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ABSTRACT 

The ability for customers to quickly and effectively evaluate general-purpose data 

converter devices is an important topic that semiconductor manufacturers must address. 

These systems must be simple enough to quickly and cheaply develop, while still 

allowing a complete evaluation platform for the target device(s). The integration of 

dense digital logic into the evaluation module design in the form of CPLD or FPGA 

technology can provide this ability. This paper documents the design of such an 

evaluation module, using a CPLD to implement logic control for host-less operation of 

multiple ADC and DAC devices. Also included is the design of a PC-to-EVM system 

using Visual Basic 6.0^" ,̂ which allows the customer to evaluate the target ADC(s) using 

a PC interface and GUI. Each of these techniques developed for a data converter 

evaluation module can be used to address these same issues for a wide variety of devices. 
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CHAPTER I 

INTRODUCTION TO EVALUATION MODULE DEVELOPMENT 

The ability for customers to evaluate new products is a vital step in gaining 

market acceptance for both cutting edge technology and penetration into existing 

markets. It is not always sufficient to simply provide customers with product samples, 

especially if the product is unfamiliar to the user. The ability for customers to quickly 

and inexpensively evaluate new devices is absolutely necessary in order for their system 

to be brought to market on time. In the cut-throat market of catalog products (mass-

market devices), the responsibility falls on the device manufacturer to release not only a 

cheaper, faster, and differentiated part, but also to create a system tailored to fully 

evaluate the performance of that part. Without this "test" system, the device manufacturer 

gives an edge to competition that is very difficult to overcome in developing markets. 

The consequences are more severe when trying to penetrate existing markets, which is 

almost always the case with the manufacture of catalog products such as general-purpose 

data converters. 

The goal of this project is to develop enhanced features for the evaluation systems 

of general-purpose data converters as well as to make these systems faster and cheaper to 

create. In this case, general-purpose products consist of analog-to-digital converters and 

digital-to-analog converters (ADCs and DACs, respectively) with resolutions between 8 

and 16 bits and conversion rates of less than 1 MHz. These products are capable of being 

integrated into numerous applications from industrial equipment for monitoring and 



control to personal digital assistants (PDAs). ADCs and DACs with resolutions greater 

than 16 bits and conversion rates in excess of 1 MHz are generally targeted for specific 

applications such as communications systems and video products and are priced at a 

premium that does not cater to the mass market. The broad degree of applications for 

mass-market data converters (MMDCs) requires devices with as many options as 

possible: internal/external oscillators and voltage references, serial/parallel interface, DSP 

(digital signal processor) and microcontroller support, multiple input/output (I/O) 

channels, etc. As if that alone was not a difficult enough task, all of this flexibility must 

be designed at a cost that allows the device to be integrated into mass-market consumer 

products. This means the devices must be cheap; in many cases less than $1. 

The device flexibility and low cost simply allows the data converter to be 

considered by customers in their designs. These are the critical steps needed to produce a 

product acceptable in the marketplace. Customer evaluation of the device has not even 

been considered at this stage. This step really defines a product's worth to the customer. 

The flexibility of the ADC/DAC and its ability to be integrated into the customer's 

system completes this step. An effective way to accomplish this is with an evaluation 

module (EVM). Generally, the customer's criteria for an EVM includes low purchase 

cost, ease of use, and device performance. Ease of use and low cost work against each 

other in many cases. Simple operation for the user means more complex design of the 

EVM. This increases EVM design and test time and makes the module more expensive 

for the customer. The manufacturer also has a set of criteria that include low production 

cost, device showcasing, time-to-market and the ability to fully evaluate the target 



product. These are some of the issues that must be addressed by the semiconductor 

manufacturer when bringing MMDCs to market. 

Figure 1.1. Typical EVM Board 

A typical EVM is shown in Figure 1.1 above. The EVM has been dissected to 

show the different operational blocks. These include input/output signal conditioning, 

loopback control interface, ADC/DAC elements, and power conditioning. Some of these 

areas will be elaborated on in the following chapters. 

The remainder of this thesis details the development of an evaluation module 

targeted for a specific family of data converter products. This model could also be used 

to address the EVM requirements for a number of other devices. The following chapter. 

Chapter II - "EVM Background" develops an understanding of some past and current 



evaluation module features. A detailed overview of the limitations associated with 

current designs are discussed and a proposed solution to overcome these issues is covered 

in Chapter III - "EVM Design Enhancements." 

Chapter IV, "EVM Hardware," details the development of the stand-alone control 

of the proposed EVM and the control logic necessary to establish communication 

between the EVM and PC. Design tools and the implementation will be discussed, along 

with state diagrams of the designed logic. Timing and state characteristics are briefly 

discussed. 

Chapter V, "PC-EVM Application Software," discusses the added computer 

control of the EVM and the requirements of such a feature. This is followed by a 

software solution along with a discussion of the application's design. 

A summary of the proposed EVM's development and results are given in Chapter 

VI with conclusions established in Chapter VII. 



CHAPTER II 

EVM DEVELOPMENT BACKGROUND 

Ease of use for the customer and the ability to allow complete device evaluation 

continually changes the way EVMs are designed. Early EVMs were relatively simple in 

design. As products became more complex and device families grew, more consideration 

was given to EVM design. Another important driver in the development of the 

evaluation module is customer requirements. All of these elements lead to the 

progression of the evaluation module to its current state. 

Early general-purpose data converter evaluation modules consisted of a single 

ADC or DAC, simple power supply conditioning and input/output signal conditioning. 

Microcontrollers were designed onboard to handle I/O and define the operational mode of 

the ADC. The addition of a microcontroller requires additional space on the EVM and 

increases the cost of the system which is passed on to the customer. Consequently, 

discrete components were often used in place of a microcontroller in order to provide the 

•I 

necessary interface timing allowing loopback control. 

Loopback or "stand-alone" operation refers to the ability for data output from the 

ADC to be "looped back" to a DAC without requiring an external control signal provided 

by the user. (Loopback also refers to the ability for the analog output of the DAC to be 

connected to the analog input of an ADC."̂ ) This "stand-alone" feature plays an 

important role in the customers' ability to quickly and easily test the target device (ADC 

or DAC). The fast and widely growing use of digital signal processors (DSPs) adds 



another requirement to the development of EVMs. The evaluation modules must be able 

to not only work in stand-alone mode and with a broad range of microcontrollers, but also 

be compatible with current DSP protocols. Figure 2.1 below shows a graphical 

representation of the changes in design methodology for evaluation modules. 

Early EVMs 

Backbone for device 
eval: i.e. power, I/O 
connections. 
Host needed. 

Intermediate Methodology 

> 

Added standalone control 
and DSP compatibility. 

Supports only one or two 
target devices and I/O 
conditioning. 

Developing Approach 

> 

Multiple Device support 
within families. 

PC-EVM control and 
data capture. 

CPLD/FPGA logic design 
reduces design change 
impact on time-to-market. 

Figure 2.1. Evolution of the Evaluation Module. 

The latest EVM related to this project is the Multi-Converter EVM. This board 

5,6 
was developed with a number of goals in mind. ' The first was that it would be able to 

support multiple combinations of ADCs and DACs. This allows the customer to evaluate 

a number of similar devices with the purchase of a single EVM. The second goal was 

that the EVM must support loopback of the ADC's digital output to a compatible DAC 

allowing operation of the EVM without requiring host control. Some of the data 

converters compatible with the Multi-converter EVM are listed with a short description in 

Tables 2.1 and 2.2 for ADCs and DACs, respectively, on the following page. 



Table 2.1. Supported ADCs and cc 
Part# 

Channels 

Type 

Resolution 

Reference 

Output 

Sample Rate 

Package 

TLV2541 

1 

single-ended 

TLV2542 

2 

single-ended 

)rresponding device specifications.^'^ 
TLV2545 

1 

psuedo-differential 

TLC2551 

1 

single-ended 

TLC2552 

2 

single-ended 

TLC2555 

1 

psuedo-differential 

12-bits 

External 

Serial 

200 ksps 400 ksps 

8 MSOP/SOIC 8-MSOP 8 MSOP/SOIC 8-MSOP 

Table 2.2. Supported DACs and corresponding device specifications.^ 
Part# 

Channels 

Resolution 

Reference 

Settling Time 

Output 

Package 

Part# 

Channels 

Resolution 

Reference 

Settling Time 

Output 

Package 

TLV5625 TLV5618 TLV5637 TLC5617 TLV5626 

Dual Channel 

8-bits 

Int/Ext 

2.5US 

12-bits 

Ext 

2.5us 

10-bits 

Int/Ext 

0.8us 

10-bits 

Ext 

2.5US 

8-bits 

Int/Ext 

0.8US 

Serial 

8-SOIC 

TLV5636 

8-SOIC/20-LCCC 

TLV5616 

8-SOIC 

TLV5606 

8-SOlC 

TLC5624 

8-SOIC 

TLV5623 

Single Channel 

12-bits 

Int/Ext 

I.Ous 

12-bits 

Ext 

3.0us 

10-bits 

Ext 

S.Ous 

8-bits 

Int/Ext 

I.Ous 

8-bits 

Ext 

3.0US 

Serial 

8-SOIC/MSOP 8-SOIC/MSOP 8-MSOP 8-SOIC/MSOP 8-SOIC/MSOP 

The Version I EVM for this family of devices has already been developed (Part # 

-10 MULTI-CNVTR-EVM'"). This was the first EVM of its kind to implement multiple 

ADC and DAC target device compatibility by utilizing device sockets onboard. All six 

of the devices in Table 2.1 are compatible with the EVM as well as the ten DAC products 

listed in Table 2.2. 

The Version I EVM consists of two important elements. These are loop-back 

control (also known as Stand-alone Mode) and DSP interface. The loop-back element 

provides logic to exercise the data converter(s) without requiring the user to provide 



control signals. When operating in loop-back mode, the user need only pro\ ide pow er, 

an input signal (an onboard signal generator is available), and an oscilloscope to view the 

output. The EVM loop-back logic provides all control to the ADC and DAC in order to 

sample the analog input, convert it into a digital signal, then convert it back to an analog 

signal as well as providing test points for each step. This mode of operation is important 

in that it allows the user to verify the functionality of the ADC, DAC or both with 

minimal effort on his/her part. Loop-back control becomes more and more difficult to 

provide with increasing complexity of control signals to. from, and between ADCs and 

DACs such as increased channel density and control register length. 

The time-to-market of the EVM is very closely coupled to the loopback design 

element of the EVM. The existing Muti-converter EVM utilizes three PAL devices to 

create the state machine needed to provide loopback control, which allowed for very 

minimal re-design after board layout. Any issues with ADC or DAC control signals 

and/or EVM design could not be easily corrected without re-design and layout of the 

entire EVM and PAL logic re-routing. 

Figure 2.2 on the next page represents the design and implementation process of 

the development of an EVM. A critical point occurs between the time the design is 

finished & tested and when the EVM is put on the production line. This point is the 

debug/redesign of the EVM. This step is necessary when the original EVM design was 

flawed or when the target device sustained control specification changes. The first case 

can be avoided by using careful design techniques and prototyping. Unfortunately, there 

occasionally exists the case when the target device changes during the EVM design 



phase. This can occur after a prototype EVM is verified and before the first production 

grade EVMs are tested. When this occurs, a full EVM redesign is often necessary if 

discrete logic or PAL devices were used for the standalone control or interface 

conditioning, delaying the timely release of the EVM. 

Develop EVM Goals 
and preliminary design 

^ 

ks 

Refine design and 
establish compatible 
target devices. 

Critical Step 

Debug and re-design 
EVM 

Z2 
Breadboard design & test. 
(1^' run: test w/ prelim 
devices if necessary.) 

mm 

p 

i 

Determine prototype 
and production EVM 

discrepancy. ^ 
Tab^ate EVM design 

Test Boards with final 
devices from foundry. 

NO 

YES 

^ i s c r e t ^ o g ^ n d / o ^ A O o g i ^ a n t t ^ ^ ^ n ^ 
EVM must be redesigned to accommodate 
changes in control signal functionality. 

Send EVM to 
Production 

Figure 2.2. EVM Design and Implementation Flowchart. 

The second important Version I EVM element is the DSP control. This mode 

allows users to integrate the power and speed of DSPs with the data converter products. 



Marketability for both products increases when presenting a "complete solution" to the 

user. The DSP external host interface allows for the customer to more fully evaluate the 

target device(s). Unfortunately, this flexible control option may be a barrier to e\ aluation 

of the data converter(s) due to the leaming curve needed if the user is unfamiliar with 

DSP programming and operation. Another concern is interface compatibilit\ with 

multiple DSPs, which is often not easily implemented. Customers often have different 

DSP development kits, each with varying pinouts to the EVM. While the EVM is also 

compatible with some microcontrollers, the same barriers to evaluation are applicable as 

well. Additional host support that allows quick evaluation is needed in order to eliminate 

these issues. 

Another element worth mention is the overall design of the EVM. This phase is 

important as to how easily the customer can use the EVM and adapt it to his/her 

application. A certain degree of accessibility to I/O and control lines must be given as 

well as adequate breadboard area. This allows the customer to not only test the 

performance of the device(s) but also determine the feasibility of the /\DC/DAC within 

the target system or application. Figure 2.3 summarizes each of these areas of interest. 

Version I EVM 
PAL Standalone logic implementation. 

3 PALs needed. 
logic change = EVM redesign. 

DSP/Microcontroller Interface. 
Physical Breadboard Area and device 
footprints. 

Figure 2.3. Version I EVM Elements. 
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CHAPTER ni 

EVM DESIGN ENHANCEMENTS 

The goal of designing Version II of the Multi-converter EVM was to enhance 

each of the previously discussed elements in order to eliminate the downside to each 

option. Enhancements to the loop-back control consisted of using a CPLD (complex 

programmable logic device) instead of the previously used discrete logic and/or PAL 

devices. The goal was to reduce EVM layout size and provide a dense design tool for 

controlling multiple ADC/DAC combinations. This allows the evaluation of multiple 

devices using a single EVM without sacrificing board area and precious design time. 

/ Version I EVM 

PAL Standalone logic implementation. 
3 PALs needed. 
logic change = EVM redesign. 

DSP/Microcontroller Interface. 
Physical Breadboard Area and device 
footprints. 

/ 

> 

K 
Project \ 
Goals / 1/ 

/ Version II EVM 

CPLD Standalone Design. 
reduce board size. 
make logic changes tolerable. 

PC Host Mode 
- via CPLD logic for I/O. 
Added 'Digital Breadboard' via 
CPLD for additional flexibility. 

A 

/ 

Figure 3.1. EVM Version Comparison Block Diagram 

Interface enhancements implemented in Version II also allow not only EVM 

control using a host DSP or microcontroller but also a direct PC-to-EVM interface 

capable of exercising the target device(s). Development of the PC interface was the main 

goal in revising the Version I EVM. An easy-to-use PC interface eliminates the device 

11 



evaluation dependence of DSP understanding. In addition, the PC-EVM interface 

provides a very portable demonstration of the EVM to customers. The CPLD plays an 

important role in the loopback control design as well as the enhanced interface design. It 

provides the CODEC (COde-DECode) logic necessary to allow a PC and the EVM to 

communicate via the PC's parallel port. 

A byproduct of using CPLD technology enhances the actual EVM design and 

layout. In addition to providing loop-back control and PC-to-EVM CODEC logic, the 

added CPLD establishes a "digital breadboard" for user customization. This in addition 

to the physical breadboard area provides the customer with improved EVM adaptability 

to their target system. 

The underlying goal of each enhancement was increased flexibility of the EVM, 

facilitation of quick EVM design, and expanded target device evaluation. The 

development and description of the EVM design and assessment of its effectiveness are 

contained in the following chapters. 

12 



CHAPTER IV 

EVM HARDWARE 

4.1 Overview 

The Version II Multi-converter EVM was developed by designing a daughter-card 

that connected to the control lines of the original Version I EVM. This was an optimal 

method for developing the CPLD design because it facilitated quick and easy design 

debugging. This approach allowed for the Version II EVM control logic and PC 

interface to be designed without altering the original EVM's appearance or operation. 

The daughter-card connected only power, ground and the control lines for the ADC and 

DAC via the pin connectors shown in Figure 4.1. 

Figure 4.1. Version I EVM and interface pins for the Version II daughter-card. 

The daughter-card was designed to accomplish two goals through interfacing a 

CPLD with the original board. The first was enhanced standalone control. This element 

13 



of the CPLD replaced the original PAL logic and exercises all compatible combinations 

of ADCs and DACs. The second goal was to incorporate a PC host mode allowing PC 

control of the entire system. The CPLD provides the necessary interface logic needed for 

PC-EVM communication as well as for standalone operation. Figure 4.2 below 

illustrates the role of the daughter-card in the overall system. 

Version I EVM s^ 
y^ - ^ Daughter 

i ^^^ 
- 1 / 

• ^ 

PC 
Parallel 
Port 

Standalone 
Control 

ft 
PC Control 
Application 

Figure 4.2. EVM, daughter-card and PC interface summary. 

4.2 Standalone Mode Implementation 

The first goal of the CPLD design was standalone control. While the basic 

communication between the ADC and DAC are relatively simple, timing is critical in the 

correct operation of each device. '̂̂ '̂  The six basic control lines routed to the ADC and 

DAC as well as the system clock are shown in the Figure 4.3 on the following page. 
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Serial Data In 
System Clock 

Chip Select 
Frame Sync 

DAC 

111 

• • 

• • 

• • 

• • 

NC 
NC 
NC 
NC 

Serial Data Out 
System Clock 

Chip Select 
Frame Sync 

ADC 

JIO 

• • 

• • 

• • 

• • 

NC 
XC 
NC 
NC 

Figure 4.3. Control interface pins b/w the daughter-card and Version I EVM. 

These six control lines, along with the EVM clock, and power pins are the only 

connections from the daughter-card to the EVM. The control logic for the six interface 

11 lines was designed using Xilinx Foundation Express and implemented using a Xilinx 

12 
XC95108-15 CPLD.'^ Due to the sequential nature of the ADC and DAC control, the 

state-machine design tools provided by the Foundation package were an excellent match 

for the logic design. The resulting state-machine was translated into VHDL at which 

13 point the code could be directly edited. The state-machine for the standalone mode 

control consists of three parts. These are DAC reset and mode determination, single 

channel operation, and dual channel operation. Figure 4.4 on the next page illustrates the 

first of these three elements. 

15 



Counter:=0; 
CS ADC<='1'; 
CS DAC<='0'; 
FS ADC<='r: 
FS DAC<='r: 
DAC SDI<='Z'; 
SR7<='r; 
DR ln<='r; 
DR Out<='r; 
CR SR<='1'; 

RESET='0' 
CS_DAC<='1'; 

CS ADC<='Z': 
CS DAC<='Z'; 
FS ADC<='Z'; 
FS DAC<='Z': 
DAC SDI<='Z'; 

PC-Mode Entry Point 

Counter=16 FS DAC<='0'; 
DAC SDI<='0'; 
Counter:=Counter+1; 

Select Mode 

Standalone-Mode 
Entry Point 

DAC SDI<='Z'; 
Counter:=0; 

Figure 4.4. DAC reset and mode determination for Version II standalone control. 

The Xilinx finite state-machine (FSM) editor was used to develop the design 

shown in Figure 4.4 as well as each of the following state diagrams. The figure above 

details the operation of the CPLD after a reset signal is received. This is the entry point 

upon power-up for the CPLD. After reset/power-up, default signal outputs are declared 

in the 'ENTER' state, and the DAC output(s) are set to zero. This is done so that the 

DAC is not driving the load at the last written value when the system is reset. After 

resetting the single or dual channel DAC, the FSM determines the mode of operation. 

16 



The valid modes are DSP-host, PC-host, and standalone. When in DSP-host mode, the 

CPLD is effectively disabled. The DSP-host operation for the Version II EVM is 

identical to the Version I operation and interface.'^ The PC-host mode is explained 

further in section 4.3. The mode of operation is selected by the user via three dip 

switches and each cycle is initiated or reset via two pushbutton switches. The switches 

and their corresponding logic are shown in Table 4.1 below. 

rable 4.1. Daughter-card Switch Definitions 

ON 

OFF 

SWl 

SAML 
Standalone 
Mode 
Enabled 

Disabled 

SW2 

CH_SEL 

Dual 
Channel 

Single 
Channel 

SW3 

PC_ Active 

PCMode 
Active 

DSP Mode 
Active 

BPl 

Start 

Active 

Normal 

BP2 

Reset 

Active 

Normal 

• • *Ali 

''A 
I . _ - k 

c 

1 
Figure 4.5. Daughter-card Switches 

When SWl is on, the CPLD will operate in Standalone mode. SW3 is ignored 

and SW2 sets the CPLD to the correct number of ADC/DAC channels in the system. 

Under these conditions the FSM will transition to the "Wait_on_Start" state shown in 

Figure 4.4 on page 16. Pressing the 'Start' momentary push-button switch shown in 

17 



Figure 4.5 begins the conversion process. 'Start' is an active low signal that transitions 

the FSM into dual or single channel conversion mode selected via SW2. The single 

channel sampling path is shown in Figure 4.6. 

standalone-Mode Entry 

Single Channel 
Operation 

START='0' Counter:=0; 

Counter=4 

Counter:=0; 

Counter= 17 
Counter=75 

CS_ADC<='0'; 
FS_DAC<='0'; 
DAC_SDI<=ADC_SDO; 
Counter:=Counter+1; 

CS_ADC<='0'; 
DAC_SDI<='Z'; 
Counter:=Counter+1; 

Figure 4.6. Single Channel FSM Control. 

The first step is to set the four control bits of the DAC^ which are done in the 

'S_C_ADC' state in the figure. After four clocks the ADC chip select is set active and 

the conversion process begins. The ADC serial data line is switched to the data input line 

of the DAC on the fifth falling clock edge and continues for twelve clock cycles (12 bits 

at 1 bit per clock cycle). After the 12 bits are sent, the DAC updates the analog channel 

output to the voltage level corresponding to the digital input code and the DAC is 

deselected. The FSM proceeds to the 'Finish_TC' state. During 'Finish T C the ADC is 

completing the conversion of the next data sample to be read^'l This data is available 

18 



during the next pass of the FSM at the 'Out_DAC' step. After the ADC has been given 

adequate time to complete the conversion, 'Disable_CS' toggles the chip select control 

line to the ADC and the cycle repeats until a user-issued reset is detected. The dual 

channel cycle is similar to the single channel operation. Figure 4.7 below shows the dual 

channel operation of the FSM. 

ADC Reset 
standalone-Mode Entry Point Counter:=0;| 

FS ADC<='0': 
Counter:=Counter+1: 

Counter=4 

FS_DAC<='0'; 
DAC_SDI<='1'; 
Counter:=Counter+1: 

FS ADC<='1'; 

FS_ADC<='0'; 
DAC_SDI<="Z'; 
Counter:=Counter+1; 

Figure 4.7. Dual Channel FSM Control. 

The dual channel FSM operation adds an ADC channel reset after the 'Start' 

command and a second set of sample/convert steps to support the second DAC input 

channel. The "ADC Reset" action sets the ADC to Channel 0, from which the next cycle 

conversion will take place. Each 'Disable_CS' step toggles the sampled ADC channel 
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for the next sample/convert cycle. 'DACB_1' sets bit one of the DAC to a logic level 1, 

instructing the DAC to update Channel 1 with the following data. The 0 or 1 state of the 

first bit out to the DAC selects analog output channel 1 or 2 to be updated with the 12 bit 

data, respectively. The dual channel standalone cycle also repeats until a reset is issued. 

The three sections of the FSM discussed above complete the standalone design for the 

CPLD. 

4.3 PC-Host Mode Implementation 

The second element of the CPLD design is the interface between the EVM and 

the parallel port of a PC. This mode of operation allows the user to control the 

functionality of the EVM via the PC as well as retrieve digitized samples from the ADC. 

(The user interface and software are described in Chapter V.) The CPLD logic must 

decode the control signals from the PC and accordingly exercise the EVM and PC data 

I/O lines. Table 4.2 shows the available parallel port signal lines along with a short 

description. 
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Table 4.2. Parallel port interface pins.'^ 
Parallel Port Signal Lines at Connector 

Data Register (Base Address) 
Bit 
0 
1 
2 
3 
4 
5 
6 
7 

Pin: D-sub 
2 
3 
4 
5 
6 
7 
8 
9 

Signal Name 
Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 

PC Inverts? 
No 
No 
No 
No 
No 
No 
No 
No 

Status Register (Base Address+1) 
Bit 
3 
4 
5 
6 
7 

Pin: D-sub 
15 
13 
12 
10 
11 

Signal Name 
N Error 
Select 

PaperEnd 
NAck 
Busy 

PC Inverts? 
No 
No 
No 
No 
Yes 

Control Register (Base Address+2) 
Bit 
0 
1 
2 
3 

Pin: D-sub 
1 
14 
16 
17 

Signal Name 
nStrobe 
nAutoLF 

ninit 
nSelectIn 

PC Inverts? 
Yes 
Yes 
No 
Yes 

Daughter Card Function 
MSB-7 
MSB-6 
MSB-5 
MSB-4 
MSB-3 
MSB-2 
MSB-1 
MSB 

Daughter Card Function 
MSB-11 
MSB-10 
MSB-9 
MSB-8 

CPLD Status 

Daughter Card Function 
Mode/Initiate Cycle 
Channel Number 

Mode 
Reset 

The data register and status register provides the signals needed to transmit the 

conversion data from the CPLD to the PC as shown in Table 4.2. The upper 8 bits are 

communicated via the data register. Bits 3 through 6 of the Status register carry the 

lower four data bits of the conversion and bit 7 acts as the status output of the CPLD to 

the PC. Control bits 0-2 control the operation of the CPLD. CRO begins each mode and 

must be toggled to initiate the conversion. CRl and 2 are static during each conversion 

cycle and control the channel selection and I/O direction, respectively, of the system in 

PC-Active mode. CR3 acts as a PC controlled EVM reset signal allowing total control of 

the EVM from the PC interface. Figure 4.8 on the next page is a block diagram of the 

possible PC control situations. 
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Fast Data Capture 
Enter 'PC.Active' Mode / Mode Selected 

Based on SWl-3 
and CRO-2 

Slow Data Capture 

Figure 4.8. Block diagram of PC control modes. 

The two modes supported are for fast and slow data capture. In fast mode, the 

ADC converts at its maximum sampling rate and the serial-to-parallel data sent to the PC 

is refreshed each cycle. The PC is responsible for reading this information without 

communicating to the CPLD after the cycle begins. This allows the PC to read the data 

very quickly because no handshaking between the CPLD and PC is needed. With this 

speed increase, the resolution of the conversion is reduced to 8 bits from a possible 12 

bits. This is due to the width of the data register corresponding to the parallel port. Each 

time the ADC converts a sample, the CPLD updates DR bits 7-0 and SR bits 6-3 with the 

result. Since the Data and Status registers cannot be read simultaneously in software, the 

two registers could not be guaranteed to be from the same conversion without PC-EVM 

handshaking. In this mode, resolution is sacrificed for speed. Figure 4.9 on the next page 

better illustrates the fast mode operation. Shown in the figure is the FSM corresponding 

to the fast mode data capture cycle. Fast operation is specified for the single channel, 

400ksps ADCs only. These are the TLC2551 and TLC2555 ADCs. The single channel 

limitation is also due to the absence of handshaking between PC and CPLD that is 

necessary to distinguish channel number. 

0 0 



CR0='0'AndCR1='Q' 

PC-Mode Entry Poinl] ^^dC^'l' [ S R 7 ^ ^ 

Counter:=0; 

Fast Data Capture 
PC Mode 

CS_ADC<='0'; 
Data(Counter):=ADC_SDO; 
Counter:=Counter+1; 

CS_ADC<='0'; 
Counter:=Counter+1; 

Figure 4.9. Fast Mode ADC Data capture FSM. 

Fast data capture mode is entered through the 'PC_Active' state when SWl is off 

and SW3 is on. The correct CRO-2 values moves the FSM to the 'ADC_Fast' state, the 

entry state to fast mode data capture. Toggling CRO initiates the data capture cycle. The 

ADC is instructed to convert and the retrieved conversion data is updated to the data 

register inputs of the PC port at the 'Disable_CS_PC' state. The 'DataHold<=Data' 

instruction moves the stored ADC data to the corresponding PC port inputs. On the next 

clock, the cycle restarts. Total cycle time is 61 clocks or 3.05us. 

The slow mode operation is the second data capture mode available. This mode 

validates each conversion with handshaking between the PC and EVM. This allows the 

PC to read both the data and status registers for each conversion before the ADC begins 

its next cycle, as well as distinguish channel number. The PC-EVM handshaking via 
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SR7 and CRO increases the resolution to a full 12 bits at the expense of a slower data 

capture rate dictated by the PC. The FSM designs for single and dual channel, slow data 

capture are shown in Figures 4.10 and 4.11. 

Slow Data Capture PC 
Mode, Single Channel 

^ 

Figure 4.10. Slow Mode Single channel ADC data capture. 

The slow mode data capture CPLD FSM begins by determining the number of 

channels (via CRl) then sets SR7 to a logic low indicating it is ready to initiate the 

conversion cycle. After CRO is toggled, beginning the cycle, SR7 is set high and the 

conversion takes place. After completion, the conversion data is updated to the PC port, 

SR7 is reset and the FSM waits for CRO to be toggled again, moving the FSM to the next 

channel or restarting the cycle, depending on the number of channels. Each slow capture 

mode conversion cycle takes 5.35us plus the time needed for the PC to read the 

conversion data and begin a new cycle thus allowing compatibility with all supported 

ADC devices. 
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The FSM for the slow mode, dual channel data capture is shown below. 

Operation in dual channel capture mode requires resetting of the ADC input channel 

multiplexer before cycle initiation as was done in the stand alone design as well. Dual 

channel operation consists of back-to-back conversion sequences much like that for 

single channel data capture. 

CRO='rAnd CRWr [Counter :=0:l 
AndCR2='1' V ' , ^ 

_>L^ Counter=5 
Reset ADCl 

CS ADC<='1'; 

SR7='0'; 

CS_ADC<='1'; 
DataHold<=Data: 

CS_ADC<='0'; 
Counter :=Counter+1; 

Figure 4.11. Slow Mode Dual channel ADC data capture. 
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The EVM and daughter-card developed are shown in Figure 4.12 below. The 

daughter-card shown in the figure is the development version. Shown in Figure 4.12 are 

the labeled areas of interest. 

Figure 4.12. EVM and daughter-card system. 

The CPLD CODEC for PC-EVM communication is supported at the PC by a 

graphical user interface (GUI) providing user interaction with the data handling 

application. Without a capable application, the PC-host implementation in the CPLD 

design is useless. This PC application is the focus of the discussion in the following 

chapter. 
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CHAPTER V 

PC-EVM APPLICATION SOFTWARE 

5.1 Overview 

The Multi-Converter PC application provides a powerful control interface link 

TM between the user and the EVM. It is a Windows based application capable of 

controlling the EVM, capturing a set of conversion samples, and displaying the 

corresponding waveform back to the user. The software flowchart for the application is 

TM 
shown in Figure 5.1 below. The software was designed using Visual Basic 6.0 along 

with port I/O dynamic link libraries (.dlls) for parallel port communication 16 

Begin Application 

A 
=><Cr splash Screen ^ 

Display Main Window 

Select ADC 
Set Vref 

{} Click 'Go to EVM I/O' 

Update ADC Variables 

Display PC-EVM I/O Window 
Check EVM Status 

Capture Samples 
w/o handshaking 

'Read Fast' 
Select Capture 

Mode 
<> 'Read Slow' 

Capture Samples w/ 
handshaking 

: ^ ^ ; > If 'Filter On', filter data 

Plot Conversion Data 

Figure 5.1. Multi-Converter GUI Flowchart. 
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The figure on the previous page can be characterized into four main components. These 

are setup, data capture, data filter and data display. Each of these elements are described 

in detail in the following sections. 

5.2 EVM and Application Setup 

After the initial splash screen, the user can setup the EVM and define the ADC 

type being used. Below, Figure 5.2 shows the main window for the PC-EVM controller 

application. 

Main Window PC to EVM Controller 

Setup 
BIUB 

SeledADC 

TLV2541 B 
mj^^mn 

Jl2-biL Single Channel ADC {200ksps) 

^ ' r e f 
S 9fS & . • 

M5v 

Select DAC 

|T V5G1D 3 

12-biL Single Channel DAC 

Go to EVM I/O 

Figure 5.2. GUI Main window and setup screen. 

Using the main window, the user can select the ADC/DAC devices socketed on 

17 the EVM via dropdown comboboxes. A short device description is displayed back to 

the user. The reference voltage for the ADC can be set at this screen as well. This value 
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should correspond to the reference value at the ADC Vref pin on the EVM in order for 

the captured data to realistically represent the data coming out of the ADC. This value 

instructs no control over the EVM and is only a component of the application's graphical 

data display. Selecting a particular device on screen sets three variables internal to the 

1 Q 

application within a single case statement. These variables are place holders for the 

device description, part number, and number of channels. The use of the combobox and 

case statement allows additional devices to be coded into the application easily. 

5.3 Data Capture Routines 

After the ADC is selected, pressing the 'Go to EVM I/O' button sends the 

application to the data capture screen. From this window, the user can select fast or slow 

data capture. Each mode is dependent on the ADC's number of channels and conversion 

speed. These attributes were set at the main window during the ADC selection. The 

TLC2551 and TLC2555 are compatible with the fast capture mode. This is due to the 

faster cycle time of the CPLD control algorithm for the ADC when in fast capture mode. 

All EVM supported devices are compatible with the slow capture mode. The capture 

window is shown in Figure 5.3. 
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PC lo EVM I/O Window 

I/O Control 

-^System Status 

"^*4 in PC_Aciiv« Mods 

Read ADC 
Fast (2551 & 
2S55 only) 

Read ADC 
Slow 

JSSSM 

'•WlgBBglu 

tc533H ^M: 

Return to Main 

Figure 5.3. PC-EVM I/O data capture window. 

By using a timer control in the data capture form, a 3 sec delay is initiated when 

the form is opened. At this time the PC sets control lines CRO-2, resets the EVM, and 

reads SR7. If SR7 = 1, the EVM is busy operating in standalone or DSP mode and the 

user is instructed to set SWl and SW3 for PC-host mode and manually reset the EVM. 

The application again tests the EVM operational mode and enables the proper data 

capture button(s) dependent on the selected ADC type shown in Figure 5.3. 

After selecting a capture mode, the data capture display window is opened. The 

interface was designed to somewhat mimic that of an oscilloscope and acts as the 

template for the captured data to be displayed. Figure 5.4 shows the Capture Data 

Display window. 
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• y — • • • • • • • • • • • • • • • • • I « • • • • • • • • • • • • • • • • • • • 
{ ^ • • • • • • • • • • • • • • • • • H dHlBHBI • • • • • • • • • • • • 

Channel 5 

U''-''-' vl 

Pt LiTid o.ih*P3!oi 

Figure 5.4. Data Display Window. 

Selecting 'Begin Acquire' sets the application into capture mode. (The Data 

display window is described further in section 5.5.) Depending on the capture mode 

(Slow or Fast) the PC reads a user specified number of samples into a data array. The 

samples can then be filtered and displayed as a waveform representation of the digital 

conversion data. 

The number of samples taken is controlled by the user with the 'Increase' and 

'Decrease' buttons underneath the data display graphing windows. The default number 

of samples taken per channel is 360. After data capture is completed, the EVM is reset 

by the application and the data is plotted. 
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5.4 Filter Algorithm 

In addition to plotting the original data points, each sample set can be filtered at 

the command of the user. When data filtering is invoked, each captured data set is 

checked for outlier samples (a single sample point value not lying between neighboring 

points) and missing data sections (abnormal jumps in the otherwise continuous function). 

Figure 5.5 is a flowchart of the software algorithm implemented. 

Read Captured Data 

I 
Determine number of sample windows. 

# of windows = # of samples/10 

i: 
Calculate window delta values. 

delta(n) = sample(n+l)-sample(n) 

1 
Determine mean delta for window. 

deltamean = sum of |deltas| in 
window/# of samples in window 

||<3= 

Is |delta(i)| > deltamean? 
If NO, test next delta. 

YES 

Is |delta(i+l)| > deltamean? 

IYES 

Isdelta(i+l)*delta(i) < 0? 

YES 

Fault is 'Outlier'. 
Sample(i+i) = value midway b/w 
two neighbors. Goto next delta. 

NO 

NO 

NO 

Display Original Points 
for 'Filtering Off 

When 19 deltas are checked (20 
samples), move window 5 samples 
and calculate mean delta. 

Fault is 'Missing Data' 
lfdelta(i)>0, 

sample(i+l) = 
elseif delta(i) < 0, 

sample(i+l) = 
Goto next delta 

Shift all data points down. 

sample(i) -

sample(i) 

f deltamean 

deltamean 

Figure 5.5. Filter Algorithm Flowchart. 
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In order to determine the existence of outlier and missing data points, the per-

sample slope, or delta, is determined between each two data points. The delta is given 

by: 

A(n) = Sample(n+1) -f- Sample(n). 

The absolute value of each delta is summed and divided over the entire number of deltas 

which is the total number of samples minus one. This value is the delta mean for the 

sampled data. By comparing each delta value sequentially to the delta mean, outliers and 

missing data points are isolated. These two types of errors have distinctly different delta 

signatures. Figure 5.6 is an example of erroneous data and the corresponding delta plot. 

Sample Set = 30 Data Points 

x[n] 

Q 

^OQ 
????? 

Q 

(P(DQC)(P99?y 

Q 9 Q 9 9 
Q Q 999<5 

10 15 
Sample (n) 

Delta Plot of Original Data 

20 25 30 

x[n] 

15 
Sample (n) 

Figure 5.6. Outlier point and missing data in sampled data points. 
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Outliers create a double point spike in the delta plot, one positi\e and one 

negative, representing the positive slope on one side and negative slope on the other. 

Given this signature, the outlier value can be located and replaced by a value midwa\ 

between neighboring sample values. Missing data in the sample set is shown as a break 

in the continuous wave. This causes a single spike in the delta plot that is positive or 

negative, depending on the slope of the waveform where the data jump occurs. In much 

the same manner as for outlier data, this error can be isolated. Once found, all data points 

after the last valid sample are shifted up one sample number (sample 5 becomes sample 

6, etc.) The empty sample slot created is given a value equal to that of the previous 

sample, plus or minus the average delta for all samples depending on the slope of the 

surrounding points. The following figure shows the filtered data and the corresponding 

delta plot after filtering. 

Filtered Data Points 

c 
X 

4 -

3h 
! 

2 -

I 

1 -

T 
a 9 '^ 

Q 

? ? ? ? ̂  ? c o 9 9 c ^9? 
10 15 

Sample (n) 

Delta Plot of Filtered Data 

20 25 30 

4 
3 -
2 -

_ 1 |-
S . 0 k O O O O G O O O O O O O O o O O O o 6 O ( i ) ( ! ) c ! ) ( ! ) ( ! ) 6 O O O -

-3^ 
•4H 
-5' 

10 15 20 25 30 
Sample (n) 

Figure 5.7. Filtered data points and delta plot for data in Figure 5.6. 
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The captured data set is analyzed in a twenty-point, moving window. The 

window moves in 10 point steps through the entire sample set. Windowing through the 

sample set is necessary to minimize inaccurate delta averaging caused by zero-delta 

values in the set. A common source of zero-delta values are peaks and troughs of 

sinusoids. These zero-delta values cause the delta mean to become too small to 

accurately compare to each delta point. Consequently, valid data samples are 

unnecessarily recalculated, distorting the waveform. Overlapping each window allows 

recalculation of the filtered data points for the previous window, facilitating a more 

accurate waveform reconstmction. The following two figures show example output 

results of the filter algorithm (Figures 5.8 and 5.9). 

Original Data 

X 

X 

20 40 60 80 100 120 140 160 180 200 
Sample (n) 

Filtered Data 

20 40 60 80 100 120 140 160 180 200 
Sample (n) 

Figure 5.8. Filter Algorithm Test Plot, -14 samples/cycle. 
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Original Data 

50 100 150 
Sample (n) 

RItered Data 

200 250 

100 150 
Sample (n) 

Figure 5.9. Filter Algorithm Test Plot, -80 samples/cycle. 

Figures 5.8 and 5.9 show the filter results for two different data sets. Proper 

reconstruction of the waveform after filtering is closely coupled to the number of samples 

taken per cycle. Outlier point removal depends less on the number of samples per cycle 

than missing data reconstruction, which is much more accurate for low frequency 

waveforms. Figure 5.8 is a plot of sample data taken at approximately 14 samples per 

waveform cycle. The filtering process does little to improve the waveform due to the low 

numbers of data points per cycle to examine. The waveform in Figure 5.9 is taken at 

approximately 80 samples per cycle and shows much improvement over the original data 

captured. Both outlier and missing data errors are corrected. The shifting of the filtered 
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data in comparison to the original data is due to the new data points inserted at the 

missing data jump near sample 130 in the figure above. 

5.5 Captured Data Display 

The data display window where the captured data is plotted is shown in Figure 

5.10. After data capture, the sampled points are plotted using the MSChart control. 19 

Because of OS (operating system) handling delays, the sampled data cannot be displayed 

in real time. The operating system cannot update the MSChart control in time to plot 

each sample during each ADC conversion cycle. OS delays between plot updates are 

dependent on OS loading and is approximately 1 second using a Celeron 466 mnning 

)TM 
Windows98 . Due to this limitation, all data points are plotted simultaneously after 

sampling is completed. An example of captured data and the MSChart control are shown 

in the figure below (Figure 5.10). 

Figure 5.10. Data display window and plotted data sample. 
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The figure on the prior page represents a data capture example plotted using the 

MSChart control. Three hundred and sixty point cosine and sine functions are plotted in 

the Channel 1 and Channel 2 MSChart controls, respectively. This is the default data 

plotted when the application plot window initiates. After the data points are captured by 

the PC, the values are plotted in each channel display depending on the number of ADC 

channels and whether it is original or filtered data. When filtering is turned on, both the 

original and filtered data are plotted in the capture window for single channel data 

capture. When reading data from a dual ADC setup, only the original or filtered data is 

displayed depending on the state of the filter command given by the user. 

The next chapter discusses the test and evaluation results obtained using the 

hardware and software application described in the previous two chapters. Included is a 

description of standalone results and PC-EVM data capture results for the integrated 

application. The operation of the data filter algorithm is shown for actual conversion data 

captured by the PC. 
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CHAPTER VI 

IMPLEMENTATION RESULTS 

6.1 Overview 

The evaluation of the Version II Multi-converter EVM consists of two elements. 

These are the verification of the standalone operational mode and of the PC-EVM 

interface. The results for the standalone control design implemented are described in 

section 6.2. Section 6.3 details the PC-EVM interface element of the CPLD design 

followed by the PC-EVM software interface in section 6.4. Data capture and filtering 

results are explained and overall functionality is discussed. This is followed by a 

summary of the CPLD implementation in section 6.5. 

6.2 Standalone Control Design Implementation 

The standalone element of the logic design has been completed and implemented 

as described in Chapter IV. Both single and dual channel operation have been 

incorporated and each mode has been tested. Not all device combinations have been 

evaluated in standalone mode. This is primarily due to the limited availability of many of 

the DACs listed in Table 2.2. Although each device combination has not been tested, the 

compatibility of each ADC/DAC should be guaranteed by the device timing specified by 

the manufacturer. The figure at the top of the next page is an oscilloscope screen capture 

of single channel operation in standalone mode (Figure 6.1). 
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Figure 6.1. Single channel standalone mode (SAM) operation. 

Probe channel 2 is the analog input provided by the on-board function generator, 10 

The signal is a 6.8kHz sine wave at the ADC input. Probe channel 1 is the analog output 

of the DAC. The single channel cycle time, or time between consecutive samples is 

~4.64us, for an EVM system clock of 20MHz. Figure 6.2 on the next page shows a 

zoomed view of the DAC output signal. 
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Figure 6.2. Closeup of DAC output in single channel mode in Figure 6.1. 

Dual channel operation in SAM is shown in Figures 6.3 and 6.4 below. The input 

to channel 1 of the ADC is a sine wave and channel 2 is a triangle wave. Figure 6.3 

shows the output of channels 0 and 1 on probe channels 1 and 2, respectively. Each 

signal is 6.8kHz and is provided by the on-board function generator. The cycle time for 

consecutive samples on a single channel is fixed by the total number of clock cycles 

needed by the FSM in dual channel, standalone mode. This is ~9.60us and is shown in 

Figure 6.4. Also shown in the figure is the time between samples from channel 0 to 

channel 1. This time is Vi the total cycle or 4.80us. 
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Figure 6.3. Dual channel SAM operation- DAC outputs chl and ch2. 
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Figure 6.4. Channel 1 to Channel 1 cycle time and Channel 1 to Channel 2 cycle time. 

6.3 PC-EVM Hardware Interface Design 

The PC-EVM interface design implemented has the ability to read conversion 

data from the ADC on the EVM to the PC for both single and dual channel operation. 

Writing to the DAC and the EVM control mode have not yet been implemented. This 
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was due to limited CPLD resources remaining after the standalone and ADC read modes 

were implemented as well as limited time to complete the design. This topic is discussed 

further in Chapter VII. 

The EVM Read Mode consists of transferring the conversion result of the ADC to 

the PC. The CPLD logic design currently supports reading the data in Fast Mode for the 

TLC2551 and TLC255 devices. Slow Mode is compatible with all supported ADCs as 

discussed earlier in Chapter IV. Slow Mode supports both single and dual channel 

operation while Fast Mode supports only single channel conversions. Each operational 

mode has been implemented/tested and Fast Mode and single channel data capture for 

Slow Mode function correctly. The data capture results for these two modes are detailed 

in section 6.4, which discusses the software interface design results. Slow Mode-dual 

channel data capture is also implemented and is functionally correct. 

6.4 PC-EVM Software and GUI Implementation 

The software interface has been completed to the point that the EVM and current 

CPLD design are fully supported. Software constmcts exist for the DAC Write and EVM 

Control modes but have not been fully designed. Full support is available for ADC Read 

operation in fast and slow, single and dual channel modes. Figures 6.5 and 6.7 are plots 

of the fast mode sampling operation. This is shown for a 6.8kHz sine wave input and for 

a 3kHz triangle vv ave input. The plot to the left in each figure is the unfiltered, original 

data while the plot to the right is the filtered result of the same data points. Notice the 

elimination of outliers and the addition of points to missing pieces of the waveform. 
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Figure 6.5. ADC Read mode, fast sampling, 6.8kHz Sine input. 

In the data capture in Figure 6.5, both outlier and missing data errors can be seen. 

The removed outlier and added data points are shown in the filtered plot. Outlier points 

are filtered quite well, while the ability of the filter to reconstruct missing data points 

depends on the number of continuous, valid data points around the missing data. The 

next figure is the fast data capture of a 3kHz triangle wave (Figure 6.6). The 

reconstruction of missing data is more pronounced in this capture. 
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Figure 6.6. ADC Read mode, fast sampling, 3kHz Triangle Input. 

The sampling time of the PC, which is the time it takes the PC to read consecutive 

samples from the data register of the parallel port is approximately 3us for fast capture 

mode. With 20 samples shown in each division in the data plot windows, this 

corresponds to approximately 60us per division in fast capture mode. Port access time 

cannot be directly measured due to the absence of handshaking between the EVM and 

PC. The sampling time was determined based on the known frequency of the input signal 

to the ADC and the number of samples taken by the PC per cycle. 

The handshaking between PC and EVM in slow capture mode facilitates a more 

accurate measure of the time between samples captured by the PC. The CRO and SR7 
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lines providing this handshaking are shown below during slow mode, single channel 

operation (Figure 6.7). 

Figure 6.7. CRO and SR7 I/O line handshaking activity in slow capture mode. 

A falling edge on CRO begins each cycle. After a falling edge is received by the 

CPLD, SR7 is set to logic high signaling the EVM is busy. The rising edge on CRO then 

triggers a conversion by the ADC. After the conversion cycle is completed the data is 

updated to the parallel port and SR7 (which is being polled by the PC) is reset to zero. 

The PC then reads the converted data and again issues a low going pulse to the CPLD. 

The time between samples taken by the PC is given by the cycle time of CRO. This 

sampling time is approximately 18us. As Figure 6.7 shows, the CRO cycle time is not 

always 18us. This is due to OS handling of other applications and background routines. 

This delay in the cycle time of CRO causes the incorporation of missing conversion 

values into the captured data set. This error plagues all data capture modes. Figure 6.8 
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below shows a slow mode, single channel data capture plot along w ith the corresponding 

filtered data. 

o Captuie Plot Window 

thann Chanrig j \ •?'<. 

Begin 
ncquire 

Filter Reset 
On EVn 

Figure 6.8. ADC Read mode, slow sampling, single channel, 0.5kHz Sine Input. 

Data capture in dual channel mode is also affected by the sampling delays of the 

PC due to OS handling. In this case, data from both channels is altered. A more 

destmctive element to data integrity in dual channel capture mode is the unwanted 

toggling of the ADC's input multiplexer. Each cycle of the ADC's chip select (or frame 

sync) control line toggles the input multiplexer, changing the input channel. CPLD 

operation at the EVM maximum clock frequency of 20MHz, causes an erroneous jump in 
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the finite state machine. The glitch does not seem to affect the control logic at system 

frequencies under IMHz. At frequencies greater than IMHz, the FSM will occasionally 

jump out of the dual channel sampling cycle, requiring a reset to be issued in order to 

resume the proper cycle. While this glitch has not been corrected at the hardware level, a 

software solution has been implemented and is discussed in the following section. The 

unwanted channel switches seem to be randomly occurring at the CPLD. Figure 6.9 

below is the indicator of mode failure of the CPLD FSM logic. The FS_DAC signal is 

the frame sync output of the CPLD to the DAC. During PC_Active mode, this output 

should remain high, disabling the DAC. The low going pulse shown in Figure 6.9 of the 

FS_DAC signal occurs occasionally during the data capture cycle of the FSM. Normally, 

this pulse should only occur during SAM operation or when a reset is issued to the 

CPLD. The abnormally occurring pulse does not appear to be caused by noise on the 

'Reset' input signal also shown in the figure and indicates a state transition failure within 

the FSM. 
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Figure 6.9. DAC Frame Sync CPLD Output and Reset Input 
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Figure 6.10 below shows the detrimental effect of the glitch on integrity of the 

unfiltered captured data. Channel 1 and channel 2 inputs are sine and triangle waves, 

respectively. The channel 2 input is triggered by channel 1 resulting in the waveform 

shown. For properiy captured data, each wave should be plotted in the corresponding 

channel 1 and channel 2 graph windows of the GUI. Data points for both sine and 

triangle waves are plotted in each channel graph window showing the unwanted channel 

switching of the ADC. 

Figure 6.10. Interchanged capture data between CHI & CH2 in slow mode. 

Valid data capture in dual channel mode is shown in Figure 6.11. The occurrence 

of missing or outlier data can be eliminated as long as the data for each channel are 
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separated properiy. Even while output lines CRO-3 from the PC to the EVM are 

controlled correctly, the proper operation in dual channel, slow capture mode is not 

guaranteed for each set of captured data. While the glitch causing improper data capture 

has not been corrected in hardware, the effect is reduced in the data capture routines of 

the application. When the glitch occurs, the CPLD FSM jumps into the fast capture, read 

ADC cycle of the FSM. In this state, SR7 is set to ' 1 ' signaling that the EVM is busy. 

This originally caused the application to stick in the polling loop of the capture routine. 

By adding code to sense that SR7 is high for an abnormally long time, the effect of the 

glitch was reduced. Now, the capture routine determines if the glitch has occurred based 

on the long 'busy' time of the EVM, the EVM is then reset and the capture routine 

restarts. Because the glitch does not always occur, valid data is eventually captured. The 

entire process is transparent to the user and lasts less than 1 second. Figure 6.11 on the 

following page shows the data capture after incorporation of the glitch tolerant capture 

routine. Compare this to the data capture shown in the previous figure. 
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Figure 6.11. Data capture after glitch reduction algorithm, unfiltered. 

6.5 CPLD Implementation Results 

CPLD utilization for the FSM design implementation is key to the selection of the 

target device for the system. CPLD technology was used based on the ability of the 

device to maintain the logic programming without needing external memory to 

reprogram the logic after each powerdown cycle. Table 6.1 gives the results of the CPLD 

resource usage after the SAM and PC_Active logic designs were implemented. 

Table 6.1. CPLD Usage Results 
Design 

Complete 
SAM Only 

Device Used 
XC95108 
XC9536 

Macrocells Used 
50 /108 (46%) 
18/36 (50%) 

Product Terms Used 
425/540 (78%) 
157/180(87%) 

Pins Used 
31/69(44%) 
12/34 (35%) 
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An important case worth mentioning is the implementation logic requirements of 

standalone mode design only. These results are also shown in Table 6.1. This is 

important because the SAM CPLD design replaces the logic design contained within 

three PAL devices on the original Version I EVM. The small logic requirements of 

standalone mode in the CPLD allows for implementation into the smallest XC9500 series 

device, the XC9536. This 44 pin, PLCC device requires approximately 1/3 of the 

footprint space consumed by the PAL logic on Version I. The current requirements for 

the CPLD are also considerably lower than the PAL devices. Even with implementation 

of the entire design into the XC95108, the current requirement is approximately Vi that of 

that required for the PAL devices in version I at ~300mA. 

The current CPLD implementation and Windows application are an important 

step towards developing an effective PC-based device evaluation tool for the mass 

market. The use of dense digital logic in the development of evaluation modules is a 

valuable resource that reduces design time and increases the overall ability of the system 

to fully evaluate the target device easily. While the PC-EVM interface is not entirely 

completed, the proof that such a system is possible to successfully and efficiently design 

has been shown. In the following and final chapter, future steps towards the development 

of a complete PC based EVM are discussed. 
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CHAPTER VII 

CONCLUSION 

As the semiconductor industry develops, the rate of new product releases and the 

number of individual devices per family also grow. Parts are becoming increasingly 

complex, faster, and smaller, all of which make simple and cheap device evaluation 

difficult. Nevertheless, semiconductor manufacturers must support the development of 

evaluation systems that are robust enough to evaluate complex devices, yet cheap enough 

to be purchased by all customers. Without this evaluation system, new devices and 

device families find it almost impossible to penetrate a highly competitive marketplace. 

In order to support such an evaluation platform, new EVM design techniques 

must be used. Evaluation modules must support multiple devices, yet maintain an 'easy-

to-use" user interface without increasing the EVM production cost. Through the use of 

dense digital logic in the place of discrete components and PAL devices, CPLDs and 

FPGAs can help reduce design time as well as board size of the EVM. By increasing the 

ability of the control logic, the door is opened to other EVM enhancements as well. The 

user can custom-tailor the control logic without altering the layout of the original EVM. 

Provided with the EVM layout and a logic design tool-set, the customer can implement 

any control algorithm that may be required to develop his/her product using the 

evaluation module and target device. 

Another advantage is the ability to use the CPLD/FPGA to create a PC-based 

control interface. By supporting such an interface, applications can be developed to 
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provide an alternative to the standard DSP and standalone EVM control methods. This 

method can be used not only to develop additional interfaces for new EVM designs, but 

can be used to support new interfaces for legacy evaluation modules as well. 

Through implementing these new design approaches to the Multi-Converter 

EVM, a foundation has been developed that verifies the capability of these new design 

methods. By designing CPLD logic into the Multi-Converter EVM, a more efficient and 

flexible standalone control interface was implemented. Along with increased design 

flexibility also came reduced current consumption and board size. The incorporation of a 

PC-to-EVM CODEC allowed for the development of a Windows^"^ based application 

capable of transferring data between target device and PC. Once the communication link 

is established, the limits to the PC application's functionality are almost endless. The 

application developed for the Multi-Converter EVM is capable of retrieving ADC 

conversion data from the EVM, reconstmcting the analog waveform and displaying it to 

the user. The user can capture single or dual channel conversions in fast or slow capture 

modes as well as filter the captured data points in order to reduce the effects of the PC 

controlled ADC sampling. All of these enhancements to the original EVM increase the 

evaluation capability and marketability of the evaluation module and thus that of the 

target device(s) as well. 

While the achievements listed above are important, many other developments can 

be made using the previously discussed methodologies for EVM design and interface. 

Along with the ability to retrieve data from the EVM, the application should be able to 

send data to the evaluation module as well. This would allow the application to write 
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data to the DAC to display an output signal or to access EVM target device registers. 

Data communication back to the EVM is necessary for the support of more complex 

devices not employed by the Multi-Converter EVM. The ability for these two goals to be 

achieved is based on the logic density of the control device. By removing the standalone 

logic from the complete design and implementing it into a smaller, separate device, it is 

possible to fit a more complex PC-EVM control into the system. 

The overall work completed on redesigning the Multi-Converter EVM has led to 

an important conclusion. Originally, the goal was to redesign the EVM in order to 

support enhanced standalone control and a PC-based control interface. These tasks were 

approached with the idea of incorporating these two items into the physical layout and 

design of the EVM. While this is possible, a better solution began to emerge. Design the 

enhanced standalone control into the layout of the EVM, but create a separate module for 

PC communication. This would allow the EVM to remain intact and fully functional 

while supporting a more robust PC interface system. The additional module for PC 

communication could support a wide range of evaluation modules. This would allow for 

smaller target device evaluation modules, which can all be interfaced with a single board 

for PC-EVM communication. This method would allow for cheaper EVMs to be 

developed without reducing the ability of the evaluation system. The customer would 

essentially only pay for the PC-EVM communication enhancement once instead of each 

time a new EVM is purchased. Using this methodology on future EVM designs may not 

only reduce the physical size and cost of each evaluation module, but also facilitate a 

more complex PC interface using a separate interface module. 
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