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Abstract! nal design is generated, on the other hand , a more extensive
. . . ptimization can be allowed to take longer tim& have
We propose a technique for test scheduling and design ofﬁigher computational cost.

test bus mfrastructurg where te.st_appllcatloln time as \{veII a5 We assume that the system uses a test infrastructure strate-
test bus length and width are minimized while constraints on gy as proposed by Marinissenal. [4].

power con_sumption and test resources are consid_ered. Our~p system can be tested by external testers or with BIST
approach is suitable for repeated use in the design spacetechniques or a combination of both. If an external tester for a
exploration process due to its low computational cost. For scan-based design is used the test vectors is transported from
the final design, we use simulated annealing to optimize the test access port (TAP) to the scan chains and the test re-
solution. The proposed technique is implemented and expersponse is transported from the scan-chains to a TAP.

imental results show the efficiency of our approach. On the other hand if a core uses BIST, the test vectors have
) to be transported from its test generator to the core and from
1. Introduction the core to its signature analyzer. The test generator and sig-

Test bus infrastructure design and test scheduling are becomr-]ature analyzer can be placed anywhere in the system which

ing more crucial due to the increasing complexity of digital is desirable if several cores share a BIST infrastructure.
designs. A test schedule is used to determine the order of th . . .
tests. Zorian proposes a dedicated test controller for a BIST%' Test Scheduling and Bus Design Algorithms
system [2]. A more general test scheduling algorithm is pro- The algorithm for combined test scheduling and test bus de-
posed by Choet al. where test application time is minimized  sign is based on the extension of our previously proposed test
while power consumption is kept under control [1]. scheduling algorithm [3] and is illustrated in Figure 1.

We propose a technique to combine test scheduling and test In general the algorithm works as follows. All tests in the
bus infrastructure design. Our technique minimizes test appli-system are sorted and placed in a list according to power con-
cation time as well as test bus length and width while consid- sumption. A loop at step 3 is repeated until all tests are sched-
ering constraints on power consumption, BIST resources anduled. In each iteration, the test consuming most power is
cores. Our approach considers both internal tests of the coreshecked and if it can be scheduled according to the power,
as well as interconnection tests between the cores. FurtherBIST and core constraints it is removed from the list. A test
more, each core may be tested by several tests using differeritus is then selected or designed and the test is scheduled.
test facilities where the BIST resources may be shared among At step 7 in Figure 1 the power, BIST and core constraints
several tests at different cores. The low computational cost ofare checked if a test is allowed to be scheduled, the checking
our technique allows it to be used repetitively in the design procedure is found in Figure 2. If all constraints are satisfied,
space exploration. For the final design, we use simulated anthe test is scheduled.

nealing which is a more extensive optimization technique. The test bus design is performed at step 8 in Figure 1 and
o ) the test bus design algorithm is presented in Figure 3. Among
2. Preliminaries the not scheduled buses at a certain time, where all of the test

We assume a Design for Test (DFT) flow where an architec- buses connecting all resources for the selected test, the test

ture is created from a system-level specification. It is made 1: Sort the tests according to power consumption;
testable by the introduction of DFT techniques. After that, the 2: Place the tests in a list with thf? .
tests are scheduled and a test bus infrastructure is added tq test consuming most power first;

; L . hile not list
transport test data in the system, which is the focus of this pa- ;. i 2unr°: 22{3 z I:zt.

per. 5. while not at end of list do begin
If the design, at any step in the DFT flow, shows unaccept- 6: pick cur from list;
ed results, some design steps have to be repeated. Therefore it if constraints = true then
is important that the algorithms used in the design space ex-8 bus = test_bus(cur.time,schedule)

schedule(cur, time, bus)
remove_from_list(cur);

11: cur = next_unit;

12:  time=time+min(scheduled units);

1. This work has partially been supported by NUTEK. Figure 1: Test scheduling algorithm.

ploration process has a low computational cost. Before the fi- 51910.




1: constraints ( test, time, schedule)
2: return = false;

/I Max power: 250

llcore plac. test idle test test TG SA core

3: if (avail_power+test power < Max power ) /lname x 'y name pwr pwr time
4:  if (Signature_Analyzer(test ) = free ) corel 1010 test110 100 125 TC TC NONE
5: if ( Test_Generator( test ) = free ) corel 1010 test220 200 75 TGL1TC core :
6: if ( Core_constraint( test ) = free ) core2 1020 test350 150 50 TC SA1l NONE
7 return_value = true; core2 1020 testd50 100 100 TG1 SA1l NONE
8: return return_value; core3 10 30 NONE
Figure 2: Constraint checking. TC 20 10 NONE
1: test_bus( test, time, schedule){ TG1 20 20 NONE
2: if exists_free_bus(time) SA1 20 30 NONE

3 ifexists_free_used_bus( time) Figure 4: A design example accepted by our design tool.

g; elsesi‘le;tt Tﬁ::ﬁgtrfitf.ree’ solution at a cost of 662 which is 32.4% better than the tradi-
6: else ’ tional solution. The traditional and combined solutions are
7:  select bus requiring shortest extension found within a second while the solution from simulated an-
8 until test connected nealing is found after 3543 seconds or 88000 iterations.

9 extend and update shortest part; We generated designs with 4, 9, 16 and 25 cores with test

Figure 3: Algorithm for Test bus design.

data randomly generated. For each size, 5 designs were cre-

bus that has the shortest length and has been used before iated and the average result is presented.

the schedule is selected. If none of the test buses has bee
used before, the shortest is selected.
If no test bus is free for scheduling and connecting all re-

n The results in Table 1 shows that the combined algorithm
finds a solution at a very low computational cost, less than
one second for all designs. The simulated annealing finds a

sources in the test, a test bus is extended or a new is addedetter solution in all cases and the improvement is larger as

Among all buses in the system, the one that requires the

design complexity increases.

shortest extension is selected.

Traditional Combined Cost || Simulated annealinb Cost
B ) Design|[Cost| CPU(s)|Cost| CPU(s) "({,‘/F;)f- Av. | Cpu(s)| Itera- "(E/f)’)r'

4. Test Bus Design and Test Scheduling Tool cost tions
. . . . . ASICZ|[980 <1 |[870 <1 11.2 |[662| 3543 | 88000|| 32.4
Our tool accepts design specification as in Figure 4 where[ 44 |[260] <1 ||242| <1 6.9 ||211] 30633] 83000 18.8
the maximal allowed power consumption is specified and for | do [[e37] <1 [[e07] <1 4.7 [[435] 968 | 88000|| 31.2
each core several tests can be defined. Each testis placed af _di6 [1239 <1 []1212] <1 1.9 |[760[ 3822 | 88000|| 38.5
core and an idle power consumption, a test power consump{_d25 |P477 <1 ||2383) <1 3.8 [[143¢ 16630 88000]| 42.0

tion and a test application time are specified. Furthermore, Table 1: Experimental results comparing separate solution,

for each test several constraints can be defined.
The core constraints are introduced for two reasons. At in-

combined solution and simulated annealing.

terconnection tests where the interconnection between twoB. Conclusions

cores is tested both core wrappers must be in inter connecyye have proposed an approach for combined test scheduling
tion mode. The wrapper isolates the core from the rest of the anq test bus design where the test application time and the
system when a test is applied. However, it does not isolatetest hus infrastructure are minimized while constraints on the
tests internally at acore. Wh_en several tests are defined at &ower consumption, BIST resources and core constraints are
core, they could interfere with each other and we can not considered. Due to its low computational cost our technique
schedule these tests concurrently. In the specification to ourig g jitable to be incorporated in the design space exploration

system this is indicated by placing the core name both as theprocess. A more extensive optimization based on simulated
core name and as the core constraint annealing is used for the final design.

5. Experimental Results

We compare our approach with a traditional technique
which performs test scheduling and test bus design in two
separate steps. We have also an implementation based o
Simulated annealing optimization [5].

The cost functiorC(x) for a solutionx, whereT(X) is the
test application timel (X) is the test bus length and,is a
factor defined by the designer:

C(x) = T(X) +a xL(x)
The experimental results are in Table 1. The cost of the so-

lution generated by the traditional approach is 980 for [5]

ASICZ [2] while the combined approach uses 870, an im-
provement of 11.2%. The simulated annealing produces a
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