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Overview
• Focus: Course Introduction


• Architecture: Logical Circuits


• Textbook: v4: 8.3; v5: 7.3


• Core Ideas:


1. SRAM Integrated Circuit


2. Cache



Static RAM Design
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Static RAM
• SRAMs work by employing latches to store information (typically SR Latches)


• SRAM will hold information permanently unless power is cut


• SRAM uses latches, which requires more components than DRAM so more 
expensive, but are also much faster


• SRAMs are used in early generations of PCs as main memories, like the VIC-201


• SRAMs now are used as L1 cache, the fasted and smallest cache in CPU


• Not as fast as registers though due to design restrictions. Register operations 
usually require a single cycle, L1 cache starts at 2
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1. https://en.wikipedia.org/wiki/Static_random-access_memory#:~:text=SRAM was used for the,100, and VIC-20.
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Static RAM
• This is a single SRAM cell


• Latches are transparent


• But RAM doesn’t at anytime perform 
Read/Write simultaneously, so this is 
less important


• Select: like an enabling signal


• Select <= 0, outputs 0 and no 
inputs are accepted


• Select <= 1, inputs are accepted 
and outputted
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Properties of Memory

Integrated-circuit RAM may be either static or dynamic. Static RAM (SRAM) consists 
of internal latches that store the binary information. The stored information remains 
valid as long as power is applied to the RAM. Dynamic RAM (DRAM) stores the 
binary information in the form of electric charges on capacitors. The capacitors are 
accessed inside the chip by n-channel MOS transistors. The stored charge on the capaci-
tors tends to discharge with time, and the capacitors must be periodically recharged by 
refreshing the DRAM. This is done by cycling through the words every few milliseconds, 
reading and rewriting them to restore the decaying charge. DRAM offers reduced power 
consumption and larger storage capacity in a single memory chip, but SRAM is easier to 
use and has shorter read and write cycles. Also, no refresh is required for SRAM.

Memory units that lose stored information when power is turned off are said to 
be volatile. Integrated-circuit RAMs, both static and dynamic, are of this category, 
since the binary cells need external power to maintain the stored information. In 
contrast, a nonvolatile memory, such as magnetic disk, retains its stored information 
after the removal of power. This is because the data stored on magnetic components 
is represented by the direction of magnetization, which is retained after power is 
turned off. Another nonvolatile memory is ROM, discussed in Section 5-2.

7-3 SRAM INTEGRATED CIRCUITS

As indicated earlier, memory consists of RAM chips plus additional logic. We will 
consider the internal structure of the RAM chip !rst. Then we will study combina-
tions of RAM chips and additional logic used to construct memory. The internal 
structure of a RAM chip of m words with n bits per word consists of an array of mn 
binary storage cells and associated circuitry. The circuity is made up of decoders to 
select the word to be read or written, read circuits, write circuits, and output logic. 
The RAM cell is the basic binary storage cell used in the RAM chip, which is typi-
cally designed as an electronic circuit rather than a logic circuit. Nevertheless, it is 
possible and convenient to model the RAM chip using a logic model.

A static RAM chip serves as the basis for our discussion. We !rst present RAM 
cell logic for storing a single bit and then use the cell in a hierarchy to describe the 
RAM chip. Figure 7-4 shows the logic model of the RAM cell. The storage part of the 
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cell is modeled by an SR latch. The inputs to the latch are enabled by a Select signal. For 
Select equal to 0, the stored content is held. For Select equal to 1, the stored content is 
determined by the values on B and B. The outputs from the latch are gated by Select to 
produce cell outputs C and C. For Select equal to 0, both C and C are 0, and for Select 
equal to 1, C is the stored value and C is its complement.

To obtain simpli!ed static RAM diagrams, we interconnect a set of RAM cells 
and read and write circuits to form a RAM bit slice that contains all of the circuitry asso-
ciated with a single bit position of a set of RAM words. The logic diagram for a RAM 
bit slice is shown in Figure 7-5(a). The portion of the model representing each RAM cell 

(a) Logic diagram
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Static RAM
• This is the diagram for -bit SRAM


• Select signal is shared between all bits 
of a single word, coming from a decoder


• Data_in is combined with Read/Write 
and fed into each -bit SRAM cells


• Bit_Select is like Chip_Select/
Chip_Enable, for enabling the entire 
circuit


• The output side are all fed into -input 
OR gate
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Static RAM
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instead of one k-input decoder. One decoder controls the word select lines and the other 
controls the bit select lines. The result is a two-dimensional matrix selection scheme. If 
the RAM chip has m words with 1 bit per word, then the scheme selects the RAM cell at 
the intersection of the Word Select row and the Bit Select column. Since the Word Select 
is no longer strictly selecting words, its name is changed to Row Select. An output from 
the added decoder that selects one or more bit slices is referred to as a Column Select.

Coincident selection is illustrated for the 16 * 1 RAM chip with the struc-
ture shown in Figure 7-7. The chip consists of four RAM bit slices of four bits each 
and has a total of 16 RAM cells in a two-dimensional array. The two most signi!-
cant address inputs go through the 2–to–4-line row decoder to select one of the 
four rows of the array. The two least signi!cant address inputs go through the 
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Diagram of a 16 * 1 RAM Using a 4 * 4 RAM Cell Array
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• 16 x 1 RAM Using a 4 x 4 RAM 
Cell Array


• Row selection and Column 
selection done separately to avoid 
more complex decoder designs


• Also allows the addition of 
more memory cells easily by 
the user



Lab 2 Part 1, 2
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Lab 2 Part 1

• Create a RAM with the PROM/RAM wizard in LogicWorks


• The RAM unit should support 16bits for address, 16bits for DI and DO


• One chip enabling pin is enough


• Create also a circuit file to test it, make sure you understand how to view/
edit the data in the RAM using the PROM/RAM wizard
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Lab 2 Part 2
• Create a single SRAM cell using an SR Latch and various gates


• Inputs: B, nB, Select; Output: C, nC


• Save it in your library as 1bit SRAM Cell


• Create a 4 addresses, 4bit RAM with your SRAM Cells


• You’ll need decoders as well


• Data_In, Data_Out: 4bit; 


• A (for address): 2bit; Bit_Select: 1bit; R_nW: 1bit
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