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Abstract
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S ai & Live: bns do not consider timing in all aspects and therefore, the results

IEOENEEEBY <imulation may differ from silicon behavior. Simulation can miss

due to limitations in simulator. These differences are due to incorrect
pf propagation time between clock and data paths causing data to
earlier than in silicon. This problem is known as shoot-thru.

a silicon failure which prompted us to understand how shoot-thru
occur during simulation, identify these situations with higher accuracy
Is and fix them with minimal impact using simple RTL coding rules.

ed up with Atrenta to automate efficiently the check of those coding




What i1s Shoot-thru?

-------- signal jumps over an extra register within one
elackcycle.

put “din” crosses 2 register within one clock cycle.

B

D dout
In silicon => gate delay
In simulator => events
Shoot-thru:

(events in data path ) <= (events in clock path) |
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Simulation Shoot-thru occurs?

pall

D

dint

\ dout

A

D
Reason : Extra Delta

delay in Clock Path
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din
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clk | 0>1

dint | 0>1 cint | 0>1

Ll

dout| 0>1

Consequence : “dout”

same as “din” within

single clock




Il Verilog coding rules help?

__________ ssignment in I/l Input data sampling

UNIVERSITY .
S,mjw Lh,a\__‘_"‘ always @ (posedge clk, negedge rst_n) begin
if (rst_n==1'b0)

o ation blocks and
dint <=din;

king in sequeritial T gt <=ain

end

// Capture data on divided cloc
A dout always @ (posedge cint, negedge rst_n) begin
if (rst_n==1"b0)

dout <= 1’b0;
else

> dout <= dint;
end
_ I/l Sequentioal clock generation
cint always @ (posedge clk, negedge rst_n) begin
if (rst_n==1"b0)
cint <= 1Db0;
else
c i = lcint:
Extra Delta-delay in Clock Path g meosTen

Non-blocking assignments consume delta delay




 Verification can miss Shoot-thru

Ls¢ cification was to transfer “din” to “dout” in 1 cycle
Centurion

SREEMIOD \was a mistake but not caught by RTL verification.
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ulation has shoot-thru => “din” will be captured at “dout” in 1 cycle
=> All tests pass as per user specification

dint ™ dout
D = D

Silicon fails as “din” will be captured at “dout” in 2 cycles
=> one cycle extra delay vs. Specification

Istence of One extra flop causes silicon failure.




- Verification can miss Shoot-thru

ecification was to transfer “din” to “dout” in 2 cycle
r, shoot-thru may cause simulation failure

es it by adding an extra flop

— ———— dout
D =< D . . :
~ Simulation Fails
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/ \
D == D . .
- Simulation Passe
after rtl changes
== J
/\ /\
———
D D Silicon Fails
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Equivalence
check

Potential Gap in design flow

Functionall Specification

Pros: Verification at gate level
represents Silicon.

Cons: Huge data base and run

time.

Silicon

o€

@

Gate Level
Simulation
can detect
shoot-thru

Physical design Verification




ow to detect shoot-thru issues?

SYIBEOeN improved simulator?

UNIVERSITY
oot cause of problem is that RTL Simulation has no notion of

" elay & Hold checks.

Constrained Pin

X Data Must >< /
Remain Stable )
) | SHD aQ

|
|
|
i DCLK
|

0ing Gate level simulation?

es but it is very costly.

sing robust RTL coding rules?

es! this is easy and efficient (see subsequent slides)




le 1 - Force schedullng of data
ohysical time delay In Sequentialdata assignments

Centurlon ‘ L
UNTECISIgNal is delayed in ‘physical time’, instead of ‘delta’ time.

dint <= #1 din ;
dint<= din after 1 ns;

7 NMdint Cout
din D D
> >
clk * cint

{ This adds an extra delay in data path }
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dint Delay on clock paths
dout .
D competes with delay on Dat
th
> e

A cint

after 1ns Clock vs Data scheduling sti
un-reliable

No unwanted delay on clock path J

Rulel + Rule?2 ensures no risk of shoot-thru J
l.e data is updated after clock




Rule 1 — Reports missing needed
Centu delay in data path
UNIV.ERSITY o

dout

cint

Y )
Rule 2 — Reports extra delay
(Physical) present in clock path

Easy to identify shoot-thru prone RTL




ker catches Real Slllcon Issues
2lay was causing silicon failure

Centurion
UNIVERSITY o

e Li Missing delay at source
| 1

imunities...

dout

D D
>

R
logic)
Buffer, Clock gating etc.

tentional delay in clock path found on another chip

User specified physical delay on source flop - Still problem
occurred due to physical delay specified on clock path

din—— p o dout

>

tck |C|kD |
Extra delay in clock divider




Conclusion

-------- 5 create events and schedule them, but with no
DOHOMIBT timing checks across data and clock events

u impacts RTL Simulation and may cause false
lon behavior, masking the real issues

RTL coding rules can prevent the problem to occur

Sibly add physical delays on data path to force
heduling

oid physical delays on clock path

plass RTL checker can help you to efficiently check
ose rules and removes need of costly gate level
mulations.

Xt Steps

xtend the SpyGlass checks to ensure that every output
mMterface i< havina delaved as<iaonment




