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TIP102-1x
One axis motion controller
with incremental encoder
interface

TIP102-2x
Two axis motion controller
with incremental encoder
interface

This manual covers both products

This document contains information, which is proprietary to TEWS DATENTECHNIK GmbH. Any reproduction
without written permission is forbidden.

TEWS DATENTECHNIK GmbH has made any effort to ensure that this manual is accurate and complete. How-
ever TEWS DATENTECHNIK GmbH reserves the right to change the product described in this document at any
time without notice.

This product has been designed to operate with IndustryPackX compatible carriers. Connection to incompatible
hardware is likely to cause serious damage.

TEWS DATENTECHNIK GmbH is not liable for any damage arising out of the application or use of the device
described herein.
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1. Product Description
The TIP102 family are IndustryPack9 compatible modules for motion controller applications using incremental
encoders as position feedback. There are two versions available: The TIP102-1x is the implementation of a one
axis controller and the TIP102-2x is the implementation of a two axis controller on a single size IP. The TIP102
requires the use of a TIP102-TM-xx transition module. The transition module is necessary for the signal conditio-
ning and optional galvanically isolation of the various input and output signals.

The position feedback is provided by an incremental encoder interface and a 24 bit up-/down-counter. The level
of the encoder signals can be TTL or RS422. Optionally the encoder signals can be isolated on the transition
module by high speed optical coupler. The encoder signals pass a digital filter for noise suppression before they
are feed into the counter and the reference logic. The counter is programmable for single, double and quadruple
analysis of the encoder two phase signals.

Calibration of the position feedback to an absolute reference point is done by a programmable reference logic.
Several modes of operation and hardware configurations of a reference switch and the encoder zero pulse are
selectable. An ’Auto-Reference’ mode provides the possibility of the automatic recalibration of the measurement
system during normal operation, whenever the system passes the reference location.

Two isolated 24V DC digital inputs have limit switch functionality. Each of these inputs drives a floating optical
coupler output as hardware feedback. These outputs can be used to disable direction depended power on the
motor power amplifier. One additional isolated 24V digital input is for free use by the software, for example as
emergency stop input. A floating optical output can be controlled by software, for example as enable for the motor
power amplifier.

A 16 bit digital to analog converter (DAC) produces a ± 10V controller output signal which can be used as speed
or torque source for the power amplifier of the motor drive system. A galvanically isolation of this signal with the
help of an isolation amplifier is available as an transition module option.

A 12 bit analog to digital converter (ADC) with an configurable input voltage range can for example be used toge-
ther with a joystick for the implementation of jogging functions. Also this signal may be galvanically isolated as
an option on the transition module.
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Figure 1: TIP102-2x Block Diagram
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2. Technical Specification

2.1. TIP102-XX
Logic Interface IndustryPack9 Logic Interface

Size single wide IP

I/O Interface 50-conductor flat cable

Number of Axis 1 axis for TIP102-1x
2 axis for TIP102-2x

Encoder incremental encoder with 24 bit up-/down-counter

Input Count Frequency up to 1.2 MHz

Analog Input 1 ADC per axis, 12 bit, 10³s, input voltage ±10V

Analog Input Over Voltage input over voltage protection up to 25V p-p

Analog Output 1 DAC per axis, 16 bit, output voltage ±10V

Analog Output Current ±5mA

Digital Inputs 5 inputs per axis TTL level

Digital Outputs 2 outputs per axis TTL level

External Trigger TTL Input and TTL output

Wait States no wait states

Power Requirements typ. mA @ 5V

Temperature Range operating 0EC to 70EC
storage -45EC to 125EC

Humidity 5 - 95% non-condensing

Transition Module TIP102-TM-XX required, provides signal conditioning and op-
tional isolation of digital and analog I/O signals
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2.2. TIP102-TM-XX
Size one VMEslot

Number of Axis 1 axis for TIP102-1x
2 axis for TIP102-2x

Encoder Interface Signal level TTL or RS485 optional galvanically isolated

Analog Input 1 input per axis, input voltage ±10V optional isolated
(ADC on TIP102)

Analog Input Over Voltage Over voltage protection up to 100Vp-p with galvanically isola-
tion up to 12Vp-p without galvanically isolation.

Analog Output 1 output per axis, output Voltage ±10V optional isolated
(DAC on TIP102)

Analog Output Current ±20mA with galvanically isolation
±50mA without galvanically isolation

External Trigger isolated TTL I/O per axis (jumper selectable input or output of
TIP102)

Digital Inputs per Axis input TIP102 (TTL) isolated input TIP102-TM

General Input General Purpose 24V DC
Reference Switch REFERENCE_SWITCH24V DC
High Limit Switch LIMIT_SWITCH_2 24V DC
Low Limit Switch LIMIT_SWITCH_1 24V DC
Encoder Error ENC_ERROR Input TTL

Digital Outputs per axis output TIP102 (TTL) isolated output TIP102-TM

Status LED LED in Position (no output)
Servo Ampl. Enable Release Output 24V DC

Digital Outputs direct isolated input TIP102-TM isolated output TIP102-TM
driven from Inputs

LIMIT_SWITCH_1 Current_Limit_1 Output 24V DC
LIMIT_SWITCH_2 Current_Limit_2 Output 24V DC

Output Load max. 1000 Ohm

Power Requirements typ. mA @ 5V
typ. mA @ +12V

Temperature Range Operating 0EC to 70EC
Storage -45EC to 125EC
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3. ID Prom Contents

ADDRESS FUNCTION TIP102-1x TIP102-2x

$ 01 ASCII ’I’ $ 49 $ 49
$ 03 ASCII ’P’ $ 50 $ 50
$ 05 ASCII ’A’ $ 41 $ 41
$ 07 ASCII ’C’ $ 43 $ 43
$ 09 Manufacturer ID $ B3 $ B3
$ 0B Model Number $ 0A $ 0B
$ 0D Revision $ 10 $ 10
$ 0F RESERVED $ 00 $ 00
$ 11 Driver-ID low-byte $ 00 $ 00
$ 13 Driver-ID high-byte $ 00 $ 00
$ 15 number of bytes used $ 0C $ 0C
$ 17 C R C $ 3E $ 5F

Figure 2: ID PROM contents
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4. VMEbus Addressing
The TIP102 is accessed in the I/O space through a set of registers

ADDRESS NAME FUNCTION AXIS 1 SIZE

$ 01 INPSR1 Input and Status Register byte
$ 03 OUTCR1 Output Control Register byte
$ 05 CNTDA1 Counter Data Register byte
$ 07 CNTCS1 Counter Control and Status Register byte
$ 08 DACDA1 DAC Data Register word
$ 0B ADCCS1 ADC Control and Status Register byte
$ 0C ADCDA1 ADC Data Register word
$ 0F CONCR1 Configuration Control Register byte
$ 3F INTVEC Interrupt Vector Register byte

Figure 3: TIP102-1x Register Map

On the TIP102-2x two axis motion controller the second axis can be accessed through a second set of control
and status registers. Only the INTVEC Interrupt Vector Register is shared between both axis.

ADDRESS NAME FUNCTION AXIS 2 SIZE

$ 21 INPSR2 Input and Status Register byte
$ 23 OUTCR2 Output Control Register byte
$ 25 CNTDA2 Counter Data Register byte
$ 27 CNTCS2 Counter Control and Status Register byte
$ 28 DACDA2 DAC Data Register word
$ 2B ADCCS2 ADC Control and Status Register byte
$ 2C ADCDA2 ADC Data Register word
$ 2F CONCR2 Configuration Control Register byte

Figure 4: TIP102-2x Additional Register Map
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4.1. INPSR Input and Status Register
The input and status register INPSR1 (INPSR2) holds the actual status of all digital input lines and the status
of the internal control logic.
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Figure 5: INPSR Input and Status Register

4.1.1. Low Limit Switch Input

Bit 0 in the INPSR1 (INPSR2) register is the actual read only status of the low limit switch input. A ’1’ indicates
that the limit switch is activated, a ’0’ indicates not active.

4.1.2. High Limit Switch Input

Bit 1 in the INPSR1 (INPSR2) register is the actual read only status of the high limit switch input. A ’1’ indicates
that the limit switch is activated, a ’0’ indicates not active.

4.1.3. Reference Switch Input

Bit 2 in the INPSR1 (INPSR2) register is the actual read only status of the reference switch input. A ’1’ indicates
that the reference switch is activated, a ’0’ indicates not active.

4.1.4. External Trigger Input

Bit 3 in the INPSR1 (INPSR2) register is the actual read only status of the external trigger input TRIGGER INPUT.
A ’1’ indicates that the trigger input is activated, a ’0’ indicates not active.

4.1.5. General Input

Bit 4 in the INPSR1 (INPSR2) register is the actual read only status of the general input. A ’1’ indicates that the
input is activated, a ’0’ indicates not active.

4.1.6. Encoder Error Status

Bit 5 in the INPSR1 (INPSR2) register is the latched encoder error status. A ’1’ indicates that an error in the timing
of the encoder phase signals has occurred or the encoder itself has reported an error. The source of this flag
is the error detection logic within the digital filter for the encoder phase signals or the input of the encoder signal
ENC_ERROR.

Because this is a latched status flag, it must be reset under software control. This is doneby writing to the INPSR1
(INPSR2) register with bit 5 set to ’1’.

This bit is automatically cleared with the IP_RESET signal.
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4.1.7. Reference Done Status

Bit 6 in the INPSR1 (INPSR2) indicates the status of the reference logic, which is used to calibrate the counter
to a reference position. A ’1’ indicates that the reference function, which was started with a corresponding com-
mand in the configuration control register CONCR1 (CONCR2), has completed successfully or the external trig-
ger event has occurred. For more details see also 4.8.1., 5.1. and 5.2..

This flag will be cleared with each writing to the configuration control register CONCR1 (CONCR2).

This bit is automatically cleared with the IP_RESET signal.

4.1.8. Interrupt Status

Bit 7 in the INPSR1 (INPSR2) indicates that the corresponding axis has generated an interrupt request.

Because this is a latched status flag, it must be reset under software control. This is doneby writing to the INPSR1
(INPSR2) register with bit 7 set to ’1’.

This bit is also automatically cleared with the IP_RESET signal.

4.2. CNTDA Counter Data Register

������ ��

� ELW 'DWD

Figure 6: CNTDA Counter Data Register

The Counter Data Register CNTDA1 (CNTDA2) is the data I/O port to the LS7166 counter chip. It is used to the
read counter position or to write a preset value. Because the LS7166 is a 24 bit counter, but the data register
is only 8 bit wide, each data transfer needs three read or write cycles in sequence.

4.2.1. Reading Counter Data

The 24 bit data value of the counter can only be accessed through an 24 bit output latch (OL) internal the LS7166.
The data is latched into the OL under software control by setting bit 1 in thecounter MCRregister to ’1’ (see4.3.1.)
or by an external hardware signal (see 5.2.). After that the data can be read through the CNTDA1 (CNTDA2)
in three cycles in sequence. The transfer is least significant byte first, most significant byte last.

1RWH
7KH DFFHVV WR WKH WKUHH GDWD E\WH ZLWKLQ WKH RXWSXW ODWFK �2/� LV FRQ�
WUROOHG E\ DQ LQWHUQDO DGGUHVV SRLQWHU� ZKLFK LV DXWRPDWLFDOO\ LQFUHP�
HQWHG ZLWK HDFK UHDG F\FOH� 7KLV SRLQWHU VKRXOG EH UHVHW GLUHFWO\ SULRU
WKH WKUHH UHDG F\FOHV E\ VHWWLQJ ELW � LQ WKH FRXQWHU 0&5 UHJLVWHU �VHH
��������

4.2.2. Writing Counter Data

The 24 bit counter can be loaded from a 24 bit preset register (PR) internal the LS7166. The preset data have
to be written to the PR through the CNTDA1 (CNTDA2) in three cycles in sequence. The transfer is least signifi-
cant byte first, most significant byte last. The data is then transferred to the counter under software control by
setting bit 3 in the counter MCR register to ’1’ (see 4.3.1.), by the reference logic (5.1.) or by an external hardware
signal (see 5.2.).
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1RWH
7KH DFFHVV WR WKH WKUHH GDWD E\WH ZLWKLQ WKH RXWSXW ODWFK �2/� LV FRQ�
WUROOHG E\ DQ LQWHUQDO DGGUHVV SRLQWHU� ZKLFK LV DXWRPDWLFDOO\ LQFUHP�
HQWHG ZLWK HDFK UHDG F\FOH� 7KLV SRLQWHU VKRXOG EH UHVHW GLUHFWO\ SULRU
WKH WKUHH UHDG F\FOHV E\ VHWWLQJ ELW � LQ WKH FRXQWHU 0&5 UHJLVWHU �VHH
��������

4.3. CNTCS Counter Control and Status Register

4.3.1. MCR Master Control Register
A write to the Counter Control and Status Register CNTCS1 (CNTCS2) with bit 6 = ’0’ and bit 7 = ’0’ will be a
write to the MCR Master Control Register of the LS7166 counter chip. Bit 0 to bit 5 have the following functionality:

������ ��

�  5HVHW 35�2/ DGGUHVV SRLQWHU
�  7UDQVIHU &175 WR 2/
�  5HVHW &175� %:7� &<7�

6HW VLJQ UHJLVWHU

�  7UDQVIHU 35 WR &175
�  5HVHW &2037
�  0DVWHU UHVHW

��

Figure 7: Counter MCR Master Control Register

4.3.1.1. Reset PR/OL address pointer

Writing bit 0 = ’1’ to the MCR will reset the internal PR/OL address pointer of the LS7166 counter chip, which
is used during reads and writes to the CNTDA1 (CNTDA2) data register, to access the three bytes forming the
24 bit data word.

4.3.1.2. Transfer CNTR to OL

Writing bit 1 = ’1’ to the MCR will latch the current 24 bit value of the counter (CNTR) into the OL register of the
LS7166 counter chip for subsequent readout. This bit can be combined with bit 0 to reset the OL address pointer
at the same time.

4.3.1.3. Reset of CNTR, BWT, CYT, Set sign register

Writing bit 2 = ’1’ to the MCR will set the counter (CNTR) data value to zero, clear the borrow and carry toggle
flag and set the sign bit.

4.3.1.4. Transfer PR to CNTR

Writing bit 3 = ’1’ to the MCR will transfer the previously loaded 24 bit data value into the counter (CNTR).

4.3.1.5. Reset COMPT

Writing bit 4 = ’1’ to the MCR will clear the compare toggle flag COMPT.
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4.3.1.6. Master reset

Writing bit 5 = ’1’ to the MCR will perform a master reset on the LS7166 counter chip and put it into initial state.

4.3.2. ICR Input Control Register

A write to the Counter Control and Status Register CNTCS1 (CNTCS2) with bit 6 = ’1’ and bit 7 = ’0’ will be a
write to the ICR Input Control Register of the LS7166 counter chip. Bit 0 to bit 5 have the following functionality:

������ ��

$�% ,QSXW PRGH
�  ,QFUHPHQW FRXQWHU RQFH
�  'HFUHPHQW FRXQWHU RQFH
$�% LQSXW HQDEOH
&RQILJXUDWLRQ $%*7�5&75
&RQILJXUDWLRQ /&75�//7&

��

Figure 8: Counter ICR Input Control Register

4.3.2.1. A/B Input mode

Bit 0 of the ICR defines the functionality of the counter A and B clock inputs. Bit 0 = ’0’ will define A as up count
input and B as down count input. Bit 0 =’1’ will define A as count input and B as count direction input with B =
’0’ for up and B = ’1’ for down.

1RWH
,Q D QRUPDOPRWLRQ FRQWUROOHU DSSOLFDWLRQ WKH 7,3���ZLOO RSHUDWH ZLWK DQ
LQFUHPHQWDO HQFRGHU DQG WKH FRXQWHU FKLS /6���� SURJUDPPHG WR
TXDGUDWXUH PRGH E\ FRQILJXUH WKH 45 UHJLVWHU �VHH �������� ,Q WKLV FDVH
WKH $�% LQSXW PRGH ELW KDV QR IXQFWLRQ�

4.3.2.2. Increment counter

Writing bit 1 = ’1’ to the ICR will increment the counter data value by one.

4.3.2.3. Decrement counter

Writing bit 2 = ’1’ to the ICR will decrement the counter data value by one.

4.3.2.4. A/B input enable

Bit 3 = ’1’ enables the A and B counter inputs. With bit 3 = ’0’ all counting function are disabled.

1RWH
)RU WKH QRUPDO PRWLRQ FRQWUROOHU DSSOLFDWLRQ RI WKH 7,3��� WKH FRXQWHU
VKRXOG DOZD\V EH HQDEOHG �ELW �  
�
��

4.3.2.5. Configuration ABGT/RCTR

Bit 4 of the ICR must always be set to ’0’ for the operation of the TIP102-xx IP.
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4.3.2.6. Configuration LCTR/LLTC

Bit 5 of the ICR will configure the functionality of the LCTR/LLTC pin of the LS7166. On the TIP102 this pin is
controlled by the reference and external trigger logic (see also 5.1. and 5.2.). With bit 5 = ’0’ an event (reference
or external trigger) will load the counter with the contents of the PR register. With bit 5 = ’1’ the event will latch
the actual counter data value into the OL register.

4.3.3. OCCR Output Control Register

A write to the Counter Control and Status Register CNTCS1 (CNTCS2) with bit 6 = ’0’ and bit 7 = ’1’ will be a
write to the OCCR Output Control Register of the LS7166 counter chip. Bit 0 to bit 5 have the following functiona-
lity:

������ ��

%LQDU\ � %&' PRGH
�  1RUPDO FRXQW PRGH
�  1RUPDO FRXQW PRGH
�  1RUPDO FRXQW PRGH

��

,QWHUUXSW�7ULJJHU PRGH�

��  &<
��  &<7
��  &<
��  &203

� � �

Figure 9: Counter OCCR Output Control Register

1RWH
)RU WKH QRUPDOPRWLRQ FRQWUROOHU DSSOLFDWLRQ RI WKH 7,3��� WKH ELWV � WR �
RI WKH 2&&5 PXVW DOZD\V EH SURJUDPPHG DV 
�
�

4.3.3.1. Binary / BCD mode

Bit 0 of the OCCR will configure the counter to operate in binary or BCD counting mode. With bit 0 = ’0’ the counter
is in binary mode, which should be the normal case.
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4.3.3.2. Interrupt / Trigger mode

On the TIP102 the output Pin 16 of the LS7166 counter chip can be used for interrupt or output trigger impulse
generation. However the internal source for this signal is selected by bit 4 and 5 of the OCCR.

00 - CY
3LQ �� RI WKH /6���� IROORZV WKH VWDWXV RI WKH LQYHUWHG &< VLJQDO�FDUU\��

01 - CYT
3LQ �� RI WKH /6���� IROORZV WKH VWDWXV RI WKH &<7 VLJQDO �FDUU\ WRJJOH IOLS IORS��

10 - CY
3LQ �� RI WKH /6���� IROORZV WKH VWDWXV RI WKH &< VLJQDO �FDUU\��

11 - COMP
3LQ �� RI WKH /6���� IROORZV WKH VWDWXV RI WKH LQYHUWHG &203 VLJQDO �FRPSDUH��

4.3.4. QR Quadrature Register

A write to the Counter Control and Status Register CNTCS1 (CNTCS2) with bit 6 = ’1’ and bit 7 = ’1’ will be a
write to the QR Quadrature Register of the LS7166 counter chip. Bit 0 to bit 1 have the following functionality:

������ ��

��

4XDGUDWXUH PRGH�

��  ;�

; ;; ;

��  ;�
��  ;�

Figure 10: Counter QR Quadrature Register

4.3.4.1. Quadrature mode

Programming the bits 0 and 1 of the QR will put the LS7166 counter chip in quadrature counting mode. Depen-
ding on the mode X1, X2 or X4 the counter data values have one, two or four times the resolution of the encoder.

1RWH
%HFDXVH WKH 7,3��� ZDV GHVLJQHG WR GHFRGH TXDGUDWXUH VLJQDOV RI HQ�
FRGHUV� RQH RI WKH PRGHV ;�� ;� RU ;� PXVW EH VHOHFWHG IRU QRUPDO RS�
HUDWLRQ RI WKH PRGXO�

%LW � WR ELW � DUH GRQ
W FDUHV�
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4.4. DACDA DAC Data Register

�������� ��� �����������

�� %LW '$& 'DWD
LQ �
V FRPSOHPHQW

6

Figure 11: DACDA DAC Data Register

The DAC Data Register DACDA1 (DACDA2) is the write only data register for the ±10V controller output signal
of the TIP102. The 2’s complement value written into this register is converted to the corresponding output vol-
tage with a range of ±10V.

1RWH
2QO\ ZRUG DFFHVV LV VXSSRUWHG IRU WKLV UHJLVWHU�

$ UHDG WR WKLV UHJLVWHU ZLOO UHWXUQ D UDQGRP ELW SDWWHUQ�

4.5. ADCCS ADC Control and Status Register

������ ��

$'&
%XV\

$'& %XV\

Figure 12: ADCCS ADC Control and Status Register

The ADC Control and Status Register ADCCS1 (ADCCS2) controls the function of the xxxx 12 bit ADC. A data
conversion is started by a write cycle to the ADCCS1 (ADCCS2). However the data value of this write is a don’t
care.

As long as the ADC is busy converting the bit 0 of the ADCCS1 (ADCCS2) will read as ’1’.

1RWH
7KH XVHG ELWV � WR � PD\ EH LQ DQ UDQGRP VWDWH 
�
 RU 
�
 ZKHQ UHDGLQJ
WKH $'& &RQWURO DQG 6WDWXV 5HJLVWHU $'&&6� �$'&&6���
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4.6. ADCDA ADC Data Register

�������� ��� �����������

�� $'& 'DWD
LQ �
V FRPSOHPHQW

6 ����

Figure 13: ADCDA ADC Data Register

The ADC Data Register ADCDA1 (ADCDA2) holds the conversion result of the 12 bit ADC xxxxx. It is left shifted
by the hardware, that the software reads a 16 bit 2’s complement value.

1RWH
2QO\ ZRUG DFFHVV LV VXSSRUWHG IRU WKLV UHJLVWHU�

4.7. OUTCR Output Control Register
The output control register OUTCR1 (OUTCR2) controls the status of some output signals.

������ ��

$PSO�
(QDEOH

6WDWXV
/('

6HUYR $PSOLILHU (QDEOH
6WDWXV /('

Figure 14: OUTCR Output Control Register

4.7.1. Servo Amplifier Enable

Bit 0 of the output control register OUTCR1 (OUTCR2) controls the status of a floating optical coupler output
which is normally connected to the enable input of the servo amplifier of the motor drive system. It can be read
and written by software.

This bit is automatically cleared with the IP_RESET signal.

4.7.2. Status LED

Bit 1 of the output control register OUTCR1 (OUTCR2) controls the status of a LED located on the transition
modul. It can be read and written by software.

This bit is also automatically cleared with the IP_RESET signal.
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4.8. CONCR Configuration Control Register
The configuration control register CONCR1 (CONCR2) controls the operation mode of the reference logic, the
encoder configuration and interrupt generation.

������ ��

5HI�
0RGH

5HI�
0RGH

$XWR
5HIHU�

(QF�
'LII�

,QWHUUXSW
,(QDEOH

5HIUHQFH 0RGH�

$XWR 5HIHUHQFH (QDEOH
(QFRGHU 'LIIHUHQFH 6LJQDO
,QWHUUXSW (QDEOH

�� � � 1RQH
�� � � ZLWKRXW UHIHUHQFH VZLWFK
�� � � ZLWK UHIHUHQFH VZLWFK
�� � � H[WHUQDO WULJJHU

Figure 15: CONCR Configuration Control Register

1RWH
:ULWLQJ WR WKLV UHJLVWHU ZLOO FOHDU WKH UHIHUHQFH GRQH IODJ �ELW �� LQ WKH LQ�
SXW DQG VWDWXV UHJLVWHU ,1365� �,1365���

7KH XVHG ELWV � WR � PD\ EH LQ DQ UDQGRP VWDWH 
�
 RU 
�
 ZKHQ UHDGLQJ
WKH &RQILJXUDWLRQ &RQWURO 5HJLVWHU &21&5� �&21&5���

4.8.1. Reference Mode
Bit 0 and bit 1 of the configuration control register CONCR1 (CONCR2) control the operation mode of the refe-
rence logic.

00 - None
,Q WKLV PRGH WKH UHIHUHQFH ORJLF LV GLVDEOHG�

01 - Without reference switch
,Q WKLVPRGH WKH ]HUR VLJQDO RI WKH HQFRGHU ZLOO WULJJHU WKH ORDG FRXQWHU LQSXW RI WKH /6���� FRXQWHU FKLS�
)RU PRUH GHWDLOV VHH ���� �

10 - With reference switch
,Q WKLV PRGH WKH ]HUR VLJQDO RI WKH HQFRGHU LV FRPELQHG ZLWK WKH UHIHUHQFH VZLWFK LQSXW WR SURGXFH WKH
ORDG FRXQWHU VLJQDO IRU WKH /6���� FRXQWHU FKLS� )RU PRUH GHWDLOV VHH ���� �

11 - External trigger
,Q WKLV PRGH WKH H[WHUQDO WULJJHU LQSXW VLJQDO ZLOO JHQHUDWH WKH ORDG FRXQWHU SXOVH WR WKH /6���� FRXQWHU
FKLS� )RU PRUH GHWDLOV VHH ���� �

The reference mode bits will be cleared automatically, when the reference condition or external trigger occurs
and the Auto Reference Enable bit (bit 2) is not set.

These bits are also automatically cleared with the IP_RESET signal.

4.8.2. Auto Reference Enable
Bit 2 of the Configuration and Control Register CONCR1 (CONCR2) enables the Auto Reference functionality
when set to ’1’. This will automatically repeat the in bit 0 and bit 1 selected function of the reference logic and
external trigger. For more details see 5.1. and 5.2..



��7,3��� 8VHU 0DQXDO 9HUVLRQ ���

This bit is automatically cleared with the IP_RESET signal.

4.8.3. Encoder Difference Signal

Bit 3 of the Configuration and Control Register CONCR1 (CONCR2) enables the analysis of the differential
phase signals of a RS422 encoder in the digital filter. In this mode broken encoder wire will be detected and the
Encoder Error Status will be set in the Input and Status Register INPSR1 (INPSR2) if such an error occurs.

1RWH
7KLV IXQFWLRQ UHTXLUHV D WUDQVLWLRQPRGXOZLWK WKH LVRODWHG HQFRGHU LQSXW
RSWLRQ�

This bit is automatically cleared with the IP_RESET signal.

4.8.4. Interrupt Enable

Bit 4 of the Configuration and Control Register CONCR1 (CONCR2) is the interrupt enable bit. When set, a tran-
sition on the CY output of the LS7166 counter chip will generate an interrupt. For more detail see the LS7166
data sheet which is part of the TIP102-EK engineering kit.

4.9. Interrupt Vector Register
The Interrupt Vector Register INTVEC is a byte wide read/write register. The Interrupt Vector Register is shared
between both axis, but both axis will create an individual interrupt.

������ ��

,QWHUUXSW 9HFWRU ORDGHG E\

:LOO UHDG DW LQWHUUXSW DV
� � � IRU D[LV � �
� � � IRU D[LV � �

VRIWZDUH

;

Figure 16: INTVEC Interrupt Vector Register

For an interrupt from axis # 1 bit 0 of the interrupt vector will read as ’0’, for an interrupt from axis #2 it will read
as ’1’. If the vector register is for example loaded with ’$60’, axis # 1 will create an interrupt at vector ’$60’ and
axis # 2 will create an interrupt at vector ’$61’.

1RWH
$[LV �� LV XVLQJ WKH ,175(4� DQG D[LV �� LV XVLQJ WKH ,175(4� LQWHU�
UXSW UHTXHVW OLQH RI WKH ,3 EXV�
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5. Functional Description

5.1. Reference Logic
Due to the nature of measurement systems with incremental encoders the absolute position of the axis are not
now when the system is powered up. The system has to run through a reference procedure to calibrate the mea-
surement system, in our case the counter, with the absolute positions.

The TIP102 IP has a reference logic, which allows several modes of operation for the reference procedure. The
reference logic is generating a pulse to the Load Counter input of the LS7166 chip, when the reference condition
occurs. This signal will either preset the counter with a value which was previously loaded into the Preset Register
of the counter chip, or load the actual value of the counter to the Output Latch of the counter chip, depending
on the configuration of the LCTR/LLTC bit of the ICR Input Control Register.

The desired operation mode of the reference logic is selected by programming the corresponding bits in the
CONCR Configuration Control Register.

5.1.1. Reference Mode - without reference switch

In this mode the next occurrence of the zero (index) signal of the encoder is used as the source for the reference
condition and therefor for the Load Counter signal. Because the incremental encoder will normally create a zero
(index) pulse at each turn, this mode is only useful, if the absolute position of the next zero (index) pulse is known,
or if there is only one such pulse in the operating range of the axis.

5.1.2. Reference Mode - with reference switch

This mode also make use of the zero (index) signal of the encoder to generate the reference condition. But it
uses an additional Reference Switch (which is an input to the TIP102) to select a single zero (index) signal.

The reference condition in this mode is defined as the first zero (index) pulse of the encoder after a ’0’ to ’1’ transi-
tion of the reference switch, with the reference switch still in the ’1’ state.

ZDLW IRU

UHIHUHQFH

VZLWFK

UHIHUHQFH VZLWFK  
�


ZDLW IRU

UHIHUHQFH

VZLWFK

UHIHUHQFH VZLWFK  
�


UHIHUHQFH VZLWFK  
�


ZDLW IRU

]HUR SXOVH

 
�


]HUR SXOVH  
�


UHIHUHQFH VZLWFK  
�

UHIHUHQFH
VZLWFK  
�


UHIHUHQFH FRQGLWLRQ

 
�


 
�


Figure 17: State diagram - Reference with reference switch
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5.2. External Trigger Input
The TIP102 IP has a trigger input signal TRIGGER INPUT which can be used to latch the actual value of the
counter or preload the counter at an external event. The Trigger Input is generating a pulse to the Load Counter
input of the LS7166 chip, when the external trigger condition occurs. This signal will either preset the counter
with a value which was previously loaded into the Preset Register of the counter chip, or load the actual value
of the counter to the Output Latch of the counter chip, depending on the configuration of the LCTR/LLTC bit of
the ICR Input Control Register.

The external trigger logic is activated by programming the corresponding bits in the CONCR Configuration Con-
trol Register (see also 4.8.1.).

1RWH
7KHH[WHUQDO WULJJHU DQG WKH UHIHUHQFH ORJLF FDQ QRW EH XVHG DW WKH VDPH
WLPH�

1RWH
7KH WUDQVLWLRQ PRGXOH 7,3���� �70� �[[ KDV RQO\ RQH VHW RI LVRODWHG
75,**(5 ,�2VLJQDOV� ZKLFK DUH MXPSHU FRQILJXUDEOH DV 7ULJJHU ,QSXW RU
7ULJJHU 2XWSXW �VHH DOVR ��������
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6. Programming Hints

6.1. LS7166 counter chip

6.1.1. Initialization

The LS7166 counter chip of the TIP102 requires some basic initialization, before it is able to decode the quadra-
ture counting pulses of the incremental encoder. To do this the following data sequence has to be loaded into
the CNTCS1 (CNTCS2) Counter Control and Status Register:

- ZULWH �[�� WR &17&6� �&17&6��
VHOHFW WKH FRXQWHU 0&5 UHJLVWHU� SHUIRUP D PDVWHU UHVHW RQ WKH /6���� FRXQWHU FKLS

- ZULWH �[�� WR &17&6� �&17&6��
VHOHFW WKH FRXQWHU ,&5 UHJLVWHU� HQDEOH GDWD LQSXWV $�%� FRQILJXUH 3LQ� DV FRXQWHU ORDG
LQSXW �UHTXLUHG IRU WKH UHIHUHQFH ORJLF�

- ZULWH �[%� WR &17&6� �&17&6��
VHOHFW WKH FRXQWHU 2&&5 UHJLVWHU� FRQILJXUH 3LQ �� DV FRPSDUH UHVXOW RXWSXW �UHTXLUHG
IRU JHQHUDWLRQ RI LQWHUUXSWV DW GHILQHG FRXQWHU GDWD YDOXHV�

- ZULWH �[&�� �[&� RU �[F� WR &17&6� �&17&6��
VHOHFW WKH FRXQWHU 45 UHJLVWHU� HQDEOH TXDGUDWXUH GHFRGLQJ PRGH ;�� ;� RU ;�

After this initialization the counter will begin decoding the encoders quadrature signals.

6.1.2. Reading actual counter data value

The LS7166 has a 24 bit up/down counter. However the data path to the LS7166 is only 8 bit wide. To read the
24 bit counter data value (8 bit at a time), you have to program the following sequence:

- ZULWH �[�� WR &17&6� �&17&6��
VHOHFW WKH FRXQWHU 0&5 UHJLVWHU� ODWFK WKH DFWXDO FRXQWHU GDWD YDOXH LQWR WKH RXWSXW ODWFK
�2/�� UHVHW WKH 2/ DGGUHVV SRLQWHU

- UHDG &17'$� �&17'$��
UHDG GDWD E\WH � �/6%�� LQFUHPHQW 2/ DGGUHVV SRLQWHU

- UHDG &17'$� �&17'$��
UHDG GDWD E\WH �� LQFUHPHQW 2/ DGGUHVV SRLQWHU

- UHDG &17'$� �&17'$��
UHDG GDWD E\WH � �06%�� LQFUHPHQW 2/ DGGUHVV SRLQWHU

1RWH

,I \RX DVVHPEOH WKH GDWD E\WHV � WR � LQWR D �� ELW ZRUG IRU IXUWKHU SURF�
HVVLQJ� \RX KDYH WR H[WHQG WKH VLJQ ELW RI WKH FRXQWHU� ZKLFK LV ELW � RI
GDWD E\WH �� LQWR WKH XSSHU � ELWV RI \RXU �� ELW ZRUG�

�������� �� ����������

( ( ( ( (

�������� ��� �����������������������

( ( ( 6
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7. Jumper Configurations

7.1. TIP102-xx IP

1RWH
7KHUH DUH QR MXPSHUV WR FRQILJXUH RQ WKH 7,3���� �[[ ,3� 'R QHYHU SODFH
DQ\ MXPSHU RQ WKH �� SLQ FRQQHFWRU EORFN DW WKH 7,3���� �[[ ,3� 7KLV
EORFN LV XVHG RQO\ IRU PDQXIDFWXULQJ DQG WHVWLQJ SXUSRVH�

7.2. TIP102-TM-xx Transition Module

7.2.1. Trigger I/O Jumper Configuration

The TRIGGER I/O signals at connector X2 (X202) of the transition module must be configured to input or output
by the jumper J1 (J200) at the transition module.

� � �

� � �

Figure 18: Jumper J1 (J200) configuration for trigger input

� � �

� � �

Figure 19: Jumper J1 (J200) configuration for trigger output

7.2.2. Encoder Input Jumper Configuration

The TIP102-TM-10 and TIP102-TM-20 transition modules have jumpers to enable or disable the PHASE_A,
PHASE_B and INDEX encoder inputs.

If the encoder provides the PHASE_A, PHASE_B and INDEX signals the jumper J2, J3 and J4 (J201, J202 and
J203) must be jumpered between pin 1 and 2.

If the encoder does not provide the PHASE_A, PHASE_B and INDEX signals the jumper J2, J3 and J4 (J201,
J202 and J203) must be jumpered between pin 2 and 3.
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7.2.3. TIP102-TM-xx Jumper Layout
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Figure 20: TIP102-TM-xx Jumper Layout

1RWH
7KH MXPSHUV -�� -� DQG -� �-���� -��� DQG -���� DUH RQO\SUHVHQW DW WKH
7,3���� �70� ��� �7,3����70� ���� WUDQVLWLRQ PRGXOH�
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8. IP I/O connector

8.1. 50 pin IP I/O connector

Pin-Number Function

1 +5V VCC
2 +5V VCC
3 GND
4 GND
5 +12V
6 -12V
7 Status LED axis 1 (TTL output)
8 Servo Ampl. Enable axis 1 (TTL output)
9 GND
10 DAC Output axis 1 (±10V)
11 DAC GND axis 1
12 ADC Input axis 1 (±10V)
13 ADC GND
14 GND
15 Trigger Input axis 1 (TTL input)
16 Trigger Output axis 1 (TTL output)
17 General Input axis 1 (TTL input)
18 Reference Switch axis 1 (TTL input)
19 High Limit Switch axis 1 (TTL input)
20 Low Limit Switch axis 1 (TTL input)
21 Encoder Error axis 1 (TTL input)
22 NC
23 ENC INDEX axis 1 (TTL input)
24 ENC INDEX axis 1 (TTL input)
25 ENC PHASE B axis 1 (TTL input)
26 ENC PHASE B axis 1 (TTL input)
27 ENC PHASE A axis 1 (TTL input)
28 ENC PHASE A axis 1 (TTL input)
29 Status LED axis 2 (TTL ouput)
30 Servo Ampl. Enable axis 2 (TTL output)
31 GND
32 DAC Output axis 2 (±10V)
33 DAC GND axis 2
34 ADC Input axis 2 (±10V)
35 ADC GND
36 GND
37 Trigger Input axis 2 (TTL input)
38 Trigger Output axis 2 (TTL output)
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Pin-Number Function

39 General Input axis 2 (TTL input)
40 Reference Switch axis 2 (TTL input)
41 High Limit Switch axis 2 (TTL input)
42 Low Limit Switch axis 2 (TTL input)
43 Encoder Error axis 2 (TTL input)
44 NC
45 ENC INDEX axis 2 (TTL input)
46 ENC INDEX axis 2 (TTL input)
47 ENC PHASE B axis 2 (TTL input)
48 ENC PHASE B axis 2 (TTL input)
49 ENC PHASE A axis 2 (TTL input)
50 ENC PHASE A axis 2 (TTL input)
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9. Transition Module

9.1. I/O Connection TIP102-TM

9.1.1. X1/X201 DB9 female Servo Amplifier Signals

Pin-Number Function Signal Level

1 Current_Limit_1 +
2 Current_Limit_2 +
3 Enable +
4 Shield
5 DAC_GND
6 Current_Limit_1 -
7 Current_Limit_2 -
8 Enable -
9 DAC Output ±10V

9.1.2. X2/X202 DB15 male Power and I/O Signals

Pin-Number Function Signal Level

1 ENC_VCC
2 ENC_VCC Sense
3 Shield
4 LIMIT_SWITCH_2 Input

24V
5 General Purpose Input

24V
6 Trigger I/O +
7 Shield
8 ADC_GND
9 ENC_GND
10 ENC_GND Sense
11 LIMIT_SWITCH_1 Input

24V
12 REFERENCE_SWITCH Input

24V
13 COMMON RETURN of Input Signals

24V common
14 Trigger I/O -
15 ADC Input ±10V
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9.1.3. X3/X203 DB15 female Encoder Signals

Pin-Number Function Signal Level

1 ENC_VCC
2 ENC_GND
3 ENC_VCC Sense
4 NC
5 INDEX TTL or RS422 -
6 PHASE_B TTL or RS422 -
7 PHASE_A TTL or RS422 -
8 SHIELD
9 ENC_VCC
10 ENC_GND
11 ENC_GND Sense
12 ENC_ERROR TTL
13 INDEX TTL or RS422 +
14 PHASE_B TTL or RS422 +
15 PHASE_A TTL or RS422 +
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