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1-        all j=k=1
کلاک اصلی به ورودی کلاک   -2

طبقه اول فقط وارد شده
خروجی مکمل ھر طبقه کلاک   -3

.طبقه بعدی را تامين می کند
ف فرکانس خروجی ھر طبقه نص  -4

فرکانس کلاک ورودی ھمان طبقه 
.است

ی ھا فعال با لبه منف FFاگر کلاک  -5
باشد بايد خود خروجيھا به کلاک 

.طبقه بعد متصل شوند





Tmin> Ntp
Or 
fmax < 1/(Ntp )





 انواع از يکی BCD شمارنده
Decade شمارنده
  اب ای شمارنده ھر کل در ولی است
 10 مد شمارنده را پايدار حالت 10
decade يا counter نامند می.

4017 شمارنده مثل









Q2 Q1 Q0

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

0 0 0











Synchronous CLEAR and LOAD
Two active high enables ENT & ENP
RCO (ripple clock output) goes high in last state (during 15)
This signal that called terminal count (TC=15) in conjunction with enable 
inputs allows this counter to be cascaded for higher count sequence.





Active low asynchronous

Active low synchronous

Active high
Goes high In state 9
In counjunction with 
enable inputs is used 

for cascading











Bi-static
Active low asynchronous

Counter enable 
Active low

Goes high during 
states 9 and 0

Same as clock during 
states 9 and 0

MAX/MIN, RCO and CTEN are used in cascading counter
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BASICS OF SEMICONDUCTOR MEMORY 

Memory is the portion of a system for storing binary data in large 
quantities. 

Semiconductor memories consist of arrays of elements that are generally 
either latches or capacitors. 

Bits, Bytes, Nibbles  and Words 

A complete unit of information is called a word and generally consists of 
one or more bytes. Some memories store data in 9-bit groups; a 9-bit 
group consists of a byte plus a parity bit.

In programing word is defined as two byte.
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Summary

The Basic Semiconductor Memory Array 

Each storage element in a memory can retain either a 1 or a 0 and is 
called a cell. Memories are made up of arrays of cells,  (i.e. 64 cell array)

Each block in the memory array represents one storage cell. and its 
location can be identified by specifying a row and a column. 

The 64-cell array can be 
organized in several ways 
based on units of data. 
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Summary

Memory Address and Capacity 

The location of a unit of data in a memory array is called its address. 

The capacity of a memory is the total number of data units that can be 
stored. ( i.e. 64 bits, 8 bytes, which is also 64 bits. 64 bytes. 256 MB)

3D 
array.
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Summary

Basic Memory Operations 

The write operation puts data into a specified address in the memory, and 
the read operation copies data out of a specified address in the memory.

The addressing operation, which is part of both the write and the read 
operations, selects the specified memory address. 

(unidirectional and 
internally decoded) (bidirectional)
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Summary

Basic Memory Operations 

In the case of the 3-dimensional memory array there are two decoders, 
one for the rows and one for the columns. 

The number of lines in the address bus depends on the capacity of the 
memory.
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The Write Operation 
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The Read Operation 
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RAMs and ROMs 

The two major categories of semiconductor memories are the RAM and 
the ROM. 

RAM (random-access memory) is a type of memory in which all 
addresses are accessible in an equal amount of time and can be selected in 
any order for a read or write operation. 

read and write capability

volatile memories. 

ROM (read-only memory) is a type of memory in which data are stored 
permanently or semi permanently. Data can be read from a ROM, but 
there is no write operation as in the RAM. The ROM, like the RAM, is a 
random-access memory but the term RAM traditionally means a random-
access read/write memory.

Because ROMs retain stored data even if power is turned off, they are 
nonvolatile memories. 
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The RAM Family 

Static RAMs generally use latches as storage elements and can therefore 
store data indefinitely as long as DC power is applied. 

Dynamic RAMs use capacitors as storage elements and cannot retain data 
very long without the capacitors being recharged by a process called 
refreshing. 

Both SRAMs and DRAMs will lose stored data when dc power is 
removed and, therefore, are classified as volatile memories. 

Data can be read much faster from SRAMs than from DRAMs. However, 
DRAMs can store much more data than SRAMs for a given physical size 
and cost 
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The RAM Family 
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Static RAMs (SRAMs) 

SRAM latch memory cell. The cell is selected by an active level on the 
Select line and a data bit (lor 0) is written into the cell by placing it on the 
Data in line. A data bit is read by taking it off the Data out line. 
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Static RAMs (SRAMs) 

To write a data unit: the Row Select line is taken to its active state and 
four data bits are placed on the Data I/O lines. The Write line is then taken 
to its active state, which causes each data bit to be stored in a selected cell 
in the associated column. 

To read a data unit, the Read 
line is taken to its active 
state, which causes the four 
data bits stored in the 
selected row to appear on the 
Data I/O lines. 
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Basic Asynchronous SRAM Organization 

An asynchronous SRAM is one in which the operation is not synchronized 
with a system clock. 

32k x 8 bit with tri state output
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Tristate Outputs and Buses 

Tristate buffers in a memory allow the data lines to act as either input or 
output lines and connect the memory to the data bus in a computer. These 
buffers have three output states: 

HIGH (1)

LOW (0)

and HIGH-Z (open). 

Physically bus is a set of conductive paths that serve to interconnect two 
or more functional components of a system or several diverse systems. 

Electrically. a bus is a collection of specified voltage levels and/or current 
levels and signals that allow the various devices connected to the bus to 
communicate and work properly together.  



© 2009 Pearson Education, Upper Saddle River, NJ 07458. All Rights ReservedFloyd, Digital Fundamentals, 10th ed

Memory Array 
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Basic Synchronous SRAM with Burst Feature 
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Cache Memory 

Refrigerator Vs. shop.

Cache memory is a relatively small, high-speed memory that stores the 
most recently used instructions or data from the larger but slower main 
memory. 

Computer programs tend to get instructions or data from one area of main 
memory before moving to another area. Basically, the cache controller 
"guesses" which area of the slow dynamic memory the CPU will need 
next and moves it to the cache memory. 

What will happen If the cache controller guesses right or wrong?
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L 1 and L2 Caches 

A first-level cache (L1 cache) is usually integrated into the processor chip 
and has a very limited storage capacity. LI cache is also known as primary 
cache. 

A second-level cache (L2 cache) is a separate memory chip or set of chips 
external to the processor and usually has a larger storage capacity than an 
Ll cache. L2 cache is also known as secondary cache. Some systems may 
have higher-level caches (L3. L4, etc.), but L1 and L2 are the most 
common. 

Also, some systems use a disk cache to enhance the performance of the 
hard disk because DRAM, although much slower than SRAM, is much 
faster than the hard disk drive.
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Dynamic RAM (DRAM) Memory Cells 

Dynamic memory cells store a data bit in a small capacitor rather than in a 
latch. 

Cell is very simple, so very large memory arrays can be constructed on a 
chip at a lower cost per bit. 

Capacitor cannot hold its charge for a long time unless its charge is 
refreshed periodically and this causes complexity of memory and related 
control circuit.
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Dynamic RAM (DRAM) Memory Cells 
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Dynamic RAM (DRAM) Memory Cells 
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Dynamic RAM (DRAM) Memory Cells 
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Dynamic RAM (DRAM) Memory Cells 
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Basic DRAM Organization 
The ten address lines 
are time multiplexed 
at the beginning of a 
memory cycle by the 
row address select 
(RAS) and the 
column address select 
(CAS) into two 
separate 10-bit ad-
row address is latched 
into the row address 
latch. then column 
address is latched into 
the column address 
latch. .
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Read and Write Cycles 

حافظه ھمواره در حال خواندن و نوشتن است؟ R/Wآيا با توجه به ساختار پايه 
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Fast Page Mode 

When CAS goes to it s non-asserted state (HIGH), it disables the data 
outputs. Therefore, the transition of CAS to HIGH must occur only after 
valid data are latched by the external system. 

For example, a fast page mode cycle for the DRAM in Figure 10-18 
requires CAS to go active 1024 times for each row selected by RAS.
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Refresh Cycles 

Typically, a DRAM must be refreshed every 8 ms to 16 ms, although for 
some devices the refresh period can exceed 100 ms. 

A read operation automatically refreshes all the addresses in the selected 
row. However, in typical applications, you cannot always predict how 
often there will be a read cycle and so you cannot depend on a read cycle 
to occur frequently enough to prevent data loss. 

Burst refresh: All rows in the memory array are refreshed consecutively 
each refresh period. For a memory with a refresh period of 8 ms, a burst 
refresh of all rows occurs once every 8 ms. The normal read and write 
operations are suspended during a burst refresh  cycle. 

Distributed refresh: Each row is refreshed at intervals interspersed 
between normal read or write cycles. If memory had 1024 rows. As an 
example, for an 8 ms refresh period. each row must be refreshed every  
8ms/I024 = 7.8 µs when distributed refresh is used. 

 he two types of refresh ope ratio ns are RAS-only refresh and CAS before 
RAS refresh. 

RAS l f h i f RAS i i h LOW ( i )
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Refresh Cycles 
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Types of DRAMs 

Fast Page Mode (FPM) DRAM: traditionally has been the most common 
type used in computers until the development of the EDO DRAM.

BEDO DRAM : The Burst Extended Data Output DRAM is an EDO 
DRAM with address burst capability. Recall from the discussion of the 
synchronous burst SRAM that the address burst feature allows up to four 
addresses to be internally generated from a single external address, which 
saves some access time. This same concept applies to the BEDO DRAM. 

EDO DRAM : The Extended Data Output DRAM, sometimes called hyper 
page mode DRAM, is similar to the FPM DRAM. The key difference is that 
the CAS signal in the EDO DRAM does not disable the output data when it 
goes to its nonasserted state because the valid data from the current address 
can be held until CAS is asserted again. This means that the next column 
addres can be accessed before the external system accepts the current valid 
data. The idea is to speed up the access time. 
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Types of DRAMs 

Synchronous DRAM (SDRAM): 

Faster DRAMs are needed to keep up with the ever-increasing speed of 
microprocessors. The Synchronous DRAM is one way to accomplish this. 

Like the synchronous static RAM discussed earlier, the operation of the 
SDRAM is synchronized with the system (CPU) clock. The same basic 
ideas described in relation to the synchronous burst SRAM, also apply to 
the SDRAM. 

With asynchronous memories, the microprocessor must wait for the DRAM 
to complete its internal operations. However, with synchronous operation, 
the DRAM latches addresses, data, and control information from the 
processor under control of the system clock. This allows the processor to 
handle other tasks while the memory read or write operations are in 
progress
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SECTION   10-2   REVIEW

1. List two types of SRAM.

2. What is a cache?

3. Explain how SRAMs and DRAMs differ.

4. Describe the refresh operation in a DRAM.

5. List four types of DRAM.
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READ-ONLY MEMORIES (ROMs) 

 A ROM contains permanently or semi permanently stored data

 Cannot be changed or cannot be changed without specialized equipment. 

 Are used in system application&, such as tables. conversions, or 
programmed instructions for system initialization (BIOS) and operation. 

 Nonvolatile memories. 
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READ-ONLY MEMORIES (ROMs) 

MASK ROM (usually named 
ROM) Is the type in which the 
data are permanently stored in the 
memory during the manufacturing 
process to provide widely used 
standard functions.  
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READ-ONLY MEMORIES (ROMs) 

The PROM, or programmable ROM, is the type in which the data are 
electrically stored by the user with the aid of specialized equipment. Both 
the mask ROM and the PROM can be of either MOS or bipolar technology. 
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PROM STRUCTURE

MOS PROM array with 
fusible links. All drains are 
commonly connected to VDD
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READ-ONLY MEMORIES (ROMs) 

The EPROM, or erasable PROM. is strictly a MOS device. 
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READ-ONLY MEMORIES (ROMs) 

The UV EPROM is electrically programmable by the user, but the stored 
data must be erased by exposure to ultraviolet light over a period of several 
minutes. 
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READ-ONLY MEMORIES (ROMs) 

The electrically erasable PROM (EEPROM or E2PROM) can be erased in a 
few milliseconds. 
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MASK ROM’s (ROMs) 

The blue squares represent stored I s, and the gray squares represent stored 
0’s. 
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EXAMPLE 10-1 

Show a basic ROM, programmed for a 4-bit binary-to-Gray conversion. 
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EXAMPLE 10-1 
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Internal ROM Organization 

Although the 256 x 4 organization of this device implies that there are 256 
rows and 4 columns in the memory array, this is not actually the case. The 
memory cell array is actually a 32 x 32 matrix (32 rows and 32 columns)
Actually, the column decoder consists of four 1-of-8 multiplexer
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ROM Access Time 

Access time can also be measured from the activation of the chip enable 
(E) input to the occurrence of valid output data when a valid address is 
already on the input lines. 
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SECTION   10-3   REVIEW

1. What is the bit storage capacity of a ROM with a 512 X 8

organization?

2. List the types of read-only memories.

3. How many address bits are required for a 2048-bit memory

organized as a 256 X 8 memory?
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FLASH MEMORIES 

The ideal memory has high storage capacity, non-volatility,
in-system read and write capability, comparatively fast
operation, and cost effectiveness. None of previous
mentioned technologies has all of them.

This high density is achieved in flash memories with a
storage cell that consists of a single floating-gate MOS
transistor. A data bit is stored as charge or the absence of
charge on the floating gate depending if a 0 or a 1 is stored.
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MEMORIES COMPARISON
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Word-length Expansion 
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Word-Capacity Expansion 
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