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Memory Devices 
A memory unit is an integral part of any microcomputer, and its primary purpose is to hold 

instructions and data. The major design goal of a memory unit is to allow it to operate at a speed 

close to that of a microprocessor. However, the cost of a memory unit is so prohibitive that it is 

practically not feasible to design a large memory unit  with one technology that guarantees  high 

speed. Therefore, to seek a trade-off between the cost and the operating speed, a memory system is 

usually designed with different technologies, such as solid state, magnetic, and optical. In a broad 

sense, a microcomputer memory system can be divided into three groups:  

1. Microprocessor memory  

2. Primary or main memory  

3. Secondary memory  

Microprocessor memory comprises to a set of microprocessor registers. These registers are used to 

hold temporary results when a computation is in progress. Also, there is  no  speed  disparity 

between  these  registers and  the  microprocessor because  they  are fabricated using the same 

technology. However, the cost involved in this approach limits a microcomputer architect to include 

only a few registers in the microprocessor.  

Main  memory  is  the  storage  area  in  which  all  programs  are  executed.  The microprocessor can  

directly  access  only  those  items  that  are  stored  in  main  memory. Therefore, all  programs  

must  be  within  the  main  memory  prior  to  execution.  CMOS technology is normally used in main 

memory design. The size of the main memory is usually much larger than processor memory, and its 

operating speed is slower than that of processor registers. Main memory normally includes ROMs 

and RAMS.  

Electromechanical memory devices such as hard disks are used  extensively as microcomputer’s 

secondary  memory  and  allow  storage of  large programs  at  low  cost. The storage capacity of a 

typical hard disk ranges from 5 MB to several gigabytes. The rotational speed of the hard disk is 

typically 3600 rpm.  These secondary memory devices access stored data serially. Hence, they are 

significantly slower than main memory. Hard disk is a popular secondary memory device. Programs 

are stored on disks in files. Secondary memory stores programs in excess of the main memory. 

Secondary memory is also referred to as auxiliary or virtual memory. The microcomputer cannot 

execute programs stored in the  secondary  memory  directly,  so  to  execute  these  programs  the  

microcomputer  must transfer them to its main memory by  a program  called the operating system. 

Programs in hard disk memories are stored in tracks. A track is a concentric ring of programs stored 

on the surface of a disk.  Each track is further subdivided into several sectors.  Each sector typically 

stores 512 or 1024 bytes of information.  The secondary memory typically uses magnetic media, 

except for optical memory, which stores programs on a plastic disk.  CD (compact disc) memory and 

DVD (digital video disc) memory are examples of popular optical memory used with microcomputer 

systems. CD memory uses an infrared laser whereas DVD memory uses a red laser.  Since a  red  

laser  has  a shorter wavelength  than  an  infrared  laser,  DVD  memory provides  a larger  storage 

capacity  than CD memory. Typical optical memories include CD-ROM, CD-RW, DVD-ROM, and DVD- 

RAM. 

Main Memory 
The main or external memory (or simply, the memory) stores both instructions and data. The 8086 

microprocessor has 20-bit address and 16-bit data buses. The 8086 based system can have the 

maximum of 220 (= 1,048,576 or simply 1 MB) memory locations. Each location stores an 8-bit data 
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byte. The microprocessor can transfer a byte (8-bit) or a word (16-bit) to or from memory in one bus 

cycle. We will now discuss the methods of interfacing memory devices to the 16bit data bus to 

transfer a byte or a word into memory locations. 

Memory devices are broadly classified into two types 

1. RAM (Random Access Memory) 

2. ROM (Read Only Memory) 

 
 Figure 1 Summary of available semiconductor memories for Microprocessor system 

ROM 

The defining feature of a ROM is that it is non volatile. It means that binary words in such memory 

will not be erased if power to the device is disconnected. A ROM consists of two different group of 

lines; Address lines and data lines. The number of address and data lines varies depending on the 

capacity and width of the data word. Address lines of ROM in figure 1 A0 to A15 are the input to the 

device and the data lines D0-D7 are the outputs from the device. The device also has chip enable, 𝐶𝐸     

and output enable, 𝑂𝐸     inputs. When the chip is disabled by logic 1 on 𝐶𝐸     input, the data output 

lines are tri-stated and virtually disconnected to anything connected to it. As the device has 15 

address lines and 8 data lines, it has 215 (32K) memory locations and each memory stores 8-bit data. 

The contents of the memory location is obtained at data outputs when address of the location is 

placed on the address inputs and chip enable and output enable inputs are activated.  

 
Figure 2 Symbol of a 32K*8 ROM 
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The contents of ROM devices are entered during manufacturing process and cannot be overwritten 

at any state. Programmable ROM devices are different from ROM devices and enable the users to 

enter contents using special devices called PROM programmer. But once programmed, the contents 

cannot be altered further. Contents of erasable programmable read only memory (EPROM) devices 

can be altered with EPROM programmers as many times as the user likes. Electrically erasable PROM 

(EEPROM) Devices which are also called as flash memory devices are common in computers today. 

ROM can be classified as 

 MASK ROM 

 PROM (Programmable ROM) 

 EPROM (Erasable Programmable ROM) 

 EEPROM (Electrically Erasable Programmable ROM) 

RAM 

The defining feature of RAM is that it is volatile and can be read and write easily. Being volatile 

means it will lose all the contents of the memory once the power is removed from it. 

RAM can be classified as 

1. SRAM(Static Random Access Memory) 

2. DRAM (Dynamic Random Access Memory) 

Each of these RAM types has different special types. General explanation of the types of memory are 

explained in lecture 1 

A SRAM uses flip-flop to store a bit of binary information. The advantage of SRAM is its speed and 

power consumption. It is very fast. But it is very costly and has smaller capacity. The maximum 

capacity of a SRAM is just 128K * 8i. Figure 2 shows the schematic symbol of a 4K * 8 SRAM. It has 12 

address lines and 8 data lines. The address lines are the tri-stated inputs and the data lines are the 

output of the device. The device also has chip enable𝐶𝐸    , output enable 𝑂𝐸     and write enable 𝑊𝐸      

control inputs.  The RAM allows user to write a new data or read existing data from any desired 

memory locations. To write data into a location, the address of the location is applied at the address 

inputs, data is applied at data inputs and chip enable and write enable pins are activated. In 

response, the device transfers data on its data lines into memory locations. Similarly to Read data 

from a location, the address of the location is applied at the address inputs, data is applied at data 

inputs and chip enable and output enable pins are activated. In response, the device transfers the 

data from the memory location to its output. 

 
Figure 3 Symbol of a 4K*8 SRAM 
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A DRAM uses a tiny capacitor to store a bit of data.  Advantages of DRAM are that it stores a bit in 

less space than SRAM and is less expensive. Hence DRAM are easily available in capacities like 

16M*1. The disadvantages of DRAM are t at it is slow and its memory locations need To be refreshed 

at regular intervals. In a DRAM, the charges on the capacitor may leak off in a period of time. Logic 

level stored on the capacitors therefore refreshed by repeatedly reading and rewriting the contents 

at regular intervals using a DRAM refresh controller. 

Figure 3 shows the internal structure of a DRAM. The address bits of a memory cells are split into 

two parts and multiplexed on the address pins. The MSB half of the address bits is called Row 

address and the MSB half of the address bits is called column address. The row address strobe (𝑅𝐴𝑆      ) 

clocks in the row address and the column address strobe (𝐶𝐴𝑆     ) clocks in the column address. 

To read the ata from a cell, the write enable (𝑊𝐸     ) signal is pulled up, the upper half of the address 

bits is placed on the address pins and the 𝑅𝐴𝑆       signal is activated. After a delay period, the row 

address is removed; the lower half of the address bits is placed on the address pins and the 

𝐶𝐴𝑆       signal is activated. Again after a delay period, the data would appear on the data output lines. 

The write operation is similar to the read, but in this the 𝑊𝐸      signal is pulled down and the data is 

applied at its data inputs. 

Memory refresh is carried out either by a read,  a write or by a special refresh cycle. Whenever a row 

in a DRAM is selected for a read or writes operation by providing its address and activating the 

𝑅𝐴𝑆       signal, all cells in that row are refreshed in parallel. Hence, the entire DRAM can be refreshed 

by simply providing the row addresses in sequence and activating the 𝑅𝐴𝑆       signal for each row 

address. The special refresh cycle is called as hidden refresh, transparent refresh or cycle stealing 

and is done internally. To refresh a row: the row address is applied to the address inputs and 

𝑅𝐴𝑆       signal is enabled. It causes the selected row to beread and rewritten internally. 

IF a DRAM requires its 256 rows to be refreshed once in 4 ms, then the refresh cycle should be 

activated in every 15.6 microseconds (4/256 ms). 

 
Figure 4 The internal structure of a DRAM 
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Memory Banks  
Memory for the 8086 system is set up on two banks of 512KB (=524,288 bytes) each as shown in 

Figure 5. The two banks are connected to Al9-Al address lines. One memory bank is enabled when 

A0 is low and takes even addresses (since A0 = 0) for its locations. It is referred to as even bank or 

low bank. The low bank is connected to low data bus lines, D7-DO. The other memory bank is 

enabled when 𝐵𝐻𝐸       is low and takes odd addresses (since A0=1) for its locations. It is referred to as 

odd bank or high bank. The high bank is connected to the high data bus lines, D15-D8. (The 

microprocessor outputs low on 𝐵𝐻𝐸       line in T1 state, if D15-D8 lines of data bus are used for data 

transfer. An external latch  in the system captures the signal and retains for use in the remaining T 

states.) Signals on 𝐵𝐻𝐸       and A0 identify the bank in which the addressed location resides and 

address on A19-A1 identifies the location in the bank. 

 
Figure 5 Memory banks 
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The microprocessor uses the data bus in different ways for byte or word transfer to or from odd or 

even addressed locations. The Table below illustrates how the signals change for various data 

transfer operations.  

 
 

 

 
 

Self Study 

 Address decoding logic (Mathivanan 3.4.3) 

 EEPROM interfacing (Mathivanan 3.4.4) 

 SRAM interfacing (Mathivanan 3.4.5) 

 DRAM interfacing (Mathivanan 3.4.6)  
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Cache memory  
The performance of a microprocessor system can be improved significantly by introducing a small, 

expensive, but fast memory between the microprocessor and main memory. The idea for cache 

memory was introduced in the IBM 360/85 computer. Later, the concept was implemented in 

minicomputers such as the PDP- 11/70. With the advent of very large scale integration (VLSI) 

technology, the cache memory technique has been gaining acceptance in the microprocessor world.  

A block diagram representation of a microprocessor system that employs a cache memory is shown 

in Figure 6. Usually, a cache memory is very small in size and its access time is less than that of the 

main memory by a factor of 5. Typically, the access times of the cache and main memories are 100 

and 500 ns, respectively.  If a reference is found in the cache, we call it a cache hit, and the 

information pertaining to the microprocessor reference is transferred to the microprocessor from 

the cache. However, if the reference is not found in the cache, we call it a cache miss. 

When there is a cache miss, the main memory is accessed by the microprocessor and the 

instructions and/or data are transferred to the microprocessor from the main memory. At  the  same  

time,  a  block  containing the  information  needed  by  the  microprocessor  is transferred  from the 

main  memory  to  cache. The block  normally contains 4 to  16 words, and this  block  is placed  in  

the  cache  using  standard  replacement  policies  such  as FIFO or LRU. This block transfer is done 

with the hope that all future references made by the microprocessor will be confined to the fast 

cache. 

 
Figure 6 Memory organization of a microprocessor system that employs a cache memory. 

Cache memories are generally made with SRAMS due to their speed.  
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DMA operation 
Normally microprocessor performs I/O read and memory write operations to transfer data from an 

I/O device to a memory. Similarly it performs a memory read and an I/O write operations to transfer 

a data from memory to I/O device. Every transfer between a memory and an I/O goes through the 

microprocessor. 

Direct Memory Access (DMA) technique provides direct access between memory and I/O device and 

enables Fast and Bulk data transfer without the assistance of a microprocessor. To achieve this 

operation another DMA controller such as 8237 is necessary. 

The 8086 in minimum mode has HOLD (DMA request) input and HLDA (DMA acknowledge) output 

pins to support DMA operation. Figure 7 below illustrates a basic DMA operation. 

DMA controlled data transfer from I/O device to memory is called DMA write and transfer from 

memory to I/O is called DMA read. DMA operation is mainly done when the data transfer capability 

of peripheral is higher than that of the processor. 

Advantage of DMA operation 

 Fast and Bulk data transfer 

 Improves system performance 

Application of DMA 

 Refreshing DRAM devices 

 Transferring bulk data between RAM and hard disk 

 

 
Figure 7 Basic DMA operation 
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DMA operation steps 

1. DREQ : Peripheral (I/O)   DMA controller  

2. HRQ : DMA controller Microprocessor (HOLD input) 

3. Then microprocessor 

i. Stops executing further instruction 

ii. Floats its buses 

iii. HLDA : Microprocessor DMA controller 

iv. DMA controller sends signal to virtually disconnects the microprocessor from the 

address, data and control bus and takes control of the three buses 

4. DACK : DMA controller  I/O 

5. DMA controller sends signal for proper control through the control bus 

i. For DMA read: 𝑀𝐸𝑀𝑅          and 𝐼𝑂𝑊       control signals 

ii. For DMA write: 𝑀𝐸𝑀𝑊           and 𝐼𝑂𝑅      control signals 

6. After the data transfer is finished, the DMA controller disables the HOLD signal and control 

goes back to microprocessor 

 

 

 

1. What is the basic difference between main memory and secondary memory?  

2. A microprocessor has 24 address pins. What is the maximum size of the main memory?  

3. Can the microprocessor execute programs directly in hard disk?  Explain your answer.  

4. What is the basic difference between: (a) EPROM and EEPROM?  (b)  SRAM and DRAM? 

5. Given a memory with a 14-bit address and  an 8-bit word size. 

a. How many bytes can be stored in this memory?  

b. If this memory were constructed from 1K x 1 RAMS, how many memory chips would 

be required?  

6. What are the main differences between CD and DVD memories? 

7. How many address and data lines are required for a 1M x 16 memory chip? 

8. What is the advantage of using cache? 

9. Why is DMA operations used? 

10. Explain the steps necessary for DMA operation with proper diagram. 

11. What are the advantages of using DMA operation? 

12. What are the difference between SRAM and DRAM? 
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 Mathivanan Chapter 3 


