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Chapter 1 - Overview

Description

The TC2200R/S and TC2201R/S are multi-drop fiber optic modems that convert electrical signals to fiber
optic signals (and vice-versa). At least one TC2200 (Master) unit and one TC2201 (Slave) unit are required
to communicate with each other. The Master unit is connected to aHost computer (or controller), whilethe
Slave unit can be connected to an RTU (Remote Terminal Unit), PLC (Programmable Logic Controller) or
any poll-response type device. Typical applications include SCADA, process control, traffic control and
energy management.

In apoll-response environment, the host controller broadcasts polling messagesto every RTU. Becausethe
polling message is embedded with a specific RTU’s ID (or address), only the RTU with the correct ID
responds to the Master’s polling. The Master (TC2200) unit's function is to convert the electrical signals
(RS-232, RS-422 or RS-485) from the Host controller to fiber optic signals, then transmit the signalsin both
bus directions to the Slaves, as illustrated in Figure 1.

Thefirst Slavein the businterceptsthe Master's broadcast message and forwardsit to itsdownstream Slave
unit. Each subsequent Slave forwards the broadcast message until it reaches the last Slave in the bus
(designated as the End Unit).

HOST
CONTROLLER

Jezponae meqg from Remoie Urkt . Broedeast mag (irem Heat] to AT .

RxA  TxA >

Bruadeasl msg (rem Hosl) o ATY Responise msg Man Aemmlz Wil
< < 2 TxB RxB fe——= "

e R

TC2200
(Master Unit)

Figure 1. Master Unit's Broadcast & Receive Directions

The Slave (TC2201) unit'sfunction issimilar to the Master's; it converts fiber optic signalsfrom the Master
back into electrical signals (RS-232, RS-422 or RS-485) so that the RTU or PLC connected to the Slave
receives the polling message from the Host. The Slave unit then converts the electrical response signals
from the RTU or PLC to fiber optic signals, then transmits them back to the Host (via the Master) in both
bus directions, as illustrated in Figure 2.

RTU
Broateast m=g ‘rem Host HXA TXA Respe1se mst {from RTU) to Host
<He5punse mag [irpm HTU] b Hest TXB RXE < Bropdessl mgg Irpm Hest
TC2201
{Slave Unit)

Figure 2. Slave Unit's Response & Receive Directions
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Application Topologies

The optic signal transmitted to the right (or East) side of the unit is designated as the “A” direction, while
the optic signal transmitted to the left (or West) side of the unit is designated as the “B” direction.
Therefore, the optic transmitter A (labeled “TxA™) is always connected to the next unit’s optic receiver A
(labeled “RxA”). The same applies to the left (or "B") direction. Because the TC2200/2201 can transmit
to and receive from two directions, it allowsfor three different topology arrangements, asillustrated below:

HOST
CONTROLLER ATW I RTU I I RTU | Adsdllél‘,o:al I RTI |
Lnlls
RKA - TxA| MRxA  TXA WRXAR  TxA| A DAF— A A
'_I'li HxBle TxB  FxBle I;u&; I;?_Fiﬁ ——\\ AxB
TC2200 TC2201 TCZ201 TC2201 TC22M
{Master) {Slave) {Slave) Slave) (End Unl)
Figure 3. Single Master Located at the End of a Bus
| RTU | | ATU I CDNI-'I!E?){LER I RTU | Adk ftenal I RTU |
ini
hlls
RxA XA XA TxA A TiA A  TXAfF—N RxA  TxA
B B AxA TxB  HxB TxB  RxBle— xB  RxB
TC2201 TC2201 TC2200 TC2201 TC2201
(End Unit) {Slave) {Master) {Slave} {End Unit)
Figure 4. Single Master Located in the Middle of a Bus
- Backup link to Secondary Master ;)
CONTROLLER 11
ATU | AT | RTU Additional

Slava
unils

RXA  TxA RXA  TxA| AR TxA] PMRxA  TxAl—»—[ma XA

TxB  FRxBle RxB le RxEl¢ Tx8  PxE Tx6  RxE
= A

TE2200 TC22(H TC220 TC2201 TC2200

{Master) (Slave) Slava) {Slave] (Secondary

Master)

Note: The Dual Master (optional) topology enables fault tolerance (similar to a self-healing function) in
many applications. If a fiber link becomes degraded or broken in this topology, the Host controller can
detect that the RTU is not responding to its broadcast message. When the controller's software is
configured for this type of fault detection, it will then re-route the broadcast message to the secondary
Master (through a secondary port), thereby reaching the lost Slave unit and RTU(s).

Figure 5. Dual Masters Located at Each End of a Bus
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BRD-1: for TC2201- Broadcast msg (Ch1) from remote Master Rx-A : (solidly lit) - The optic signal received at "RxA"
for TC2200- Broadcast msg (Ch1) from local Host is above the sensitivity threshold
BRD-2: for TC2201- Broadcast msg (Ch2) from remote Master SynA : (solidly lit) - Data packet received at optic "RxA"
for TC2200- Broadcast msg (Ch2) from local Host is valid
RSP-1: for TC2201- Response msg (CH1) from local RTU Rx-B : (solidly lit) - The optic signal received at "RxB"
for TC2200- Response msg (CH1) from remote Slave is above the sensitivity threshold
RSP-2: for TC2201- Response msg (CH2) from local RTU SynB : (solidly lit) - Data packet received at optic "RxB"
for TC2200- Response msg (CH2) from remote Slave is valid
TCZZ00 \
/ RXA MULTI-DROP MODEM TXA
BRD- 1 MASTER Rx-A PWRA
@ BRD-2 SLAVE SynA§ PWRB @
RSP- l DCE Rx-B Y
RspzoooTE e ?;EE e G SyanO OAE,CARM
RMTLBJ | | LDISALM
LOCLBI SIGGEN

|

TxB: Optic Transmitter "B"
RxA: Optic Receiver "A"

MASTER: (solidly lit) - Unit is configured as a Master

SW1: Remote Loopback (for diagnostics)
SW2: Local Loopback (for diagnostics)
SW3: Signal Generator (for diagnostics)
SW4: Disable Alarm

TxA: Optic Transmitter "A"
RxB: Optic Receiver "B"

PWRA : (solidly lit) - The power source connected to
Power jack "A" is powering the unit

SLAVE : (solidly lit) - Unit is configured as a Slave
PWRB : (solidly lit) - The power source connected to
DTE  :(solidly lit) - Electrical interface is configured as DTE Power jack "B" is powering the unit
(Both PWRA & PWRB will light when
DCE  : (solidly lit) - Electrical interface is configuraed as DCE power redundancy is utilized)
Vee  : (solidly lit) - Operating voltage derrived from PWRA
and/or PWRB is valid
ALARM: (flashing) - Optic signal lost from "RxA" or "RxB"
- The Packet received is invalid
- The Anti-Streaming timer has expired
- The unit is in a diagnostic mode
Figure6. TC2200/2201's Front Panel
(] FWR PWR ALARM O
o A B o)
o (PQ0Q0oCC00Q00a)
CROCOOODOOCD
L /]
112-14 VD) ixeotmA / / \
Term nal Block Gonnectors DEB25 Femala Ncit Lisad Ciry Contact
for Power Supply 'A' & "B" ConnecTot Relay Connectar

Figure 7. TC2200/2201's Rear Panel
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The internal SW1 DIP switches are used for application setup. All units are configured and tested at the
factory and two aretypically pre-labeled according their position in the bus (#1 istheleft-end unit in the bus;
#2 istheright-end unit).

Single-Master Units

SW1_ 1 & SW1_2 disable the "RXA" & "RxB" ON«—

optic receiverswhen switched to the L eft position. ,‘fg gﬂug ;

These two switches should be set according tothe | | oy NE#Used

position of the unit in the bus. Typicaly, "RxA" is | | BB | ON: Enable Arti-Streaming on Tx Jata

disabled on the first unit (Master or Slave) and <O ONE DTE DFF:I DCE {or decided by interface module)
"RxB" is disabled on the last unit (End unit). All | | g | ON: Discle opte Rap o0 note o7 HE 4%, betom)
other units (between the first and last unitsin the | | ~mO|ON: Disasle Opfic RxA

bus) should have SW1 1 & SW1 2 in the Right W1

position for normal multi-drop operation.

The Master unit (TC2200) and Slave unit (TC2201) areinterchangeable by slidingSW 1_3totheleft or right.

NOTE 1: For customers who purchased the TC2200sbefore February 1, 2006, follow theSW 1_3 settings
for interchanging the Master and Slave units as shown on the dialog box above.

NOTE 2: For customers who purchased the TC2200s after February 1, 2006, the SW1 3 settings for
interchanging the Master and Slave units are reversed than the settings shown on the dialog box above.

To set the unit asaMaster, set SW1_3tothe Left “On” position. To set it asa Slave unit, set SW1-3to the
Right “Off” position. The front panel's "MASTER" or "SLAVE" LED will light to indicate which
configuration the unit has. Thisis true for all types of electrical interfaces.

If the TC2200/2201 has an RS-422 or RS-485 (or RS-530) interface, then the unit's DTE or DCE
configuration can be changed by flippingSW1_4 (left for DTE; right for DCE). If the TC2200/2201 has an
RS-232 interface, then the unit's DTE or DCE configuration can ONLY be changed by replacing the unit's
interface module (from the factory). The front panel's "DTE" or "DCE" LED will light to indicate which
configuration the unit has.

The TC2200/2201 hasabuilt-in Anti-Streaming function. Anti-Streaming can prevent adefective RTU from
blocking out an entire response channel; once activated, the electrical signal from the defective RTU is
blocked and the entire response channel is disconnected from the Slave unit. This feature can be disabled
by diding SW1_5 to the Right position.

SW1_6 on theinterna DIP switch is not used and should be kept in the Right (Off) position.

SW1 7 & SW1_8 control the RS-485 transition timer setup. For RS-232 and RS-422 interfaces, these
switches should be kept in the Right (Off) position. For a2-wire or 4-wire RS-485 interface, the electrical
signal bus will automatically transition to high impedance after transmitting. These two switches establish
the duration period(after thelast bit istransmitted) beforethe RS-485 driver transitionsto the high-impedance
receiver mode. The transition timer should be set according to the following table (Default = both Off):

Baud SW1 8 SW1 7 SW1 6

9600 On Off Not Used

19.2K Off On Not Used
38.4K & up On On Not Used

Figure 8. RS-485 Transition Timer SetuE Table
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Multi-Master Units

If the units were ordered for a Multi-Master | [=mm0|paud -

- . . ; NI (Baud 2
Multi-Drop application (optiondl), the following | 8D Not Usec

information applies to their configuration. The | |w>mmO|ON: Enabla Arti-Straaming on Tx Jata

Multi-Master units are (by default) DCE de- | |YHO | ON: Auto-Maste- Mode (waen SW1_3 if Off) OFF: Slave Mace
. . . . -l [ON: Fcree to Master Mode OFF; Mode Determire by SW1_4

vices. Theinternal SW1 DIP switch functions | |~mm0|ON: Disabla Oatiz RyE

and some featuresfor Multi-Master unitsdiffer | | B3| ON: Disable Oatic FixA

slightly from Single-Master models. SWi1

SW1 1& SW1_2disablethe "RxA" & "RxB" optic receivers when switched to the Left position. These
two switches should be set according to the position of the unit in the bus. Typically, "RxA" is disabled on
the first unit (Master or Slave) and "RxB" is disabled on the last unit (End unit). All other units (between
the first and last units in the bus) should have SW1 1 & SW1_2 inthe Right position for normal multi-drop
operation.

TheMaster unit (TC2200) and Slave unit (TC2201) areinterchangeable by slidingSW1 3tothelLeft (Slave)
or Right (Master) position. The front panel's "MASTER" or "SLAVE" LED will light to indicate which
configuration the unitisutilizing. The Auto-Master Mode allows each unit to temporarily act asaMaster unit
until the attached device stops transmitting for a predetermined amount of time (based on the baud switch
settings of SW1_7 & SW1_8).

The TC2200/2201 hasabuilt-in Anti-Streaming function. Anti-Streaming can prevent adefective RTU from
blocking out an entire response channel; once activated, the electrical signal from the defective RTU is
blocked and the entire response channel is disconnected from the Slave unit. This feature can be disabled
by diding SW1_5 to the Right position.

SW1 6 ontheinterna DIP switch is not used and should be kept in the Right (Off) position.

SW1 7 & SW1_8control the RS-485 transition timer setup and the Master/Slave transition time. For a 2-
wireor 4-wire RS-485 interface, the electrical signal buswill automatically transition to high impedance after
transmitting. These two switches establish the duration period (after the last bit is transmitted) before the
RS-485 driver transitions to the high-impedance receiver mode.

Thetransition timer also establishestheinterval of timethat Master unit “holds” the bus (after the last data
bit is received from the local RTU) before automatically transitioning back into the Slave mode. The
transition timer should be set according to the following table (Default = both Off):

Baud SwW1_8 SW1 7 SW1 6
9600 On Off Not Used
19.2K Off On Not Used
38.4K & up On On Not Used

Figure 9. Transition Timer Setup Table
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External SW2 DIP Switch Functions

The external DIP switches (located on the front panel) are External SW2
used for diagnostic testing. When SW2_1, SW2 2 or ¢ =
SW2_3 are in the Down position, the "ALARM" LED will oN ??EE

blink, indicating an abnormal condition. During normal | — Loopback)J J L L, s aiaru Oisable Alarm)
Opel’atlon, all switches should be kept in the Up pOS|tI0n. LOCLB (Local Loopback) SIG General (Signal Generator)

SW2 1 (RMTLB): When this switch isin the Down position, the composite optical signal isreceived and
decoded, then looped back to the transmitter for diagnostic testing.

SW2_2 (LOCLB): When this switch isin the Down position, the electrical signal received (onpins2 & 4
for an RS-232 interface) is looped back internally (to pins 3 & 5 for an RS-232 interface) for diagnostic
testing.

SW2_3 (SIG GEN): The TC2200/2201 has a built-in signal generator. By sliding this switch to the Down
position, a slow-rate pulse signal of logic "highs" and "lows" will be sent through the fiber to al unitsin the
bus, simulating a broadcast or response message. The "BRD" LEDs on the Master and "RSP" LEDs on the
Slaves will flash, indicating transmission & receipt of the other's signal.

SW2 4 (DISALARM): When thisswitchisin the Down position, the audio alarm buzzer and dry contact
alarm relay switch are disabled.

Pin Assignments and Connection

The DB25 connector on the rear panel of the TC2200/2201 provides for the connection of the user’s RS-
232, RS-422 or RS-485 devices. The pinassignmentsfor each typeof interfaceareillustrated in the diagrams
that follow.

For units with an RS-232 interface, two separate channels are provided for handshaking signals or the
connection of an additional device (this additional channel is not present on Multi-Master units). Pins2 &
4 are inputs while pins 3 & 5 are outputs.

pevic (-I\
Device
O —_

Tx
Rx @ - -
AT pPp——— I
c1s e @ OF

n

17
®
E

®
4
q

BAD Ui

n@

TC2200/TC2201

Figure 10. RS-232 Pin Assignments & Connection Diagram
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For 2-wire RS-485 interfaces, pins 3(-) & 16(+) are input/outputs.

(;.I\ 12002

., O To/=om
G O

e Fiber
@ <> -

: +
Temiralin Javidu-

— | ‘umpeiretzlled sy
O O J"r.;f%w ety

@ Drv/Rovi
D - O Y] ?

OF Q&= Transition |
' < Control

=
Te] E

O«
\"|/ TC2200/TC2201

Figure 11. 2-wire RS-485 Connection/Logic Diagram

For RS-422 and RS-485 4-wireinterfaces, pins 2(-) & 14(+) areinputs while pins 3(-) & 16(+) are outputs.

12087
Te mrs: o Rasista
Lu gk insllke Ly
O ' lechry ceraull;

@2 i -
@ _
-
O«
Ow OF _AA E
Termire: o0 Rev

2l CRedsw ToFra=
o O=| R Fioe

@ | o reaiit 2

Wh

O Dﬁ -—-
O Of %1 a0 L | _
o 5ol _ =
o= Oﬁ + Transition | |

- 08 |DIV/HBV(_ Contral
TCZ2200/TC2201

Figure 12. 4-wire RS-422/RS-485 Connection/Logic Diagram
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RS-422 & RS-485 Termination Resistors

A termination resistor is usually necessary for RS-422 and RS-485 applications. Without proper termina-
tion, the error rate of data transmission may be high due to an "echo" effect on the electrical connection.
With the addition of atermination resistor at the beginning or end of the electrical bus, this echo effect is
greatly reduced. The termination resistors are 100 to 130 ohm resistors located inside the TC2200/2201.

Two jumpers, located on the Interface Module at board locations "W1" & "WS5," control the termination
resistance on each unit (factory default = installed). "W5" controls the resistance for the unit's receiver,
while "W1" controls the transmitter's resistance. Proper line termination is usually accomplished by
leaving the “W5” jumper installed at both ends of thelink. Thereisno termination resistor required for RS-
232 applications.

~ W1 (Installed) WS5: (Installed)
Terminates pins 2 & 14 / Terminates pins 3 & 16
Female/DB25 )
TB3 TB2 TB1
INTERFACE SIMM MODULE
on 44—
S0

= |  TC2200R/S
i i or
St TC2201R/S

SW2

123 4

TxB RXA TxA RxB

Figure 13. Termination Resistor Locations
Fiber Optic Specifications

Transmission Distances (typical)

The TC2200 and TC2201 are compatible with all popular sizes and types of fiber. Transmission distances
up to 3km* aretypical over Multimode fiber at 850nm and 4km* at 1310nm. Distancesto 30km* aretypical
over Single Mode fiber at 1310nm.

Launch Power & Sensitivity

Transmitter:  LED/ELED; typical Launch Power - -20dBm* (850nm/1310nm MM, @62.5/125um)
-16dBm* (1310nm Single Mode, @9/125um)

Receiver: PIN Diode; typical Sensitivity - -36dBm* (850nm/1310nm MM, @62.5/125um)
-36dBm* (1310nm Single Mode, @9/125um)

*Launch power, sensitivity & distance are listed for reference only. These numbers mayvary.
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Chapter 2 - Installation

Unpacking the Unit

Before unpacking any equipment, inspect all shipping containers for evidence of external damage caused
during transportation. The equipment should also be inspected for damage after it is removed from the
container(s). Claimsconcerning shipping damage should be made directly to the pertinent shipping agencies.
Any discrepancies should be reported immediately to the Customer Service Department at TC Communi-
cations, Inc.

Equipment Location

The TC2200/2201 should be located in an area that provides adequate light, work space and ventilation.
Avoid locating it next to any equipment that may produce electrical interference or strong magnetic fields,
such aselevator shaftsand heavy duty power supplies. Aswith any electronic equipment, keep the unit from
excessive moisture, heat, vibration and freezing temperatures.

Dry Contact Alarm Relay

A terminal block connector at the rear panel provides for the Dry Contact Alarm Relay Normally in the
OPEN position, any alarm condition will force the switch to a CLOSED position. Thisrelay can be used in
conjunction with an external device (such as an RTU) to signal an alarm condition to the Host.

Power Supply

Typically, a9V to 12V DC power supply @650mA is adequate for the TC2200/2201. The power plugisa
terminal block connector with positive & negative polarity indicated on the rear panel of the unit. Two
connectors, labeled "PWR A" & "PWR B" are provided for abuilt-in power redundancy feature. While only
one connection is required to power the unit, both connectors can be used simultaneously. When power
redundancy is utilized, both power "A" & "B" share the load. If one power supply fails, the other will take
over the full load. Alternate power sources are available as an option (see Chapter 6 - Specifications).

Installation Procedure Summary

The TC2200 and TC2201 aredesigned for quick and easy installation. Beforeinstalling, however, make sure
all DIP switches on the front panel are in the Up position and double-check the polarity at the DC power's
terminal block connector(s).

A. Connect the Host's RS-232, RS-422 or RS-485 signal (see pages 8 & 9 for pin assignments) to the
TC2200 (Master) unit's DB25 connector.

B. Configurethe Master unit'sinternal DIP switch (see pages6 & 7) and connect power to the Master unit.
Run an Optic Loopback Test and Local Electrical Loopback Test (see pages 15 & 16).

C. Connect the RTU's RS-232, RS-422 or RS-485 signal to the TC2201 (Slave) unit's DB25 connector.

D. Configure the End Unit'sinternal DIP switch (see pages 7 & 8) and connect power to the Slave unit.
Run an Optic Loopback, Local Loopback and Remote L oopback Test (see pages 15, 16 & 17).

E. Configure and connect additional Slave units into the bus (see page 4 for application topologies). Run
an Optic Loopback, Local Loopback and Remote Loopback Test for each additional unit installed.

F. Verify System Integrity:
At Master and Slave units, check "Rx-A," "Rx-B," "SynA" and "SynB" LED indicators.
Verify and record the optical cable loss for each link in the application after installation is complete. This

reading will both verify theintegrity of the circuit and provide abenchmark for future troubleshooting efforts
(see Chapter 3 - Troubleshooting).
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To install a multi-drop bus topology, follow the example below. The SCADA Host controller is connected
to the Master unit (TC2200), and four RTUs are connected to Slave units (TC2201). Noticethefiber cable
from each unit'soptic "TxA" (on theright side) is connected to the next unit's optic "RxA," while each unit's
optic "TxB" (on the left side) is connected to the next unit's optic "RxB." In this example, the "RxA" on
the Master unit and "RxB" on the last Slave unit (End unit) should be disabled.

SCADA
CONTAOLLA RTU RTU RTU RTU
BRDRSP RTS CTS RSP BRD RTS CTS RSP BRD RTS CTS RSP BRD RTS CTS BRDRSPRTS CTS
2 4 2 3 2 3 4 2 3 4
A
Pt i P R v
RA  TAl—[Rxa ™A IRkA XA [rRa A2 [RxA XA
TxB RxB| < TXB RxBl«¢ TxB RxB | ¢———]TxB RXB j¢—\ TXB RxB
TC2200 TC2201 TCz201 TC2201 TC2201
(Master) (Slave) (Slave; (Slave) (Enc‘Uhit}
Jeud - Baud - Baud 1
Baud 2 Baud 2 Raud 2
~at used rcd used ncl uzed
ON: Disghle An.i-Sirgaming ON; Diszble Anti-Strezm ng ON: Disgple Anli-Sirezm ny
ON DTE OFF: 2CE ON: OTE OrF: JCE ON: DTE OFF: DCE ]
B = ON: SLAVE O°F: MASTER® ON: SLAVE OFF: MASTER ™ ON: SLAVE OFF: NASTER ™
B «v| ON: Disshlc "3xB" ON: Digzbla "RxB" ON: Diszole 'FxB"
L] ON: Disable 'RxA" CON; Dsabe "RxA ON: D sable "AxA'
(Slide SW-_1 1o lsft) (Slice SW1_3 to left) (Slide SW1_2 & SW1_3 toleft)

Note 1: The internal DIP Switch functions for Multi-Master units differ slightly from the Single Master units shown (see page 7).

*Note 2: For units purchased after February 1, 2006, the settings of SW1_3 are reversed than for the settings shown on the
diagrams above. ; Set SW1_3 to the Left (On) for Master and to the Right (Off) for Slave, see notesl & 2 on page 6. (Units
bought prior to February 1, 2006 hold the same settings as shown above)

Figure 14. RS-232 Installation Example

pin 1, 7: Frame & Slgnal Ground

pin 2 :RS-2323 'TXD'
pin 3 AS-222's 'RxD"
pin4 :RAS3-232's 'ATS"
pin 5 @ AS3-232's 'CTS"

TC2200 TC2201 TC2201 TC2201 TC2201
{Master) (Slave} {Slave) {Slave) (Slave]
SCADA RTU RTU RTU RTU
CONTROLER RSP BADATS CT3 RSPBRD SCTS RSP BAD ATS TS REPBRDATE CTs
BRD F3P RTS CT3 B ) x T3 —
[ i
EROADCAST 1 (R >
FESPONGE & |REF-1) ,
BRRADCAST 2 (BRI >
| eeseonse g nsey y
DB25 Female Connector:
[only pins 2,3,4,5,7.1 are usad)

Figure 15. RS-232 Virtual Connection Diagram
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Chapter 3 - Troubleshooting

General

Alarm conditions occur whenever an optical problem or "fault" condition is detected by the TC2200/2201.
Under normal operation, all LEDs should be lit, with the exception of either the "DTE" or "DCE" and
"ALARM" LEDs. The "BRD" and "RSP" LEDs will only light when there is activity on the bus.

All LEDs are Off

If no LEDs arelit on the unit, check the DC power supply, terminal block connector plug, and/or the power
source. If the problem persists, contact the Technical Support Department at TC Communications, Inc.

Alarm LED

When an alarm condition is detected, the Alarm LED will flash rapidly and one or more additional LED will
flash. The following fault conditions will cause the alarm to be triggered:

1. Optic signa lost from "RxA" or "RxB."

2. Optic signal ismarginal, which causesinvalid data packets to be received; either the "SynA" or "SynB"
LED will be flashing.

3. Optic overdrive can cause the "SynA" or "SynB" LED to flash while optic "A" and/or "B" still receives
avalid signal.

4. One or more of the front panel’'s DIP switches isin the Down position.
5. The Anti-Streaming function has been activated.

Optic Cable Types

Conventionally, fiber optic cable with yellow-colored insulation is used for Single Mode applications; gray
or orange-colored insulated cable is for Multimode use. If Multimode cable is used in a Single Mode
application, the test results could be erroneous and confusing.

Calculating the Loss on the Fiber

The fiber optic link and/or connectors are frequently the source of various problems. Check out the
connectors and the integrity of the link first. Ideally, the link should be calibrated for total loss after the
installation has been completed. Thiswill accomplish two things. (1) it will verify that the total loss of the
link iswithin the loss budget of the device and (2) it will provide abenchmark for futuretesting. For example,
asystem that has been tested as having 6dB total |oss when installed and suddenly tests out as having aloss
of 10dB probably has a connector or link problem.

These are the reference values we use to calculate the loss on the fiber:

Multimode 850nm : 3 dB loss per km on 62.5/125um cable*
Multimode 1310nm : 2 dB loss per km on 62.5/125um cable*
Single Mode 1310nm : 0.5 dB loss per km on 9/125um cable*

Single Mode 1550nm : 0.25 dB loss per km on 9/125um cable*

*These numbersare listedforreference only. Werecommend an OTDRreading be used todetermine actual linkloss.
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Chapter 4 - Bench Tests

General

Itishighly recommended to conduct bench tests before actual installation. Bench testing allows the user to
become familiar with all the functions and features of the TC2200/2201 in a controlled environment.
Knowledge of these functions and features will ease installation and troubleshooting efforts later on.

Testing Considerations

Y ou may substitute the SCADA Host controller with a BERT (Bit Error Rate Tester) test set to generate
a simulated RS-232, RS-422 or RS-485 signal. For each test, double-check the LED indicators and DIP
switch settings on all units.

The Anti-Streaming function appliesto both the Data (pin 2 onthe DB25'sRS-232 interface) and RTSsignals
(pin4ontheDB25'sRS-232interface) from the RTU. The Anti-Streaming function can bedisabled by sliding
SWS5 on the internal DIP switch to the Left position.

The"BRD" and"RSP" LEDsflash at therate of the transmitted or received data. If you are sending bus data,
the LEDswill only flash when datais present. Under this condition they may appear dim or even unlit at times.
If thisis the case, you may want to increase your data rate and send it in a continuous data format while
testing.

Bench Test With Built-In Signal Generator

The TC2200 (Master) hasabuilt-in signal generator to simulate a broadcast message from a SCADA Host,

whilethe TC2201 (Slave) hasasignal generator to simulate an RTU'sresponse message. Thebuilt-insignal

generator isapulsesignal indicated by ablinking LED. Theflashrateisintentionally reduced for easy visual
confirmation.

1. Setupthebenchtest asshowninFigure16. AttheMaster unit, turnonthe"SIG-GEN" by slidingSW2_3
(onthefront panel) downward. The"BRD-1" and "BRD-2" LEDs on the TC2200 (Master) should start
blinking. Likewise, the"BRD-1" and "BRD-2" LEDson all of the TC2201 (Slave) unitsshould also blink,
indicating receipt of the Master's broadcast signal.

2. Atany Slave, turn on the "SIG-GEN" by sliding SW2_3 (on the front panel) downward. The "RSP-1"
and"RSP-2" LEDsshould start blinking. Verify that the Master's"RSP-1" and "RSP-2" LEDsalso blink,
indicating receipt of the Slave's simulated response.

RxA Al rxA XA 7IRXA A "|RxA TA [ [rxA TxA
TxB RxBJ < TxB RxB J¢ TxB RXBj¢——[TXB RxB |« A\—] TXB RxB
TC22C0 TC2201 TC220 TC2z01 TC220r
‘Maszer) (Slave) (& avz) \Slave) (Erd Unit)

not uaed not used ;| notused
not used not used not used
not used [ not uged not used

ON: Disable Anli-Sireaming
ON: DTE OFF: DCE

ON: SLAVE OFF; MASTER *
ON: Disakle "RxB"

ON: Dlsable "AxA"

ON: Disabla Anti-Streaming
ON: DTE COFF: DCE

ON: SLAVE QFF: MASTER*
ON: Disable "RxB*

ON: Disable "RXA"

ON: Disable Antl-Streaming
ON: DTE QFF: DCE

ON: SLAVE OFF: MASTER *
ON: Disablc "RxB"'

ON: Disablc "HxA"

(Slide SW1_1 to left) (Slice SW1 3 fc left) (Slide SW1_2 & SW1_3 to left)

Note 1: To perform this test on Multi-Master units, one unit must be configured as a dedicated Master (by sliding SW1_3 to the
Right) and all other units must be configured as dedicated Slaves (by sliding SW1_3 to the Left & SW1_4 to the Right).

*Note 2: For units purchased after February 1, 2006, the settings of SW1_3 are reversed than for the settings shown on the
diagrams above. ; Set SW1_3 to the Left (On) for Master and to the Right (Off) for Slave, see notesl & 2 on page 6. (Units
bought prior to February 1, 2006 hold the same settings as shown above). The internal DIP Switch functions for Multi-Master
units differ slightly from the Single Master units shown (see page 7).

Figure 16. Bench Test Connection Diagram
1
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Optic Loopback Bench Test

Purpose:

Equipment
Requirements:

Procedure:

To test the broadcast (or response) and receive capabilities of a Master or Slave unit
without any other units attached.

One (1) Bit Error Rate Test (BERT) Set with appropriate interface module.
One (1) optical jumper cable (patch cord) with appropriate connectors.

Set up the bench test as shown in Figure 17. To test the "TxB" to "RxA" loop, connect
an optic patch cord from optic "TxB" to optic "RxA." Set the unit'sinternal DIP switch
SW1_2 to the Left position (to disable "RxB"). Connect a BERT tester to the DB25
connector. Setthetester up asaDTE or DCE device (the opposite of the unit'slit "DCE"
or "DTE" LED indicator). The BERT tester should indicate a"SYNC" signal.

Remove the patch cord from "TxB" and "RxA" and switch SW1 2 back to the Right
position. The "SYNC" light on the tester should turn "Off."

To test the"TxA" to "RxB" loop, repeat the steps above with an optic patch cord from
"TxA" to"RxB." Setinternal DIPswitchSW1_1totheLeft position (to disable"RxA").
The BERT tester should indicatea"SYNC" signal. After testing is complete, return all
switches to their normal operating positions.

BET Taa: Sa:

W HAWST HL
12V Réalm

Fanpa DB2S

TC2200R/S

or
TCZ2201R/S
R
1  §
U4 A
 § )
| |
VYoma?’
likww - optic:
patca coro

Figure 17. Optic Loopback Bench Test Connection Diagram

-15-



Local Electrical Loopback Bench Test

TC2200R/S Bus
User's Manual

Rev. 2.2

Purpose: Toverify the DB25's cable connections, the el ectrical interfacedriver, and thereceiver's

Integrated Circuitry.
Equipment

Requirements. One (1) Bit Error Rate Test (BERT) Set with appropriate interface module.

Procedure: Set up the bench test as shown in Figure 18. Set SW2_2 ("LOCLB" onthefront panel)
to the Down position and the"ALARM" LED should start flashing. Set thetester up as
aDTE or DCE device (the opposite of theunit'slit"DCE" or "DTE" LED indicator). The
"BRD-1" & "BRD-2" and "RSP-1" & "RSP-2" LEDs should be dimly lit, showing the
status of thelooped signal. The BERT tester should indicatea”SYNC" signal. Thistest
should be performed on each individua unit in the application.

Female DB23

NG Poweer Gupply
12V FESDHA

HEHT Trst Sar
TE1

':!1 <+
M| TC2200R/S
' or

TC2201 /S

Tar

TEA

L) Ll = L

AxB

Figure 18. Local Electrical Loopback Bench Test Connection Diagram
1
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Remote Loopback Bench Test

Purpose: To test the Slave unit's optic functions and LED indicators and to verify the integrity of
the fiber optic link. When installing new Slave units in a network, a Remote L oopback
test should be performed between each individual Slave and the Master unit (one at a
time). Thiswill verify the integrity of the system.

Equipment

Requirements. One (1) Bit Error Rate Test (BERT) Set with appropriate interface module.

At least two (2) optical jumper cables (patch cords) with appropriate connectors.

Procedure: Set up the bench test as shown in Figure 19. Make sure to set the internal DIP switches
accordingly for each unit. At thefront panel of the Slave unit to be tested, slideSW2_1
(RMTLB) tothe Down position. Set thetester up asaDTE or DCE device (the opposite
of the Master unit'slit "DCE" or "DTE" LED indicator). The"BRD-1" & "BRD-2" and
"RSP-1" & "RSP-2" LEDs should be dimly lit, showing the status of the looped signal.
The BERT tester (connected to the Master) should indicate a"SYNC" signal.

'-‘825 C-'!LV,_

TCZZDOR/S
[Maszter Unit}

TCZZOTR/S

[Slave Unlt} [End Unft}

4—
[ 1]
E TCZZOTR/E

=TT

rh.plex fiber ofrtic duplax fiber optic
zawh cords patch corea

Figure 19. Remote Loopback Bench Test Connection Diagram
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Commonly Asked Questions

1. Whereisthe best place to begin installation for a bus topology application ?

Ans: Beginwith the Master unit. Thefirst priority isto get familiar with the functions of DIP switches
and LEDs.

2. How do | know if the optic link is open or closed ?

Ans: The "SynA" and/or "SynB" LEDs on the affected units will flash if the associated link is not
closed.

3. What direction isthe optic signal traveling in ?

Ans: Thefiber signal that transmitsto the East side of the unitisdesignated as" A", which meansfrom
one unit'soptic "TxA" to the next unit's optic "RxA." The fiber signal that transmits to the West
side of the unit is designated as " B," which means from one unit's optic "TxB" to the next unit's
optic "RxB."

4. What do the front panel's"BRD" & "RSP" LEDs mean ?

Ans: The"BRD-1" & "BRD-2" stand for Broadcast Data. They arethe signalsfromthe SCADA Host
(connected to the Master) to be transmitted (or broadcasted) to the Saves. The "BRD-1" &
"BRD-2" LEDsonthe Master unit reflect theincoming signal status of the DB25's connector pins
2 & 4 (for an RS-232 interface) fromthe SCADA host. Onthe Save units, the"BRD-1" & "BRD-
2" are the received broadcast signals originating from the SCADA host.

The "RSP-1" & "RSP-2" stand for Response Data. On the Save unit, they are the response
signals from the local RTU to be transmitted to the Master. The "RSP-1" & "RSP-2" LEDs on
the Slave unit reflect the outgoing signal status of the DB25's connector pins3 & 5 (for an RS
232 interface) from the local RTU. On the Master, the "RSP-1" & "RSP-2" are the received
response signals originating from the RTU.

The following tables explain the definitions of each "BRD" and "RSP" LED for Master & Slave
units for an RS-232 interface:

LED TC2200's DB25 Pin Status (DCE) LED TC2201's DB25 Pin Status (DCE)

BRD-1 | incoming signal on pin 2 (from Host) BRD-1 | outgoing signal on pin 3 {from Host)
BRD-2 | incoming signal on pin 4 (from Host) BRD-2 | outgeing signal on pin 5 (from Host)
RSP-1 | outgoing signal on pin 3 (from RTU) RSP-1 | incorming signal on pin 2 (from RTU)
RSP-2 | outgoing signal on pin 5 (from RTU) RSP-2 | incoming signal on pin 4 {Irom BTU)
LED TC2200's DB25 PIn Status {DTE) LED TC2201's DB25 Pin Status (DTE)

BRD-1 | incaming signal on pin 3 {from Host) BRD-1 | cutgoing signal an pin 2 {from Host)
BRDO-2 | incoming signal on zin 5 {from Host) BRD-Z | cutgoing signal on pin 4 {from Host}
RSP-1 | outgoing signal on in 2 {from HTU} HSF-1 | incoming signal on pin 3 {from ATU}
RSP-2 | outgoing signal on pin 4 {from ATU} ASP-2 | incoming signal on pin & {from ATW)

Figure 20. "BRD" and "RSP" LED Definitions for an RS-232 Interface
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What isthe built-in signal generator and how isit used ?

Ans: By sliding SW2_3 ("SIG GEN" on the front panel) to the Down position, a pulse signal will be
generated to simulate an incoming signal on the DB25's connector pins 2 & 4 (for an RS-232
interface). In effect, this pulse signal is a simulated broadcast signal from the SCADA host,
which will travel through the fiber to each Slave in the bus. This function is very useful for
troubleshooting and verifying network integrity. The slow pulse rate of the LEDs can be easily
confirmed at any Save location.

What is the difference between the front panel's" Rx-A" and " SynA" LEDs?

Ans: "Rx-A" indicatesthereceiving optical signal strength. When the"RxA" optic signal isabovethe
sensitivity threshold (typically from -33dBm to -36dBm) the "Rx-A" LED will light (solid). A
marginal or fault condition causesit to flash. In some cases, the "RxA" optic signal isabovethe
sensitivity threshold but is of poor quality. This will result in an invalid data packet being
received, causing the "SynA" LED to flash.

The possible fault conditions could be one of the following:

A. Received optic signal's power is marginal (at the borderline of the sensitivity threshold).
B. Receiver is being overdriven (optic signal strength is too strong).
C. Multimode cable is used on a Single Mode unit and causes the receiver to be overdriven.

D. Optic cableiscross-connected with another vendor's product and the TC2200/2201 can not
recognize the data packet being transmitted.

The"SynA" LED lights (solid) when the data packet being received at optic "RxA" is validated.
An invalid data packet will cause the "SynA" LED to flash.

The same applies to the "Rx-B" and "SynB" LEDs for the B-Link.
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Chapter 5 - Component Placement

The TC2200/2201 is equipped with multiple DIP switches for application setup and Panel LEDs to indicate
the statusof electrical and optical signals. Thesefeaturescan easeinstallation and facilitate troubleshooting.
The following diagram depicts the board locations of several key components.

Figlc Replacsable Power A
Interface Module DC Input
Internal (setLp) Fower B
DIP Switches DC [put
Dry Contact Alarm Fuse “or Fuse for
Relay Connector Power B Power A

\ (] o v J \ v /

- \// I3 J/
| [ Inertace SIMM Module
P2

on <—¢ !

S

7

1 RE

i IE]

1

1 0 N
@ M-

w2

L]
R18 R13

— —
SW2
1.2 1 4
TxB RxA A TxA RxB
Optic Transmitter and Receiver Optic Transmitter and Receiver
to/from left (West} sice of unit lo/from right (East) side of unit

External (diagncstic) DIP Switches

Figure 21. TC2200/2201 Component Placement Diagram
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Data Rates

2=V 0 PPN up to 38.4 Kbps
Optical

TFRANSIMITEET cooee e LED/ELED/LASER**

R IV e e PIN Diode

Wavelength ... 850nm/1310nm Multimode

....................................................................................................... 1310nm Single Mode

Fiber Optic CONNECIOIS ....iiiii e ST* (optional FC)

Loss Budget

............................................................... 15dB Multimode 850nm/1310nm @62.5/125um

............................................................................ 20dB Single Mode 1310nm @9/125um
Electrical

(OF0] 3 | 1=T 3 (o] (DCE or DTE) DB25 Female

INEEITACE .. e RS-232, RS-422 or RS-485
System

Bit EXTOF RAE ..ot eeees 1in 10° or better

Visual Indicators .............cccceeevnnes Rx-A, Rx-B, SynA, SynB, Vcc, BRD-1, BRD-2, RSP-1,

......................................... RSP-2, MASTER, SLAVE, DTE, DCE, PWRA, PWRB, ALARM

[ YA @ 0T ] = Lo A 2N = o o 1 12VDC, 1A
Power Source

(653122 1 o = | 12VDC@650mA

(OPLIONAID) ceeeei e 24VDC@400mA

(OPLIONALD) ceeiei e 48VDC@120mA

(optional) ....cooviiii 115 or 230VAC with external power cube
Temperature

Operating (Standard) .........coooiiiiiiii -10°C to 50°C

High Temp Version (Optional) .......coooviiiiiiiiii e -20°C to 70°C

Y (o] =T o = PP -40°C to 90°C

HUMIAILY « et 95% non-condensing
Physical

HeE G o (18.2cm) 7.2"

WIAEN Lo e (3.5cm) 1.4"

31T o) 1 o (16.6 cm) 6.60"

W BIGNT e (525 gm) 1.5 Ibs

*STisatrademark of AT&T

**Contactfactory forLaserversion
1
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2 RJ-11’s Adapter

Description

If using the optional DB25 to 2 RJ-11's Adapter, refer to the diagrams below for proper installation and pin

connections.

The DB25 to 2 RJ-11's Adapter, separates the two independent RS-232 data channels on the DB25F.
Channel 1 is made of pins (2, 3, and 7) while Channels 2 is made of pins (4, 5, and 7).

Cable Assembly

RBZA%E?EF;J_M DB25 Connector
d4TT-2-WSG2-avOol m TO RTU/PLC
TC2200 )
r
. T
c 9
B L
5|z RJ-11
=|= r Cross-Over
% Z g Cable
853 L
ez §® RJ-11
11 e —
2 To TC1900
Pin Connections
DB25 MALE
Connector ADAPTER’S DB25 MALE 8825 MALE
, onnector
RJ-ll PLUG S Connector
Tx Data
Channel 1 - = Rx Data
o o To RTU/PLC .
xD 3 IN w
XD 2 « o =2 Ground
GND 7 = b
~|To TC1900 TC1900
Channel 2 ~
CTS 5 s|]l————p|u _I?xg
< o|l¢—— [ &~ ™
GRIIS; =2 PE— - e \]») 654321
RJ-11 JACK
pin assignment
DCE

RJ-11 to

Figure 22. DB25 Cable Assembly and Virtual Pin Connections Diagrams
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Appendix B - Warranty

Return Policy

To return a product, you must first obtain a Return Material Authorization number from the Customer
Service Department. If the product’s warranty has expired, you will need to provide a purchase order to
authorize the repair. When returning a product for a suspected failure, please provide a description of the
problem and any results of diagnostic tests that have been conducted.

Warranty

Damages by lightning or power surges are not covered under this warranty.

All products manufactured by TC Communications, Inc. come with a five year (beginning 1-1-02)
warranty. TC Communications, Inc. warrants to the Buyer that all goods sold will perform in accordance
with the applicable data sheets, drawings or written specifications. It also warrantsthat, at the time of sale,
the goods will be free from defects in material or workmanship. Thiswarranty shall apply for a period of
fiveyearsfrom the date of shipment, unless goods have been subject to misuse, neglect, altered or destroyed
serial number labels, accidents (damages caused in whole or in part to accident, lightning, power surge, floods,
fires, earthquakes, natural disasters, or Acts of God.), improper installation or maintenance, or alteration or
repair by anyone other than Seller or its authorized representative.

Buyer should notify TC Communications, Inc. promptly inwriting of any claim based upon warranty, and
TC Communications, Inc., at its option, may first inspect such goods at the premises of the Buyer, or may
give written authorization to Buyer to return the goods to TC Communications, Inc., transportation charges
prepaid, for examination by TC Communications, Inc. Buyer shall bear the risk of loss until al goods
authorized to be returned are delivered to TC Communications, Inc. TC Communications, Inc. shall not be
liable for any inspection, packing or labor costs in connection with the return of goods.

In the event that TC Communications, Inc. breaches its obligation of warranty, the sole and exclusive
remedy of the Buyer islimited to replacement, repair or credit of the purchase price, at TC Communications,
Inc.’s option.

Toreturn aproduct, you must first obtain aReturn Material Authorization (RMA) number and RMA form
from the Customer Service Department. If the product’ s warranty has expired, you will need to provide a
purchase order to authorizetherepair. When returning aproduct for asuspected failure, pleasefill out RMA
form provided with a description of the problem(s) and any results of diagnostic tests that have been
conducted. The shipping expenseto TC Communications should be prepaid. The product should be properly
packaged and insured. After the product isrepaired, TC Communicationswill ship the product back to the
shipper at TC'scost to U.S. domestic destinations. (Foreign customers are responsiblefor all shipping costs,
duties and taxes [both ways]. We will reject any packages with airway bill indicating TC communications
isresponsible for Duties and Taxes. To avoid Customs Duties and Taxes, please include proper documents
indicating the product(s) are returned for repair/retest).
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