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( Programmable Memory BIST for Embedded Memory )
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Abstract

The density of Memory has been increased by great challenge for memory technology. Therefore, elements of memory
become more smaller than before and the sensitivity to faults increases. As a result of these changes, memory testing
becomes more complex. In addition, as the number of storage elements per chip increases, the test cost becomes more
remarkable as the cost per transistor drops. Recent development in system-on—chip (SOC) technology makes it possible to
incorporate large embedded memories into a chip. However, it also complicates the test process, since usually the
embedded memories cannot be controlled from the external environment. Proposed design doesn’t need controls from
outside environment, because it integrates into memory. In general, there are a variety of memory modules in SOC, and it
is not possible to test all of them with a single algorithm. Thus, the proposed scheme supports the various memory
testing process. Moreover, it is able to At-Speed test in a memory module. consecuently, the proposed is more efficient in
terms of test cost and test data to be applied.
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Embedded Memory Usage
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Fig. 1. Embedded memory usage.
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E 1. March elements 74 224
Table 1. Summary of notations.
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r 471 5%
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A fa
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Table 2. Various embedded memory test algorithms

using march elements.

Algorithm
Zero-One
MATS+

Marching
1/0

March X
March C-

March Elements
{ (w0); 0y (wl)s (1))
{ (wW0); O,wl); (r1,wO)}

{ (w0); GO,wlrl); (1,w0r0); (wl);
(r1,wOr0); (fO,wlrl);}

{ (w0); (Q,wl); (r],w0); (0)}

{ (w0}, O,wl); (r1,w0); GO,wl);

(rl,w0); (x0)}

{ (w0); (O,wl,w0,wl); G1,wl,wl);
(rl,wO,wl,w0); (0,wl,w0)}

{ (w0); (r0,wl,rl,w0,r0,wl); (r1,w0,wl);
(r1,wO,wl,w0); (0,wl,w0)}

{ wW0); (0,wlrl,w0), (Owl);
(rl,w0rO,wl); (r1,w0)}

{ (w0); (rO,wl); (r1,w0,r0,wl); (rl,w0);
(10wl r1,w0); (rO)}

{ (w0); @0,10,w010,wl);

(rlrl,wlrl,w0); (r0,r0,w0,10,wl);
(rl,r1,wlrl,w0); (0))
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Table 3. Fault coverage of each march algorithm.
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Table 4. Algorithm selection table.

¥De|E MY E

Wz | dna= Marcth\I:ements
o1 | MATS+ { (w0); O,wl); (r1,w0)}
(3n) 10001 10010 00011
010 | March X { (w0); (Owl); (1, w0); 0)}
(4n) 10001 10010 00011 10100
{ (w0); (r0,wl); (r1,w0); (rO,wl);
011 Mafgg)c‘ (rLw0); (0))
10001 10010 10011 00010 00011 10100
{ (w0); (r0,wl,rl,w0,r0wl);
100 M%%Cf; B | t1wOwl); (rLwO,wlw0); (0,wl,w0))
n 10001 10101 10110 00111 01000
{ (w0); (rO,wl,rl,w0); (rO,wl);
101 Ma(g?h) Ul 1, w0r0wl); (w0}
n 10001 11001 10010 01010 00011
{ (w0); (rO,wl); (r1,w0,r0,wl);
110 Mafgh)LR (rL,w0); (rO,wl,rl,w0); (0)
n 10001 00010 11010 10011 11001 10100
{ (w0); (r0,r0,w0,r0,wl);
March SS | t1rl,wlrl,w0); 0r0,w0r0wl);
11 (6n) (rlrl,wlrl,w0); (r0)}
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Table 5. March elements selection table.

March element|s = [3:0] =z
M1 0001 w0
M2 0010 ), wl
M3 0011 rl,w0
M4 0100 0
M5 0101 O,wl,rl,w0r0,wl
M6 0110 rl,w0wl
M7 0111 r1,w0,wl,w0
M8 1000 0wl w0
M9 1001 10,wl,rl,w0
M10 1010 r1,w0,r0,wl
Mil 1011 r0,r0,w0,r0,wl
Mi2 1100 rLrl,wlrl,w0
M13 1101 10,10, w0,r0,wil
M14 1110 rlrl,wlrl,w0
# ¥l WE= v W 2 E(Comparator) & 1A F o] A}
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Fig. 2. Proposed programmable memory BIST
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AL_Select
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Fig. 3. Block diagram of algorithm generation module.
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Fig. 4. FSM of algorithm generation module.
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TEST Controller Module
Read/Write Signal
Generator Start ME
Start_ME == 1 : operate
MM _code[3:0]
(OP)
Clk
«—— Ck  MM_code[4]  Start ME
l l(Adr_direc) l
Address
Generator
End_OP
a Start_ ME
‘Address
ot T (Row +
1011 2, 1101 2 Column)
| Comparator Fault_=
RAS | CAS | WE | OE |Address |InData § OutData dectected
Y Y \ 4 L (FD) ‘ 88
End of :
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Main Memory = Address |
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agl 5 H2AE Mo ZE2| FSM
Fig. 5 FSM of test controller module.
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Fig. Simulated waveform of normal memory test,
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Fig. 7. Simulated waveform of faulted memory test.
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