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ABSTRACT

A control system for the 12m radio telescope is under development at the Raman
Research Institute. The control system consists of two paths, one using a hardware
controller called Programmable Multi Axis Controller (PMAC), and another using a

Linux based Personal Computer.

In the Linux-based control system being developed, the system consists of a
centralized PC which interfaces to the control system hardware through commercially
off-the-shelf available Peripheral Component Interconnect based Data acquisition card
and a 144-line Digital Input/Output card. The data acquisition card interfaces with
position encoders to identify the direction of pointing of the radio telescope and motor

drives for main control.

The software control system involves functions for reading the Encoder Data
(EnDat) and Synchronous Serial Interface (SSI) type position encoders, functions for
implementing servo algorithms like Proportional Integral Derivative (PID) to interface
motor drives for motion control and source tracking programs for astronomical

observations.

The feedback system consisting of functions like reading the positional
information from the radio telescope involves the task of understanding the EnDat
operation completely. The feedback could be achieved through Field Programmable Gate
Array (FPGA) based system, that would take the burden of acquiring positional
information from the encoders, store them and let the control system to read it as and

when it needs it in a stretch. This would consistently save the time of the controller PC.
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1. PREAMBLE

1.1 General Introduction

Man has been looking at the night sky since the very beginning of his existence on
this earth. His view has been limited to the very narrow range of wavelengths that the
eyes are capable of detecting.

Radio astronomy is the determination of the nature of celestial sources by the
analysis of radio waves intercepted on the earth. The history of this field of research is
only 70 years old, with the discovery by Karl Gothe Jansky in 1931 that radio waves from
the cosmos reach Earth. Radio telescopes are used to study these naturally occurring radio
emissions from galaxies, quasars and other astronomical bodies between wavelengths of
about 10 meters (30MHz) and 1 millimeter (300GHz).

Fully steerable radio telescopes are placed on either an equatorial or an altitude -
azimuth type mounting. Equatorial mount consists of two axes. One axis, called polar
axis, is locked on to the north (or south) celestial pole and is thus parallel to the Earth’s
axis of rotation. The other, called the declination axis, is at right angles to the polar axis
and pivots around it.

With an equatorial mount telescope, one can track a celestial object as it moves
through the sky by turning the telescope about a single axis - the right ascension axis.
Tracking motion can be easily achieved by countering for the earth’s rotation and turning
motion can be easily achieved by counteracting for the earth’s rotation by turning the
telescope about the right ascension axis at the same rate at which the earth rotates (1
degree in 4 minutes). Since the velocity required is a constant, a constant speed motor
(synchronous motor) in conjunction with a gearbox can be successfully employed for
tracking. Hence it is not mandatory for equatorial mount telescopes to be computer
controlled to achieve tracking.

The main disadvantage with equatorial mount telescopes is that, they need careful
polar alignment and hence longer setup time. The mounts required are heavier and
expensive when used for large diameter radio telescopes, especially for those located
away from the equator.

Very large radio telescopes are practically all of alt-azimuth type, because the

vertical and horizontal axes allow much easier and inexpensive solutions of the various
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mechanical problems in the design. Alt-azimuth mounts are easy to operate, less heavy
compared to equatorial mounts. They allow the telescope to be moved in two initiative
directions: altitude (vertical with respect to the horizon) and in azimuth (360 degrees of
Horizontal motion). Aligning to the celestial pole (as you must equatorial mounts) is not
required. You simply put the telescope on the mount with two orthogonal axes and start
observing. '

Efficient computerized alt-azimuth mount provides the advantage that mount can
be placed at any altitude, and after a quick alignment, the telescope accurately tracks and
finds objects across the sky. The system can be programmed for complex touring

motions. Various control methods can be adopted to obtain enhanced performances.

1.2 Statement of problem

In the present system of radio telescope interfacing, a centralized Linux-based
Personal Computer is involved in data acquisition. That involves healthy communication
with the Radio Telescope encoders. The Heidenhain EnDat encoder of the 12m Radio
Telescope is used to acquire positional information from the telescope. As the present
feedback system used to obtain positional information involves direct communication
between centralized computér and the angular encoders. This poses problems such as, the
computer will have to waste its time in waiting process to acquire positional information,
as the operating speed of the angular encoders are much lesser than that of computers
used in the controlling system. A requirement for an alternate feedback concept has
emerged leading to new idea of developing an FPGA-based system that would do the
function of fetching and storing the positional information from the angular encoders so
that the controlling computer can read these information in a stretch and save its valuable
time.

Hence “An FPGA based Angular Encoder interface for A Radio telescope” is
the project taken up to tackle this problem.

1.3 Objective of study

The objective of the study is to develop an FPGA-based feedback path to the
angular encoder control system for the 12m Radio Telescope being buiit at RR1.

Dept. of Electronics and Communication, SJB.ILT 4 Raman Research Institute
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1.4 Scope of study
» The scope of study involves understanding the working of the Radio

Telescope control system and the various sub-systems involved in it.

e It also involves understanding of interfacing the computer and the Radio
Telescope control system using an FPGA-based system.

¢ Understanding various co-ordinate systems used in astronomy and
calculations.

e Understanding various problems involved in interfacing hardware devices
in the system.

e Understanding the concepts of system integration and testing.

1.5 Methodology
The FPGA-based system is used to acquire the positional information from the

encoders and store that information in the FPGA so that, the Radio Telescope controller
computer can read this information at a stretch and get back to its other operation instead
of wasting its time in sending commands to the encoders and waiting for the data.

The steps involved in achieving the target and objective of this project will be:

1. Gathering sufficient information about the encoders used in the position sensing
of the angular encoders of Radio telescope.

2. Selection of proper hardware to suit the requirement of the encoder’s signal
specifications, that includes developing an encoder interface card that could be
used to communicate with the EnDat encoders.

3. Selecting the right FPGA system to suit this application.

4. Developing software that would do the required function of communicating with
the encoders.

5. Testing these soft wares for correctness in the available simulation packages.

6. Finally, implementation of the design in the selected hardware.

1.6 Limitations of the study

The 12m Radio Telescope is still under construction. The mount or supporting
structure for the dish is still under fabrication; hence testing of the system has been done

using control system developed in-house.
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Due to the time constraint the software developed for the required application
were tested successfully in the simulation systems. Also the hardware developed were

tested for correctness keeping all the constraints in mind.

\ g A g
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RADIO TELESCOPE
CONTROL SYSTEM
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2. RADIO TELESCOPE CONTROL SYSTEM

2.1 Basic Radio telescope control system

A control system is a combination of elements arranged in a planned manner wherein
each element causes an effect to produce a desired output a basic radio telescope control

system is as shown in the fig. And consists of the following elements.

1. Position encoders, which gives information regarding the present position of the
telescope.

2. A position controller, which gives information regarding the present position of the
telescope at each instant, compares with the feedback received from the position encoders
and issues a velocity command to the motor drives depending on the error in position.

3. Motor drives which rotate the motors at the commanded velocity issued by the position
controller independent of the load

4. Motors, which steer the telescope to the expected position in the sky.

BASIC RADIO TELESCOPE CONTROL SYSTEM

Motor
drive

Present
Position

Fig.2.1 Basic Radio Telescope control system
At any instant our aim is to position the telescope continuously so that it tracks some

particular source in the sky. For this we need a continuous position correction.
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In the 12m Radio telescope control system a DSP based programmable multi axes
controller is used as the position controller, PWM based brush less DC drives from
Baldor are used for motor driver and four brush less DC motors from Baldor are used to
steer the radio telescope, two for each axis. Heidenhain encoders are used for acquiring

position of the radio telescope.

The encoders used are Heidenhain EnDat (Encoder Data), which is a bi-directional
interface for encoders. Which is capable both of transmitting or updating information
stored in t6he encoder, or saving new information. The monitoring of the position refers
to keeping track of both elevation and azimuthal positions of the radio telescope.

The task of driving these EnDats is through the master control system. That is

required to initialize the EnDats and get the positional information.

2.1.1 Encoder

An encoder is a mechanical device coupled to a rotating shaft that provides a digital
representation of the shaft’s position. In the control system the encoders are used to
obtain the position feedback from the Radio Telescope. Modern encoders almost
exclusively use optical techniques to convert the shaft’s angle to digital form. The
working of an optical encoder is as shown in the figure. A beam of light shines through a
disk fixed to the spindle. Photocells detect marks on the disk. Optical encoders are
basically classified into two types: 1. Incremental encoders and

2. Absolute encoders.
Incremental encoders generate two channels of pulse trains, which are 90 degrees phase
shifted (also called quadrature pulses). Their optical disc consists of a fixed number of
equally spaced opaque lines that produce a corresponding number of pulses per
revolution. They can only give relative position. A counter in the receiver electronics just

counts the number of pulses received from the start of motion to calculate the present

Fig.2.2 Photoelectric Scanning with incremental rotary encoders
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position. The direction of rotation is obtained by monitoring the phase relation between

the two channels. These encoders cannot store positional information on power off.

Fig.2.3 Photoelectric Scanning with absolute rotary encoders
Absolute encoders generate a unique word output for each position. In a conventional
absolute encoder, the pattern on the disk consists of a series of concentric incremental
tracks, with the number of cycles per revolution doubling on each track on increasing
radius. Each radius has its own photo detectors, and the tracks are arranged so that
reading all the detectors generates a parallel binary word, usually in Gray or Binary code.
When powered up from a random position the encoder can immediately tell the present
position.
In the 12m Radio Telescope, we are using 17 bit absolute single turn encoders with a
resolution of 10 arc sec for position feedback. The encoders are of optical disk type
employing the industry standard EnDat protocol.
The EnDat interface is a digital, bi-directional, synchronous serial interface. It is capable
of transmitting both the positional values from the encoders as well as transmitting or
updating stored information in the encoder. It is also capable of saving information in the
encoder memory.
The transmission method uses four signal lines- CLK, /CLK, DATA and /DATA. The
signal transmission is at RS422 levels. The data transmitted is in synchronous with the

clock signal from the control system.

2.2 Heidenhain EnDat
2.2.1 Serial EnDat

As a bi-directional interface, the EnDat (Encoder Data) interface for absolute

encoders is capable of outputting absolute position values as well as requesting or

Dept. of Electronics and Communication, S.J.B.LT 10 Raman Research Institute
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updating information stored in the encoder. Thanks to the serial data transmission, only

four signal lines are required. The type of transmission (i.e., whether position values or

parameters) is selected through mode commands transmitted from the subsequent
electronics to the encoder. Data is transmitted in synchronism with a CLOCK signal from

the subsequent electronics.

2.2.2 Advantages of EnDat interface

e One interface for all absolute encoders, whereby the subsequent electronics can
automatically distinguish between EnDat and SSI.

e Complementary output of incremental signals for highly dynamic control loops.

e Automatic self-configuration during encoder installation, since all information
required by the subsequent electronics is already stored in the encoder.

¢ Reduced wiring cost. For standard applications six lines are sufficient.

e High system security through alarms and messages that can be evaluated in the
subsequent electronics for monitoring and diagnosis. No additional lines are required.

e Minimized transmission times through adaptation of the data word length to the
resolution of the encoder and through high clock frequencies.

e High reliability of transmission through cyclic redundancy checks

e Datum shift through an offset value in the encoder.

e It is possible to form a redundant system, since the absolute value and incremental

signals are output independently from each other.

Fig.2.4 Recommended input circuitry of subsequent electronics
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2.2.3 Description of function
The EnDat interface transmits position values or additional physical quantities in
an unambiguous time sequence and serves to read out from and write to the encoder’s

internal memory. Position values can be transmitted with or without additional

Information. The additional information types are themselves selectable by the memory
area and address. Other functions such as parameter reading and writing can also be

called after the memory area has been selected.

2.2.4 Data transmission

A clock pulse (CLOCK) is transmitted by the subsequent electronics to
synchronize data transmission. When not transmitting, the clock signal defaults to HIGH.

Without propagation-delay compensation, the clock frequency is variable between
100 kHz and 2 MHz. The maximum permissible clock frequency depends on the cable
length between the encoder and subsequent electronics.

The subsequent electronics transmit the mode command Encoder transmit position
values without additional information to the encoder. After the encoder has switched to
transmission, i.e. after in total 10 clock periods, a counter in the subsequent electronics
starts with every rising edge. The subsequent electronics measures the propagation time

as the difference between the last rising clock pulse edge and the edge of the start bit.

2.2.5 Selecting transmission type

Transmitted data are distinguished as either position values or parameters.
Position values and memory contents are transmitted serially over the data lines (DATA).
The type of information to be transmitted is selected by mode commands. Mode
commands define the content of the transmitted information. Every mode command
consists of three bits. To ensure reliable transmission, every bit is transmitted redundantly
(inverted or double). If the encoder detects an erroneous mode transmission, it transmits

an €rror message.

Dept. of Electronics and Communication, SJ.B.LT 12 Raman Research Institute
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Mode bit
No. | Mode command M2 | M1| MO ((M2)| (Vi1)] (VI0)
1 | Encodsr transmit position valuss (oL R B T ] e |
2 | Sekction of tha memory area 0 F PR B S B B i o
3 | Encoder receive perameters S Il F R |
4 | Encoder transmit parametzrs B B )G o el | )

Fig.2.5 Selecting mode bits

2.2.6 Acquiring positional values

One data packet is sent in synchronism per data transmission. The transmission
cycle begins with the first falling clock edge. The measured values are saved and the
position value calculated. After two clock pulses (2T), the subsequent electronics

transmits the mode command Encoder transmit position value.

Encoder saves.

poskion vabis

Subsaquant electronics
tran=mits mods com-

few

Fi3

DATA [T JoTlofol=]1]1
ME L)

Node commard Cydk

S = ztayt, F1 = eree 1

Fig.2.6 Acquiring positional values

After successful calculation of the absolute position value, the start bit begins the
data transmission from the encoder to the subsequent electronics. The subsequent error bit
is a signal for all monitored functions and serve for failure monitoring.

The absolute position value is then transmitted, beginning with the LSB. Its length
depends on the encoder being used. The number of required clock pulses for transmission
of a position value is saved in the parameters of the encoder manufacturer. The data
transmission of the position value is completed with the Cyclic Redundancy Check
(CRC).

The position value is transmitted as a complete data word whose length depends
on the resolution of the encoder. Transmission begins with the LSB (LSB first).

With the end of the data word, the clock must be set to HIGH.
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3. HARDWARE APPLICATION DEVELOPMENT

3.1 Design

Flow

The project involves acquisition of data from the encoders by the FPGA-based

system.

This defines a new feedback path to the control system of the Radio

Telescope.

Following are the hardware involved in this project:

Heidenhain encoder, which transmits the positional information.

An Encoder Interface Card that is used to communicate with the external
environment and at the same time providing protection circuitry to the
encoder.

A Signal interface card that will be used to interface the signals from the
encoder interface card with the FPGA-based system.

An FPGA-based system that is used to generate the required signals to
drive the encoder, and also to fetch and store the positional values received
from the encoder.

A PCI interface to enable computer to acquire these received positional
information from the FPGA so that further processing of the encoder data

could be carried out.

The positional information comprises of 17-bit positional value and $ bits of CRC

(Cyclic Redundancy Check) codes. A computer, is used to calculate the exact position of

the Radio Telescope, finally receives this information.

POSITIONAL
ENCODER

WITH PCl INTERFACE
COMPUTER

ENCODER SIGNAL
INTERFACE CARD INTERFACE
BOARD

FPGA RASED SYSTEM

[- ———

Fig.3.1 Communication path between Encoder and Computer via FPGA based

system
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3.2 Heidenhain encoder connection requirements

The Heidenhain EnDat encoder can transfer either position value or parameter.
The clock signal for transfer of position values are sent by the subsequent electronics to
synchronize the data output from the encoder. When not transmitting, the clock line is
high. The transmission cycle begins with the first falling edge. The encoder saves the
position value and calculates the position value.

The encoder communicates to the outer world (subsequent electronics) through
EnDat ports.

Simple connaction
technology, 8-pin cable, Simple subsequent
single shiekling electronics with EnDat .

receiver chip

Miniatura connecting
element, M12, 8-pin

: = Power supply without
| Integrated interpolation and remote sensing
| position value generation (5V £5%)

IF =7

Fig.3.2 Encoder connecting to other electronics

EnDat can communicate with the external world through six lines, which include
data, /data, clock, /clock, 5v Vee and a Ground line. The standard connectors are used for
this purpose of connection as shown in the figure above.

The specifications of the connector used in the connection of 12m Radio

Telescope developed in RRI are as shown below.
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3.2.1 15- PIN D-Sub connector for connecting Heidenhain EnDat to

subsequent electronics

It is a female connector that runs from the core of the Heidenhain EnDat encoder.

It has 15 pins. The power supply lines are also defined in it along with the grounding

terminals.
a 7 & s &z 2 2 £
© 0 o 0 o o o0
25 4 £3 L2 AL g0 2
°o 0 o © O o 0
15- pin D-Sub connector
1 2 3 4 5 6 7 8
HEID_VCC | HEID_GND NC NC DATA NC NC /DATA
9 10 11 12 13 14 15
VCC_ELC NC GND_ELC NC INTSHLD | CLK ICLK

B /DATA
/CLK__15
% 7  NC
CLK 14 b
INT SHLD 13 | 6 ___Nc
5  DATA
NC 12 ——
4 NC
GND_ELC11 8 S
3 _NC
NC_ 0l g
gy |2 HEID_GND
VCC ELC 9| 2 |
Q) |1 HED_vCC
CONNECTOR D-SUB 15-R

Fig.3.3 A 15-PIN D-Sub connector and its PIN details

g s—

Dept. of Electronics and Communication, SJB.IT 17 Raman Research Institute




An FPGA based Angular Encoder interface for a Radio Telescope

3.3 ENCODER INTERFACE SYSTEM

3.3.1 Block Diagram
The real task starts from signal format synchronization of those of encoder and the

FPGA based system. We have made use of an existing interface card developed for the
12m radio telescopes. That holds following components in it required for signal

conversion n interface.

HOIDCOSKN

D-DRIVIE
R-BICIEVIR
B-BUFILE.

Fig.3.4 Block diagram of encoder interface card

The interface card that is shown in the block diagram consists of hardware
required for connecting to the radio telescope encoders, i.e. Heidenhain devices. The
interface card is connected to the encoder end used to establish communication with other
electronics, which in this project is an FPGA, based system. The optocouplers used will
form the barrier between the two parts of the circuit. That helps in ground loop
elimination. Communication to the Heidenhain EnDat encoders has to be done only
through the encoder interface board.
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3.3.1.1 Dual-channel optocouplers (HCPL 2631)
Optocouplers are capable of transferring an electrical signal between two circuits
while electrically isolating the circuits from each other. They generally consist of an

infrared LED emitting section at the input and a silicon photo detector at the output.

Input Enable Output
H H L
L H H
H L H
L L H
H NC L
L NC H

HCPL-2631

Fig.3.5 Optocoupler HCPL 2631

HCPL-2630/2631 is a dual-channel optocouplers consist of an 850 nm AlGaAS
LED, optically coupled to a very high-speed integrated photo detector logic gate with a
strobable output. This output features an open collector, thereby permitting wired ‘OR
outputs. The coupled parameters are guaranteed over the temperature range of -40°C to
+85°C. A maximum input signal of 5 mA will provide a minimum output sink current of

13 mA (fan out of 8). An internal noise shield provides superior common mode rejection.

FEATURES
* Very high speed-10 MBit/s
* Superior CMR-10 kV/us
* Double working voltage-480V
« Fan-out of 8 over -40°C to +85°C
* Logic gate output
» Strobable output
» Wired OR-open collector
* U.L. recognized (File # E90700)
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APPLICATIONS
* Ground loop elimination
* LSTTL to TTL, LSTTL or 5-volt CMOS
* Line receiver, data transmission
* Data multiplexing
* Switching power supplies
* Pulse transformer replacement

» Computer-peripheral interface

3.3.1.2 Multipoint RS422 Transceivers/Repeaters (DS 3695)

The DS3695 is a high speed differential TRI-STATE® bus/line
transceivers/repeaters designed to meet the requirements of EIA standard RS485.
High impedance to bus with driver in TRI-STATE or with power off, over the entire

common mode range allows the unused devices on the bus to be powered down.

01 040801
Top View
Function Tables
DS3695 Transmitting
Inputs Thermal Outputs
RE DE DI Shutdown Do DO
X 1 1 OFF [ )
X 1 0 OFF 4 0
X 0 X OFF z z
X 1 X ON b4 z
DS3695 Racsliving
Inpute Outpute
AE DE Ri-A RO
o 0 2402V 1
0 0 <02V o
1 0 X z

Fig.3.6 DS3695 multipoint RS422 transceiver
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3.3.1.3 HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS
These monolithic hex buffers/drivers feature high-voltage open-collector outputs
to interface with high-level circuits or for driving high-current loads. They are also
characterized for use as buffers for driving TTL inputs.

SN74LS07:
logic diagram (positive logic)

A 1 2 1w

1A[] 1 uujvoc . D R
1¥[] 2 1a]] 6A ”'—“D—"
2Af 2 12(] 6Y m 8 __{>___. v

2Y[la nflsa o .
M[ 5 soll 5Y M—D— av
3¥[e e]] 4A o, hadge

GND[} 7 af| 4y - -
€A or

Fig.3.7 SN 74LS07 pin detail and logic diagram
The 4LS07 has a rated output voltage of 30. The maximum sink current is 30 mA.
These circuits are compatible with most TTL families. Inputs are diode-clamped to
minimize transmission-line effects, which simplifies design. Typical power dissipation is

140 mW and average propagation delay time is 12 ns.

- Veo
e ka ‘: 1kQ
5k >
4
fnput Output
4
\
$2m
2403
b
GND

Fig.3.8 Schematic (each gate)
recommended operating conditions

SNT4LS07 UNIT
MN_ NOM  MAX
Voo Supply votage 4’ 5 62| V
Vi Highevel input votage 2 v
VIL _ Lowdevel input voitage 08] V
VOu___Highlevel output voltage _|isor 3
loL __ Lowlevel oulput curent 0| mA
T, Operating free-ar temperatre 0 0] 'C

Fig.3.9 Absolute maximum ratings over operating free-air temperature range
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3.3.2 Circuit Diagram of Encoder Interface Card

The circuit connection of the Encoder interface card is as shown in the circuit

diagram shown below.

B BfE
&) 4 a
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o h
4
ool"‘-o " W sl e =w ~
g B 8|pg 2® >
ETRARLEY 8
> Qemonwn 5 Qrmeoawn
a . |B E
2 B 8 A % H A <
~| o ™ - o~ ~ o) ™ - Mg A
: : |
o . 53
FE EEER
8 -cﬂl ] o
g oV LJ,
| o | o
— Y - M ~—
g & 5 8w §
5 a
EE §§g§ P B g.mg 8
Tl Hml ~ | il oo
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)
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g (L]
:
\ n-r-oLools."..‘ Ml e
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Fig.3.10 Circuit diagram of encoder interface card
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Heidenhain EnDat encoder interface card developed is connecter to the female D-
Sub connector. This will establish healthy communication path for communication to the
Encoder. The encoder interface card has an optocoulper. Where, it is capable of
transferring
an electrical signal between two circuits while electrically isolating the circuits from each
other.

The interface card is connected to the Encoder end used to establish
communication with other electronics, which in this project is an FPGA, based system.

In this card we can find the optocouplers forming the isolation between the two
pars for the circuitry (i.e. between the encoder part of system and the other side which has
the subsequent electronics to drive the encoder).

The clock and data signals from the EnDat are connected to the encoder interface
card where in these differential signals are converted to single ended signals. This is
achieved by using IC DS3695.

These signals are fed to the optocouplers. These optocouplers not only gives
isolation between two ends of the circuitry system, it also provides safety to the system.
Hence the signals are fed to the monolithic hex buffers /drivers. The output of these
buffers will be single ended TTL signals.

The signals coming out of the encoder interface card will be characterized by four signals.
e Clock
e Data_in
e Data_out and

o Enable
fCLK. CLK M
SUBSEQUENT DS 3695 —
KLk | BEDENHAN
ELECTRONICS DATAIN
é — HCPL 2631 DATA >mm-r
DATA QUT
{DATA
SN7407 )

wk ok

Enxcoder Interface Card

Fig. 3.11 Schematic of Encoder Interface Card with signals
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The Heidenhain EnDat encoder data line is a single bi-directional line that carries
mode commands as well as positional information on same channel.

Hence in the encoder interface card these lines are separated. This gives rise to
Data_in and Data_out lines.

The Data_in is a line that carries the mode bits to the EnDat encoders from the
FPGA system that generates it. And Data out is the line that passes the calculated
positional information from the Encoder to the FPGA system.

The enable line the encoder interface card will be used to decide the direction of
flow of data in the Encoder data line. If he enable line is kept high then the Encoder data
line will accept the mode bits sent through Data_in line of the encoder interface card.

And as the enable line is made low after sending the required mode bits, the
Encoder will then start sending the positional values, which will be accepted by the
FPGA system trough the Data_out line of the encoder interface card.

It is very much important to carefully connect the ground lines of both the

electronics (Heidenhain encoder and Encoder interface card).

3.4 Signal interface board

The signals at the encoder interface card end are single ended and those signals
generated from the FPGA based system developed are of differential form. This gives rise
to need for development of this signal interface board. Which does the task of inter-
conversion of signals between single ended TTL to Differential forms.

This could be achieved by selecting appropriate hardware available in market.
That could be called as a differential line driver and receiver.

IC SN65LBC172 used is a differential line driver, and IC SN65LBC173 is a

differential line receiver.

3.4.1 Circuit connection of signal interface board

The differential signals from the FPGA board are connected to the differential line
driver and receiver. The lines connecting the differential sides are DATA_IN,
/DATA_IN, CLK, /CLK, DATA_OUT, /DATA_OUT, ENB and /ENB.
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® DRIVER SN75LBC172
® RECIEVER SN75LBC173
I
2 15
lec DAt oY 1Y 15
%mm oot 3 17 D 14 mzmu%
R
RS-422 Enable YHG 1 gl Enae
s| vz
IN 1 E
6] g |IL IN
3
7 10
_{ il
8 9
[GHD2>— —
- THARLE 1 1B ~ 16 ENARLE
~”
ENABLE 2 15
RS-422 P~ A g [ CLOCE
3. § |14 \
OUT . I 7
Eadle YHG | GLA Enabk OUT
5 12 DATAIY
: 2Y ff —
DAIL IN
= 6y B 37l
/mmnz 7 2B R 31;10
, I 9
8
"o | |G 3B |
- RECIEVER I
wor | |
FPGA | ENCODER
JBASED l | IvrERFACE
STSTEM | I
| SIGNAL INTERFACE BOARD |

Fig.3.12 Signal interface board circuit diagram
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The enable pin of the IC’s are connected to the Vce to maintain logic high to the
pin through the pull up register. The IC’s work in the range of Vcc-5v.The single ended
TTL lines will be connected from the encoder interface card. The driver and the receiver

ICs will share same ground base.

3.4.2 Differential line driver SN65LBC172

FUNCTION TABLE

{each driver)
1A[]1 Voo INPUT | ENABLES | OUTPUTS
1|2 4A A G G Y 2z
12[3 4Y H " x " L
G+ 4z L H X L H
2zzlls G H X L H L
2vfje 3z L X L L H

H = highlevel, L =low level,

GND [ e 3A

[ X =imelevant, Z = high impedance (off)

Fig.3.13 PIN description and function table of SN65LBC172

The SN65LBC172 and SN75LBC172 are monolithic quadruple differential line
drivers with 3-state outputs. Designed for High-Speed Multipoint Transmission on Long
Bus Lines in Noisy Environments. Support Data Rates up to and Exceeding Ten Million

Transfers Per Second.

logic diagram {positive logic)
&

G
g -2 recommended operating conditions
\ [ 2 ., mN NOM  mAX| uwT
A = 1z [Supplyvolage. Vg 475 5 53] v
, | &, |Horiewlimutvolage. Viy 2 v
2a | 5 7 | lowdevelimputvaltage, Vy. | v
—4 Viltage at any bus terminal 12
3a -2 = z {separately o common made). V¢ | ¥ 7 2 3 v
“ Highlevel odput comrent by | YorZ 0| m
PR 13 ‘z" Lowleveloutputcurent, oy, | YorZ o] m

Fig.3.14 Logic diagram and maximum ratings of operation of SN65LBC172
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3.4.3 Differential line receiver SN65LBC173

The SN65LBC173 is a monolithic quadruple differential line receiver with 3-state
outputs. Designed to meet the requirements of the ANSI standards EIA/TIA-422-B,
EIA/TIA-423-B and RS-485. Receiver features high input impedance, input hysteresis for

increased noise immunity, and input sensitivity of £200 mV over a common-mode input

voltage range of 12 V to —7 V. The fail-safe design ensures that if the inputs are open

circuited, the output is always high.

18(]1 Usc]vcc,
1]z 5ll4B
wlla wf4a
clle 13fay
vidl 1206
a(le  njay
B[7 wf3a
GND[}8 ol 38

FUNCTION TABLE
{each receiver)
DIFFERENTIAL INPUTS | ENABLES OUTPUT

A-B G 3 v
Vip202V X "
2
-02V<Vp <02V : f 2
H L
VipsS-02V x ’: L
X L H F4
] H x H
Open Circuit x L H

H=highlevel, L=lowlevel, X =irrelevant,

Z = high impadance (off). ? = indeterminate

Fig.3.15 PIN detail and function table of SN65LBC173

logic diagram {positive logic)

G
G

"
18

B By B3

4

=g >

recommended operating conditions
MN NoM max| uwT
w Supply voltage, Voo a5 55| v
Cormrmon-mode input voliage. Vic -1 21 v
i Diferental input voage. Vpy s8] v
w,mmvm i 2 v
Lowlevel it vohage, V. o8] v
| Hioh-evelouiput curent, low -8 m
4av

Fig.3.16 Logic diagram and maximum ratings of operation of SN65LBC173
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3.5 FPGA BASED SYSTEM

An FPGA-based system has two Spartan IIE 300K gate FPGA as core element
and associated hardware such as pack CPLD for handling large array of Input/Output
lines. A PCI chipset (PLX-9054) is used to acquire encoder data into the computer from
the transact FPGA.

The FPGA based system is capable of communicating to external hardware using
one of the three different ways mentioned below:

e RS-422 with 20 input lines and 8 output lines.

e Serial communication channel.

e Low voltage differential signaling |(LVDS) lines for interfacing high-
speed signal (12 input lines and 5 output lines).

In our project we have used RS-422 lines to communicate with the encoder.

The signals coming from the signal interface card are connected to the RS-422
pins of the FPGA-based system board, which is in turn connected to FPGA via the pack
CPLD.

The RS-422 input/output system consists of differential line drivers and receivers.
Those drivers and receivers are perfectly compatible with the differential line drivers and
receivers used in the signal interface board. The RS-422 IN has capability of accepting 20
different at a time. And similarly the RS-422 OUT has capability of handling 8 signals at

a time.

3.5.1 Block diagram of FPGA based system

The signals from RS-422 are connected to the pack CPLD XC95144XL. Some
programmable logic devices include integrated phase-locked loops (PLLs) and delay-
locked loops (DLLs) with clock-frequency-synthesis capabilities so that designers can use
CPLDs for system-on-chip applications. PLL and DLL clock multiplication also allows
designers to generate a high-speed internal clock for sampling data in digital signal
processing (DSP) applications. In addition, PLLs and DLLs provide greater control over
the clock frequencies used in integrated designs. This is critical for system integration

because different parts of a system operate at different clock frequencies.
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Fig.3.17 Block diagram of FPGA based system

Raman Research Institute

29

Dept. of Electronics and Communication, S.J.B.LT



An FPGA based Angular Encoder interface for a Radio Telescope

Programming of the CPLD is through the JTAG port. A VHDL code has been
developed defining the input/output pins and the operational specifications of it. The
simulation package Xilinx Project Navigator was used to develop and test the VHDL

codes. Software called Impact is used to program the CPLD.

e { B T ]
v

RS 422-IN :ﬁ

CPLD c____—> TO FPGA
XCP5144XL
RS-422 OUT] c:

Fig.3.18 CPLD connected with neighboring devices and JTAG

FPGA forms the main core of this system board. It contains the logic required to
communicate with the encoder. The VHDL code was developed using Xilinx Project

Navigator and tested using ModelSim simulation package.

3.5.2 RS 422 Input / Output

RS422 Converters are devices, which enable connectivity between pieces of
equipment, which operate different communications protocols. Protocol Converters are
used for a variety of reasons, primarily to connect to specialized equipment, which still
uses the older protocol.

Two-Wire Balanced Interince —RS-422
e

12 DI STIA
DATA
TR oevewy
VSIS

Fig.3.19 Two wire based interface of RS 422

RS 422 IN:

The DS26LS32 is a quad differential line receivers designed to meet the RS-422,
RS-423 and Federal Standards 1020 and 1030 for balanced and unbalanced digital data
transmission. DS26LS32 meets all requirements of RS-422 and RS-423. The circuit

provides an enable and disable function common to all four drivers.
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RS 422 OUT:

The DS26LS31 is a quad differential line driver designed for digital data
transmission over balanced lines. The DS26L.S31 meets all the requirements of EIA
Standard RS- 422 and Federal Standard 1020. It is designed to provide unipolar
differential drive to twisted-pair or parallel-wire transmission lines. The circuit provides
an enable and disable function common to all four drivers. The DS26LS31 features TRI-
STATE outputs and logically ANDed complementary outputs.

3.5.3 Process FPGA (Spartan- IIE)

Process FPGA will communicate with the pack CPLD and the logic residing in
the transact FPGA will generate the necessary signals to communicate with the encoder.
Three signals are output from the transact FPGA and through the pack CPLD are
transmitted to the encoder via the signal interface board and the encoder interface card.
The signals are:

o Clock of frequency 100KHz with 50% duty cycle,
e Enable signal which will bifurcate the bi-directional data line of the encoder in to
two lines,
e Data_out line that is used to transmit six mode bits to the encoder.
Similarly input to the FPGA will be a data line, i.e.:
e DATA_OUT that carries information serially in to the FPGA from encoder
through pack CPLD.

3.5.4 JTAG Connector

FPGA system development board design provides a JTAG port that can be used to
configure and/or program various devices on the board and JTAG devices located on the

User /O module.

e 1
GND :|2 0%
—_ls 9%
TCK e
— s g
TDO s wE
1D ¢ ne
—_— ]
W3 5
Fig.3.20 JTAG connector
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Design Download

Fig.3.21 Design downloading procedure
The JTAG port on the FPGA based system board can be used to directly configure
the Spartan-IIE FPGA. The J2 JTAG connector on the FPGA based system board can be
used to configure the Spartan-IIE. The Insight JTAG cable is connected to the FPGA
based system board via J2 at one end and to the PC parallel port at the other end.

Configuring the Spartan-IIE FPGA
When the JTAG port is used to configure the Spartan-IIE FPGA,
e Set the Configuration Mode of the Spartan-IIE FPGA to JTAG Mode.
e Use the Xilinx JTAG programmer (iMPACT) utility to load the design bit
file into the Spartan-IIE FPGA.

3.5.5 Peripheral Component Interface (PCI) interfacing

The PCI Local Bus is a high performance 32- bit bus with multiplexed address
and data lines. This type of internal bus is the most commonly used in today's systems. It
is a 32-bit bus that supports data transfer rates at 33 MHz. Many modern expansion

boards are connected to PCI slots.
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Typical Adapter Block Diagram
Fig. 3.22 Typical PCI block diagram

3.5.5.1 PLX PCI 9054

The PCI 9054, a 32-bit 33-MHz PCI Bus Master /O Accelerator, is the most

advanced general-purpose bus Master device available.
FEATURES

PCI Specification version 2.2 (v2.2) compliant 32-bit, 33-MHz Bus Master
Interface Controller with PCI Power Management features for adapters and
embedded systems.

General Purpose Bus Master Interface featuring advanced Data Pipe Architectur
technology, which includes two DMA engines, programmable Target and Initiator

Data Transfer modes and PCI messaging functions.

3.3V, 5V tolerant PCI and local signaling support Universal PCI Adapter designs.
Programmable Local Bus runs up to 50 MHz and supports non-multiplexed 32-bit
address/data, multiplexed 32-bit, and slave accesses of 8-, 16-, or 32-bit Local Bus
devices.

Serial EEPROM interface

Three PCI-to-Local Address spaces

3.6 Software development

While developing the software for the required application, it is necessary to

understand the constraints involved. In this project, developing the software needs proper

understanding of the working of EnDat Encoder.

As the signals required to be generated by the FPGA system for the encoder to be

driven are clock signal of frequency 10KHz and the enable signal that decides the flow
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o

direction of data in the EnDat data line and the data line that carries the mode bits through

it to initialize the encoder save the positional information and send it. This would require

systematic development of the software design flow.

The EnDat encoder would send its current positional value as and when it receives

the mode bits that would instruct it to do so. The mode bits will be sent with reference to

the 100KHz clock signal.

The Algorithm to be developed in order to generate the proper signals required to

collect data from the encoders would be as follows:

1.

Generation of clock signal (CLK) of frequency 100KHz. With the duty
cycle of 50 percent. Drive the enable signal to logic low so as to allow

transfer of mode bits to the encoder.

Send the mode bits (000111 for acquiring the positional information
from the encoder) at every falling edges of the clock signal after initial
two clock cycles.

The encoder would have saved the current positional values in the first
high to low transition of the clock signal and would be ready to send the
positional information as the sent mode bit instructs it. Hence, pull the
enable signal to logic high before that.

The encoder will send the positional information serially in synchronous
to the clock signal sent to it. One bit at every rising edge of the clock
signal will be sent. Hence, wait for the start bit, which is characterized
by immediate transition to logic high from logic low on the incoming
data line through which positional information is expected to arrive
from the EnDat.

Once the start bit is sensed, start acquiring the incoming data. Start bit
will be followed by an alarm bit or an error bit, then that is followed by
17 bit positional value that starting from LSB (2°) to the MSB (2™).
These 17 bits positional values would be followed by 5 CRC (Cyclic
Redundancy Check) bits. These information will be stored so as to

enable the computer in the control system to read these information in a
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stretch when signal is sent to it indication of arrival of complete
positional value.

6. With the end of data word the clock signal must be set to logic high.
After 30 to 1.25us the data line falls to logic low.

The program flow will start with initialization of the signals. And the signal
exchange process follows the format as specified in the algorithm. This program has been
developed in VHDL with the help of Xilinx Project Navigator software package.

The important signals to be kept in mind while developing the code are:
o CLOCK: Clock signal, is an output signal from the FPGA and is fed to the
encoder via encoder interface card and signal interface board. Communication

with the EnDat will be done with respect to this signal only.

° ENABLE: Enable signal, will be used in the encoder interface card to select
between incoming data line and outgoing data line of the card to the side of FPGA
based system board from EnDat encoder. This signal will be driven LOW when
the FPGA transmits the mode commands to the EnDat and will be set to logic
HIGH when the EnDat has to send the positional information.

° MODEBITS: 1t is a DATA line from the FPGA to EnDat encoder that carries the
mode bits. The mode bits could be set to request the EnDat to send the positional
information, parameter values or set the memory locations. In EnDat 2.2 version it
is also possible to request it to send additional information like status information,

address or even data.

o POS DATA: This is DATA line coming from EnDat to the FPGA that carries
positional information. This carries the start bit followed by en error bit or called
alarm bit, then 17 bits of position value and then by 5 bits of CRC.

The clock signal of 100KHz, enable signal and mode bits are the signals generated
in the FPGA system and sent to the encoders. The simulation of the software has been

successfully carried out and the generation of these signals is as shown in the following

waveforms.
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Curzee 1

(b)
Fig.3.25 (a) and (b) Received positional information and CRC codes from encoder

The Fig.3.23 shows the generation of the clock pulses and mode bits when the
enable signal is pulled down. The enable signal is sat to high after a clock cycle as the

FPGA finishes sending mode bits.

The encoder starts sending positional information by sensing mode bits after two
clock cycles (min). FPGA will start to store this information starting from the start bit as

shown in waveform in Fig.3.24.
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Samples of the positional information containing start bit, error bit, positional

value and the CRC bits are as shown in fig.3.25 (a) and (b).

The positional value in the case (a) will be: 1101110101110101
Start bit I: 1, and the CRC is: 00101that ends with data line going high.

Similarly in case (b), positional value will be: 01010101010101010
Start bit is: 1, and CRC is: 10101 followed by logic high.

2 L 4
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CONCLUSION
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4 CONCLUSION

4.1 Summary of the work done
The project was undertaken to develop an FPGA-based angular encoder interface

to a radio telescope. Development of intermediate hardware to connect the EnDat encoder
to the application based FPGA system led to designing of the encoder interface card and
the signal interface board. .

The purpose of the development of encoder interface card was to provide proper
isolation of the circuitry between EnDat and the FPGA system and also to bifurcate the
bi-directional data line in two independent signal lines of opposite flow direction so that
further processing of the signals will be easy.

A signal interface board was designed choosing suitable ICs and developed to
solving the problem of interfacing the different signal formats. Finally, a VHDL code was

developed to acquire the positional information from the encoder.

4.2 Scope for future work

The entire structure of the telescope is not yet ready. It is expected to be in
operation soon. It will be an efficient work to connect the developed FPGA based feed
back system in the actual telescope. This is the main task ahead. However many
improvements can be made in the developed system to make it more versatile and reliable
control system.

Further improvement could be made in both software and the hardware to enhance
the system to take over complete responsibility of control path. That would not only

provide cost effective solution, but also an efficient feedback system.
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APPENDIX

Dept. of Electronics and Communication, S.J.B.LT 40 Raman Research Institute



An FPGA based Angular Encoder interface for a Radio Telescope

Appendix A: Details of the components in the FPGA

based system

1 FPGA: Spartan IIE

1.1 Introduction:
The Spartan-IIE 1.8V Field-Programmable Gate Array family gives users high

performance, abundant logic resources, and a rich feature set, all at an exceptionally low
price. The seven-member family offers densities ranging from 50,000 to 600,000 system
gates. System performance is supported beyond 200 MHz. Spartan-IIE devices deliver
more gates, 1/Os, and features than other FPGAs by combining advanced process
technology with a streamlined architecture. Features include block RAM (to 288K bits),
distributed RAM (to 221,184 bits), 19 selectable I/O standards, and four DLLs (Delay-
Locked Loops). Fast, predictable interconnect means that successive design iterations
continue to meet timing requirements.

The Spartan-IIE family is a superior alternative to mask-programmed ASICs. The
FPGA avoids the initial cost, lengthy development cycles, and inherent risk of
conventional ASICs. Also, FPGA programmability permits design upgrades in the field

with no hardware replacement necessary (impossible with ASICs).

1.2 Spartan-IIE FPGA Family Members:
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Ordering Information

Example: XC2S50E -6 PQ 208 C
Device Type ——_l_ L Temperature Range

Number of Pins
Speed Grade

Package Type

Device Part Marking

Fig. 1.1 Xilinx FPGA Device part marking and ordering information

The Spartan-IIE family of FPGAs has a regular, flexible, programmable
architecture of Configurable Logic Blocks (CLBs), surrounded by a perimeter of
programmable Input/Output Blocks (IOBs). There are four Delay-Locked Loops (DLLs),
one at each corner of the die. Two columns of block RAM lie on opposite sides of the die,
between the CLBs and the IOB columns. These functional elements are interconnected by

a powerful hierarchy of versatile routing channels.

Spartan-IIE FPGAs are customized by loading configuration data into internal
static memory cells. Unlimited reprogramming cycles are possible with this approach.
Stored values in these cells determine logic functions and interconnections implemented
in the FPGA. Configuration data can be read from an external serial PROM (master serial
mode), or written into the FPGA in slave serial, slave parallel, or Boundary Scan modes.
Spartan-IIE FPGAs achieve high-performance, low-cost operation through advanced

architecture and semiconductor technology.

Dept. of Electronics and Communication, S.J.B.I.T - 42 Raman Research Institute




An FPGA based Angular Encoder interface for a Radio Telescope

~1.3 Basic Spartan-IIE FPGA block diagram:
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Fig.1.2 Basic Spartan-IIE Family FPGA Block Diagram

1.4 Spartan-IIE Array

The Spartan-IIE user-programmable gate array, shown in Figure, is composed of

five major configurable elements:

* IOBs provide the interface between the package pins

and the internal logic

* CLBs provide the functional elements for constructing

most logic

* Dedicated block RAM memories of 4096 bits each
* Clock DLLs for clock-distribution delay compensation

and clock domain control

* Versatile multi-level interconnect structure

1.4.1 Configurable Logic Block (CLB)
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~ The basic building block of the Spartan-lIE CLB is the logic cell (LC), An L.C
includes a 4-input function generator; carry logic, and storage element. The output from
the function generator in each LC drives the CLB output or the D input of the flip-flop.

Each Spartan-IIE CLB contains four LCs, organized in two similar slices; a single slice is

shown in Figure.
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Fig.1.3 Spartan-IIE CLB Slice (two identical slices in each CLB)

In addition to the four basic LCs, the Spartan-IIE CLB contains logic that

combines function generators to provide functions of five or six inputs.

Look-Up Tables

Spartan-IIE function generators are implemented as 4-input look-up tables
(LUTs). In addition to operating as a function generator, each LUT can provide a 16 x 1-
bit synchronous RAM. Furthermore, the two LUTs within a slice can be combined to
create a 16 x 2-bit or 32 x 1-bit synchronous RAM, or a 16 x 1-bit dual-port synchronous
RAM. The Spartan-IIE LUT can also provide a 16-bit shift register that is ideal for
capturing high-speed or burst-mode data. This mode can also be used to store data in
applications such as Digital Signal Processing.

Arithmetic Logic
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Dedicated carry logic provides fast arithmetic carry capability for high-speed
arithmetic functions. The Spartan-IIE CLB supports two separate carry chains, one per
slice. The height of the carry chains is two bits per CLB. The arithmetic logic includes an
XOR gate that allows a 1-bit full adder to be implemented within an LC. In addition, a
dedicated AND gate improves the efficiency of multiplier implementations. The
dedicated carry path can also be used to cascade function generators for implementing
wide logic functions.

1.4.2 Block RAM

RAMB4_S#_S#

WEA

I

ENA
RSTA

> CLKA

ADD[#:0]
DIA[#:0]

DOA[#.0]

| C

WEB
ENB
RSTB

> cLKB
ADDRB[#:0]
DIB[#:0]

DOB[#.0} ——

Fig.1.4 Dual-Port Block RAM

Spartan-IIE FPGAs incorporate several large block RAM memories. These
complements the distributed RAM Look-Up Tables (LUTs) that provide shallow memory
structures implemented in CLBs. Block RAM memory blocks are organized in columns.
Most Spartan-IIE devices contain two such columns, one along each vertical edge. Each
memory block is four CLBs high, and consequently, a Spartan-IIE device 16 CLBs high
will contain four memory blocks per column, and a total of eight blocks.

The Spartan-IIE block RAM also includes dedicated routing to provide an
efficient interface with both CLBs and other block RAMs.

1.4.3 Delay-Locked Loop (DLL)
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Clock
CLKOUT Distribution
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da0rT.2_10_forames
Fig. 1.5 Delay locked loop

Associated with each global clock input buffer is a fully digital Delay-Locked
Loop (DLL) that can eliminate skew between the clock input pad and internal clock-input
pins throughout the device. Each DLL can drive two global clock networks. The DLL
monitors the input clock and the distributed clock, and automatically adjusts a clock delay
element. Additional delay is introduced such that clock edges reach internal flip-flops
exactly one clock period after they arrive at the input. This closed-loop system effectively
eliminates clock-distribution delay by ensuring that clock edges arrive at internal flip-
flops in synchronism with clock edges arriving at the input. In addition to eliminating
clock-distribution delay, the DLL provides advanced control of multiple clock domains.
The DLL provides four quadrature phases of the source clock, can double the clock, or

divide the clock by 1.5, 2,2.5, 3, 4, 5, 8, or 16.

1.4.4 Input /Output Block

The Spartan-IIE IOB, as seen in Figure 2, features inputs and outputs that support
a wide variety of I/O signaling standards. These high-speed inputs and outputs are
capable of supporting various state of the art memory and bus interfaces. The three IOB
registers function either as edge-triggered D-type flip-flops or as level-sensitive latches.
Each IOB has a clock signal (CLK) shared by the three registers and independent Clock
Enable (CE) signals for each register.

In addition to the CLK and CE control signals, the three registers share a
Set/Reset (SR). For each register, this signal can be independently configured as a
synchronous Set, a synchronous Reset, an asynchronous Preset, or an asynchronous

Clear.
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Fig.1.6 Spartan-IIE Input/Output Block (IOB)

All pads are protected against damage from electrostatic discharge (ESD) and
from over- voltage transients. After configuration, clamping diodes are connected to
VCCO for LVTTL, PCI, HSTL, SSTL, CTT, and AGP standards.

All Spartan-IIE 10Bs support IEEE 1149.1-compatible boundary scan testing.

Input Path

A buffer in the Spartan-IIE IOB input path routes the input signal directly to
internal logic and through an optional input flip-flop.

Each input buffer can be configured to conform to any of the low-voltage
signaling standards supported. There are optional pull-up and pull-down resistors at each

input for use after configuration.

Output Path

The output path includes a 3-state output buffer that drives the output signal onto
the pad. The output signal can be routed to the buffer directly from the internal logic or
through an optional IOB output flip-flop.
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Fig.1.7 Spartan-IIE I/O Banks

Some of the I/O standards described above require VCCO and/or VREF voltages.
These voltages are externally supplied and connected to device pins that serve groups of
IOBs, called banks. Consequently, restrictions exist about which I/O standards can be
combined within a given bank. Eight I/O banks result from separating each edge of the
FPGA into two banks In the TQ144 and PQ208 packages, the eight banks have VCCO
connected together. Thus, only one VCCO level is allowed in these packages, although
different VREF values are allowed in each of the eight banks.

Boundary Scan
Spartan-IIE devices support all the mandatory boundary-scan instructions
specified in the IEEE standard 1149.1.

The TAP uses dedicated package pins that always operate using LVTTL. For
TDO to operate using LVTTL, the VCCO for Bank 2 must be 3.3V. Otherwise, TDO
switches rail-to-rail between ground and VCCO. The boundary-scan input pins (TDI,
TMS, TCK) do not have a VCCO requirement and operate with either 2.5V or 3.3V input
signaling levels.

Development System
Spartan-IIE FPGAs are supported by the Xilinx ISE Foundation and Alliance

CAE tools. The basic methodology for Spartan-IIE design consists of three interrelated
steps: design entry, implementation, and verification. Industry-standard tools are used for
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design entry and simulation, while Xilinx provides proprietary architecture-specific tools
for implementation.

The Xilinx development system is integrated under the Xilinx Project Navigator
software, providing designers with a common user interface regardless of their choice of
entry and verification tools. The software simplifies the selection of implementation
options with pull-down menus and on-line help. Application programs ranging from
schematic capture to placement and routing can be accessed through the software. The
program command sequence is generated prior to execution, and stored for

documentation.

2. Complex programmable logic devices (CPLDs)

Complex programmable logic devices (CPLDs) are integrated circuits (ICs) or
chips that application designers configure to implement digital hardware such as mobile
phones. CPLDs can handle significantly larger designs than simple programmable logic
devices (SPLDs), but provide less logic than field programmable gate arrays (FPGAs).
CPLDs contain several logic blocks, each of which includes eight to 16 macro cells.
Because each logic block performs a specific function, all of the macro cells within a
logic block are fully connected. Depending upon the application, however, logic blocks

may or may not be connected to one another.

Most complex programmable logic devices contain macro cells with a sum-of-
product combinatorial logic function and an optional flip-flop. Depending on the CPLD,
the combinatorial logic function supports from four to sixteen product terms with wide
fan-in. Complex programmable logic devices also vary in terms of logic gates and shift
registers. For this reason, CPLDs with a large number of logic gates may be used in place
of FPGAs. Another CPLD specification denotes the number of product terms that a macro
cell can manage. Product terms are the product of digital signals that perform a specific
logic function.

Dept. of Electronics and Communication, SJB.LT 49 Raman Research Institute



An FPGA based Angular Encoder interface for a Radio Telescope

2.1 Xilinx XC95144XL CPLD:

Description
The XC95144XL is a 3.3V CPLD targeted for high-performance, low-voltage

applications in leading-edge communications and computing systems.
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Fig.1.8 XC95144XL Architecture

Features

* 5 ns pin-to-pin logic delays

* System frequency up to 178 MHz

* 144 macrocells with 3,200 usable gates

* Available in small footprint packages
- 100-pin TQFP (81 user I/O pins)
- 144-pin TQFP (117 user I/O pins)
- 144-CSP (117 user I/O pins)

* Advanced system features
- In-system programmable
- Full IEEE Standard 1149.1 boundary-scan (JTAG)

* Fast concurrent programming
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3 Peripheral Component Interconnect (PCI)

Peripheral Component Interconnect is an interconnection system between a
microprocessor and attached devices in which expansion slots are spaced closely for high-
speed operation. It is a local bus that supports high-speed connection with peripherals. It
plugs into a PCI slot on the motherboard.

R ] . Sotional Pi
Address
& Dala 64-Bit
Extension
Interface interface
Control | Control
YRS ;%hm
Error {
Reporting
Arbltraion
{musbors orly) {
JTAG
System { fEEE 11.1)

Fig.1.9 PCI pin list

Peripheral Component Interconnect, a local bus that supports high-speed
connection with peripherals. It plugs into a PCI slot on the motherboard. The PCI Bus has
been defined with the primary goal of establishing the industry standard, high

performance local bus architecture that offers low cost and allows differentiation.

3.1 JTAG/Boundary Scan Pins for PCI

The IEEE standard 1149.1 test access port and boundary scan architecture
specifies the rules and permission for designing an 1149.1-complient IC. Inclusion of a
Test Access Port (TAP) on a device allows boundary scan to be used for testing of the
device and board on which it is installed. The TAP is comprised of four pins that are used
to interface serially with a TAP controller within the PCI device.

TCK in Test Clock is used to clock state information and test data into and out of

the device during operation of the TAP.
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o TDI - in - Test Data Input is used to serially shift test data and test
instructions into the device during TAP operation.

o TDO - out - Test Output is used to serially shift test data and test
instructions out of the device during TAP operation.

. TMS - in - Test Mode Select is used to control the state of the TAP
controller in the device.

. TRST# - in - Test Reset provides an asynchronous initialization of the TAP
controller. This signal is optional in IEEE Standard.

4 Serial EEPROM

NM93CS46L/CSS56L/CS66L (2048-/4096-Bit Serial EEPROM)

The CS56L/CS66L devices are 2048/4096 bits, respectively, of non-volatile
electrically erasable memory divided into 128/256 x 16-bit registers (addresses). The
NM93CSxxL Family functions in an extended voltage operating range, and is fabricated
using National Semiconductor's floating gate CMOS technology for high reliability, high

endurance and low power consumption.
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Fig.1.10 Block diagram of NM93CS56L/66L
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Features

e Sequential register read

e Write protection in a user defined section of memory

e 2.7V to 5.5V operating range in all modes

e Typical active current of 200 mA; typical standby current of 1 mA

e No erase required before write

Pin Names
CSs Chip Select
8K Serial Data Glock
e L 8h=veo DO Serial Data Output
SK—2 Ti~PRE
ol e GND Ground
po—d4 sk-cnp PE Program Enable
PRE Protect Register Enable
PIN Diagream Veo Power Supply

Fig.1.11 Pin diagram of NM93CSxxL

Functional Description

The extended voltage EEPROMs of the NM93CSxxL Family have 10 instructions
as described below. Note that MSB of any instruction is a **1" and is viewed as a start bit
in the interface sequence. For the CS56 and CS66, the next 10 bits carry the opcode and
the 8-bit address for register selection. All Data In signals are clocked into the device on

the low-to-high SK transition.

READ:
PRE=0,PE=X

a 2 e
“./ W

b 1 1 ] serg Al

31
-
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Fig.1.12 Timing Diagram for read operation
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Instruction Set for the NM93CS56L and NM93CS66L

instruction | 8 | Op Code | Address Data | PRE | PE Convnents

READ 1 10 AT=AQ 0 | X | Readsdats siored in memory, staring at spacified address.

WEN 1 0 | 110000 0 | 1 | Ensbie s programming modes.

WRITE 1 o A7-A0 1D15-001 O 1 | Wrims address if unprotecied.

WRALL 1 00 0DO0ONX 1 D15-00{ 0 1 | Writes all registers. Valid only when Protect Register is
cleared.

wos 1 ) DO 0 | X | Disables al programming modes.

PRREAD 1 10 paedeieed 1 X | Reads address stored in Prowect Register.

PREN 1 00 11000 1 1 1 Mustimmediasly precede PRCLEAR, PRWRITE, end
PRDS instruclions,

PRCLEAR 1 11 11111111 1 1 | Clesrs the “pratect regisier™ 30 that no regisiers are
profected from WRITE. )

PRWRITE | 1 ot AT=AD 1 1 | Programs address into Profect Register. Theresfter,
memory addresees 2 the address in Protect Register are
proteciad from WRITE.

PROS 1 00 00000000 1 1 | ONE TIME ONLY instruction after which the address in the
Protect Register cannot be ellered.

Fig.1.13 Instruction set of EEPROM

S JTAG Boundary Scan Interface

One of the difficult areas in the development of any modern hardware system is
the production testing of the Printed Circuit Boards (PCBs). This is the problem
addressed by the IEEE standard number 1149 "Standard Test Access Port and Boundary-
Scan Architecture”". This standard defines a 5-pin serial protocol for accessing and
controlling the signal-levels on the pins of a digital circuit, and has some extensions for
testing the internal circuitry on the chip itself (which will not be discussed here). The
standard was written by the Joint Test Action Group (JTAG) and the architecture defined
by it is known as "JTAG boundary scan" or as "[EEE 1149".

All the signals between the chip's core logic and the pins are intercepted by a
serial scan path known as the "Boundary Scan Register" (BSR), and shown as cells "CO",
"C1", "C2", "C3", and "C4" in the figure above. In normal system operation this path can
transparently connect the core-logic signals to the pins and effectively become invisible.
In external-test mode, it can disconnect the core-logic from the pins, drive the output pins
("Pinl", and "Pin2" in the figure above) by itself, and read and latch the states of the input

pins (figure: "Pin0", and "Pin2"). In internal-test mode, it can disconnect the core-logic
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from the pins, drive the core-logic input signals by it, and read and latch the states of the
core-logic output signals.
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I ———| msTRUCTION REQUSTER |-
¥ S T T K 3
WIRST
EXTEST
™ noTest  TAP
TCK
TS
TRST
1

JTAQG Boundacy Scan Interface Architectune

Fig.1.14 JTAG Boundary Scan Interface Architecture

In the figure above, and assuming that the JTAG interface is in external-test mode,
CO is the BSR cell capturing the state of the input pin 0. C1 is the BSR cell driving the
output pin 1. C2 does not itself correspond to any specific pin, but it is the "enable” BSR
cell that controls the "direction" of the bidirectional pin 2. C3 is the input BSR cell
capturing the state of the bidirectional pin 2, and C4 is the output BSR cell driving the
bidirectional pin 2. Summarizing we can identify three times of BSR cells:

Input Cells like CO, and C3. They are always associated with a specific pin whose
state they capture when the JTAG interface is in external test mode.

Output Cells like C1, and C4. They are always associated with a specific pin,
which they drive when the JTAG interface is in external test mode.

Enable Cells like C2. They are not associated with any pin per-se, but they either
control the direction of bi-directional pins, or enable and disable certain input or output
pins.

Gates EO, E3, and E4 operate under the control of the TAP (and probably also
under the control of "enable" cells, like C2) and capture, or apply, the states (contents) of
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the respective input, or output, cells to, or from, the chip's pins. The state capture, or
application, takes place during certain transitions of the TAP state-machine, and only if
the IR (instruction register) has been previously loaded with, and contains, the proper
opcode (e.g. EXTEST).

Gates 10, 13, and 14 operate under the control of the TAP (and probably also under
the control of "enable" cells, like C2) and capture, or apply, the states (contents) of the
respective input, or output, cells to, or from, the chip's internal-logic signal lines. The
capture, or application, takes place during certain transitions of the TAP state-machine,
and only if the IR (instruction register) has been previously loaded with, and contains, the
proper opcode (e.g. INTEST).

Gates NO, N1, and N3, come into operation only when the system is in normal-
operation mode (i.e. when the JTAG test apparatus is inactive) and connect the chip's pins
to the internal core-logic signals, as if the Boundary Scan Path was not present.

The contents of the BSR register can be written and read bit-after-bit, in a serial
fashion, using the TDI and TDO JTAG signals. Actually the BSR "read" and "write" (set)
operations take place at the same time, with the new "value" shifted in from TDI, while
the previous value is shifted out from TDO. The same technique is used to read and write
the values of the other JTAG registers too, by having the TAP controller connect them
between the TDI and TDO pins, in place of the BSR.

Interface signals
The JTAG interface uses the following five dedicated signals, which must be

provided on each chip that supports the standard:

TRST* is a Test-ReSeT input which initializes and disables the test interface.

TCK is the Test CLocK input, which controls the timing of the test interface
independently from any system clocks. TCK is pulsed by the equipment controlling the
test and not by the tested device. It can be pulsed at any frequency (up to a maximum of
some MHz). It can be even pulsed at varying rates.

TMS is the Test Mode Select input, which controls the transitions of the test
interface state machine.

TDI is the Test Data Input line, which supplies the data to the JTAG registers
(Boundary Scan Register, Instruction Register, or other data registers).

TDO is the Test Data Output line, which is used to serially output the data from
the JTAG registers to the equipment controlling the test. It carries the sampled values
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Appendix B: Details of components in Signal Interface

Board
1. Differential line driver SN6SLBC172 data sheets
SN65LBC172, SN75LBC172
QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER
SLLS1638 - JULY 1993 - REVISED JANUARY 2000
® Meet or Exceed EIA Standard RS485 N PACKAGE
® Designed for High-Speed Multipoint (TOPVIEW)
Transmission on Long Bus Lines in Noisy
Environments

® Support Data Rates up to and Exceeding
Ten Million Transfers Per Second

® Common-Mode Output Voltage Range of
~-7TVto12V

® Positive- and Negative-Current Limiting

® Low Power Consumption... 1.6 mA Max
{Output Disabled)

® Functionally interchangeable With SN75172

description

The SNE5LBC172 and SN75LBC172 are
monolithic quadruple differential line drivers with
3-state outputs. Both devices are designed to
meet the requirements of EIA Standard RS-485.
These devices are optimized for balanced
multipoint bus transmission at data rates up to and
exceeding 10 million bits per second. Each driver
features wide positive and negative common-
mode output voltage ranges, current limiting, and
thermal-shutdown circuitry making it suitabie for
partyine applications in noisy environments.
Both devices are designed using LinBiCMOS™,
facilitating ultradow power consumption and
inherent robustness.

Both the SNB5LBC 172 and SN75LBC 172 provide
positive- and negafive-curment limiting and
thermal shutdown for protection from line fault
conditions on the transmission bus fine. These
devices offer opfimum performance when
used with the SN75LBC173 or SN75LBC175
quadruple line receivers. The SN65LBC172 and
SN75LBC172 are available in the 16-pin DIP
package (N) and the 20-pin wide-body small-
outline inline-circuit (SOIC) package (DW).

The SN75LBC172 is characterized for operation
over the commercial temperature range of 0°C to

70°C. The SNG5LBC172is characterized over the
industrial temperature range of —40°C fo 85°C.

§xr—:‘:r-:: >

X T
non
N
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i

Please be aware that an important notice concemning availability, standasd warranty, and use in critical applications of
Texas instruments semiconductor products and disclaimers therelo appears at the end of this data sheet.

LinBiCMOS is a trademark of Texas instruments incorporated.

PRODUCTION DATA inkemation s cwvent as of dote. Copyright & 2000, Texas instruments incorporsted
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SN65LBC172, SN75LBC172
QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER

SLLS1638 — JULY 18393 — REVISED JANUARY 2000

fogic symbolf logic diagram (positive logic)
21 s :2 D—
¢4 EN &t —«a
LN ]
I | 1 __.2_ 1w
b 2 1A 3
D v 1Y¥ — 1Z
vh—3 4z
7 Fig 7 S oy
A NS o7 A 5 2
9 10 . b 0
3A 1 4 9 —— 3Y
14 3A 1
13 4y — 37
4A 13
e«
14
. - - 15 i
1 This symbol is in accordance with ANSIEEE Std 91-1984 A B
and 1EC Publication 617-12.
Pin numbers shown are for the N package.
schematic diagrams of inputs and outputs
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2. Differential line receiver SN6SLBC173 data sheets

SN65LBC173, SNTSLBC173
QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS

SLLS170C - OCTOBER 1993 - REVISED JANUARY 2000

Meets or Exceeds the Requirements of
ANSI Standards EIA/TIA-422-8,
EIAITIA-423-B, RS-485, and ITU
Recommendations V.10 and V.11.

® Designed to Operate With Pulse Durations

as Shortas 20 ns

Designed for Multipoint Bus Transmission

on Long Bus Lines in Noisy Environments

input Sensitivity . . . £200 mV

Low-Power Consumption . . . 20 mA Max

Open-Circuit Fail-Safe Design

Pin Compatible With SN75173 and
AM261.832

¢ o 0@

description

The SNB5LBC173 and SN75LBC173 are monolithic quadruple differential line receivers with 3-state oufputs.
Both are designed to meet the requirements of the ANSI standards EIA/TIA-422-B, EINTIA-423-B, R5-485,
and [TU Recommendations V.10 and V.11. The devices are optimized for balanced multipoint bus transmission
at data rates up to and exceeding 10 miilion bits per second. The four receivers share two ORed enable inputs,
one active when high, the other active when low.

Each receiver features high imput impedance, input hysleresis for increased noise immunity, and input
sensitivity of +200 mV over a common-mode input voltage range of 12 Vio -7 V. Fail-safe design ensures that
ifthe inputs are open circuited, the output is always high. Both devices are designed using the Texas Instruments
proprietary LinBICMOS™ technology that provides low power consumption, high switching speeds, and
robustness.

These devices offer optimum performance when used with the SN75LBC172 or SN75LBC174 quadnuple fine
drivers. The SN65LBC173 and SN75LBC173 are available in the 16-pin DIP (N) and SOIC (D} packages.

The SN65LBC173 is characterized over the industrial temperature range of —40°C to 85°C. The SN75LBC173
is characterized for operation over the commercial temperature range of 0°C to 70°C.

FUNCTION TABLE
(each receiver}
DEFERENTIAL INPUTS | ENABLES | ouTPut
A-B G © Y
H X H
Vipz02v X L H
H ?
-02vevp<ozv | § X :
H X L
Vips-02V X L L
X L H Z
Circui H X H
¥ X L H

H=highlevel, L=lowlevel, X = melevan,
Z = highimpedance (of),  ? = indeterminate

Please be aware that an important notice conceming availability, standard wanranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinBICMOS is a trademark of Texas instruments Incorporated.
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SN65LBC173, SN75LBC173
QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS

SLLS170C — OCTOBER 1993 — REVISED JANUARY 2000

logic symbolf logic diagram {positive logic)
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1 This symbol is in accordance with ANSVEEE Std 91-1984 "
and IEC Publication 617-12. 4A 13
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schematics of inputs and outputs
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Appendix C: Details of PCI 9054

1.PCI 9054 data sheets

AX_

a—
- W
TECHNOLDOGOY

January 2000
Version 2.1

PCI 9054
PCI I/0O Accelerator
120 Compatible, CompactPCl Hot Swap Friendly

PCI Bus Master interface Chip
for Adapters and Embedded Systems

c
c
=
(&3
2
¥
&
[
c
<]
s
(%}

Se

1 INTRODUCTION

11 FEATURES

« PCI Specification version 2.2 (v2.2) compliant
32-bit, 33-MHz Bus Master Interface Controller with
PCI Power Management features for adapters and
embedded systems

« General Purpose Bus Master Interface featuring
advanced Data Pipe Architecture™ technology,
which includes two DMA engines, programmabie
Target and initiator Data Transfer modes and PCI
messaging functions

« PCI v2.2 Vital Product Data (VPD) configuration
support

= PCI Dual Address Cycle (DAC) support

= PClHot Plug and CompactPCl Hot Swap compliant

= O™ v1.5-Ready Messaging Unit

« Two independent DMA channels for Local Bus
memory 1o and from PCt Host Bus Data transfers

+ Supports Type 0 and Type 1 Configuration cycles

« Programmable Burst Management

+ Programmable interrupt Generator

< Six programmable FIFOs for zero wait state
burst operation

« PCI ++ Local Data transfers up to 132 MB/s

3.3v, 5V tolerant PCI and Local signaling supporis
Universal PCI Adapter designs, 3.3V cofe, low-
power CMOS in 176-pin PQFP and 225-pin PBGA
Supports Local Bus Direct-Connect to the
Motoroia® MPC850 or MPC860 PowerQUICC™,
intef® {960 family and IBM® PPC401 CPUs and
similar bus protocol devices

Programmable Local Bus runs up to 50 MHz and
muitiplexed 32-bit, and slave acocesses of 8-, 16-,
or 32-bit Local Bus devices

Serial EEPROM interface

Three PClHo-Local Address spaces
Programmable Local Bus wait states
Programmabie prefeich counter

Local Bus runs asynchronously to the PCi Bus
Eight 32-bit Mailbox and two 32-bit Doorbell
registers

Performs Big Endian + Littie Endian conversion
PCl-to-1Local Delayed Read mode

Local-io-PCl Deferred Read mode (M mode only)
Flexible 3.3V, 5V Tolerant Local Bus operation

up to 50 MHz

Industrial Temp Range operation

Faure 1 FOII06S inloraal Slosk Dingram

PLI1 9054 Data Book v2.1
£ PLX Technology, Inc. ANl rights resarved.
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