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he general learning objectives for Part 
5 are that readers should be able to: 
(a) Understand the characteristics and 
applications of semiconductor read
only memory (3.1). 
(b) Understand the characteristics and 
applications of semiconductor ran
dom-access memory (3.2). 

(c) Understand memory maps for typical 
8-bit microprocessor based systems (33). 
The specific objectives for Part 5 are as 
follows: 

3.1 Semiconductor Ready-Only 
Memory 
3.1.1 State why read-only memory is 
needed. 
3.1.2 Give examples of the use of ROM 
devices to implement read-only memories. 
3.1.3 Explain, in simple terms, the arrange
ment of a semiconductor read-only 
memory cell matrix. 
3.1.4 Distinguish between mask
programmed or fusible-link (PROM) and 
erasable-programmable (EPROM) 
devices, state typical applications and give 
relative costs. 
3.1.5 Explain, in simple terms, the process 
of programming mask- programmed, 
fusible-link, and erasable-programmable 
ROM devices and explain the process of 
erasure. 

3.2 Semiconductor 
Random-Access Memory 
3.2.1 State the need for read/write memory 
and distinguish between read/write 
memory and read-only memory. 
3.2.2 State that semiconductor random-ac
cess memory (RAM) provides read-write 
memory of a transient nature. 
3.23 State typical applications of random
access memory. 
· 3.2.4 Explain, in simple terms, the arrange-
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ment of a semiconductor random-access 
memory cell matrix, and how it is ac
cessed 
3.2.5 Distinguish between static and 
dynamic RAM. 

Memory Maps 
33.1 Explain the need for a memory map. 
33.2 Draw and interpret the memory map 
for a representative microcomputer sys
tem showing addresses in both decimal 
and hexadecimal form. 
3.3.3 Explain the allocation of total 
memory space available in a repre
sentative microprocessor-based system. 

Storage 
All microprocessor-based systems require a 
means of storing their control programs (or 
operating systems), applications programs 
and data Furthermore, the microprocessor 
itself will require some means of storing 
transient data (e.g. variables used in a 
program) and implementing a stack. 

Storage may take a variety of different 
forms including magnetic tape, magnetic 
disk, and semiconductor memories. In
deed, microprocessor-based systems are 
often designed so that they can take ad
vantage of more than one storage method. 
A simple home computer, for example, 
will contain semiconductor memory 
devices to satisfy the needs of the 
microprocessor and to provide storage for 
a BASIC interpreter. The computer may 
also be able to save and load programs 
and data using an external cassette tape 
recorder or disk drive. 

The types of storage device which are 
relevant are the semiconductor read-only 
memory (ROM) and semiconductor ran
dom access memory (RAM). These 
devices are both simple and compact. Fur
thermore, when compared with magnetic 

disk and tape storage, they offer very fast 
access times. 

Ready-only versus read/write 
memory 
The term- "read-only'' applies to a wide 
variety of memory types and all provide 
permanent or semi-permanent storage 
and, whilst the contents of a read-only 
memory cannot normally be changed, cer
tain types of read-only memories may be 
re-programmed. Read/write memories, on 
the 6ther hand, allow both reading and 
writing to take place and their contents 
can be modified at will. 
Unlike magnetic disk and tape (which 
both exhibit read/write characteristics), 
the data stored in a semiconductor 
read/write memory will, unless special 
precautions are taken in the form of a bat
tery-backed supply, be lost when the 
power is switched off. Such memories are 
thus often said to be ''volatile". Semicon
ductor read-only memories, on the other 
hand, are permanently programmed and 
thus are said to be "non-volatile". 

Random access memory 
Semiconductor read/write memory is usual
ly implemented by so- called "random 
access" memorieS (RAM). The term "ran
dom access" simply indicates that one can 
access stored data anywhere within the 
memory with equal ease. Readers should 
contrast this form of memory with the "se
quential access" form of read/write memory 
provided by magnetic tape in which data is 
stored one item after another. 

Semiconductor Read-Only 
Memory (ROM) 
Microprocessors require non-volatile 
storage for their control programs and, 
where appropriate, operating systems and 
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high-level language interpreters. Since its 
contents will not be lost when the power is 
disconnected, this is an ideal application 
for a semiconductor ROM. Furthermore, 
if it becomes necessary to update the con
trol program, operating system or high
level language interpreter, it is possible to 
remove the ROM and replace it with a 
later version. 

We shaH now briefly consider the 
characteristics of each of the most popular 
types of semiconductor ROM device: 

Mask programmed read-only 
memories 
When large-scale production of a 
microprocessor based system is envisaged 
(as is the case with a home computer, for 
example), the most cost -effective method of 
implementing read-only memory is with the 
aid of a mask programmed device. Such 
devices are programmed by the semicon
ductor manufacturer who uses a mask to 
determine the data that will be permanently 
stored within the chip. The programming 
information (used to generate the mask) is 
supplied to the semiconductor manufac
turer by the manufacturer of the micro
processor-based system. 

Since the process is only cost-effective 
for quantities in the tens of thousands, it 
should be obvious that the manufacturer 
of the microprocessor system needs to be 
very confident that the stored data and 
program is free from errors and will re
quire no further modification (which 
never happens). 

Fusble-link programmable 
readonly memories 
Fusible-lmk programmable read-only 
memories (PROM) are cost-effective for 
medium scale production and are 
programmed by the equipment manufac
turer rather than the semiconductor 
manufacturer. The PROM consists of an 
array of nichrome or polysilicon fuses (see 
Fig. 5.1(a)). These fuse links may be 
''blown" by applying a current pulse of suf
ficient magnitude to rupture the link. 
Programming takes a considerable time 
but the equipment required is simple and 
relatively inexpensive equipment. 

Often, early variants of microprocessor
based systems are supplied with PROM 
devices which are later replaced with mask 
ROM devices as soon as teething troubles 
and bugs have been eliminated and large 
scale production commences. 

An alternative to the fusible-link ROM 
is the ''blown junction" ROM shown in F'tg 
5.1(b ). The operation of this type of ROM 
E&TTJuly1988 

is similar to that of the fusible-link type but 
with the important difference that the 
diode junction is short-circuited rather 
than open-circuited during programming. 

Erasable-programmable 
read-only memories 
The programming of mask-programmed 
and fusible-link memories is irreverstble. 
Once programmed, devices cannot be 
erased in preparation for fresh program
ming. The erasable-programmable read
only memory (EPROM) can, however, be 
''wiped clean" allowing the device to be 
programmed and re-programmed many 
times over. 

OPEN- CIRCUIT 
DURING PROGRAMMING 

BIT ll NE 

""',-1 \ 
I I .... _, 

Fig. 5.1 ( ti ). Principle of the fusible link 
PROM. 

SHORT- CIRCUIT 
DURING PROGRAMMING 

BIT LINE 

""'--~ I \ 
I _, 

Fig. 5.1 (b). Prindple of the blown-diode 
PROM. 

EPROM devices are fitted with a win
dow which allows light to fall upon the 
memory cell matrix. When this area is ex
posed to strong ultra-violet (UV) light 
over a period of several minutes, the 
stored data is erased The EPROM may 
then be reprogrammed using a low-cost 
device which supplies pulses of current to 
establish the state of individual memory 
cells. This process takes several minutes 
though some EPROM programmers can 
program several devices at once. 

EPROMS are ideal for small-scale 
production and software development. 
They are, however, relatively expensive and 
thus are inappropriate for large-scale 
production. Typical capacities for 
EPROMs are within the range 2K to 32K 
bytes. 

Readers may be forgiven for thinking 
that EPROM devices are really forms of 
read/write memory. In a sense they are: 
but it is rather more important to make a 
distinction between these memories and 
"true" read/write memories (e.g. semicon
ductor RAM) in which individual bytes 
can be changed at will 

Another important point is the time 
and ease with which a device may be re
programmed with data. A single byte of 
data can be accessed from a semiconduc
tor RAM in a typical time interval of 
150ns. An entire 8K byte RAM can have 
its data changed in a time interval of 8'-92 
x 150ns (plus an additional overhead for 
the processor). This results in a total 
programming time which can be 
measured in milliseconds. An 8K byte 
EPROM, on the other hand, may require 
several minutes of programming, not to 
mention the time taken for removal and 
erasure under UV-light. 

Semiconductor Random 
Access Memory (RAM) 
Microprocessors require access to 
read/write memory to implement stacks 
on which register contents can be stored 
during processing. Control programs and 
operating systems also require access to 
RAM for temporary storage of data and 
system variables. A further area must be 
made available for the user to store his or 
her own programs and data. In addition, 
where a faster scanned display is used, an 
area of RAM is usually devoted to a 
"screen memory''. With modem systems, 
this reserved area of memory is invariably 
''bit mapped" (i.e. each bit of "screen 
RAM" corresponds to a particular pixel). 
The typical allocation of RAM on an 8-bit 
microcomputer might be as follows: 

Function 

System 
variables 

Stacks 

Storage 
capacity 

512 bytes 

0-256bytes 

Screen 16K 
memory 
User's program Up to 31 -5K 
and data 

Static RAM 

Notes 

A fixed address 
is used for each 
system variable 
Changes in size 
during 
program 
execution 
Bit-mapped 
screen 
Amount used 
depends upon 
individual 
program 

Static memories are based upon bistable 
cell configuration as shown in Fig. 5.2(a). 
This configuration will remain in a "set'' or 
"reset" state (storing a 1 or 0) until 
changed . or until the power supply is 
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removed. The use of NMOS or CMOS 
(rather than conventional bipolar) tech
nology ensures that each cell consumes 
very little current and thus a very large 
number of cells can be present within a 
small area of integrated circuit. 

Dynamic RAM 
Dynamic RAM utilises the principle of 
charge storage within a capacitor. The 
simplified circuit of an NMOS dynamic 
memory cell is shown in Fig. 52(b ). The 

Fig. 5.2(a). Static memory cell con
figuration. 

Fig. 5.2(b ). Dynamic memory ceO con
figuration. 
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charge stored in the capacitor, C, inevitab
ly leaks away and thus dynamic memories 
require periodic "refreshing''. The process 
of refreshing a dynamic memory involves 
periodically reading the data stored and 
then writing it back to the memory. Some 
microprocessors (such as the Z80) incor
porate a means of refreshing dynamic 
memories, alternatively the task can be 
consigned to a dedicated dynamic 
memory controller chip. 

Memory organization and 
storage capacity 
Read-only memories are, for obvious 
reasons, ''byte wide" (i.e. all eight bits stored 
at each location are contained within the 
same semiconductor device). Thus, a 4K 
byte EPROM would be organized as 4006 
words each of 8 bits and its total storage 
capacity would be 3Tl68 bits. 

A wide variety of semiconductor RAM 
devices is currently available with storage 
capacities ranging from as little as 4096 
bits (l.K words x 4 bits) to as much as 
262144 bits (256K words x 1 bit. 

Each location within a semiconductor 
memory, whether it be ROM or RAM, 
comprises a "cell'' at which a single bit of 
data (either a 1 or a 0) is stored The 
memory cell matrix for a semiconductor 
RAM is shown in Fig. 53. The matrix com
prises 64 rows and 64 columns and thus has 
a total of ( 64 x 64) = 4006 individual cells. 

The six least-significant address lines 
(AO to AS) are used to form the column 
address whilst the six most significant ad
dress lines (A6 to All) are used to from 

)Ell N' 0 CELL N' 53 

\ 
/CELL N'l27 

MEMORY CELL 
MATRIX 

(4096 CELLS) 

/CELL N' 4095 

~--------.... 
64 COLUMNS 

I 2 3 6( 61 ;62 163 

~ COLUMN 1/0 

COLUMN DECODER 

ft 
- 1J AI A2 A3 A4 AS 

Fig. 5.3. Memory ceO matrix for a typical semiconductor RAM. 
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the row address. Note that the action of 
the column and row decoders is that of 
selecting only ONE of the column and row 
lines at a time hence a unique cell is ad
dressed which corresponds to the binary 
pattern placed on the address lines. 

Fig. 5.3 also shows how data is trans
ferred into and out of the memory cell 
matrix (by means of the column I/0 and 
how the active-low chips select (CS) and 
write enable (WE) lines are connected. 

Problem 5.1 
The data sheet for a semiconductor 
memory device is shown in Fig. 5.4. 
(a) State the type number of the device. 
(b) State the manufacturer's name. 
(c) State the type of device. 
(d) State the storage capacity of the 
device. 
(e) State the organization of the memory. 
(f) State the number of the pin which is 
connected to the: 
(i) positive supply 
(ii) GND or OV 
(iii) least significant address line 
(iv) most significant address line 
(v) programming supply voltage 

Problem 5.2 
The data sheet for a semiconductor 
memory device is shown in Fig. 5.5 
(a) State the type number of the device. 
(b) State the manufacturer's name. 
(c) State the type of device. 
(d) State the organization of the memory. 
(e) State the number of the pin which is 
connected to the: 
(i) positive supply 
(ii) GND or OV 
(iii) least significant address line 
(iv) most significant address line 
(v) active-low write (WR) line 
(iv) address decoding logic 

A practical semiconductor 
readlwrite memory 
F~g. 5.6 shows the basic arrangement of a 
practical 16K byte semiconductor 
read/write memory based on eight 6167 
CMOS static RAM devices. Each 6167 
RAM is organized on the basis of 16384 
words x 1 bit and thus eight 6167 devices 
will be required (one for each data bit). 
Note that address lines AO to A13 are com
mon to all of the RAM devices and that the 
active-low chip select (CS) line is driven 
from the address decoder (not shown) 
which uses the two most significant address 
lines (A15) and (A14) as inputs to deter
mine which of the four 16K byte blocks of 
memory is actually being used 
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Fig. 5.6. Apractical16K byte semiconductor read/write memory. 

provide decoupling of the + 5V supply rail 

Memory Maps 
Each location in semiconductor ROM and 
RAM must have its own unique address. At 
each address a byte (comprising eight bits) 
is stored. Each ROM, RAM (or bank of 
RAM devices) accounts for a particular 
block of memory, its size depending upon 
the capacity of the ROM and RAM in 
question. Furthermore, I/0 devices such as 
keyboards, VDU displays, parallel and 

ADDRESS 
(HEX I FFFF 

ADDRESS 
IOECIMALI 

65535 

32768 
32767 

;;;; ~--------1 ~ ~~ ~~ 
1-------1 ~~~:~ 

ROM 

0000 

Fig. 5.7. Memorymapforasimple 
home computer. 
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serial ports may also be memory mapped 
into the microprocessor's address space. As 
an example, a simple home computer may 
have 12K byte ROM, 4K bytes reserved for 
I/0, and 16K bytes of RAM allocated to 
addresses shown in the following table: 
Device Capec:ity Address R.nge 

(bytes) Hexadecimal Oecimal 
ROM 12K 0000-2FFF 0-12287 
vo 4K 3000-JFFF 12288-16383 
RAM 16K 4000-7FFF 16384-32767 
unused 32K 8000-FFFF 32788-66535 

ADDRESS ADDRESS 
I HEX I !DECIMAL I 

FFFF ,...-------, 65535 

cooo 
BFFF 

ROM 

:~~~ J:m 
~~~~ 1-------1 ;~~~~ 

RAM 

0000 ..._ _____ _. 

Fig. 5.8. See problem 5.3. 

A more meaningful way of expressing 
the allocation of addresses to RAM, 
ROM and I/0 is by means of a memory 
map along the lines of that shown in F~g. 
5.7. Note that the map is drawn to scale 
with addresses ranging from OOOOH (at the 
bottom) to FFFFH (at the top) and that 
not all of the address space is populated 
(the upper 32K bytes of memory is unused 
and any attempt to read or write to this 
area would be unproductive). 

Problem 5.3 
Fig. 5.8 shows the memory map for a 
microprocessor based system. 
(a) State the total amount of ROM avail
able. 
(b) State the total amount of RAM avail
able. 
(c) If the ROM space is populated by 
devices each organized on the basis of 
4006 words of 8 bits, how may ROM 
device will be present? 
(d) If the RAM space is populated by 
devices each organized on the basis of 
16384 words of 4 bits, how many RAM 
devices will be present? 
(e) What is present at each of th of the fol
lowing memory addresses? 
(i) 007F hexadecimal 
(ii) 32767 hexadecimal 
(iii) 8001 hexadecimal 
(iv) 49150 decimal 
(v) 1111111110101000 binary 

Gbssar y -For Part Fiv8 
Adchss decoder 
A decoder which selects a specific address 

Continued on page 54 
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or field of addresses to enable unique 
devices. 
Erasable programmable read only 
memory (EPROM) 
A programmable read-only memory that 
can be erased and reprogrammed. Most 
EPROM devices can be erased by expos
ing them to ultraviolet (UV) light. 
Memory map 
A drawing or table which shows the address 
assignments for each device in the system. 
Memory mapped 1/0 
Input/output devices that are accessed 
using the same group of instructions and 
control signals as used by the memory 
devices (RAM and ROM) present in the 
system. The memory and l/0 devices thus 
share the same address space. 
Non-volatie 
Property of a memory in which data is not 
lost when the power supply is removed or 
disconnected 

Answers to Problems 
5.1 (a) 2716 (HN462716, HN462716G) 

(b) Hitachi 
(c) EPROM 

(d)2Kbytes 
(e) 2048 words x 8 bits 
(f) (i) 24 
(ii) 12 
(iii)8 
(iv) 19 
(v) 21 

5.2 (a) 6147 (HM6147, HM6147-3, 
HM6147P, HM6147P-3) 
(b) Hitachi 
(c) CMOS static RAM 
(d) 4096 words x 1 bit 
(e) (i) 18 
(ii) 9 
(iii) 1 
(iv) 12 
(v) 8 
(vi) 10 

53. (a) 16Kbytes 
(b) 32K bytes 
(c) 4 
(d) 4 
(e) (i)RAM 
(ii)RAM 
(iii) l/0 
(iv) nothing (i.e. unpopulated) 
(v)ROM • 
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