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Abstract 

Recently, 3D IC design is a very attracting issue, and the 
importance of system reliability increases. This paper 
proposes a new reliable and repairable TSV set architecture. 
The proposed architecture supports the previous TSV repair 
scheme using TSV redundancies and provides a defect/error 
detection function reutilizing residual TSV redundancies for 
high reliability of 3D ICs. This can be applied to both on-
line test and soft error detection/analysis. The results show 
that the proposed TSV set architecture guarantees high TSV 
redundancy efficiency and reliability. And, the results show 
that the proposed TSV architecture achieves defect/error 
coverages which are steady and predictable by a simple 
formula. 
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1. Introduction 
In recent IC industries, 3D IC design is becoming a main 

issue of circuit design as need for higher speed and 
complexity of ICs increases. The one of main components of 
3D IC architecture is a TSV(Through-Silicon Via) which is 
a vertical electrical connection passing completely through 
the silicon substrate of a wafer or a die.[1] To verify quality 
of TSVs, all TSVs in 3D ICs should pass two test steps, pre-
bond and post-bond tests [2][3][4][5]. The pre-bond test is 
accomplished when each wafer is produced. Then, the post-
bond test is required when the wafers passing pre-bond test 
are stacked. Test results are analyzed and faulty TSVs are 
checked.  

After each TSV test step, faulty TSVs should be repaired 
for raising yield, actually, replaced by TSV redundancies 
which are extra TSVs built for the repair process. Many 
repair techniques have been proposed lately. [6][7] Usually, 
a TSV set which is composed of the fixed numbered TSVs 
and TSV redundancies shares connections using switches or 
fuses, and the connections are selected according to the test 
results. When repair processes have done, there can be 
residual TSV redundancies which are not utilized in the 
repair processes. They are just metal lines with no use. 

As the density of ICs increases like 3D IC, abnormal 
phenomena from overheat and signal interference, such as 
malfunctions and system failures, occur more frequently in 
use.[8] So, the importance of system reliability grows 
remarkably, especially about TSVs between stacked dies. 
Even if all TSVs pass tests, there may be problems such as 
soft errors and defects from aging. Error detection and 
analysis schemes have been researched for solving this 
problem in 2D IC. However, in 3D IC, other paths are 
required between dies for error detection logic of TSVs, and 
these require highly additional cost. 

This paper proposes a new TSV set architecture having 
repair ability and high reliability. It supports TSV repair 
using TSV redundancies first, then it can detect defects and 
errors reutilizing residual TSV redundancies. These residual 
TSVs can be used as passages of error detection logic 
between dies. Section 2 reviews TSV repair system and 
Section 3 describes the proposed TSV set architecture. Then, 
section 4 analyzes the performance of the proposed 
architecture and shows the proposed architecture achieves 
steady and predictable defect/error coverages. At the end, 
Section 5 concludes the paper. 

2. Previous TSV set architecture 
For the TSV repair step, the circuit designers build TSV 

redundancies and a routing logic. There are two 
representative TSV repair concepts: signal-switching [9] and 
signal-shifting [10]. Only faulty TSVs are replaced by the 
fixed redundancies in the former concept. So, there is no 
priority among the redundancies for repair. On the other 
hand, connections of TSVs are shifted from faulty TSVs to 
the redundancies toward one by one in the latter concept. 
The latter should change much more connections, but can 
reduce a delay gap problem. The both repair systems can 
produce residual TSV redundancies when any TSV 
redundancies are not used for repair. Then, these residual 
TSV redundancies descend to unnecessary metal line in the 
IC. 

Figure 1: Signal-shifting repair 
 
In this paper, a reliability-improved TSV set architecture 

based on a signal-shifting TSV set as shown in Figure 1 is 
proposed. The proposed architecture can use residual 
redundancies of the signal-shifting repair scheme more 
efficiently than those of the signal-switching repair scheme 
because the redundancies of signal-shifting have different 
priorities in use of repair. The connection of simple logics 
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for reliability is assigned first to the TSV redundancy which 
has the lowest priority. This calls the reduction of wasteful 
routing. TSV connections can be rearranged using switches 
or fuse boxes if the number of faulty TSVs is no more than 
the number of redundancies 

3. Proposed TSV set architecture 
Figure 2(a) describes a simple example of the proposed 

TSV set architecture, which is composed of 6 TSVs and 2 
TSV redundancies. In the proposed architecture, the 
switch/fuse box needs to be modified for routing a few 
additional signals such as 1-bit input-XOR-to-redundancy, 
1-bit redundancy-to-XOR, and en which is an enable signal 
of an XOR result. A signal R is the XOR result between 
XORed inputs and outputs. If there is no residual TSV 
redundancy from the repair process, a signal en is set as 0 to 
hold R as 0. On the other hand, the inputs of TSVs are 
compared to the outputs of them using the XOR function if 
there are any residual TSV redundancies. The XOR function 
result of inputs is delivered through a TSV redundancy 
which has the lowest priority of replacement for repair. This 
simple example can detect the odd-numbered defects or 
errors because just 1-bit comparison is accomplished. 

(a) Set architecture 

 
(b) Comparison result handling 

Figure 2: Proposed TSV set architecture 
 

The comparison results of n TSV sets in a 3D IC, Rs, are 
handled as shown in Figure 2(b). Error/defect occurrence is 
recognized by observing ET which is an OR function of all R 
values from TSV sets. So, ET is triggered on when any TSV 
sets have defects or errors. Then, the location of TSV sets 
where defects or errors exist can be analyzed by shifting EU 
which is serial data of R values, if the analysis is necessary. 
If m test input patterns are used, only m test clocks are 
required in case of all-good TSVs. On the other hand, n test 

clocks are additionally required for one test pattern which 
detects defects or errors to diagnose the location of faulty 
TSV sets when ET is triggered on.  

 Figure 3: An example of extended Set architecture 
 

The proposed TSV set architecture can be extended as an 
example composed of 6 TSVs and 3 TSV redundancies 
shown in Figure 3 for a higher defect/error detection 
coverage. Additional XOR trees which cover different 
input/output groups are added in the extended version. The 
XOR trees as many as residual TSV redundancies can be 
available and additional XOR trees increase the defect/error 
detection coverage. The half part of the even-numbered 
defects/errors case is covered with an additional XOR tree 
(second XOR tree) of the extended one while the TSV set 
including single full XOR tree can detect only odd-
numbered defects/errors. And, a third XOR tree can cover 
more a half of the rest undetectable cases. This is proved in 
section 4. 

This proposed TSV set architecture can be applied to 
various ways for high reliability, representatively, on-line 
test and soft error detection.  

First of all, this proposed architecture can be applied to a 
simple way of on-line test. There are 3 steps for on-line test 
with the proposed TSV set as shown in Figure 4. On Step 1, 
the existence of faulty TSV sets is checked by observing ET 
during test pattern insertion. So, on-line test with m test 
patterns request m test clock for only fault-existence check. 
To diagnosis of the location of faulty TSV sets, all R values 
should be analyzed in step 2. n·s test clocks are needed 
additionally for shifting R values through EU. (n is the 
number of TSV sets in the 3D IC, and s is the number of 
XOR stages in the TSV sets, respectively.) Therefore, Step 2 
can be started only when ET is triggered on in Step 1. 
Optionally, a TSV diagnosis may be done by using design-
for-test circuits or reutilizing flip-flop chains built for the 
pre-bond test. 

Even if there is no faulty component in an IC, an 
intermittent malfunction can be happened. This is caused by 



 

soft errors in the IC which occur from environmental 
reasons. These soft errors can be blocked by the normal test, 
so signal should be observed all the time. This proposed 
TSV set can catch soft errors during system operations. ET 
can alert soft error occurrence with simple observation. In 
case of recognition of soft errors, all tasks or processes at 
that time restart for avoiding malfunction. To enhance 
efficiency of this process with the proposed TSV set, R 
values from TSV sets can be analyzed through EU if the 
restart of all tasks at soft error occurrence is too big burden. 
The locations of TSV sets where soft errors are generated is 
diagnosed by analyzing R values, then the involved parts or 
IPs related with those TSV sets can be figured out. From this 
analysis, fewer tasks should restart, so unnecessary task 
executions can be avoided. 

Step 1
(Any TSV sets have defects?)

ET = 1?

Step 2
(Which TSV sets have defects?)

EU analysis

START

END

Is there any other
test patterns?

Step 3
(Which TSVs are faulty?)

Diagnosis by additional test Process

 
Figure 4: Flow chart of online test with the proposed TSV set 
 

4. Results 
Table 1. Comparison among three TSV units 
TSV Set Basic Repairable Proposed 

Redundancy 
efficiency None Low High 

Repair support No Yes Yes 
TSV on-line test 

support No No Yes 

TSV soft error 
detection No No Yes 

Hardware 
overhead Low Medium High 

 
Table 1 shows the performance comparison among the 

previous works and the proposed TSV set. The proposed 
TSV set includes repair architecture for satisfactory yield, 
and reutilizes residual TSV redundancies after the repair 
process to build logics for high reliability. This additional 
hardware for reliability supports on-line test and soft error 
detection, and results are observed by two kinds of signal, 

ET and EU, which have different priorities to minimize time 
cost. On the other hand, the additional hardware cost is 
required for XOR trees and modification of switch/fuse 
boxes. 

An extended architecture is proposed to raise defect/error 
coverage and reutilization rate of residual TSV redundancies. 
Table 2 shows the result in the extended architecture 
example including 6 TSVs and 3 TSV redundancies as 
shown in Figure 3. The defect/error coverage increases as 
more residual TSV redundancies are available. 32 kinds of 
defect/error occurrences are detected using only full XOR 
trees because only the odd-numbered defect/error can be 
recognized. And, 16 and 8 defect/error occurrence cases are 
covered additionally when one and two results of partial 
XORs are observed. So, the proposed architecture 
guarantees almost 90% defect/error coverage when 3 
residual TSV redundancies are available in the example. If t 
XOR trees are used for a TSV set which includes m TSVs, a 
total defect/error coverage is defined as (1). 
 

(1) 
 

Table 2: Three cases of the extended set in Figure 3 
# of residual 
redundancies XOR tree usage Defect/error 

coverage 
1 Only full trees 32/63 (50.8%) 

2 Full trees and 1 pair 
of partial trees 48/63 (76.2%) 

3 Full tree and 2 pairs 
of partial trees 56/63 (88.9%) 

 
Table 3. Comparison according to the number of 2nd XOR 

tree inputs in case of 6 TSV set 
# of inputs of 2nd 

XOR tree # of defects/errors Defect/error 
coverage 

2 2 8/15 (53.3%) 
4 8/15 (53.3%) 

3 2 9/15 (60%) 
4 6/15 (40%) 

5 2 5/15 (33.3%) 
4 10/15 (66.7%) 

 
The defect/error coverages according to the number of 

defects or errors vary in different characteristic of the partial 
XOR tree when 2 residual TSV redundancies are available. 
Table 3 shows the coverage difference when the number of 
inputs of partial XOR trees is 2, 3 and 5 in case of a TSV set 
which include 6 TSVs. The result of a 4-input-XOR tree is 
the same as that of a 2-input-XOR tree. And, the XOR trees 
which have the odd numbered inputs can catch the 6-
defect/error case. Therefore, the overall defect/error 
coverage is fixed as 76.2% in Table 2. The XOR tree with 3 
inputs will be the most useful if the probability that fewer 
defects or errors occur is higher. However, the XOR tree 
with 5 inputs can be the best one if defects or errors are 
generated usually in an assembled group.  

Table 4 describes defect/error coverage results according 
to different numbered TSVs included in a TSV set when two 
residual TSVs redundancies are available. The XOR trees 
which catch fewer defect/error cases well are selected for 
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this comparison. The overall coverage of all cases is similar, 
and it is about 50%. Also, the defect/error coverages 
according to the number of defects/errors are steady near 
50%.  

 
Table 4. Comparison according to the number of TSVs in 

case of 2 residual TSV redundancies 
# of 

TSVs 
# of 

defects/errors 
Defect/error 

coverage 
# of inputs of 
2nd XOR tree 

4 2 4/6 (66.7%) 
2 5 2 6/10 (60%) 

4 2/5 (40%) 

6 2 9/15 (60%) 

3 
4 6/15 (40%) 

7 
2 12/21 (57.1%) 
4 16/35 (45.7%) 
6 4/7 (57.1%) 

8 
2 16/28 (57.1%) 

4 4 32/70 (45.7%) 
6 16/28 (57.1%) 

 

5. Conclusion 
A TSV repair process after pre-bond and post-bond tests 

exists commonly in the 3D IC manufacturing flow for 
increasing yield. When all TSV repair steps have done, 
residual TSV redundancies without replacement with faulty 
TSVs are useless in previous TSV set architecture. This 
paper proposes a new TSV set architecture which can 
reutilize these residual TSV redundancies for increasing 
reliability of 3D ICs. This TSV set supports not only repair, 
but also detection of defects for on-line test and soft errors 
during system operations. The extended set architecture can 
be adopted when higher defect/error detection coverages are 
required. This proposed TSV set architecture is more 
promising as the importance of system reliability increases. 
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