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Only Two Types of Circuits Exist

 Combinational Logic Blocks (CL)

 State Elements (registers)

• State elements are 
mixed in with CL 
blocks to control 
the flow of data.

Register file
or

Memory Block

Address

Input Data

Output Data

Write Control

clock
• Sometimes used in 

large groups by 
themselves for 
“long-term” data 
storage.
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Register Details…What’s inside?

 n instances of a “Flip-Flop”

 Flip-flop name because the output flips and flops 
between 0 and 1 

 D is “data”, Q is “output”

 Also called “d-type Flip-Flop”



EECS151

12

EE141
23

Flip-flop Timing Waveforms
 Edge-triggered d-type flip-flop

 This one is “positive edge-triggered”

 “On the rising edge of the clock, the input d is 
sampled and transferred to the output.  At all 
other times, the input d is ignored.”

 Example waveforms:
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Accumulator Example

 We need something like this:

Assume X is a vector of N integers, presented to the input of 
our accumulator circuit one at a time (one per clock cycle), so 
that after N clock cycles, S hold the sum of all N numbers.

S=0;  Repeat N times
S = S + X;

 But not quite.

 Need to use the clock signal 
to hold up the feedback to 
match up with the input 
signal.

Xi
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Accumulator
 Put register in feedback path.

 On each clock cycle the 
register prevents the new 
value from reaching the input 
to the adder prematurely.  
(The new value just waits at 
the input of the register)

Si

Si-1

Timing:

Si

Si-1
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Flip-Flop Timing Details

 Three important times associated with flip-flops:
 Setup time - How long d must be stable before the rising edge of CLK

 Hold time - How long D must be stable after the rising edge of CLK

 Clock-to-q delay – Propagation delay after rising edge of the CLK
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Accumulator Revisited

 Note:

– Reset signal 
(synchronous)

– Timing of X signal is 
not known without 
investigating the 
circuit that supplies X.  
Here we assume it 
comes just after Si-1.

– Observe transient 
behavior of Si.
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Level-sensitive Latch Inside Flip-flop

Positive Level-sensitive latch:

Positive Edge-triggered flip-flop built 
from two level-sensitive latches:

When CLK is high, latch is transparent, when clk is low, latch 
retains previous value.


