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ABSTRACT 

Testing of devices is an important factor in the semiconductor industry. There is a 

constant effort by major semiconductor companies to bring down test cost and time 

without compromising on the test quality. Implementation of built in self test techniques 

(BIST) are required, especially for complex components like microprocessors. 

Several challenges are associated with the development of BIST techniques and 

the development of such techniques on automated test equipment (ATE) is time 

consuming. This thesis project is an attempt to address the challenges associated with the 

development of a certain BIST, called cache resident self testing (CReST), developed at 

AMD.  In CReST, test vectors are loaded into the cache of the microprocessor, and the 

processor is used to test itself. 

In this work, high speed IO links in the processor are tested. The device under test 

is an AMD processor with a G34 package, having four HyperTransport links.    

The work includes debugging an engineering device interface board (DIB) 

developed to implement the loopback test, avoiding certain tester channels. This passive 

loopback DIB gives better performance and is expected to be used in production testing 

soon. A comparison of the loopback and the production DIB is presented. Also the 

aspects of loopback testing and principles of CReST are discussed, along with an 

overview of the ATE used for this process 
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CHAPTER 1 

MICROPROCESSORS 

1.1 Introduction to microprocessors 

Microprocessors have become an integral part of modern business.  Computers 

have helped man automate many processes and have greatly increased productivity. We 

know how important computer systems are and the pivotal role they have in work and 

everyday life. Computers have been able to do this because of the microprocessor inside 

them. They accept instructions, execute them and give the result to the peripherals. A 

simple definition of microprocessor will be an integrated circuit that receives instructions 

and executes them [8]. The first Microprocessor came into existence in the form of the 

4004, a 4-bit microprocessor. It had the capability to address 4096 memory locations, 

each 4 bits wide [9]. 

This was the beginning of an era that saw rapid development in the field of 

semiconductors, especially microprocessors. Due to a tremendous demand for speed and 

memory in microprocessors, microprocessors were continually released with higher 

speed and memory addressing capability. These 4-bit microprocessors paved the way for 

the development of 8-bit, 16-bit, 32-bit and 64-bit microprocessors, with greater speed 

and higher addressing capability.  The basic block diagram of a microprocessor based 

system is shown in figure 1.1 [9]. 

 

 

 

 

 

Figure 1.1- Block diagram of a system based on microprocessor [9] 
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As seen in figure 1.1, the processing unit executes the instructions it receives, and 

it interacts with the memory and I/O components. Hence, in responding to a program, the 

instructions are fetched from the memory and executed. The input/output components 

consist of devices like keyboard, monitor, etc. These components together form the 

computer system, and interaction between these components is established by buses that 

use standard protocols for data transmission. However, because accessing the memory 

takes time, a small memory known as cache is used within the processor, as discussed 

below. 

1.2 Cache memory 

Cache memory is incorporated into the processor to improve its performance. 

Access to an off chip memory location takes time, and hence a small memory is used 

within the processor to store the data that is most frequently used or the data that is 

expected to be used. This memory is known as cache memory. Many factors affect the 

performance of a processor, including clock speed, memory access time, width of the 

bus and size and architecture of the cache memory [10]. Cache memory is expensive to 

implement, but it improves the performance of the processor. The processor first checks 

the cache memory for the data, and either of two cases is possible [11]. 

 HIT – Required word found in the cache 

 MISS- Required word not found in either cache 

The HIT to MISS ratio is an important metric for the performance of the 

processor. If the processor has a two level cache, it first checks for the required data in 

the L1 cache and then checks the L2 cache if it was not found in L1 cache. If the data is 

not found in either cache, the processor will then check for it in the main memory. 

Cache memory is faster to access because of its close proximity to the processor. 

In this project, the cache memory is used to load the test program and make 

effective use of the processor for testing, as discussed in the subsequent chapters. In the 

next section, the importance of testing in semiconductor industry is described. 
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1.3 Testing  

Given the tough competition in the semiconductor industry, a vendor must ensure 

that the products released meet the specifications advertised. It is very important that the 

customer is satisfied with the product. The financial loss from a manufacturing or design 

defect identified after the product is introduced into the market is enormous, especially 

with higher end products like microprocessors. Hence, before the product is released 

into the market, it must be checked for all specifications. This process is done by the 

testing and characterization teams. Many factors can cause problems in the integrated 

circuit. Two of the major problems are listed below. 

 Errors in the fabrication process 

 Errors in design 

To ensure that bad parts are not shipped to the customer and released in the 

market, the integrated circuits are tested at various levels.  

 Testing at wafer level 

 Testing on the ATE 

 System level test 

Packaging is a major factor in cost, especially for packages like G34 [2]. Hence, 

testing the die at wafer level is a good approach. Testing of an unpackaged die is done at 

the wafer level SORT test [2]. The wafer level test ensures that losses due to packaging 

of bad parts are kept low. After the parts are packaged, they are tested on the automated 

test equipment (ATE), where again they are split into characterization testing and 

production testing. 

 

 

 

Texas Tech University, Pavan Pakala, August 2011

3



1.3.1 Characterization and production testing 

In characterization, the parts are tested under various conditions, including the 

worst case conditions [12]. The part is tested for a range of parameters to find the worst 

possible conditions. These tests are done on the ATE; however, certain tests can also be 

done on a test bench. Characterization is necessary because the product may be used in a 

wide variety of conditions and must be checked for all possible cases.  

The work discussed in this thesis involved testing and characterization of the high 

speed IO links in the processor, and the following parameters were varied to characterize 

them. 

 VLDT- Supply voltage for HT links 

 Temperature- Controlled by the thermal head 

 Link Frequency- Frequency is set by programming PLL registers in 

processor 

 Capacitance index- Capacitance settings for the links 

 De-Emphasis- Compensation for the transmission losses 

Table 1.1- Range of values for HT 

Parameter Range 

VLDT 1.14 V to 1.26 V 

Temperature 0 
0
C to 90 

0
C 

Link Frequency 1.2 GHz to 3.2 GHz 

Capacitance index 0000 to 1111 

De-Emphasis -3 dB to -11 dB 
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The characterization team releases the production test program, which is used to 

test the parts before they are shipped. During characterization, the worst case conditions 

were determined. Hence, the production test program will not include all the test 

conditions that have been used to characterize the part. After the part has been 

characterized, a system level test is performed to ensure that the processor operates as 

expected in the environment of an actual computer system. The system level test includes 

testing the processor with a mother board and checking the speed of operation, and other 

vital factors. 

All these steps are taken to ensure that a high quality, high performance part is 

released to the customer. Test costs must be kept low. High tests costs will directly affect 

the profitability of the part manufactured.  In the next section, the concepts of built in self 

test (BIST) and design for test (DFT) are described. 

1.3.2 DFT & BIST 

Testing is an important aspect in the semiconductor industry, and it is necessary to 

keep the test cost low. Most of the major semiconductor companies constantly try to 

develop new methods of testing in order to reduce test cost. Design for test (DFT) is a 

method in which certain blocks are embedded in the device under test (DUT). These 

blocks are designed for the sole purpose of improving test quality of the DUT. Certain 

rules and techniques are included in the design to ensure that the testing of the product is 

made easier [14].  

Due to increasing complexity, testing of integrated circuits has become a 

challenge. The challenges associated with testing are attributed to the fact that, due to 

increased complexity of the circuits, accessibility has decreased [14].  Due to limited 

accessibility, traditional test techniques are not comprehensive in their coverage. This has 

lead to the development of design for test techniques, which have improved the test 

quality and ease of testing significantly. An example design for test technique is the 

incorporation of boundary scan architecture. This architecture is used to test printed 

circuit boards. To test microprocessors, boundary scan technique is used to access 
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registers that set up various tests for the IO links. Such techniques ensure that test quality 

is improved and that test time is kept low, thus resulting in test cost reduction. 

The concept of built in self test (or BIST) is one type of design for test. In this 

mode of testing, the hardware in the DUT is used to test the DUT. This method is very 

useful, especially when the device under test is a microprocessor. The G34 

microprocessor under test is one of the most advanced processors available and operates 

at a much higher speed than the ATE. Hence, such methodologies make the testing easier 

and more cost effective.  

Such a technique also gives the flexibility to add additional tests as and when 

needed. When dealing with microprocessors, which can be used in a myriad of 

applications, it becomes necessary to provide additional test coverage depending on the 

usage of the customer. The parts are tested for most of the parameters that are believed to 

be vital for the functioning of the processor. However there might be some cases where 

the processor might be used for purposes other than in a desktop or a server computer. In 

such situations, some additional parameters should be tested to ensure that the DUT 

performs as expected for the customer’s application. In such situations, BIST will be 

advantageous. 

 In this project, the cache memory of the processor is used to load the test program 

and the processor is utilized to test itself. This method of testing, known as cache resident 

self testing (CReST), was developed at AMD to facilitate the testing of microprocessors. 

This thesis will explore the advantages of this method. 
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     CHAPTER 2 

INTRODUCTION TO HIGH SPEED IO LINKS 

2.1  Introduction 

High speed input/output links are vital to any modern day microprocessor. They 

facilitate the   data transmission between the processor and the outside world. There are 

many types of IO links, including HyperTransport (HT) [17], PCI express, SATA, USB 

and DDR. Each of them has different specifications. This thesis will describe 

HyperTransport in detail because the part tested for this project has HT links. 

HyperTransport forms the communication link between the processor and the 

components on the mother board. A figure illustrating this is shown below. 

 

 

 HT Links 

  

Figure 2.1 Diagram illustrating HT connections 

 

2.2 HyperTransport 

According to the HyperTransport consortium [1], HyperTransport technology is 

defined as a high speed, high performance point to point link for integrated circuits. It is 

much faster than the existing bus technology and enhances system performance due to its 

higher speed of data transmission. 

HT was developed in 2001, and since then various versions have been released 

with different speed capabilities as listed below. 

 

 

Processor 

 

Mother board 
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Table 2.1-Clock speed for HT versions 

Link Maximum clock speed 

HT 1.X 800 MHz 

HT 2.0 1.4 GHz 

HT 3.0 2.6 GHz 

HT 3.1 3.2 GHz 

 

In the part under test, there are four links (Link0, Link1, Link2 and Link3). The 

signaling system is as follows. 

Table 2.2-Signaling scheme 

Signal Width Description 

CAD 16 Command address and data 

CLK 2 Clock lane 

CTL 2 Control signal 

 

Each of the links is formed by ganging two 8-bit links in parallel, to form a 16-bit 

link. Each of the links is a combination of a lower sublink ( CAD[0:7],CTL[0],CLK[0]) 

and an upper sublink (CAD[8:15],CTL[1],CLK[1]). Hence each link has 20 lanes 

comprising 16 CAD lines, 2 CTL lines and 2 CLK lines. A model of the HT link 

operation is shown below. Figure 2.2 depicts the working of the HT links, where the three 

signals, CTL, CAD and CLK lines are transmitted from the transmitter to the receiver.  
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Figure 2.2 HT links operation [1] 

The links can be operated in the ganged or unganged mode. In the former mode, 

both the upper and lower sublinks are used as a single link. Thus, the link consists of 

CAD [0:15], 2 CTL and 2 CLK. If the unganged mode is chosen, both the upper and 

lower sublinks are operated separately. Before testing the IO links, link training is 

performed, which sets up the links, making them ready to transmit and receive data. 

Access to some HT registers must be provided for the user to set up the test. JTAG can be 

used to access these [1]. Some of these registers are specified below. 

 Link control  

 Link frequency 

 TX / RX configuration 

 BIST control 

 TX /RX BIST register set 

The loopback test and the HT section are discussed in the next chapter. The 

loopback test is used to test the overall functionality of the HT links in the processor. 
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CHAPTER 3 

LOOPBACK TEST 

3.1 Testing of IO links 

In the actual working of the processor, the IO links transfer data to and from the 

processor to various components on the motherboard. In order to test the working of 

these links, various parametric tests are performed in addition to the loopback test to 

ensure the links operate at the specified ranges of speed and temperature. The parametric 

tests performed include the following: 

 Continuity test 

 Power supply shorts test 

 RTT and RON measurements 

 De-emphasis setting test 

 Testing for the capacitance setting of the links 

The pin continuity test is the first test performed to ensure that test time is not 

wasted on bad parts. This will identify that the part is not docked properly in the socket 

and also identify faulty pins on the device.  

The power supply shorts test is performed to ensure that no power supply shorts 

are within the chip or the on the DIB (device interface board). This test is vital because a 

power supply short can lead to high current and damage the part. 

 The RTT and RON measurements are performed to test the termination resistance 

and output impedance of the links. These tests are performed with the force voltage 

measure current technique (FVIM). The expected resistance limits are set, and the part 

passes this test if the read values fall within this range. The limits for the RTT and RON for 

HyperTransport are specified below [1].  
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Table 3.1-Specified values of RTT and RON 

Parameter Description Min(Ω) Typical(Ω) Max(Ω) 

RTT Differential termination 90 100 110 

RON Driver output impedance 45 50 55 

 

RTT and RON are maintained at the required values using auto compensation, 

which checks the value of the resistance and generates a compensating code according to 

the read resistance value, such that the values of RTT and RON are within the specified 

limits shown above. However an option exists to override the automatic compensation 

engine and manually map through various compensation codes to identify the code that 

gives the best value of the resistance. 

A programmable level of de-emphasis is used in the transmitter to compensate for 

the losses at high frequencies. The HT links are tested using various de-emphasis settings 

ranging from -3 dB to -11 dB at speeds from 1.6 GHz to 3.2 GHz and various 

temperature settings.  

The tests are performed with an organized test flow, where the test program 

passes from one test node to another as specified in the test flow XML. The results are 

recorded in a CSV file, which is then read, plotted and analyzed.  

This thesis will only discuss about the loopback test in detail. The loopback test is 

employed to test the entire IO circuitry in the processor. This can be seen as a test for 

functional verification of the links. Loopback test gives a complete picture of the overall 

functionality of the IO links.  
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3.2 Near end loopback test 

A simple block diagram for the loopback test is shown below. 

 

 

Figure 3.1-Block diagram for loopback test 

A fixed data pattern is transmitted from the transmitter circuits, and these links 

send the data to the 6432 cards on the ATE. Data is routed back to the receiver circuits 

from the 6432 cards on the tester, and the received pattern is checked. The test is a pass if 

the received pattern matches the expected pattern. The tests can also be executed at 

various de-emphasis settings to see the range of de-emphasis values that gives best result.  

Because the signals leave the die and are routed back to the receiver via the tester 

channels, this loopback is called “external near end loopback (ENELB)”. In ENELB 

mode, the signals suffer greater losses because they have longer signal path, and the 

signals could be subjected to inter symbol interference (ISI). 
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3.3 HyperTransport section 

A detailed block diagram of the HT PHY interface with Northbridge IO controller 

and transmitter and receiver BIST engines is shown below. The acronyms used are listed 

in Table 3.2 

 

Figure 3.2-Diagram of the HT PHY [2] 

During actual operation, the data is transmitted from the NBCOR to the 

transmitter macros [2]. However, in test mode, a fixed pattern is transmitted from the TX 

BIST and routed back to the RX BIST, which is checked for the expected pattern. The 

various blocks shown in the diagram can be programmed by accessing specific registers 

using the JTAG interface.  
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Table 3.2-Definitions of acronyms 

Acronym Definition 

NBCOR Northbridge core 

NBICT Northbridge IO controller 

TX BIST Transmitter BIST engine 

RX BIST Receiver BIST engine 

TRN Transmitter macros 

RCV Receiver macros 

FIFO First in first out buffer 

 

3.3.1 Package 

The device under test is a G34 package server processor. This package was 

developed by AMD [18] [2].  This particular package has two die on the multi chip 

module [2]. The structure is as shown [6]. 

 

 

 

 

   

 Link0   Link2      Link3          Link 1 

Figure 3.3- Structure of G34 [6] 

 

MASTER 
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A G34 processor has two die, a master and a slave die. There are 4 

HyperTransport links for the entire chip, of which each link has lower the sublink from 

slave and upper sublink from master die [6]. It also has an internal link between the die, 

and this link is best tested at the wafer sort test. Packaging is a major cost contributor, 

and it is economical to test this link before packaging. This is an important test because 

the number of internal links is expected to increase in the next few years. An illustration 

of the G34 package is shown below. 

 

Figure 3.4- G34 MCM package [13] 

3.3.2 Data scrambling and 8b/10b encoding 

Data scrambling and encoding are used to ensure that the transmitted data pattern 

does not have a continuous string of zeros or ones. A continuous long run of zeros or 

ones can cause a shift in the common mode level, and the receiver may not be able to 

recover the data [2]. Increased (ISI) in the channels can also occur. Hence, 8b/10b 

encoding is employed to ensure that DC balance is maintained in the transmitted 

channels. This feature can be turned off if not required. 

8b/10b encoding is used to get DC balance in the signal being transmitted. This is 

done by converting 8-bit data into 10-bit code by adding additional bits such that the total 

difference between the number of ones and zeros transmitted is not high [2].The FIFO, 

(first in first out) is used here to act as a buffer, because the speeds of the NBICT and HT 

are not the same and they are not timed by the same clocks [2]. Hence the FIFO buffers 

store the data until it is actually ready to be transmitted via the links. 
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3.4 JTAG 

JTAG is an abbreviation for joint test action group. The IEEE 1149.1 standard test 

access port and boundary scan architecture was developed to improve the test capability 

of populated printed circuit boards. Devices with JTAG access provide an easy method to 

test printed circuit boards [7]. To test IO circuitry, many registers in the processor have to 

be accessed to set up the loopback test, to specify the frequency for the link and to 

perform numerous other functions. For all these functions, JTAG is used to access the 

registers. The registers are accessed in serial format, where the bits are serially shifted 

into the registers. The instruction to the DUT applies after all the bits have been shifted, 

and loops are in place to ensure that all the bits shift in as required. The registers can be 

accessed by the test access port (TAP), which includes the following [7]. 

 TCK- Test clock input 

 TMS- Test mode select 

 TDI- Test data input 

 TDO- Test data output 

Based on these, register reads or writes are performed, enabling the engineer to 

implement various tests on the DUT. A test reset (TRST) can also be present, which is 

optional for the test access port. The clock for various components might be different; 

hence TCK is used as a common clock among different components. Operations in the 

test logic are performed on the rising or falling edges of TCK [7]. If no input is applied to 

TMS, it will give a value of 1 which causes the TAP controller to go into “test logic 

reset” state. Reverting back to the test logic reset state is necessary to ensure that the 

normal operation is not affected [7]. This is illustrated in the state diagram in figure 3.5. 

 Various states of the TAP controller are mapped automatically using AMD 

developed software. The Perl file is given as an input to the software, with the required 

test conditions and pin states and the software outputs the STIL file. The structure of the 

STIL is discussed in chapter 7. 
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The TAP controller state diagram is based on the TMS signal and the TCK signal. 

The state diagram is followed when actions of the test logic are performed. Below the 

state diagram is the diagram for controller state corresponding to the TCK signal [7].  

 

Figure 3.5- Tap controller state diagram [7] 

 

Figure 3.6 Illustration of TAP controller state with TCK [7]. 
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A description of the state diagram and important states are discussed below [7]. 

 Test Logic Reset: This state is needed to ensure normal operation of the logic. 

The controller will come to this state irrespective of its previous state when there 

is TMS high for five consecutive rising edges of TCK signal. The tap controller 

continues to stay in this mode until the TMS signal goes low. If an erroneous 

change of state occurs from test logic reset due to a low on TMS during rising 

TCK, the state will revert back to test logic reset after TMS is high for three rising 

TCK levels [7]. 

 Run-Test/Idle: This state is reached when the controller leaves the test logic 

reset state. It continues to stay in this state as long as the TMS signal is low. The 

state of the TAP controller moves to scan DR on a TMS high signal at rising edge 

of TCK. 

 Capture-DR: Here, the data of the controller state is loaded into the data 

registers selected by the instruction on the rising edge of TCK. 

 Shift-DR: The data registers between TDI and TDO are shifted one bit for every 

rising TCK signal. Data is shifted towards the output and the instruction does not 

change during this period.  

 There are many more states that can be discussed; these are specified in the IEEE 

standard test access port and boundary scan architecture [7].  Instructions corresponding 

to data registers and instruction registers are listed in the IEEE document [7]. These states 

must be mapped through, when accessing a register.  

3.5 Boundary scan architecture 

As described earlier, boundary scan architecture was initially designed to test 

populated printed circuit boards, this was later extended to access components within a 

larger integrated circuit. An integrated circuit or a component that supports boundary 

scan architecture will have one shift register per pin. The shift registers are connected 

across the boundary of the integrated circuit. Boundary scan architecture provides access 

Texas Tech University, Pavan Pakala, August 2011

18



to components within the integrated circuit [7] and is suited for processor testing because 

access to program the registers within the processor is required to set up test parameters 

and conditions for the test. For instance, to set a particular frequency for the links under 

test, the “frequency control register” must be programmed [6].  Each bit in the 64 bit 

register has a specific function that must be set according to the test. These are specified 

in the design document [6]. The boundary scan architecture provides the ability to bypass 

the normal operation and access registers or components as needed. The figure specified 

below illustrates this description [14].  

 

Figure 3.7- Boundary scan architecture [14] 

In the normal operation of the circuit, the normal data in (NDI) and normal data 

out (NDO) are not affected and depend only on the system function. If the test mode is 

enabled, test data in (TDI) can be applied to the logic and TDO can be obtained from the 

output of the boundary scan cell (BSC). Boundary scan architecture enables better testing 

for embedded components that cannot be accessed externally.  However, registers are 

accessed in a serial format [7], and this process is a little slow. A process better suited for 

the testing of IO circuitry [5] is discussed in the subsequent chapters. The new method 

will access the registers in the processor in a parallel format and results in reduction of 

test time. However, traditional production tests continue to use JTAG access for testing 

of high speed IO in processors. It is important to understand the hardware used for testing 

the DUT. The ATE used to test microprocessors for this thesis is described in the next 

chapter, including an overview of tester hardware and software interface. 
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CHAPTER 4 

OVERVIEW OF THE ATE 

In this section, an overview of the Sapphire-LTX Credence is given, which is 

used for the testing of microprocessors. Testers like Verigy 93K are also used for high 

precision measurements, but Sapphire is a relatively low cost tester. In this chapter a 

description of the hardware is given first followed by a brief overview of the software 

environment. 

4.1 Introduction to Sapphire -LTX Credence  

The Sapphire tester is manufactured by LTX-Credence. Sapphire was designed to 

address the test issues of CPU and higher end devices [3]. It is also widely employed in 

production testing. 

 

Figure 4.1- ATE-Sapphire [3] 
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A typical Sapphire tester consists of the following modules. Each module has a 

specific function. Details about the modules are available in Credence training material 

for Sapphire. 

 Integrated heat exchanger 

 ATE test head 

 DIB docking mechanism 

 Manipulator 

In addition to the tester hardware a thermal head is also used to test the parts at 

various temperatures ranging from -25 
0
C to 90 

0
C. This temperature is set on the ETC 

(thermal head) using a LabVIEW interface. The thermal head applies pressure to the part, 

pushing it tighter into the socket on the load board, ensuring that the part fits well in the 

socket and avoids any continuity fails. 

4.2 ATE test head 

The ATE test head houses the test instruments, and the load board is docked onto 

the test head, such that the Pogo pins come in contact with the slots on the board. This 

was an important factor in the debugging of the loopback DIB, which will be discussed in 

the forthcoming chapters. 

 

Figure 4.2-Sapphire test head [3] 

Texas Tech University, Pavan Pakala, August 2011

21



The ATE has a clock speed of 200 MHz, which can be increased to 400 MHz by 

using multiplexers. However, it is used in this work with the 200 MHz capability. Some 

of the instruments in the test head are listed below. These vary with the tester and 

required functionality. 

 6A- DPS instrument 

 125A-DPS Instrument 

 6432 loopback cards 

Device power supply (DPS) is the card in the ATE that supplies voltage or current 

as required. The load board or the DIB is docked on the test head, and a diagnostic test is 

run that ensures that the DIB has been docked properly. This diagnostic also checks the 

tester for errors. In situations where the previous test program has not been unloaded 

properly, the user can reset the ATE environment. Reset environment unloads the 

previous programs and prepares the tester for its next use. However, if some slots report 

an error, the user can do a “PCYCLE”, which checks individual slots for errors and 

corrects them. 

4.3 ATE software environment 

The Sapphire tester uses an environment called XTOS. It depicts the flow of the 

program and has several built-in features including those that enable the user to select 

specific patterns and skip certain tests if needed.  Results are displayed as pass or fail. 

However the details of the test are listed in the “test IO window” which gives the user an 

idea of why the test has failed. The test IO also marks out the margin of failure and is a 

very important tool in debugging the test program. Each of the test nodes can be 

expanded to see the sub-nodes. The user can run a single test or the entire test together as 

required. The temperature of the thermal head, handler information and part information 

are recorded while starting the XTOS system. Such a system enables organization of tests 

results. Errors in the program flow are shown before the user can run the test; the user can 

then correct the required flow/pattern and load only those patterns that have been 
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modified.  A screenshot of the XTOS environment is shown below. The white screen 

marked is the test IO window that displays the error messages. 

 

Figure 4.3- XTOS environment 

As seen in the screenshot above, there are several icons in the environment. The 

most important of them are listed below. 

 DIB Safe: Must be used before undocking the load board from the test 

head 

 Power down: Must be used if the part has to be removed from the socket 

 Install: Install should be the first step performed in XTOS. Install checks 

for a docked DIB and loads the required patterns. Any error in the process, 

shows up in a pop up window 

 INIT: INIT must be the second step, performed after the install. This loads 

the DIB name map. The DIB name map specifies the slots in the tester to 

be used 

In order to get better test results and to ensure minimum distortion due to the 

device interface board, a passive loopback DIB is employed. The passive loopback DIB 

is discussed in the next chapter. 
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CHAPTER 5 

HT PASSIVE LOOPBACK DIB 

5.1 Introduction 

A device interface board is the interface between the ATE test head and the DUT. 

The performance of the DIB is vital because it can affect the end test result. Hence, many 

factors are considered while designing a DIB. A faulty DIB leads to wastage of test time, 

and the results obtained are erroneous. In this chapter, a device interface board is 

discussed. The socket used for this DIB only has Pogo pins corresponding to the HT 

links. All of the other Pogo pins are removed from the socket, and hence the passive 

loopback is designed specifically for the HT testing with G34 package [4]. The socket 

along with the interposer is shown below. The interposer shows the pins for HT links. 

 

. Figure 5.1 G34 socket on LB DIB 
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A front view of the DIB is shown below. 

 

Figure 5.2- Front view of the DIB 

5.2 Loopback DIB 

The loopback DIB was designed to check the signal integrity without using the 

loopback cards on the tester. Hence the links from the transmitter to the receiver are hard 

wired on the DIB, thus avoiding the use of 6432 cards on the ATE. The loopback tests 

are performed at minimum, nominal and maximum values of the supply voltage for 

HyperTransport links (VLDT). In the passive loopback DIB, the signals have a shorter 

path to travel. Hence, the inter symbol interference and other losses are expected to be 

low and better performance is expected from this DIB. Soon this DIB is expected to be 

used in production because it generates better results for the loopback test, compared to 

the production DIB. 
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Table 5.1- Slots used for G34 LB DIB 

Instrument SLOTS 

D4064 SL[5..15], SL[34] 

D6432 SL[1..4], SL[16], SL[17], SL[35], SL[36] 

125 A DPS SL[20], SL[21], SL[23], SL[25] 

6 A DPS SL[19] 

THIF- Test head interface SL[0] 

 

 

 

Figure 5.3-Block diagram for loopback without 6432 cards 
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As shown in figure 5.3, the transmitter circuits of HT links in the processor are 

connected to the receiver circuits directly. These hard wired connections are verified with 

a multi meter. However on this DIB, all the lower sublinks have been looped from the 

transmitter to the receiver while the upper sublinks have been left open. Hence only the 

lower sublinks can be tested while using the loopback program. The connections are as 

follows [4]. 

 CAD loopback 

L0_CADOUT_L/H[7:0]  L0_CADIN_L/H[7:0] 

L1_CADOUT_L/H[7:0]  L1_CADIN_L/H[7:0] 

L2_CADOUT_L/H[7:0]  L2_CADIN_L/H[7:0] 

L3_CADOUT_L/H[7:0]  L3_CADIN_L/H[7:0] 
 

 CLK loopback 

L0_CLKOUT_L/H[1:0]  L0_CLKIN_L/H[1:0] 

L1_CLKOUT_L/H[1:0]  L1_CLKIN_L/H[1:0] 

L2_CLKOUT_L/H[1:0]  L2_CLKIN_L/H[1:0] 

L3_CLKOUT_L/H[1:0]  L3_CLKIN_L/H[1:0] 
 

 CTL loopback 

L0_CTLOUT_L/H[1:0]  L0_CTLIN_L/H[1:0] 

L1_CTLOUT_L/H[1:0]  L1_CTLIN_L/H[1:0] 

L2_CTLOUT_L/H[1:0]  L2_CTLIN_L/H[1:0] 

L3_CTLOUT_L/H[1:0]  L3_CTLIN_L/H[1:0] 
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Figure 5.4- Schematic for the DIB loopback connections [4] 
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5.3 DIB debugging 

The DUT the failed power supply shorts test, when tested on this DIB. The error 

was repeatable and reproducible. The DIB failed the power supply shorts test even 

without the part in it. Hence, a power supply short within the DIB was confirmed.  

The tests were repeated on several testers, but all of them gave a current clamp on 

the VLDT sense line (S_VLDT). This is a serious problem that can damage the DUT. 

To identify the short, the following checks were done. 

 Manual check 

The DIB was checked for shorts between supply and ground using a 

multimeter. The connections specified in the schematic were checked and 

certain resistors and capacitors were removed and re-soldered in this 

process. However, no shorts appeared while testing the DIB on the bench 

 Layout check 

The board files were checked for a possible mistake in the design, and the 

VLDT lines on the board were checked during this step. No shorts were 

detected in this check 

 ATE  

Power supply shorts appeared after the DIB was docked on the test head. 

The shorts on the docked DIB were verified with a multimeter 

 

The rear end of the DIB was not shielded, and it was causing the tester Pogo pins 

to come in contact with the unshielded area of the DIB, leading to a short between VLDT 

and ground. The unshielded portion of the DIB is shown below. 
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Figure 5.5- HT loopback DIB with taped off section 

 

To make the DIB functional, the section has been taped off as an interim solution. 

This has ensured that the DIB passes the power supply shorts test. However for a 

permanent solution, it must be shielded such that there is no interaction between the tester 

Pogo pins and the capacitors on the load board. The tests implemented on the loopback 

DIB are discussed below. 
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5.4 PI sweep test 

In high speed applications, it is important to receive data with minimum error. 

Unwanted components such as noise and jitter are added during the course of 

transmission, and recovery of the original data is necessary. The model of the receiver 

section is shown below [13]. Figure 5.6 is a detailed block diagram for the receiver 

macro, adapted from the IEEE paper on loopback testing [13], from Advanced Micro 

Devices. 

 

 

Figure 5.6 –Model of the receiver section [13] 
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Figure 5.6 is a model of the receiver section, similar to the receiver section of the 

G34 part under test. Here, the received signal is converted into differential signal using 

“Single ended to differential converter”. A circuit that performs this function is shown in 

figure 5.7 [2].  

 

 

Figure 5.7 Single ended to differential converter [2] 

The resulting signal is fed into the offset cancellation DAC and passed on to the 

summing amplifiers.  Also note that there are two paths in the section, one for HT1 and 

the second for HT3, as shown in figure 5.6. In normal operation, the received signal is 

processed through all these stages and then fed into the NBICT. However for testing in 

loopback mode, the signal is checked at the RX BIST for any discrepancies with the 

transmitted pattern.  

The general connections for the HT links are described in figure 5.8 [13]. Figure 

5.8 illustrates only one sublink connection from die J to die K. The figure shows the 

connections for CAD [0:7], CLK [0] and CTL [0] lanes from one die to another. Each of 

the lanes is a differential channel, as specified in the figure. The connection illustrated in 

the figure 5.8 is a die to die communication link that is tested at wafer level. The 

connections are similar for a near end loopback test (NELB) test, discussed in chapter 3. 
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Figure 5.8 HT link connection diagram [13] 

The receiver section has a CDR (clock and data recovery) macro. This macro 

provides the phase adjustment information to the delay locked loop (DLL) [15].  The 

delay locked loop is used in the receiver section to align the reference clock to the 

incoming data stream. The CDR exists only for the HT3 links and not the HT1 links [15], 

as evident from the figure. CDR is available only for HT3 links, because the HT3 links 

operate at much higher frequency and are subjected to more jitter. 

The DLL adjusts the phase of the reference clock, depending on the information 

received from the Alexander phase detector circuit [15]. An Alexander phase detector 

circuit specifies whether clock is leading or lagging the data [16]. A simple Alexander 

phase detector circuit is shown below [16]. The up and down signals specify whether the 

clock is early or late, and the DLL responds accordingly. For high speed applications, 

having high resolution and quick CDR loop response is critical to achieve low bit error 

rate [15]. 
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Figure 5.9 Alexander phase detector circuit [15]. 

For proper clock data alignment, the DLL should generate clock with adjustable 

phase [15]. The adjustable phase is achieved using a phase interpolator. The phase 

interpolator (PI) employed has 191 steps, with each step corresponding to 1.85
0
. The link 

PHY PI register can be programmed to control the PI [6]. In the normal mode of 

operation, the PI code is automatically selected. However for testing and characterization, 

there is a feature to override the automated procedure and to check the passing range of 

the PI codes. The performance is better if the range of passing PI codes is high. 

This test was done to check the performance of the loopback test on the 

production DIB and the loopback DIB. In this test, the PI codes were swept from 0 to 191 

and the passing points were recorded. This test was done for all the links, with a 

temperature of 80 
0
C and at capacitance settings of 0, 1, 2 and 3. To implement this test, 

the automatic PI code generator was bypassed with an override command in the link PHY 

PI register. Then the codes were swept from 0 to 191 and the passing and failing points 

were recorded. To setup up the loopback test, the registers specified in the design 

document have to be programmed [6]. This includes setting up the TX and RX for the test 

and selecting the pattern to be transmitted. The results of this test are shown below. 
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Figure 5.10 PI passing codes at 2.6 GHz 

 

Figure 5.11 PI passing codes at 3.2 GHz 
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The performance of the receiver is better if the range of passing PI codes is high. 

The higher PI code range indicates that the signal has less jitter and interference in the 

loopback path. The above figures show the range of passing PI codes at speeds of 2.6 

GHz and 3.2 GHz. The pivot table shows the passing PI code range over link 0, 1, 2 and 

3. The data is for the lower sublinks, because the loopback DIB is currently functional 

over the lower sublinks only. Hence the codes are for CAD [0:7], CTL [0].  Note that the 

PI passing code range is higher on the loopback DIB compared to the production DIB. 

This improvement is even more significant at the 3.2 GHz speed, because as the speed 

increases, distortion effects for the signal also increase. The test was done over four units. 

Each unit ID is shown in the pivot table of figure 5.9 and 5.10. 

The PI code range is computed in a simple manner. The PI codes are swept from 

0 to 191 and checked for passing and failing points. If a particular point fails, it is marked 

as a one, and a pass is marked as a zero. To understand this better, consider the case 

where the part passes from PI Codes 20 to 70 and fails elsewhere. In this case the passing 

PI code range will be 70-20= 50 codes. This value is marked in the pivot table. There 

might be situations where due to some error, a point within the PI code passing range is 

marked as a fail. Such an error will give an erroneous passing range. To prevent such an 

instance, the PI code passing range computation is halted after two consecutive fails are 

discovered. Such a technique ensures that the probability of getting erroneous PI code 

width is lower. The number of consecutive fails needed for a fail can also be changed to 

three consecutive fails, depending on the application.  The PI code passing range can be 

viewed as an eye width, the wider the eye width, the better the performance is.  

Because the loopback DIB gives better performance, this DIB is a better option 

for testing of the IO links. This method ensures that the use of 6432 loopback cards is no 

longer required on the tester. To use this DIB for production testing, all the lower and 

upper sublinks must be connected to ensure that the complete link is tested. 

 The basics of cache resident self testing (CReST) are discussed in the next 

chapter. CReST is a new method of testing developed at AMD to improve testing of 

microprocessors. 
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CHAPTER 6 

CReST- CACHE RESIDENT SELF TEST 

 

6.1 Introduction to CReST 

Cache resident self testing (CReST) was developed at AMD to facilitate faster 

testing of microprocessors. In this method the test vectors are loaded into the L2 cache of 

the processor and the intelligence of the chip is used to test itself. High speed IO testing 

requires high precision test results and hence the test cost increases. Employing CReST 

will reduce this test cost because these tests operate at the Northbridge frequency of the 

processor and are less dependent on the clock speed of the ATE, resulting in lower test 

times. 

The cache and the processor must be tested prior to implementation of the 

CReST. The testing of the cache is done to ensure that the process of loading the cache 

and execution of commands are correct. Traditional test methods for high speed IO links 

use JTAG to write to the registers. However, in CReST, JTAG is used to only to load the 

program into cache. In JTAG, the registers are accessed by serial shift mechanism, 

whereas in CReST the registers are loaded in parallel, making this approach faster. The 

tests using JTAG run at speeds less than 100 MHz. This speed is very low when 

compared to the CReST testing, where the instructions are executed at processor clock 

frequency, in the GHz range. The frequency can be set by programming the PLL to the 

required value.   

CReST reduces the interaction with the ATE. The ATE is only used to load the 

program into the cache, and subsequent execution of instructions will be done by the 

processor, which ensures that cost of the tester can be kept low as high precision channels 

will not be needed in the tester, which usually are very expensive.  

Taking these factors into account, implementation of the CReST tests will be a 

good option to reduce the test cost. These tests execute at very high clock speed and test 

time can also be saved. 
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Figure 6.1- CReST working  

The link between the ATE and the processor is slow, dependent on the ATE clock 

speed. Traditional method of high speed IO testing use this link to run the tests. To 

improve the performance of the test, expensive equipment is required for the tester, 

which eventually increases the test cost. However, in CReST, the processor has the test 

vectors in the cache and executes them at the clock speed of the PLL, which is on the 

order of GHz. Hence in using CReST, the DUT is used to test itself, which is a state of 

the art microprocessor. 

The basic steps involved in CReST can be summarized as follows [5]: 

 Loading the cache memory 

 Execution of the test commands 

 Unloading the cache memory 

     

     ATE 

     

 

 

 

 

    

  FAST LINK 

 PROCESSOR 

 

 Clock Speed 

     

     CACHE 

  PLL 
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Table 6.1- Acronyms for PDM 

Acronym Definition 

PDM Processor debug mode 

IAC Internal access controller 

PWROK Power OK 

RESET_L Reset command 

DBREQ_L Debug request 

DBRDY Debug ready 

Warm reset PWROK=1 and RESET_L=1 

Cold reset PWROK=0 and RESET_L=1 

 

6.2 Steps for CReST 

The CReST tests are loaded by an AMD- developed interface. A sequence of 

events must be performed for the processor to get into debug mode, which is necessary 

for implementation of CReST. These events are specified in the design document for the 

processor.   

 

Figure 6.2- Steps to get into PDM 
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 Initially PWROK is maintained low and then taken high 

 During the PWROK low, RESET_L is maintained low, to give a cold reset 

 During the PWROK high, RESET_L is still maintained low, to give a warm reset 

 Wait time is needed after a warm reset. During this state various fuses are set 

 Finally the DBREQ_L signal is taken low, and after a small wait time the 

DBRDY signal goes high. The DBRDY pin is asserted when the processor has 

entered the PDM via HDT interface and is ready for the first command 

 

The lists of events are specified in the Perl module, the Perl module points to a 

location containing the cache images for the CReST test. Several steps are required 

before the program can be loaded on to the ATE. A simple block diagram is shown 

below. 

 

Figure 6.3- File conversion steps 

 

The C code is used to create cache images to be loaded into the cache. The C code 

consists of the sequence of instructions that must be performed. The cache files are stored 

at a fixed address, and the Perl module contains a reference to these cache images, along 

with the other statements needed to get into PDM. Once in PDM, the cache is loaded, and 

instructions are executed as specified. This Perl module is converted into a STIL file by 

internal software; this file contains the detailed list of instructions executed at each vector 

cycle.  
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6.3 Program flow 

The test program has an ordered flow, developed using XML. The production test 

program comprises of the test flows corresponding to all modules in the microprocessor. 

The program flow consists of the following parameters. 

 Flow 

 Node 

 Java test classes 

The program starts off with a flow, and each flow can either refer a node or to 

another flow. The decision can also be based on success or fail of a test. For instance, a 

flow can be built as follows. 

 

 

 

 Pass 

 Fail Fail 

 

 Pass 

 Fail 

 

 Pass 

 

 

 

Figure 6.4- Basic test flow 
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The above test flow can be implemented in XML, where all the tests are part of a 

flow and each test is referenced by a node. Such a system is very useful because it is not 

prudent to waste test time on testing bad parts. The first few tests will be the basic sanity 

check tests, like the continuity test and power supply shorts test. The basic tests ensure 

that bad devices are not tested. Hence, even for microprocessors, basic tests like power 

supply shorts and pin continuity are performed first to ensure that test time is not wasted.  

There are many advantages of using such a program flow for the test program. 

This includes ease of modification and better correlation between teams. The test flow in 

XML is described in the following block diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5- Block diagram of the program flow 
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Each node has a specific reference to an equation set; it is within this equation set 

that the various parameters like VLDT and FREQ are defined. Also, the test node finally 

refers to a JAVA test class that actually performs the test. Thus, using various 

combinations of flows and nodes, the program test flow is built using the desired XML. 

Such a system also gives the flexibility to merge all the test flows into one, before 

releasing the program to production. In industry various groups deal with different 

components of the part. A complete test solution requires bringing in the work of all these 

different groups under one parent test flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6- Organization of the test program 

The PI code sweep test described in chapter 5 used traditional JTAG access. A 

similar program in CReST is described in the next chapter. In addition to the PI codes, 

the DAC codes are also swept. 
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CHAPTER 7 

CReST ON LOOPBACK DIB FOR G34 

7.1  Introduction 

Given the numerous advantages of cache resident self-testing, CReST will be very 

effective if it can be implemented for production testing. However, currently CReST is in 

the development stage and should be in production in the coming few months. Once in 

development, CReST can help in test time reduction and also facilitate the use of slower 

testers, thus contributing to significant cost reduction [5], which is vital for testing of 

semiconductors. However, when running the CReST tests, care must be taken to ensure 

that the cache and processor functionality have been tested prior to testing the IO links 

for the part. If this criterion is not met, failures of the cache or processor execution will 

be attributed to faulty links. 

Currently, CReST tests have been implemented for the notebook processors, and 

the goal of this project is to develop a CReST test for the G34 server part, which has 4 

HyperTransport links over a two die structure. The basic program implemented for 

CReST is explained below. 

7.2  Basic CReST program 

As a preliminary check to ensure that the L2 loader used for the notebook 

processor works for the G34 server processor, the first program for CReST is called the 

read C001CODE. In this test, a known hexadecimal word is written into the cache using 

the L2 loader, and the processor is taken into the PDM. After this process, the written 

word is read back, and this test is declared a pass if the read value is “0xC001C0DE” i.e. 

1100|0000|0000|0001|1100|0000|1101|1110 (binary format). When this check is 

complete, proving that the L2 loader functions correctly, we go forward with the 

loopback program in CReST.  Wait times are used for this program such that the 

processor has enough time to assert the DBRDY pin, indicating that it has entered the 

processor debug mode via the HDT interface. A flow chart of this program is given 

below. Figure 7.1 illustrates the execution of the program. 
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Figure 7.1- Program flow chart for C001CODE program 
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7.3 Program flow 

First, the ATE pins initialized to put all the pins in the default state. Then 

PWROK and RESET_L are asserted, in order to get the cold reset and warm reset. Next, 

the debug request is asserted and after certain wait time, the processor responds with a 

debug ready assertion; this ensures that the processor is in process debug mode [6]. Once 

in the processor is in debug mode, the cache images are loaded into the cache. The cache 

images are compiled from C files, and the location of the cache files is specified in the 

Perl module. After the cache images have been loaded, the location of the instruction 

pointer must be checked. Checking the instruction pointer is needed to ensure that the 

instruction pointer reads data from the correct location. Once this has been checked, the 

data register is read and compared with C001CODE, which was written onto the register 

in the cache file. Once the C001CODE has been successfully read, the actual CReST tests 

can be executed, because the cache loader has been verified. 

Note here that long wait times of about 200000 cycles must be employed after the 

assertion of debug request before debug ready can be checked. Verifying debug ready is 

necessary because the processor takes time to get into processor debug mode and assert 

the debug ready pin. Just before reading the cache, debug ready is again checked to be 

high to ensure that the processor is still in processor debug mode. The registers to be 

programmed to get into processor debug mode are specified in the design document for 

the processor [6]. 

After the program has been created, the Perl modules are converted into various 

formats and then loaded on the ATE, where this test is performed on the processor. This 

test is said to be a pass if the data read from the general purpose register matches the 

written data, i.e. C001CODE. The XTOS interface lists the test as a pass or a fail by 

performing compares specified in the STIL file. A screenshot illustrating this is shown 

below, in a sample screen shot taken from one of the STIL files used. 
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Figure 7.2 Screen shot of the STIL 

Operations are performed on every test cycle as shown in the figure.  It must also 

be noted that the TAP controller operations [7] discussed earlier such as “SHIFT_DR” are 

done for each test cycle.  To understand this better, consider the highlighted line in figure 

7.2, the received value is compared against the following. 

 “t” – Indicating a compare with a low. 

 “T” – Indicating a compare with a high. 

 “x” –Indicates a do not care condition. 

In the vector cycle of 21374, the received value is compared against a logic low, 

for the data bit corresponding to bit 5 in the register, the bit number is listed in the STIL 

file in square brackets. The vector passes if the compare is successful. Else the user is 
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notified of a failing pattern vector at this location. These are listed on the “test IO 

window”. If all the vectors pass the compares, the test is stated as a pass. In this case the 

value C001CODE was written, hence the compares for the data in the general purpose 

register will be in the order 1100|0000|0000|0001|1100|0000|1101|1110. The test program 

checks these values in accordance with the vector cycles specified in the STIL file. These 

STIL files are created from Perl modules, where read commands are specified to check 

for the written values. A read statement in the Perl module (pm) translates into various 

compares in the STIL file, which is used to check for the values. The translation from pm 

to STIL is done using an AMD-developed software interface. 

7.4  Loopback test with PI and DAC code sweep 

Having verified the operation of the L2 loader and the cache, a test similar to the 

PI code sweep test discussed in chapter 5 is implemented. However, there are some 

significant differences in the test. First, this test is implemented using the CReST 

methodology, so the entire loopback test is set up in C code, which is converted to cache 

files and loaded into the cache. The registers for the loopback test are programmed in C 

code instead of the pm. Hence, the register write and read functions are done by the 

processor, unlike in the earlier test where registers are written using JTAG access. The 

test uses the ATE to load the program into cache of the processor, so the ATE is used 

only during the loading and unloading of the cache images. For this test to be executed, 

the processor must be taken into the PDM, using the sequence of events previously 

specified. The advantages of CReST tests compared to the previous method are listed 

below [5]. 

 Test time reduction 

 Allows the use of slower ATE 

 Data analysis can also be done using the processor  

The test is similar to the test described in chapter 5. However here, the DAC 

codes are also swept, as explained below. A model of the receiver section is shown in 

figure 7.3. 
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Figure 7.3 PI code and DAC offset sweep [13] 

Figure 7.3 shows a receiver section similar to the RX of the DUT. In this case, the 

loopback test is performed with the following modifications. 

 DAC code is swept from 0 to 63 

 PI codes for the DLL are swept from 0 to 191 

The effect of sweeping PI Codes was described in chapter 5. This test gives an 

idea of the passing PI code width. In this case, the offset DAC codes are swept from 0 to 

63 in addition to the PI code. This DAC code sweep is set up by overriding the automatic 

PI code generator and the DAC offset code generator. During normal operation, these 

two parameters are automatically set to get a low bit error rate. However, for testing and 

characterization, there is a feature to override these automated processes and sweep these 

codes manually. This is done by programming the offset override and PI code override 

bits in the registers [6]. The steps followed for the program are listed below. 

Texas Tech University, Pavan Pakala, August 2011

49



 In the Perl file, set up the events required for the processor to get into PDM 

 Check for debug ready pin, a high on debug ready indicates the processor is in 

PDM 

 Load the cache using the cache images. These are compiled from the C code 

Steps to be followed in the C code for the loopback test: 

 Specify the read and write functions according to the addressing formats of the 

processor 

 Set up the frequency of operation in the link PHY PLL register 

 Set up the transmitter and receiver for the test 

 Select the pattern to be transmitted. In this case, a PRBS 7 pattern [6] is set 

 Provide an option for internal/ external loopback selection 

 Set up DLL for the test 

 Override the offset code for the DAC 

 Override the phase interpolator code 

 Sweep through the offset and PI code from 0 to 63 and 0 to 191, respectively 

 Compute the number of failing points at each combination of the DAC and PI 

code 

 The bit error count register is used to check the number of failing points 

 Write the number of failing points to the RBX general purpose register [6] 

 Before reading the RBX, check for the location of instruction pointer 

 Read RBX for the failing points 
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CReST is a very efficient way of testing the IO links due to its numerous 

advantages. However, the development of this test is time-consuming on the ATE. For 

instance, an error in the C code will not be visible to the user on the test IO. Only errors 

in the Perl module are listed as failing patterns.  Development of these tests on the ATE is 

time-consuming, because each minor modification in the program must be recompiled 

into STIL and various other formats mentioned in chapter 6. 

As an alternative, these tests can be developed on the platform level. Once 

functional, they can be moved to the ATE. Development of CReST on platform makes 

debugging easier and efficient, since the platform team has a user interface tailor made to 

suit CReST. The interface gives the exact location of error in the C code, making it 

possible for the test engineer to modify his code and identify the location of failure. 

However such a method requires a dedicated G34 platform board to test our device. 

Availability was limited at the time of development of this test. For future tests on 

CReST, development on platform and migration to the ATE after development will be a 

better option. 

Once developed, cache resident self testing offers much better performance 

compared to traditional JTAG access based testing. For a test similar to PI and DAC code 

sweep test, comparison of the time taken using JTAG based testing and CReST is listed 

below in table 7.1. 

Table 7.1 Time comparison of CReST and JTAG [5] 

Test CReST-load CReST-run CReST-

unload 

CReST-total JTAG 

Eye 5.38 10.70 64.22 80.30 2084.61 

 

The data in table 7.1 shows that CReST test offers better performance compared 

to the JTAG access. Once developed, it can be used for production test, resulting in 

significant test time reduction. 
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CHAPTER 8 

CONCLUSION & FUTURE SCOPE 

8.1 Conclusion  

The work of this thesis has verified that the loopback DIB offers better 

performance than the current production DIB. Hence, this passive loopback DIB can soon 

be used in production, thus avoiding the use of 6432 tester channels.  

This thesis also proves that, CReST methodology can be implemented for testing 

of IO links; this can save test time and cost. The CReST test can be developed on the 

platform level and migrated to the ATE after it is completely functional. Such a BIST 

technique gives the flexibility to add additional test coverage as and when required by the 

customer. CReST can also be used to test various other modules of the processor, in 

addition to the IO links, but care must be taken to ensure that the processor and cache 

functionality have been verified for CReST testing. It has been shown that cache resident 

self testing is about 5 to 10 times faster than JTAG access [5].  CReST makes use of the 

processor and reduces the need for faster and expensive ATE.  

8.2 Future scope 

  A combination of the loopback DIB along with CReST test can provide a 

significant improvement in test quality and test time reduction, especially for the high 

speed IO teams that focus on the testing of the IO links. In the future, this test technique 

can be extended to the other teams as well, which will result in an overall reduction of 

test cost and time for the microprocessors. 

 

 

 

 

Texas Tech University, Pavan Pakala, August 2011

52



REFERENCES 

[1] HyperTransport technical consortium. HyperTransport I/O link specification. May 6, 

2010. 

[2] Advanced Micro Devices. Near end loopback. Internal specification, Austin: AMD, 

2011. 

[3] Advanced Micro Devices. Credence training for Sapphire hardware and software. 

Training material, Austin: AMD, 2010. 

[4] Advanced Micro Devices. "G34 loopback DIB." DIB revision file, Austin, 2010. 

[5] Sankar Gurumurthy,  Darren Bertanzetti,  Peter Jackobson and Jeff Rearick. "Cache 

resident self testing for IO circuitry." IEEE test conference- ITC, 2009: 1-7. 

[6] Advanced Micro Devices. Design document for processor. Internal specification, 

AMD, 2011. 

[7] IEEE "Standard test access port and boundary scan architecture 1149.1." IEEE 

standard, 2001. 

[8] Morton Lewin. “Integrated microprocessors.” IEEE transactions on circuits and 

systems, 1975:577-578.  

[9] Barry Brey. The Intel microprocessors. New Jersey: Prentice Hall, 2002. 

[10] AMD. "AMD developer papers." AMD. http://developer.amd.com (accessed 2011). 

[11] John Hennessy and David Patterson. Computer organization and design 2nd edition. 

San Fransisco: Morgan Kaufmann, 1998. 

[12] Mark Burns and Gorden Roberts. An introduction to mixed signal IC test and 

measurement. New York: Oxford University Press, 2000. 

[13] Alvin Loke and Bruce Doyle.” Loopback architecture for wafer level at speed testing 

of embedded HyperTransport links.” IEEE CICC, 2009: 605-608. 

[14] Texas Instruments. "JTAG testability primer." IEEE STD 1149.1, 1997: 3.1-3.15. 

[15] Advanced Micro Devices. Receiver specification. Internal specification, AMD, 

2011. 

Texas Tech University, Pavan Pakala, August 2011

53



[16] David Renniw and Manoj Sachdev. "A novel tristate binary phase detector." IEEE 

symposium- ISCAS, 2007: 185-186. 

[17] HyperTransport is a licensed trademark of the HyperTransport technology 

consortium. 

 

Texas Tech University, Pavan Pakala, August 2011

54


	intro_thesis
	contents_final
	report_final1



