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CGI Transponder Antenna - Hardware Design

1 Introduction

The transponder antenna is a hermetically sealédthat normally mounts to the underneath of loctiueo It
continuously generates and broadcasts a low poleetremagnetic field. When the antenna passes aver
transponder system it receives transponder datartriasion and passes it to the reader system.r&hsponder
antenna uses DC power to drive its circuitry whinhturns generate 200 KHz electromagnetic signais T
electromagnetic signal is strong enough to energime transponder system by inductive coupling. The
transponder antenna incorporates circuitry to ectie high frequency (27 MHz nominal) transmisdimm the
transponder system as well as interface circudrihe reader for DC power, frequency referenceRirdiata. It

is a sealed unit designed for high reliability ne severe environment under a locomotive.

Transponder
Antenna

Track Mounted

Transponder Reader System

1D Data

(27 miz) Al
RF Signal
(200KHZ) ¥

Pl [ o S,

Figure 1-1 Transponder System

1.1 Purpose of this document

The purpose of this document is to list all aspetthe electronic design including circuit desigiculations and
details to help draft Schematics of the proposesibde

1.2 Scope

This document contains all electronic design aspitiuding circuit design calculations, descripti@peration
theory, component selection criteria and informatio

1.3 References

Sr. | Reference

Detail

a | b~ | w | N |
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1.4 Abbreviation, Definitions and Acronyms

Items Detail

CPLD Complex Programmable Logic Device

DPSK Differential Phase Shift Keying

DXF Design Exchange Format

JTAG Joint Test Action Group

RF Radio Frequency

RFID Radio Frequency Identification

Table 1-2 Abbreviation, Definitions and Acronyms
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2  Mechanical Design
2.1 Design Overview
2.1.1 Board Size

Board Size is 24" x 17”.

2.1.2 Mounting Holes
Board has two Non- Plated, 0.2” diameter mountiolg land tooling holes as per following drawing.

24.0

17.0

2.6

17.5
Figure 2-1 Board Outline

2.1.3  Floor Plan
The board features a critical 27 MHz antenna deasggper following drawing.
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Figure 2-2 27 MHz Antenna Design
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2.1.4 Component Height Restriction

There are no components which have height higlar 1050 mils.
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3 Electrical Design

The Electrical Design deals with all the circuittalks, calculations and theory of operations ineodlv Design
Overview

In the train location and identification systeng thermetically sealed transponder antenna is mowmeéerneath
the locomotive. It continuously emits a low powermodulated 200 KHz signal that energizes the traoknted
transponder as the locomotive passes over.

When the antenna passes over a transponder, ifesd¢hat transponder’s data transmission by met23 MHz
receiving antenna. This signal is then passes giiraband pass filter for removing unwanted sign&iter
passing through filter the signal is directly passereader system.

A\

200 kHz Antenna

A

Y _,

27 MHz Antenna

200kHz
Oscillator

RC Band Pass
Filter

e——-|  Power Supply

Reader

e RF Chock

Figure 3-1 Transponder High-level Architecture
3.1 Interfaces
The transponder design has four interfaces toantewith the external environment.
3.1.1 Transmitter

The transmitter circuit consists of a PCB based laatenna tuned to resonate at 200 KHz frequendyaan
oscillator, it has a gain less than unity.

3.1.2 Receiver

The receiver has a PCB based single loop receitenaa that resonates at 27 MHz frequency and a passl
filter.
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3.2 Theory of Circuit Operation
The operation of the circuit is described in follog/sections.
3.2.1 Transmitter

The transmitter section basically consists of twotisns the oscillator and a 200 kHz tuned PCBtedroop
antenna. The oscillator generates 200 kHz powaiakid his signal is fed to the power coil.

3.2.1.1 200KkHz Oscillator

In this oscillator circuit T1 drive transformer used to drive oscillator circuit elements, Q1 ar@l &pd also to
give 200 kHz frequency feedback to the reader mysfehis 200 kHz feedback signal is used as referenc
frequency in the PLL circuit for DPSK demodulatioside the reader.

3.21.11 Drive Transformer

Figure 3-2 shows the drive transformer in which kave four coils. Coil between pin 7 and 8 insidevelr
transformer acts as primary coil. This is direatynnected with 200 kHz power coil through nets k2 &1
respectively where it gets 200 kHz signal.

The coil between pin 5 and 6 of drive transfornsea isecondary coil. The purpose of this secondatyscto get
200 kHz signal from primary coil and pass it to tleader through J4 connector, which is showrEinor!
Refer ence sour ce not found..

Remaining two coils are also secondary coils bes¢hare used to drive the transistors Q1 and Q2.

— N [ |
o [
F2 7 8 g F1
G 5 |5 6l 6 J
R13 R17
270R Transformer 470R

Figure 3-2 Drive Transfor mer
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3.21.1.2 Theory of Oscillator Operation
Refer to Figure 3-3

The components R5, C4, R12, C8, R7, R10, C5 andr€Tsed to stabilize the output 200 kHz frequemcgre
as components R3, R4, D2, D4, C6 and D3 are ussigitbup the oscillator circuit.

As 72 VDC appear at node VA of oscillator, the baserent of both transistors Q1 and Q2 will tryftow
through R3, R4 D3 C6 and T1 coils (secondary d@tilgin 1, 2 and 3, 4).

Suppose Q2 turns on first then VCE of this traosidecreases. This will develop voltage across g¢iasd 6 of
power coil.

This power coil acts as auto transformer. The anomb#is and phases of these generated voltages depetheé
power coils turn ratio and winding geometry.

The nodes F1 and F2 pick this voltage from powdrgins (4, 6) and give it to drive transformemismary coil.
This primary coil produces voltage at secondarisdait pin 1, 2 and 3, 4 of drive transformer).

Voltage generated at secondary coil at Pin 3, driok transformer is in phase with voltage at pjr6 4f power
coil. Where as voltage at pin 1, 2 of drive transfer is 186out of phase with voltage pin 4, 6 of power coilieD
to this the base current of Q2 will further increashich further decreases VCE of Q2 transist@pprox 0V. As
a result more voltage develops at pin 4, 6 of pavedr

The resonance effects of power coil and C9 genenmateerse polarity voltage at frequency of 200 kHkis
reverse polarity voltage also appear at secondzity of Drive transformer. Due to this the Q1 wilrn on and
Q2 will turn off. When Q1 is turn on the VCE of shiransistor will approx to 0V. This will developltage at
pin3, 4 of power coil. This voltage will equal toltage at pin 4, 6 of power coil but 180 out of phaQ1 and Q2
turn on and turn off alternatively at frequency260 kHz as well as drive the power coil.
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3.2.1.2 200 kHz power coil/Antenna

The Power coil consists of printed circuit coppsofds. Power coil radiates the 200 kHz signal othéotrack
mounted transponder. This power coil along withacéipr C9 and C10 form resonance circuit of 200 kitech

are used to adjust output frequency. The effegaia of the power coil is less than unity.
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Figure 3-3 Oscillator Circuit
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3.2.2 Receiver

The receiver printed circuit antenna incorporatiesuitry to receive the high frequency 27 MHz tramission
from the transponder

Refer to Figure 3-4, it shows receiver circuitrywhich we have a RC band pass filter. Componengdttl C13
acts as low pass filter where as C11, C12 and Rt6as high pass filter. These two filters are eated together
so that they form a band pass filter. L4 is a 272Mtekeiving loop antenna realized on PCB.

1
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Figure 3-4 Receiver Circuitry
3.2.3 Power Supply

The Transponder antenna uses DC power to driveostsllator which in turn generates the 200 kHz
electromagnetic field.

The DC power supply (72 V nominal, 55V Min, 85 V xh@asses through RC filter R2, R1 and C1.
MOV1 provides protection against any over voltageie than 175 VDC).
D1 provides reverse voltage protection.

L1, C2 and C3 provide smoothing.
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Figure 3-5 Power Supply Circuit
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