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Abstract designers usually employ redundancy repair—using, e.g.,
spare rows and/or spare columns of cells—to improve the

_ i yield [1-4]. However, redundancy increases silicon area
Embedded memories are among the most widely Us§fq thus has a negative impact on yield. To maximize the

cores in current system-on-chip (SOC) implementationje|q with a reasonable cost, redundancy analysis (RA) is
Memory cores usually occupy a significant portion of thgiecessary. Conventionally, RA is performed on the host
chip area, and dominate the manufacturing yield of the Ch'Fbomputer of the automatic test equipment (ATE) if it is an
Efficient yield-enhancement techniques for embedded meg.jine process, or on a separate computer if it is an off-
ories thus are important for SOC. In this paper we present gne process. Either way it is time consuming since RA
built-in self-repair (BISR) scheme for semiconductor memyjqorithms are complicated and the memories that imple-
ories with 2-D redundancy structures. The BISR design {ent redundancies are usually large. Moreover, embedded
composed ofabunt_-m self-test (BIST) module anql a k_Jth-IH-IemorieS are harder to deal with using ATE, and few be-
redundancy analysis (BIRA) module. Our BIST circuit SUpyeye that any known ATE architecture can accurately test
ports three test modes: the 1) main memory testing, 2) SPaSmorrow’s system chips for the demanded yield and re-
memory testing, and 3) repair modes. The BIRA modulgyijity [5]. Therefore, built-in self-test (BIST) has be-
executes the proposed redundancy analysis (RA) algorithiqgme a standard solution for embedded memories [6-10],
for RAM with a 2-D redundancy structure, i.e., spare roW$nq pyilt-in redundancy analysis (BIRA) and built-in self-
and spare columns. The BIRA module also serves as the g (BISR) also are gaining popularity. Different BISR
configuration (address remapping) unitin the normal modeyp5r0aches have been shown to improve the memory vield
Experimental results show that a high repair rate (i.e., thg.om 5 to 20%, such that the net SOC vyield increase can
ratio of the number of repaired memories to the number Oange from 2 to 10% [11]. Also, memory BIST and BISR

defective memories) is achieved with the proposed RA alggasigns have been developed as infrastructure IPs for SOC
rithm and BISR scheme. The BISR circuit has a low areReld enhancement [12, 13].

overhead—about 4.6% for an 864 SRAM.
Recently, a DRAM installed BISR function is presented

o o ) ~in[14]. The defective cells detected by the BIST circuit are
Keywords: built-in self-test, built-in self-repair, built-in yeplaced by the cells of the spare SRAM. The built-in self-
redundancy-analysis, memory testing, semiconductor mefmgnosis method presented in [15] for repairable SRAMs
ory. uses a reduced-instruction-set processor to determine a re-
pair solution. In addition to the complicated processor, it re-
. quires a large fault-free RAM blocks to store the fail bitmap.
1. Introduction In [16] a BISR scheme for ultra-large capacity memory
chips is proposed. The proposed memory architecture has
Memories are key components of a typical system-ora hierarchical organization that optimizes memory access
chip (SOC). They normally are dense and covers a largegne and increases the efficiency of test and repair. In [4]
portion of the chip area, thus dominate the yield of the chighe authors describe a power-on (soft) BISR design for em-
Keeping the memory cores at a reasonable yield level ledded high density SRAMs with only spare columns. The
thus vital for SOC products. For such purpose, memorglesign can detect defective memory cells and map spare
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memory cells to functionally replace the defective cells. Be2. Proposed BISR Scheme

cause the 1-D redundancy is implemented, the RA algo-

rithm is simple and straightforward. If the RAM has a 2-5 1 Redundancy Organization

D redundancy (with spare rows and columns), the optimal

redundancy allocation problem becomes NP-complete [17]. o
- . . o The redundancy organization of a RAM affects not only

A heuristic RA algorithm and its realization are reporte . o

in [18], where the RA algorithm provides about 83.3% re%he repair rate but also the area cost of the BIRA circuitry.

pair rate (the ratio of the number of repaired memories gpgure 1 shows a RAM cell array with redundancy rows

the number of defective memories) for5a2 x 16 x 72- and columns. In the figure, a 512-bit RAM has two spare
bit RAM with 2 x 2 redundancies (i.e., 2 spare rows and ows at the bottom and four spare columns on the right. If

spare columns). In Alpha 21264, a redundancy analyzer f ere is a faulty row, any of the spare rows (SRO and SR1)
a RAM core withl x 1 redundancies per memory block wascan be used to replace it. However, the spare columns are
sed differently: we partition them into sevesgare col-

implemented [19]. In another case [20], a BISR design WItHﬁ‘g” groups(SCGs). In the figure, two spare columns are

comprehensive real-time exhaustive search test and analylé : . o
(CRESTA) scheme was proposed. It guarantees 100% c Ouped into an SCG, i.e., tgoup sizés 2—groups SCGO

rection of the repairable chips. However, the hardware co £5P- SCG1) contains columns SCO and SC1 (resp. SC2

of CRESTA increases drastically with the number of redun"Zmd SC3). Moreover,. .eac.h SC.:G is logically divided into
egments for better utilization, i.e., the segments of a spare

dancies. A two-phase RA algorithm and its implementatioﬁolumn are not physically divided by local sense amplifiers
were later proposed [21]. The algorithm first executes t he switching fPor)rll the r)r/1ain mem())/ry to the spare Eolumﬁ
must-repairprocedure [22], and then the remaining errors ups is controlled by the BISR circuit, so only the mul-

are repaired in sequence by the unused spare lines. The 11% . e )
b q y P iplexers induce additional access time and area cost. In

of the BISR circuit is about 1.7 mfrfor an 8Kx 16x 256-bit "
: - Fig. 1, one SCG has four segments (SEGO, SEG1, SEG2,
embedded DRAM. Recently, a BISR design consisting Ofnd SEG3). The segments are identified by the first two

the BIST circuit, redundancy wrapper logic, and fuse boxe

that store the failing addresses for word-oriented memorié@OSt significant bits (MSBs) of the row ?‘ddfess- Let the
is proposed [23]. By the approach one can use RAMs gef2" addresses bgazai a0, thenasa, specifies the segment
erated from a memory compiler, without custom designegyhere the addressed row sits. Different segments of an SCG

in redundancies as those used in conventional RAMs. (ﬁlg r?]z.lésrendengpaggregeixe |Ze"?tlrr:edfee||rsené80|ngé20f
on-line BISR design with a transparent BIST algorithm fo ' Y- Xample, | ' ! ’

: : .—and C3 (see Fig. 1) are faulty, then SEGO and SEG1 of
SRAMs is proposed in [24]. The transparent BIST desig n
allows the memory to be tested and repaired periodical ICGO car;) b? us_ed”to(;_eptljac;e_tklem. Note tthatt;[]he Sﬁirhe rows
when it is in normal operation. so can be logically divided into segments, though this is

not shown in the example. We have developed a simulator

In this paper we present a BISR design for RAM with 2_Dfor evaluating the RA algorithms of redundancy repairable

redundancy. In addition to the spare rows and columns thalemones [25].
replace the defective cells of the RAM, a software-based

address remapping scheme is also used to avoid the defec- 2 E

tive cells that cannot be repaired. Such a RAM finds ap- o ] o
plications in any system that allows a variable RAM size, =

e.g., the packet buffer of a network processing chip, the file P Eams o1
buffer of a printer controller chip, etc. The proposed BISR B

design is composed of the BIST and BIRA modules, in ad- .
dition to the spare memory blocks and the repair circuitry.

The BISR scheme has the main/spare memory testing mode .
and repair mode. An efficient RA algorithm is also proposed

and realized by the BIRA module, which also serves as theo| 1 8884

reconfiguration circuit in the normal mode—the addresse€"
of the faulty cells are remapped to the fault-free spare ad-
dresses. Experimental results show that the repair rate of theFigure 1. An example RAM with two spare
proposed redundancy algorithm is good. The BISR hard- rows and 2 spare column groups.

ware overhead is about 4.6% for an 884 SRAM.

The rest of this paper is organized as follows. Section 2 )
introduces the redundancy organization and the proposéel- BISR Architecture and Procedure
BISR scheme and BIRA procedure. Section 3 presents the
BIST and BIRA implementations. In Sec. 4 the experimen- Figure 2 depicts the block diagram of the proposed BISR
tal results are shown. Finally, Sec. 5 concludes the paper.scheme, including the BIST module, BIRA module, and test
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wrapper for the memory. The BIST circuit detects the faultand the EMA indicates whether the memory is repairable.
in the main memory and spare memory. It is programmable

at the March element level [9]. The BIRA circuit performs

redundancy allocation using the proposed RA algorithm (to TestRepair Mode f+— Norm Mode.~

be discussed later). The test wrapper switches the mem- | —— — — | |
ory between the test/repair mode and normal mode. In tHED~ s H Téiﬁfrﬁﬁ‘eH Tiemory %
test/repair mode the memory is accessed by the BIST mod- | [ [ex e Jewe
ule, while in the normal mode the wrapper selects the data |
outputs either from the main memory or the spare memory

(replacing the faulty memory cells) depending on the con-

trol signals from the BIRA module.

RADDR |

Software-based
AddressRemapping

S — > Figure 3. Power-on BISR procedure.
ADDR ¢ >
N BIRA RE Main Memory When the main memory test and RA are finished, the
nEF ig REF (repair end flag) signal goes high and the BIRA mod-
ule switches to the normal mode. The BIRA module then
ERF‘{ FST DNET CNTi serves as the address remapper, and the memory can be ac-

CLK cessed using the original address (ADDR). When the mem-
POR BIST < > Spere Mermor ory is accessed, ADDR is compared with the fault addresses

Y stored in the BIRA module. If ADDR is the same as any of

the fault address, the BIRA module controls the wrapper to

. ) remap the access to the spare memory.
Figure 2. Block diagram of the proposed BISR

scheme.
Let a subwordbe consecutive bits of a word, whose
) o ) length is the same as the group size. For example, in Fig.1
The BISR procedure is shown in Fig. 3. Upon turning oRye assume there are 32 bits in each row, and 2 bits in each
the power, the BIST module starts to test the spare memggbword, so a row has 16 two-bit subwords. To reduce com-
ory. Once a fault is detected, it informs the BIRA moduleyexity, we use two row-repair rules. One row-repair rule is
to mark the defective spare row or column as faulty througthat if a row has multiple faulty subwords, we repair the
the error (ERR) and fault syndrome (FS) signals. After finfayity row by a spare row if it is available. Take Fig. 4(a)
ishing the spare memory test, it tests the main memory. s an example. If a word has two faulty subwords (marked
a fault is detected (ERR outputs a pulse), the test procesg in the figure), we actually can repair them using two
pauses and the BIST module exports the FS to the BIR&pare column group segments. However, for multiple spare
module, which then performs the RA procedure. When thgojumn group segments, there can be many possible ways
procedure is completed and the memory testing is not fifl repair the faulty subwords, resulting in complex output
ished yet, the BIRA module issues a continue signal (CNThultiplexing and RA, and thus the memory performance is
to resume the test process. During the RA procedure, #egraded and the cost of the BIRA circuit increases. After
a spare row is requested but there is no more spare roje must-repairphase, the spare allocation for remaining

the BIRA module exports the faulty row address througlfauity elements is performed according to tle@air-most
the EMA (export mask address) and MAO (mask addresgles [22].

output) signals. The memory will then be operated at a

down-graded mode (i.e., with a smaller usable capacity) by

software-based address remapping. For example, assum&he other row-repair rule is illustrated in Fig. 4(b). Sup-
that a memory with multiple blocks is used for buffering,pose the faulty cell CO is repaired by a spare column group
and the blocks are chained by pointers. If some block isegment, and some time later the faulty cell C1 is repaired
faulty and should be masked, then the pointers are updateg a spare row. In this case, when we access the cells in the
to invalidate the block. The size of the memory is reducedverlapped region, the address remapper gives the priority
as one block is removed. The system still works if a smalleb the spare row. This effectively reduces the complexity of
buffer is allowed, though the performance may be affecte¢he BIRA circuit.

This approach effectively increases the yield of the prod-

ucts. The number of blocks that can be invalidated normally

depends on the performance penalty that can be tolerated. IfThe BIRA procedure consists of the following major
the down-grade mode is not allowed, the MAO is removedteps.
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Run BIST; pause and jump to Step 2 when it
detects a fault.

Stop when BIST is done.

Check whether both row-repair rules can be
applied. If so, go to Step 4.

Allocate a spare row or spare column group
segment to repair corresponding faulty cells
according to the repair-most rules.

Resume Step 1.

Check if there are available spare rows.

If so, repair by a spare row and resume Step 1.
Export the corresponding faulty row address;
Resume Step 1.
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(b)

Figure 4. Faulty memory examples.

3. BIST and BIRA Implementation
3.1. BIST Module

The BIST module block diagram is shown in Fig. 5,
which consists of a controller (CTR) and a test pattern gen-
erator (TPG) for handling test operations and generating test
stimulus, respectively. In addition to the clock (CLK), the
BIST only needs the power-on reset (POR) signal to initiate
the test procedure. The BDN (BIST done), ERR (error in-
dicator), FS (fault syndrome), and CNT (continue) are sig-
nals between the BIST and BIRA modules. The TPG output
signals are connected to the memory under test. The BNS
(BIST normal selection) signal is used to switch the mem-
ory between test/repair mode and normal mode.

AQ

Nag
SISE]
IND

BIST

CMD ADDRt

ENA DIt
< DOt
— CTR WEBt

DNE PG CSBt

Yy

SR_CSBt
SC_CSBt

SR _ADDRt
SC_ADDRt
SC_GROUPt

CLK
POR

Yvy

BNS

Figure 5. BIST module block diagram.

The CTR is a typical finite state machine (see, e.g.,
[9,26]). The TPG executes the test command (CMD) pro-
vided by the CTR. When a fault is detected, it pauses and
sends the ERR and FS signals to inform the BIRA module to
perform RA. When the RA finishes, the BIRA module sends
the CNT signal to resume the TPG process. The BIST im-
plementation is typical, similar to our previous design [9].

3.2. BIRA Module

The BIRA module has three components—the multiple
faulty subwords detector (MFSD), process element (PE),
and address remapping unit (ARU)—as shown in Fig. 6.
When the power is on, all flip-flops are reset to the ini-
tial state. The signal normal = 0 and FS is connected to
the ARU. The input address (ADDR) is sent to the ARU
when it is in normal mode (normal = 1). Initially, the sig-
nals solidflag, faultyflag, repairedlag, rowmatch, and
col_match are all reset to 0. The PE evaluates the status
of these signals and issues the control signals slidre-
pair_en, update, and expomaskaddr to the ARU, which
then updates the status of its registers. The signals REF
(repair end flag), EMA (export mask address), and MAO
(mask address output) are connected to the ATE.

The MFSD detects whether the number of faulty sub-
words on a row is larger than one. The PE is implemented
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Figure 6. BIRA module block diagram.

Figure 7. State diagram of the PE.

by a finite state machine (FSM), whose state transition di-

agram is shown in Fig. 7. The initial state is MONITOR,

which monitors the ERR signal from the BIST circuit. If 2ge elements are implemented. Each storage element has
a fault is detected, the PE goes to the DFETCH state three status flags: 1) the fault flag (FF) denotes whether the
load the status data into the flip-flops. In the COMPAREEOITesponding spare element is defective (FF = 1) or fault-
state, the PE compares the faulty address with the prefiee (FF = 0); 2) the repair flag (RF) indicates whether the
ously stored addresses. If there is a match, the PE goes b&@iare element is used to repair the defective main memory
to the MONITOR state through the CONTINUE state. Oth{RF = 1) or not (RF = 0); and 3) the solid flag (SF) shows
erwise, it goes to the CHECRMR state. If the status is Whether the storage element has been loaded the faulty cell
must-repair (by row), then it goes to the N&PROW state information (SF = 1) or not (SF = 0). Each column storage
and checks whether there are available spare rows. If §éement has an identification (ID) field to store its segment
spare row is available, it sends a signal to the ARU that willumber.

then export the faulty row address for software-based repairyp o an the system is operated in the test/repair mode, the

later in the down-gradeq operation mode. If, on the othe& w addrin (row address input), Caiddrin (column ad-
hand, a spare row is available, then the faulty row is replaced .. input), and Faultyubwordin (faulty subword input)
by the spare row in the ROWREPAIR state, and the PE ignals come from the BIST circuit, and the Roven (row
goes back to the MONITOR state, through the CONTINU epair enable), Rove.en (row solid enable), Cat en (col-

state where a continue signal is issued to the BIST circuiIEr : ; ;

) ! e mn repair enable), and Ceblid_en (column solid enable)
If in the CHECK RMR state the must-repair conditions are_.
not satisfied, the PE will go to the CHECRULL state to signals are from the PE. The spare rows and columns are

first tested. If a fault is detected, the FF of its corresponding

see if the solid flags (explained below) in the ARU are On_storage elementis setto 1. The main memory is tested next.

if all the spare rows (resp. column segments) are full, thﬁ a fault is detected, the row address, column address, and

spare column segments (resp. rows) are used for repair (LfQUIty subwords are compared with the data stored in the

less both are full). It then goes to either the B SCS ; — —
4 . storage elements with SF = 1 and FF = 0. The results are
state or NQSP.ROW state. Finally, in the MONITOR state, ported from the Rowmatch and Camatch terminals to

if Fhe BIST module issues a done signal to the PE, the FS e PE. If there is no match, the fault information is written
will go to the NORMAL state through the FINACHECK . info an empty storage element, and the PE sets its SF (SF =
state, where it checks and sets the flags of all the repairg through the Solidt_en or Solidc_en input.
storage elements.
The Rowaddrin and Coladdrin inputs are the address

In the test/repair mode, the ARU stores the addressesioputs in the normal mode. When the memory is accessed,
the faulty cells detected so far, and compares the currethte address also is compared with those stored in the stor-
faulty-cell address with the stored ones. Figure 8 shows tlage elements. If it is the same as one of the stored addresses,
ARU block diagram, which mainly contains the storage elethe signal generator triggers the control signals to reconfig-
ments (registers), comparators, and a signal generator. Eagh the I/Os between the main memory and spare memory.
storage element stores a faulty cell information. Assume€he delay time of the accessing path through ARU usually is
that there aréd/ spare rows andV spare column group seg- shorter than that through the main memory, i.e., it does not
ments. ThenV/ row storage elements and column stor- induce performance penalty. A slight performance degrada-
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Figure 8. Block diagram of the ARU.

tion results from the wrapper, however.

4. Experimental Results

4.1. An Industrial Case e

address —

address
We have implemented a repairable SRAM with the prowmg‘eengg?g'ﬂ E

posed BISR methodology on an industrial network chip. &t -

Figure 9 shows the repairable SRAM, which is composed BNS

of two blocks with 8Kx32 bits each. Four spare rows and g gou
two spare column groups—with a group size of four—are
implemented using two separate memory blocks. In the
figure, the data input DI is broadcast to the main memorym;sg;gecg“%

and spare memory. The chip select signals determine whmhwg.lsg';cﬂ =

memory the data should be written into. When the memory, m_qmup”‘%

ad
is in the normal mode, the data output may come from thé’ga o =

ol _row_add_t

main memory or spare memory, depending on the control ~ .
signals sagroup and sicsb.

Test
Collar
DI [63: 0]
J(m [63:32] J{m [31:0]
All2:0) Main Main
WEB Memory Memory
CsB Core Core
8K x 32 8K x 32
DO[63: 32] DO[31:0]
DO[63: 0] |_—ﬂ_|
/“ I
] sos — Spare Row ‘
<o | scosb I I ¥
SC_group ‘ Spare Column ‘

%

sr_address
sc_address

Figure 9. An 8K x64 repairable SRAM with 4

The gate count of the BISR (including BIST) design is
about 5.6K using a typical synthesis procedure and a stan-
dard 0.25xm CMOS cell library. Figure 10 shows the layout
of the 8Kx64 repairable SRAM. The areas of the SRAM
(BANK 1 and BANK 2), BISR module, and spare ele-
ments (SPARE ROW and SPARE COL) are 6538362,
30104Q:m?, and 298856m?, respectively. The hardware
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overhead of the spare elements (farg and that of the 4.2. Repair Rate Analysis
BISR module (HQg) are calculated and shown below.

298856 We define theepair rate (RR) as the ratio of the number
HOspare = 538363 < 100% =4.57% (1)  of repaired memories to the number of defective memories.
301040 To _estimate the repair'rate of the p'roposed BISR s_cheme,
HOpisr = 6538362 x 100% = 4.6% (2) a simulator for evaluating RA algorithms has been imple-

mented [25]. The simulator can evaluate the repair rate and
The total hardware overhead for this repairable SRAM igrea cost of the redundancies according to the given specifi-
about 9.17%. We guarantee 100% repair rate if the numbeations. Especially, the simulator can simulate the sequence
of random faults is no more than 10 (it will be analyzed irof the faults in the order they are detected by the BIST cir-
the next section). cuit. It improves the accuracy of the analysis results.

Table 1 summarizes the RRs for different redundancy
configurations based on the proposed and exhaustive redun-
dancy analysis algorithms. The number of injected random
faults is from 1 to 10, and the number of memory samples is
534. The defect distribution assumed is pessimistic, which
is used for evaluating the proposed scheme. Mature prod-
ucts have a far lower defect density. Note that the exhaustive
RA algorithm is simulated based on the assumption that a
single spare row and spare column can be used to repair any
defective row and column, respectively. It guarantees 100%
RR under such type of redundancy organization [20]. In the
table, Nsr, Ns¢, and Ngc denote the numbers of spare
| weany cos | mPAE Aow | rows, spare columns, and spare column groups. The RR col-
TT umn reports the RR of the proposed approach. The results
+ show that the RR difference between the proposed approach

and the best (exhaustive search) is very small for most of the

Figure 10. Layout of the 8K x64 repairable redundancy configurations. In tah®A columns of Table 1,

SRAM. the values represent the numbers of unrepairable memories

for the respective spare configurations that can still be used
in the down-graded mode if we mask aufaulty-cell row

Figure 11 shows part of the timing diagram for MAO andaddresses. For example, the 1MA column show the num-
EMA from post-layout simulation. It shows that if the spareoers of unrepairable memories which can still be used if 1
rows are exhausted but a spare row is still required to repairasked address is allowed—the memory thus has one less
the defective memory, the address of the defective row lssable address. According to the tableNitr = 2 and
exported to the ATE through the MAO output. When theVsce = 2, the number of unrepairable memories is 4.
BIRA circuit wants to export a mask address, the EMA sigAmong them, 3 can work in the down-graded mode if 1
nal becomes 1 such that the ATE can correctly receive tifeasked address is allowed, and 1 memory can work in the
valid mask address. Figure 12 shows a waveform sampi®wn-graded mode if 2 masked addresses are allowed. In
of the data inputs/outputs and some control signals of tibe industrial chip designysr = 4 andNscq = 2. There-
spare memories during the normal-mode memory accessfafe, the BISR design can achieve 100% RR with low area
sc.csb =0, the 4-bit data out is from the Spare Column, corgost. However, if the CRESTA in [20] is implemented, it re-
trolled by scgroup. In this example, sgroup = f7ff, i.e., quires G? = 66 sub-analyzers to try 66 possible solutions,
the 12th four-bit data output is from Qc[3:0] (data outputgesulting in very high hardware cost.
of the Spare Column). If both srsb and sesb are 0, the
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data output is from the Spare Row, controlled hysb, i.e.,  We now discuss the relation between the column group
the data output is from Qr[63:0] (data output of the Spar&iZ€ ar_1d RR._ Figure 13 p!ots the RR for different spare con-
Row). This avoids data access conflict. figurations with a group size of two. The number of injected

random faults is from 1 to 10 and the total number of mem-

We have also implemented a repairable SRAM with thery samples is 534. Note that the conventional algorithm
proposed BISR scheme in an industrial home-gateway chipeing compared here is the one without spare row or col-
The size of the SRAM is 2,0487, and four spare rows umn grouping or segmentation, but an exhaustive search is
and 2 spare column groups are implemented. Among the @8sumed. The figure shows that the RR of the proposed
chips tested there is only one chip with a defective SRAMapproach is even better than the conventional one in many
and the defective SRAM has been repaired with the pronstances. Figure 14 shows a similar comparison, but now
posed BISR scheme. the group size is four. The result of our approach is this
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Figure 11. A waveform sample of the EMA and MAO signals.
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Figure 12. A waveform sample showing normal-mode memory access.

Table 1. Simulation results.
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case is not as good as the previous one. However, the area
cost of the BIRA circuit is lower. For example, if there are
four spare columns, then the number of required column
storage elements for the case where group size is two (two
spare column groups) is larger than the one whose group
size is four (only one spare column group). Note also that
the RR is in fact related to how the defects are distributed.
An analysis of the fail bit patterns of the target memory de-
sign and process technology is required to achieve the most
cost-effective solution.

5. Conclusions

We have proposed a BISR scheme for RAM. The BISR
circuit is composed of a BIST module and a BIRA mod-
ule. The BIST circuit supports three operation modes—
main memory testing, spare memory testing, and repair.
The BIRA circuit executes a proposed RA algorithm for 2-

D redundancy—spare rows and spare columns. The spare
columns are grouped and segmented. A software-based
address remapping (masking) is performed in the down-
graded operation mode, where certain amount of unre-
pairable faulty rows can be tolerated. The experimental
results show that high repair rate can be obtained. Com-
pared with the conventional approach (without grouping
and segmentation) using exhaustive search, the proposed



scheme outperforms in many instances and can be imple-

mented with low area cost. A BISR design for an indus-

trial 8Kx64 SRAM with 4 spare rows and 2 spare column

groups has also been implemented. In this case, full repair

can be achieved if the number of random faults is no more

than 10. Moreover, the area overhead of the BISR design is
oposed —— low—about only 4.6% for the 8K64 SRAM.
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