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

« 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: 2746 EPRCM
- Address inputs that select a memory

location within the memory device, o
)

+ Data connections: _ b
- Data outputs or input/outputs at which  Address Dt
data are entered for storage or extracted b s
for reading.

» Selection connections: A o
- Signal inputs that selects or enables the 8
memory device. (e.g. chip enable CE, chip 116
select (5, select S etc)
« Control connections: CE OF
- Signal inputs that controls the operation of
the memory device (e.q. write enable WE, | __ _T T
read enable RE, output enable O, 11i)
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.

e 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:

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

+ EEPROM s also called flash memory.

o 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:

« 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.

o Examples include 4016(2Kx8) and
62256(32Kx8).

Memory Devices and Interface, Chapter 10 Slide 6




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.

TMS4464 . . . JL OR NL PACKAGE

(TOP VIEW)
G Thad vss PIN NOMENCLATURE.
ooi[dz 170 pos AD-A7 Address Inputs
Dana 16[] €AS CAS Column Address Strobe
W« 1sQoa3 DO1-DO4 Data-in/Data-Out
Aas(]s 1a[] Ao I Output Enable
as[]e 13 ar RAS Row Addrass Strobe
as7 120 a2 Vpp +5-V Supply
asdes 1103 Vss Ground
vooQe___10[] a7 w Wirite 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)

] BEHUAD FL A )

< g‘% O_De On g < Unlr;:
fetliefsdi =82 zalastarBian Bz sl
8

10| [N ) RN N N AR N )

The pin-outs of @ 30-pin SIMM organized as 4M x 8
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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:

Aa )
- —1 — osE
- BOBE Address Date:

Ay ———— L) bus
b Aso o,

P

21716

OF

rD

0 ot —po—y]

A simple NAND gate decoder Used to select a 2716 EPRCM memory component
for memory locations FFBO0H-FFFFFH

1111 1111 100 XXHK XHHKD
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Address Decoding

« Use line decoder such as 74138 and 74139:

— |a

O 2764
i
o,

RD O
A A ol om0 - FiEEs .
Aus — & |t 2000 FIFEF
e ¢ FAM0 - FSEFE

o 71
L o0 - FYrEE
FA0M - FRFFE
& o FL0 - FUFEF
| FE000 - FEFFF

A circuit that uses eight 2764 EPROMSs for a 64K x 8 section of memory in an 8088
based system. The selected in this circuit are FOO0OH-FFFFFH
T11.001X XXXX G XXXXb
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Example
« Interfacing EPROM to the CPU:

)
o fo—toin pmerr ]

.
— 5 B v e
‘ 7 [ N T

[, FROOO FRFTT

1k

3
3 | FCI FCETE
I P ¢t ErE
& Jo PEOO-FERT
61 3 ot rreTE

sV

Eight 2732 EPROMSs interfaced to the 8088 microprocessor. Note that the outout of the NAND,
ate is used 1o cause a wait state whenever this section of the memory is selectad
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Address Decoding Address Decoding
« Use PROM decoder: The 825147 BROM programming pattem for the llustrated circut.,
—_— Aq
Address Inputs
- (i OE A6 A7 A6 A5 M A3 A2 M A0 | 00 O1 02 03 O4 05 06 OF
o 000ttt t 000 /N S TS T N B B
o0 . 0 OF o0 0t 1t 00t L/ R S O AR B B
33‘ e P T T I T T T T Y TS Y S T B B
A Py 0, | F4000 . FSEFE 53 [NV R R A I [/ R N A S B B
h————» & . CE_ VR T T T S Y N S N NN N R T
N o, | _FAN - EBFEE T [NV R O R A O L/ T TS R T I
I [ E ig“ug ::j'f'flf [ | A A A S O AR R A LR A B B B |
¢ o = { /N R A R A O [/ R O S A B B
+ al other combingtions L/ S TR S B S I |
A memory system using the TPB28L42, 512 x 8 PROM as an address
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Address Decoding e iE
M P = 1
« Use PLD & gE |
programmable -3 = J .
decoders: i il

(Advanced Micro Devices, Inc. 1988, )

e el
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SRAEBILE

A PAL16LE that decodes 8 2764 (BK x B) memory devices
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Address Decoding Example

TITLE
CHIP

ipins 1

2

Address Decoder

DECODER] PAL16LE

3

4

5

6

7 89 10

AL9 A1§ ALT AlG ALS Al4 Al3 NC NC GND

;pins 11 12 13 14
NC OB Q7 06
EQUATIONS
101 = A19 * alg *
/02 = Al9 * Al6 *
/03 = ALY * Al *
/04 = A10 % 218 *
/05 = Al9 * ALB *
/06 = ALY * Alg *
/0T = ALD * al8 +
/08 = AlD * Al8 *
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15 16 17 18
05 04 03 G2
Al7 * Al6 *
Al7 * Rl6 *
Al7 * AlG *
Al7 * AlG *
Al7 * aAl6 *
AlT * Al6 *
ALT * AlG *
AL7 * AlG *

1% 20
oL voc

JA15 * /ALd ¥ /AT
JALS * /Al4 * Al3
JA15 * Ald * /AL
JALS * /AL4 ¥ Al3
ALS *# /ald * /A3
Al5 * Ald * A13

ALS * /Al4 ¥ JAL3
AL5S * /ald * ALD
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necessary to the
memory when
many devices are
connected to the
same address and
data buses in a
single system.

> Buffering is

45126 byte static mamory system sing 16 52255 SRAMS
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Interfacing Flash Memory to CPU

« Differences between a flash memory
device and SRAM

- the flash memory device requires a 12V
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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Interfacing Flash Memory to CPU

An
u? H
nQ oo
= DQ 4 D1
D2 D2
DQa |41 D3
D o4
05
DOE D&
nar o7
S
P D010 9 —
A10 D1l e —
Al Bats
ﬁ H DO14 (23—
i D015
s
7

The 28F400 flash memory device interfaced to the 8088 microprocassor
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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.

+ The pin DQ15 of 28F400 functions as the
least significant address input when the
device operates in the byte mode.

Memory Devices and Interface, Chapter 10 Slide 21

16-bit Memory Interface (8086/80286/80386SX)
— e T § oo

0000 0000 0000 0000 001- e

=
=
=
el
ol

BFE=0. BLE= FFFTF FFFFE
Case 1: BHE=0, BLE=1 i B
case 2: BHE=1, BLE=0 FFFFB [ _ FFFFA

Case 3: BHE=0, BLE=0

0008 00004

00003 12H o0on2 34H
_ 0000 000
Note: Ag i labeled BLE (Bus low !
enable) o the B03865X. High bank Low bunk
{OUd bank ) (Even hank)

The high (odd) and low (even) 8-bit memery banks of the
J6/83865X  micropt

Memory bank selection using  BPE  DLE (Ag) Function
CLEUC I 3 0 Both banks enabled for a 16-bi ranster
o 1 High bank enabled for an 8-bit transter
1 0 Low bank enabled for an 8-bit transfer
1 1 No banks enabled
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16-bit Memory Interface (8086/80286/80386SX)

D0-D7

Example: D158
Address = ‘ o6H 7EH
1111 1111 1111 1111 110- BHE (BLE)
BFE=0. BLE= FFFIF FFFFE
Case 1: BAE=0, BLE=1 FEIED FRFT o
Case 2: BHE=1, BLE=0 FEFRB L _ | [
Case 3: BHE=0, BLE=0
[CUT I LT
000 | onon2
(M)
Note: Ag is labeled BLE (Bus low L] oo
enable) on the BD3B6SX. High bank Low bunk
(0w bank) thiven hank)

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

Memory bank seloction using  BPE  BLE (A)) Furnction

BHE and BLE (A} 3 0 Both banks enabled for a 16-bit ransfer
L] 1 High bank enabled for an 8-bit transter
1 0 Low bank enabled for an 8-bit transfer
1 1 No banks enabled
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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.
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16-bit Memory Interface (8086/80286/80386SX)

Separate Bank Decoders:
o It's more

expensive and
less effective.

Example:
Address =
0000 1110 0000 0000 0000 000~

— — W
Case 1: BHE=0, BLE=1 e WOl

Case 2: BHE=1, BLE=D -y
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Example of a 16-bit Memory Interface

is-De
07 - D0
A5~ AT
(=] U3
a0 a0 DO
a Fo )
Az
< a6
e A pa
s A5 05
a8 28 op
W A D7
s As
a8 29
Ao Al
ATl Al
a2 arz
i3 it
— il RH
When BLE=0
] 2u ot 5
AT qe= 1=
ut e2se l‘
o By ghiE
T
= A 5 5 —
1= Mg I u b When BHE=0
=1
g - HE ¢
A
f
AD=BLE ) Moje: A0 = labelos BLE 0n tho SO3685X.
A 16-bit memory decoder thal places memory at locations
060000H-06FFFFH
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16-bit Memory Interface (8086/80286/80386SX)
Separate Bank Write Strobes:

« It's more effective and less expensive.

BHE AWR
Wi
TWR
Aq
TITLE Address Decoder
CHIP DECODER2 PAL16LE

ipins 1 2 3 4 5 6 1 8 § 10
A23 A22 A21 A20 Al9 AlB Al7 Al6 A0 GND

ipina 11 12 13 14 15 16 17 18 19 20
BHE SEL LWR HWR NC NC MWTC NC NC VCC

EQUATIONS
FSEL = /A23 * /A22 * /A21 * /AZO * /R19 * Al8 * Al7 * /Al6
/LWR = /MWIC * /AQ

= /MWIC * /BEHE
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Example of a 16-bit Memory Interface

Separate bank write strobes Separate hank decoders

T~

EEEEEEERTE[E

ZzzERRREEER22S

T

SRz T

[ a8;

I

. 4w o BT
0 seeST
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32-bit Memory Interface (80386DX and 80486)

e Bank selection can be accomplished
by the bank selection signals BE3,
BEZ, BE1 and BEDO.

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

banks.
BE3 BE2 BET BED
FFFFFFFF| FRFFFFFE FFFFFFFD| FFFEFFFC]
FFEFFFFB) FFFFFFFA FFFFFFFD) FRFFFFFS .
FFFFFFET) _— FFFFFFFG| . T
— L L L
= — T —
Bank 3 Bank 2 Bank 1 Bank 0
D000000B] 0000004 [ 000000Ce | 00000008
00000007] 00000006 00000005, 00000004
00000003 00000002 00000001 00000000
el 2] 2] o7 5 5 o7 oo

The memory organization for the 80386DX and 80486 microprocessars
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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 e
signals for the 80386DX and B
80486 microprocessors

TALER
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If write, they
can be written
individually

U3, U4, Us and UB
are all selected at

= rIRERREL2E[S

- N
A small 256K SRAM memary sysiem Iintedaced 1o the BOABE MirOpIOCESSON If read, they are read at
the same time.
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64-bit Memory Interface (Pentium Processors)

o Bank selection is accomplished by the
bank selection signals BE/, BEG, BES,
BE4, BE3, BEZ, 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)

BE7 BES. BE5 BE<

FFFFFFFF FFFFFFFE| FFFFFFFD) FFFFFFFC) —
FRFFFFFT[ o FFFFFFFS FFFFFFFA|
FFFFFFEF, | rerrrree] FRFFFFED[ | FFFFFFEC[
pp—— P o —
00000017 00000015 aog00015| T ooooootal T
0000000 | (OBDO00OE| 00000000 0000000C
00000007/ 60000600) 00000005 00000004
g 0% 3 Ba @ o ) 32
BE3 BEZ BE{ BEO.
FFFFFFFB FFFFFFFA| FRFFFFFO[ ] FFFFFFF
FFFFFFFS] FFFFFFFe] FFFFFFF1 FFFFFFFO|
FFFFFFEB) FFFFFFER FRFFFFES FFFFFFES
L L _— L—
—] —"] 1 ——
ooononia| 00000012] 00000011 — 0oooogrof T
00600008 00D0000A 49040000 00000008
00000003 00000002 00000001 00000000|__
37 =] 23 o6 75 o8 o7 5o
The memory ization of the Pentium mi
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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/IO and W/R.

The generation of
the write strobes for
the Pentium microprocessor
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CEETTETE

A amall 512%-oyvie EPROM memory interlaced to the Penbui Micioprocesscs
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Dynamic RAM

¢ As RAM memory is often very large,
sometimes it is desirable to use
DRAMs instead of SRAMs to reduce
the system cost.

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

o DRAM must be refreshed periodically.
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Dynamic RAM

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

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

e 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

6K amay
(256 % 236)

$4K amay
(296 % 25%6)

4K umy
(256 % 236)

=
[Srme= =22~

[T 1 H
Muligexar? Waliplesor

Malipleor

Malipeso
I 1

| Lo
=

Notes: 1. Decoder is an 8-Jine to 238 line decoder.
2 Multiplexor is 25610 1 lin,
3 Multplexor i 4 10 | Tine

[Fo==— =sc=50

‘Thentemal struoture of a 256K x 1 DRA. Note that each of the interal 256 words are 1,025-bis wide

Memory Devices and Interface, Chapter 10 Slide 38

Step 1. Give a 9-hit row addr (2.9.0 1111 1110B)
Step 2: Give a 9-hit col addr (e.g.1 0000 0001B)
Step 3: Get a hit

Read Example

The intemal structure of a 256K « 1 DRAM. Note thal each of the intemal 256 words are 1.025-bils wide
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R 2 ] - 1
D
3, e 253 -]
fi=H K array Jo4K amay BK amay 64K artay
JEl 56 x 256) 56 % 236) ifs6 % 2561 156 X 256)
[ =N n|)
<ol ss3 [ ™ I
h iglib s [ - ]
I AR H 1T 1T 1T H|
A—{ Muipoor L[ Mubiplor [ Muliplesor | Muliplexr |
1 1 T T 1

Ch
=

=
u ‘,[l]\ =
g =
| Sk1p,
a o, Notes: 1. Decoder is an 8-line to 256-line decoder.
; for,h 2, Multiplexor is 256 10 | line.
| @ 4 1, Multiplexor is 4 to 1 ling,

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: IF ROW addr<256 GOTO step 1, else GOTO step 0

Refresh Example

' T = =] =

R 75T = = =

o S FAEY = =

w

' 64K amay 64K armay 64K amay 64K amay
H 1256 % 236) (256 % 256) (296 % 256) (256 % 256)
' 12 222

¢ T 558

h LR By - |

i
T2 T I i T
-_.{ Multiplexor? H Muliplexar H Muliiplexor H Muliiplexar
T — T

T T

Notes: 1. Decoder is an B-line 10 256-line decoder.
2, Multiplexor is 25610 | line,
3. Multiplexor is 4 1o 1 line.

[Fr-e= s8c=—=a

The intemal structure of a 266K x 1 DRAM. Note that cach of the intemal 258 wards are 1,025-bits wide.
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Refresh Overhead

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.

« 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:

0.333ns 111

—— " x1

00% = %

15.6us 52000
Overhead Time% ~ 0.0021%

Overhead Time% =
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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

+ 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 TAS signals for the DRAM.
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ALD Ao |-

ALI ADI i

AL2 Aoz e

ALY A0j (8

AL ADA jt

ALS ADS

NS

AE o Aos :ﬁ:

AL RASD ;ﬁ:

AN RASI
caso il

All CAs| Al

Al

A A P

privftes

AHE

RESET

hCLK

R0

L
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High i by

e

A 1M dyte mamoey systam using four 250K SIAM mamory davicas and the B2COR DAAM contioliar
Thia section o mamary is decodad al Ications 000000H-OFFFFFH by i PAL 1608
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