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CHAPTER 1 

INTRODUCTION 

1.1 Cunent Advances in CMOS Technology and Digital Networks 

Since the development of the transistor, phenomenal progress has been made in 

the field of electronics, computers and, lately, networking. CMOS (Complementary 

Metal Oxide Semiconductor) transistor technology, with its advantages over BIT 

(Bipolar Junction Transistor) transistors, has gained widespread use in electronic 

applications. One of the first few electrical appliances, in commercial use, using CMOS 

technology, was the calculator [1] in 1967. The recent strides in CMOS technology have 

enabled improved power dissipation, higher frequency, smaller size and much lower 

production costs. 

Silicon forms the basic starting material for a very large class of integrated 

circuits [1]. Superimposing several layers of conducting, and insulating materials creates 

a sandwich like MOS structure [1]. The steps involved in making these MOS structures 

are utilized in VLSI (Very Large-Scale Integration) processing techniques. VLSI 

processing techniques have been improved over time to reduce transistor sizes, increase 

speeds, and slash production costs. The device size has been dramatically reduced and 

currently a 0.12um technology is used. Now, more transistors are built into smaller 

structures, which can perform functions that are more complex. There are electronic 

devices that contain as many as twenty million transistors. 



In the past, electronic items were predominantly analog but now they are mostly 

digital devices. Digital technology took off with the advances made in CMOS 

technology. In digital devices, signals are sent and received in Is and Os. This digital 

format is simpler to design, debug and can be used to develop applications that are more 

complex. 

The result of this increasing complexity is that it has become more difficult to 

synchronize the transmission of these device functionalities and make sure that there are 

no transmission errors. Often when a device is not functioning, as it should, there may be 

loss of data. In this new millennium, many applications are moving into the gigahertz 

range. It is becoming increasingly difficult to comprehensively test all the functionalities 

of such high-speed devices. 

1.2 Thesis Organization 

This thesis is organized to give the details regarding the design and development 

of a "System Level Reference Design of an Optical Array Transponder" and demonstrate 

how a specific application can enhance the testing strategy. Chapter 2 gives an overview 

of the current testing strategy and some problems with it. It also gives possible solutions 

to some of the problems. Chapter 3 gives the general details involved in the design of a 

system level reference appUcation. Chapter 4 gives the specific details involved in the 

process of developing the system. Chapter 5 presents results with some conclusions. 



CHAPTER 2 

CURRENT TEST STRATEGY 

2.1 Current Test Strategy 

All electronic items are subject to test to ascertain if they are good or bad and to 

find the reasons if they turn out to be bad. There is an elaborate testing procedure that is 

followed from the finalizing of the design of the device to its release to production (RTP). 

This is when the chip is said to be free of all the basic problems that could potentially 

creep through in its entire life cycle. First, the designers use various software simulators 

to test the logic (without timing constraints) of the code that defines the device. The 

design verification people use another set of software simulators, with timing constraints, 

to test the design. Then the design is released to layout, resulting in the physical 

placement of the different components/blocks of the device in its allocated real estate on 

the substrate. Once the placement and routing is completed, simulations are run again to 

ensure the full functionality of the device, again subject to all the timing constraints. The 

next step is the release of the design to be built using silicon. Once the device actually 

comes out in the form of wafers or packaged silicon it goes through another set of tests. 

Only this time all the results of the tests are real and not simulated. The wafers (even 

before the die are cut and packaged) are tested using probe cards to decide whether they 

are good or bad. When the packaged parts arrive they are subjected, in the lab, to all the 

tests that the designers recommend. This is called bench testing. This phase of the testing 

is the most important of all in the sense that this is the stage where the problems in the 



device that have slipped past all the previous test routines (software simulations) due to 

their inherent limitations, come out one by one. Extensive testing and characterization is 

done to identify and find a way to fix the problems. In some cases, the solution can be 

tested by using Focused Ion Beam etching/shorting (FIB) to physically make a change on 

the substrate or metal layer. The FIB'd part is tested again to determine if the fix worked. 

This process may be repeated until a correct fix is identified for all the problems. Once all 

the major problems have been caught and their fixes identified, the next revision of the 

device is converted to silicon with all these fixes. Some times due to time constraints or 

pressure fi"om customers or competitors, the next revision of the device may incorporate 

fixes to only some of the problems identified. This step is taken to be able to build 

samples that can be shipped out to customers so that they can test them in their systems. 

Figure 2.1 summarizes the flow of the testing strategy. 
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Figure 2.1 Flowchart of the Current Test Strategy. 



2.2 A Flaw in the Test Strategy 

In spite of all the above test strategies, customers can still end up finding new 

problems, which may require special conditions to be simulated in the lab. Some times 

the causes of the problems lie in the customer's system instead of the device itself. This is 

ascertained by recreating the customer's setup in the lab and measuring the response of 

the device. If similar settings lead to the appearance of the problem in the lab then it is 

further investigated/characterized to identify a way to fix it. Otherwise, an applications 

engineer is sent to the customer's site to identify the cause of the problem and propose a 

solution. Sometimes due to the complexity of the customer's boards the fix will be made 

in the device itself, if it is not too complex a fix. 

From the above discussion, it can be inferred that many times the customer is 

acting as a source for identifying problems with the device. This is a very difficult 

situation since most of the problems should have been caught in the lab itself during the 

bench characterization or in the software simulations of the device. The repercussions of 

this situation are in general, a loss of customer confidence in testing methods leading to 

subsequent cancellations of orders and/or a lot of wasted time and money in creating 

testing procedures at their site to make sure the devices are meeting all its specifications. 

Another repercussion of the same is that the customers will not be willing to consider the 

device for subsequent testing until and unless they are assured of their worthiness. 



2.3 Causes for the Flaw in the Test Strategy 

In general, the major hurdle when it comes to testing a particular device is the 

access of all the connections or pins to the device to provide data and control inputs and 

monitor data and status outputs. The problems associated with the access of all the 

connections to the device arise because of smaller die sizes and hence smaller packages. 

This leads to surface mount devices with ever-decreasing pitch or spacing between the 

connectors. This hurdle is overcome through the design of an Evaluation Module (EVM), 

which effectively provides access to all the connections to the device by connecting them 

to headers or connectors via copper traces on a printed circuit board (PCB). 

Another advantage of designing an EVM is the possibility of using a socket for 

placing the part on the board. This is a very useful possibiUty since multiple parts can be 

tested one after the other using the same board without causing any damage to the board 

or the parts. Even though the use of sockets has many advantages in terms of saved time 

and material, it is known to give problems in the long run due to the wear and tear of the 

pins of the socket. The wear and tear of the pins can lead to incorrect values being 

measured during the characterization process. The advantages of using a socket far 

outnumber the problems due to the wear and tear of its pins. Some of the problems that 

arise due to the use of sockets with pins are being eliminated by the use of membranes 

instead of pins as the go-between the pins of the part and the board. 

Most of the PCB related problems arise out of the fact that they are subjected to 

size constraints. In the design of an EVM size is almost never a constraint since it is a 

stand alone piece of equipment which provides the test engineers with a means to access 



all the connectors to the device. This results in the EVM providing good conditions for 

the operation of the device. Another problem that plays a major role in the failure of the 

test strategy is the use of state of the art equipment to generate the data and power signals 

to feed the device. This is in contrast to other devices supplying the data and control 

signals on customers PCBs that are a lot noisier and less forgiving in their requirements. 

From the above discussions it can be inferred that the test strategy, which is 

usually designed to subject the device to the worse case conditions, is still not sufficient 

to catch all the problems before it reaches the customer. 

2.4 The Proposed Solution to Overcome the Flaw in the Test Strategy 

One of the solutions to the above problem is the design of a system level 

reference application. By itself this does not solve all the problems, but can provide 

additional test coverage. This system level reference design is by definition an actual 

application of the device in a system. The functionality of the overall system, with 

additional components, is designed to simulate the actual final conditions of operations of 

the device to a close degree. 

There are many advantages of designing such a system level reference 

application. The primary one is the identification of problems that might otherwise slip 

through EVM level testing. The secondary advantage is that the device can be 

demonstrated to actually work in a system. This can convince more customers to try this 

device out as opposed to an unproven competitors device. Figure 2.2 gives the flowchart 

of the new approach. 
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Figure 2.2 Flowchart of the New Test Strategy with the Reference System. 

The next chapter deals with the actual design details of the reference 

system. 



CHAPTER 3 

DETAILS OF TFIE SYSTEM LEVEL REFERENCE DESIGN 

3.1 Design Considerations 

The following major factors need to be considered for the system level reference 

application. 

a. The device for which the reference application is being made. 

b. The other deyice(s) to which the above device is interfaced. 

c. The external interface(s) of the entire reference application. 

d. The specific function of the application. 

e. Power supply requirements. 

As an example, an SLK2504 [5]- single chip quad transceiver, was chosen as the 

device. The SLK2504 is used to derive high-speed timing signals for SONET/SDH 

(Synchronous Optical Network/Synchronous Digital Hierarchy) based equipment. The 

chip performs clock and data recovery, serial-to-parallel, parallel-to-serial conversion and 

frame detection function conforming to the SONET/SDH standards on 4 separate 

channels. 

An optical transceiver, Alvesta's 3101 [6], was chosen to interface to the 

SLK2504. Alvesta's 3101 optical transceiver has a x4 architecture with 4 full-duplex, 2.5 

Gbps transmit and receive channels, over a single fiber ribbon. It uses reliable, low cost 

850nm VCSEL (Vertical Cavity Surface Emitting Laser) technology for the electrical to 

optical conversion and vice versa. 

10 



There are two external interfaces, "electrical and optical," for the reference 

application. The industry standard 300-pin MSA (Multi Source Agreement) connector 

[7] was chosen for the electrical interface of the system with external modules. The 300-

pin MSA connector was specifically designed to be used for applications involving data 

throughputs of the order of lOGbps. Its design has separate analog and digital power 

supplies, reference ground pins adjacent to the data pins and has a lot of space for the 

future addition of signal pins. The optical interface is a single optical fiber ribbon 

consisting of 4 full-duplex channels, each with a 2.5 Gbps throughput. 

The system was designed to be an OC-192 (Optical Carrier with line rate at 

9953.280 Mbps) optical array transponder. The reference appUcation enables the designer 

to connect to a 2X16 bit wide LVDS (Low Voltage Differential Signal) interface on one-

side and 2X4 optical channels of up to 2.488 Gbps per channel on the other side. The 

module effectively receives 16-bit 622 Mbps LVDS data from an OC-192 framer chip 

then de-skews and maps that data onto 4 VCSEL driven 2.488 Gbps channels. The design 

also accepts 4 optical serial data streams at 2.488 Gbps and de-multiplexes them to 16-bit 

622 Mbps LVDS data for full duplex operation. Figure 3.1 gives the block diagram for 

the system with the major components. 

11 



16-bit 622 Mbps 
LVDS TX Data 
from OC-1 v)2 
Fnimer 

16-bit 622 Mbps 
LVDS RX Data 
toOC-lv)2 
Framer 

4 Optical Serial TX Data 
Streams at 2,488 Gbps 

4 Optical Serial RX Data 
Streams at 2,488 Gbps 

Figure 3.1 Block Diagram Representation of the Reference Design. 

The above application was chosen since it was one of the applications for which 

the device was originally designed. 

Once the major components have been selected, the next design aspect is the 

power supply to all the components on the board. The main components need power 

supplies of 1.8V and 3.3V. Since the customer requested an option of having an onboard 

1.8V supply along with the external power supplies, a 1.8V regulator, which generated 

the 1.8V from the 3.3V supply, was incorporated. 

3.2 Datasheet Crunching 

Once the components and the power supply have been selected the next and the 

most important phase of the design needs to be started. This is a thorough understanding 

of the datasheets of all the components that are used in the application. This needs to be 

done to aid/generate discussions on all the tradeoffs and interpretation issues that are part 

of a system level design. The discussions regarding the interpretations of the pin 

descriptions and the functional requirements of the individual devices and connectors 

12 



lead to the finalization of the specifications of the design. This process, though completed 

to a great extent before the start of the actual schematic drawing, is a continuous one and 

is by no means complete until the release of the schematic for layout. The above process 

involves in-depth discussions with applications experts, designers, customers and other 

device manufacturers. 

The decisions that needed to be made regarding SLK2504 were mainly related to 

configuring its control inputs. The control inputs are designed to have an internal pull-up 

(resistor from conft-ol pin to 3.3V or 1.8V, depending on the type of input) or a pull-down 

resistor (resistor from control pin to ground), which puts them in a default state if they are 

not connected to any external voltage source or ground. Ideally a combination of a pull-

up and a pull-down resistor is used. This gives the flexibility later to either make the 

control input high or low. This helps in the process of narrowing down the source of the 

problems due to the device malfunction. 

There is an alternate way of configuring the device through the use of a serial I/O 

pin in the device. The advantage with this is that it can be software controlled without the 

soldering and desoldering process that is involved with if resistors are used to configure 

the device. The disadvantage with this type of configuration is the requirement of extra 

hardware and a personal computer, which may not be available at the customer's site. 

Another disadvantage with this way of configuring the device is that the I/O pin may not 

function as designed. 

Due to space constraints on the reference application it was decided to eliminate 

the extra two (or one) resistors on each of those control pins whose inputs were not going 

13 



to be changed later. They were either left unconnected (to be in their default state) or 

pulled high or low (if their default is opposite to what we want). Table 3.1 gives the 

details regarding those pins and their configurations. 

14 



Table 3.1. Default Configuration of the SLK2504 on the Board. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Function 

PSYNC 

REFSEL 

RDON 

RPTN 

DISTRIB 

SEL_EN 

SELB 

SELC 

PRE1 

PRE2 

RSTN 

LLOOPN 

ENABLE 

FRAMEN 

PRBSEN 

Condition 

Pulled high - read only MDIO reg 25.0 

Customer selectable. 
Connected to TXREFSEL pin on the 300-pin MSA connector. 
0 = 155.52MHz; 1 = 622.08MHz 
Cannot be set using MDIO 

Customer selectable. 
Connected to RXMUTE DOUT pin on the 300 pin MSA connector. 
0 = Receiver o/p disabled; 1 = Parallel Receiver o/p enabled 
(Default) 
Related to MDIO 16:20.6 and 16:20.7 bits 

Customer selectable. 
Connected to RXDLOOPENB pin on the 300 pin MSA connector. 
0 = Repeat mode enabled; 1 = Normal Operation 
Related to MDIO 16:20.6 and 16:20.7 bits 

Unused, Unconnected and Internally pulled Low. 
Can be changed via MDIO 25.3 

Unconnected and Internally pulled Low. 
Can be changed via MDIO 25.4 

Unconnected and Internally pulled Low. 
Can be changed via MDIO 25.5 

Unconnected and Internally pulled Low. 
Can be changed via MDIO 25.6 

Internally pulled Low; can be pulled High using a pull-up resistor 
(R38 of value 4.75k). 
Can be changed via MDIO 16:20.4 

Internally pulled Low; can be pulled High using a pull-up resistor 
(R39 of value 4.75k). 
Can be changed via MDIO 16:20.5 

RXRESET or TXRESET or TXFIFO RES or 1.8V monitor or 3.3V 
monitor cause this pin to be pulled low for the overall reset of the 
transceiver. 

Customer selectable. 
Connected to TXLLOOPENB pin on the 300 pin MSA connector. 
0 = All serial o/ps are internally looped back to their serial i/p. 
1 = normal operation. 
Related to MDIO 0.14 and 16:20.14 

Unconnected and Internally pulled High. 
Can be changed via MDIO 0.11 

Unconnected and Internally pulled High. 
Can be changed via MDIO 0.11 

Unconnected and Internally pulled Low, 
Related to MDIO 16.2 and 17:20,2 
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Table 3.1. Continued 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Function 

PRBSSEL 

LIA 

LIB 

Lie 

LID 

LOSA 

LOSB 

LOSC 

LOSD 

OIFM 

RX_MONITOR 

LCKREFNA 

LCKREFNB 

LCKREFNC 

LCKREFND 

LOOPTN 

Condition 

Unconnected and Internally pulled Low. 
Related to MDIO 16.3 and 17:20.3 

Can be accessed via TestPoint 16 only when MDEN is low. 
Read only MDIO 23.0 when MDEN is high. 
Related to RXLOCKERR pin of MSA connector. 

Can be accessed via TestPoint 17 only when MDEN is low. 
Read only MDIO 23.1 when MDEN is high. 
Related to RXLOCKERR pin of MSA connector. 

Can be accessed via TestPoint 18 only when MDEN is low. 
Read only MDIO 23.2 when MDEN is high. 
Related to RXLOCKERR pin of MSA connector. 

Can be accessed via TestPoint 14 only when MDEN is low. 
Read only MDIO 23.3 when MDEN is high. 
Related to RXLOCKERR pin of MSA connector. 

Can be accessed via TestPoint 22 
Read only MDIO 22.0 when MDEN is high. 

Can be accessed via TestPoint 21 
Read only MDIO 22.1 when MDEN Is high. 

Can be accessed via TestPoint 19 only when MDEN is low. 
Read only MDIO 22.2 when MDEN is high. 

Can be accessed via TestPoint 20 only when MDEN is low. 
Read only MDIO 22.3 when MDEN is high. 

Pulled High 
Can be accessed via TestPoint 15 only when MDEN is low. 
Can be set via MDIO bit 25.7 if MDEN is enabled. 

MDIO only 
Related to MDIO bits 16:20.8 

MDIO only 
MDIO bit 25.8 if MDEN is enabled 

MDIO only 
MDIO bit 25.9 If MDEN is enabled 

MDIO only 
MDIO bit 25.10 if MDEN is enabled 

MDIO only 
MDIO bit 25.11 if MDEN is enabled 

Customer selectable. 
Connected to TXLINETIMSEL pin on the 300 pin MSA connector. 
0 = the PLL for clock synthesizer is bypassed. The recovered clock 
timing is used to send the transmit data. 
1 = transmit data are sent on RFC clock, (default) 
Related to MDIO 16:20.9 
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Table 3.1. Continued 

32 

33 

34 

35 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Function 

SPILLA 

SPILLB 

SPILLC 

SPILLD 

SPILLC 

SPILLD 

TSTM 

VSR 

MDEN 

MDIO 

MDC 

MDADR[4-0] 

MDADR[4-0] 

Condition 

MDIO only 
Related to 24.0 for RX and 22.12 for TX 

MDIO only 
Related to 24.1 for RX and 22.13 for TX 

MDIO only 
Related to 24.2 for RX and 22.14 for TX 

MDIO only 
Related to 24.3 for RX and 22.15 for TX 

MDIO only 
Related to 24.2 for RX and 22.14 for TX 

MDIO only 
Related to 24.3 for RX and 22.15 forTX 

Tied to Ground. 

Pulled Low((R43 of value 4.75k) with a provision for pulling it 
High((R41 of value 4.75k) To pull it high remove R43 and connect 
R41 of 4.75k. 

Pulled Low can be set high externally 
Can be accessed via Test Point 13 
Connected to MDIOENABLE (J 18) pin on the 300-pin MSA 
connector. 

Can be accessed via Test Point 14, and 3 pin Jumper J1 only when 
MDEN is HIGH. 
Connected to MDIO (J15) pin on the 300-pin MSA connector. 

Can be accessed via Test Point 15, and 3 pin Jumper J1 only when 
MDEN is HIGH. 
Connected to MDC (J 12) pin on the 300-pin MSA connector. 

Can be accessed via Test Points 20,19,18,17,16 only when MDEN is 
set High. 
Set to b'01000 initially; MDADRO and MDADR1 can be changed to 
1's later(R40 and R44 respectively - place 4.75k). 

Can be accessed via Test Points 20,19,18,17,16 only when MDEN is 
set High. 
Set to b'01000 initially; MDADRO and MDADR1 can be changed to 
1's later(R40 and R44 respectively - place 4.75k). 

One of the outputs from the above discussions was the interpretation of the 300-

pin MSA connector pin descriptions. Figures 3.2 and 3.3 show the differences between 

the pin descriptions, before and after the discussions. 
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Figure 3.3. 300-pin MSA Connector Pin Description after Discussions. 
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Table 3.2 gives the main differences between the two pin descriptions. The 

differences arise because of the fact that the original description of the 300-pin MSA 

connector had been designed to support a wide range of clocks, status and control signals 

along with the provision for a lot of different power supplies. Since the devices that we 

used in this reference application do not use/generate all the power supplies, clocks, 

control and status inputs/outputs many of the unused pins are either left as no-connects or 

terrmnated with pull-up or pull-down resistors or connected to a resistor divider 

network(to provide a particular voltage at the pin). The following table gives the list of all 

such pins. 

Table 3.2. Original Pin Descriptions and their Actual Usage. 

Original Pin Name 

RxREFCLKP/N 

RxDTV 

RxLCKREF 

RxMCLKSEL 

TxSKEWSELO 

TxSKEWSELl 

LsTWEAK 

TxPICLKSEL 

TxLOCKERR 

RxMCLKP/N 

TxMCLKP/N 

LsPOWMON 

LsTEMPMON 

TxPHSADJO 

Pin Usage 

Terminated 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Pull-up 

Terminated 

Terminated 

Resistor Network 

Resistor Network 

Unconnected 
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Table 3.2. Continued 

Original Pin Name 

TxPHSADJ 1 

LsPOWALM 

RxPOWMON 

R,\SIGMON 

-5.2V Digital and Analog 

RxREFSEL 

LsBIASMON 

LsBIASALM 

LsTEMPALM 

LsTUNEO 

LsTUNEl 

LsTUNE2 

RxTRACE 

RxRATESELl 

TxRATESELl 

LsWAVEMON 

TxTRACE 

RxMUTEPOCLK 

RxMUTEMCLK 

Pin Usage 

Unconnected 

Unconnected 

Resistor Network 

Resistor Network 

Unconnected 

Unconnected 

Resistor Network 

Pull-up 

Pull-up 

Unconnected 

Unconnected 

Unconnected 

Resistor Network 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Unconnected 

Unconnected 
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CHAPTER 4 

DESCRIPTION OF THE SCHEMATIC'S DEVELOPMENT, 

ORGANIZATION, AND VERMCATION 

4.1 Software Tools Used 

ORCAD™ Version 9.2 was used to draw the schematic of the system level 

reference application. The way schematics are drawn in ORCAD™ is through the use of 

either already existing parts (with the right pin descriptions, part sizes, footprints etc) 

from the existing ORCAD^*^ libraries or by use of new parts, which are created with the 

right details. These library parts are a drawing, usually a rectangle with pins projecting 

out of its sides with pin numbers and pin names assigned to them. They can be defined as 

either one single diagram (usually for parts with few pins) or as multiple diagrams 

(usually for huge devices with a lot of pins and functionalities). Table 4.1 gives a list of 

the parts that were created specifically for this design. 
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Table 4.1 New Parts List and their Description. 

Serial Number 
1 

T 

3 

4 

5 
6 

7 

8 

9 

10 
11 

Part Number 
FCl84502 

AT24C0XX 

REG1117FA-18 

SLK2504 

SN74AHC1G04 
74LVCH245 

SN74AHC08PWR 

SN74AHC1G125 

Alvesta_310 l_Opt_Transciever 

TPS3125-18 
TPS3825-33 

Part Description 
300 pin MSA connector. 
Serial electrically erasable 
and programmable read-only 
memory (EEPROM). 
1.8V Regulator. 
Single chip quad transceiver 
IC used to derive high-speed 
timing signals for 
SONET/SDH based 
equipment. 
One inverter gate. 
Octal bus transceiver. 
Quadruple 2-input positive-
AND gates. 
Single bus buffer gate/line 
driver with 3-state output. 

Series Optical Transceivers 
for optical bandwidth 
transport of up to 10 
Gigabits over distances of up 
to 300 meters. 
1.8V voltage monitor. 
3.3V voltage monitor. 

Usually the splitting of a huge device into many parts helps in the design of the 

final circuit by allowing the designer to divide the main circuit into smaller circuit blocks 

(Hierarchical Approach). Each of the circuit blocks can then be designed without some of 

the silly problems (like missed or wrong connections) associated with huge complex 

circuits. Figures 4.1 through 4.4 illustrate how the 300-pin MSA connector was split up 

into blocks of pins with similar functional nature. 
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A16 
A19 
A22 
A25 
C16 
C19 
C22 
C25 
E16 
E19 
E22 
E25 
G16 
G19 
G22 
G25 

A17 
A20 
A23 
A26 
C17 
C20 
C23 
C26 
E17 
E20 
E23 
E26 
G17 
G20 
G23 
G26 

G28 
G29 

F30 
A28 
A29 

F21 

K6 
K24 
K27 

H6 
H27 

D3 
D6 
D9 

U?A 

TXDIPOO 
TXDIP01 
TXDIP02 
TXDIP03 
TXDIP04 
TXDIP05 
TXDIP06 
TXDIP07 
TXDIP08 
TXDIP09 
TXDIP10 
TXDIP11 
TXDIP12 
TXDIP13 
TXDIP14 
TXDIP15 

TXDINOO 
TXDIN01 
TXDIN02 
TXDIN03 
TXDIN04 
TXDIN05 
TXDIN06 
TXDIN07 
TXDIN08 
TXDIN09 
TXDIN10 
TXDIN11 
TXDIN12 
TXDIN13 
TXDIN14 
TXDIN15 

TXPICLKP 
TXPICLKN 

RXDOPOO 
RXDOP01 
RXDOP02 
RXDOP03 
RXDOP04 
RXDOP05 
RXDOP06 
RXDOP07 
RXDOP08 
RXDOP09 
RXDOP10 
RXDOP11 
RXDOP12 
RXDOP13 
RXDOP14 
RXDOP15 

RXDONOO 
RXDON01 
RXDON02 
RXDON03 
RXDON04 
RXDON05 
RXDON06 
RXDON07 
RXDON08 
RXDON09 
RXDON10 
RXDON11 
RXDON12 
RXDON13 
RXDON14 
RXDON15 

RXPOCLKP 
RXPOCLKN 

C7 

El 

TXREFSEL RXLOCKERR 
>TXREFCLKP TXPGLKP 
>TXREFCLKN TXPCLKN 

LSENABLE 

RXRESET 
TXRESET 
TXFIFO RES 

RXDLOOPENB 
TXLLOOPENB 

I2CAD0 
I2CAD1 
I2CAD2 

RXALM INT 
TXALM INT 

ALM INT 
RXPOWALM 

RXSIGALM 
RXMUTE Dout 

I2CCLOCK 
I2CDATA 

MDIOENABLE 
TXLINETIMSEL 

MC_l/0 
MDIO 
MDC 

A1 
A4 
A7 
A10 
CI 
C4 

CIO 

E4 
E7 
E10 
G1 
G4 
G7 
G10 

A2 
A5 
AS 
A11 
C2 
C5 
C8 
C11 
E2 
E5 
E8 
E l l 
G2 
G5 
G8 
G i l 

E13 
E14 

B15 
E28 
E29 

J14 
J16 
HIS 
F6 
F12 
B6 

K15 
K18 
J18 
H30 
J27 
J15 
J12 

<Value> 
10X30X1.27 

PID = A 

Figure 4.1 MSA Channels, Clocks and Control Signals. 
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A3 
A6 
A9 

A12 
A15 
A18 
A21 
A24 
A27 
A30 
03 
06 
09 

012 
015 
CIS 
021 
024 
027 
O30 

E3 
E6 
E9 

E12 
E15 
E18 
E21 
E24 
E27 
E30 
G3 
G6 
G9 

G12 
G15 
GIB 
G21 
G24 
G27 
G30 

B1 
B2 
B4 
85 
87 
88 

810 
811 
813 
814 

U?8 

GNDO 
GND1 
GND2 
GND3 
GND4 
GND5 
GND6 
GND7 
GND8 
GND9 
GND10 
GND11 
GND12 
GND13 
GND14 
GND15 
GND16 
GND17 
GND18 
GND19 
GND20 
GND21 
GND22 
GND23 
GND24 
GND25 
GND26 
GND27 
GND28 
GND29 
GND30 
GND31 
GND32 
GND33 
GND34 
GND35 
GND36 
GND37 
GND38 
GND39 
GND40 
GND41 
GND42 
GND43 
GND44 
GND45 
GND46 
GND47 
GND48 
GND49 

GND50 
GND51 
GND52 
GND53 
GND54 
GND55 
GND56 
GND57 
GND58 
GND59 
GND60 
GND61 
GND62 
GND63 
GND64 
GND65 
GND66 
GND67 
GND68 
GND69 
GND70 
GND71 
GND72 
GND73 
GND74 
GND75 
GND76 
GND77 
GND78 
GND79 
GND80 
GND81 
GND82 
GND83 
GND84 
GND85 
GND86 
GND87 
GND88 
GND89 
GND90 
GND91 

FRAME GNDO 
FRAME GND1 
FRAME GND2 
FRAME GND3 
FRAME GND4 
FRAME GND5 
FRAME GND6 
FRAME GND7 

816 
817 
819 
820 
822 
823 
825 
826 
828 
829 
D1 
D2 
D4 
D5 
D7 
D8 
D10 
D11 
D13 
D14 
D16 
D17 
D19 
D20 
D22 
D23 
D25 
D26 
D28 
D29 
H7 
H8 
H10 
H11 
H13 
H14 
H16 
H17 
H19 
H20 
H22 
H23 
H25 
H26 
H28 
H29 
HI 
H2 
H4 
H5 

<Value> 
10X30X1.27 

PID = A 

Figure 4.2 MSA Ground and Frame Ground block. 
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830 
F24 
F27 
K30 

D18 
D21 

F3 
F9 

F18 
J1 

J4 
J5 
J6 
J9 

J24 
J25 
J26 
J30 

KB 
K7 

J28 
J23 
J22 
J20 
J19 
J17 
J13 
J11 
J10 

J8 
J7 
J2 

H12 
H9 
H3 

G14 
G13 
D30 
D15 
D12 

83 

U?C 

PULL UFO 
PULL UP1 
PULL UP2 
PULL UP3 

RES 
RES 
RES 
RES 
RES 
RES 

NTWKO 
NTWK1 
NTWK2 
NTWK3 
NTWK4 
NTWK5 

D24 

NUCO 
NUC1 
NUC2 
NUC3 
NUC6 
NUC7 
NUC8 
NUC9 

FFUO 
FFU1 
FFU2 
FFU3 
FFU4 
FFU5 
FFU6 
FFU7 
FFU8 
FFU9 
FFU10 
FFU11 
FFU12 
FFU13 
FFU14 
FFU15 
FFU16 
FFU17 
FFU18 
FFU19 
FFU20 
FFU21 
FFU22 

OPENO 
OPEN1 
OPEN2 
OPENS 
OPEN4 
OPENS 
OPEN6 
OPEN7 
OPENS 
OPEN9 

OPEN10 
OPEN11 
OPEN12 
OPEN13 
OPEN14 
OPEN15 
OPEN16 
OPEN17 
OPEN18 
OPEN19 
OPEN20 
OPEN21 
OPEN22 
OPEN23 
OPEN24 
OPEN25 
OPEN26 
OPEN27 
OPEN2B 
OPEN29 
OPEN30 
OPEN31 
OPEN32 
OPEN33 
OPEN34 
OPEN35 
OPEN36 
OPEN37 
OPEN38 

TERMO 
TERM1 
TERM2 
TERMS 
TERM4 
TERMS 

<\/alue> 
10X30X1.27 

PID = A 

89 
B12 
818 
821 
B24 
827 

D27 
F10 
F11 
F13 
F14 
F15 
F2S 
F26 
F28 
F29 
H18 
H21 
H24 
J3 
J21 
J29 
K1 
K2 
K3 
K9 
K10 
K11 
K12 
K13 

K26 

K14 
K16 
K17 
K21 
K2S 

K28 
K29 

029 
C28 

! CIS 
014 

A14 
A1S 

Figure 4.3 MSA Opens, Future use pins. No Connects, etc. 
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F4 
F5 
F7 
F8 

F19 
F20 
F22 
F23 

K4 
K5 

K19 
K20 
K22 
K23 

U?D 

+3.3V0 +1.8V0 
+3.3V1 +1.8V1 
+3.3V2 +1.8V2 
+3.3V3 4-1.8V3 
4-3.3V4 
4-3.3 V5 
-f3.3V6 
+3.3V7 
+3.3V8 
4-3.3V9 
+3.3V10 
+3.3V11 
+3.3V12 
4-3.3V13 

1 F1 
\ ^2 
i F16 
i F17 

» 

: 

• 

<Value> 
10X30X1.27 

PID = A 

Figure 4.4 MSA Power Supply Connections. 

26 



Appendix A contains the main rules regarding the usage of ORCAD™ that were 

followed when during the whole design process. These are the general rules that are 

followed in Texas Instruments when using ORCAD™ to draw the schematics of a system 

level design. These rules were made to streamline the process of the schematic drawing. 

The adherence to these rules lessens the possibility of making errors during the schematic 

drawing phase. These rules also lessen the confusion that may arise due to glitches in 

ORCAD™ software. One example is that ORCAD *̂̂  creates parts with different names 

when you change the part description in the schematic editor itself. This complicates the 

process of updating the entire schematic with the new version of the part because there 

are multiple versions of the same part in the schematic. To avoid this confusion the parts 

are only edited using the library editor and then imported into the schematic to update the 

older version of the part resulting in the entire schematic being updated simultaneously. 

4.2 Hierarchical Approach to the Schematic Design 

A hierarchical approach was followed to draw the schematic. This approach 

divides the system into blocks based on function. It involves the completion of the 

individual blocks first and finally interconnecting them in a main schematic by using the 

hierarchical ports and hierarchical blocks feature of ORCAD™. This approach enables 

the reader to view the system at the highest level (Top) with the ability to view the details 

at the lower levels (individual blocks). 
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Any data handling system can be said to contain the following major functional 

blocks, which are logically connected to perform the function for which the system was 

designed: 

1. Data Channels - Transmit and Receive, 

2. Control and Status, 

3. Power Distribution, 

4. Power Monitoring and Reset. 

Coupling the above facts with experience, the system reference design was 

divided into 12 different blocks. The following are the different blocks into which the 

main circuit is divided. 

4.2.1 300-pin MSA Connector Schematics 

4.2.1.1 MSA Channels and Controls Schematic 

This schematic (Figure 4.5) has the channels and controls pins of the 300-pin 

MSA connector, their interconnections and the hierarchical ports that connected to 

corresponding hierarchical ports in other schematics. This schematic contains a 

component called the AT24XX which is a 2 wire serial EEPROM (Electrically Erasable 

Programmable Read Only Memory). Its main function is to understand the I2C (Inter-

Integrated Circuit) bus protocol that the customer's system uses. This protocol is used in 

general to get the status of all the different devices that are being used in the system. In 

this particular case the customer just needs to uniquely identify all the different devices 
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based on their address. The EEPROM understands the request for address and returns 

the unique address to which has been programmed using pull-up and pull-down resistors. 

This device is necessary since SLK2504 uses MDIO (Management Data Input Output) 

protocol, which is different than the I2C protocol. 

0.01(iF(micro Farad) capacitors were used to AC (Alternating Current) couple the 

clock outputs to follow the 300-pin MSA connector specification. 

Unused clock inputs and outputs are differentially terminated with lOOQ (Ohm) 

resistor with two 0.01|LIF capacitors to provide for the AC coupUng. This is to prevent 

unwanted reflections on the clock outputs of a device on the customers system, which is 

driving these pins. 

A lot of status signals were not supported in the current revision of the reference 

application. These were either puUed-up or pulled-down or connected to voltage divider 

circuits to provide the right voltage at those pins for the system to function without 

interruption. Table 4.2 gives these termination details. 

Table 4.2. Termination Details of Unused 300-pin MSA Connector Status Pins. 

Symbol 
LsPOWMON 
LsBIASMON 
TxLOCKERR 
RxTRACE 
RxPOWMON 
LsTEMPMON 
LsBL\SALM 
LsTEMPALM 
TxFIFOERR 
RxSIGMON 

Pin# 
D18 
F18 
B30 
Jl 
F3 
D21 
F24 
F27 
K30 
F9 

Connection 
Resistor Network: 0.5V 
Resistor Network: 0.06V 
lOKPullupto 1.8V 
Resistor Network: 0.5V 
Resistor Network: IV 
Resistor Network: 0.05V 
lOKPullUpto 1.8V 
lOKPuUUpto 1.8V 
lOKPullUpto 1.8V 
Resistor Network: 0.9V 
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K K M K 
10K 10K 10K tOK 
R0402RH02n0402R()«)2 

Figure 4.5 MSA Channels and Controls Schematic. 

4.2.1.2 MSA Power Distribution Schematic 

Figure 4.6 represents the connections involved with the power supply part of the 

300-pin MSA connector. Both SLK2504 and 3101 need 3.3V and 1.8V voltage supplies. 

Minus 5.2V and 5V power supply pins were left open because of the above reason. 

Customer wanted the option of using either one 3.3V power supply or both the 3.3V and 
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1.8V supply to run the system. This resulted in an on-board 1.8V power regulator 

(REGl 117FA-18) which generates the 1.8V from the 3.3V power supply. U (Pi) shaped 
I 

capacitor - inductor-decoupling circuits were used to reduce the switching noise of one 

part of the circuitry from affecting another part. Various combinations of 0.00l)xF, 

0.01|iF, 0.1 fiF, 10|iF , 22|.iF and 220fxF capacitors depending on the noise frequency that 

is present on a particular power supply, were used to do the decoupling. For example 

VDDA, which is the 1.8V analog power supply has 1.25GHz noise on it. For decoupling 

this power supply a combination of 0.001|j.F, 0.01|xF, 0.1|a.F, lOjitF and 220|iF capacitors 

was used. VDDIO, which supplies the VO part of SLK2504, has 622MHz noise on it. For 

decoupling this power supply a combination of O.OljuF, 0.1|iF, 10)iF, 22|iF and 220(lF 

capacitors was used. The lower the noise frequency the higher the capacitor that should 

be used to reduce the effective impedance that it presents to the noise. 

The analog and digital grounds were connected together for this particular 

application but isolated from the frame ground, which is connected to the metallic 

enclosure of the system. 
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Figure 4.6 MSA Power Distribution Schematic. 
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4.2.2 SLK2504 Schematics 

4.2.2.1 SLK2504 Channel A Schematic 

Figure 4.7 represents the channel A connections of SLK2504 with the rest of the 

system. The transmit (TX) and receive (RX) differential data pairs are connected to the 

corresponding pins of the 300-pin MSA connector. The TX differential input clock traces 

are AC coupled to meet the 300-pin MSA standards. Only one pair of clocks is used for 

recei\ ing as well as transmitting data on the parallel side for all four SLK2504 Channels 

since it is configured to operate in OC-192 mode with the parallel TX and RX data bus 

being 16 bit wide. Channel A clock (TCAP/N) is the clock that is used to synchronously 

receive or send the data in all four channels. There is a differential clock pair 

(TCIAP/N), which is generated by the SLK2504 to the downstream device (i.e., framer) 

that could be used by the downstream device to transmit data back to the SLK2504. Once 

again only, this clock signal is the one that is being used here with the remaining three 

(corresponding to channels B, C and D) being just terminated. The TX and RX serial 

differential channels of SLK2504 are connected to the corresponding channels of 3101 

through the hierarchical ports. Since the clock is extracted from the data internally by the 

RX side of both SLK2504 and 3101, clocks are not transmitted or received on the serial 

side. 
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Figure 4.7 SLK2504 Channel A Schematic. 
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4.2.2.2 SLK2504 Channel B Schematic 

Figure 4.8 represents the schematic for the connections of Channel B of SLK2504 

with the rest of the system. The connections are the same as those of Channel A except 

that the output clocks TCIBP/N and RCBP/N are left unconnected and the input clock 

TCBP/N which was differentially pulled high to avoid random noise from affecting the 

functioning of the SLK2504. 
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Figure 4.8 SLK2504 Channel B Schematic. 

4.2.2.3 SLK2504 Channel C Schematic 

Figure 4.9 represents the schematic for the connections of Channel C of SLK2504 

with the rest of the system. The connections are the same as those of Channel A except 

that the output clocks TCICP/N and RCCP/N are left unconnected and the input clock 

TCCP/N which was differentially pulled high to avoid random noise from affecting the 

functioning of the SLK2504. 
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Figure 4.9. SLK2504 Channel C Schematic. 

4.2.2.4 SLK2504 Channel D Schematic 

Figure 4.10 represents the schematic for the connections of Channel D of 

SLK2504 with the rest of the system. The connections are the same as those of Channel 

A except that the output clocks TCIDP/N and RCDP/N are left unconnected and the input 

clock TCDP/N which was differentially pulled high to avoid random noise from affecting 

the functioning of the SLK2504. 
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Figure 4.10 SLK2504 Channel D Schematic. 

4.2.2.5 SLK2504 Control and Status Signals Schematic 

Figure 4.11 represents the controls and status pin connections of the SLK2504 

with the rest of the system. The control inputs that need to be changed later, such as 

LOOPTN, LOOPEN, RPTN, RDON, RSTN, MDEN, MDIO, MDC, REFSEL and 

reference clock RFCP/N are externally provided and hence are connected to the 

corresponding pins of the 300-pin MSA connector. Control inputs that would not be 

changed later such as DISTRIB, SEL_EN, SELB, SELC, ENABLE, PRBSSEL, 

PRBSEN and FRAMEN are set to their default internal settings by leaving them open. 

Inputs such as TSTM, PREl, PRE2, and PSYNC that have to be set to the opposite of 
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their default settings are pulled high or low depending on the configuration. Then there is 

the VSR pin, which was connected to two resistors (one pull-up and one pull-down). 

Depending on the customer's requirements one of the resistors can be mounted on the 

board. 

There are dual function pins, which are either control inputs or status outputs 

depending on MDEN conti-ol input. An Octal tristate buffer (SN74LVCH245A) was used 

to send in the control inputs only when MDEN is high and tristates (high impedance state 

- equivalent to an open) its output when MDEN is low allowing the rest of the circuitry 

to use the status outputs from the same pins. These dual function pins represent LIA, LIB, 

Lie. LID, LOSC, LOSD, OIFM when MDEN is low, out of which LIA, LIB, LIC, LID 

signals are logically ANDed to generate the RXLOCKERR signal. LIX indicate an error 

(go to low from high) when the phase difference of the input data stream differs from the 

reference clock by more than 150ppm (parts per million). This RXLOCKERR is buffered 

out using a single tristate buffer (SN74AHC1G125), which enables the signal only when 

MDEN is low. 

There is a set of pins with dual functional outputs depending on the OIFM input. 

These are FSYNCX/PRBS_X (where X is A, B, C or D). These are just connected to a 

test point (a via in which a vertical metallic pin can be mounted) on the board so as to be 

able to be monitored during testing of the system. 

There is a three-pin header provided to access the MDIO (bi-directional serial 

pin) and MDC (MDIO clock input) pins of SLK2504 to set control registers or to view 
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status registers. (These are memory places in SLK2504 from which inputs are taken or 

status outputs are written into.) 
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Figure 4.11 SLK2504 Control and Status Signals Schematic. 

4.2.2.6 SLK2504 Power Distribution Schematic 

Figure 4.12 represents the power supply details of SLK2504. SLK2504 needs 

3.3V and 1.8V power supplies to function. Though it needs just 2 different power 

supplies, it has to supply power internally to significantly different blocks. To overcome 

the problem of the noise of one circuit block from affecting the other, the main 1.8V 
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power supply is split into 4 isolated (by use of inductor in the MSA power schematic) 

1.8V supplies. 

These are lp8VDD, which supplies power to the internal core logic, VDDIO, 

which supplies power to the LVDS I/O block, VDDA, which supplies power to the 

analog parts, and VDDPLL, which supplies power to the internal PLL (Phase Lock Loop) 

circuitry. 

Capacitor banks are provided on each of these supplies, and care is taken to 

mount these very close to the device to maximize their effect. 

The analog and digital grounds were connected together for this particular 

application. 
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Figure 4.12 SLK2504 Power Distribution Schematic. 
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4.2.3 Alvesta's 3101 Schematics 

4.2.3.1 Alvesta 3101 Channels Schematic 

Figure 4.13 represents the connections of Alvesta's 3101 TX and RX serial 

differential channels with the rest of the system. The TX lines are directiy connected to 

the serial TX outputs of SLK2504. The RX serial differential channels were 

recommended by Alvesta to be AC coupled to SLK2504 RX serial inputs and hence the 

0.047|iF capacitors connected in series. 
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Figure 4.13 Alvesta 3101 Channels Schematic. 

4.2.3.2 Alvesta's 3101 Controls and Status Schematic 

Figure 4.14 represents the controls and status connections of 3101 with the rest of 

the system. It has TX_EN as one control input. A single input inverter is used to switch 

the polarity of the input signal to follow the 300-pin MSA spec. TX_EN input 
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enables/disables all the VCSEL transmitters. It is connected to LSENABLE pin of the 

300-pin MSA connector. TX_FAULT (this needs an inverter) and SD are the two status 

outputs connected to TXALMINT and RXSIGALM pins, respectively, of the 300-pin 

MSA connector. 

MC_IO is a CMOS compatible microcontroller I/O. It enables external 

monitoring of transceiver functions. It is connected to one of the NUC (no user connect) 

pins in the 300-pin MSA connector since it is not part of the standard 300-pin MSA spec. 

MC_IO and SD are connected to 3.3V through pull-up resistors based on Alvesta's 

recommendations. 
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Figure 4.14 Alvesta 3101 Controls and Status Schematic. 

4.2.3.3 Alvesta 3101 Power Distribution Schematic 

Figure 4.15 represents the power distribution connections of 3101. 3101 requires 

only one 3.3V power supply. Based on Alvesta's recommendations separate decoupling 



circuits have been provided for the transmit and receive parts of the device. The transmit 

power supply also supplies power to the microcontroller. 
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Figure 4.15 Alvesta 3101 Power Distribution Schematic. 

4.2.4 Overall System Power and Reset Schematic 

Figure 4.16 represents the reset and power monitoring schematic for the entire 

system. This circuit generates the reset signal RSTN if either of TXRESET or RXRESET 

or TXFIFO_RES goes low. The reset signal is also generated if either of the 1.8V or 3.3V 

power supplies falls below 1.62V or 2.93V. respectively. The circuit consists of three, 2 

input AND gates two of which are used to logically AND the RXRESET, TXRESET, 

TXFIFO_RES signals to generate a manual reset signal. This manual reset signal is fed 
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into the nMR pin of TPS3125J18DBVR and TPS3825-33DBVR devices which in turn 

generate the reset signals. These reset signals are then logically ANDed to generate the 

RSTN signal. This RSTN signal is connected to the RSTN input of SLK2504. 
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Figure 4.16 Reset and Power Monitoring Schematic. 

4.2.5 Main Block Diagram 

Figure 4.17 represents the main block diagram of the entire system. This 

schematic comprises of interconnected hierarchical blocks. These blocks are referenced 

to the individual schematics and the hierarchical ports are extracted using ORCAD^"^ 

itself. Once all the hierarchical blocks are created and the hierarchical ports extracted, 

they are interconnected to complete the design of the system. 
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Figure 4.17 Main Block Diagram. 

4.3 Design Verification 

4.3.1 Circuit Verification 

The prevention of errors is very important in any design, especially so in this case 

since this is a system level reference design which is being used to identify problems in 

the device application. Only through discussions and review sessions can the circuit 
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schematic be verified. This is because of the complexity of the circuit and the 

una\ailability of tools to completely simulate circuits at this level. 

One-on-one constant feedback from application engineers, device designers, and 

customers resulted in a preliminary schematic. Multiple schematic reviews were held 

with all the engineers present resulting in further changes to the schematic - a process 

that was repeated until every aspect of the circuit was fully analyzed. Once the schematic 

w as approved by all engineers, it was officially released to layout. 

4.3.2 Layout Verification 

The layout process is a very complex process because of the signal speeds 

invohed. The maximum signal speeds in the case of this design is 2.488 Gbps. The 

following are the general rules that were followed to make sure that the layout process 

was flawless: 

a. Separate digital and analog power supplies were provided using split power 

planes. Split power planes were provided instead of separate planes for 

different power supplies to reduce the thickness of the PCB. 

b. No high-speed signals were routed across split power planes. This is to 

prevent noise due to the absence of a direct path for the return current. 

c. All planes (signal and power) were sandwiched between ground planes to 

prevent the noise coupling from adjacent layers. 

d. The differential signals were loosely coupled (Distance between the traces is 

at least three times the trace width (3D rule)) to prevent noise due to coupling 
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when the traces aie run over large distances. Because of the high trace and via 

density on the PCB the differential traces had to be routed around them. This 

resulted in their being apart most of the distance between source and 

destination. 

e. No two signal traces were ever allowed to cross each other. 

f. Very tight impedance control was imposed on all the traces. 

Once the layout was complete, discussions and review sessions were held to make 

sure that all the generally accepted principles of layout were followed. Then the layout is 

released to the board shop for board fabrication. Figure 4.18 gives the final layer stack-

up. 
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Figure 4.18 Reference Design PCB Layer Stack-up 
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CHAPTER 5 

RESULTS 

5.1 Problems with the Boards 

When the first revision of the board came from the board shop, two of them were 

assembled with the working FIB'd parts. The test setup (Figure 5.1) was already in place 

to be ready for the assembled boards. The test setup consisted of a data source, a data 

analyzer and an EVM. An Agilent™ 81250 ParBERT (Parallel Bit Error Rate Tester) was 

used to pump in the data and to verify the output data. A "300-pin MSA Based Optical 

Transponder Test Fixture" was used to interface between the reference design and the 

BERT. 

Both the assembled boards failed to pass the tests that were conducted on them. 

The potential causes for the failure of the tests were identified to be the BERT, the 

reference design and the test fixture. 
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All the efforts were concentrated on the two PCBs (the reference design and the 

test fixture) because the BERT was known to work, from previous projects. The starting 

point of any the debug process is ascertaining the signal integrity - right from its source 

to the destination. In this case, it was found that the some of the signal waveforms were 

distorted \eiy badly at the pins of the device. Some signals were never present at the 

inputs of the device. 

The test setup was further analyzed using the Tektronix™ communication 

analyzer CSA 8000. Time Domain Reflectometry (TDR) analysis was done on the input 

and output headers of the test fixture with the reference design plugged into it. This is 

done to get the impedance details of the signal path that is being tested. In this process, 

the scope sends out an impulse to the signal path that is being analyzed and catches the 

reflections that arise from it. It was found that many paths had discontinuities which 

resulted in them having impedance other than the specified lOOQ differential (for LVDS 

inputs) and open circuit (for LVDS outputs). 

Once the bad signal paths were identified the next step was to narrow it down to 

either the test fixture or the reference design. A Digital Multimeter was used to identify 

the source of discontinuities that arise due to physical breakdown in the path. By splitting 

the entire signal path into parts and measuring the impedance across each part, the 

discontinuities in the signal paths were narrowed down to the vias in the reference design. 

They were not full shorts. 
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This problem with the vias was seen before in other PCBs. So this was ah-eady a 

known problem, the source of which lay at the Board shop. This problem called the 

"cracked via problem" has the following symptoms: 

a. The vias, which ideally should be shorts, show impedance any where between 

a short and an open circuit. 

b. The impedance of the vias increases with one temperature cycle, which occurs 

when parts are mounted on the PCB. Subsequent temperature cycles continue 

to deteriorate the vias until they become opens. 

This was verified by subjecting the reference design to multiple temperature 

cycles and recording the number of bad vias after each cycle. The vias deteriorated with 

each temperature cycle. The board was cross-sectioned to verify the fact physically. 

Pictures of the cross-section were taken for the record. The arrows in Figure 5.2 show 

that there were indeed cracked vias. 
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Figure 5.2 Picture of the Cracked Vias 

Cracked vias arise because of improper process control during the board 

manufacturing process. Subsequent revisions of the board with the same dielectric 

material (GETEK™) but with tighter process control resulted only in a marginal 

improvement. This forced the use of a more costly dielectric (FR4™) with filled vias. 

Finally, with FR4™ as the dielectric and with filled vias as opposed to through hole vias 

the boards were built without any problems. This time the boards were built with the next 

revision of the parts. 
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5.2 Results 

This time the board was built, assembled and tested successfully using an Agilent 

81250 BERT. The board was put in optical loopback and it successfully passed 2'̂ 31 

PRBS data. Figure 5.3 shows the top and bottom views of the board. 

Top View 

Bottom View 

Figure 5.3 The System Level Reference Design PCB 
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CHAPTER 6 

CONCLUSIONS 

The reference design was intended to serve as an additional means of testing the 

device before it is released to the customer. This additional testing is conducted by 

placing the device in an actual system. The purpose of this additional testing is to identify 

system level problems with the device before it is released to the customer. 

The successful demonstration of the System Reference Application demonstrated 

the effectiveness of the device in a system. This success did not give scope for identifying 

any problems with the device. This success also helped in beating the competition. This 

also demonstrated the effectiveness of the device without any additional cost to the 

customers in terms of their own time and money. A working reference design also 

enhances the image of all the components involved in it. 

Given the success of this attempt at a reference application all the devices that are 

going to be designed in the future should have a reference application as part of their test 

strategy. A lot of possibilities for innovation are in the design of a reference system. This 

by itself is an excellent learning vehicle when it comes to understanding the behavior of 

the device from a systems perspective. This helps in a better design for the next 

generation of the devices to meet the higher demands of the market. 
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APPENDIX A 

ORCAD™ DESIGN GUIDELINES 
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ORCAD™ Design Guidelines 

The following are the general guidelines that need to be followed while drawing an 
ORCAD™ schematic. These guidelines while not being exhaustive or rigid should not 
prevent the user from making some intelligent decisions or from improving/adding, 
existing/new rules himself to reduce the possibility of errors creeping into the schematic. 

1) Divide the drawing up into logically separate parts and allocate one sheet to each 
part with one main sheet that integrates all the above sheets. 

2) Ne\'er edit a part/device in the drawing itself - instead edit it in the library from 
v\'hich it was taken and replace the cache for the part with that new part. 

3) Sa\e the existing drawing in the next version number and then only start editing 
it. Make sure that the project number and the design number match. 

4) Add the comments in the main sheet, which give complete details of the changes 
that you made to that schematic which led to a new version. You should also give 
details regarding the date and the owner of the change to better document the 
changes. 

5) Change the version number in the title block before you send out the schematic to 
the layout person or to another person (for reference purposes). 

6) When you do DRC check for off page parts and off grid parts. Let it generate 
DRC markings for every DRC error/warning so that you will be able to visually 
check/verify the problem before taking any action on it. 

7) Never leave any major connection unlabled/unaliased to prevent ORCAD"̂ "̂  from 
assigning its own alias or netname to it. I am talking about the Shift-i-n usage. 

8) Never let more than three lines/wires emerge from one point to prevent 
misunderstandings that might arise in the future. This is to differentiate between 
two lines just crossing each other and two lines with a connection between them. 

9) Should use busses wherever applicable to enhance readability of the document. 
Cleanup the main sheet of the document so that it has the least number of wire 
crossings - once again to enhance readability. Add comments wherever possible 
so that the Layout person does not make any mistakes due to his lack of 
experience regarding a particular matter. 

10) Never delete any part once the document is released to the Layout person if the 
software that the guy is using does not support gaps in the part numbering in the 
document. Always do only incremental update if you have to add any new parts to 
the document. However, make sure it passes the DRC each time you make any 
particular change to the document. 
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APPENDIX B 

GENERAL PURPOSE TEST BOARD TO TEST OPTICAL TRANSPONDERS 
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Figure B.l General Purpose Test Board to Test Optical Transponders. 
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