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Asynchronous Counter
Synchronous Counter
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Johnson Counter

Pseudo Random Sequencer
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Minimum Clock Period
Clock Skew
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+ TA Office Hours and Lab Hours
+ Why we want to build some digital circuits already
exist in Altera Library?
¢ Lab3 - Vending Machine
+ Lab4 — TA will have one to one meeting and oral
presentation on lab report
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= A Counter counts the number of clock cycles
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- Up/down counting
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Asynchronous and
Synchronous Counter

= Asynchronous counter
“No universal global clock signal
“Less area
—-You have more flexibility in designing FSMs
“Less power
—Eliminates simultaneous D flip-flop switching during clock transitions
«“*High speed
=In terms of throughput
«“But ...hard to design and error prone
—Complicate protocol for inter-module communication
-Timing

=Synchronous counter
All flip-flops are governed by a universal global clock signal
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This is the result that we would like to see: o°
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Up Counter

Down Counter
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Example of Synchronous Counter
=Gray Counter
=Johnson Counter
=Binary Counter (Up/Down)
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This is the result that we would like to see:
v 1,2.3,4,.5,6,7,8,9,10,11,12,13, 141516,
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Synchronous Counter (Cont.)

° Dll = Doi_l'Dl,i_l+ Do,i_l‘Dli_l = Doi_l@Dli_l
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What is Gray Code?

What is Gray Code?

Gray code is a number
representation, Invented by
Emile Baudot (1845-1903)

Grade Code Algorithm

. For GO, write one Os followed by

two 1’s, two 0’s, and so on

For G1, wrie two Os followed by
alternating groups of four 1s
and four Os

For Gn, start by writing 2" Os,
then write alternating groups of
2n*1 1s and Os

Decimal Binary Gray Code Number

Nu Number
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B3 B2 B1B0 G3G2G1G0

0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 1111
11 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000
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What is Gray Code? (Cont.) 33
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00O00O0 00O00O 00O00O 00O00O 000O
0001 0001 0001 0001 0001
0011 0011 0011 0011
0010 0010 0010
0110 0110
0111
Start with 0, change the least significant bit that forms a new code word
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=Every two neighboring states differ in one bit
=May reduce hazards in digital circuit

The following is the result that we would like to see:

1,2.3,4.5,6,7,8,9,10,11,12,13,14,15,16
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Gray Counter (Cont.)

State Transition Table from Gray Code Couning Corresponding Truth Table of States

DljreDszeBgState of DO, I;\I:Xt State of DO, D1, D2, Inputs (Present) of D3, Outputs (Next) of
e D2, D1, DO D3,02,D1, DO

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 1
0 0 1 1 0 0 1 0 0 0 1 0 0 1 1 0
0 0 1 0 0 1 1 0 0 0 1 1 0 0 1 0
0 1 1 0 0 1 1 1 0 1 0 0 1 1 0 0
0 1 1 1 0 1 0 1 0 1 0 1 0 1 0 0
0 1 0 1 0 1 0 0 0 1 1 0 0 1 1 1
0 1 0 0 1 1 0 0 0 1 1 1 ) 1 0 1
1 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0
1 1 0 1 1 1 1 1 1 0 0 1 1 0 0 0
1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 1
1 1 1 0 1 0 1 0 1 0 1 1 1 0 0 1
1 0 1 0 1 0 1 1 1 1 0 0 1 1 0 1
1 0 1 1 1 0 0 1 1 1 0 1 1 1 1 1
1 0 0 1 1 0 0 0 1 1 1 0 1 0 1 0
1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0

Gray Counter (Cont.)

Implement with D Flip Flops

" o 7 T20 To100 00 o1 1 10 D1 DO
5 5 5 T 00 0 0 1 X
o , , s 01 X X 0 1
m 1 " P 1 1 X 0 1
" I I ~ x 10 0 1 X X
532 D3 D2

(D3) .= D3.D1’'+ D3.D0’ + D3.D2.00 (D2) nexy = D2.D1+D2.D0" +
D3.D2'.D0




Gray Counter (Cont.)

Implement with D Flip Flops

00 01 11 10 D1 DO 00 01 11 10 D1 DO
00 0 1 1 X 00 1 1 0 X
01 X X 0 1 01 X X 0 1
11 1 X 0 1 11 0 X 0 1
10 0 0 X X 10 1 0 X X
D3 D2 D3 D2

(D1) o = D2.D0’ + D3".D2'.D0

(DO) . = D3'.D1’ + D1.DO’ + D3. D2".D0’

Gray Counter (Cont.)

Hint: What if we use T Flip-Flop
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00 1 1 -
01 1 1 Y
" 1 ! 1"
10 1 1 ”
D2D3 —
T0pey=(DO®D1®D2@®D3Y T

T1=? T3=?

=D0’-D1-(D2®D3)’

DOD1




Johnson Counter HE
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» Johnson Counter - “Twisted ring” counter or Mobius Counter ::0
» Last output inverted and feed back to the first input °
Do D1 D2 %
e Bl B el

FDCE FDCE

I—OCLK I—DO_K

Binary Counter

7

= What is the worse case time delay of this counter?
Assume J-K FF propagation delay = 8ns
AND gate delay = 5 ns

=Think about Divide-by-3, Divide-by-5 Counter Design?

http://www.play-hookey.com/digital




Pseudo Random Sequencer oo

CLK

DO
D1
D2
D3

1514128124936131051171514

=A pseudo random sequencer generates a sequence of pseudo random bit pattern
=Not completely random, it's cyclic bit sequence with a large period

=Implemented with Linear Feedback Shift Register (LFSR) or called LFSR Counter
=2n - 1 states before repeating, n is number of bits

=The length cycle depends on (1) Initial State (2) Feedback network

=Used in CRC check, VLSI built-in self testing, CPU clock measurement, high speed
modems and network interface (100MPS Ethernet) to scramble/descramble the data
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Pseudo Random Sequencer (Cont.) see:
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n Feedback Equation
=See table for feedback eq of all n 2 X2-X1@®X0
3 X3=X1@ X0
Reference: e
John F. Wakerly: Digital Design Principles ; ﬁ:i?zig
and Practices, section 8.5.8 7 X7-X3®X0

8 Xa=X4@X3@X2aX0
12 X12=X6@ X4 2X1 @ X0
16 X16=X5@ X4 2 X3 3 X0
20 X20=X3@ X0

24 X24a=X7@ X222 X1 D X0
28 Xeg=X3a@ X0

32 Xaz=Xzz @ X2 ® X1 @& X0
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Pseudo Random Sequencer (Cont.) 4441
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N-bit
parallel-out
shift register connect to
selected outputs
CLOCK [ CLK (see table)
RESET_L —(Q PR é odd-parity circuit
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Converting Between FFs b
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e Q+ means “the next value of Q.“Excitation” is the input that determines| e e
the next state. M

e “Characteristic equation” specifies the next state of a device as a
function of its excitation.

e S-Rlatch:Q+=S+R"-Q

Characteristic Equations

D: Q+=D
_ _ E.g., J=K=0, then Q+ = Q
J-K: Q+=JQ + KQ J=1, K=0, then Q+ =
- — J=0, K=1, thenQ+=0_
T: Q+=TQ + TQ J=1, K=1, then Q+ =Q

Implementing One FF in Terms of Another

T o—
D C Q
ol o
Q
D implemented with J-K J-K implemented with D
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Timing Parameter — Minimum Clock Period 8000
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Tlogic: contamination or minimum delay
We must have through logic network
T>Toq +T jogic + Tou T ., setup time of FF
Thoq : hold time of FF
eoo0
Clock Skew seee
o000
& : The differences between arrival times of the clock at different devices :’
CLout
LI PRt Combma'tmnal D Ql—
A Logic A
—’l Wire delay I— (@ 13D]
Clk

CLKD —‘—’—'
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Tcq, cd: contamination or minimum delay from
How to overcome Clock Skew? Clock to q
T +T logiced > Thoia * 8 Tlogic,cd: contamination or minimum delay
through logic network
T .- setup time of FF
Thoq : hold time of FF

cq,cd




