Timing pulses & counters



Timing Pulses

» Important element of laboratory electronics

> Pulses can control logical sequences with precise timing.

—> If your detector “sees” a charged particle or a photon, you might
want to signal a clock to store the time at which it occurred.

- You could use the event to generate a standard pulse so that your
clock always responds in the same way.

> Alternatively, you might need to reset your electronics after
the event

- Clearly you want the reset pulse to arrive as soon as possible after
the data has been processed

—> This requires a precision time delay generator



Timing Pulses

> A simple type of delay generator...

1. A D-type flip-flop receives a clock edge and goes from low to
high at the output

—  The output charges up an RC circuit after going high.

—  The charged capacitor also serves as the clear input to the D
flip-flop.

4. So, that after a fixed time (roughly RC) the flip-flop resets
back to its initial state.

5. The netresult is a single pulse that has a duration (or pulse
width) determined by the combination of the resistor &
capacitor

»  This is called a monostable multivibrator or one-shot.
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[Texas Instruments 74L.S74 flip-flop datasheet]
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One-shot: D-type flip-flop

FUNCTION TABLE

INPUTS OUTPUTS

CLR CLK D | Q Q
L X X | L H
H t H | H L
H t L{L H
H L x| Q. Qg

s Instruments 74LS74 flip-flop datasheet]




One-shot: 74L.S123

Characteristics:
» 2 clock inputs triggered by either a rising edge or a falling edge.
» 2 outputs (Q & 6)

> A reset or clear input, instantly sets the output to a standard
condition regardless of the current state or clock level.

> Can be confused a little by pulses in quick succession.
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One-shot: 74L.S123

Characteristics:
» 2 clock inputs triggered by either a rising edge or a falling edge.
» 2 outputs (Q & 6)

> A reset or clear input, instantly sets the output to a standard
condition regardless of the current state or clock level.

> Can be confused a little by pulses in quick succession.

INPUTS OUTPUTS
—_— Pin
CLEAR A B Q Q / \/ \/
L X X L H S — |
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H L H |41 ' || output pulse " ermcor
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74L.S123 usage

HEltfcext —1
A CD— l Coxt 4||——’V\NWV‘—+5V
B Q C R
R & R 3]

1Re>c-bf 1 2

Voo Cext Cext 1Q 20 CLR 2B 24
18] [15] [14] [13] [12] [+1] [qo] [

INPUTS OUTPUTS . i
— | o CLR
CLEAR A B Q Q ) Q

L X X L H CLRQA[ a [ _‘__'|
X H X L H |_ —
X X '{ - H T2 sl Tal ts] Isl 7] |s
H L JL U A 1B 1 1Q 204 2 2 GND
H L H | CLR Cext Rext
T L H I Cext

[Texas Instruments 741.S123 datasheet]



Pulse Delay Generator

> A single one-shot will produce a variable delay pulse.

» 2 one-shots can be combined to produce a pulse of variable
duration/width produced at variable delay after a trigger.

- Pulse Delay Generator ... very useful in a research lab.



Pulse Delay Generator

> A single one-shot will produce a variable delay pulse.
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The Problem with One-Shots

1. One-shots are very useful in a research laboratory as pulse delay generators.

2. One-shots should be avoided in regular circuitry, because

- They are useful in asynchronous circuits for avoiding
glitches and signal races ...

- It's very easy to put them all over your asynchronous

circuit with all the pulse timing set just right. It is very hard to figure
out how the circuit works just by looking at it (or even a circuit
diagram).

- The pulse width depends on temperature (R, C, and chip).
- The pulse width depends on supply voltage.



Pulse Width vs. Temperature
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Pulse Width vs. Supply Voltage

VARIATION IN QUTPUT PULSE DURATION
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Counters ...12314

* Frequency dividers.

2. Counters in Verilog.

3 Ripple counter (next week).

4. Synchronous counter (next week).



JK-type flip-flop

Logic table
for clock falling edge
input ] Q output J K Qn+l
clock OI> C 0 0 Qn
input K 6 1 0 0]
0 1 1
1 1 | Q

JK-type flip-flops are used in counters.



T-type flip-flop

J Q
clock 3
K Q
input
a
input__|+ o
clock g

output

output

Ol

JK Logic table

J | K |Qu.,
0| 0 |OQ,
1 [ 0] o0
0| 1| 1
1 | 1| Q

y

T Logic table
(clock falling edge)

T ] Qi
0 Q,
1 Q,

T-type flip-flops are used in counters.
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Counters in Verilog

Counters in Verilog are easy - just use always (synchronous).

- and a self-referential “add 1" assignment.

Ewodule counter w3 (inputl,outputl]:
input inpucl:

output reg [7:0] outputl:

alwayald [(posedge inputl)

= hegin

outputl <= outputl + 1;

A outputl
end
encdmodule

A module for an S-hit synchronous counter

A 1-hitc input

outputl + S'bLO0000O001;

// B-hit output register

A aynchronous loop, clocked on inputl rising edge

ff self-referential add+l assignment.

could hawve used thiz instruction line instead.



Initializing a register

M -1 o A b W M

Emodule counter v3 (inputl,outputl]; A module for an S-bhit synchronous counter
input inputi: A 1-bit input
output reg [7:0] outputl: A4 8-bit output register
initial A4 this hlock initializes the output register
= begin /f to zero.
outputl = 8'bO00O00O0O00;
end
always@ (posedge inputl) A4 avnehronous loop, clocked on inputl rising edge
—| hegin
outputl <= outputl + 1: ff gelf-referential add+l assignment.
s outputl = outputl 4+ S'b0O000O00OO0O1L: could have used thiszs instruction line instead.
end
endmodule



Initializing a register

1 Emodule counter v3 (inputl,outputl]; A module for an S-bhit synchronous counter
2 input inpuri: ff 1-hit input
3 output reg [7:0] outputl: A4 8-bit output register
4
initial 4/ this hlock initiasliges the output register
A= bheogin £\ to zero.
7 outputl = 8'bO00O00O0O00;
g end
a
10 always@ (posedge inputl) A4 avnehronous loop, clocked on inputl rising edge
11 = hegin
1z
13 outputl <= outputl + 1\ ff gelf-referential add+l assignment.
14 s outputl = outputl 4+ S'pO0O0COOOOYL: could have used thiszs instruction line instead.
15
16 end
17
15 endmodule
19

This section initializes the register to zero.
(“initial” is only for simulation !)



“if” statement

1 Emodule counter w3 (inputl,outputl, output]: A module for an S-bit aynchronous counter
z input inputi: ff 1-hit input

3 output reg [7:0] outputil: A4 8-bit output register

4 output reg [2:0] outputz: A4 F-bit output register

5

& initial A4 this hlock initializes the output registers

7T B hegin A4 to gero.

g outputl = S'bO0000O0O00;

= outputs = 3'b000;

10 enc

11

12 alwaysl (posedge inputl) A avnchronous loop, clocked on inputl rising edoe
13 = begin

14

15 outputl <= outputl + 1: ff self-referential add+l assigninent.

16 i outputl = outputl + S'hLO0OOOOO0OL; could have used this instruction line instead.
17

15 if {(outputl <= 5'b11100111)

19 = begin
20 output:s = 3'kh0O00; A outputZz stays at gero for outputl <= 231.
21 enc
22 else
23 = begin
24 output:s = output:s + 1; A4 outputiZ starts counting for outputl > 231.
25 enc
26
27 enc
25

29 endmodule



Variable Registers

Emodule counter w3 (inputl,outputl, output]: A module for an S-bit avynchronous counter
input inputi; A 1-bit input
output reg [T:0] outputl; A4 8-bit output register
output reg [2:0] outputz; A4 F-bit output register

W -1 m Mk WM

L B T T s B st B O T = i o i
L O Wm0 -1 noe @M OWwo -] mn e @0

reg [1:0] tewp: A "oemp™ variabhle Z-hit register.
initial A4 this hlock initializes the output registers
hegin A to zero.
outputl = S'bO0000O00O0;
outputs = 3'h0O00;
temp = 2'b00;
end

alwaysl (posedge inputl)
hegin

outputl <= outputl + 1;
temp <= temp + 1;

if {outputl <= &'b11100111)

£

£

£

synchronous loop, clocked on inputl rising edge

self-referential add+l assignment.

temp iz used as counter.

hegin
outputz = 3'h000 + temp: A4 outputiZ counts continuously hu 2 for outputl <= 231.
end

else
hegin
output? = outputZ + 1 ; /S output:i starts counting for outputl > 231.
end

end

endmodule

Recommendation: check the Technology Map Viewer after compiling.
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The “function” command (1)

A Module translates Z-hit inputs to an S-hit output code
Hmodule Input to Output converter|(input registerl, input register:z,

input [1:0] input registerl;
input [1:0] input register;
input [1:0] input register3;
output reg [V:0] output registerl;
output regy [V:0] output register:;
output regy [V:0] output register3;

always
= begin

A7 1st output
output_registerl

A7 End output
ouCpur register:a

A7 3rd output
ouCpur register3

end

cutput Shit(input registerl]:

cutput Shit(input registeri):

cutput Shit(input register3):

input register3,

output registerl, output registerZ, output registerd);



£4
£25
26
27
28
£29
30
31
32
33
34
35
3G
37
38
39
40
41
4z
43
44
45
46
17
45
49
50

The “function” command

A4 Thiz function defines the output codes given & 2-bit input

function [V:0] ocutput Shit;
input [1:0] input nuawber Zbit;
hegin
output Shit = 7'h1111111;
if (input_ nunber Zhitc ==
output Shit = V'k1111111;
if (input_ nunber Zhitc ==
output Shit = 7'h1001011;
if (input_ nunber Zhitc ==
output Shit = 7'h1000000;
if (input_ nunber Zhitc ==
output Shit = 7'h0000000;
end
endfunction
endmodule

()
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