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Chap 11: Flip-FlopsChap 11: FlipChap 11: Flip--FlopsFlops

Combinational: Output is a function of present inputs only

Sequential       : Output  is function both present and 
previous inputs

Circuit “remembers” previous history 

→ Flip Flop (F/F): with clock input (on clock edge)

→ Latches : with no clock input (on clock level)

F/F: a memory device with 1 output, 
or 2 complementary outputs
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Q
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Timing in combinational circuitsTiming in combinational circuitsTiming in combinational circuits

X

X'

ε
1

ε
2ε1, ε2 may be very

small but still exist.

x x'

G1A

B=1
C=0

G2

20ns 20ns

20ns 20ns

A

G1

G
2

1us delay
due to wire lenth

X
Y Z

2us

1us

3us

1us

ε ε

X

Y

Z

propagation delay in AND

That’s what we learn up to now.
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Timing in feedback NetworkTiming in feedback NetworkTiming in feedback Network
How your construct a switching circuit with memory? By feedback

Stable now

One inversion

Two inversions

To control the stable states
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Set-Reset Latch (SR latch)SetSet--Reset Latch (SR latch)Reset Latch (SR latch)
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Alternative form using NAND gates
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Usage of SR latch

1. As component in more complex latches and FFs
2. For debouncing switches
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Gated D LatchGated D Latch

Transparent latch since G=1, Q = D
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Edge-Triggered D Flip-FlopEdgeEdge--Triggered D FlipTriggered D Flip--FlopFlop
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Similar to D latch, but changes only to clock edge
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Timing diagram of falling edge triggered DFF

Rising edge
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SR Flip-FlopSR FlipSR Flip--FlopFlop

Similar to SR latch, but changes only to clock edge, and extra clock in
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SR implementation and timing

Master-slave FF

Not an edge-triggered FF
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D  F/F  (Delay F/F)D  F/F  (Delay F/F)D  F/F  (Delay F/F)
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J-K F/FJJ--K F/FK F/F
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Clocked JK F/FClocked JK F/FClocked JK F/F

J

Q

Q

K

SET

CLR

clk

The Change of F/F state always occurs The Change of F/F state always occurs 

on the on the falling edgefalling edge of the CLK pulse of the CLK pulse 

regardless regardless pulse widthpulse width

Q

clk

J

K

ε ε ε



19



20

Trigger F/F (T-F/F)Trigger F/F (T-F/F)
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Clocked T F-F: For Synchronous designClocked T FClocked T F--F: For Synchronous designF: For Synchronous design
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Clocked F/F with Clear and PresetClocked F/F with Clocked F/F with ClearClear and and PresetPreset
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Characteristic EquationsCharacteristic EquationsCharacteristic Equations
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Conversion between F/FConversion between F/FConversion between F/F
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HOMEWORK  -- Unit 11HOMEWORK  -- Unit 11

• 11.3
• 11.6
• 11.8
• 11.12
• 11.14
• 11.21


