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INTRODUCTION

This application note describes the Eye-Pattern Generator

(EPG) board that can be used to provide a variety of de-

tailed diagnostic information for the modem design engi-

neer. This data is extremely useful in the evaluation of the

modem performance and line conditions.

GENERAL

The eye pattern generator board is a ‘‘Plug-In Board’’ to the

XT compatible slots of National’s Evaluation Development

Boards. (In this application note the addresses match only

to the NSV-FX-EDB, but a simple change of the address

decoder can fit the EPG to the NSV-CG160EDBÐrunning

with the NS32FZ16, or the NSV-GX320EDB.) It converts

digital data to an analog voltage that can be measured and

displayed on a scope. The purpose of this board is to

support debugging of the modem by displaying the complex

numbers that have been received from the modem, in real

time, showing the constellation points. The modem SW

writes data to the EPG. The user selects which data is dis-

played on the scope.

EYE PATTERN

A quadrature eye pattern is an extremely useful diagnostic

tool. The visual display of an eye pattern can be monitored

to identify common line disturbances, as well as defects in

the modem process. The ideal eye patterns or signal con-

stellations for the various encoding methods are illustrated

in Figure 1 to Figure 6. In the polar coordinates each point

represents a magnitude and a differential phase shift. Eye

pattern data is updated at the baud rate so the oscilloscope

display appears as a continuous signal constellation.

TL/EE/11148–1

Q2 Q3 Q4
Phase Absolute

Q1
Relative

Change Phase Amplitude

0 0 1 0§

180§, 270§
0§, 90§,

0 3
0 0 0 45§

0 1 0 90§
1 5

0 1 1 135§

1 1 1 180§

225§, 315§
45§, 135§,

0 02
1 1 0 225§

1 0 0 270§
1 302

1 0 1 315§

FIGURE 1. Ideal Eye PatternÐV.29/9600 bps

TL/EE/11148–2

TRIBIT Encoding

In V.29/7200 bps fallback mode, data is encoded in groups

of 3 bits or tribits. The encoding is as for V.29/9600 bps

above except that: The first data bit in time determines Q2

of the modulator quadbit. The second and third bits in time

determine Q3 and Q4, respectively. Q1 e 0 for all eight

signal elements.

FIGURE 2. Ideal Eye PatternÐV.29/7200 bps
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DIBIT Encoding

Data Phase Relative

Bits Change Amplitude

0 0 0§

Constant
0 1 90§

1 1 180§

1 0 270§

FIGURE 3. Ideal Eye PatternÐV.29/4800 bps and V.27/BIS/TER/2400 bps
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TRIBIT Encoding

TRIBIT Phase Relative

Value Change Amplitude

0 0 1 0§

0 0 0 45§

0 1 0 90§

0 1 1 135§
Constant

1 1 1 180§

1 1 0 225§

1 0 0 270§

1 0 1 315§

FIGURE 4. V.27 BIS/TER/4800 bps
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DIBIT Bit Values Phase

Values (1200) (600 bps) Change

0 0 0 a90§

0 1 Ð 0§

1 1 1 a270§

1 0 Ð a180§

FIGURE 5. V.22 A/B 1200 bps/600 bps
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Data is encoded in QUADBITS. The first two bits or DIBIT select one of four

quadrants. The second DIBIT selects one of four points in that quadrant, as

shown below.

First Two Bits in

QUADBIT [2400 Bit(s)] Phase

or DIBIT Values Quadrant Change

[1200 Bit(s)]

1 x 2

0 0
2 x 3

90§
3 x 4

4 x 1

1 x 1

0 1
2 x 2

0§
3 x 3

4 x 4

1 x 4

1 1
2 x 1

270§
3 x 2

4 x 3

1 x 3

1 0 0
2 x 4

180§
3 x 1

4 x 2

FIGURE 6. V.22 BIS/4800 bps

LINE DISTURBANCES

The received signal is distorted by one or more types of line

disturbances and distortions, such as white noise, phase

and amplitude jitter, harmonic distortions, phase and ampli-

tude hits and drop-outs (out of boundaries).

1. White noise produces a smearing of each signal constel-

lation point around its ideal location (see Figure 7a ).

2. Phase jitter produces periodic phase smearing with little

or no amplitude effect (see Figure 7b ).

3. Amplitude jitter produces an effect similar to harmonic

distortion, but in this case the distortion is periodic.

4. Harmonic distortion produces a non-periodic amplitude

smearing with little phase effect (see Figure 7c ).

5. An amplitude or phase hit is associated with an instanta-

neous big error in the amplitude or the phase of the sig-

nal.

6. The degree of smearing in the eye pattern is proportional

to the severity of the particular disturbance. Several dis-

turbances may occur simultaneously producing a com-

plex smearing of the eye pattern. A point falling within the

signal space delimited by boundaries is decoded by the

modem as if it were located at the ideal point within that

space. When a line disturbance causes the signal point to

cross a decision boundary, the received signal is incor-

rectly decoded.
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TL/EE/11148–7

a. White Noise

TL/EE/11148–8

b. Phase Jitter

TL/EE/11148–9

c. Harmonic Distortion (Non-Periodic)

Amplitude Jitter (Periodic)

FIGURE 7. Typical Line Disturbances
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DATA FORMAT

There are two channels on the card. Each of them displays

a single byte. The bytes should contain numbers, represent-

ed by a 2’s complement format, and they must be trans-

ferred to the EPG by ‘‘move byte’’ operation.

DISPLAY

The bytes can be displayed using the XÝY function of

the scope (for eye-pattern display, where the data is two

complex numbers), or X and Y as a function of time. It is

possible to display up to 16 bytes (two bytes at the same

timeÐone on each channel). The selector on the card se-

lects the two bytes that will be displayed. The 16 addresses

are in the addresses table below.

CONFIGURATION

The EPG board is a plug in board to the XT-compatible slots

of National’s Evaluation Development Boards. It has two

connectors:

P1Ð Standard PC-XT connector.

J1, J2Ð Two BNC connectors on the mounting bracket

(the connector lies outside the mother-board

case).

The board has a thumbwheel-switch that can be set from

outside the mother-board’s case as well.

USAGE

To display the channels on the scope you have to connect

the scope using a BNC to BNC cable, to the BNC connec-

tors (J1 and J2) of the EPG. The selector controls the two

bytes that will be displayed, by selecting a number from 0 to

7. (If the selector selects numbers from 8 to F, no byte will

be displayed.) Displaying more then 8 points requires PAL

changes. If the bytes are samples of the data it is possible

to display them using the XÝY mode of the scope, and

in that way to get the eye-pattern and the constellation

points.

NSÐMODEM

The NS Modem uses some channels of the EPG for debug.

Position ‘‘0’’ of the selector is used to measure the CPU

utilization. Channel 1 is used to show the timing of the mo-

dem routine including the overhead of the interrupt handler,

which is written in assembly. Channel 2 is used to show the

timing of the ‘‘internal C-code’’ of the modem alone without

the overhead of the assembly interrupt handler (both work

only during reception). In both cases, a value of 0x7f is writ-

ten to the port upon entering the inspected code, and a

value of 0x0 upon exit. So, the display that appears on the

scope is a square wave that is high during the execution of

the MODEM-SW (internal C-code of the modem). The duty

cycle shows the CPU utilization of the MODEM. Position ‘‘1’’

of the selector is used for displaying a complex-plane repre-

sentation of the received/transmitted points (both real and

imaginary components are used together).

ADDRESSES

The addresses that are used for this board, match only the

NSV-FX-EDB. The table below shows the addresses and

their selected number on the selector. They must be assert-

ed as byte addresses (movb).

Eye Pattern Select-Address Table

Select
Address

Channel

Number Number

0 0c00100 1

0 0c00102 2

1 0c00104 1

1 0c00106 2

2 0c00108 1

2 0c0010a 2

3 0c0010c 1

3 0c0010e 2

4 0c00110 1

4 0c00112 2

5 0c00114 1

5 0c00116 2

6 0c00118 1

6 0c0011a 2

7 0c0011c 1

7 0c0011e 2

8–f xxxxxxx Ð

CIRCUIT DESCRIPTION

The data bus and the address bus are buffered on the

board. The DAC Controller PAL (DACCON), compares be-

tween the address and the selected pair of channels from

the selector (the thumbwheel-switch). If they match, the ap-

propriate CS is asserted and the DAC0890 latches the data

from the data bus. The MSB (D7) is inverted because the

data is in 2’s complement format. The analog signal output

is biased around 0 VDC by operational amplifiers. The po-

tentiometers (PR1 and PR2) are used to calibrate the

board’s output (at J1 and J2) to 0 VDC while 0 is transferred

to the DAC. The RESET signal of the mother-board, resets

the EPG as well. Since the DAC0890 is a fast chip, it can

work faster then the P996 standard. The DACCON gener-

ates a signal ZWS that can be used to shorten the access

to the EPG. This signal is asserted when there is an access

to the selected channel of the EPG. This signal is inverted

with an open-collector inverter and asserted to the mother-

board through a jumper W1. In case that this option is re-

quested W1 must be close. If this option is not requested at

all, don’t install the inverter (U7).
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Block Diagram

TL/EE/11148–10
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PAL EQUATIONS

TL/EE/11148–12
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TL/EE/11148–13
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor National Semiconductores National Semiconductor
Corporation GmbH Japan Ltd. Hong Kong Ltd. Do Brazil Ltda. (Australia) Pty, Ltd.
2900 Semiconductor Drive Livry-Gargan-Str. 10 Sumitomo Chemical 13th Floor, Straight Block, Rue Deputado Lacorda Franco Building 16
P.O. Box 58090 D-82256 F 4urstenfeldbruck Engineering Center Ocean Centre, 5 Canton Rd. 120-3A Business Park Drive
Santa Clara, CA 95052-8090 Germany Bldg. 7F Tsimshatsui, Kowloon Sao Paulo-SP Monash Business Park
Tel: 1(800) 272-9959 Tel: (81-41) 35-0 1-7-1, Nakase, Mihama-Ku Hong Kong Brazil 05418-000 Nottinghill, Melbourne
TWX: (910) 339-9240 Telex: 527649 Chiba-City, Tel: (852) 2737-1600 Tel: (55-11) 212-5066 Victoria 3168 Australia

Fax: (81-41) 35-1 Ciba Prefecture 261 Fax: (852) 2736-9960 Telex: 391-1131931 NSBR BR Tel: (3) 558-9999
Tel: (043) 299-2300 Fax: (55-11) 212-1181 Fax: (3) 558-9998
Fax: (043) 299-2500

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap

Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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