CPE201
Digital Design

By Benjamin Haas

Class 25: Counter Design




Outline

* Designing Counters
- Examples

» System Design Example




Design
* Step 1 - Create state

machine (000)
- For counters, the state is @ @
the output
* EX: 3-bit gray code @ @

University of Nevada, Reno




Design
» Step 2 - Next state table

Next-state table for 3-bit Gray code counter.

Present State Next State
0, 0 Qo [0)) O, Qo
0 0 0 0 0 1
0 0 1 0 | 1
0 1 | 0 | 0
0 1 0 1 1 0
1 1 0 1 1 1
| | | 1 0 1
1 0 1 1 0 0
1 0 0 0 0 0




Design

* Step 3 - Map state transitions to circuit
Inputs

Next-state table for 3-bit Gray code counter. h | S CAaSse

Present State NestState Transition table for a J-K flip-flop.

Q> Q1 Q [0)) O Qo Output Transitions Flip-Flop Inputs
0 0 0 0 0 1 On ON +1 | K
0 0 I 0 1 1 0 A 0 0 =
0 1 1 0 1 0 0 e 1 1 X
0 l 0 1 1 0 1 ; 0 = :
1 1 0 1 1 1 1 ; , e 0
1 1 1 1 0 1
1 0 1 1 0 0 Qn: present state
1 0 0 0 0 0 Oy + |: next state

X: “don’t care”




Design

» Step 3b - Table of inputs to create next

X

1 0 1 Transition table for a J-K flip-flop.
X 0 0 0 1 1 Output Transitions Flip-Flop Inputs
On On +1 3 K
X1 0 1 1 0 & ==
0 — 1 1 X
0 X 0 1 0 O T = =
T X 1 1 0 1 : — : X 0
Qn: present state
X 0 1 1 1 1 Oy + |- next state
EE LR X ““‘don’t care”
v A 1 N 1 N




Design
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» Step 4 - Karnaugh Maps
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Design

» Step 5 - Logical Expressions

0

0 QO

0,0\ 0 1 0,0, 0 1 0,0, 0 1
L il 0|00 00| 0 m‘v’/ 0,0, oo (1 [ X)f— 0.0,
Jo = 0201 + 0201 = 0 @ O o [ o [ |8 g1 [
Ko = 001+ 0,01 = 0, ®Q; “* o | x| x (@O0
. 10 X [ X 101 0 0 101 0 X
J1 = 0200 o e -
K l - ng{} Q() QU QO

1 0,0, 0 1 0,0, 0 1

00 X | X 00
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. Jo = ngl + ?2@1 = 0, ® O
DES|gn Ko = 0201 + 020, = 0, @D 0y

Ji = 0,00
* Step 6 - Implementation *' = %%
Jr = 0100
K>, = 0100

FF0O FF1 FF2
9 9,
D D
*— 0 —
2) > K, T 4 K, N J

K,

i@'




Example

» 3-bitirreqular counter @
- State machine given (step
- Implement with D FFs




Example

» Step 2 - next state table ®

Next-state table.

Present State Next State




Example

» Step 3b - Table of inputs to create next

Transition table for a D flip-flop.
Output Transitions Flip-Flop Input
D
0O 0 0 1

On ON +1

—_— = O

0
1
—_ 0
1

0
1
1
1

—_— )




Example

» Step 4 Karnaugh Maps
- Pink X's are Don’t Care because the state is
not in the state machine

— D FFs are ACTIVE HIGH, so SOP

9 9y 9
0,0, 0 1 80, 0 . 0,0, 0 1
00 |(X)| o 00 Lx IJ 00 |(X)] 0
0 0 0 1 0 o1 [ 1] x 01| 0]X o1 ]| 1| x
1 x|l o il | 3| 0 Oy 11 |[B8 q
17 0 1 0 1 el
“ 10 j@D g o @l F
1 1 1 1 1 Q“QJ D, ma D, m: Q] D ¢
2 , map , map o map




Example Dy = Qp + 0>
D, = Q,

» Step 5 - Logical Expressionsp, = 3, + 0,0,

Q
0,0, 0

0

00

O 5
0,0, \_ 0 1 R N0 |
00 @ _IJ 00 |[(x)| o
o1| o|x o1 Jl 1| x
n| x|o Qlf'ﬁ X q
10 (X_ﬂ\ | 10 Gf,__lj\ |




CLK

» Step 6 - Implementation

Example

Dy = ?{} + 0>
=0
Dy = Qo + 020,

D

0

> C

=D

> C




Example 2

» 3-bit Gray Code up/down counter
- State machine given (step -
- Implement with JK FFs




Example 2
» Step 2 - Next state table

Next-state table for 3-bit up/down Gray code counter.

Next State
Present State Y = 0 (DOWN) Y =10UP)
0, O Qo 0, 04 0 0, 0y Q
0 0 0 1 0 0 0 0 1
0 0 1 0 0 0 0 1 1
0 1 1 0 0 1 0 1 0
0 1 0 0 | 1 1 1 0
1 1 0 0 1 0 1 1 1
1 1 1 1 1 0 1 0 1
1 0 1 1 1 1 1 0 0
1 0 0 1 0 1 0 0 0

Y = UP/DOWN control input.



Example 2

* Consider the up/down’ bit to be part of
the state

0 (DOWN)
1 (UP)

Present State Next State

¥ (03 Oy Qy 0, 0, Q
0 0 0 0 | 0 0
0 0 0 | 0 0 0
0 0 1 | 0 0 1
0 0 1 0 0 1 1
0 1 1 0 0 |

0 1 1 1 1 1

0 1 0 1 1 1

0 1 0 0 | 0

| 0 0 0 0 0

1 0 0 1 0 1

1 0 1 1 0 1

1 0 1 0 1 1

1 1 1 0 1 1

1 1 1 1 1 0

1 1 0 1 | 0

1 1 0 0 0 0




Example 2

» Step 3b - Same process as before

* Step 4 - Karnaug

Q()Y
0,0,\_00 of 11 10
00 Ll) 0olo]o
o1 ] o ﬁ\ 0o
1| x Lx/ X | X
10 @ x| x|x
0,0, o J, map
Q()y
,0,\_ 00 01 11 10
00| x Q{J X | X
0l @ X | x| x
0,07 ]
Ci%" 1 w 0olo]o
10] o m 0o
K q
()‘()”)/ 2map

0,0,Y
QY e :
0,0, 00 01 11/ 10
0] 0[O0 m 0
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x| x|x ()-q
wfojo|o M
i
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0,0
0,0,Y
0¥ \
0,0, 00 01 11 \10
WX | X |X @
01 0|00 w
1mnfoj|o m 0
10X | X L)EJ X
o ‘\
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¥

N Maps for 4 inputs
R
?i;?g; E Step 5 and Step 6
. arethe same
ety process as before




Traffic Signal Design

 Lights at a busy road perpendicular to a side
street

* Requirements:

- Green light on main for at least 25s before a change

- Green light on side street as long as there are
vehicles, up to 25s max

- Yellow for 4s on both streets




Traffic Signal Design

* Inputs:
- Vehicle sensor input (1 = vehicle present)
- System clock (1Hz)

* Outputs:

- Red, yellow, green signals for both streets
(1 =on)




Traffic Signal Design

e Basic state machine

- You know how traffic
lights work

- Also added gray code
to represent each
state as a number




Traffic Signal Design

* Let's describe the transitions

- First state is ‘normal’, takes a vehicle on side
street and 25s to have passed to change to
next state

- Second state, wait for 4s on yellow

- Third state, stay here as long as a vehicle is
present and it is less than 25s in this state




Traffic Signal Design

* Now make some inputs/variables for
the state machine

- Make from state transitions, make vars
binary

- V. = vehicle present on side street

- T, = long timer (25s) is on




Traffic Signal Design

* Note that each
transition condition is
literally the NOT of
the looping condition

Fourth state
) 10
I Main: red
Side: yellow




Traffic Signal Design

 The controller can be broken into several
parts

- Sequential logic - takes in all inputs on state
machine and outputs state gray code

- Combinational Logic - decodes state, triggers
timers, and creates light outputs

- Timers - input triggers and clock, outputs for if




Traffic Signal Design

* Break each block down until it does one

thing Block
- Sequential is co ﬁlagra A5 m—
_ Timers »»»»»»»»»»»»»»»»» Red

- Combination st
does too muc




Traffic Signal Design

* Do your thinking in blocks to simplify

problems

- State decoder - cur=~=* ctoto i~ oL

- State directly ties

—

to light colors and «* -

starts a timer

NERRN

MY

to traffic light



(] [} °
[V N
State decoder Light output logic
Red — MR
State —] o
inputs
(Gray code) =

,  Main [Yelluw — My
2 Green [—= MG Light outputs

to traffic light

3 Red —= SR jnerface unit
4 Sideq Yellow — SY

Green — SG

&
2
g2
EE
e
S
= & o~

« State decoder from truth table

Long trig [—

Trigger logic

Short trig [—

Truth table for the state decoder. Go * >c *
Gray code

State Inputs (Gray Code) State Outputs SIS & ° >c {
® ~ r State outputs

University of Nevada, Reno




Traffic Signal Desig- .=
» Inputs/Outputs are not usually named the .

N
Long trig |—

same =
- MR=L3+L4

L 3 ‘.—r\ VIR Firs(l)gmlc
*+ MY=12 L1 i

« MG=L1 =t y

5 MG

Fourth state Second state

— 10 01
[ ] S R — L 1 + L2 g‘R Main: red Main: yellow
5 Side: yellow Side: red

e SY=L4 SY

Third state
11
Main: red
Side:green

IN

University of Nevada, Reno



(] [} °
[ VN
State decoder Light output logic

Red [—= MR

S L, Main Yellow [— MY
State — i State ) 52 L Green |— MG Light outputs
inputs ot eht
(Gray code) —{ G, 5| s Ly Red [—= SR &

Ss L, Sidey Yellow [— SY

1 Green [— SG

a Stalt Ol Ig tlllle TR

Long trig |—
To
Trigger logic timing
X circuits
Short trig f—

« S2 and S4 start short timer

I +¥

First state
00
Main: green
Side: red

4] : ) LongTrig

15 )

Fourth state Second state

10 01 7
T F\ Ts Main: red Main: yellow 2
- " - Side: yellow Side: red
5 ShortTrig

Third state
11

Main: red

m Side:green

University of Nevada, Reno



Traffic Signal Design

* TS and TL are high when timer is
running, just like a one shot

Traffic signa




Traffic Signal Design

ty = 0.7RC

4s = 0.7R,.C,,

If C,, = 1000uF, then R, =5,714Q
25s = 0.7R,..C,..

If C,.. = 1000pF, then R,.. = 35,714Q)
=




Traffic Signal Design

 One chunk left, it's a 2-bit counter

Traffic signal controller logic

Combinational logic
] * ‘ Sequential logic Red
. L e - chicle G Main 4 Yellow
T‘\ Ibit G Gy Ve Gray 0
3 - -bit Gra tatm  Sensor =———sl
1, —{ Input logic - Y Tostate “° 0 code G Green ATt
: code counter > ;. decoder ] i
Tl

‘:\H ’—.

Ty : Short timer (4 s)
T; : Long timer (25 s)
V : Vehicle sensor for the side street




Traffic Signal Design

« We'll use D FFs

- Arbitrarily pick system clock at 10kHz
- Step 1 - State machine is giver

G[]
G,

\ A |
S
I —™ Input logic |
Vo —™ Dy —D

1
QU QI




Traffic Signal Design

» Step 2- Next state table




Traffic Signal Design

» Karnaugh maps would be very
complicated with 5 variables (G,, G,, V.,

Tu Ts)

- Also a sparse table, so you can opt to not
simplify the circuit to be quick

- Write out the terms that make D, =1




Traffic Signal Design
* Dy =G,G T Vs + GGy T + GG, T +
GG, T\ Vs
» D, = G/G,T{ +G,{
GGy 'Ts




Traffic Signal Design

» That's all the —_—
pieces! R Ll }Lr\
i ! ) Dy Ogy—1—G
( ! SIL/ L “
Tg T_I>C ;D Hjc e




Reading

* This lecture
- 9.5, Ch6 and Ch7 Applied Logic

 Next lecture
- Sections 12.1-12.3
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