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Delay faults cause errors in the functioning of a circuit based on its timing. They are caused by the finite rise and fall times of the signals in the gates, as well as, the propagation delay of interconnects between the gates. The timing of the circuit has to be carefully evaluated to avoid such errors in the function of the circuit. Tests have to be created specially to account for these faults. These tests can also be used to determine the proper clock frequency that the circuit could be run at and still have the circuit function correctly.

The faults caused by the rise and fall times are called transition delay faults. Due to this finite time it takes for an input of a gate to show up on the output, faults may arise if the signals are not given the time to settle. One of the challenges in testing is distinguishing between such a delay fault, where the output yields the correct result, and an actual fault in the function of the circuit.

There are two types of transition faults slow-to-rise and a slow-to-fall. For a slow-to-rise fault a stuck-at-0 test may be used. A 1 would be placed on the line and since the rise time is slow it would appear that when the output of the gate is checked for the fault it would be detected. A similar stuck-at-1 fault could be used to test a slow-to-fall fault. This approach, however, would only be effective for large localized transition fault and would not detect accumulated delays throughout a large circuit. Where a delay based on the accumulation of smaller delays would cause problems. So a simple test could be used but a more reliable and better method should be used. 

There are both robust and non-robust tests for delay testing. A non-robust test will test a path for a delay fault granted that there are no other paths with a delay fault in them. More desirable would be a robust test that tests a path for a delay fault regardless of the delay of any other paths in the circuit. 

One example of a delay test is the Slow-Clock Combinational Test. In this test two vectors are applied to test a certain path in the circuit. The output is latched so that the value can be read. Two independently controlled clocks are used for this test, one controlling the input and another controlling the output. Two vectors are applied to the inputs. The idea behind this sort of test is that by the time the second vector is applied to the inputs the signal changes due to the first vector are at steady state. The output clock occurs at a time equal to that of the rated clock speed after the input signal, thus testing if the delay is too long. Because the signals from vector one have to settle to a steady state before applying vector two, the vectors are usually run slower than the rated clock rate, hence the name[1].

Another test for delay faults is the scan test. There are two methods of doing scan tests, skewed-load and broadside. With skewed-load the second test vector is simply a shifted version of the first vector. In the broadside test the second vector is obtained from the circuit response to the first vector. Though the skewed-load method results in a higher delay fault coverage has an easier test generation, it is more difficult to provide an at speed switching of a scan enable signal. Since it takes considerably more effort to design this test it is not used much in industry and the less complex design broadside method is used [2]. 

Using multiple scan enable signals in the skewed-load test and multiple flip flops eases the complexity of the design of the scan enable signal. One set of flip flops is allowed to get the next pattern for test by simply shifting the first, while another set of flip flops obtains their pattern from the response of the circuit on the previous test pattern. Below is an example of how this test works [2]. 
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Figure 1

Here there are two scan chains, A and B. These flip flops are connected numerically in each chain with flip flop 1 feeds flip flop 2 and so on. Considering a slow-to-fall (STF) delay fault on signal g, this cannot be tested using the broadside method since 1B and 2B would both have to initially be 1 which implies 3A would have to be 1 and that would block the signal from propagating to flip flop 1A during the capture cycle. Likewise the slow-to-rise (STR) fault on signal n is not testable because both 2A and 3A would have to be 1 which would imply 1A would be 1 during the initialization cycle and this blocks propagation to 3B. However, for g slow-to-fall fault could be tested using the skewed-load method because the proper value for 3A (0) could be obtained from 2A without interfering with the initialization conditions. Similarly the STR fault on n would be testable if the skewed-load method were used. The correct value for 1A (0) could be obtained from the previous flip flop in the scan chain [2]. 

Now having two scan enable lines, as shown in Figure 2, would allow for proper testing.
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Figure 2

SIN_A and SIN_B are scan inputs. The three cycles of the test are initialization cycle (IC), launch cycle (LC), and capture cycle (CC). For the slow to fall fault on g the initialization vector (1A,2A,3A,1B,2B,3B)
 = (X,0,X,1,1,X) where X is don’t care. And the primary inputs Y and Z are set to 0. Both SEN1 and SEN2 are set to 1. Flip flops 1B and 2B are set to 1 to set up g for the STF test. SEN1 is switched to 0 prior to the launch and capture cycles while SEN2 is held at 1 during the test.  Figure 3 shows the timing of the signals while Figure 4 shows the contents of the flip flops. 
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Figure 3
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Figure 4

During the launch cycle 1B and 2B are set to 0 from the primary inputs and a 1 to 0 transition at g. If there is a STF fault then the value of g will be 1 through the launch and capture cycles. It will be zero for no fault. By having SEN2 set to 1 then 3A will receive data from 2A instead of the signal e this allows g to be propagated through the circuit instead of being blocked. The scan enable signals are held constant during the launch and capture cycles, so there is no need for these to switch at speed. This methods leads to an increase in fault coverage with more scan enable lines. Some results of running this method are listed in Table 1. With only 2 SEN the average fault coverage increases 4.51% while the runtime of the test was reduced by 42% on average. Both will increase with an increase in the number of scan enable lines [2].
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Today with the speeds that some circuits are required to run at the demands for having fast enough circuits is high. Sometimes even just a bit more delay than expected can cause the outputs of a circuit to yield faulty results. So the ability to test for delay is important and some creative ways of checking for the validity of circuits is needed in order to meet the demands of today’s market. The method described in this paper can be used to effectively test transition faults that may otherwise, with other methods, not be possible.
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