11/22 & 11/24

CS150


Section week 13

This week: Metastability, testability…

1. Metastability

       A metastable signal has a value of ____???? But in-between logical 1 and logical 0___.

How a metastable signal is produced:

       A metastable signal may be produced when a(n) _Asynchronous_ signal is input to a __Flip-flop_ during that component’s __Setup___ or ___Hold____ time.
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Solution:Chain flip-flops. The probability of the 

signal coming out of the final FF being metastable is the product 

of the probability of all the FF in the chain, and since each should 

be very small, the probability of metastability decreases with each FF. 


How to approximate failure rate:

     






MTBF: Mean time between failures

f1 : Clock frequency   

f2 : Data rate ( How often it changes. 

For example, if you were receiving data

from a PC, your clock may be 4MHz but

the data will come at 115.2KHz. )

k1: (For Xilinx 3020-70 ) 1.5 ( 10-10 sec

k2: (For Xilinx 3020-70 ) 3.7 ( 109 sec-1
(0: The maximum amount of time that the signal can stay metastable and still have the circuit work.

Example:

Tcko = 12ns

Tclock = 18ns

Tsetup = 3ns

What’s maximum (0 for this circuit to work?

TCLOCK > TCKO + (0 + TSETUP    (  (0 < TCLOCK – TCKO - TSETUP = 18ns – 12ns – 3ns = 3ns

What’s the failure rate?

(0 = ( Max (0 ) = 3ns 

f1 = 1/18ns = 55MHz 

f2 = 1/18ns = 55MHz

   (since they are chained FFs, frequency 

   is the same for the clock and the data. )

k1= 1.5 ( 10-10 sec (given)

k2= 3.7 ( 109 sec-1 (given)
2.
Testability (Note: These methods are only applicable when looking for single SA faults.)
     A SA0 (stuck at 0) fault means: Whatever value you try to put on that wire the value on the wire stays a logical 0.
     A SA1 (stuck at 1) fault means: Whatever value you try to put on that wire the value on the wire stays a logical 1.
Exhaustive testing:

Test every possible SA fault:



	Wire
	Fault type
	A
	B
	C
	Expected result
	Result if failure

	  A
	SA 0
	1
	0
	1
	1
	0

	
	SA 1
	0
	0
	1
	0
	1

	  B
	SA 0
	0
	1
	1
	1
	0

	
	SA 1
	0
	0
	1
	0
	1

	A+B
	SA 0
	1
	0
	1
	1

(Only one of these tests is necessary)
	0

(Only one of these tests is necessary)

	
	
	0
	1
	1
	
	

	
	
	1
	1
	1
	
	

	
	SA 1
	0
	0
	1
	0
	1

	  C
	SA 0
	1
	0
	1
	1

(Only one of these tests is necessary)
	0

(Only one of these tests is necessary)

	
	
	0
	1
	1
	
	

	
	
	1
	1
	1
	
	

	
	SA 1
	1
	0
	0
	0

(Only one of these tests is necessary)
	1

(Only one of these tests is necessary)

	
	
	0
	1
	0
	
	

	
	
	1
	1
	0
	
	

	OUT
	SA 0
	1
	0
	1
	1

(Only one of these tests is necessary)
	0

(Only one of these tests is necessary)

	
	
	0
	1
	1
	
	

	
	
	1
	1
	1
	
	

	
	SA 1
	0
	0
	1
	0

(Only one of these tests is necessary)
	1

(Only one of these tests is necessary)

	
	
	0
	0
	0
	
	

	
	
	0
	1
	0
	
	

	
	
	1
	0
	0
	
	

	
	
	1
	1
	0
	
	


A set of test vectors which will completely test this circuit is (for example): 101, 011, 001, 100 ( 100 could be any test vector which tests for a SA 0 fault on C ). So 4 tests to completely test this circuit. 

When (might) exhaustive testing not find a fault?

If there is more than one path through the circuit, a SA fault may not be found. If a circuit is reduced to its simplest form, say, by using k-maps, it won’t have duplicate paths and all SA faults should be testable.

3.         K-maps ( things I forgot to say last week )
Difference between hazards and glitches. Hazard is a possibility of a glitch and a glitch is the actual event. So you can have a circuit that has a hazard but never have a glitch…
Static 1 hazards: A hazard where you think a value stays at 1 on a transition but may glitch to 0.

Static 0 hazards: A hazard where you think a value stays at 0 on a transition but may glitch to 1.

Don’t cares:

Making K-maps. 
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