Memory Interface

In this chapter, we explain how to interface
both ROM and RAM to the Intel family of
microprocessors.
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Objectives

I
» Upon completion of this chapter, you will be able to

Decode the memory address and use the
outputs of the decoder to select various memory
components.

Use programmable logic devices to decode
memory addresses.

Explain how to interface both ROM and RAM to a
MICroprocessor.

Interface memory to an 8-, 16-, 32- and 64-bit
data bus.

Explain the operation of a dynamic RAM
controller.

Interface dynamic RAM to the microprocessor.
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Memory Devices

Memory Pin Connections:

+ Address connections: 2716 EPROM

« Data connections: -
- Data outputs or input/outputs at which  Adiress

« Selection connections:
- Signal inputs that selects or enables the

« Control connections: E OF
- Signal inputs that controls the operation of

- Address inputs that select a memory

location within the memory device.

A Uy

Duta
bigs

Am U.

data are entered for storage or extracted s
for reading.

memory device. (e.g. chip enable CE, chip e

select CS, select S etc.)

the memory device (.. write enable WE, | __T T
read enable RE, output enable O, i
read/write R/W etc.)
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Memory Devices

ROM Memory:

The read-only memory (ROM) is
permanently programmed so data are
always present, even when power is
disconnected.

It is used to store programs and data that
are resident to the system and must not
change when power is disconnected.

It is also called nonvolatile memory.

The EPROM (erasable programmable ROM) is
erasable if exposed to high-intensity
ultraviolet light for about minutes.

The PROM (programmable ROM) is
programmed in the field by burning open tiny

fuses, but once programmed it can't be
erased.
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Memory Devices

ROM Memory:

Memory Devices an

The EEPROM (electrically erasable
programmable ROM) is electrically erasable
in the system, but require more time to
erase than a normal RAM.

EEPROM is also called flash memory.

This type of memory component requires
wait states to operate properly with the
8088/8086 processors because of its rather
long access time.
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Memory Devices

Static RAM:

Memory Devices an

It retains data for as long as DC power is
applied.

No special action (except power) is required
to retain stored data.

The access time of a SRAM is much shorter
than that of a ROM, and no wait state is
required in general.

Examples include 4016(2Kx8) and
62256(32Kx8).
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Memory Devices

Dynamic RAM:

® |t is essentially the same as SRAM, except that it
retains data for only 2 to 4 ms on an integrated
capacitor.

® The contents of the DRAM must be refreshed by
being completely written.

® The address inputs are usually multiplexed to
reduce the number of address bits

® DRAM s larger size than SRAM
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Memory Devices

Dynamic RAM Example:

TMS4464, 64Kx4 bits of data, 8 address
inputs, use RAS and CAS to tell the memory
if the address providing is the upper half or
the lower half of the 16-bit address.

PiN NOMENCLATURE
AD-AT Address Inputs
CAS Column Address Strobe
Dao1-DO4 Data-in/Data-Out
[<] Output Enable
RAS Row Addrass Strobg
Vop + 5-V Supply
Vgg Ground
W Write Enable
(a) (b}

The pin-out of the TMS4464, 64K x 4 dynamic RAM (DRAM).
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Memory Devices

Dynamic RAM Example:

« DRAM is usually places on small circuit boards
called SIMMs (Single In-line Memory Modules).

(TOPVIEW)

() |D7||D6||{D5||D4||D3||D2|| DLjDO|[ P | O

The pin-outs of a 30-pin SIMM organized as 4M x 9
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Address Decoding

The previously explained address decoding techniques
for I/O devices are equally applicable to memory
devices.

» Use simple combinational logic devices:
. —_— HOBH Address AU ' RO
" — Adares ! ! e
. — A .

2716

. -

ED

=

Bk x 3B np
53

T

A simple NAND gate decoder used to select a 2716 EPROM memory component
for memory locations FFB00H-FFFFFH

T11T 1111 1R XK XOXKX D
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Address Decoding
e Use line decoder such as 74138 and 74139:

A“ —
Address, P I =
A m
O 3764
I I ]
< 3 —

RD
FOMID - FIFFF

F-20KHK) - FIFFF L
40 - FSEFE a CE

>
m

i) - 171 .
CE
| 34 " " e
SR - FYLTE
—.E ah :—'M:K! }:FIlFFF '1_0:
= of G2E M) - CE

Gl

- Tt B ow s —

00 - E?!)E:-FI'-’ iqg:_:—
FEOM - FFFFF CE

A circuit that uses eight 2764 EPROMSs for a 64K x 8 section of memory in an B0B8
microprocessor-based system. The addresses selected in this circuit are FODDOH-FFFFFH.

1111 001X XK HOOKX XXX Kb
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Example
« Interfacing EPROM to the CPU:

A

Addlness B 1

T Ay
o,

Data & 1

. RD
: A |, 1o FRFFT
WL > B U0 FOFEE
- e

o

b FAINNLFAFPP
FRINW-FRFFT

FLIHHL FUFFT
EDOM-FDFEE
FEDUG-FEFFF

b FHHN-FFFEFT _

1M

——a (2

o B oo —

+ 5Y

Eight 2732 EPROMs interfaced to the 8088 microprocessor. Note that the autput of the NAND.
gale is used 10 cause A walt state whenever this section of the memory is selected,
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Address Decoding
» Use PROM decoder:

0"’ 2764 )_
[haty I ]
: 0, ]

. RD-—d

P F—— 0, Foo00 - FIFFF
Ay e A, 0 F2000 - F3FFF
Ay ——— 1A, 1
P 0, F4000 - FSFFF
Ay ——— A o, F&0 - FIFFF
Ay = A, Q, FRMW - FSFFE
Ay 4 O FAQO0 - FBFFF

A <8 . s

.%,.; 0, FCOW - FDFFF

G 0, FEOM - FFFFF

A memaory system uging the TPB28L42, 512 x B PROM as an address
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I
The 825147 PROM programming pattem for the llustrated circult,

Inputs Quiputs
OE A8 A7 A6 A5 AD A3 A2 AL AO 00 01 02 03 04 05 06 Q7
000t 1 1 1 0 0 0 /R I R S RS B
6 00 1t 1t 1 100 1 0 1t 1 1 1 1 1
o 00 1 1 1 1 0 110 1t 0 1 1 1 1 1
o 00 1ttt 1t 10 11 1 101 1 1 1
6 001 1t 1 1 10 10 1 110 1 1
o001 1 1110 L/ I H AN AR | S I
6 o0 1t 1 1 1 1 1 10 LN A S (R A B B
|| VA I R A T P 1 11 1 1 1 0
al other combinations {1 S HS I B B
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Address Decoding

Rapic Disgram (L)
e

e Use PLD i -
programmable = i .
decoders:

The PAL 16L8
[Advanced Micro Devices, Inc., 1588 )

i

i

spspehen (M gpewerss

&

Vi
Erzmegse

i
]
]
i

i i ngai .
D T
LEEE RN HITEE MR MERD RNMM
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FIOOOH - FiFFFH FH000K - FIFFFH FaniiH - FEFEFH En00H - ETEERM
iz - A
o7 -
L ul
i HE = :
Al a1 o
A ] o2
Al ] i |
a ad 04
] e 5 ]
A B o
a7 a7 [
A4 A
A3 g
A A0
Al Al A
A ALz 3
TE TE
Fi DE g_ 1K
FiM
B [l =
" B I
it} o bl o]
a7 2 3
it 5 o
A5 W o8 -
AN 1 o
i L] 1471 -
B on
B FEDEOM - FRFFFH FOO00M - FOFFFM Fapood - FaPFFH
[} ] 03

n

1]

Bl
=

11 19

6L a0 o -] = -
Al o o WE)
AR &5 i a2 o E
A3 -1 Aa o
B B0 B B
A8 e ] o
AT o AF ar
& )
10 A
1" A
it hiE

-cgﬁn R
.

A PAL16LS that decodes 8 2764 (BK x B} memory devices
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Address Decoding Example

TITLE Address Decoder
CHIP DECODER] PALLGLS
ut ipins 1 2 3 4 5 € 7 8 5 10
ﬂﬁ—;— 1 o big AL9 Al AL7 ALG A5 Al4 A13 NC NC GND
MT 12 02 Doz .
A8 [ B X gﬁ: ;pins 11 12 13 14 15 16 17 18 18 20
AlS :g gg D'E' NC 08 07 06 05 04 03 02 OL VCC
ﬂg_r 6 G809 pouarrons
7 07 BE
b
:g 08 /01 = A9 * A18 * A17 * AL6 * /ALS * JALL * /A1
A /02 = AL9 * A18 * ALT * AL6 * /ALS * /Al4 * AL}
T6.8 /03 = ALD * A1 * AL7 * ALE * JALS * Ald * /A13
JO4 = ALD % A18 * A17 * ALG * /ALS * /ALL ¥ AL3
/05 = ALO * A1R * ALT * ALG * A1S * /Al4 * /A13
/OB = AL * 218 * AL7 * AL6 * ALS * Al4 * AL3
JO7 = AL9 * 418 + AL7 + ALG * AlS * /Al4 ¥ /A13
/08 = ALY * A18 * ALT * ALG * ALS * /AlL * AL]

Memory Devices and Interface, Chapter 10
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A 512K byte static memary system using 16 62255 SRAMS

Memory Devices and Interface, Chapter 10

J :> Buffering 1s

necessary to the
memory when
many devices are
connected to the
same address and
data buses 1n a
single system.
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Interfacing Flash Memory to CPU

o Differences between a flash memory
device and SRAM

- the flash memory device requiresa 12 V

programming voltage (V) to erase and
write new data

- the amount of time required to
accomplish a write operation (~0.4s in
flash memory c.w. ~10ns in SRAM)
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IJD)

Interfacing Flash Memory to CPU

A
ut
BYTE nao 3 oo

A1 i an [e]] o
A3 10 |y a2 ? i
A3 - I — FA2 DQ3 ba
Aa 7-A3 % “3;
A5 Ad Dos 05
12 r Bay -
Ag A7 Dos 8 —
A9 31| D%ﬁﬂ—_—
A0 5|A8 Datt
A1 10 I
Aiz E|AN D13 [2—
Al3 ram U DO14 [
A5 Ald D15 [
N = A
Al8 A7

A v OE
AR :E:E \4-10 CE

o ¥2| 7 WE

=
S _
2 =
il}
N
3
E| I
77
=
=
538
[=1

The 28F400 flash memory device interfaced to the 8088 microprocessor
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Interfacing Flash Memory to CPU

+ The Intel 28F400 flash memory device can
be used as either a 512Kx8 (byte mode)
memory device or as a 256Kx16 (word

mode) memory device, which is selected by
the control pin BYTE.

o The pin DQ15 of 28F400 functions as the
least significant address input when the
device operates in the byte mode.
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16-bit Memory Interface (8086/80286/80386SX)

Di-D7

Example: D15D8
Address = ‘ 12H 34H
0000 0000 0000 0000 001- BHE (h[é}
T e FFFFF FFFFE
case 1: BHE=0, BLE=1 RS A
Case 2: BHE=1, BLE=0 FFFFB | _ FEFFAL
Case 3: BHE=0, BLE=0
wooos |~ ooed | T T T
00003 12H 02 34H
__ WM
Note: Ag is labeled BLE (Bus low ! - o
enable) on the BD386SX. High bank Lavw hunk

(O bank) (Even hank )

The high (odd) and low {even) 8-bit memory banks of the
8086/8028J6/83865X microprocessors

Memary bank selection using BHE BLE (A Function
BHE and BLE (A} 0 0 Both banks enabled for a 16-bit transter
0 High bank enabled for an 8-bit transter
1 0 Low bank enabled for an 8-bit transfer
1 1 No banks enabled
Memory Devices and Interface, Chapter 10 Slide 22
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16-bit Memory Interface (8086/80286/80386SX)

Example: i)
Example: DI5-DS
Address = ; 56H * L
11111111 1111 1111 110- BHE (i![l_i]
TS FFFFE FFFFE
Case 1: BHE=0, BLE=1 AEES — T —
Case 2: EHE=1, BLE=0 FRFFR| _ FEFEA |
Case 3: BHE=0, BLE=0
woms | ™ T
00003 o002
N
Note: Ay is labeled BLE (Bus low Qo ) e
enable) on the 803868X. High bank Low bunk
(O bank ) (Even hank |

The high (odd) and low (even) 8-bit memory banks of the
B8086/8028J6/83865X microprocessors

Memory bank selection using ~ BIE BLE (Ay) Function
BHE and BLE (Aj}

Both banks enabled for a 16-bit transter
High bank enabled for an 8-bit transter
Low bank enabled for an 8-bit transfer
No banks enabled

==
o =9
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16-bit Memory Interface (8086/80286/80386SX)

« Bank selection can be accomplished in two
ways:

- Issue a separate write signal to select a write to
each bank of memory.

- Use separate decoders for each bank.

+ No separate read signal is required for each
memory bank as processors can select the

data they need at any time from half of the
data bus.

Memory Devices and Interface, Chapter 10 Slide 24
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16-bit Memory Interface (8086/80286/80386SX)

Separate Bank Decoders:

x

o It's more oeste ey
expensive and
less effective.

Example:
Address =
0000 1110 0000 0000 0000 000-
e e ‘Write a I)y‘ltg‘(f) to the!
Case 1: BHE=0, BLE=1 e HB Ul the word :
{Addr : DEDDOTH) uueee 11T
0

Write a_byte ( he

Case 2: BHE=1, BLES0 {5t word
{Addr : 0EQDDOH)

Case 3: BHE=0, BLE=0 ...1\[Jl2 3 Word (x-yj ...
(Addr: GECU00RY--..... ..

®
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Example of a 16-bit Memory Interface

D5 — D

o7 =00
A5 - A1
[Lz] U3 .
1 1
An oo A0
A1 o1 -—/]5. a1 =
i Iy a7 ]
Ad D8 =] A4
) AL
e e et 1
Y A
b 2
Al a0
Al Al
A2 Az
El A3 A3
— Al B4
= When BLE=0 WE g e
o - oF g oF
AT st 1=
E2256
=]
—
poy —
=] When BHE=0
=
=
=

A0=BLE Nole: A0 = labales BLE 0 iho S03585X.
A 16-bit memory decoder that places memory at locations
060000H-06FFFFH
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16-bit Memory Interface (8086/80286/80386SX)
Separate Bank Write Strobes:

o It's more effective and less expensive.
m —

I
=

Wi

LWR
Aq
TITLE Address Decoder
CHIP DECODER2 PAL16LS

;pins 1 2 3 4 5 [ gl a 9 10
B33 A22 AZ1l AZD Al9 AlB AlT AlE AQD GND

jpins 11 12 13 14 15 16 17 18 13 20
BHE SEL LWR HWR NC NC MWTC NC NC VCC

EQUATLIONS
[SEL = /A23 * fA22 * JA21 * /A20 * /ALl9 * Al8 * AlT * /AlG

JLWR = /MWTC * /AQ
fHWR = /MWIC * /BHE
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Example of a 16-bit Memory Interface

Separate bank write strobes Separate bank decoders

(] D15 - 08
07 -0 0 -0y
RiG-Af Mg -
i { it
1 i
A 0d A
ol s o) R - Hr-
5 \:t o
e Moa i
] A
4 e RO ']
M Bom
I oow
]
iy i

m_ji

W

When BLE=0 b

L
@_{gmﬂ When BHE=0
1.-5 L ¥

Hade A0 & lageted I 1 o fh SOIRESX Nale A0 1 v BLE
0 i 3SREST
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32-bit Memory Interface (80386DX and 80486)

S
- Bank selection can be accomplished

by the bank selection signals BE3,
BE2, BE1 and BEO.

e A 8-, 16- or 32-bit number can be
transferred by selecting appropriate

banks.
BE3 BEZ BE1 BED

FFFFFFFF FFFFFFFE FFFFFFFD) FFFEFFFC
FFFFFFFB FFFFFFFA, FFFFFFFY) FFFFFFFE ]
FFFFFFFT| ... FFEFFFFE( . FFFFFFFS FFFFFFF4| R

_ _—— . — _ -

Bank 3 Bank 2 Bank 1 Bank 0

e e e e
0D000oo7T 00000006 QO000005] D0O00a04
00000003 Q0000002 00000001 | 00000000

D31 D24 D23 D16 015 [sT:] o7 Do

The memory organization for the 80386DX and 80486 microprocessors
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32-bit Memory Interface (80386DX and 80486)

 Separate write strobe signals can be

developed to select a write to each memory
bank.

Bank write L . D_,_
signals for the 80386DX and L 4

80486 microprocessors

S

74L532

WD
Whi
5
WAz
1
L]

Memory Devices and Interface, Chapter 10 Slide 30
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IT write, they
can be written
individually.

U3, U4, U5 and UG
are all selected at

the same time. =0| '
w1 :" ,.\:\

[ i

us
]
w1
e
=]
M
5
5
a7
-
]
Fe
Pit
AR

-:'Ef_:‘_:zggthﬂﬁhlk H

==

Bl58E ZZ

L

EREERELE
HEEZREE

= ]
Al
il
Ty
i i
ui o
rrl
e
A1)
ag
w13
ia

~
A small 256K SAAM memary system interlaced to the BOASE fifepIocessr If read, they are read at
the same time.

I mpgmeeEsz:

64-bit Memory Interface (Pentium Processors)

o Bank selection is accomplished by the
bank selection signals BE7, BE6, BES,
BE4, BE3, BE2, BET and BED.

o A8 16-, 32- or 64-bit number can be
transferred by selecting appropriate
banks.
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64-bit Memory Interface (Pentium Processors)

BET BER BES BE4
FFFFFEFF FFFFFFE FFFFFFFD FFFFFFFC
FFFFFFF7| ] FFFFFFFS FFFFFFFS FFFFFFF4
FRFFFFEF| FFFFFFEE| ... FFFFFFED] i FFFFFFEC|
a »_j._-_/_ —~———“"—.
— t— pet— =
conanota P ao0o00ts] 0000001al
DOOOODOF| OD000ODE 00000000 N 00000000
00000007 000D000E 0DOCOR0S 00000004
D63 D56 D55 Dag 047 40 D3g D3z
BE3 BE2 BE1 BED
FFFFFFFB FFFFFFFA[ | FFFFFFED FRFFFFFE[ |
FFFFFFF3 FFFFFFF2] FFFFFFF FFFFFFFD
FFFFFFEB]....o.ovvvvre FFFFFFEAl .. FFFFFFEQ) . FFFFFFES
. o —— _— L —
ooogaosal B B S
DOOOOD0E 0000000/ 00000008 00000008|
00000003 00000002 00000001 | 00000000
3 pE} D23 016 015 08 )
The memory organization of the Pentium microprocessor
Memory Devices and Interface, Chapter 10 Slide 33

64-bit Memory Interface (Pentium Processors)

The separate write strobe signals can be obtained by combining the
bank selection signals with the /MWTC signal, which is generated by

combining the M/I0 and W/R.

The generation of
the write strobes for
the Pentium microprocessor

BEa

Memory Devices and Interface, Chapter 10

i > 3 WwaT

Aa
:-| >_L TWiHE
a

L

12
11 WiHa

= ] =
-] WE
10
12 5
1 WD
13
TAF a2
Slide 34
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SLERERENEZ

3

9 mizsnzmzzzzeszals

FIC

QEEEHRSE‘SE’-‘E E

B e
H

3

SFEEREREERELE

AR
Ay
L]
A6
[- 4
=[]

BerzersyaERBRZE)S

A amall 512-tyta EPROM mamory interlaced o the Fenbum micioprocasscs

Memory Devices and Interface, Chapter 10
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Dynamic RAM

+ As RAM memory is often very large,
sometimes it is desirable to use
DRAMs instead of SRAMSs to reduce

the system cost.

+ A DRAM retains data for only 2-4 ms
and requires the multiplexing of

address inputs.

+ DRAM must be refreshed periodically.

Memory Devices and Interface, Chapter 10

Slide 36
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Dynamic RAM

A refresh can be accomplished by
doing a read, a write, or a special
refresh cycle that doesn't read or write
data.

A refresh cycle which is totally internal
to the DRAM is called either hidden
refresh, transparent refresh, or
sometimes cycle stealing.

In a hidden refresh, an RAS-only cycle
strobes a row address into the DRAM
to select a row of bits to be refreshed,
and, at the same time, the RAS input
also causes the selected row to be
read out internally and rewritten into
the selected bits.
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Internal Structure of a Dynamic RAM

N e 1 - H H
i-2 - - |
A2 o045
Al Wt € =
i‘; I ; 64K array K aray BiAK amay 4K wmay
Ab Huli (256 % 256) (256 % 26 (286 % 256 (156 x 156)
Al 4] |2 m|
A_P. £ ‘,’ | 55 ] n |
RAS h Oz 5 - -
- L 1 I T ! K 0 IO 1
e et Muliglesor’ Muliplesor Muldpksor || Muilexo
WE A | 1 e
c in
? M Dout
] ||;' — x
|
i Notes: 1. Decoder Is an 8-line 1o 136:line decoder,
! 2, Multplexor s 25610 | line.
h 3 Multiplexor is 4 1o 1 line.
The intemal structure of a 256K « 1 DRAM. Note that each of the internal 256 words are 1,025-bits wide,
Memory Devices and Interface, Chapter 10 Slide 38
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Step 1. Give a 9-bit row addr (e.g.0 1111 1110B)
Step 2: Give a 9-hit col addr (e.g.1 0000 0001B) ! Read Example

Step 3: Get a bit
AD 55T ] i i — ]
?5 R 354 o - ]
o {75 — - |
Al w e
:'g 1 B array 104K amay 4K amay 64K armay
b i (356 % 256 56 % 156) (}36 % 156) 156 x 256)
A7 i 2 222
A £ 1 555 ] -
RAS h Dgli s M3 - -
e | - T IO il I1 1] I1 H |
CAS - — Multiplexor? H Mulliplexor H Multiplexor J
WE — 1 T
a8 L in
& /o) SO e c 2w

R

Naotes: 1, Decoder is an 8-line 1o 236-line decoder,
X Mulripleluri.s. 25610 | line.
3, Multiplexor is 4 10 1 ling,

| “lj
[Fr-=- =s5=-=n
< ,-

Cf 7
b
I Otyp Of#)
e
4

The intemal structure of a 256K = 1 DRAM. Note that each of the internal 256 words are 1,025-bits wide,
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Step 0: DRAM controller initializes ROW addr counter =0
Step 1. Give a 9-bit row addr by a DRAM controller

Step 2: read & write the row internally

Step 3: the DRAM controller increases the ROW addr by 1
Step 4: |F ROW addr<256 GOTO step 1, else GOTO step 0

Refresh Example

233 H —]
PLES —
TS T -

4K aray 4K amray B4 amay G4k amay
(236 % 256) (256 % 256) (236 % 256) (256 % 256)
||
1
I

2
353

O m@e— gg A

=t

Toya A5 L

. | HI I il 1
CAS - S—  Muiiplewo | [ Muliplesor - Multiplesor | Multiplexor
WE 1 I — L 1
L in

g | Lout

Naotes: 1. Decoder is an 8-ling to 2536-line decoder.
I, Multiplexor is 256 10 ] line,
1 Multiplexor is 4 101 line,

I
I
TFoes = SEE=o)
|

The intemal structure of a 256K « 1 DRAM. Note thal each of the internal 258 words are 1,025-bits wide.
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Refresh Overhead

S
e The row address is usually obtained

from a binary counter.
e An overhead is required to perform
the refresh when exploiting the DRAM.
« In a 8088/8086 system running at a 5 MHz
clock, it takes 800 ns to do a refresh.

o If there are 256 rows to be refreshed within 4
ms, then the refresh cycle must be activated
at least once every 4ms/256 = 15.6us to
meet the specification.

« In other words, it takes 800ns to refresh
every 15.6ms.

« Hence, the overhead = 0.8/15.6 =~ 5.13%.
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Refresh Overhead

@ In a modern microprocessors such as a 3.0 GHz
Pentium IV, the period of 15.6us is a great deal of
time!

@ Since this Pentium IV executes an instruction in
about one-third ns, the refreshment overhead is
much less than 1%, as shown below:

Overhead Time% = w x100% = Il

15.6 us 52000
Overhead Time% ~ 0.0021%

%

Memory Devices and Interface, Chapter 10 Slide 42
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EDO Memory

@ EDO (Extended data Output) RAM is a modified version
of DRAM. In this type of memory, any memory access,
including a refresh, stores the selected row of bits into
latches. Thus, in most programs, which are sequentially
executed, the row of latched data are available without
any wait states.

@ This slight modification to the internal architecture of the
DRAM increases system performance by about 15 to 25%.

@ Although EDO memory is no longer available, this
technique is still employed in all modern DRAM chips
(SDRAM and DDRAM).
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The Intel 82C08 DRAM Controller

o The Intel 82C08 DRAM controller can
control up to 2 banks of 256Kx16
DRAM memory (i.e. 1M byte of
memory).

» The 82C08 contains an address
multiplexer that multiplexes an
18-bit address onto 9 address
connections for 256K memory
devices and circuitry that generates
RAS and CAS signals for the DRAM.

&8
288
PR PRl FREFRPH-

EiEREs PhbE slsebpErpelt -
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