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FOR YOUR SAFETY 
   Only qualified personnel should install this equipment, after 
first reading and understanding all the information in this 
manual.  All instructions should be strictly adhered to.  The user 
should consult SAF or a SAF supplier for clarification of the 
contents of this manual should any doubt or questions arise.  

  The installation of this equipment must be conducted in 
accordance with all national, regional and local electrical codes. 

  All drawings and technical representations included in this 
manual are for typical installations and should not in any way be 
considered for specific applications or modifications. Consult 
SAF Drives and Automation for supplemental instructions. 

 SAF Drives Inc. accepts no liability for any consequences 
resulting from inappropriate, negligent or incorrect installation, 
application or adjustment of this equipment. 

   The contents of this manual are believed to be correct at the 
time of printing.  In following with our commitment to the 
ongoing development and improvement of our products SAF 
reserves the right to change the specification of this product 
and/or the content of this instruction manual without notice. 
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 CA401 Digital Input Card 
 
The CA401 is a 16 channel digital input card. The inputs may be 24 VDC 
or 120 VAC depending on the model of the card. The 16 inputs are made 
up of two groups of 8 inputs. Each group has its own neutral. 

MODELS  
B - 24 Volt DC input  
D - 120 Volt AC input 

JUMPERS and SWITCHES 
SB1 - CARD ADDRESS  
The address of the CA401 is determined by four dip switches of SB1 
labeled A0, A1, A2, and A3. The other four dip switches are unused. Their 
position has no effect on card operation. The four switches labeled A0 - 
A3 form a four bit binary address in the range 0 to 15. A0 is the least 
significant bit. A3 is the most significant bit. When a switch is in the ON 
position it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address. 
A0  1  
A1  2  
A2  4  
A3  8  
 
When using more than 1 CA401 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
 

 
 
 
 
JP1 
JP1 allows the user to give up input 16 and use it as a latching input. 
When JP1 is in the AG position, activating input 16 latches the data and 
deactivating input 16 makes new data valid. When JP1 is in the AH 
position, input 16 is simply the sixteenth input.
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TERMINALS 

C
A

40
1

D
IG

IT
A

L
IN

PU
T

C
A

R
D

SA
F

BU
S

ST
AT

US

IN
PU

TS

ACTIVEINPUTS

1 2 3 4 5 6 7 8 - - 9 10 11 12 13 14 15 16 - - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  
 
 

NA Neutral for inputs 
1 to 8  

1 Input 1 
2 Input 2 
3 Input 3 
4 Input 4 
5 Input 5 
6 Input 6 
7 Input 7 
8 Input 8 
NA Neutral for inputs 

1 to 8  
NB Neutral for inputs 

9 to 16  
9 Input 9 
10 Input 10 
11 Input 11 
12 Input 12 
13 Input 13 
14 Input 14 
15 Input 15 
16 Input 16 /Latching 

Input (see Jumper 
JP1)  

NB Neutral for inputs 
9 to 16  

 
Note: Terminals labeled NA are connected internally. Terminals labeled 
NB are connected internally. 
 

LEDS 
The LEDs labeled 1 to 16 will be ON when the voltage between the 
corresponding Input terminal and its neutral is above the INPUT 
THRESHOLD VOLTAGE for the model of card being used.  
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change states when the card is not being accessed. 

SPECIFICATIONS 
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MODEL B (24 VDC inputs) 
Maximum Input 
Voltage 

30 VDC  

Input Threshold 
Voltage 

12 VDC   

Input Current  2 mA  
Input Filter Delay  .1 msec  
Isolation  optical 1.5 kV  
 
MODEL D (120 VAC inputs) 

Maximum Input 
Voltage 

140 VAC 50/60 
Hz   

Input Threshold 
Voltage 

70 VAC  50/60 Hz  

Input Current  2 mA 
Input Filter Delay  10 msec  
Isolation  optical 1.5 kV  
 
Current Draw per Card (both Models) 

5 VDC 160 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA402 Digital Output Card 
 
The CA402 is a 16 channel digital output card. The outputs are rated at 
24 VDC or 120 VAC depending on the model of the card. The 16 outputs 
are made up of two groups of 8 outputs. Each group has its own output 
voltage source. 

MODELS  
B - 24 Volt DC output  
D - 120 Volt AC output 

JUMPERS and SWITCHES 
SB1 - CARD ADDRESS 
The address of the CA402 is determined by four dip switches of SB1 
labeled A0, A1, A2, and A3. The other four dip switches are unused. Their 
position has no effect on card operation. The four switches labeled A0 - 
A3 form a four bit binary address in the range 0 to 15. A0 is the least 
significant bit. A3 is the most significant bit. When a switch is in the ON 
position, it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address. 
A0  1  
A1  2  
A2  4  
A3  8  
 
When using more than 1 CA402 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
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TERMINALS 

 
 

1 Output 1  
2 Output 2  
3 Output 3  
4 Output 4 + 
5 Output Voltage Source for 

Outputs 1 to 8  
6 Output 5  
7 Output 6  
8 Output 7  
9 Output 8  
10 Output Voltage Source for 

Outputs 1 to 8 
11 Output 9  
12 Output 10  
13 Output 11 
14 Output 12  
15 Output Voltage Source for 

Outputs 9 to 16  
16 Output 13  
17 Output 14  
18 Output 15 
19 Output 16  
20 Output Voltage Source for 

Outputs 9 to 16  
 
Note: Terminals 5 and 10 are connected internally. Terminals 15 and 20 
are connected internally. 
 

LEDS 
The LEDs labeled 1 to 16 will be ON when the corresponding output is 
ON. 
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change states when the card is not being accessed. 
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SPECIFICATIONS 
MODEL B (24 VDC Outputs) 

Maximum Output 
Current  

100 mA  

Maximum Output 
Voltage  

200 V RMS  

Minimum Output Voltage 
Frequency 

DC  

Isolation  optical 2.5 kV  
 
MODEL D (120 VAC Outputs) 

Maximum Output 
Current  

300 mA RMS 5 A peak 
(20 msec)  

Maximum Output 
Voltage  

280 V RMS   500 V peak  

Minimum Output Voltage 
Frequency 

47 Hz  

Isolation  optical 2.5 kV  
 
Current Draw per Card (both Models) 

5 VDC 150  mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA403 Multiple I/O Card 
The CA403 is a multiple input / output card with 3 12 bit bipolar analog 
inputs, 4 digital inputs, 2 12 bit bipolar analog outputs, 2 digital form C 
relay outputs and 1 +10 Volt fixed output. The digital inputs may be 24 
VDC or 120 VAC depending on the model of the card. The 4 digital inputs 
are made up of two groups of 2 inputs. Each group has its own neutral. 

MODELS  
B - 24 Volt DC input  
D - 120 Volt AC input  

JUMPERS and SWITCHES 
SB3 - CARD ADDRESS 
The address of the CA403 is determined by four dip switches of SB3 
labeled A0, A1, A2, and A3. The other four dip switches are unused. Their 
position has no effect on card operation. The four switches labeled A0 - 
A3 form a four bit binary address in the range 0 to 15. A0 is the least 
significant bit. A3 is the most significant bit. When a switch is in the ON 
position, it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address.  
A0  1  
A1  2  
A2  4  
A3  8  
 
When using more than 1 CA403 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
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TERMINALS 

 
 

1 Analog Input 1 
2 Common  
3 Analog Input 2 
4 Common  
5 Analog Input 3 
6 Common  
7 Analog Output 1 
8 Common  
9 Analog Output 2 
10 Common  
11 +10 V Reference  
12 Common  
13 Logical Output 1 Toggle  
14 Logical Output 1 Normally 

Closed 
15 Logical Output 1 Normally 

Open  
16 Logical Output 2 Toggle  
17 Logical Output 2 Normally 

Open 
18 Logical Output 2 Normally 

Open 
19 Neutral for A1 and A2 Inputs 
20 Logical Input A1  
21 Logical Input A2  
22 Logical Input B1  
23 Logical Input B2  
24 Neutral for B1 and B2 Inputs 
 
 

LEDS 
The LEDs labeled I/P A1, I/P A2, I/P B1, and I/P B2 will be ON when the 
voltage between the corresponding Logical Input terminal and its neutral 
is above the INPUT THRESHOLD VOLTAGE for the model of card being 
used.  
The LEDs labeled O/P 1 and O/P 2 will be on when the corresponding 
Logical Output is ON.  
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POTENTIOMETERS 
RV1 - RV10 These pots are factory calibrated and should not need user 
adjustment 

SPECIFICATIONS 
Model B Digital Inputs 

Maximum Input Voltage 30 VDC 
Input Threshold Voltage 12 VDC   
Input Current 2 mA  
Input Filter Delay 1 msec  
Isolation  optical 1.5 kV 
 
Model D Digital Inputs 

Maximum Input Voltage 140 VAC 50/60 
Hz 

Input Threshold Voltage 70 VAC   
Input Current 2 mA  
Input Filter Delay 10 msec  
Isolation  optical 1.5 kV 
 
Digital Outputs (both models) 

Maximum Output 
Current 

1 A resistive load 

Maximum Output 
Voltage Source 

200 V RMS 

Isolation mechanically 1 kV 
 
Analog Outputs (both models) 

Maximum Output 
Voltage 

+/- 11.7 V 

Maximum Output 
Current 

40 mA (short 
circuit proof) 

Resolution 12 bit 
Isolation none 
 
Analog Inputs (both models) 

Maximum Input Voltage +/- 11.7 V 
Maximum Input Current 250 uA 
Resolution 12 bit 
Isolation none 
 
10 Volt Reference (both models) 

Maximum Output 
Current 

25 mA 

Accuracy +/- .02% 
Isolation none 
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Current Draw per Card (both Models) 

5 VDC 100  mA 
+15 VDC 200 mA   
-15 VDC 200 mA  
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CA404 Analog Output Card 
The CA404 is a four channel, 12 bit, bipolar, non isolated analog output 
card.  

JUMPERS and SWITCHES 
SB1 CARD ADDRESS 
The address of the CA404 is determined by four dip switches of SB1 
labeled  A0, A1, A2, A3.  The other four dip switches are unused. Their 
position has no effect on card operation. The four switches representing 
A0 - A3 form a four bit binary address in the range 0 to 15. A0 is the least 
significant bit. A3 is the most significant bit. When a switch is in the ON 
position, it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address. 
A0  1  
A1  2  
A2  4  
A3  8  
When using more than 1 CA404 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
 

 
TERMINALS 

 
 

1 Common  
2 Analog Out 1  
3 Common  
4 Analog Out 2  
5 Common  
6 Analog Out 3  
7 Common  
8 Analog Out 4  
9 Common  
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LEDS 
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change state when the card is not being accessed. 
 

POTENTIOMETERS 
RV1 - RV10 These pots are factory calibrated and should not need user 
adjustment 
 

SPECIFICATIONS 
Analog Outputs  

Maximum Output 
Voltage 

+/- 11.7 V 

Maximum Output 
Current 

40 mA (short 
circuit proof) 

Resolution 12 bit 
Isolation none 
 
 
Current Draw per Card  

5 VDC 35  mA 
+15 VDC 100 mA   
-15 VDC 100 mA  
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CA406 Serial Interface Card 
The CA406 card is a serial communications card with 2 serial ports and a 
BITBUS port.  The two serial ports are capable of RS232, RS422, or 
RS485 communications.  Software on the CA406 allows the CA406 to 
communicate on industrial communications networks.  The CA406 card 
contains 256 registers which are read and written by CA406_READ_REG 
and  CA406_WRITE_REG blocks. 

JUMPERS and SWITCHES 
SB1 - CONFIG MODE 
Normal operation is with MODE0 in the ON position and the rest of the 
switches in the OFF position 
 

 
SB2 - STATION ADDRESS  
The BITBUS station address of the CA406 is determined by eight dip 
switches of SB2 labeled A0 - A7. The eight switches labeled A0 - A7 form 
an eight bit binary address with a valid range of 0 to 250 ( the rest are 
reserved). A0 is the least significant bit. A7 is the most significant bit.  
Normal operation is with the BITBUS station address set to 0, as shown 
below. 
 

 
SB3 - CARD ADDRESS 
This is the address used by the SAFphire processor card.  The address of 
the CA406 is determined by  3 dip switches of SB3 labeled A0 - A2.  The 
three switches labeled A1 - A4 form an three bit binary address with a 
valid range of 0 to 7 ( the rest perform other functions on the card.)  A0 is  
the least significant bit.  A2 is the most significant bit.  When a switch is in 
the ON position, it adds a 0 to the station address.  When a switch is in 
the OFF position it adds the value shown below to the board address.   
A0  1  
A1  2  
A2  4  
 
When using more than 1 CA406 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
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SB3 - ELECTRICAL CHARACTERISTICS 
The electrical characteristics of the two serial ports on board the CA406 
card are determined by 4 dip switches of SB3.  The switch labeled  
MODE1 and the upper of the two switches labeled RS232 (#5) affect 
serial port1.  The possible settings for port one are shown below.  Note 
that only the settings for the switch labeled  MODE1 and the upper of the 
two switches labeled RS232 (#5) are relevant.  
The switch labeled  MODE2 and the lower of the two switches labeled 
RS232 (#6) affect serial port2.  The possible settings for port two are 
shown below.  Note that only the settings for the switch labeled  MODE2 
and the lower of the two switches labeled RS232 (#6) are relevant.  
 

 
JP 1  
Normal operation is in "BC" position. 
JP 2 
Normal operation is in the "DE" position. 
JP 3 
Normal operation is in the "GH" position. 
JP 4 
Normal operation is in the upper position. 
JP 5 
Normal operation is in the "QR" position. 
JP 6 
Normal operation is in the "NO" position. 
JP 7 
Jumper 7 is unused.  Position does not effect card operation. 
 

TERMINALS 
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1 BITBUS Common 
2 BITBUS Data 

Inverse 
3 BITBUS Data 
4 BITBUS Clock 

Inverse 
5 BITBUS Clock 
6 BITBUS Resistor 

Common 
7 Serial Port 2 

Receive Inverse 
8 Serial Port 2 

Receive 
9 Serial Port 2 

Transmit Inverse 
10 Serial Port 2 

Transmit 
11 Serial Port 1 

Receive Inverse 
12 Serial Port 1 

Receive 
13 Serial Port 1 

Transmit Inverse 
14 Serial Port 1 

Transmit 
 
 

LEDS 
The red LED #5 will change state when either serial port sends or 
receives a character. 
The green LED #4 will be flashing once per second when the Intel 8044 
communications processor is operating properly.  This LED not flashing 
indicates a fault condition. 
LED #1 - LED #3 will count in a binary pattern when the card is being 
accessed by the SAFphire processor card. 
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SPECIFICATIONS 
Communication Ports 

BITBUS Baud 
Rate 

375 KBaud 

Maximum Serial 
Port Baud Rate 

(software configurable) 
19200 baud   

 
 
Current Draw per Card  

5 VDC 520 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA407 Drive Interface / Encoder Card 
The CA407 combines a SAF Drives and Automation DD312/DD306 drive 
interface and a rotary pulse encoder input. The encoder input is 
configurable for quadrature or single channel, differential or single-ended 
and has marker capture capability. The drive interface transfers fault, 
sequencing, and feedback/reference information between the drive and 
SAFphire. The analog output used for the current reference in the drive 
interface is also made available at the output terminals for use with other 
devices. 

JUMPERS and SWITCHES 
SB3 - CARD ADDRESS  
The address of the CA407 is determined by five dip switches of SB3 
labeled A0, A1, A2, A3 and A4. The other three dip switches are unused. 
Their position has no effect on card operation. The four switches labeled 
A0 - A4 form a five bit binary address in the range 0 to 31. A0 is the least 
significant bit. A4 is the most significant bit. When a switch is in the ON 
position, it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address.  
A0  1  
A1  2  
A2  4  
A3  8  
A4  16  
When using more than 1 CA407 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical address settings are shown below 
 

 
JP1 CHANNEL A PULL-UP  
In the "IN" position, a 1K pull-up resistor is inserted from Signal A to PS. 
This is meant for open collector tach circuits. 
JP2 CHANNEL A DIFFERENTIAL/SINGLE-ENDED 
In the "DIFF" position Signal A is compared to Signal NOT_A to determine 
the state of channel A. In the "SINGLE" position, Signal A is compared to 
a voltage which is one half of the PS signal at terminals 1 and 10. Note 
that in the "SINGLE" position, terminal 4 should not be connected to 
anything. 
JP3 CHANNEL B PULL-UP 
In the "IN" position, a 1K pull-up resistor is inserted from Signal B to PS. 
This is meant for open collector tach circuits. 
JP4 CHANNEL B DIFFERENTIAL/SINGLE-ENDED 
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In the "DIFF" position Signal B is compared to Signal NOT_B to determine 
the state of channel B. In the "SINGLE" position, Signal B is compared to 
a voltage which is one half of the PS signal at terminals 1 and 10. Note 
that in the "SINGLE" position, terminal 6 should not be connected to 
anything. 
JP5 CHANNEL M PULL-UP 
In the "IN" position, a 1K pull-up resistor is inserted from Signal M to PS. 
This is meant for open collector tach circuits.  
JP6 CHANNEL M DIFFERENTIAL/SINGLE-ENDED 
In the "DIFF" position Signal M is compared to Signal NOT_M to 
determine the state of channel M. In the "SINGLE" position, Signal M is 
compared to a voltage which is one half of the PS signal at terminals 1 
and 10. Note that in the "SINGLE" position, terminal 8 should not be 
connected to anything.  
JP8 & JP9 
Normal operation is in the RUN position. 
JP10 TACHOMETER POWER SUPPLY SELECTION 
In the +5V position this jumper connects the internal 5VDC supply to the 
Encoder Power Supply terminals. In the +15V position this jumper 
connects the internal 15VDC supply to the Encoder Power Supply 
terminals. If this jumper is removed, an external power supply may be 
connected to terminals 1 and/or 10.   (Maximum external supply voltage is 
15 VDC). 

TERMINALS 

 
 

1 Encoder power 
supply  

2 Common 
3 A 
4 Not A 
5 B  
6 Not B 
7 MARKER 
8 Not MARKER 
9 Common 
10 Encoder power 

supply  
11 Current 

Reference  
12 Common 
13 Common 
 
The connection to a CA383 drive interface card or CA384 drive control 
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card uses a 25 conductor cable with 2 DB25 male connectors and straight 
through connections (max. length 50 feet). 
 

LEDS 
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card and the 
DRIVE_ENABLE parameter of the CA407_OUTPUT block is ON. This 
LED will not change states when the card is not being accessed or if the 
DRIVE_ENABLE parameter of the CA407_OUTPUT block is OFF. 
 

POTENTIOMETERS 
RV1 - RV4 These pots are factory calibrated and should not need user 
adjustment 
 

SPECIFICATIONS 
Analog Output  

Maximum Output 
Voltage 

+/- 11.7 V 

Maximum Output 
Current 

40 mA (short 
circuit proof) 

Resolution 12 bit 
Isolation none 
 
Encoder Input  

Maximum Input 
Frequency  

100 kHz per 
channel  

Maximum Input Voltage 15 VDC 
 
Current Draw per Card  

5 VDC 225  mA 
+15 VDC 150 mA   
-15 VDC 50 mA  
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CA408 Multiprocessor Card 
The CA408 card is a high speed processor card which executes block 
programs that are created on a personal computer using an SBL editor 
package. The CA408 will accept inputs and update outputs of the cards in 
the same physical rack as controlled by the block program downloaded to 
it. Each physical rack must have one and only one CA408 multiprocessor 
card. The CA408 consists of one processor dedicated to executing the 
block program, an additional processor to control the communications 
ports used to transfer to and from the card, a BITBUS port for 
downloading and uploading programs to and from a personal computer, 
and a serial port dedicated to communications with a HAND TERMINAL 
maintenance tool.  
 

JUMPERS and SWITCHES 
SB1 - CONFIG MODE 
Normal operation is with MODE0 in the ON position and the rest of the 
switches in the OFF position 
 

 
SB2 - STATION ADDRESS  
The BITBUS Node address which is used for uploading, downloading, and 
annunciating of block programs is determined by eight dip switches of 
SB2 labeled A0 - A7. The eight switches labeled A0 - A7 form an eight bit 
binary address with a valid range of 1 to 250 ( the rest are reserved). A0 is 
the least significant bit. A7 is the most significant bit. When a switch is in 
the OFF position, it adds a 0 to the station address. When a switch is in 
the ON position it adds the value shown below to the board address.  
A0  1  
A1  2  
A2  4  
A3  8  
A4  16  
A5  32  
A6  64  
A7  128  
 
Typical node address settings are shown below 
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JP 1  
Normal operation is in "BC" position. 
JP 2  
Normal operation is in the "DE" position. 
JP 3  
Normal operation is in the "AEAF" position. 
JP 4  
Normal operation is in the "HI" position. 
JP 5 
Normal operation is in the ABAC position. 
JP 6  
Normal operation is in the "QR" position. 
JP7 
Normal operation is in the "MN" position. 
JP 8  
Normal operation is in the "ST" position. 
JP 9  
Normal operation is in the "VW" position. 
 

TERMINALS 

 
 

1 BITBUS Common 
2 BITBUS Data 

Inverse 
3 BITBUS Data 
4 BITBUS Clock 

Inverse 
5 BITBUS Clock 
6 BITBUS Resistor 

Common 
 
Note: Normal operation is with the Data Inverse lines of all BITBUS ports 
connected together and with all Data lines of all BITBUS ports connected 
together. The rest are left unconnected. 
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LEDS 
The red POWER LED will be ON when the +5 VDC power supply is 
present. 
The green 8044 STATUS LED will be flashing once per second when the 
Intel 8044 communications processor is operating properly. This LED not 
flashing indicates a fault condition. 
The red 320 STATUS will flash once per program scan to indicate proper 
handshaking between the two processors. This LED will flash at a high 
frequency but appear to be ON to indicate proper operation. This LED will 
not change state when downloading and then resume flashing when 
normal operation resumes. 
 

SPECIFICATIONS 
Communication Ports 

TMS320C25 
Clock Speed  

32 MHz 

Intel 8044 Clock 
Speed 

12 MHz 

BITBUS Baud 
Rate 

375 KBaud 

Serial Port Baud 
Rate 

9600 baud Hand 
Term Only  

 
 
Current Draw per Card  

5 VDC 520 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA408-1 Multiprocessor Card 
The CA408-1 card is a high speed processor card which executes block 
programs that are created on a personal computer using an SBL editor 
package. The CA408-1 will accept inputs and update outputs of the cards 
in the same physical rack as controlled by the block program downloaded 
to it. Each physical rack must have one and only one CA408-1 
multiprocessor card. The CA408-1 consists of one processor dedicated to 
executing the block program, an additional processor to control the 
communications ports used to transfer to and from the card, a BITBUS 
port for downloading and uploading programs to and from a personal 
computer, and a serial port dedicated to communications with a HAND 
TERMINAL maintenance tool.  The CA408-1 allows for a 4 fold reduction 
in execution time over the CA408 Processor Card. 
 

JUMPERS and SWITCHES 
SW1 - STATION ADDRESS  
The BitBus node address of the CA408-1 which is used for uploading, 
downloading, and annunciating of block programs is determined by a 
rotary switch labeled SW1.  
Typical address settings are shown below 
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
Using this switch you have the option of node addresses 0-15.( see J3 for 
addresses 16 -31). 
 
J1 & J4  
Normal operation is with a shorting clip on  each.  These jumpers are 
used to enable or disable a filter on the incoming BitBus Network 
J3  
Normal operation is with no shorting clip.  This jumper is used to enable 
the upper 15 BitBus node addresses. 
 With the jumper removed the range of SW1 is 0-15. 
 With the jumper on, the range of SW1 is 16-31. 
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TERMINALS 
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1 BITBUS Common 
2 BITBUS Data 

Inverse 
3 BITBUS Data 
4 BITBUS Clock 

Inverse 
5 BITBUS Clock 
6 BITBUS Resistor 

Common 
 
Note: Normal operation is with the Data Inverse lines of all BITBUS ports 
connected together and with all Data lines of all BITBUS ports connected 
together. The rest are left unconnected. 
 

LEDS 
The red 320 STATUS will flash once per program scan to indicate proper 
handshaking between the two processors. This LED will flash at a high 
frequency but appear to be ON to indicate proper operation. This LED will 
not change state when downloading and then resume flashing when 
normal operation resumes. 
 
The green 8044 STATUS LED will be flashing once per second when the 
Intel 8044 communications processor is operating properly. This LED not 
flashing indicates a fault condition. 
 
The green LOW BATT LED represents the condition of the Battery.  
When the light is green the battery is in good condition.  If the light is red 
the battery needs to be changed.( See changing battery for details). 
 

CHANGING THE BATTERY 
The proper procedure to change the battery is as follows: Leave the 
power to the rack on and the card installed in the rack.  Rotate the cover 
of the battery holder counter clockwise and remove the battery.  Install a 
new Tadiran TL5104-S battery with the positive end out. 
NOTE: Removing the Battery with the power to the Rack OFF will 
erase the SBL program 
 

SPECIFICATIONS 
Communication Ports 
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TMS320C25 Clock Speed  50 MHz 
Intel 8044 Clock Speed 12 MHz 
BITBUS Baud Rate 375 KBaud 
Serial Port Baud Rate 9600 baud (Hand Term Only) 
Battery life expectancy 5 years with power off 
 
 
Current Draw per Card  

5 VDC 520 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA409 Fault Relay Card 
The CA409 card acts as a bus termination card for the SAFphire rack 
backplane.  As well, it provides a fault relay output, status LEDs for the 
positive and negative power supplies, 2 bipolar analog diagnostic outputs 
and one 15 volt logical diagnostic output..  There must be one CA409 card 
per rack installed in the half height slot. 

TERMINALS 

 
 

1 Fault Relay N.O 
Contact  

2 Fault Relay 
Toggle Contact 

 
 

LEDS 
The red status LED indicates the status of the fault relay.  When on the 
LED indicates that the fault relay is energized.  The relay will de-energize 
and the LED go out when downloading, or in the case of a hardware 
failure that causes the block program to stop executing.  This relay is 
intended to be hard wired into an Emergency Stop circuit. 
The green +15V LED indicates the status of the +15 Volt power supply. 
The green -15V LED indicates the status of the +15 Volt power supply. 
Normal operation is with all three LEDs ON. 
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SPECIFICATIONS 
Fault Relay 

Maximum Relay 
Current  

1 A 

Maximum Output 
Voltage Source 

240 V RMS 

isolation  mechanical 1KV 
 
Analog Outputs 

Maximum Output 
Voltage  

+/- 11.7 V 

Maximum Output 
Current 

negligible (short circuit proof) 

isolation  none 
resolution 12 bits 
 
Logic Output 

Maximum Output 
Voltage  

15 Volts 

Maximum Output 
Current 

negligible (short circuit proof) 

isolation  none 
 
Current Draw per Card  

5 VDC 50 mA 
+15 VDC 10 mA   
-15 VDC 10 mA  
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CA410 Modbus Plus Interface Card 
The CA410 is a high speed communication card designed to provide 
SAFphire to SAFphire communication as well as communication to other 
devices which support the global database of Modbus Plus.  

JUMPERS and SWITCHES 
SW1 - CARD ADDRESS  
(This is the address used by the CA408 card) 
The card address of the CA410 is determined by four dip switches of SW1 
labeled SW1-1, SW1-2, SW1-3, SW1-4. These switches form a four bit 
binary address in the range 0 to 15. SW1-1 is the least significant bit. 
SW1-4 is the most significant bit. When a switch is in the ON position, it 
adds a 0 to the board address. When a switch is not in the ON position it 
adds the value shown below to the board address.  
SW1-1    1  
SW1-2    2  
SW1-3    4  
SW1-4    8  
SW1-5   must be ON.   
SW1-6   must be OFF  
 
When using more than 1 CA410 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical board address settings are shown below 
 

 
SW2 - NODE ID SETTINGS  
The Modbus Plus NODE ID of the CA410 is determined by 6 dip switches 
of SW2 labeled 1, 2, 3, 4, 5, 6 on the faceplate. Switches labeled 7,8 on 
the faceplate are unused. The switches 1 - 6 form a five bit binary number 
in the range 0 to 63. Valid Modbus Plus nodes are 1-64. Since node 0 is 
reserved, the node id is 1 greater than the number set by the switches. If 
the switches represent the number 0, the NODE ID is 1. If the switches 
represent the number 31 the NODE ID is 32. The switch labeled 1 is the 
least significant bit. The switch labeled 6 is the most significant bit. When 
a switch is in the ON position, it adds  0 to the NODE ID. When a switch is 
not in the ON position it adds the value shown below to the NODE ID 
1  1  
2  2  
3  4  
4  8  
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5  16  
6  32  
Typical node address settings are shown below 
NOTE: A switch in the position closest to the printed circuit board is 
considered to be ON. 
 

 
SW3 - CONFIG  
Switch position does not affect card operation. 
JB1-1 - JB1-8 ID BYTE SETTINGS 
The ID BYTE of the CA410 does not affect card operation. It is used 
solely for diagnostics. Its value is determined by the eight jumpers of JB1 
labeled JB1-1 to JB1-8. These jumpers form a binary byte in the range 0 
to 255. JB1-1 is the least significant bit. JB1-8 is the most significant bit. 
When a jumper is in the BC position, it adds a 0 to the ID BYTE. When a 
jumper is in the AB position it adds its binary value to the ID BYTE.  
JB2 - CLOCK  
Normal operation is in the INT position. 
JB3 - ROM SIZE  
Normal operation is in the 64K position. 
JB4  
JB4 acts as a diagnostic serial port. It is not used for normal operation. 
Normal operation is with pin 4 connected to pin 6. 
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TERMINALS 

 
 
 
Modbus Plus Port 

Pin 
1 

WHITE SIGNAL 

Pin 
2 

SHIELD  

Pin 
3 

 BLACK SIGNAL 

 
 

LEDS 
LED 1 is a Modbus Plus Status Led. Its patterns are as follows: 

Six flashes per second - The node's normal state. The node is successfully 
receiving and passing the token. All nodes on the network should be flashing 
this pattern. 
One flash per second - The node is off-line after just being powered up, or 
after hearing a message from another node with the same address. 
Two flashes, then OFF for two seconds - The node is hearing the token 
being passed among other nodes, but is never receiving the token. Check the 
network link for an open or short circuit, or defective termination. 
Three flashes, then OFF for 1.7 seconds - The node is not hearing any 
other nodes. It is periodically claiming the token, but finding no other node to 
which to pass it. Check the network link for an open or short circuit, or 
defective termination. 
Four flashes, then OFF for 1.4 seconds - The node has heard a valid 
message from another node that is using the same address as this node. The 
node remains off-line in this state as long as it continues to hear the duplicate 
address. If the duplicate address is not heard for five seconds, the node then 
changes to the pattern of one flash every second. 

LED 2 indicates when the card has been configured by the CA408 
Multiprocessor card. This LED will be ON when Modbus Plus blocks with 
the board address of this card have been downloaded. This LED will be 
off otherwise.  
LED 3 is used for power up self testing. It is OFF for normal operation 
LED 4 is used for power up self testing. It is OFF for normal operation 
LED 5 is used for power up self testing. It is OFF for normal operation 
LED 6 is used for power up self testing. It is OFF for normal operation 
LED 7 indicates that the onboard processor is operating properly. Normal 
operation is for this LED to flash once per second.  LEDs 1 - 7 are also 
used to indicate the status of power up tests that are performed every 
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time the SAFphire is reset or powered up.  
Any of these LEDS remaining ON indicate hardware failure.  
 

SPECIFICATIONS 
Maximum Number Of 
MB+RD_GLBL_DATA 
BLOCKS Per Card 

25 

 
Current Draw per Card  

5 VDC 650 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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CA412 Multiple Encoder / Analog Output Card 
The CA412 is a three channel rotary pulse encoder input / analog output 
card. Each encoder input is configurable for quadrature or single direction, 
differential or single-ended with 5 or 15 volt power supply.  The first 
channel has marker capture capability.  The 3 analog outputs can be used 
for bipolar references to a drive or other device. 

 

JUMPERS and SWITCHES 
SB3 - CARD ADDRESS  
The address of the CA412 is determined by four dip switches of SB3 
labeled 1, 2, 3 and 4. The other four dip switches are unused. Their 
position has no effect on card operation. The four switches labeled A0-A3 
form a four bit binary address in the range 0 to 15. A0 is the least 
significant bit. A3 is the most significant bit. When a switch is in the ON 
position, it adds a 0 to the board address. When a switch is not in the ON 
position it adds the value shown below to the board address.  
A0  1  
A1  2  
A2  4  
A3  8  
 
When using more than 1 CA412 card in the same rack, each card must 
have an unique address as set by the card address switches. 
Typical switch settings are shown below 
 

 
There are individual jumper settings for each of the three encoder inputs.  
Jumpers that effect the first encoder input have the suffix A.  Jumpers that 
effect the second encoder input have the suffix B.  Jumpers that effect the 
third encoder input have the suffix C.  The following jumper descriptions 
use x in place of A, B, and C 
JP1x CHANNEL A PULL-UP  
In the "IN" position, a 1K pull-up resistor is inserted from Signal A to PS. 
This is meant for open collector tach circuits. 
JP2x CHANNEL A DIFFERENTIAL/SINGLE-ENDED 
In the "DIFF" position Signal A is compared to Signal NOT_A to determine 
the state of channel A. In the "SINGLE" position, Signal A is compared to 
a voltage which is one half of the PS signal at terminal 1. Note that in the 
"SINGLE" position, terminal 4 should not be connected to anything. 
JP3x  CHANNEL B PULL-UP 
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In the "IN" position, a 1K pull-up resistor is inserted from Signal B to PS. 
This is meant for open collector tach circuits. 
JP4x CHANNEL B DIFFERENTIAL/SINGLE-ENDED 
In the "DIFF" position Signal B is compared to Signal NOT_B to determine 
the state of channel B. In the "SINGLE" position, Signal B is compared to 
a voltage which is one half of the PS signal at terminals 1 and 10. Note 
that in the "SINGLE" position, terminal 6 should not be connected to 
anything. 
JP5 CHANNEL M PULL-UP 
In the "IN" position, a 1K pull-up resistor is inserted from Signal M to PS. 
This is meant for open collector tach circuits.  
JP6 CHANNEL M DIFFERENTIAL/SINGLE-ENDED 
In the "DIFF" position Signal M is compared to Signal NOT_M to 
determine the state of channel M. In the "SINGLE" position, Signal M is 
compared to a voltage which is one half of the PS signal at terminals 1 
and 10. Note that in the "SINGLE" position, terminal 8 should not be 
connected to anything.  
JP10x TACHOMETER POWER SUPPLY SELECTION 
In the +5V position this jumper connects the internal 5VDC supply to the 
Encoder Power Supply terminals. In the +15V position this jumper 
connects the internal 15VDC supply to the Encoder Power Supply 
terminals. If this jumper is removed, an external power supply may be 
connected to terminals 1 and/or 10. 
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TERMINALS 

 
 

1 Encoder power supply Tach 1 
2 Common 
3 A input Tach 1  
4 A not input Tach 1  
5 B input Tach 1  
6 B not input Tach 1  
7 Marker input Tach 1  
8 Marker not input Tach 1  
9 Encoder power supply Tach 2 
10 Common 
11 A input Tach 2  
12 A not input Tach 2  
13 B input Tach 2  
14 B not input Tach 2  
15 Encoder power supply Tach 3 
16 Common 
17 A input Tach 3  
18 A not input Tach 3  
19 B input Tach 3  
20 B not input Tach 3  
21 analog out 1  
22 Common 
23 analog out 2  
24 Common 
25 analog out 3  
26 Common 
 
 

LEDS 
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. 
 

POTENTIOMETERS 
RV1 - RV6 These pots are factory calibrated and should not need user 
adjustment 
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SPECIFICATIONS 
Analog Outputs 

Maximum Output Voltage +- 11.7 V   
Maximum Output Current   40 mA  Short Circuit Proof 
Resolution 12 bits 
Isolation   none 
 
Encoder Inputs 

Maximum Input 
Frequency 

100 KHz per channel 

Maximum Input Voltage 15 VDC 
 
 
Current Draw per Card  

5 VDC 35 mA no encoders 
connected 

+15 VDC 40 mA no encoders 
connected 

-15 VDC 20 mA  
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CA413 ScanPort Interface Card 
The CA413 ScanPort Interface Card has four independant ScanPort 
channels.  Each channel acts as a slave to a ScanPort master.  Typical 
ScanPort master devices are Allen Bradley Drives.  The ScanPort network 
is a point to point network (unless a ScanPort Port Expander is used).  
Connections are made using a Rockwell Bulletin 1202 cable (lengths of 
.3m. to 9m.). 

JUMPERS and SWITCHES 

J1,J2,J5,J6,J9,J10,J18,J19 
Reserved - No Jumpers should be installed.  Improperly installing 
Jumpers in these locations can damage the Card, Rack Power Supply or 
any connected Scanport Device. 
J13 
BootBlock Download Enable - Normal operation is with NO jumper 
installed. 
J14 
BootBlock Select - Normal Operation is with a jumper installed on the 2 
pins closest to the backplane connector. 
J15,J16 
Reserved - Normal operation is with no jumpers installed. 
J17 
Reset - Normal operation is with no jumpers installed. 
SW1 - CARD ADDRESS  
The address of the CA413 is determined by a rotary switch labeled SW1.  
When using more than 1 CA413 card in the same rack, each card must 
have an unique address in the range of 0-15 as set by the card address 
switch. 
Typical address settings are shown below.  
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
TERMINALS 
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LEDS 

SAF BUS STATUS LED 
The LED will be flashing once per second when the card is being 
accessed by the SAFphire processor card. This LED will not change 



SAFphire Hardware Guide 

Page 47 

states when the card is not being accessed. 
CHANNEL LED 
Each channel has a BI-Colour LED which represents the status of each 
channel.  This LED should be off when there are no blocks in the current 
SBL program that use the channel.  The LED will be RED when the 
channel is faulted.  The LED will be GREEN when the channel is healthy 
(communicating). 

SPECIFICATIONS 

Current Draw per Card 
5 VDC 600 mA 
+15 VDC 0 ma  
-15 VDC 0 mA  
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CA414 SAF-Link Communications Gateway 

The CA414 is a flexible communications gateway that allows 
communications between any supported communications network and the 
SAFphire backplane.  It uses a 386 processor to provide an 16 bit ISA 
expansion bus that will accept a standard off the shelf communications 
card designed for the network of your choice.  The CA414 also has a 
RS232 configuration port that is connected to a PC to download drivers 
and configuration information or to monitor data.  An additional 
RS232/485 port is also provided to support RS232/485 protocols without 
additional hardware.  The CA414 is configured using a separate software 
package that allows the user to download the required software drivers as 
well to create flexible data mappings to control the transfer of data.  This 
software and supporting documentation is supplied separately.  A partial 
list of supported networks include: 
Allen Bradley Remote IO 
Allen Bradley Data Highway Plus 
Allen Bradley Data Highway 
Allen Bradley DF1 
Allen Bradley Ethernet 
GE Genius 
Modicon Modbus 
Modicon Modbus Plus 
Reliance Automax DCS 
Siemens L1 
SquareD Sy/Link 
for information on networks not listed, please contact the Vendor 
Note: This card is a double width card that occupies two card slots 
in the SAFphire Rack 

JUMPERS and SWITCHES 
SW1 - CARD ADDRESS  
The address of the CA414 is determined by a rotary switch labeled SW1.  
When using more than 1 CA414 card in the same rack, each card must 
have an unique address in the range of 0 to 3 as set by the card address 
switch. 
Typical address settings are shown below 
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
J7  
Normal operation is in the lower position.  In the upper position, the 
software kernel is not executed.  This can be used to download new 
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information over corrupted data 
 
 

TERMINALS 

 
 
 
RS422/485 port  

1 TX- 
2 RX- 
3 Drain 
4 RX+ 
5 TX+ 
Pin 1 is closest to the LEDs 
 

LEDS 
The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card  
The STATUS LED will flash green five times during power up.  After 
power up the status is indicated as follows: 
 

Solid Green Normal Operation 
Flashing Orange/OFF Drivers Not Loaded 
Flashing Orange/Red Driver Error On Startup 
Flashing Green/OFF No Mappings Loaded 
Flashing Orange/Green Mappings Not Committed to CMOS  

(should stop after 10 seconds) 
CHANGING THE BATTERY 

The LOW BATTERY LED will be solid GREEN when the battery is 
charged.  This LED will be solid RED when the battery is LOW.  When the 
battery LED turns RED, the battery should be replaced immediately.  The 
proper procedure to change the battery is as follows: Leave the power to 
the rack on and the card installed in the rack.  Rotate the cover to the 
battery holder counter clockwise and remove the battery.  Install a new 
Tadiran TL5104-S battery with the positive end out. 
NOTE: Removing the Battery with the power to the Rack OFF will 
erase the mappings and drivers 

SPECIFICATIONS 
Maximum ISA card size 
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Total Height 4 inches 
Total Length** 9 1/2 inches 
** The first 6 slots  (3 CA414 cards) next to the processor card in the 
SAFphire Rack have cutouts through the backplane to allow the ISA bus 
card to protrude.  If any other slots are used the max Length is reduced to 
7 inches.  
Current Draw per Card  

5 VDC 600  mA (no card 
installed) 

+15 VDC 10 mA   
-15 VDC 10 mA 
Battery Life 
Expectancy 

5 Years with 
power off 
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CA415 Analog Isolation Card 
The CA415 is a 3 channel analog isolation card.  The inputs have a 
voltage range of +/-10V or +/-50 mV (jumper selectable).  The outputs 
have a voltage range of +/- 10V.  The inputs are galvanically isolated from 
each other as well as from the SAFphire power supply. 
 

JUMPERS and SWITCHES 
J7 
Selects 10 Volt or 50 mV input for channel 1.  In the GAIN > 10 position, 
the card accepts 50mV input for a 10 V output.  In the GAIN < 10 position, 
the card accepts 10V input for a 10 V output. 
J8 
Selects 10 Volt or 50 mV input for channel 2.  In the GAIN > 10 position, 
the card accepts 50mV input for a 10 V output.  In the GAIN < 10 position, 
the card accepts 10V input for a 10 V output. 
J9 
Selects 10 Volt or 50 mV input for channel 3.  In the GAIN > 10 position, 
the card accepts 50mV input for a 10 V output.  In the GAIN < 10 position, 
the card accepts 10V input for a 10 V output. 
 

TERMINALS 

 
 

1 Output 1 + 
2 Output 1 - 
3 Input 1 + 
4 Input 1 - 
5 Output 2 + 
6 Output 2 - 
7 Input 2 + 
8 Input 2 - 
9 Output 3 + 
10 Output 3 - 
11 Input 3 + 
12 Input 3 - 
 

POTENTIOMETERS 
RV1 - RV6 These pots are factory calibrated and should not need user 
adjustment 
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SPECIFICATIONS 
 

Max Input Voltage +/- 10 V 
Max Output 
Voltage 

+/- 10 V 

Max Input Current 1 mA 
Max Output 
Current 

5 mA (Short 
Circuit Proof) 

Isolation 600 VAC 
 
 
Current Draw per Card  

5 VDC 0 mA 
+15 VDC 150 mA  Outputs 

Open 
250 mA Outputs 
Shorted 

-15 VDC 0 mA  
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CA416 Position Input Card 
The CA416 Position Input card is a three channel card designed to 
interface to binary output modules connected to a resolver or other 
position transducer.  Binary output modules are available from many 
resolver manufacturers.  Different brands of resolvers and there 
associated binary output modules have different interface requirements.  
For this reason, please consult the vendor for compatibility with specific 
resolvers and modules not listed.  The following is a list of manufacturers 
and their respective resolvers and modules that have been used with the 
CA416 card. 
 

Manufa
cturer 

Resolver Module 

Absoco
der 

any resolver 
compatible with 
VE-2A / VM-2A 
module 

VE-2A / 
VM-2A 

Gemco 1994R 1994R 
Tempo
sonics 

any resolver 
compatible with 
MK292 module 

MK292 

 
 

JUMPERS and SWITCHES 
 

 CHANNEL 1 CHANNEL 2 CHANNEL 3 
TEMPOSONIC J2 - +15V 

J3 - upper 
J4 - lower 
J5 - upper 

J2 - +15V 
J6 - upper 
J7 - lower 
J8 - upper 

J2 - +15V 
J9 - upper 
J10 - lower 
J11 - upper 

GEMCO J2 - +15V 
J3 - upper 
J4 - upper 
J5 - lower 
remove R9 

J2 - +15V 
J6 - upper 
J7 - upper 
J8 - lower 
remove R3 

J2 - +15V 
J9 - upper 
J10 - upper 
J11 - lower 
remove R8 

ABSOCODER J2 - +24V 
J3 - lower 
J4 - lower 
J5 - lower 
remove R9 

J2 - +24V 
J6 - lower 
J7 - lower 
J8 - lower 
remove R3 

J2 - +24V 
J9 - lower 
J10 - lower 
J11 - lower 
remove R8 

 
SW1 - CARD ADDRESS  
The address of the CA416 is determined by a rotary switch labeled SW1.  
When using more than 1 CA416 card in the same rack, each card must 
have an unique address as set by the card address switch.  Valid 



SAFphire Hardware Guide 

Page 54 

addresses are 0-7. 
Typical address settings are shown below 
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
TERMINALS 

 
 
Each channel is connected to the resolver module by use of a DB25 
connector and a specially designed cable.  Contact the vendor for 
individual cable connections. 
 

1 External Power 
Supply Input 

2 Common 
LEDS 

The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change states when the card is not being accessed. 

SPECIFICATIONS 
Maximum 
External Power 
Supply Voltage 

24 V 

Inputs bits per 
channel 

16 Max 

 
 
Current Draw per Card 

5 VDC 125 mA 
+15 VDC 45 mA no resolvers connected 

90 mA 3 resolvers connected  
-15 VDC 0 mA  
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CA417 DDCS Interface Card 
The CA417 DDCS Interface Card is a four channel card designed to 
communicate to other devices over a fiber optic link using the ABB DDCS 
protocol.  Each channel can be configured separately to be a master or a 
slave device.  The channel should be configured as a master when 
connected to a ABB ACS600 or a DCS500.  When using the CA417 for 
SAFphire rack to SAFphire rack communication, one rack must be 
configured as a master and the other as a slave. 
NOTE: Maximum fiber optic cable length is 10 meters using plastic 
cable. 

JUMPERS and SWITCHES 
SW1 - CARD ADDRESS  
The address of the CA417 is determined by a rotary switch labeled SW1.  
When using more than 1 CA417 card in the same rack, each card must 
have an unique address in the range of 0-3 as set by the card address 
switch. 
Typical address settings are shown below.  
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
TERMINALS 

CHANNEL1 CHANNEL2

T X T XR X R X

CHANNEL3 CHANNEL4

T X T XR X R X

C
A

4 1
7

A
B

B
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D
C
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IN

TE
R
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C

E
C

A
R

D

SA
F

B U
S
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US

 
LEDS 

The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change states when the card is not being accessed. 
Each channel has a green LED which represents the network activity.  
This LED should be on when the card is working properly 

SPECIFICATIONS 
Current Draw per Card 

5 VDC 600 mA 
+15 VDC 0 ma  
-15 VDC 0 mA  
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CA418 Multiprocessor Card 
The CA418 card is a high speed processor card which executes block 
programs that are created on a personal computer using an SBL editor 
package. The CA418 will accept inputs and update outputs of the cards in 
the same physical rack as controlled by the block program downloaded to 
it. Each physical rack must have one and only oneCA451, CA418 or 
CA408-1 multiprocessor card. The CA418 consists of one processor 
dedicated to executing the block program, an additional processor to 
control the three communication ports used to transfer data to and from 
the card. An Ethernet port for downloading, uploading and annunciating 
programs to and from a personal computer, as well as rack to rack 
communications. A Download serial port for downloading, uploading and 
annunciating programs to and from a personal computer. And a Handterm 
serial port for communications with a HANDTERM maintenance tool. The 
Download serial port and the Handterm serial port can also be configured 
for AB DF1 or Modicon Modbus communications.  

SWITCHES 
SW1 -  NODE ADDRESS  
The node address of the CA418 which is used for uploading, 
downloading, annunciating, and rack to rack communications using 
Ethernet is determined by a rotary switch labeled SW1.  
Typical address settings are shown below 
 
SW1 Settings 
0 Reserved (don't use) 
1-F CA418 Node Address.  Settings A-F correspond to 

10-15. 
valid range is 1 – 15 and 16 – 31 using J7 
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SW2 -  DOWNLOAD SERIAL PORT CONFIGURE 
This switch is used to configure the operation of the Download serial port. 
 
SW2 Settings (DOWNLOAD PORT) 
0 Disable port 
1 DF1 communications. 

See SAFphire to AB PLC Communications App Note. 
2 Modbus Slave communications @ 19.2 kbaud 

See SAFphire to MMI Communications App Note. 
3 Modbus Master @ 19.2 kbaud 

See SAFphire to Modicon PLC Communications App 
Note. 

4 Modbus Master @ 9600 baud 
See SAFphire to Modicon PLC Communications App 
Note. 

B Download @ 19.2 kbaud. 
User for communications to programming computer 
with SBL. 

C Download @ 38.4 kbaud. 
User for communications to prog. Computer with SBL. 

D Download @ 57.6 kbaud. 
User for communications to prog. Computer with SBL. 

E Download @ 115.2 kbaud. 
User for communications to prog. Computer with SBL. 

F Download @ 19.2 kbaud.  Force Operation from 
BootBlock Memory (ignores 386 code already 
downloaded, can only download 386 code) 
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SW3 -  HANDTERM SERIAL PORT CONFIGURE 
This switch is used to configure the operation of the Handterm serial port. 
 
SW3 Settings (HANDTERM PORT) 
0 Disable port 
1 DF1 communications. 

See SAFphire to AB PLC Communications App Note. 
2 Modbus Slave communications @ 19.2 kbaud 

See SAFphire to MMI Communications App Note. 
3 Modbus Master @ 19.2 kbaud 

See SAFphire to Modicon PLC Communications App 
Note. 

4 Modbus Master @ 9600 baud 
See SAFphire to Modicon PLC Communications App 
Note. 

7 HandTerm communications. 
User for communications to SAF Hand Held Terminal 
for parameter monitoring / tuning. 

 
JUMPERS 

There are a number of Jumpers on the CA418.  These are not meant for 
user adjustment under normal circumstances. 
Jumper Function Default 
J4 When installed, a +5V power supply is 

made available at pin 9 of the 
HANDTERM Port.  This is required for 
Hand Held Terminal operation 

installed 

J5 Installing this jumper will cause the 
CA418 to reset. 

not installed 

J6 When installed, 16 will be added to the 
Node Address as set by SW1. 

not installed 

J7 When installed, 16 will be added to the 
Node Address as set by SW1. 

not installed 

 



SAFphire Hardware Guide 

Page 59 

TERMINALS 
 

 
LEDS 

LEDs are provided to indicate the status of the CA418. 
STATUS: This green LED will flash once per second for normal operation.  
Other patterns indicate the following: 
STATUS LED Patterns 
OFF solid Hardware Failure 
ON solid Executing out of BootBlock Memory, 

due to 386 Code Checksum Error or 
SWITCH SETTINGS 

1 Flash then OFF 386 Memory Test Error 
2 Flash then OFF 320 Memory Test Error 
3 Flash then OFF 320 Code Checksum Error 
4 Flash then OFF Block Program Checksum Error 
5 Flash then OFF Invalid Hardware Code 
6 Flash then OFF Flash Write Error (see Jumper 

Settings) 
7 Flash then OFF Invalid Block Program 

 
RUNNING: This red LED will appear to be on (actually flashing once per 
scan time) whenever the program is executing. 
 

SPECIFICATIONS 
Communication Ports 

TMS320C25 
Clock Speed  

50 MHz 

Intel 386EX  
Clock Speed 

25 MHz 

 
 
Current Draw per Card  

5 VDC 850 mA 
1.060A with Handterm  
connected 

+15 VDC 0 mA   
-15 VDC 0 mA  
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CA419 DDCS Interface Card 
The CA419 DDCS Interface Card is a four channel card designed to 
communicate to other devices over a fiber optic link using the ABB DDCS 
protocol.  Each channel can be configured separately to be a master or a 
slave device.  The channel should be configured as a master when 
connected to a ABB ACS600 or a DCS500.  When using the CA419 for 
SAFphire rack to SAFphire rack communication, one rack must be 
configured as a master and the other as a slave. 
NOTE: Maximum fiber optic cable length is 10 meters using plastic 
cable. 

JUMPERS and SWITCHES 
SW1 - CARD ADDRESS  
The address of the CA419 is determined by a rotary switch labeled SW1.  
When using more than 1 CA419 card in the same rack, each card must 
have an unique address in the range of 0-15 as set by the card address 
switch. 
Typical address settings are shown below.  
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
TERMINALS 

 
LEDS 

The SAF BUS STATUS LED will be flashing once per second when the 
card is being accessed by the SAFphire processor card. This LED will not 
change states when the card is not being accessed. 
Each channel has a green LED which represents the network activity.  
This LED should be on when the card is working properly 

SPECIFICATIONS 
Current Draw per Card 

5 VDC 600 mA 
+15 VDC 0 ma  
-15 VDC 0 mA  
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CA451 Multiprocessor Card 
The CA451 card is a high speed processor card which executes block 
programs that are created on a personal computer using an SBL editor 
package. The CA451 will accept inputs and update outputs of the cards in 
the same physical rack as controlled by the block program downloaded to 
it. Each physical rack must have one and only one CA451 multiprocessor 
card. The CA451 consists of one processor dedicated to executing the 
block program, an additional processor to control the communications 
ports used to transfer information to and from the card.  Each card has an 
ethernet port for downloading and uploading programs as well as for inter 
rack communications, and 2 serial ports for RS232 communications.  The 
CA451 allows for a 8 fold reduction in execution time over the CA418 
Processor Card. 
 

JUMPERS and SWITCHES 

SW1,SW2 - Node Number  
 Switches SW1 and SW2 form a 2 digit hexadecimal number defining the 
node address of the SAFphire rack for Ethernet and serial 
communications.  SW1 defines the most significant hex digit, and SW2 
defines the least significant digit of the node number.  Node numbers in 
SBL are expressed in decimal.  The decimal Node Number is equal to 
SW1 position * 16 + SW2 position. (positions A to F represent 10 to 15)  
Typical address settings are shown below 
 

SW
1

SW
1

SW
1

SW
2

SW
2

SW
2

S S SW W WI I IT T TC C CH H HS S SE E ET T TT T TI I IN N NG G GS S SF F FO O OR R RA A AD D DD D DR R RE E ES S SS S S1 2 33

 
Valid Node Numbers are from 1 to 250.  These switches also indirectly 
sets the IP address of the rack when used for ethernet communications.  
The IP address of the rack is 192.168.250.{Node Number}. 
 
SW3 - Download Serial Port Configuration 
This switch configures the RS232 port located on the front of the card 
labelled DOWNLOAD PORT.  Besides being used for downloading, 
uploading, and annunciating programs, this port can alternately be used 
for RS232 communications to MMI's PLC's or other serial devices using 
any of the supported protocols. 

    
 

Position Function 
0 Software Configuration of the Port 
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1 DF1 communications. 
See SAFphire to A/B PLC Communications App 
Note. 

2 Modbus Slave communications @ 19.2 KBaud 
See SAFphire to MMI Communications App Note. 

3 Modbus Master @ 19.2 KBaud 
See SAFphire to Modicon PLC Communications 
App Note. 

4 Modbus Master @ 9600 Baud 
See SAFphire to Modicon PLC Communications 
App Note. 

8 Debug Mode @ 115.2 Kbaud (development 
purposes) 

9 Download @ 38.4 KBaud.  Force Operation from 
BootBlock Memory (ignores 386 code already 
downloaded, Block program is not executed, 
firmware can be updated) 

A Download @ 57.6 KBaud.  Force Operation from 
BootBlock Memory (ignores 386 code already 
downloaded, Block program is not executed, 
firmware can be updated) 

B Normal Operation, Download @ 19.2 KBaud. 
User for communications to programming computer 
with SBL. 

C Normal Operation, Download @ 38.4 KBaud. 
User for communications to programming computer 
with SBL. 

D Normal Operation, Download @ 57.6 KBaud. 
User for communications to programming computer 
with SBL. 

E Normal Operation, Download @ 115.2 KBaud. 
User for communications to programming computer 
with SBL. 

F Download @ 19.2 KBaud.  Force Operation from 
BootBlock Memory (ignores 386 code already 
downloaded, Block program is not executed, 386 
firmware can be updated) 

 
In position F, all downloaded code is ignored, and no program is 
executed.  This can be used to download new firmware or disable the 
execution of invalid code or program  
Downloading  386 code from position Fcauses all other firmwares and 
SBL programs to be erased                          
Note: For more information on using the CA451 for communicating to 
MMIs, PLCs or other serial devices please see the appropriate app note. 
Note: This port does not use or require RTS, CTS, or any other 
handshake signals. 
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SW3 - HandTerm Port  
This switch configures the RS232 port located on the front of the card 
labelled HANDTERM PORT.  Besides being used for HandTerm 
operations, this port can alternately be used for RS232 communications to 
MMI's PLC's or other serial devices using any of the supported protocols. 

    
 

Position Function 
0 Software Configuration of the Port 
1 DF1 communications. 

See SAFphire to A/B PLC Communications App 
Note. 

2 Modbus Slave communications @ 19.2 KBaud 
See SAFphire to MMI Communications App Note. 

3 Modbus Master @ 19.2 KBaud 
See SAFphire to Modicon PLC Communications 
App Note. 

4 Modbus Master @ 9600 Baud 
See SAFphire to Modicon PLC Communications 
App Note. 

7 HandTerm Operations 
8 Debug Mode @ 115.2 Kbaud (development 

purposes) 
 

Note: HandTerm is powered from the HandTerm Port. J4 must be 
installed to supply power to HandTerm. 
Note: For more information on using the CA451 for communicating to 
MMIs, PLCs or other serial devices please see the appropriate app note. 
Note: This port does not use or require RTS, CTS, or any other 
handshake signals. 
 
J4  
This jumper must be on for HandTerm operation.  This jumper connects 
+5VDC to pin 9 of the HandTerm Port when installed. 
J5  
This jumper acts as a reset pushbutton for the card when installed.  
Normal operation is with no shorting clip installed. 
J8  
This jumper allows writes to the BootBlock portion of the Flash Memory 
when installed.  This jumper must be installed to perform a BootBlock 
Firmware Download.  Normal operation is with no shorting clip installed. 
 
 

TERMINALS 
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LEDS 

The red RUNNING LED will be on whenever the SBL programming is 
running.  This LED will be off during downloads or if the SBL programm is 
not running. 
 
The green STATUS LED is used to indicate the general status of the 
processor card 
 
 
 

off continually Invalid, 
usually 
hardware 
failure  

on continually No 386 code 
is found, or 
the card is in 
boot block 
mode (see 
switch 
settings) 

one flash then 
off 

386 memory 
failure 

two flashes 
then off 

320 memory 
failure 

three flashes 
then off 

320 code 
checksum 
error 

four flashes 
then off 

block program 
checksum 
error 

five flashes 
then off 

invalid 
hardware 
code number 

six flashes 
then off 

flash write 
error (see 
jumper 
settings) 

seven flashes 
then off 

invalid block 
program 
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SPECIFICATIONS 

Communication Ports 
TMS320C620
2 Clock 
Speed  

200 MHz 

Intel 80386 
Clock Speed 

33 MHz 

Ethernet Baud 
Rate 

10 Mbaud 

Serial Port 
Baud Rate 

9600 baud - 
115.2 kbaud 

 
 
Current Draw per Card  

5 VDC 1200 mA 
(1400 mA with 
Handterm 
connected) 

+15 VDC 0 mA   
-15 VDC 0 mA  

 
CA452 Multi Channel Encoder Input Card 

The CA452 is a four channel rotary pulse encoder input card with 
interpolation capabilities.   Each encoder input is configurable for 
quadrature or single direction, differential or single-ended with 5 or 15 volt 
power supply.  All channels have marker capture capability.  Unused 
encoder inputs can be used for 3 high speed digital inputs.  This card 
must only be used in conjunction with a CA451 processor card and a rack 
equipped with a CA450 backplane.  For older applications (CA418 and old 
backplane) a CA412 should be used.  

 

JUMPERS and SWITCHES 
There are no configurable switches or jumpers on the card.  All 
configuration is done via Manager  

TERMINALS 
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Terminals for all 4 channels are identical 
 

1 Encoder power supply  
2 Common 
3 A input 
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4 A not input 
5 B input 
6 B not input  
7 Marker input 
8 Marker not input  
 
 

LEDS 
The SAF BUS STATUS LED will be flashing green once per second when 
the card is running properly 

SPECIFICATIONS 
 
Encoder Inputs 

Maximum Input 
Frequency 

300 KHz per channel 

Maximum Input Voltage 15 VDC 
 
 
Current Draw per Card  

5 VDC 600 mA no encoders 
connected 

+15 VDC 40 mA no encoders 
connected 

-15 VDC 20 mA  
 
CA453 Multi Channel Encoder Input Card 

The CA453 is a four channel rotary pulse encoder input card with 
interpolation capabilities.   Each encoder input is configurable for 
quadrature or single direction, differential or single-ended with 5 or 15 volt 
power supply.  All channels have marker capture capability.  Unused 
encoder inputs can be used for 3 high speed digital inputs.  This card 
must only be used in conjunction with a CA451 processor card and a rack 
equipped with a CA450 backplane.  For older applications (CA418 and old 
backplane) a CA412 should be used.  

 

JUMPERS and SWITCHES 
There are no configurable switches or jumpers on the card.  All 
configuration is done via Manager  

TERMINALS 
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Terminals for all 4 channels are identical 
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1 Encoder power supply  
2 Common 
3 A input 
4 A not input 
5 B input 
6 B not input  
7 Marker input 
8 Marker not input  
 
 

LEDS 
The SAF BUS STATUS LED will be flashing green once per second when 
the card is running properly.  Flashing red indicates a hardware error 
The LED beside each channel will be ON to indicate blocks for that 
corresponding channel 
 
 

SPECIFICATIONS 
 
Encoder Inputs 

Maximum Input 
Frequency 

300 KHz per channel 

Maximum Input Voltage 15 VDC 
 
 
Current Draw per Card  

5 VDC 400 mA no encoders 
connected 

+15 VDC 40 mA no encoders 
connected 

-15 VDC 20 mA  
 
CA454 DDCS Interface Card 

The CA454 DDCS Interface Card is a four channel card designed to 
communicate to other devices over a fiber optic link using the ABB DDCS 
protocol.  Each channel can be configured separately to be a master or a 
slave device.  The channel should be configured as a master when 
connected to a ABB ACS600 or a DCS500.  When using the CA454 for 
SAFphire rack to SAFphire rack communication, one rack must be 
configured as a master and the other as a slave. 

 
NOTE: Maximum fiber optic cable length is 10 meters using plastic 
cable. 
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JUMPERS and SWITCHES 
J9 – CA419 Emulation 
With this jumper installed, the card is an exact replacement for a CA419 
card.  It is slot independent, the address is set by SW1 and the cards is 
accessed using CA419 blocks.  With this jumper removed, the card 
becomes slot based and must be accessed with CA454 blocks 
SW1 - CARD ADDRESS  
Only applicable if J8 is installed.  The address of the CA454 is determined 
by a rotary switch labeled SW1.  
When using more than 1 CA454 card in the same rack, each card must 
have an unique address in the range of 0-15 as set by the card address 
switch. 
Typical address settings are shown below.  
 

SWITCH SETTINGS FOR ADDRESS 1SWITCH SETTINGS FOR ADDRESS 0 SWITCH SETTINGS FOR ADDRESS 2

 
TERMINALS 

 
LEDS 

The SAF BUS STATUS LED will be flashing green once per second when 
the card is running properly.  Flashing red indicates a hardware error 
The LED beside each channel will be ON to indicate that the 
corresponding channel is transmitting. 

SPECIFICATIONS 
Current Draw per Card 

5 VDC 600 mA 
+15 VDC 0 ma  
-15 VDC 0 mA  
 

 
CA460 Multiprocessor Card 

The CA460 card is a high speed processor card which executes block 
programs that are created on a personal computer using an SBL editor 
package. The CA460 will accept inputs and update outputs of the cards in 
the same physical rack as controlled by the block program downloaded to 
it. Each physical rack must have one and only one CA460 multiprocessor 
card. The CA460 consists of one processor dedicated to executing the 
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block program, an additional processor to control the communications 
ports used to transfer information to and from the card.  Each card has 
two ethernet ports for downloading and uploading programs as well as for 
inter rack communications, and 1 serial ports for RS232 communications.  
The CA460 allows for a 2 fold reduction in execution time over the CA451 
Processor Card. 
 

JUMPERS and SWITCHES 

SW1 - Node Number  
 Switch SW1 allows the user to configure the node number of the CA460.  
Positions 1-E correspond to node numbers 1 to 14.  Setting SW1 to 
switch position 0 allows the node number to be set from Manager.  In this 
position, valid node numbers are 1-254.  Putting SW1 into position F 
forces the CA460 Ethernet port 1 to have an IP address of 192.168.250.1 
and the node number to be 1. 
 

SWITCH SETTINGS FOR ADDRESS 1 SWITCH SETTINGS FOR ADDRESS 2

 
Valid Node Numbers are from 1 to 250.  These switches also indirectly 
sets the IP address of the rack when used for ethernet communications.  
The default IP address of the rack is 192.168.250.{Node Number}. 
 
SW2 - Download Serial Port Configuration 
This switch configures the RS232 port located on the front of the card 
labelled RS232.  Besides being used for downloading, uploading, and 
annunciating programs, this port can alternately be used for RS232 
communications to MMI's PLC's or other serial devices using any of the 
supported protocols. 

    
 

Position Function 
0 Software Configuration of the Port 
1 DF1 communications. 

See SAFphire to A/B PLC Communications App 
Note. 

2 Modbus Slave communications @ 19.2 KBaud 
See SAFphire to MMI Communications App Note. 

3 Modbus Master @ 19.2 KBaud 
See SAFphire to Modicon PLC Communications 
App Note. 

4 Modbus Master @ 9600 Baud 
See SAFphire to Modicon PLC Communications 
App Note. 
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7 Handterm Operations 
8 BootBlock – with trace 
9 BootBlock – serial 115kbaud 
B Normal Operation, Download @ 19.2 KBaud. 

User for communications to programming computer 
with SBL. 

C Normal Operation, Download @ 38.4 KBaud. 
User for communications to programming computer 
with SBL. 

D Normal Operation, Download @ 57.6 KBaud. 
User for communications to programming computer 
with SBL. 

E Normal Operation, Download @ 115.2 KBaud. 
User for communications to programming computer 
with SBL. 

F BootBlock – serial 19.2kbaud 
 

In position F, all downloaded code is ignored, and no program is 
executed.  This can be used to download new firmware or disable the 
execution of invalid code or program  
Downloading  386 code from position Fcauses all other firmwares and 
SBL programs to be erased                          
Note: For more information on using the CA460 for communicating to 
MMIs, PLCs or other serial devices please see the appropriate app note. 
Note: This port does not use or require RTS, CTS, or any other 
handshake signals. 
 
J4  
This jumper must be on for HandTerm operation.  This jumper connects 
+5VDC to pin 9 of the HandTerm Port when installed. 
 
 

TERMINALS 
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LEDS 

The red RUNNING LED will be on whenever the SBL programming is 
running.  This LED will be off during downloads or if the SBL programm is 
not running. 
 
The green STATUS LED is used to indicate the general status of the 
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processor card 
 
 
 

off continually Invalid, 
usually 
hardware 
failure  

on continually card is in boot 
block mode 
(see switch 
settings) 

one flash then 
off 

386 memory 
failure 

two flashes 
then off 

320 memory 
failure 

three flashes 
then off 

320 code 
checksum 
error 

four flashes 
then off 

block program 
checksum 
error 

five flashes 
then off 

invalid 
hardware 
code number 

six flashes 
then off 

flash write 
error (see 
jumper 
settings) 

seven flashes 
then off 

invalid block 
program 

 
SPECIFICATIONS 

Communication Ports 
TMS320C620
2 Clock 
Speed  

200 MHz 

Intel 80386 
Clock Speed 

33 MHz 

Ethernet Baud 
Rate 

100 Mbaud 

Serial Port 
Baud Rate 

9600 baud - 
115.2 kbaud 

 
 
Current Draw per Card  
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5 VDC 1200 mA 
(1400 mA with 
Handterm 
connected) 

+15 VDC 0 mA   
-15 VDC 0 mA  

 
 

 
Downloading/Annunciating Options 
BitBus Interface Card (CA408, CA408-1) 

 
This option requires that a BitBus Card be installed in the programming 
computer.  This option allows the fastest data throughput using a CA408 
or CA408-1 card.  BitBus wiring limits apply. 
 
 

RS232 to BitBus Convertor (CA408, CA408-1) 

 
This option requires that the RS232 to BitBus Convertor be connected to 
the programming computer through an available serial port.  The 
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convertor must be located relatively close to the programming computer 
(50 feet).  This option is best suited for situations where a portable 
computer is to be used with SAFphire racks in different physical locations. 
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CA406 Download Card (CA408, CA408-1) 

 
This option requires that the CA406 download card be installed in a 
SAFphire rack.  The programming computer is connected through an 
available serial port.  The programming computer must be located 
relatively close to the SAFphire rack containing the CA406 card (50 feet).  
This option is best suited for situations where a portable computer is to be 
used with one SAFphire rack. 
 

Ethernet Interface Card (CA418, CA451, CA460) 
 

 
This option requires that a Ethernet Card be installed in the programming 
computer.  This option allows the fastest data throughput. When 
connecting to only one SAFphire rack you can use a direct connection. 
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When connecting multiple SAFphire racks, a ethernet hub must be used 
when using the UTP connector.  There are also devices available to 
convert the AUI port to multidrop. 
 

Serial RS-232 Communications (CA418, CA451, CA460) 

 
This option can be used with a baud rate from 19.2kbaud upto 115kbaud. 
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But you can only connect to 1 SAFphire at a time. 
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BitBus Interface Card 
The BitBus Communication option uses the SS-Technologies 5136-BB 
Direct-Link BITBUS Interface Card.  This card allows the programming 
computer to communicate over a BITBUS Network to one or more 
SAFphire Racks. 

REQUIREMENTS 
To use the BitBus Card, the computer must have a spare ISA card slot 
available that is capable of holding a 7 inch long PC Card.   

HARDWARE INSTALLATION 
The SS-Technologies 5136-BB Direct-Link Interface Card must be 
installed in your computer in order for the SAFphire SBL Development 
System to download/upload and annunciate programs to/from each 
SAFphire Rack.  The card uses 32K of the PC/AT memory space and 8 
I/O port addresses.  The memory space used must be excluded from use 
by whatever extended memory manger is being used.  Once the card 
configuration has been established, you can proceed with the actual card 
installation. This should be done with the computer power off. Insert the 
card in any available slot. It should be firmly seated in the slot and held in 
place with a screw 

JUMPER SETTINGS 
There are several jumpers on this card which should be verified prior to 
installation.  If a hardware conflict is found, and you need to change 
jumper positions, note the original settings for future reference. These 
jumpers should be changed from their default settings only if absolutely 
necessary. Jumper JB1 sets the I/O base address for the ports through 
which the card software is loaded from the host. Jumpers CS0 to CS3 set 
the memory base address of the segment in the host computer memory 
occupied by the card. 
There are two versions of the card.  Revision 1.0 is a full length card, and 
revision 1.1 is a shorter 7 inch long card.  The switch settings are different 
on the two cards as noted below. 
JB1 - Port Address 

 Card Rev 1.0 Card Rev 1.1 
Port Address 280 lower position upper position 
Port Address 2A0 upper position lower position 
 
JB4 - Memory Base Address 

 Card Rev 1.0 Card Rev 1.1 
C000 CS0 CS0 
C800 CS1 CS1 
D000 CS2 CS2 
D800 CS3 CS3 
 
Other Jumpers 
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 Card Rev 1.0 Card Rev 1.1 
JB2 Should not be 

connected 
Set to 32K 
position 

JB3 Don't Care Should have 
connector ON 

JB5 Two Jumpers 
should be 
inserted on the 
four pins, with 
both jumpers in 
the horizontal 
position 

Two Jumpers 
should be 
inserted on the 
four pins with 
both connectors 
in the vertical 
position.  i.e. 1 to 
3 and 2 to 4 
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RS232 to BitBus Convertor 
The Serial Communication option requires an RS232 to BitBus Convertor.  
This unit acts as a bridge between the RS232 port of the programming 
computer to a BitBus Network containing one or more SAFphire Racks.  
This allows a computer with a serial port to upload/download or 
annunciate programs to one or more SAFphire racks through their BitBus 
ports. 
 

 
 
Requirements 
To use the RS232 to BitBus Convertor, the computer must have a spare 
serial port.  The unit must also be supplied with 120 VAC 

LEDs 
There are three LEDs on the top of the unit.   
The first green LED (furthest from the RED LED) will flash once per 
second whenever power is applied to the unit and the internal processor is 
operating properly. 
The middle green LED will flash rapidly whenever there is activity on the 
BitBus Network. 
The red LED will flash rapidly whenever there is activity on the RS232 
port. 
 
For more information see Cable Connections 
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CA406 Download Card 
The CA406 card is a serial download communications card with 1 RS232 
serial port and a BITBUS port.  The RS232 serial PORT1 is connected to 
the serial port of the programming computer.  The BitBus Port is 
connected to the BitBus Ports of the CA408(s) to be communicated with 
Cable Connections 

JUMPERS and SWITCHES 
SB1 - CONFIG MODE 
Normal operation is with MODE0 in the ON position and the rest of the 
switches in the OFF position 
 

 
SB2 - STATION ADDRESS  
The BITBUS station address of the CA406 is determined by eight dip 
switches of SB2 labeled A0 - A7. The eight switches labeled A0 - A7 form 
an eight bit binary address with a valid range of 0 to 250 ( the rest are 
reserved). A0 is the least significant bit. A7 is the most significant bit.  
Normal operation is with the BITBUS station address set to 0, as shown 
below. 
 

 
 
SB3 - ELECTRICAL CHARACTERISTICS 
The electrical characteristics of the two serial ports on board the CA406 
card are determined by 4 dip switches of SB3.  The switch labeled  
MODE1 and the upper of the two switches labeled RS232 (#5) affect 
serial port1.  The possible settings for port one are shown below.  Note 
that only the settings for the switch labeled  MODE1 and the upper of the 
two switches labeled RS232 (#5) are relevant.  
The switch labeled  MODE2 and the lower of the two switches labeled 
RS232 (#6) affect serial port2.  The possible settings for port two are 
shown below.  Note that only the settings for the switch labeled  MODE2 
and the lower of the two switches labeled RS232 (#6) are relevant.  The 
switches labeled A0,A1,A2 are unused on this card 
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JP 1  
Normal operation is in "BC" position. 
JP 2 
Normal operation is in the "DE" position. 
JP 3 
Normal operation is in the "GH" position. 
JP 4 
Normal operation is in the upper position. 
JP 5 
Normal operation is in the "QR" position. 
JP 6 
Normal operation is in the "NO" position. 
JP 7 
Jumper 7 is unused.  Position does not effect card operation. 
 

TERMINALS 

 
 
 

1 BITBUS Common 
2 BITBUS Data 

Inverse 
3 BITBUS Data 
4 BITBUS Clock 

Inverse 
5 BITBUS Clock 
6 BITBUS Resistor 

Common 
7 Serial Port 2 

Receive Inverse 
8 Serial Port 2 

Receive 
9 Serial Port 2 

Transmit Inverse 
10 Serial Port 2 

Transmit 
11 Serial Port 1 
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Receive Inverse 
12 Serial Port 1 

Receive 
13 Serial Port 1 

Transmit Inverse 
14 Serial Port 1 

Transmit 
 
 

LEDS 
The red LED #5 will change state when the serial port sends or receives a 
character. 
The green LED #4 will change state when the BitBus Port sends or 
receives a character 
 

SPECIFICATIONS 
Communication Ports 

BITBUS Baud 
Rate 

375 KBaud 

Maximum Serial 
Port Baud Rate 

 19200 baud   

 
 
Current Draw per Card  

5 VDC 520 mA 
+15 VDC 0 mA   
-15 VDC 0 mA  
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Cable Connections 

BITBUS Cable 
The cable used to  connect BITBUS Ports together consists of 6 pole 
phoenix connectors with pins 2 and 3 connected in daisy chain fashion.  
The remaining pins are unused.  The number of connectors can range 
from 2 to 250 depending on the number of devices to be connected 
together.    
 

 
TERMINATION RESISTORS 

Proper termination of the BitBus Network is with a 120-ohm termination 
resistor installed at both physical ends of the network.  The termination 
resistor is simply inserted into the external connector between the two 
data wires, pins 2 and 3.   

BitBus WIRING LIMITS 
The SAFphire BitBus Network is 375K baud, self clocked, allowing for up 
to 250 nodes to be connected.   Due to the self clocking, the maximum 
total length of the network is reasonably large at 300 meters.  
A copy of the BitBus Interconnect Specification, is available in the Intel 
Distributed Control Modules Data book ( Intel Documentation #23097-
002) if required. 
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RS232 CABLE 
The cable used to connect a 9 pin serial port of a PC to either a 
RS232/BitBus Convertor or to a CA406 Download Card is a DB9 female 
to DB9 female NULL Modem Cable  
Minimum pinouts are as follows 

2 3 
3 2 
5 5 
7 8 
8 7 
 
The cable used to connect a 25 pin serial port of a PC to either a 
RS232/BitBus Convertor or to a CA406 Download Card is a DB25 female 
to DB9 female NULL Modem Cable  
Minimum pinouts are as follows 

DB9 DB25 
2 2 
3 3 
5 7 
7 5 
8 4 
 

RS232 WIRING LIMITS 
The published wiring limits of RS232 are 50 ft. 
 

CA407 to CA383 or CA384 CABLE 
The cable used to connect a CA407 card to a CA383 or to a CA384 card 
is a standard 25 pin printer cable.  Both ends are DB25 male connectors 
with straight through connections on all pins (max length 50 ft) 
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DDCS Multiplexer 
 

The DDCS Multiplexer acts as a DIN rail mount fiber optic switch for 
devices on a DDCS network.  It can be used in two ways 

EXAMPLES 
One Master Two Slaves 
In this example one DDCS Master device controls one of two DDCS Slave 
devices 
 

 
Two Masters One Slave 
In this example one of two DDCS Master devices controls one DDCS 
Slave device. 
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DDCS Master devices include a OEM DDCS SAFphire or a SAFphire 
Rack with a CA417 card or a CA419 card. 
DDCS Slave devices include ABB ACS600 Drives or ABB DCS500 drives 
with a COM5 board 
The unit requires 24 VAC/VDC for power.  The selection for which 
channels are used is performed by a 24 VAC/VDC input.  When the INP 
input is powered the channel labeled Output is connected to the channel 
labeled Input1 and the LED will be RED.  When the INP input is not 
powered the channel labeled Output is connected to the channel labeled 
Input2 and the LED will be GREEN. 
 

TERMINALS 
 

 
 
 
 
 

INP  24 VAC/VDC for the 
channel select input 

PWR  24 VAC/VDC for the 
power supply input 

 
 

1 3/8” 

6 3/4” 

4 7/16” 
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SPECIFICATIONS 
 

Max Cable Length  10 meters 
Min Supply Voltage 20 VAC/VDC 

Max Supply Voltage 30 VAC/VDC 

Max INP Voltage 30VAC/DC 

Min INP ON Voltage 18 VAC/VDC 

PWR input current 50 mA 

INP input current 10 mA 
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Rack Dimension and Mounting 
SAFphire racks come in 2 sizes an 8 slot and an 15 slot rack.  

8 SLOT RACK  
The 8 slot rack allows room for 1 SAFphire processor card, up to 7 I/O 
cards, 1 CA409 Fault Relay Card, and one Power Supply.  Mounting 
dimensions are shown below.  Recommended mounting hardware is 4 
1/4"  bolts.  Minimum recommended cabinet depth is 16". 
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17 SLOT RACK 
The 17 slot rack allows room for 1 SAFphire processor card, up to 16 I/O 
cards, 1 CA409 Fault Relay Card, and one Power Supply.  Mounting 
dimensions are shown below.  Recommended mounting hardware is 4 
1/4" bolts.  Minimum recommended cabinet depth is 16" 
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Power Supply 
The power supply installed in each rack is a switchmode power supply 
that provides the +5 VDC, +15 VDC and -15 VDC power supplies for the 
SAFphire cards over the CA400 backplane.  A 120 VAC power supply 
must be connected to the terminals provided on the side of the SAFphire 
rack.  This 120 VAC supply is internally fused by a 3 Amp fast blow fuse 
located immediately below the power supply on the front of the rack.  A 
switch is also provided on the front face to disconnect power to the 
processor and other IO cards in the rack.   
A second set of 120 VAC terminals are also provided on the side of the 
rack to provide power to two small fans used to circulate air to the power 
supply and cards.  
The metallic case of the rack should be connected to earth ground to 
prevent accidental electrical hazards.  The wiring to the power supply and 
IO cards must comply with the applicable local electrical codes. 

LEDS 
The green LED located on the front of the power supply will be ON to 
indicate proper operation 

SPECIFICATIONS 
Input Voltage 115 VAC +/- 15%  
Isolation 4250 VDC (input 

to output and 
input to chassis)  

5VDC Maximum output 
current 

8 A  

+15 VDC Maximum 
output current 

2 A  

-15 VDC Maximum 
output current 

2 A  
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HandTerm Operation Guide 

ENTER QUI T0-

4
NEW

7 VI EW
9

VER

8
TUNE

+

6
SAVE

5
PSWD

-1%

1
CHPSW

FAULT
3

ADMI N
2
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SAFphire Programmable Linear
Controller

SAF Drive Systems
Complete Drive Solutions

SAF

CURRENT FB VR
150.0 AMPS

 
INTRODUCTION 

HandTerm is primarily a maintenance or engineering tool and because of 
the lightness of construction should not be subjected to physical abuse. 
Variables of all types can be displayed on the LCD display of HandTerm.  
These variables may be viewable (to look at only), or tuneable (to look at 
and change, if desired) as controlled by the SBL program.  The keypad is 
self explanatory and with a few minutes of practice, can be quickly 
mastered.  A standard nine pin connector on the cable provides for easy 
connection or disconnection to SAFphire.  The user can plug into a 
number of SAFphires this way. 
Password control prevents unauthorized access to machine parameters.  
All parameters are presented in alpha-numeric form in engineering units 
to avoid confusing computer codes. SAF Drives and Automation 
recommends however, that an Industrial Grade Operator Station be used 
for any permanent plant floor installations.  These devices will operate 
concurrent to HandTerm by use of the CA410, CA406 or CA414 
Communications Cards. 

DISPLAY OVERVIEW 

ACCEL TIME VR
1.5 seconds

MSG AREA 1
MSG AREA 3

STATUS AREA
MSG AREA 2

 
 
 
The display is divided into four areas.  The top right hand area of the 
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display is the status area. The status area consists of two characters.  The 
first character indicates the mode.  The possible modes are: 
 C - command mode 
 V - view mode (parameter can be viewed only) 
 V - view mode (flashing V indicates parameter can be tuned) 
 T - tune mode 
 A - admin mode 
 F - fault mode 
The second character is the status character.  It is set in the 
SYS_CONFIG block.  It can be used to indicate the status of machines 
controlled by SAFphire.  The possible status are: 
 R - running 
 J - jog 
 S - stopped 
 E - error 
 F - faulted 
The message areas are used to display alpha numeric information relating 
to the current mode or command.  An example is in the view mode.  A 
parameter such as current_fb would be shown as follows: 

 
OPERATING MODES 

Power Up 
 
On power up, the user is required to login.  When a correct password 
followed by <ENTER> has been received, the LCD enters the Command 
Mode.  There are three levels of permission that the user may login with.  
The password for each level is set in the SBL program. These passwords 
may be changed from the SBL Development System Software or from the 
HandTerm itself.  The permissions associated with each of the three 
levels are as follows: 
LEVEL 3 - access to the TUNE and ADMINISTRATION modes.   
LEVEL 2 -  does not allow access to the ADMINISTRATION mode.   
LEVEL 1 - does not allow access to the ADMINISTRATION or TUNE 
modes. 
 
Command Mode 

CURRENT_FB        VR
1500.0    amps 
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Command Mode is indicated by a C as the mode character in the status 
area. 
This mode acts as a top level menu allowing the user to move between 
the other modes. 
The user has the following options: 
FAULT (3) - view active faults 
ADMIN (2) - enter administration mode 
VIEW (9) - enter view mode 
View Mode 
View Mode is indicated by a V (flashing or solid) as the mode character in 
the status area. 
In this mode the user is able to scroll through the list of the parameters 
names and their current values.  A parameter can be either viewable or 
tuneable.  Parameters are stored alphabetically  with all viewable 
parameters before tuneable parameters.  Tuneable parameters are 
indicated by a flashing V as the mode character.  Viewable parameters 
are indicated by a solid V as the mode character.  In the View Mode, the 
user has the following options. 
<+> - display next parameter name and value 
<->  - display previous parameter name and value 
TUNE (8) - tune the displayed parameter (i.e. enter tune mode)  This 
option is only accessible if the parameter is tunable.  This is indicated by a 
flashing V in the top right hand corner of the screen. 
QUIT - quit (return to command mode) 
Tune Mode 
Tune Mode is indicated by a T as the mode character in the status area. 
Tune mode allows the user to modify the value of the selected parameter.  
After the parameters have been tuned, they are still only stored in static 
memory.  If the user wishes the changes to be kept they must be saved. 
(see Admin Mode) 
The user has the following options: 
NEW (4) - enter new value for parameter followed by the <ENTER> key 
<+1%> - add 1% of the parameter's range to its value 
<-1%> - subtract 1% of the parameter's range from its value 
<+> - increment the parameter's value 
<-> - decrement the parameter's value 
<QUIT> - quit (return to view mode) 
Admin Mode 
Admin Mode is indicated by an A as the mode character in the status 
area. 
The administration menu is used to perform administration type functions.  
The user has the following options. 
<VER>  - Display information relative to software version, program 
information, parameter status, BitBus node  etc. 
<SAVE> - Save the tuned parameters to battery backed memory so that if 
power to the rack is interrupted, it will default to the tuned parameters.  
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When an UPLOAD operation occurs the parameters that were last saved 
will be uploaded.  If the parameters have been modified since the last 
save procedure, the new values will not be uploaded.  
<PSWD> - This allows the user to scroll through the present values of the 
passwords using the <+> and <-> keys. 
<CHPSWD> - This allows the user to change the present values of the 
passwords.  The user selects which password to change using the <+> 
and <-> keys, then presses the <CHPSWD> key followed by the new 
password (0-9). 
 <QUIT> - return to command mode 
Fault Mode 
Fault Mode is indicated by an F as the mode character in the status area. 
This mode displays active faults.  The active fault is determined by a 
SYS_CONFIG block and the fault table.  The message displayed can be 
edited using the SBL Development System.  Pressing any key will return 
the user to the command mode. 



SAFphire Hardware Guide 

Page 95 

System Maintenance 

CA408 PROCESSOR CARD 
The SAFphire CA408 processor card has the ability to retain its block 
program when power is removed.  This is accomplished using non-volatile 
memory.  The retention of data when external power is removed is made 
possible due to a lithium  battery contained within the memory IC.  The 
battery is an integral part of the IC and cannot be replaced on its own.  Its 
guaranteed life expectancy is 5 years from date of first use. 
It is the recommendation of SAF Drives and Automation that the memory 
IC be replaced every five years by a qualified service technician.  The 
procedure to be followed is to save the parameters of the program in the 
IC that is to be replaced, upload these parameters to a computer running 
the SAFphire editing software, replace the memory IC while maintaining 
proper static protection and download the program into the new memory 
IC.  
It is necessary to have a copy of the original program on disk to change 
the memory IC.  Because the whole application program cannot be 
retrieved from the CA408, proper backups of SBL programs must be 
maintained. 
This operation will take a minimum of system downtime and will help 
ensure future trouble free operation.  To arrange to have this system 
maintenance performed on your system please contact SAF Drives and 
Automation. 

CA414 SAF-Link CARD & CA408-1 PROCESSOR CARD 
The SAFphire CA408-1 processor card and the CA414 SAF-Link cards 
have the ability to retain their programming when power is removed.  This 
is accomplished using a 3.6 volt Lithium Battery accessible from the front 
faceplate.  The battery status is indicated by the LOW BATT LED 
(green=healthy, red= low).  The life expectancy of the battery is 5 years 
with power off. 
It is the recommendation of SAF Drives and Automation that the battery 
be replaced every five years or whenever the LOW BATT LED is RED.  
The procedure to be followed is with power ON, remove the battery cover 
and insert a new battery Tadiran P.N TL-5104/S or SAF Drives and 
Automation P.N. Z300030, replace the battery cover.  The LED should 
now be green. 
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Technical Support 
CONTACT US 

SAF Drives Inc. 
18 Neville Street, Unit C 
New Hamburg, Ontario 
Canada 
N3A 4G7 
 
Toll Free 1-800 3 ASK SAF  (Canada and U.S) 
Tel: (519) 662-6489 
Fax: 1-866-280-5247 
 
www.safphire.com 
Email: support@safdrives.com 
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