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e Buffers

In Out

non-Inverting

\

Inverting In—I>O—OUt 0 1 notA  ~A A
T our [l our
0 0 1 A O ~A

Tri-State In Out X 1 7
Tri

o 1
rl 1 0
1 1

N N O

Common 2 © tj



e Simple Gates
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e Switches
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* Coder / Decoder
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e Multiplexer/ Demultiplexer
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* Logic Analysis
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* Logic Analysis
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e de Morgan’s Laws

(AUB) = A'N B’ (A+B)=AB
(ANB) = A" UB’ (AB)=A+B
(A = A (W =A
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e de Morgan’s Laws

(AUB) = A'N B’ (A+B)=AB
(ANB) = A" UB’ (AB)=A+B
(A = A (W =A
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e de Morgan’s Laws

(AuB) =A"nB’
(AnB) =A"UB’
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(A+B)=AB
(AB)=A+B
(A) = A

Out =
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e Sum-of-Products, Product-of-Sums

Sum-of-Products (AnB)U(CND)U(ENF) AB +CD + EF
Product-of-Sums (AuUB)N(CuD)N(EUF) (A+B)(C+D)(E+F)

Why ???
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* minterm / maxterm

o 1 1 A'B
1 0 O AB’
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* SOP: Y=A'B+ AB

« POS: Y= (A +B) (A’ +B)
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e Karnaugh Maps
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e Delays
* t,4 = propagation delay
* delay from input to valid output (max delay)

* t4 = contamination delay
e delay from input to first movement on output (min delay)
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e Shortcuts
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e Latches
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e Latches
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* Flip-Flops

* Edge Triggered
e Qutputs only change on a rising or falling clock edge (synchronous)
e QOutputs depend on the state of the inputs at the clock edge

* Some have asynchronous set or reset inputs
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* Flip-Flops

* Edge Triggered D Flip-Flop
e Qutputs depend on the state of the inputs at the rising clock edge

* Some have asynchronous set or reset inputs
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* Flip-Flops

* Edge Triggered T Flip-Flop (Toggle)
e Qutputs depend on the state of the inputs at the rising clock edge

QB

Change

Toggle

* Some have asynchronous set or reset inputs

T at the rising
clock edge

T at the rising
clock edge



* Flip-Flops

» Edge Triggered SR Flip-Flop (Set/Reset)

e Qutputs depend on the state of the inputs at the rising clock edge

* Some have asynchronous set or reset inputs
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* Flip-Flops

e Edge Triggered JK Flip-Flop
e Qutputs depend on the state of the inputs at the rising clock edge

* Some have asynchronous set or reset inputs
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e Parallel Data Register
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 Shift Register

IN—{p o D Q1 D Q1 D Qlf—
CLK > Q1B > Q1B > Q1B > Q1B

O1 02 O3

N /N / \

a /N /S S S /S S /S

00 /\ / \

01 / N\ / ~

02 /N /

03 /N /
25 © tj



* Counter
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* Physical world

* Voltage levels
» System/Circuit dependent

* |deal:
3.3v System ‘1"=3.3v ‘0’=0.0v
1.8v System ‘1’=1.8v ‘0’=0.0v
1.2v System ‘1"=1.2v ‘0’=0.0v
* Real world:
3.3v System i
24y
2.0v Voi
Vin
0.8v
Mg« 0.5v
VOL
—— 0.0v
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* Clock Systems

s GLIE |
T (period)

LU ST o
High Low

F (frequency) = l/T Duty CYCIe 3 ngh /T

50MHz <-> 20nS High = 10ns, Low = 10ns

v

time

25% duty cycle, 12.5Mhz

75% duty cycle, 12.5MHz
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