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Abstract 

 

According to Moore’s law number of transistors placed in an integrated circuit (IC) or chip doubles 

approximately every two years hence chances of occurring defect is also increasing. The technology is 

scaling day by day. There are other reasons also which is leading to the presence of defect, error and fault 

in the design. Hence various strategies are applied to detect such defects and make our design error free. 

Design for test is one of the technique in which we add extra hardware to the design. This extra hardware 

added provide the controllability and observability points in the circuit. The main objective of adding this 

extra hardware to our design is to convert difficult to test sequential circuit into easy to test combinational 

circuit. Hence the testing of the circuit becomes easier. Random patterns are made to target the faulty 

sites, if the pattern is successful in targeting the fault then it saved else more patterns are generated to 

target the faults. 

Inserting DFT in complex design is not easy. Hence, we need to divide the large design into partitions or 

small block so that we can analyze each block individual. The goal here is to make design power and area 

aware by adding some extra circuitry. 

In this project of Scan construction and Validation of channel and rectilinear designs the netlist checker 

were developed to validate the multi Scan controller flow. The main objective to develop this flow was 

to provide a solution for a long channel elongated design, sometimes it becomes difficult to have only a 

single controller for the single partition as the blocks present inside the design becomes too much 

congested. Hence the routing becomes a challenge. Therefore we use a divide and conquer approach,  

means multiple scan controllers for a single partition. It will help to overcome the timing degradation 

which occurs due to the long routing area. 
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Chapter 1: Introduction to Testing 

 

 

1.1 Introduction 
 

Today IC design includes complex VLSI system. Techniques are deployed to ensure high performance 

low power design. Apart from such changes there is also a drastic change that can be seen in technology 

scaling of transistors. So, number of transistors on a die is also increasing at a rapid rate. Hence, the testing 

of circuit with huge number of design components depends on effective and efficient test techniques for 

reliable screening of the defects. Deep-submicron integrated circuit manufacturing technology nodes are 

suffering from inherent intra-die, inter-die, lot-to-lot parameter fluctuations for both gates and 

interconnects [4]. The variation in physical parameters of elements effects the device performance and 

may result in permanent or temporary erroneous response. The complementary metal-oxide 

semiconductor (CMOS) circuit reliability issues can be categorized into two categories: spatial and 

temporal. The spatial unreliability can be defined as changes in physical parameters of the device when 

it is fabricated on different or the same wafer at distance apart. Whereas temporal unreliability is defined 

as changes in physical parameters of the device which occurs over a period under specific environmental 

conditions and workload. Chances that a defect is present in such a complex design is very high, so need 

for testing circuit becomes very crucial now-a-days. The technique which we use for testing a chip to say 

whether is faulty or not is DFT. 

 

 

1.2 Need for testing 

Figure 1: Categorization of reliability issues in CMOS circuits 
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Figure 2:Impurities causing defect 

 

Defects can be introduced at any step while designing a circuit, hence testing becomes very important to 

make sure that our design is working properly. In early days none of circuit designers were worried about 

generating test patterns that target the defects in circuit. At that time circuit consists of a few hundred to 

thousand transistors on a die. Hence in such a small design probability of occurring a defect was very 

small. 

The Moore’s law has changed the paradigm of circuit testing after the integrated circuit (IC) 

manufacturers started putting double the transistors on same silicon area every 18 months and it is still 

going on below 14nm technology node. The whole process resulted in adding more than several million 

flip-flops on the same die. More number of transistors on a die result in more interactions between the 

transistors which can lead to the improper behavior of the circuit due to power supply noise, crosstalk, 

single event upset, electromagnetic interaction etc. Apart from these defects many others are also 

introduced during the fabrication of the circuit. So, in present scenario no one can guarantee the proper 

functioning of the circuit without carrying any specific pattern generation test which can target such faults, 

Defects, Errors, and faults.[5] 

 

The terms defects, errors, and faults are confusing many times. A defect is a difference between the 

hardware implemented and the hardware that is desired. A wrong output signal that comes from a defected 

circuit is an error. A defect which we can express in form of Boolean expression becomes a fault. Here 

we will focus on defects that can occur in design process. Defects can be caused by dirt/impurities 

introduced during manufacturing process. Dirt can cause short or open in design, which will result in 

error. 
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1.2.1 Defects introduced by lithography 

 

 

IC process is defect prone 

 

 

 

Other defects can be functional defects which causes a logical failure in the circuit. There can be open or 

short in the circuit. Current defects cause the high current to be drawn when the circuit is in static state. 

Speed defects prevents the at-speed circuit operations. Covering all kinds of defects will involve making 

patterns that can target those defects. After manufacturing of chip, patterns are sent to the tester which 

applies those patterns on chip and compare the output from expected to obtain. These patterns are applied 

at different clock frequencies to state the maximum frequency on which the chip can operate. Patterns are 

also applied by varying the operating voltage to find the maximum operating voltage. 

Figure 3:Lithography defect 

Figure 4: Defects 
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1.3 DFT Introduction 
 

Design for testability is a technique which adds the testability features to the design. Designs which are 

hard to test can be made testable easily by adding some extra hardware. Combinational circuits are easy 

to test so we apply the DFT technique mainly on the sequential circuits. In case of testing a simple digital 

counter if we want to test its output when counter is in state 5, then we require 6 clock cycles, first five 

cycles will make counter in state 5 and 6the cycle will capture its output response. But if we apply DFT 

then we can directly make counter in 5th state and then apply inputs to capture the response. 

DFT adds extra hardware to the circuit, it also makes impact on the timing requirements of the circuit. 

Hence it is not always advisable to add this extra hardware in circuit. Intel high end servers works at very 

high frequency clock adding extra hardware for testing will cause timing violations, so no extra hardware 

is added in such cases it is beneficial to waste some clock cycles to drive the system in desirable state. 

So practically it is not possible to convert all the memory elements present in our design to scannable 

elements. 

Generally, we give inputs to set the state of memory elements, this phase is named as launch phase then 

after this we apply the external inputs and capture the response of circuit by giving the capture cycle. 

After capture cycle shift cycles are given to shift out the data from the memory elements. 

 

 

Above figure shows while scan enable is high the data is fed into the design to set the internal states of 

the memory elements. As the design is having sequential depth of size four so after four clock cycles we 

made scan enable 0 and fed the input from external source. We then capture the output in capture phase. 

 

Figure 5:Shift capture cycles 
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We can serially shift the data to all the flops and capture the response or we can also shift the data in 

parallel and then capture the response. Loading data in parallel to the circuit will require a single clock 

cycle but it will also require additional pins through which we can apply the input so it will result in extra 

pins so, we avoid this case. 

 

 

1.4 Motivation 

 

• For a long elongated design, sometimes it becomes difficult to have only a single controller for the single 

partition as the blocks present inside the design becomes too much congested. Hence the routing becomes 

a challenge. 

• There we use a divide and conquer approach,  means multiple scan controllers for a single partition. 

• It will help to overcome the timing degradation which occurs due to the long routing area. 

 

1.5 Objective 
 

• To understand the flow of SCAN SYNTHESIS  Compiler. 

• To provide a Scan construction solution for long rectilinear designs. 

• Optimize area and power of complex multipower SoC’s while inserting Core wrapper/LOS/test points. 

 

 

Summary 

In this chapter the basic points regarding the need for testing were discussed. Defects can creep in 

at various points of the fabrication process, so there arises the need to test our circuit thoroughly. In the 

latter half of the chapter the objectives and the motivation of the project were laid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

14  

 

Chapter 2: Introduction to DFT 

 

2.1 Introduction to Scan Design 
 

We modify the design of circuitry by adding the scan design so that the testability of design can increase. 

Sequential circuits are generally hard to test whereas combinational circuits can easily be tested so main 

idea behind this scan design is to make sequential circuits easily testable. To make such thing possible we 

replace the sequential elements of the circuit with scannable sequential elements which are also known 

as scan cells and then we tie these scan cells together to form a scan register or scan chains. We can have 

any number of scan chains in our design. Generally, these scan chains are not made very long instead we 

use to have a greater number of scan chains of shorter length. Data can be shifted in and out of the design 

using these scan chains when design is in scan mode. So now our design consists of two modes one is 

scan mode and other is normal mode. 

 

The design shown in figure below contains both combinational logic and sequential logic blocks. Before 

adding the scan design, we were having A, B and C as three inputs and Out 1 and Out 2 as two outputs of 

the design. This circuit is not easy to initialize to any specific state. 

Figure 6: Design Before and After Adding Scan 
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So as discussed above we must convert this difficult to test sequential logic too easy to test combinational 

logic by adding some additional hardware to the design. 

 

So once the scan circuitry is added, now the design has 2 more inputs, skin and sc_en, and it also now 

have one more output sc_out. Non-scan cells are nor converted to scan cells so when shifting of data is 

done i.e sc_en pin is high, the data which we want to feed in the circuit (to set any particular state) is 

driven in from the sc_in pin, thus we can drive our circuit to a desired state by giving the proper inputs 

through sc_in pin. 

The procedure according to which scan circuitry works is stated below : 

 

1. Set scan enable pin high to start the scan operation which allows the shifting of data through the scan 

cells. 

 

2. After the data is shifted/loaded into the scan elements, scan enable pin is set low and data is applied to the 

design through primary input pins. 

 

3. Corresponding to the applied inputs we will get some output from output pins which are now measured. 

 

4. Again, make scan enable high to insert data into scan equivalents. 

 

2.2 Scan Design Methodology 

 

If any memory element is present in the design then we replace the memory elements in the design with 

their scannable equivalents. It is generally not possible to convert all the memory elements into their 

scannable equivalents as adding scan circuitry also adds to the delay of signals. Flops operating on high 

frequency clock cannot be converted as it may cause timing violations. So, we can do one thing we can 

convert all memory elements to their scan equivalents and run the test, later we can remove scan circuitry 

from the flops where timing violations are taking place. It’s nearly impossible to app the DFT technique 

in high end Intel servers. Figure 6 shows the conversion of D-FF to scannable D-FF. 
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Figure 7: Scan Equivalent 

 

In Scannable version of D-FF we add one multiplexer whose select line will decide whether we want to 

operate our flop in normal mode or in scan mode. 

Figure 7 shown below display the representation of the scan design. 

 

 

 

 

The black boxes represent the scan circuit. The line joining all the scan elements is the scan path. The 

connected scan elements form one scan chain through which data can be shifted in and output can be 

observed at the end of the scan chain. The round blocks shows the combinational part of the design and 

thus they are not a part of the scan chains. 

 

 

 

Figure 8: Scan Representation 
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2.3 Scan Benefits 
 

• Highly automated process 

 

If the process is highly automated then the chances of occurring an error also decreases. There is a feature 

of scan insertion available in the tool using which we can insert scan circuitry in our design thus insertion 

of scan circuitry becomes highly automated, thus it requires very little manual effort. In a typical design we 

are having millions of flip flops present making each flip flop scannable manually is not easy at all. If we 

want don’t want to convert some memory elements into their scan equivalent then we can provide a list 

of those memory elements to the tool, it will skip those during the process. 

 

• Highly effective 

 

Scan design is a highly effective, it helps in increasing the test coverage for the design. High test coverage 

is always desirable, using wrapper cell around the scan elements also increase the test coverage. So, while 

applying the scan methodology we should consider various factors which will help to obtain high test 

coverage. 

 

• Ease of use 

 

Following the scan methodology correctly we can easily insert scan circuitry to the design, and we can 

directly run the ATPG test without taking the help of test engineer. Running ATPG test will give us 

patterns which we can directly send to the tester. Tester can use these patterns to find the defects in the 

design. 

 

• Moderate area 

 

Scan design generally increases the area of whole design by 10% and increases the speed overhead by 5 

%. So, instead of adding the extra hardware the area of the whole design do not increase much . 

 

Following are the drawbacks of using scan strategy : 

 

- Large test data volumes which results in a more test time. 

 

- Increases the overheads and may cause timing related issues. 
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2.4 Wrapper Chains 
 

The ATPG process on very large, complex designs can often be unpredictable. This problem is especially 

true for large sequential or partial scan designs. To reduce this unpredictability, several hierarchical 

techniques for test structure insertion and test generation are beginning to emerge. Creating wrapper 

chains is one of these techniques [3]. Performing ATPG test directly on the large design can be difficult 

hence we split our large design into a few small design blocks that are independently performing any 

specific task. 

 

At the boundary of a design partition we have some scan cells, these scan cells relate to each other and 

forms a chain which is known as a wrapper chain. Scan cells that are having low controllability and 

observability from the outside block are converted to the scan cells by the wrapper chain. As now the 

controlling points in our design has increased so it will also improve test coverage as well as run time. 

 

The wrapper chain formation is given in the figure shown below, the design shown in the figure below 

consists of the three partition. 

 

 

Dark lines in the above figure shows inputs and outputs of partition A which are not directly controllable 

or observable. Because of this, the circuitry whose operation depends on these pins can cause testability 

problems, as we cannot force any data to the input and output pins of partition A, and it will also cause 

low test coverage. 

 

Figure 9:Design with partition 
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In next figure wrapper chain structure has been inserted which increases the controllability and 

observability, or overall testability of the whole design. Now we can insert the data according to our need 

in these pins and it will also increase the test coverage. 

 

 

The inputs which were earlier uncontrollable can now be controlled through the wrapper chain, we can 

insert the data through this chain. The wrapper chain is formed by joining the scan cells present at the 

boundary of the design partition.

 

Figure 10: Wrapper Chains Added to Partition A 



 

 

Chapter 3: Literature Review 

 

3.1 Core Wrapper 
 

Core must be wrapped core in order it to test it separately from the top-level logic. Scan Synthesis flow 

provides an advantage such that it  uses the existing functional registers which helps in to minimize the 

area and timing impact on the design. 

 

3.1.1 Wrapper chains and Wrapper cells 

 

Figure 11: A Wrapped Core 

 

A wrapped core has a wrapper chain that allows the core to be isolated from the 

surrounding logic. A wrapper chain is composed of wrapper cells inserted between the I/O 

ports and the core logic of the design. 

The wrapper chain operates the following modes: 

a) Inactive Mode 

The I/O pass through it, wrapper chain is inactive. 

 

Figure 12:Core Wrapper-Inactive mode 

 



 

 

b) Inward Facing mode (INTEST) 

In this mode core is tested in isolation with the logic. 

 

Figure 13:Core Wrapper -Inward Facing mode (INTEST) 

c) Outward-facing mode (EXTEST) 

In this mode surrounding logic is tested in isolation with the core logic itself. 

 

Figure 14:Core Wrapper -Outward Facing mode (EXTEST) 

 

d) Safe Mode 

This is an optional mode. In this mode safe values are passed through the wrapper cells. 

 

Figure 15:Core Wrapper -Safe Mode 

 



 

 

3.2 Inserting Test Points 
 

Test points are inserted by the tool to improve the testability of the design. The tool decides automatically 

where to place the Test points in order to improve the testability, test coverage and the to make the ATPG 

easier. Test points can be added manually.  

 

Test Point Types 

In Force test points the signal gets overwritten throughout the test program. 

1. Force Test Points 

2. Control Test Points 

3. Observe Test Points 

4. Multicycle Test Points 

 

3.3 Launch on Shift (LOS) 

 

LOS provides an advantage for the testing to be performed in parallel. This method is useful when there 

is no Clock domain crossing (CDC). 

 

Following are the advantages provide by this approach: 

(1) All interlock-domain delay faults can be tested simultaneously  

(2) This method can be used to test all clock domains in parallel without the need to arrange or place the 

clock in a certain order, but simply using whatever clock pulses are available in each clock domain.  

 

 Summary 

  In this chapter the literature survey on the topic of LOS, Core wrapper and test point insertion 

was carried out. Core wrappers are inserted in order to test the core or the logic separately. It makes the 

process of the testing faster and more compact. Similarly, the test points are inserted so that the node can 

be tested more conveniently. 

 

 

 

 

 

 

 



 

 

Chapter 4: Implementation 

 

 

In this chapter the implementation part of the project is discussed. Several design rule checks were 

implemented to validate the flow. These DFT checks helps us to check the working of the design. Many 

checks were implanted such as each DFT partition must be driven from control signals defined per 

partition. Scan-data-in pins/ports should drive the scan chains and Scan-data-out pins/ports should be 

driven by the Scan-chain. Test port creation checks. If LOS enabled, then all scan flops must be driven 

through LOS register which will be later described in the chapter. 

 

 

Figure 16:Long channel rectilinear design 

  



 

 

4.1 Scan Synthesis flow  

 
Figure 17: Scan synthesis  flow 

4.2 Design rule checking Flow 

 
Each DFT partition must be driven from control signals defined per partition. 
 

 
 

Read scan_def to extract the scan chain information

• Collect all scan flops on chain

• settting of clock gating test enable pin

• Preparing a list of non scan deisgns

• Preaparing a list of non scan instances

• Removing latches from scan chains

Setting dft non scan elements

Setting all signals

• scan enable

• wrapper enable input and output

• wrapper enable out

• wrapper capture enable out

• clock gate enable

• LOS enable

• clock gate enable signals



 

 

Before defining the rules all the signals must be set in order that all the signals are having the required  

Value.  

 

4.3 Netlist checker: 1 

Each DFT partition must be driven from control signals defined per partition 

 

 

1.a. Core Chain checks 

1. Scan enable must drive the scan chains of the same partition 

 

1.b. Wrapper chain checks 

1. Input wrapper chain shift enable must drive the wrapper flops of the same partition. 

2. Output wrapper chain shift enable must drive the wrapper flops of the same partition. 

3. Input wrapper chain capture enable must drive the wrapper flops of the same partition. 

4. Output wrapper chain capture enable must drive the wrapper flops of the same partition. 

 

1.c. Test Mode checks 

1. Clock-gating enable signal must drive Integrated clock gating cells during Synthesis from the same 

partition. 

2. Clock-gating enable signal must drive the RTL added ICGs (Integrated clock gating cells) from the 

same partitions. 

 

 

 

Check 1

Core chain 
checks 

Wrapper chain 
checks

Test mode checks



 

 

4.4 Netlist checker: 2  

 

 

2.a. Scan -data in pin/port should drive the scan chain 

2.b. Scan -data  out pin/port should be driven the scan chain 

 

Scan -data in pin/port should drive the scan chain 

: 

Scan -data  out pin/port should be driven the scan chain 

 

 

 

Check 2

Scan -data in pin/port 
should drive the scan 

chain

Scan -data  out pin/port 
shouldbe driven the 

scan chain



 

 

4.4  Netlist checker: 3 

 

These netlist checkers helps us to verify the connectivity of all the signals after the scan insertion. These  

Checkers helps us to validate the multiple scan controller flow.  

 

 

Summary 

 

In this chapter the implementation part of the project were discussed. Intel tools works 

on lot of automation. So, Multi scan controller Netlist checkers were created in order to 

validate the correct working of the flow. 

 

 

 

 

 

 

 

 

 

 

 

 

Check 3

Test*,Wrap* ports must not 
be created when scan 

controllers are defined for 
all DFT partitions 

Flops on nonscan 
domain should not be 
present on the scan 

chains

Test enable pins of 
ICG in nonscan 

domain must be tied to 
the ground



 

 

Chapter 5: Conclusion 

 

Conclusion 

 

DFT process lies between the design and verification process. Because of adding this extra logic 

in our design, we can verify whether our design is fault free or not. Company need its product 

to be reliable, so that customer can buy its product again and this reliability comes by DFT. A 

single transistor can leave entire part unusable. By applying DFT we save our design from 

bigger loss. DFT not only helps to detect the defect but in many case it also provides the 

repairability option as in case of memory. If any bit in memory gets defected than simply 

throwing the memory applying the new one can cost a lot in such case provide some spare 

memory which can work in case any bit gets defected. 

 

In today’s world doing everything manually is not a good option. Amount of work is increasing 

so we need to automate our task by scripting. By designing a small piece of relevant code, you 

can save your working hours. 

 

For a long elongated rectilinear design, sometimes it becomes difficult to have only a single controller 

for the single partition as the blocks present inside the design becomes too much congested. Hence the 

routing becomes a challenge.  

 

If a design is having 20 partitions and 20 scan controllers. So that means one controller for each partition 

but if the design is having an elongated partition then it becomes a problem due to congestion. So, the 

validation rules for multi Scan controller based flow were developed  
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