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Lecture — 46
Issues in Timing Closure (Contd.)

Hello everyone, welcome back to the course on architectural design of ICS. So, we are
basically discussing about the issues, which are about to happening digital circuit design
ok. So, we do timing analysis for that to find out this several kind of things, like false
path, then cross skew, then clock cheater. So, we will have to do. Apart from that then

there are like multi cycle paths are also available.

So, many things are there which are related to the; that means, all the things we do or all;
that means, whatever timing analysis we do that is to guarantees that the probability of

circuit failure will be minimum 1 ok.
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System considerations

*  Basic rules for correct timing
— Clock flip-flops synchronously (all at the same time)
+ No flip-flop changes state more than once per clock cycle
+ FF propagation delay > hold time
— Avoid mixing positive-edge triggered and negative-edge triggered flip-flops in
the same circuit
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So, keeping that thing in mind we do this timing analysis right. So, again today we will
see that, some of the things which are not yet covered in the timing analysis. So, that
how we can; that means correct the timing correct the timing means: suppose. Actually

till now we have discussed suppose the skew which is for a synchronous design.



So, what is synchronous design? And what is asynchronous design? So that we will see
and how, we can manage this or what is the tips for using? When I used synchronous
circuits or when I use the asynchronous circuits. So, that we will see if you do not use

that so, at the time what happens that is also we will see in today’s class.

So, the basic rules for timing correcting the timing is that, the flip flop should be clock
sequentially sorry synchronously. So that means, all the sequential elements what I said

in the beginning, I said that synchronous circuits has more advantages ok.

So; that means, as all the flip flops are driven by the same clock; that means, all are
synchronous data change is happened at the edge of the every clock edge occurs of a
single clock. So, that is why here you see no flip flop changes state more than once per
clock cycle. Because everyone is depended on the same clock frequency or running at
the same clock frequency. And flip flop propagation delay is more than the hold time

delay.

Apart from that in the same design, you never use or you not never use you just try to
avoid the mixing of the positive edge triggered as well as negative edge triggered flip
flops ok. Means what suppose you have single clock, but sometimes you have used
positive edge triggered flip flops sometimes you have used negative edge triggered flip
flop. For a single design consideration of these two facts is not beneficial or it basically

creates the problem.

Why creates the problem: because at the time at synchronization or that means, the

changes of the data you may get problem at that time ok.
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System considerations

+  Use edge-triggered flip-flops wherever possible
= Avoid latches

- Most common: Master-slave D
[
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So, then use of this edge triggered flip flops instead of latches, why; because latches
level sensitive not egde sensitive ok. So level sensitive means, it is not that it depends on
the only on the clock and then; that means, the highest priority at that particular circuit is

clock.

So, level sensitive means it depends on the clock as well as the data at the same time ok.
No one is getting the highest priority among them. So, that is why always try to use edge
triggered flip flop instead of latches, and always try to use this Master Slave D flip flop

architectures.



(Refer Slide Time: 04:37)

‘FPR L QEL SO OD

Clock skew

o
¢+ Goal: Clock all flip-flops at the same time -~

IN CLKO clocks first flip-flop
Qo

—" CLK1 clocks second flip-flop
Q1 —#_ CLK1 should align with
CLKO ! =

CLKO, but is delayed

CLK1
Original state: ~ IN=0,Q0=1,Q1=1 due to clock skew
Next state: Q0=0,Q1 =0 (should be Q1 = 1)
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So, this is the system consideration which we need to be keep in mind, whenever you are

designing that your system.

So, then what is this clock skew? Clock skew is what I said the clock skew is the; that
means, whenever I am connecting two different flip flops. So, at that time it is not that
every time, this every clock is getting the; that means, the clock edge is basically
occurring at the same time, why it is not occurring at the same time, because of the
propagation delay which is associated for the clock pin to that particular element; means
what clock skew suppose, I am having the flip flop over here and another flip flop over

here ok.

So, this is connected through clock, suppose if this is the clock. So, the clock which is
coming over here and the clock which is coming over here, they have a time difference
why they have a time difference, because this is a longer path to be traversing need to be

traverse for the clock signal.

So this will, itself this path will containing some of the edge delayed. So that means, this
clock will be delayed. So, the if the edge at this particular time if this edge occurs at this
will not; that case it will occurs after some of the time, at this particular point after

sometime.



So, this is basically the skew clock skew and when it is beneficial and when it is again
starts that we have already seen all right, but the thing is that based on as this is not; that
means, the edge is not proper for this and this. That means, the change of the data at
these two particular point there will be change. That means the change of the data that

will occur at different time for this D 1 and D 2.

So, which is not means what if I this? This two data is changing at different time, now
again suppose this D 1 and D 2 is connected to some of the logic let us consider. So, at
the time I will get error why I will getting error? Because this is coming at different time,

this is coming at different time.

So, that is why I can get erroneous result over here. So, for that reason it is; that means,
advisable that you have to make that clock skew to 0. So, clock skew to 0 means the time
requirement for this and the time requirement for this that become that remains same ok.

So, that is the concept of clock skew.

(Refer Slide Time: 08:15)
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Asynchronous versus synchronous

Asynchronous
- State changes occur when state inputs change
- Feedback elements may be wires or delays
+  Synchronous
- State changes occur synchronously
- Feedback elements are clocked
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So, then what is synchronous design and what is asynchronous design? In synchronous
circuits, the state changes occur when state inputs changes. The feedback elements
maybe wires or delays in asynchronous circuits, but in synchronous circuits the state

changes occur synchronously feedback elements are all clocked ok.
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Asynchronous inputs

¢+ Clocked circuits are synchronous
- Circuit changes state only at clock edges
— Signals (voltages) settle in-between clock edges
+ Unclocked circuits or signals are asynchronous
- No master clock
= Real-world inputs (¢.g. a keypress) are asynchronous
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So, what is that if we take the example? So, at that time it will be much more visible to
you. So, asynchronous circuits means what. The circuit changes state only at clock edges

we will take the example of this.

(Refer Slide Time: 09:07)
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Handling asynchronous inputs

Never fan-out asynchronous inputs

~  Synchronize at circuit boundary

- Fan-out synchronized signal

/Synchronizer
Asime_L o~ o—o o—2

Input
N
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So, suppose I am having 1 asynchronous circuit something like this ok. Now
asynchronous circuits asynchronous input like this means if I just connected it two
different D flip flop which is clock at different end. So, at the time asynchronous input

means it is coming at different time. So; that means, at the time it will reach to D 1 at



different time D 2 at different time. So, that is why it is not; that means, for the
asynchronous input, asynchronous input means if the input is not arriving to the flip flop

at the proper time.

So, at that time what we have to use? We have to use 1 synchronizer. So, synchronizer
means what you are you have to put another D flip flop ok, another D flip flop and then
again that particular output will be connected to the other two flip flop, which are
connected over here. That means, suppose one particular signal input, if it is connected
to several D flip flop over here. So, at the time the first thing is that you have to make
that signal that signal has to be passes through the registers, then you connect to each of

the resistor element, which is connected over here ok.

So, this particular technique is known as synchronizer. Otherwise what will happen you

may get some of the setup time or hold time violation ok.
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Combinational Combinational Combinational

logic

" State is stored in registers (flip-flops or latches)
" Combinational logic computes next-state, outputs from present-state, inputs
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So, that we will see now; that means, now we will see those types of things where this

kind of that means violation can happen ok.
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Clock Cycle Time

*  Cycle time is determined by the delay through the CL
~ Signal must arrive before the lafching edge
— Iftoo late, it waits until the next cycle
+ Synchronization and sequential order becomes incorrect
* Constraint: Toyep. > Ty dety wroush cr T Toverhend
- Example: 3.0 GHz Pentium-4 > T, =333ps
* Can change circuit architecture to obtain smaller T, ;.
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So, that means, the same thing we have already considered suppose how to or what is
the; that means, need for this competition of this clock cycle time? Because this clock
cycle time is determined by the delay through this clock cycle the signal must be arrived

before the latching on edge, and if it is too late it waits until the next cycle.

(Refer Slide Time: 11:31)
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For dataflow:
~ Instead of a long critical path, split the critical path into chunks
— Insert registers to store intermediate results
—  This allows 2 waves of data to coexist within the CL,
+  Canwe extend this ad infinitum?
—  Overhead eventually limits the pipelining
+ Eg, 15102 gate delays for latch or FF
~  Granularity limits as well
+ Minimum time quantum: delay of a gate

"]‘cyrle z l[lpd f .].N‘ﬂhb‘d 'Tcyck > max(tde Lpdl] + Tuvclhead

12351824
42351824
19351824
12351884
12351834
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So, now this is not the case suppose this is one combinatorial block and then we have to

register. So, we this we have already seen in the previous example.

(Refer Slide Time: 11:52)
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Example of T4, Violation

pdmax

Suppose there is skew between the registers in a dataflow (regA after regB)
“i" gets its input values from regA at transition in Ck’

CL output “0” arrives after Ck transition due to skew

To correct this problem, can increase eycle time
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So now, if I consider this about this violation when I can get the violation ok, so suppose
I am having this combinatorial circle something like this and then I am having 2 registers

over here right.

So, now I am having the clock, this is my clock and then if I am having the skew clock
skew. So, at the time this clock will be delayed right. So, if this i is the input to the
combinatorial circuit then, because of this skew. Suppose at these particular point at
these particular point, whenever this clock is basically changing the data. So, at these
particular edge this is basically finding the corresponding positive edge and what is the
value over here 1?7 So, the output is 1 over here or the output should be changed over here

ok.

So, if I just take for this clock whenever I am getting the positive edge. So, at the time it will
try to find out the corresponding data over here ok. Now at this particular edge as this is
finding there is these values are basically changing not changing. So, it will try to hold it

value, then again what is happening for this? It is this is clock bar this is clock bar.

At these clock bar what is happening? At these particular points, this particular point as
these data is changing. So, again it will try to change it is value, means what? Because of

this skew the proper change in the data that is basically missed ok.

So, because of these things happening we are getting the violation ok. So, here you see
suppose there is skew between the registers in a dataflow, which is register A and register B i

gets the input values from register A and transition at CK dash then the clock output o



arrives at clock transition due to skew, to correct this problem can increase the cycle

time ok.

So, that is why if I; that means, consider the corresponding i; that means, at these
particular point as these i is basically changing it is data because of this skew that you
just consider as these 50 percent no change in the data, but because of this skew data is
changing at these particular point. So, data is changing at these particular point means it

will create the problem to the output of this, which is basically creates the violation ok.

(Refer Slide Time: 15:19)
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pdmin
Suppose clock skew causes regA to be clocked before regB
“i” passes through the CL with little delay (tpdmin)
“0” arrives before the rising Ck’ causes the data to be latched
Cannot be fixed by changing frequency = have rock instead of chip
!

Ck
Ck'

e
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So, though because of this skew I we can get at sometime we can get this kind of thing
ok. So, then again another example of this T pd minimum violation, which is the race
through. Suppose the same kind of structure if you just see and here because of this clock

skew, because of this clock skew the data changing at i that can happen early.

Here what is happening? Here the skew because of this skew the data is basically
changing lately, but here you see because of the; that means, there is a few change in the;
that means, in the clock to clock bar. So, the data is basically changing very early. So,

this is another T pd minimum violation, this is T pd maximum violation.

That here you see here this input is basically depended on the clock and this register B is

depended on the clock bar ok.
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Summary: Timing Constraints

" Synchronous design = combinational logic + sequential elements

®  For each flip-flop: DFF
—— Qq-{_combinational
|ogic

A R S

| |
Lo Tiatit Ty

—>

CLK

N T longest data propagation path !

i
delay CIK __\—_

: Shortest data propagation path

"

DATA
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So, based on that you can; these timing constraints that can be summarised as follows for
any synchronous design ok. It will be combinational logic plus the delay which are
associated with the sequential elements ok. For each of the flip flop this condition has to
be satisfied that T max plus T setup that will be lesser than the T cycle minimum minus
T skew and the T minimum will be greater than the T hold plus T skew. Where T max is
the longest data propagation path delay and T minimum is the shortest data propagation

path delay ok.

So, these are the other things.
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Static Timing Analysis Flow

Rewin " Construct timing graph
- design (LEF/DEF) >
~ fiming bbrary (1ib) « Partition clock domain
~  timing constraints (GCF) (form path groups)
= delay amnotation (SDF) o Ideal/propagated clock

Set up constraints
- Annotated delays
- 10 path constraints
— Single eycle setup/hold checks

o Case analysis

" AAT propagation

- Timing exceptions o Levelization
+ False paths S
+ Multi-cycle paths Timing rcporjl ol .
+ Max delay constraints « End points with violations
+ Min delay constraints o Path enumeration
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So, in static timing analysis flow what we require basically? This is very much important
why what we require? Whenever we are doing static timing analysis at the time, we need
to design these or we need to; that means, consider these read in the design, then the
timing library, then the timing constraints, then the delay annotation. That means, all
these information if I provide to the EDA tool then only that tool can give you the timing

analysis report along with that whenever we are doing this timing analysis.

So, at the time you have to follow this annotated delays then IO path constraints, then
single cycle setup or hold time checks. Then timing exceptions for false path, then multi
cycle paths maximum delay constraints and minimum delay constraints. So, in the false
path consideration what we have seen that, we have to mention the tool that this is the
false path we have to show from the beginning to the tool right. So, here also that is why
whenever we are doing; that means, setting up the constraint file. So, at the time we have

to set the timing exceptions that, this is the false path.

So, you set the timing exceptions for this path or you check whether there is any setup
time violation or hold time violation setup time, and whole time violation can happen,
because of this skew or because of this glitter this can happens. And then construct the
timing graph based on this partition clock domain or ideal or propagated clock or case

analysis.
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Timing Analysis Terminology

Actual arrival time (AAT): forward propagation
Required arrival time (ﬁj\T); backward propagation
+  Slack = RAT - AAT

- Ameasure of how much timing margin exists at each node
- Slack <0 = timing violation
- Can optimize a particular branch
- Can trade slack for power, area, robustness

Critical path
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And then again this early arrival you have to; that means, for this slack calculation you

have to calculate this actual arrival time as well as required arrival time.

So, based on that you can calculate this slack ok, where this slack is very much important
to get or to optimise the corresponding clock period ok. So, these are the important
factors which are which has to be consider whenever we are doing this static timing

analysis right. So, then this is the false path example.

False path example we have already seen.

(Refer Slide Time: 20:09)
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Re-Timing

*  How would you meet the 10ns clock cycle time?
FF FF FF

TE ¢ I e

clock cycle=10
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Now, another thing suppose here we are having 1 circuit right. So it says that, how
would you meet the 10 nanoseconds clock cycle time for this particular path? That

means, when these clock cycle will be 10 nanoseconds.

So, as you see in this particular path. So, this is register to register, there is one
combinatorial circuits which is taking 6 plus 4 plus 2 means 12 nanoseconds over here
and this particular path is taking 4 plus 4 is 8. So, clock period of 10 is it basically can I
do this clock cycle period as 10. If T do the clock cycle period to 10 so, at the time as

these time requirement is 12. So, the circuit will fail to work.
(Refer Slide Time: 21:19)
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+ Re-order sequential ¢lements and comt I logic Re'Tlmlﬂg
o Didvou sée a problem here?

FE FF FF

clock cycle=10
FF FF FF

[ N |

L
lock  Cycle=10
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So, at the time what I have to do? I have to do a technique which is; that means, named

as this re timing. So, what we see that here in this path it is taking 6 plus 4 plus 2; that

means, 12 over here and in this it is having 4 plus 4.

So, if I place this flip flop in these particular position, so at the time this position now it
will take 6 plus 4 10 and here 2 plus 4 plus 4 that is 10 ok. So, you see the flip flop has
been just replace to this particular position to make the balanced in this 2 path 10 over

here.
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Re-order sequential elements and combinational logic
Need to predict placement and routing

FF FE FF

clock cycle=10
FF FF FF

[E S

clock  Cycle=10
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So, 10 over here now we can do or I can; that means, said that cycle time as 10. But; that
means, is there any problem is there any problem? No, because after doing this after
doing this, we can as we have made this; sorry, we have made as this two particular

structure is balancing in both the direction.

(Refer Slide Time: 22:55)
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Useful Clock Skew

*  Equivalent to re-timing
*  Clock tree re-construction
— Insert delay cells
— Snaking
- Add dummy capacitive load
FF FF FF

C|bCk Cycle =10
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So, now, this will be this both that means, things or I can set the clock cycle to 10
nanoseconds ok. So, another thing also what we can do; we can add the skew of 2. So,

skew of 2 means if I put clock in the same direction to the data. So, at the time what will



happen? It will just reduce the clock period by 2; that means, whatever is the delay. So,
that will be minus if I put the clock on the same direction with the data. That means, at
the time delay will be minus skew amount will be minus, means what at that time it will

be 6 plus 4 plus 2 minus 2 so; that means, it will become 10.

So, at the time easily set the clock cycle tool 10. So, that is another way of making this
clock cycle period to 10 so; that means, then in the previous case, what we have done?
We have use this re timing or re ordering or changing the position of the flip flop making
the delay both the hand same, which is 10. In this particular case, we have used this we
have intentionally added clock skew of 2, 2 unit of time to make this clock cycle of 10
unit of time ok. So, how we can do? That means, we can increase the clock skew, we can
insert this delay cell or we can add some dummy capacitive load. That we can do to

introduce this clock skew in this particular path ok.

So, this is a technique by which we do to avoid the violation ok. So, this is the end of the
this timing closure; every time I am telling you that, it is not the things that this is the end
of it, there are more on this, but it is not possible that all the things will be covered in this

particular course. If you are more interested then please let me know.

With that thanking you, so this is the end of today’s class.



