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Digital Clock (1/2)Digital Clock (1/2)

• The clock period, or cycle time, is the length of 
time of the critical path in the circuit. 

• The clock cycle time or clock period is divided 
into two portions: 

o when the clock is high (1)o when the clock is high (1)
o when the clock is low   (0)
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Digital Clock (2/2)Digital Clock (2/2)

• The unit is in seconds. Clock speed is theThe unit is in seconds. Clock speed is the 
number cycles per second. E.g., 500 MHz clock 
has 500 million cycles per second. Its cycle time 
is 1 / (500*106 ) = 2 nanosecondsis  1 / (500*106 ) = 2 nanoseconds.

• Clock speed or frequency is quoted in KHz, MHz, 
GHor GHz.

U ll h f h l k h f ( h• Usually the faster the clock, the faster (the more 
work) the CPU does.

o Some work is performed every cycle of the clocko Some work is performed every cycle of the clock.
o The faster the clock the more work done per second.
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How are clocks used?How are clocks used?

• Clocks are needed to decide when an element 
that contains a state should be updated

• State elements:
o a memory element that gets updated on a clock edge
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Flip-Flops (1/2)Flip-Flops (1/2)

• Flip Flops are a storage/memory element which stores one• Flip-Flops are a storage/memory element which stores one 
bit (binary digit) of data.

• A flip-flop is controlled by (usually) one or two control p p y ( y)
signals and/or a gate or clock signal. The output often 
includes the complement as well as the normal output.

• There are multiple types of Flip Flops• There are multiple types of Flip Flops
o Set-Reset (S-R) FF
o Delay (D) FF (built from S-R)
o Toggle (T) FF
o J-K FF (built from S-R)  

• Any one of these flip flop types can be used to build any of• Any one of these flip-flop types can be used to build any of 
the others.

• Flip flops are used to save information from one clock 
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cycle to the next.



Flip-Flops (2/2)Flip-Flops (2/2)
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Register (1/2)Register (1/2)

• A register is an array of D flip-flops.g y p p
• A 32-bit register has 32 D flip-flops.
• How do we read a register? The 32 Q output bits g Q p

supply the value.
• How do we write to a register?

...clock

• The value to be stored is at the 32 D inputs. Then 
we clock the register just once. So whatever 
number is present at the inputs is loaded innumber is present at the inputs is loaded in.

• We clock the register only when we want to 
write
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write.



Register (2/2)Register (2/2)

• How to read in synchronization with the clock?y
Clock

R
When ‘read bit’ R = 1 and 
clock is 1, you read the bits 

…..

and they are available for 
use.

• Shift register: If D flip flops are connected in 
series, it acts as a shift register., g

Q D     Q D     QD

• Every time we clock, data will move from left to 
i h i i

Clock
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right one position.



Register File (1/3)Register File (1/3)

C t l t MIPS d t th• Central to MIPS datapath.
• It is a set of registers.
• We read or write a register 

by supplying its number.by supp y g ts u be
• This example has 2 read ports. 

It can read two registers at a time
FIGURE C.8.7 A register file with
t d t d itIt can read two registers at a time.

• It has one write port.

two read ports and one write
port has five inputs and two
outputs. The control input Write is
shown in color.

• An R-type instruction has two source operands 
and one destination.
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Register File (2/3)Register File (2/3)

• Read ports are• Read ports are 
implemented using a 
multiplexor.multiplexor.

• We supply a number   
to read each registerto read each register.

• The number (5 bits 
id ) t lwide) controls a 

multiplexor. 

FIGURE C.8.8 The implementation of two read ports for a
register file with n registers can be done with a pair of n-to-1
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multiplexors each 32 bits wide. The register read number
signal is used as the multiplexor selector signal. Figure C.8.9
shows how the write port is implemented.



Register File (3/3)Register File (3/3)

• When writing we• When writing, we 
usually change the 
contents of only one 

i tregister.

• Decode the supplied 
register number toregister number to 
select the designated 
register.

• Data to be written is 
sent to the D inputs of 
ll i tall registers.

• But only the selected 
i t i ‘ l k d’

FIGURE C.8.9 The write port for a register file is
implemented with a decoder that is used with the
write signal to generate the C input to the registers.
All three inputs (the register number the data and the

11

register is ‘clocked’. All three inputs (the register number, the data, and the
write signal) will have setup and hold-time constraints that
ensure that the correct data is written into the register file.


