

-
=S als F

Lﬁﬂﬂ

- g ton

A

{

.

- ipgld)

—
HIGH I HIGH Z
VALID OUTPUT
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" S
EPROM Timing Parameters (2764A )

READ OPERATION
D.C. CHARACTERISTICS 0°C < Tp < +70°C

Symbol Parameter Limits Conditions
Min Max Unit
Iy Input Load Current 10 nA Vin = OVto Ve
ILo Qutput Leakage Current 10 i VYout = 0V to Vo
Ippl2} Vpp Current Read 5 mA Vpp = 5.5V
Isg Vo Current Standby 35 mA CE = Vi
lecl@) Voo Current Aclive 75 mA CE=0E = v
ViL Input Low Voltage =01 +0.8 \
ViH Input High Voltage 20 Veg + 1 v
VoL QOutput Low Voltage 0.45 v loL = 2.1 mA
Vou Output High Vohage 24 Vv low = —400 uA
Vppl2) Vpp Read Voltage 38 Veo v Yoo = 5.0V £0.25V
A.C. CHARACTERISTICS 0°C < Ta < +70°C
Versions(4) Voo 5% 2764A-1 2764A-2 2764A Test
Ve £ 10% 2764A-20 2764A-25 Unit Conditions
Symbol Paramatar Min Max Min Max Min Max
tacc Address to 1680 200 250 ns CE=DE=v,_
Output Delay
tee CE to Output 180 200 250 ns OE=v,L
Delay
tog OE 1o Output 65 75 100 ns CE=v)
Delay
tori3 OE High to 0 55 0 55 0 60 ns CE=v,
Output Float
tont Output Hold 0 0 0 ns CE=CE~V)_
from Address,
CEorOE
Whichever
Occurred First
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" A
Example: Interfacing EPROM to 8088-2

Vee

Vee

75K Ohm

j\_4.7 uf

> RES/

10MHz Crystal
|—I 0 I‘|
§184A
FIC/ RESET

EFI
csyye LK

AENY

RDY1
RDY2
ASYNC/
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8088 AD(-7, A8-15,AS16-A19
<F > BA(-BA19
1 >
0
900 Decoding |
o 1418245 Circuit
/:Q BD(-7 -
MNMY  |DEN p
DTN d =2
=
INTR
NMI 43 > MEMR/
HOLD
TEST/ MEMW/ RAVAV
r OF/ Eppom
4>o I0R/
_LOW/
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" A
Example: Interfacing EPROM to 8088-2

T T2 T3 T4
125 <T¢ . <500ns Telen =68ns Tenel = 44ns

ak [ /v [/

10 < T,y < 60NS 10 =[Tep is 50ns Tover = 20ns | Te py =10Ns

AD0-7 Address

TCLLH <50ns — |<— —

ALE —

\f— T <55 n9

T

Buffered |
—

{ Buffered Address »

Address < 60”3 + tLATCH

—

S

EPROMCS/

- 4:_ TC-IIP_SELECT < 6Or]S_'_tLATCH +tDECODE F

/-

10 <M g =100NS— | —  |«—10 <T|gy <80ns

RD/ \ /

L_EUTPU[ENABLE S]'OO/ ST $4L$257

MEMR/ }\ /
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"
Example: Interfacing EPROM to 8088-2

EPROM_OUTPUT = MAX{60ns +1t, xrcri+tace s 00NS + 1, arcn + toecoder + e » T +100NS +tog + 1., soaat toet

Data_Avaiable_to_8088 =t,,, s,4s+ MAX{60NS + 1, \rcri+tace » O0NS + 1t atcn + toecoder+ Lo » Ty +100NS +tog + 1,4 soast o)

T T2 T3 T4
125 ns |
(K ./ [ [ J(* \_
— 60£)i Tover = %Ons « T:C,_DX =10ns
_ ] ] ADO'7 Addl‘ess > GaLs245 < DNS—>| 4= Datfﬁ »
it sty 2 Data Available eo 808 T
ALE __/ \ 65 ns /_
60 ns + ¢ Latch + tACC
BA0-19 Buffered Address >
G0ins + t Latch * tDecoder+ tCE
EPROMCS) )L [~
100 ns
RD/ /
125 ns+ 100ns +1OR + t74L.5244 + {OF
MEMR/ /
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"
RAM Memory Devices

m Writing is needed more often than with EEPROMs
— should be easier and faster.

m Two main types of RAM:
Static RAM
Dynamic RAM
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" J
Static RAM (SRAM)

m A relatively complex cell circuit (several transistors per bit
storage)

m That is why static RAM devices are more expensive and
are typically smaller in capacity compared to dynamic RAM

(A given # of transistors available on a chip gives fewer
memory locations)

m Faster than dynamic RAMs, speeds down to 1 ns access
time are now possible

m Used for high speed cache memories

m Itis rarely the case that a large computer RAM uses only
static memory type
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Static RAM Example: the 4016

m 2K x 8 RAM (same size as the 2716)

m 11 bit address (A0-A10),

8-bit data (DQ1-DQ8): Data in/Data
out

m Also produced with the numbers
2016, 4116, 6116, and 9028

m CS/is S/, OE/ (RD/) is G/, WR/ is W/

m Range of speeds: access times in
the range 120 ns to 250 ns
(various chip versions, e.g.
TMS4016-25 has 250 ns access
time)

m All can be interfaced with the
8088/8086 without wait states
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Address | A74"
as[12| |23
o Al
2! Q)‘ﬁ’ Control
a3[ls | (201G /
az2[le | 19[]a1
alll? | [sl]S
aolls| [17
pai[]es | |rs[]Da
paz2[]10 |15
11 [14[]oQ
Vss[:\2 13 Data
PIN NOMENCLATURE
a0 - A10 Addresses
|DQ1 - DQ8 Data In/Data Out |
| G Output Enable |
| [ Chip Select |
Vee + 5-V Supply
Vss Ground
|W Write Enable |
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"
Static RAM Example: the 4016

ADDRESS X

| ! |
:L-q tl > HtumG[Ll-

an(S) > — 'dia(S)}—p

DQ(out) ! m_

Timing Waveform of Read Cycle
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" S
Static RAM Example: the 4016

tewn) »
ADDRESS XH‘ X
e | N
| - > |
S _NNNANNN VAV IIIIY.
> < toui) a
S \\\\ VI 7
DQ(out) RRRRAED - . : <; o)
DQ(in) [ XXX

Timing Waveform of Write Cycle
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" J
Dynamic RAM (DRAM)

m Unlike static RAM, data is store as a voltage (charge) across a capacitor
m Charge of course leaks with time, and data needs to be refreshed (re-written) every
say 2-4 ms
m Recent devices usually organized as XX K x 1 bit, largest 1G x 1
m Advantages:
Simpler cell circuit

o select
Larger capacities ‘

While Largest SRAM ~ 8 Mbits, 14
Largest DRAM ~ 1024 Mbits Storage | m
Lower cost than SRAM capacitor —1—

m Disadvantages: — Data

Slower access times (e.g. 20 ns vs 1 ns)
Needs refreshing: e.g. every 4 ms max (added complexity)
But not that bad!:

Occurs during normal reads and writes. Also special hidden refresh cycles
occurring simultaneously with other memory accesses (cycle stealing). Dedicated
DRAM refresh controller chips available.

Large storage capacity — large address inputs — large number of chip pins
required — Need for chip pin multiplexing (added complexity)
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" J
Dynamic RAM (DRAM)

m 64 Kx4 DRAM

l \ — N
GH1
6 bits + 10 bits = 16 bits memory address DQym2
. . DON3 F
m But only 8 address lines on the chip! WH4 g
RASHS
m 16 address lines split into row and column 8-bit Al “2”
parts: iw 7 =
16-bit S b
15 9 8|7 3 2 1 0] address DDHY
Row Column
m  Most significant 8-bit row address is first latched TI TMS4016 (64K x4
in using the RAS/ input (Row Address Select)
m  Then 8-bit column address is latched in using the Pin(s) Function
CAS/ input Ag-As Address

m This loads the 16-bit address into a latch on the DQ,-DQ;|  Data In/Data Out
chip RAS Row Address Strobe

TAS Column Address Strobe
m CAS/ also acts as CS/ CAS

G Output Enable

m OE/is G/, WE/is W/, CS/ is CAS/ W Write Enable

m Access time: Fastest version is 100 ns?
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Timing Diagram for Address Strobing

I. te(w) ~.=

I‘* tWwiRL) a{ |

' . W
s le————tcLAH—] P“W‘R“"‘"
L—‘RLCL—‘I k—tCHRL—o‘
i

l

RAS

L. tRicH o |

,.— th(RLC )—-ol

__.”
| lo-—cl— thiCLCA)

fo—rtsuiwer)—o| |
| e——tsuiwrH)——q

Hold Times
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"
Multiplexing the Row/Column Address

74157 Data Multiplexers

AO0-A7: 8-bit Column
Address (LS)

A8-A15: 8-bit Row
Address (MS)

Select Row
Address

1
\ 1 Select Column
Address

g |
|

MUX Delay

s MUX delay > Required Hold
time for row address

m RAS/can be usedas a
selector I/P for the MUX and
also as input to the DRAM to
strobe row address in.

m  RAS/ signal select the row
then the Column address &
its falling edge strobes in the

row address
CENA433 - King Saud University

8 address
Inputs to chip
Carry row then
Column address

Row Strobe L

We still require
A CAS/ Strobe

16-bit Full 2 X (4 X 2-t0-1 MUXS) 8-bit Muxed Address
Address + Row Strobe
From pP To 4464 DRAM chip
B2 S =0 (Column))
Y * AA(I
IB 5721 (Row)
2A 7
oy 4 2Y - [ A
1
‘,; -
A5 gy . | A
3B /
4A 4Y Eod ,"3\1
4B _ -
A
Select Input
RAS -
Selector > BAS
S
IIA
, 1Y b—— ——— | Ay
1B
- z‘A 7 ’)Y eaeee®, J‘\<
2B 4 ) '
1
3.‘A ;\: 3Y,v ° 1‘\6
3B L
4A 4Y * | Az
4B
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" I
Internal Structure of a DRAM

Select
Row
AD 1 Hass . o - -
Al - | [ : | : | ;
A2 sEprRt i i :
As whk| | S R i A B L
i‘; 1 g 64K array 64K asray 64K dray 04K drray
A Nul; (256 X1256) (256 X 256) (256 X 256) (256  256)
A7 e 4] |2 i : : |
A8 cble ! " ! ! !
RAS | Hogi — E i = :
EAS — 3 [ 13 1L I 1 L il [T i
Ay ——— —1— Multiplexor® [ Multiplexor [  Multiplexor [  Multiplexor
WE T 1 ] T T
C Select ® © o J—
? Column M
= U U
] M 4 data bits from the 4 sections |X
n
| 1]
? Notes: 1, Decoder is an 8-line to 256-line decoder. 2 bits of address
¢ 2. Multiplexor is 256 to 1 line.
b | 3, Multiplexor is 4 to 1 line.

Din

Dout
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" I
Internal Structure of a DRAM

m 4 sections of 256 x 256 bits each

m Each section is addressed by 8 bits of rows and 8 bits for columns
m  Remaining 2 address bits select the section addressed

m  Row and column addresses are common to all 4 sections

m A whole row of 4 x 256 = 1024 bits is addressed simultaneously (Speeds up
refreshing)

m The 4 data bits in the addressed column in the 4 sections are addressed
simultaneously

m  Only the bit from the required section is selected by the remaining 2
address bits using MUX3
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"
DRAM Memory Refreshing

m When arow is accessed in a refresh cycle, all memory cells on that row are
refreshed

m This means that we need only 256 refresh operations to refresh all the 256K x
1 DRAM above

m To refresh the whole memory at the minimum rate of once every 4 ms, we

need to do a refresh cycle every 4 ms/256 = 15.6 ms
Only 256 Refresh operations

0.8 us / Cover all the memory
! o B s s il .><

4 ms (Refresh whole memory chip)

m If arefresh cycle needs a bus cycle (4T with the 8088/86), the % of bus
cycles lost for refreshing an 8088/86 running at a clock speed of 5 MHz is:

=4x0.2ms/15.6 ms =5.1% (not bad ... for the cost saving we achieve using dynamic RAM)

m For a Pentium 4 with a clock cycle of 3 GHz and a bus/instruction cycle of 1T,
this % is:

=1x0.33ns/15.6 ms =0.2% (i.e. the penalty for DRAM refreshing is much more tolerable
with modern, faster processors)
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"
Refresh Cycle

m  RAS/ only refresh cycles

teird)
I r—'W'RL.‘ ——.l o twiRH
[
|

/f.. l_!l

The timing Diagram of the RAS/ refresh cycle for the TMS4464 DRAM

m RAS/ strobes a row address indicating the row of bits to be accessed for
refreshing

m This row address is not a full memory address and can be generated by a
small on-chip counter (e.g. 8-bits for the 256 rows in the 256K x 1 DRAM

described)

m  The row cells read are fed back for re-writing into the same locations to fulfill
refresh requirements
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" I
Internal Structure of a DRAM

m EDO (Extended Data Output) Memory

All 256 bits of the row from the selected section are saved in latches on the
memory chip. So this data will be ready for future access without experiencing
the slow memory access time again

Such locations are close to the already accessed data, and are likely to be
accessed soon (locality principle)

Improves system performance by 15-25%

m SDRAM (Synchronous Dynamic RAM) Memory
Memory runs synchronously to the system bus clock, e.g. at 100-133-200 MHz

m Burst (block) Transfers

Burst transfers of say 4 x 64-bit numbers between the processor and the
memory. First number experiences normal wait states, but 29, 3", and 4t
transfers suffer no wait states, thus improving average access time.

m DDR (Double Data Rate) Memory
Data Transferred at double the SDRAM rate by using the two edges of the clock
This does not exactly double the data transfer rate due to access time limitations

m Combinations exist, e.g. DDR SDRAM
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" S
DRAM Memory Modules

A ] :Er O
= DRAMSs are often mountedon [~ © |
memory modules interfaced to =1 —
the PC » 0= E—
nae G0
m  SIMM: Single In-Line Memory vss 33 ] = —
Module: Devices and e = =
connection pins mounted on oot 13 |g B8 ——
one side. Available in 2 types: = s
Older 30-Pin SIMMs =t B —
Newer 72-Pin SIMMs B c
m  DIMM: Dual In-Line Memory ve 2590
Module: Devices and pins S e __
mounted on both sides. PPt
168-Pin B0 | f—
Used for Pentium- Pentium 4 o 0[5 =
processors with 64-bit data O 55 0
bus (8 Bytes of data for each _ T _
memory address) 30-Pin SIMM 72-Pin SIMM 168-Pin DIMM
(1 Byte) (4 Bytes) (8 Bytes)
4 M x 9 bits 4 M x 36 bits 4 M x 64 bits
Card can have one EPROM =4Mx (8 + 1 Parity) =4Mx (32 + 4 Parity) =32 MB of data
containing info on size and = AMB of data = 16 MB of data
speed of the devices for Plug- In DRAM, EDO, and
and-Play use - Larger address SDRAM

- Wider data bus

e
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