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Rise / Fall Times
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PVT Variation
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Path Delay (4D) 6 Young Won Lim

3/25/16



FF Output Delay
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Path Delay
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Reg-to-Reg Delay (1)
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Reg-to-Reg Delay (2)
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Setup Time / Hold Time
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Setup Time / Hold Time

Setup Time Violation

This part has
been stabilized Max delay

This is the intended
operation Hold Time Violation
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Adder Simulation Waveform

GTKWave - fhome/young/WorkSpace/test.vcd

File Edit Search Time Markers View Help
o = IE | B =& 1= ¢ 9 Go o
= 55T Signals
= - Time
adder_tb o =0
= flagl3:0] =5
fa0 1[3:0] =-8
fal j[3:0] =5
fa2 k[3:0] =-3
fa3 s[3:0] =-3
C1 =0
Type Signals T3]
wire A[3:0] c[2] =0
wire B[3:0] C[1;| =0
C1=0
wire C[3:1] E—
wire Ci Co =0
s5=1
wire Co o
wire 5[3:0] b =1
3
Filter: | |
Append | | Insert Replace

Path Delay (4D)

From:|0 sec |To:{ 256300 ps | Marker: B-6800 ps | Base: 20 ns

Waves

20 ns

All gate delays are
assumed to be the same
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Glitches

GTKWave - /home/young/WorkSpace/test.vcd

File Edit Search Time Markers View Help

do T 05 | B3 (=) (=) & g Co o3> | From:|0 sec |To:|256300ps | 5 Marker: B-6800 ps | Base: 20 ns
= 55T Signals
& ) Time
adder_tb Co =0
= flag[=:0] =5
fal 1[3:0] =-8
fal jl3:0] =5
fa2 k[z:0]=-3
fa3 5[3:@1 =-3
C1=0
Type Signals c[z] =0
wire A[3:0] cl2] =0
wire B[3:0] C[lJ =0 |
C1=0 E
wire  C[3:1] Co =0
wire Ci EET
s=1
wire Co 3 =0
wire 5[3:0] b=1
Filter: |

Append| | Insert Replace
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False Path
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Multi-Cycle Path
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Verilog Timing Model Examples
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Gate-level Modeling

Values are wire
i0 continuously driven
Ul by an output of a
I_ device
—bo— sb Z
U

.S | P al always active drivinga 0, 1, X, z
11
not UO (sb, s); wire sb;
and U1l (a0, i0, sbh), wire ao;
U2 (al, i1, s); wire al;
or U3(z, a0, al); wire z;
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Simulation with Delta Delays

10
U
|_ 0
s 1 z
U
b
S a 3
i1 U 1
2
assign sb = ~s; always @(s) whenever s changes
sb = ~s; sb = ~s;
assignal = i0 & always @(iO or sb) whenever i0 or sb change
sb; a0 = i0 & sb; a0 = i0 & sb;
always @(il1 or s) whenever il or s change
assignal=il1&s; al=1il&s; al=11&s;
always @(a0 or al) whenever a0 or al change
assignz = a0 | z= al|al,; z= al|al;
al;
Dataflow Modeling Behavioral Modeling
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When 10 changes

always @(s)
sb = ~s;

always @(i0 or sb) 10 Ul

a0 = i0 & sb; |_ 0)
Z
always @(i1 or s) 4[% E U3
al=il&s;
S T\ a

always @(a0 or al) i1
z= a0 |al; |

always @(s)

always @(i0 or sb) I

always @(il1 or s)

always @ (a0 or al) I

7 3

z= al|
al;
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When s changes

always @(s)
sb = ~s;

always @(iO or sb)

a0 = i0 & sb; |_ 0)
Z
always @(il or s) _I:W E U3 )—
al=il&s;
S T\ a
1

always @ (a0 or al) i1 U2 =

z= a0 |al;

always @(s) I

always @(iO or sb) = I

always @(i1 or s) |

always @ (a0 or al) > I I

z= al| z=a0|
; al:
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Behavioral Modeling - Sequential

d— o —q clk | f |

clk —

d 71 L Iu L LI 1

Only sensitive to a

subset of of their these input changes does responasto
Inputs — sensitivity not affect its output any-inp
list changes

g J at any time

the two inputs (clk, d)

always @(posedge
clk)
q=d;

always @ (posedge I I
clk) < <

(o] o]
1
Qoo
1
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Parallel Processes

10 U
> [¢1 ©
S Z
‘ b U Q = (
S d ° ok
i1 U 1 ‘
2
always @(s)
sb = ~s;
always @(iO or sb)
a0 = i0 & sb; ~ Five
. . Parallel
alwa)zljl(c;b(l%L ?&r ;‘») ' Processes
always @(a0 or al)
z= a0 | al;

always @(posedge clk)
q=d;

Path Delay (4D) 23 Young Won Lim

3/25/16



References

[1] http://en.wikipedia.org/

[2] http://www.allaboutcircuits.com/

[3] W. Wolf, “Modern VLSI Design : Systems on Silicon

[4] N. Weste, D. Harris, “CMOS VLSI Design: A Circuits and Systems Perspective”
[5] J. P. Uyemura, “Introduction to VLSI Circuits and Systems”

[6] https://en.wikiversity.org/wiki/The necessities in_SOC Design

[7] https://en.wikiversity.org/wiki/The_necessities_in_Digital Design

[8] https://en.wikiversity.org/wiki/The_necessities in_Computer _Design

[9] https://en.wikiversity.org/wiki/The necessities in_Computer_ Architecture
[10] https://en.wikiversity.org/wiki/The_necessities in_ Computer Organization
[11] https://en.wikiversity.org/wiki/Verilog_programming_in_plain_view

Young Won Lim
3/25/16


http://en.wikipedia.org/
http://www.allaboutcircuits.com/
https://en.wikiversity.org/wiki/The_necessities_in_Computer_Organization

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 21
	Slide 24

