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2YHUYLHZ

7KH�/'&�DQG�7(&�VHULHV�ODVHU�GLRGH�GULYHUV�DQG�7(&�FRQWUROOHUV�DUH�GHVLJQHG�WR�
SUHFLVHO\�DQG�UHOLDEO\�GULYH�GLRGH�ODVHUV�DQG�3HOWLHU�FRROHU�HOHPHQWV��7KH\�DUH�
DYDLODEOH�DV�EHQFK�WRS�XQLWV�DQG�DV�2(0�XQLWV��$OO�GHYLFHV�KDYH�DQ�LQWHJUDWHG�
4&:�SXOVH�JHQHUDWRU�DQG�FDQ�EH�UXQ�IURP�4&:�SXOVHG�WR�&:�PRGH��([WHUQDO�
GLJLWDO�DQG�DQDORJ�PRGXODWLRQ�IXQFWLRQDOLW\�LV�DOVR�LQFOXGHG�RQ�DOO�PRGHOV�� 7KH�
VWDQGDUG�56����LQWHUIDFH�FDQ�EH�XVHG�IRU�FRQILJXUDWLRQ��RSHUDWLRQ�DQG�
PRQLWRULQJ��$�86%�LQWHUIDFH�LV�RSWLRQDOO\�DYDLODEOH�RQ�DOO�PRGHOV��(YHU\�/'&�DQG�
7(&�XQLW�SDVVHV�D�EXUQ�LQ�LQVSHFWLRQ��D�IXOO�IXQFWLRQDO�WHVW�DQG�D�ILQDO�FDOLEUDWLRQ�
SULRU�WR�VKLSPHQW�

*HQHUDO�)HDWXUHV
• )XOO�GLJLWDO�FRQWURO��VWDQGDUG�LQWHUIDFH�56����RU�86%
• 1RQ�YRODWLOH�SUH�FRQILJXUDWLRQ��((3520�
• &RQWUROODEOH�LQWHUQDO�DQG�H[WHUQDO�IDQ�VXSSOLHV
• +DUGZDUH�LQWHUORFN
• 2YHU�WHPSHUDWXUH�DQG�RYHU�FXUUHQW�SURWHFWLRQ

• 3UHFLVH�FXUUHQW�FRQWUROOHG�&:�DQG�SXOVHG�ODVHU�RSHUDWLRQ�PRGHV
• /RZ�SRZHU�GLVVLSDWLRQ�E\�DFWLYH�YROWDJH�FRQWURO�LQ�&:�PRGH
• 0XOWLSOH�ODVHU�GLRGH�VDIHW\�IHDWXUHV
• ,QWHUQDO�DQG�H[WHUQDO�PRGXODWLRQ�IXQFWLRQV

3



7(&�&RQWUROOHU�)HDWXUHV

• 7KHUPRVHQVRU�LQSXW�IRU�17&V��VWDQGDUG����N����37�����37�����RU�RWKHUV

• 3RO\QRPLDO�DQG�6WHLQKDUW�+DUW�VHQVRU�PRGHO

• 3,'�WHPSHUDWXUH�FRQWUROOHU�IRU�7(&�FRROHUV

• 9ROWDJH��FXUUHQW�DQG�WHPSHUDWXUH�OLPLWV

• 7DUJHW�WHPSHUDWXUH�VHTXHQFHU�RQ�UHTXHVW
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&RQWHQWV

2YHUYLHZ

&RQWHQWV

��� ,QWURGXFWLRQ

��� 7HFKQLFDO��SDUDPHWHUV �
��� *HQHUDO�SDUDPHWHUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� /DVHU�PRGXOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ 6HFXULW\�EUHDNGRZQ�FRQGLWLRQV� � � � � � � � � � � � � � � � � � � � �
��� 3HOWLHU�PRGXOH� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

�� .H\SDG�DQG�GLVSOD\�PHQXV ��
��� .H\SDG� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
��� 'LVSOD\�0HQXV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

����� 0DLQ�0HQX� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� /DVHU�0HQX� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 7(&�0HQX� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 'HYLFH�0HQX� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

���� +DUGZDUH�VHWXS�SUHSDUDWLRQV�

�� /DVHU�FRQWURO ��
���� 3UHSDUDWLRQV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
���� &:�PRGH� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

����� 6ZLWFKLQJ�RQ�WKH�ODVHU� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 5DPS�RQ�ODVHU�VZLWFKLQJ� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���
����� 3RZHU�FRQWURO�PRGH� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

���� *DWH�RSWLRQ� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���
���� 0RGXODWLRQ�PRGHV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

����� ,QWHUQDO�GLJLWDO�PRGXODWLRQ�PRGH� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� ([WHUQDO�GLJLWDO�PRGXODWLRQ� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
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����� /DVHU�YROWDJH�FRPPDQGV��/9�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� /DVHU�SKRWR�FXUUHQW��/3&��DQG�SRZHU��/3��FRPPDQGV� �� �� �� �� � ��
����� /DVHU�PRGXODWLRQ�FRPPDQGV��/0�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� /DVHU�VHTXHQFHU�FRPPDQGV��/=�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 3LORW�ODVHU�FRPPDQGV��3�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

���� 7HPSHUDWXUH�VHQVRU�DQG�7(&�FRPPDQGV��[7�� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 7HPSHUDWXUH�VHQVRU�FRPPDQGV��� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 7(&�FRPPDQGV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

���� *HQHUDO�FRPPDQGV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 6WDWXV�FRPPDQG� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��
����� 0RGH�FRPPDQGV� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� � ��

6



�� ,QWURGXFWLRQ

7KH�/'&�VHULHV�SUHFLVLRQ�ODVHU�GLRGH�GULYHUV�RIIHU�WKH�XVHU�IXOO�FRQWURO�RI�DOO�
FRQILJXUDWLRQ�SDUDPHWHUV�WKURXJK�D�IURQW�SDQHO�DQG�RU�WKURXJK�D�VHULDO�LQWHUIDFH��,W� LV�
LPSRUWDQW� WR�UHDG� WKLV�PDQXDO� WKRURXJKO\�EHIRUH� WXUQLQJ�RQ� WKH�GHYLFH�IRU�WKH�ILUVW�
WLPH��7KH�RSHUDWLQJ�LQVWUXFWLRQV�VKRXOG�EH�IROORZHG�IRU�VDIH�RSHUDWLRQ�DQG�RSWLPXP�
SHUIRUPDQFH�RI�WKH�ODVHU�GLRGH�

,Q�FDVH�RI�TXHVWLRQV�RU�SUREOHPV��SOHDVH�FRQWDFW�/DVHU�/DE�
6RXUFH�LQ�1RUWK�$PHULFD�RU�RXU�VHUYLFH�VWDII�DW�2V7HFK�LQ�
(XURSH�

1RUWK�$PHULFD��/DVHU�/DE�6RXUFH���/DVHU'LRGH&RQWURO�FRP
FRQWDFW#ODVHUODEVRXUFH�FRP�������������

,QWHUQDWLRQDO��2V7HFK��%HUOLQ�*HUPDQ\�
7HO�� ����������������FRQWDFW#RVWHFK�GH

Please note that unauthorized opening of the device cancels the two year
warranty. Don’t break the calibration seal!
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���7HFKQLFDO�3DUDPHWHUV

���� *HQHUDO�3DUDPHWHUV�)25�$//�02'(/6

input voltage DS01: 24 V DC± 10%
DS11: 110–220 V AC

ambient temperature 0 . . . 40 �C
humidity < 95%
housing size width◊height◊depth (depth without connectors)

o44 housing 105 mm ⇥ 44 mm ⇥ 160 mm
(4.1 in ⇥ 1.7 in ⇥ 6.3 in)

o85 housing 105 mm ⇥ 85 mm ⇥ 160 mm
(4.1 in ⇥ 3.3 in ⇥ 6.3 in)

t85 housing 105 mm ⇥ 85 mm ⇥ 200 mm
(4.1 in ⇥ 3.3 in ⇥ 7.9 in)

t95 housing 119 mm ⇥ 95 mm ⇥ 235 mm
(4.7 in ⇥ 3.7 in ⇥ 9.3 in)

t127 housing 200 mm ⇥ 127 mm ⇥ 277 mm
(7.9 in ⇥ 5.0 in ⇥ 10.9 in)

t192 housing
(19 inch, 2 HU)

483 mm ⇥ 89 mm ⇥ 266 mm
(19 in ⇥ 3.5 in ⇥ 10.5 in)

t193 housing
(19 inch, 3 HU)

483 mm ⇥ 133 mm ⇥ 266 mm
(19 in ⇥ 5.25 in ⇥ 10.5 in)

remote control PC serial interface RS232

�����0RGHO�6SHFLILF��/DVHU�'LRGH�&XUUHQW�DQG�9ROWDJH
laser diode current range 1.5 | 2.5 | 5 | 8 | 12 | 16 | 24 | 32 | 40 . . . 100 A

resolution Imax/4000
accuracy ±0.5 %

laser current limit range 0 . . . Imax

resolution Imax /4000
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accuracy ±2 %
laser diode voltage min. 1.2 V

max. 3 | 6 | 9 | 12 | 15 | 18 | 24 | 48 V
current noise 1 % . . . 0.01 % of Imax rms
internal pulse mode

pulse width range 	NPEFM�TQFDJGJD
����µs�.�.�.�232�µs�(71�min)
pulse period range (pulse width + 100 µs) . . . 232 µs (71 min)
time base accuracy ±1 %
pulse to pulse accuracy 30 µs
rise time at 2.5 A

Imax

< 2 µs

at 4 A Imax < 3 µs
at 8 A Imax < 10 µs
at 12 A Imax < 15 µs
at 16 A Imax < 18 µs
> 16 A Imax 25–40 µs
on request < 1 µs . . . 3 µs

fall time 70 % . . . 100 % of Trise

laser fan control

voltage range 1.2 V . . . 24 V (adjustable by software)
current max. 300 mA

�������6HFXULW\�6KXW�'RZQ�&RQGLWLRQV
• ,QWHUORFN�RSHQ

• ,QWHUQDO�VXSSO\�IDLOXUH

• $EQRUPDO�WUDQVLHQWV

• 2SHQ�FLUFXLW���QR�ODVHU�FRQQHFWHG

• ,QWHUQDO�RYHUWHPSHUDWXUH

• %H\RQG�PD[�� SRZHU�GLVVLSDWLRQ
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���� �0RGHO� 6SHFLILF�� 7(&� &RQWUROOHU�
peltier current range ±1.5 | ± 2.5 | ± 4 | ± 8 | ± 10 | ± 12 | ± 16 A

accuracy ±Imax/4000
peltier voltage max. 4 | 8 | 14 | 18 | 24 | 48 V
temperature controller range ≠25 �C . . . 150 �C, larger on request

accuracy typical: < 10 mK
max.: < 100 mK

temperature limits range ≠25 �C . . . 150 �C
default lower limit 5 �C
default upper limit 35 �C
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���.H\SDG�DQG�'LVSOD\�0HQXV

���� .H\SDG

UP • increases the digit under the cursor
DOWN • decreases the digit under the cursor
LEFT • moves to the previous input field, unsaved changes are discarded
RIGHT • moves to the next input field, unsaved changes are discarded
OK or Enter • triggers actions

• toggles checkboxes
• saves a changed value
• moves the cursor position if pressed on an unchanged or already

saved value

���� 'LVSOD\�0HQXV

$IWHU�SRZHU�RQ��WKH�PDLQ�PHQX�LV�VKRZQ�RQ�WKH�GLVSOD\��6RPH�ILHOGV�FDQ�EH�XVHG�
WR�FKDQJH�VHWWLQJV�RI� WKH�GHYLFH��RWKHUV�RQO\�VKRZ�WKH�FXUUHQW�YDOXHV�� <RX�FDQ�
VZLWFK�WR�WKH�QH[W�PHQX�ZLWK�WKH�DUURZ�LQ�WKH�XSSHU�ULJKW�FRUQHU��7KH�ODVHU�PHQX�
LV�QH[W��7KHQ�IROORZ�WKH�7(&�PHQXV��7KH�ODVW�PHQX�LV�WKH�GHYLFH�PHQX�IRU�JHQHUDO�
VHWWLQJV�

������ 0DLQ�0HQX

7KH�PDLQ�PHQX�JLYHV� DQ� RYHUYLHZ�RYHU� WKH� FXUUHQW� VWDWH� DQG�DOORZV� \RX� WR�
FRQWURO� EDVLF�VHWWLQJV�� 7KH� OD\RXW� RI� WKH�PDLQ�PHQX� GHSHQGV� RQ� WKH�PRGHO�� ,W� LV�
VKRZQ� LQ� ILJXUH�������7KH� ODUJH� QXPEHU� VKRZ� WKH� SUHVHQW� ODVHU� FXUUHQW� LQ�
ODVHU� GULYHUV� DQG� WKH� FXUUHQW�WHPSHUDWXUH�LQ�7(&�FRQWUROOHUV��7KH�IROORZLQJ�ILHOGV�
PD\�EH�DYDLODEOH�LQ�WKH�PDLQ�PHQX�
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Laser On switch the laser on and o�, can only be changed if the device has
no separate laser switch

LCT laser current target
LVA laser voltage actual
LCB laser current bias (for modulation)
CW Mode, ... Mod. modulation mode
TEC On switch the TEC controller on and o�
TT, LTT, CTT target temperature
TA, LTA, CTA temperature actual
TCA, LTCA, CTCA TEC current actual
TVA TEC voltage actual
TCL TEC current limit
Error# error number (0 = no error)
Interlock if the interlock is closed

(a) Laser driver without
TEC controller.

(b) Laser driver with
one TEC controller.

(c) Laser driver with
two TEC controllers.

(d) Controller for one TEC. (e) Controller for two TECs.

)LJXUH������0DLQ�PHQX�OD\RXW�GHSHQGLQJ�RQ�WKH�PRGXOHV�LQ�WKH�GHYLFH

������ /DVHU�0HQX

7KH� ODVHU�PHQX� LV� VKRZQ� LQ� ILJXUH� ����� 7KLV� LV�ZKHUH� WKH�XVHU� FDQ�
FKDQJH� ODVHU�FXUUHQW� VHWWLQJV�� 7KH�IROORZLQJ�ILHOGV�DUH�LQFOXGHG�
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LCL laser current limit
LVC compliance voltage (� LVA)
LVA laser voltage actual
LCB laser current bias (for modulation)
LCLM limit for average laser current (for modulation)
LTM laser temperature maximum, laser stops above this temperature
Error# error number (0 = no error)
CW Mode no modulation
LMAX external analog modulation
LMDX external digital modulation
LMDI internal digital modulation
LMW laser modulation width
LMP laser modulation period
PC pulse count (= LMDIC command)

• PC = 1: single pulse
• PC = 2: burst of 2 pulses . . .
• PC = 0: continuous pulses

LG gate option

)LJXUH������/DVHU�PHQX

������ 7(&�0HQX
7KH�7(&�PHQX�LV�VKRZQ�LQ�ILJXUH����D��7KLV�LV�ZKHUH�WKH�XVHU�FDQ�FKDQJH�7(&�
FRQWUROOHU�VHWWLQJV��7KH�IROORZLQJ�ILHOGV�DUH�LQFOXGHG�
TEC Contr. On switch the TEC controller on and o�
TT target temperature
TA temperature actual
TCL TEC current limit
TCA TEC current actual

13



TVA TEC voltage actual
TC Auto On TEC controller is automatically activated when the temperature is

whithin limits
Restore Def. restores the default settings for the TEC controller
TLU upper temperature limit
TLL lower temperature limit
PID parameters set the PID coe�cents (see figure 3.3b)
Select Sensor select one of some predefined temperature sensor settings (see

figure 3.3c)
Sensor Param. manually set the temperature sensor settings (see figure 3.3d)

(a) TEC menu. (b) Dialog: PID Parameters.

(c) Dialog: Select Sensor. (d) Dialog: Sensor Parameters.

)LJXUH������7(&�0HQX�DQG�GLDORJV�LQ�LW�

������ 'HYLFH�0HQX
7KH� GHYLFH� PHQX� LV� VKRZQ� LQ� ILJXUH� ����� 7KLV� LV� ZKHUH� WKH� XVHU� FDQ� FKDQJH�
JHQHUDO�VHWWLQJV�DQG� ILQG� RXW� WKH� W\SH� DQG� VHULDO� QXPEHU� RI� \RXU� GHYLFH�� <RX� ILQG�
WKH�IROORZLQJ�ILHOGV�LQ�WKLV�PHQX�

External Control on

Start

Switch to external control automatically after power-on. You get
the chance to abort this.

Switch to External

Control

You can control the device over the RS232 interface after activating
this.

Pilot laser Switch the pilot laser on and o�.
Intensity pilot laser intensity (0. . . 16)
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GFD default fan voltage
Restore Default Settings Reset all settings in the device to their default values.
Service Show type, serial number and software version of the device.

)LJXUH������'HYLFH�PHQX�

15



���+DUGZDUH�6HW�8S�3UHSDUDWLRQ��

7KHVH�VWHSV�PXVW�EH�IROORZHG�

• 0DNH�VXUH�WKDW�WKH�SRZHU�VXSSO\�LV�GLVFRQQHFWHG�IURP�ZPVS�PDLQ�QPXFS�TVQQMZ�
• 8VH�DQ�DSSURYHG�SHUVRQDO�JURXQGLQJ�EUDFHOHW�RU�RWKHU�PHDQV�IRU�(6'�SURWHFWLRQ
GXULQJ�WKH�DVVHPEO\�RI�WKH�ODVHU�RU�RWKHU�HOHFWURQLFV�

• &RQQHFW�\RXU�ODVHU�WR�WKH�SURSHU�FRQQHFWRUV�RI�WKH�GULYHU�XQLW�
• 5HPRYH�WKH�VKRUWJOH�FOLS�IURP�WKH�ODVHU���:KLOH�WXUQHG�RII
�WKH�ODVHU�RXWSXW�RI
WKH�GULYHU�XQLW�LV�LQWHUQDOM\�VKRUWHE�

• &RQQHFW�WKH�SRZHU�VXSSO\�XQLW�WR�WKH�SURSHU�VXSSO\�YROWDJH�
• 0DNH�VXUH�WKDW�WKH�LQWHUORFN�FRQQHFWRU�LV�FORVHG�
• 0DNH�VXUH�WKDW�WKH�HPHUJHQF\�EXWWRQ��WKH�ODUJH�UHG�EXWWRQ�PO�WKH�IURQW��LV
XQEROWHG���QVMMFE�PVU�

• 0DNH�VXUH�WKDW�DQ�DSSURSULDWH�WHPSHUDWXUH�VHQVRU�IRU�WKH� ODVHU� LV�FRQQHFWHG�
7KH�ODVHU�GULYHU�QHHGV�D�WHPSHUDWXUH�VLJQDO�UP�BDUJWF�UIF�ESJWF�DVSSFOU�

• 3OHDVH�QRWH�ODVHU�VDIHW\�UHJXODWLRQV�
• 7XUQ�WKH�NH\�VZLWFK�RQ�

16



���/DVHU�'LRGH�&XUUHQW�

���� 3UHSDUDWLRQV
)LUVW� WKH� ODVHU�FXUUHQW� OLPLW�DQG� WKH� ODVHU�FRPSOLDQFH�YROWDJH�NVTU�EH�FRQILJXUHG���
7R�DGMXVW�WKH�ODVHU�FXUUHQW�OLPLW�XVLQJ�WKH�GLVSOD\�

• JR�WR�WKH�/DVHU� 0HQX�E\�SUHVVLQJ� DQG
• JR�WR�WKH�/&/�LQSXW�¿HOG�E\�SUHVVLQJ��������WR�DGMXVW�WKH�ODVHU�FXUUHQW�OLPLW
• WR�PRYH�WKH�FXUVRU�SRVLWLRQ�SUHVV� VHYHUDO�WLPHV
• WR�LQFUHDVH�GHFUHDVH�WKH�GLJLW�SUHVV� �� DV�RIWHQ�DV�QHFHVVDU\
• DIWHU�DGMXVWLQJ�WKH�YDOXH�SUHVV� WR�HQWHU�WKH�QHZ�YDOXH

$IWHU�WKH�VWHS�DERYH��WKH�XVHU�VKRXOG�DGMXVW�WKH�ODVHU�FRPSOLDQFH�YROWDJH��/9&�
LQSXW�ILHOG��WR�DQ�H[SHFWHG�YROWDJH�GURS�VOLJKWO\�DERYH�WKH�ODVHU
V�UDWLQJ��

7KHVH�YDOXHV�FDQ�DOVR�EH�VHW�E\�XVLQJ�WKH�56����LQWHUIDFH��VHH�FKDSWHU�����7R�GR�
WKLV�XVH�WKH�FRPPDQGV�/&/�DQG�/9&�

����&:�0RGH

7KH�PRGH�RI�RSHUDWLRQ�FDQ�EH�VHOHFWHG�LQ�WKH�ODVHU�PHQX�� 7KH�&:�PRGH�LV�
DFWLYH�E\�GHIDXOW�ZKHQ�DOO�RI�WKH�PRGXODWLRQ�PRGHV��/0',��/0';�DQG�/0$;��DUH�
XQFKHFNHG�

������6ZLWFKLQJ�RQ�WKH�/DVHU�'LRGH

*R� WR� WKH� PDLQ� PHQX� DQG� DGMXVW� WKH� ODVHU� FXUUHQW� WDUJHW� LQ� WKH� /&7� LQSXW�
ILHOG�� 7KH�VHOHFWHG�YDOXH�PXVW�EH�XQGHU� WKH� ODVHU�FXUUHQW� OLPLW�DQG� WKH�PD[LPXP�
RSHUDWLQJ�FXUUHQW�RI�\RXU� ODVHU� PRGXOH�� (QDEOH� WKH� /21�2))� LQSXW� ILHOG� WR�
VZLWFK� RQ� FXUUHQW� WR� WKH� ODVHU��7KH�/('� RQ� WKH� IURQW� SDQHO� ZLOO� VWDUW� EOLQNLQJ�
DQG� WKH� DFWXDO� FXUUHQW� ZLOO� EH� GLVSOD\HG��'LVDEOLQJ� LW� VZLWFKHV� RII� WKH� ODVHU� DQG�
FDXVHV� WKH� UHG� /('� RQ� WKH� IURQW� SDQHO� WR� VWRS�EOLQNLQJ�� 7KH�DFWXDO�FXUUHQW������
$�ZLOO�EH�GLVSOD\HG��3UHVVLQJ� WKH� HPHUJHQF\� EXWWRQ� RQ�WKH� IURQW� SDQHO� LQWHUUXSWV�
WKH� SRZHU� VXSSO\�LPPHGLDWHO\��8QEROW�LW�E\�WZLVWLQJ�
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t

ILaser

LCTmax

LCT

LZTR LZTR

LZTR: 0 . . . 34000 ms
(default: 300 ms)

)LJXUH������/DVHU�FXUUHQW�RQ�RII�UDPS�LQ�&:�PRGH��7KH�UDPS�LV�DFWLYH�DW�DQ\�FKDQJH
RI�ODVHU�FXUUHQW�

:KHQ�XVLQJ�WKH�56����LQWHUIDFH�WKH�FRPPDQG�/5�PD\�EH�XVHG�WR�VZLWFK�WKH�ODVHU��
RQ���7KH�FRPPDQG�/6�VZLWFKHV�WKH�ODVHU�RII�

������&XUUHQW�5DPS�WR�/DVHU�&XUUHQW
,Q�&:�PRGH�WKH�UDPS�RQ�ODVHU�UXQ�DQG�VWRS�LV�DFWLYDWHG�E\�GHIDXOW���+RZHYHU���
WKLV�IXQFWLRQ� LV�QRW�DYDLODEOH�RYHU�WKH�GLVSOD\�PHQXV���5P�VTF�UIJT�GFBUVSF
�\RX�QHHG�WR��
FRQWURO�WKH�GULYHU�RYHU�DQ�56���� LQWHUIDFH���:LWK�H��J��/=75�����\RX�FDQ�VHW�WKH��
WLPH�WR�UHDFK�WKH�PD[LPXP�FXUUHQW�TFU�QPJOU��GPS��ZPV��MBTFS��EJPEF���7KH�VORSH�RI�WKH��
UDPS�ZJMM��EH�/&7PD[������PV�LQ�WKLV�H[DPSOH���'XULQJ�WKH�ODVHU�VWRS�UDPS��\RX��
FDQ�WXUQ�RII�WKH�ODVHU�LPPHGLDWHO\�E\�VHQGLQJ�/6� DPNNBOE��DJDLQ���<RX�FDQ�GLVDEOH��
WKH�UDPS�ZLWK�/=75����7KH�GHIDXOW�YDOXH� IRU�/=75� LV�����PV���)LJXUH�����VKRZV��
KRZ�/=75�ZRUNV���)RU�D�OLVW�RI�RWKHU�FRPPDQGV�VHH�FKDSWHU���

������/DVHU�$3&�3RZHU�&RQWURO�0RGH
7KH�SRZHU�FRQWURO�PRGH�LV�RQO\�DYDLODEOH�LQ�&:�PRGH�DQG�FRQVLVWV�RI�WZR��
LQGHSHQGHQW�SDUWV�

• 7KH�SKRWR�FXUUHQW�FRQWURO�ORRS
• 7KH�ODVHU�SRZHU�FRHIILFLHQWV�ZKLFK�GR�D�WUDQVODWLRQ�IURP�D�SRZHU�YDOXH�LQWR
D�YDOXH�IRU�WKH�SKRWR�FXUUHQW

7R�LQLWLDWH�WKH�"1$�SRZHU�FRQWURO�\RX�PXVW�ILUVW�SUHSDUH�WKH�ODVHU�IRU�SURSHU�RSHUDWLRQ
��LQ�&:�PRGH��VHH�VHFWLRQ��������'RQ¶W�IRUJHW�WR�DGMXVW�WKH�ODVHU�FXUUHQW�OLPLW�
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5.3��Gate��option

%HIRUH��WXUQLQJ��WKH��ODVHU��EJPEF��RQ��\RX��PXVW��FRQQHFW��WKH��SKRWR�VHQVRU��EHWZHHQ��
WKH��3'&��FDWKRGH���DQG��WKH��*1'���DQRGH���SLQV��DW��WKH��ODVHU��FRQQHFWRU���$IWHU��WKLV��
\RX��VKRXOG��WHVW��ZKHWKHU��WKH��VHQVRU��JT��XPSLJOH���)RU��WKLV��TUFQ
��UXQ��WKH��ODVHU��DQG��
FKHFN��ZLWK�� WKH�� /3&$��FRPPDQG�� �ODVHU�� SKRWR�FXUUHQW�� DFWXDO���� 7KH�� GHIDXOW��
PD[LPXP��SKRWR�FXUUHQW� LV������$��EXW�FDQ�EH� LQFUHDVHG�RQ� UHTXHVW��(QWHU��\RXU��
WDUJHW��SKRWR��FXUUHQW��ZLWK�� WKH��/3&7�� FRPPDQG��� ,QLWLDOL[H�� WKH��SKRWR�FXUUHQW��
FRQWURO��PRGH��E\��WKH��FRPPDQG��/3&&5���ODVHU��SKRWR��FXUUHQW��FRQWURO��UXQ����1RZ��\RX��
FDQ�UXQ�DQG�VWRSWKH� ODVHU�E\�/5�DQG�/6��$V�VRRQ�DV�\RX�VWDUW� WKH� ODVHU� WKH�GULYHU�EHJLQ
V�FRQWLQXRXVO\��WR��WUDFN��DQG��FRQWURO��WKH��SKRWR��FXUUHQW���7KH��VHFRQG��VWHS��LV��WR��
DGMXVW��WKH��SRZHU��FRHIILFLHQWV��VR��WKDW��\RX��FDQ��XVH��SRZHU�YDOXHV�LQ�:DWWT���
)RU�WKLV
�EP�BT�GPMMPXT�

• DGMXVW�UIF�/37�YDOXH��ODVHU�SRZHU�WDUJHW���LW�VKRXOG�KDYH�D�W\SLFDO�RU�D
PD[LPXP�YDOXH

• SXQ�WKH� ODVHU� LQ�QRUPDO�&:�PRGH�DQG�VFU�WKH�FXUUHQW�UP�WKH�QPJOU�UIBU�UIF
ODVHU�HPLWV�H[DFW�WKH�WDUJHW�ODVHU�SRZHU���$Q�H[WHUQDO�SRZHU�PHWHU�LV
QHFHVVDU\�IRU�WKLV���1RZ�H[HFXWH�WKH�/3)�FRPPDQG�WR�IL[�WKH�DFWXDO�SKRWR�
FXUUHQW�YDOXH�WR�WKLV�ODVHU�SRZHU�

<RX� FDQ� QRZ� FDQ�� JHW�� WKH�� ODVHU�� SRZHU�� E\�� WKH�FRPPDQG�/3$��� VHW�� WKH�� SRZHU��
WDUJHW�� E\�� WKH�/37�� FRPPDQG��� UXQ�� WKH�� SRZHU�� FRQWURO�� PRGH�� E\�� WKH��
/3&&5��FRPPDQG���6WDUW��DQG�VWRS�WKH�ODVHU�E\�/5�DQG�/6�

����*DWH�2SWLRQ

7KHUH� LV� D� JDWH� RSWLRQ� ZKLFK� FDQ� EH� XVHG� LQ� &:� PRGH� DV� ZHOO� DV� LQ� LQWHUQDO�
GLJLWDO�PRGXODWLRQ�PRGH�� <RX�PD\� VZLWFK� RQ� DQG� RII� WKH� LQWHUQDOO\� JHQHUDWHG� ODVHU�
FXUUHQW�E\� WKH�PRGXODWLRQ� LQSXW�� 2SWLRQDOO\�� D� VHSDUDWH� JDWH� SLQ� PD\� EH� XVHG��
,Q� WKLV� FDVH� WKH� JDWH�RSWLRQ� LV� DOVR� DYDLODEOH� LQ� WKH� H[WHUQDO� PRGXODWLRQ� PRGHV��
7KH� JDWH� RSWLRQ� LV� DFWLYDWHG� E\� WKH� FRPPDQG� /*5� DQG� GHDFWLYDWHG� E\� /*6��
$GGLWLRQDOO\�� WKH�/0';15�FRPPDQG�FDQ�EH�XVHG�WR�QHJDWH�WKH�PRGXODWLRQ�LQSXW�

����0RGXODWLRQ�0RGHV

7KH��PRGXODWLRQ��PRGHV��FDQ��EH��VHOHFWHG��LQ��WKH��ODVHU��PHQX���&KDQJLQJ��PRGXODWLRQ��
PRGHV�WXUQV�RII�WKH�ODVHU���<RX�PD\�VWDUW�WKH�ODVHU�DJDLQ��WKH�PDLQ�PHQX�
3OHDVH�QRWH� WKDW� WKH�SUHSDUDWLRQV²DV�GHVFULEHG� LQ�VHFWLRQ�� ���²KDYH� WR�EH�GRQH��
¿UVW��, �Q�PRGXODWLRQ�PRGHV�WKH�PHDVXUHG�FXUUHQWV�DQG�Y �ROWDJHV�GLVSOD\HG�LQ�WKH�PDLQ
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Ilaser

0
laser bias current – LCB

laser current target – LCT

LMW

LMW: 100 . . . 232 µs
LMP: 200 . . . 232 µs
LMP � LMW+ 100 µs

/03

)LJXUH������FRQWLQXRXV�SXOVH�PRGH

PHQX� VKRZ� WKH�PHDQ� YDOXHV� QRW� WKH� SHDN� YDOXHV�� 7KHVH� PHDVXUHG� YDOXHV� PD\�
GLIIHU� IURP� WKH� DGMXVWHG� RQHV� FDXVHG� E\� WKH� ORZ� VSHHG� RI� WKH� $'� FRQYHUWHU��
'RQ¶W�FDUH�DERXW�WKLV��7KH�UHDO�YDOXHV�DUH�ZLWKLQ�WKH�OLPLWV�DV�GHVFULEHG�DERYH�

������ ,QWHUQDO�'LJLWDO�0RGXODWLRQ�0RGH
7KH�GULYHU�LV�DEOH�WR�PRGXODWH�WKH�ODVHU�FXUUHQW�E\�LQWHUQDOO\�JHQHUDWHG�SXOVHV��7KLV�
LQWHUQDO�PRGXODWLRQ�PRGH�PD\�EH�DFWLYDWHG�E\�FKHFNLQJ� WKH�/0',� LQSXW�¿HOG� LQ� WKH�
ODVHU�PHQX�RU�HQWHULQJ�WKH�/0',5�FRPPDQG�

&RQWLQXRXV�SXOVH�PRGH

8QOHVV�FRQ¿JXUHG�RWKHUZLVH��SXOVHV�DUH�JHQHUDWHG�FRQWLQXRXVO\�DV�\RX�FDQ�VHH�LQ�
¿JXUH������<RX�KDYH�WR�HQWHU�WKH�SXOVH�ZLGWK��GXUDWLRQ��DQG�SXOVH�SHULRG�LQ��V��7DNH�
FDUH�RI�WKH�ULJKW�SURSRUWLRQV�RI�WKHVH�YDOXHV��7KH�SXOVH�ZLGWK�LV�LQ�WKH�UDQJH�RI�
�����V�� �� �� �� �î����� �V� DQG�PD\� EH� FKDQJHG� E\� WKH� /0:� FRPPDQG�� 7KH� SXOVH�
SHULRG� �/03� FRPPDQG�� LV� LQ� WKH� UDQJH� RI� �/0:������� �V��� � � ��î����� �V�� VR� LW� LV�
DOZD\V�DW�OHDVW������V�ODUJHU�WKDQ�WKH�SXOVH�ZLGWK�
1HZHU�GHYLFHV�DUH�QRW�VXEMHFW�WR�WKHVH�OLPLWDWLRQV��+HUH��/0:�DQG�/03�FDQ�EH�

VHW�IUHHO\�LQ�VWHSV�RI����V�
<RX�FDQ�UXQ�DQG�VWRS�WKH�ODVHU�E\�WKH�FRPPDQGV�/5�DQG�/6�

6LQJOH�SXOVH�PRGH��Q�SXOVHV�PRGH

7KLV�PRGH²ZKLFK�LV�LOOXVWUDWHG�LQ�¿JXUH����²LV�XVHIXO�LI�\RX�ZDQW�WR�JHQHUDWH�RQO\�D�
VLQJOH� SXOVH� RU� D� FHUWDLQ� QXPEHU� RI� SXOVHV�� 7R� DFWLYDWH� LW� ¿UVW� VHOHFW� WKH� LQWHUQDO�
GLJLWDO�PRGXODWLRQ�PRGH�DV�VWDWHG�DERYH��7KHQ�HQWHU�WKH�FRPPDQG�/0',&�Q�ZKHUH�Q�
LV�WKH�QXPEHU�RI�SXOVHV�\RX�ZDQW�WR�EH�JHQHUDWHG��$IWHU�HQWHULQJ�WKH�/5�FRPPDQG
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tLMDIC = 2

LMW and LMP as in continuous pulse mode
LMDIC: 0 . . . 64000
LMDIC = 0 continuous pulse mode
LMDIC = 1 single pulse mode
LMDIC = 2 . . . 64000 n-pulses mode

)LJXUH������VLQJOH�SXOVH�PRGH��Q�SXOVHV�PRGH

WKH�QXPEHU�RI�SXOVHV�ZLOO�EH�JHQHUDWHG���$IWHUZDUGV��WKH�GULYHU�HQWHUV�WKH�2))�VWDWH��
DXWRPDWLFDOO\���<RX�GRQ¶W�QHHG�WR�HQWHU�/6�

$VVLJQLQJ���WR�/0',&�VZLWFKHV�WR�WKH�FRQWLQXRXV�SXOVH�PRGH�GHVFULEHG�DERYH�

([WHUQDO��WULJJHU��PRGH

7R�VZLWFK�WR�WKLV�PRGH�DFWLYDWH�WKH�JDWH�R�SWLRQ�LQ�VLQJOH�SXOVH�PRGH�Q�SXOVHV�PRGH���
7KH�JDWH�RSWLRQ���VHH�VHFWLRQ�������K�DV�D�GLIIHUHQW�PHDQLQJ�LQ�WKLV�PRGH��
$FWLYDWLQJ�LW�HQDEOHV�\�RX�WR�WULJJHU�WKH�EHJLQQLQJ�R�I�WKH�JHQHUDWHG�SXOVHV�H[WHUQDOO\��
,I�/�*5�LV�DFWLYDWHG�DQG�/�5�ZDV�HQWHUHG�WKH�GULYHU�JHQHUDWHV�WKH�GH¿QHG�QXPEHU�R�I�SXOV�
HV�DV��VRRQ�DV�D�ORZ�KLJK�WUDQVLWLRQ�DW�WKH�PRGXODWLRQ�LQSXW�RFFXUV�

������([WHUQDO�'LJLWDO�0RGXODWLRQ
7KH�H[WHUQDO�GLJLWDO�PRGXODWLRQ�PRGH�PD\�EH�DFWLYDWHG�E\�HQWHULQJ�WKH�/0';�FRP�
PDQG���,I�WKLV�PRGH� LV�DFWLYH�DQG�WKH� ODVHU� LV�UXQ��/5��WKHQ�WKH� ODVHU� LV�DFWLYDWHG�E\��
D��77/��KLJK�OHYHO��DW��WKH��PRGXODWLRQ��LQSXW��DQG��YLFH��YHUVD��� 7KH��FRPPDQG��
/0';15��QHJDWHV�WKLV�ORJLF�VR�WKDW�WKH�ODVHU�ZLOO�EH�DFWLYDWHG�E\�77/�ORZ�OHYHO���
7KLV�PRGH�LV��VLPLODU�WR�WKH�&:�PRGH�ZLWK�WKH�JDWH�RSWLRQ�DFWLYDWHG���
+RZHYHU��LQ�WKLV�PRGH�\RX��FDQ�VHW�D�ODVHU�ELDV�FXUUHQW��/&%��

������([WHUQDO�$QDORJ�0RGXODWLRQ
7KH�H[WHUQDO�DQDORJ�PRGXODWLRQ�PRGH� LV�VHOHFWHG�E\�HQWHULQJ� WKH�/0$;��FRPPDQG���
,Q�WKLV�PRGH�WKH�ODVHU�FXUUHQW�FDQ�EH�FRQWUROOHG�E\�WKH�YROWDJH�DW�WKH�$02'�LQSXW��
ZKHUH���9�FRUUHVSRQGV� WR�,PD[��� 7KH�FRPSOLDQFH�YROWDJH��/9&��KDV� WR�EH�VHW�EHIRUH��
DQG�WKH�ODVHU�KDV�WR�EH�UXQ�E\�/5�
7KH� LQSXW�KDV�DQ� LQWHUQDO�WHUPLQDWLQJ�UHVLVWRU�RI����N:���,I�\RX�ZDQW�WR�FRQQHFW�H�J���

D����9�VLJQDO��\RX�VKRXOG�XVH�D����N:�UHVLVWRU�LQ�VHULHV�H[WHUQDOO\�
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����3LORW�/DVHU�&RQWURO

7KHVH� ODVHU� GLRGH�GULYHUV� VXSSRUW� DQ� LQWHUQDO� SLORW� ODVHU�� 2QH�SLQ�RQ� WKH� ODVHU�
	�SHOWLHU�FRQQHFWRU� LV� UHVHUYHG� IRU� WKLV� SXUSRVH�� ,Q�21�VWDWH� D� YROWDJH� EHWZHHQ�
���� DQG� ����9� LV�DSSOLHG��7KH� PD[LPXP� RXWSXW� FXUUHQW� LV� ����P$�� ,Q�2))� VWDWH�
WKH� RXWSXW� LV� QHDU� ��9�OHYHO��:LWK�3/5�DQG�3/6�\RX�FDQ� WXUQ� WKH�SLORW� ODVHU�21�
DQG�2))��:LWK� WKH�FRPPDQG�33�Q� \RX� PD\� VHW� WKH� SXOVH� ZLGWK� PRGXODWLRQ�
YDOXH� ZLWK� D� EDVH� IUHTXHQF\� RI� ��� +]�� 7KH�PRGXODWLRQ� SDUDPHWHU� Q� FDQ� WDNH�
YDOXHV� EHWZHHQ� �� DQG� ���� 7KH� PHDQLQJ� RI� WKRVH�YDOXHV�LV�DV�IROORZV�

n = 0 pilot laser OFF
n = 1 duty cycle 6.25 % - ON duration 16 ms
n = 2 duty cycle 12.5 % - ON duration 32 ms
. . . . . .
n = 16 pilot laser ON
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���7(&�&RQWUROOHU�DQG�7HPSHUDWXUH�6HQVRUV

$V��VRPH�PRGHOV�PD\�KDYH��PRUH�� WKDQ��RQH��7(&��FRQWUROOHU��� WKH�� WHPSHUDWXUH��VHQVRU��
RU�7(&�FRQWUROOHU� LV�VHOHFWHG�E\�D�SUHIL[�� LQ�WKLV�FKDSWHU�ZULWWHQ�DV�[��6R��[�KDV�WR�EH�UHSODFHG��
E\�D�GLJLW� �RU� OHWWHU�� WR�VHOHFW� WKH� WHPSHUDWXUH�VHQVRU�RU�7(&��7KH� ILUVW� WHPSHUDWXUH�VHQVRU��
RU��7(&��FRUUHVSRQGV��WR������WKH��VHFRQG��WR������WKH��WKLUG��WR�����DQG��VR��RQ���$V��WKH��ILUVW��
WHPSHUDWXUH��VHQVRU��RU��7(&��LV��XVXDOO\��XVHG��IRU��D��ODVHU��DQG��WKH��VHFRQG��IRU��D��FU\VWDO���
D�GHSUHFDWHG��RSWLRQ�IRU�VHOHFWLQJ�WKHP�LV�WKH�XVH�RI�WKH�OHWWHUV�/�DQG�&��UHVSHFWLYHO\�

����3,'�&RQWUROOHU�3DUDPHWHUV
7KH�WHPSHUDWXUH�FRQWUROOHU� LQ�GHYLFHV�ZLWK�7(&�VXSSRUW�KDV�D�3,'�VWUXFWXUH�ZLWK�WKH��
FRPPRQ�IRUPXODV�

Gc(s) = kp

✓
1 +

1
Tns

+ Tvs

◆

u(t) = kp

✓
e(t) +

1
Tn

Z
e(t)dt + Tv

de(t)
dt

◆

kp – proportional gain – xTCCK

Tn = Ti – integral time – xTCCN

Tv = Td – derivative time – xTCCV

7KH�YDOXHV�RI�WKHVH�WKUHH�YDULDEOH�SDUDPHWHUV�KDYH�WR�EH�IRXQG��$IWHU�=LHJOHU�
1LFKROV�IRU�H[DPSOH�\RX�FDQ�FDOFXODWH

kp = 1.2 ·
T

L

Tn = 2 · L

7Y�  �����ā�/

+HUH�� 7� LV� WKH� EDVH� WLPH� FRQVWDQW� DQG� /� LV� WKH� GHOD\� WLPH�� ERWK� GHULYDWHG� IURP�
D� VWHS� UHVSRQVH�� 1RWH� WKDW� WKH� VR� IRXQG� SDUDPHWHUV� GLIIHU� VOLJKWO\� IURP� WKH�
WKHRUHWLFDO�YDOXHV�� ,Q�SUDFWLFH�W\SLFDO�YDOXH�UDQJHV�IRU�D�7(&�FLUFXLW�DUH�
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GND

5 V

R = 4, 27 kW

J
GND

SINP

SSUP
3-wire option for PT100

DRIVER PLUG CABLE SENSOR

)LJXUH������VFKHPDWLF�IRU�FRQQHFWLQJ�D�WHPSHUDWXUH�VHQVRU

xTCCK: 0.2. . . 5
xTCCN: 5. . . 50
xTCCV: 0.2. . . 2

,I� \RX� GRQ¶W� NQRZ�DQ\WKLQJ� DERXW� WKH�7(&� FLUFXLW�� \RX�PD\� VHW� [7&&.�  � �����
[7&&1�  ���DQG� [7&&9�  � ����� 7KHQ� LQFUHDVH� [7&&.� VORZO\� E\� �� DV� ORQJ� DV� WKH�
FLUFXLW� VWD\V� VWDEOH��:KHQ� LW� EHFRPHV� XQVWDEOH�� KDOI� WKH� [7&&.� YDOXH�� +HUH�
WKH� FRQWUROOHU� LV� RSHUDWLQJ�SULPDULO\�DV� �3�� SURSRUWLRQDO� FRQWUROOHU�� $IWHU� WKLV� WU\�
WR� ILQG� WKH� YDOXH� IRU� [7&&1� LQ� WKH�VDPH� ZD\�� +RZHYHU�� \RX� PD\� LQFUHDVH� LW�
E\� ODUJHU� VWHSV�� $W� WKLV� SRLQW�� WKH� FRQWUROOHU�EHKDYHV� OLNH�D� �3,��FRQWUROOHU���
)LQDOO\�� \RX�PD\� LQFUHDVH� [7&&9�E\�VWHSV�RI�����XQWLO� \RX�ILQG�DQ�RSWLPXP�YDOXH�
IRU�UHVSRQVH�WLPH�DQG�HOLPLQDWH�RYHUVKRRWLQJ�
1RWH� WKDW� \RX� PXVW� VWRS� DQG� UHVWDUW� WKH� WHPSHUDWXUH� FRQWUROOHU� DIWHU�
FKDQJLQJ� WKRVH�YDOXHV�WR�PDNH�VXUH�WKDW�WKH�FRQWUROOHU�LV�LQLWLDOL]HG�ZLWK�WKH�QHZ�
YDOXHV�

���� 7HPSHUDWXUH�6HQVRU

7KH� WHPSHUDWXUH� VHQVRU� LV� FRQQHFWHG� RYHU� WKUHH� SLQV� RI� WKH� ODVHU� 	� SHOWLHU�
LQWHUIDFH��*1'��6,13�DQG�6683��7KH� VFKHPDWLF� LQ� ILJXUH����� VKRZV� WKH� LQWHUQDO�
SDUW� RI� WKH�GULYHU�RQ� WKH� OHIW�KDQG�VLGH�DQG�D� W\SLFDO�17&� WKHUPLVWRU�FRQQHFWHG� WR� LW�
RQ� WKH� ULJKW� KDQG� VLGH�� ,Q� QHZHU� PRGHOV�� WKH� 6683� DQG� 6,13� DUH� FRQQHFWHG�
LQWHUQDOO\�� 2QO\� WKH�SLQV�6,13�DQG�*1'�DUH�DYDLODEOH�H[WHUQDOO\�
7KH� WHPSHUDWXUH� LV� FDOFXODWHG� E\� PHDVXULQJ� WKH� YROWDJH� XVLQJ� D� YROWDJH� GLYLGHU��

$IWHU� D���� ELW� $'� FRQYHUVLRQ� WKH� WHPSHUDWXUH� 7� LV� FDOFXODWHG� IURP� WKH� PHDVXUHG�
YROWDJH�9�� )RU�WKLV�SXUSRVH�WKH�6WHLQKDUW�+DUW�HTXDWLRQ�LV�XVHG�E\�GHIDXOW�

T(RNTC) =
1

c1 + c2 · ln(RNTC) + c3 · (ln(RNTC))3 + c0 (TSM1)
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���� 7HPSHUDWXUH�VHQVRU

7KH�GHIDXOW�FRHI¿FLHQWV�F���F���F��DQG�F��RI�WKLV�SRO\QRPLDO�FRUUHVSRQG�WR�DQ�17&�
ZLWK� ��� N:� DW� ��� ƕ&� ZKLFK� LV� D� ZLGH� VSUHDG� VWDQGDUG�� <RX� PD\� DGMXVW� WKHVH�
FRHI¿FLHQWV�WR�D�GLIIHUHQW�VHQVRU�E\�WKH�FRPPDQGV�[76&�>��� � � � ��@�
$GGLWLRQDOO\��WKH�GULYHU�FDQ�EH�VHW�WR�FDOFXODWH�WKH�WHPSHUDWXUH�XVLQJ�WKH�IROORZLQJ�

WKLUG�RUGHU�SRO\QRPLDO�

T(V) = c3 · V
3 + c2 · V

2 + c1 · V + c0 (TSM0)

7KH�PRGHO� VZLWFKLQJ� LV� GRQH� ZLWK� WKH� [760� FRPPDQG�� +HUH�� [760�� FDXVHV�
WKH�SRO\QRPLDO�PRGHO�WR�EH�XVHG�DQG�[760��VZLWFKHV�WR�WKH�6WHLQKDUW�+DUW�
HTXDWLRQ�
7KH�FRHI¿FLHQWV�IRU�VRPH�FRPPRQ�VHQVRUV�DUH�JLYHQ�LQ�WKH�WDEOH�EHORZ�

7KH�VHWWLQJV� IRU�D�37����RU�37�����VHQVRU�FDQ�EH�FDOFXODWHG� IURP� LWV�
UHVLVWDQFH�XVLQJ�WKH�IROORZLQJ�IRUPXODV�

R0 = 100 W (at 0 �C)

R(T) = R0 · (1 + A · T � B · T
2) (T: temperature in �C)

$V�%� LV�FRPPRQO\�QHJOHFWHG�\RX�FDQ�FDOFXODWH�WKHP�XVLQJ

5�7�  �5��ā������$�ā�7�

DQG�XVLQJ�WKH�GLYLGHU�QHWZRUN�ZLFK�OHDGV�WR�WKH�FRHI¿FLHQWV�VKRZQ�LQ�WKH�IROORZLQJ�

WDEOH�

xTSC0 xTSC1 xTSC2 xTSC3

polynomial model (xTSM0)

NTC 10 k� B3980 135.83 �63.2256 15.3332 �1.80043
NTC 10 k� B3450 156.089 �74.4317 17.5466 �1.99111
PT100 TK3850 �266.475 2330.44 0 0
PT1000 TK3850 �327.084 344.924 0 0
AD590 (1 µA/K) �897.065 �234.043 0 0

Steinhart-Hart equation (xTSM1)

NTC 10 k� B3980 �273.15 1.0832 · 10�3 2.4141 · 10�4 6.505 · 10�8

NTC 10 k� B3450 �273.15 1.1293 · 10�3 2.3411 · 10�4 8.7755 · 10�8

7KH�VHWWLQJV�IRU�WKH�$'��������$�.��VHQVRU�FDQ�EH�FDOFXODWHG�XVLQJ

U(T) = Uref � (4272.72 · 10�6 · T) (T: temperature in �C)
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)RU� WROHUDQFHV� RI� UHDO� VHQVRUV� \RX� PD\� QHHG� WR� FDOLEUDWH� WKH� VHWXS� SRLQW� RI� \RXU�
VHQVRU� E\� DGGLQJ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� UHDO� WHPSHUDWXUH� DQG� WKH� VKRZQ�
WHPSHUDWXUH�WR�WKH�DEVROXWH�SDUW�[76&��
,I�\RX�QHHG�DVVLVWDQFH�LQ�FRQQHFWLQJ�\RXU�VHQVRUV�RU�\RX�ZDQW�WR�DVVHPEOH�DQ\�

RWKHU�VHQVRU�WR�WKH�GULYHU�ZH�ZRXOG�EH�SOHDVHG�WR�DVVLVW�\RX�LQ�¿QGLQJ�WKH�DSSURSULDWH�
FRHI¿FLHQWV�
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���5HPRWH�&RQWURO

$OO�PRGHOV�PD\�EH�FRQWUROOHG�RYHU�D�VHULDO�LQWHUIDFH��7KH�WUDQVIHU�SDUDPHWHUV�RI�WKH�
VHULDO�LQWHUIDFH�DUH�IL[HG�WR������EDXG��1��

����6WDQGDUG�0RGH
,Q�VWDQGDUG�PRGH�\RX�FDQ�VHQG�FRPPDQGV�DQG�SDUDPHWHUV�WR�WKH�GHYLFH� LQ�WH[W�IRUPD�
W�DQG�WKH�GHYLFH�DQVZHUV�LQ�WKH�VDPH�ZD\��7KH�DQVZHU�RI�WKH�GHYLFH�DOZD\V�FRQWDLQV�
FRPPHQWV�DQG�WKH�SDUDPHWHUV�DQG�YDOXHV�DUH�JLYHQ�EDFN��� 7KLV�PRGH� LV�RSWLPDO�IRU��
ZRUNLQJ�RQ�D�3&�XVLQJ�DQ\�WHUPLQDO�SURJUDP�

$IWHU��VHQGLQJ��D��FKDUDFWHU��\RX��ZLOO��UHFHLYH��DQ��HFKR��RI��\RXU��LQSXW���L��H���DOO��VHQW�
� �

have to be finished by
⌥⌃ ⌅⇧CR to process the input;

FKDUDFWHUV�UHWXUQ�LPPHGLDWHO\���$OO�FKDUDFWHUV�DUH⌥�FKDQJHG�WR�XSSHU�FDVH���$OO�LQSXWV⌃ ⌅⇧CR is also returned. If a command
returns a value, the answer is also finished by

⌥⌃ ⌅⇧CR . No linefeed
⌥⌃ ⌅⇧LF is added after the⌥⌃ ⌅⇧CR , but most terminals are able to generate this automatically. You may invalidate

any sequence by sending
⌥⌃ ⌅⇧Esc . Single characters may be deleted from the buffer by

backspace
⇤⇥ �� � . Between commands and their parameters you can insert as many

spaces as you want (no space is also okay). But note that the whole command line
must not be longer than 14 characters.

sent command: LCT222.3
⌥⌃ ⌅⇧CR every character is returned

received answer: Laser Current Target: 222.3 mA
⌥⌃ ⌅⇧CR verbose answer

����5HGXFHG�0RGH
7KH�UHGXFHG�PRGH�ZRUNV�VLPLODUO\�WR�WKH�VWDQGDUG�PRGH��7KH�GLIIHUHQFH�LV�WKDW�\RX��
PHUHO\�UHFHLYH�WKH�YDOXHV�DQG�QXPEHUV�ZLWKRXW�DQ\�FRPPHQW�RU�XQLW�

sent command: LCT222.3
⌥⌃ ⌅⇧CR every character is returned

received answer: 222.3
⌥⌃ ⌅⇧CR short answer

)RU�D�VLQJOH�FRPPDQG�WKLV�PRGH�FDQ�EH�UHDFKHG�E\�VLPSO\�DGGLQJ�WKH�SUH¿[�5� 6R
/&7������ ZRXOG� EHFRPH� 5/&7������� 7R� VZLWFK� WR� WKLV�PRGH� SHUPDQHQWO\� XVH� WKH�
FRPPDQG�*06�������7KH�FRPPDQG�*0&������VZLWFKHV�EDFN�WR�VWDQGDUG�PRGH�
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����%LQDU\�0RGH

,Q�ELQDU\�PRGH��QR�FRPPHQWV�DUH�UHWXUQHG�DQG�YDOXHV�DUH�VHQW�ELQDU\�FRGHG��06%�
ILUVW��ZLWK�D�FKHFNVXP�IROORZLQJ��7KLV�PRGH�LV�RSWLPDO�LI�\RX�ZDQW�WR�FRQWURO�WKH�GHYLFH�
DXWRPDWLFDOO\�E\�D�PDVWHU�FRPSXWHU��7KH�FKHFNVXP�LV�FRPSXWHG�E\�DGGLQJ�HYHU\�
VLQJOH�E\WH�RI�D�ZRUG�RU�IORDW�YDOXH�WR�WKH�IL[HG�YDOXH��[����LJQRULQJ�WKH�RYHUIORZ���)RU�
H[DPSOH��D�IORDW�YDOXH�ZKRVH�IRXU�E\WHV�DUH�DOO��[���� ������WKH�FKHFNVXP�LV��[����,I�
DOO�E\WHV�DUH��[����WKHQ�WKH�FKHFNVXP�ZRXOG�EH��[���

VHQW�FRPPDQG� LCT222.3
⌥⌃ ⌅⇧CR

UHFHLYHG�DQVZHU� MSB . . . LSB, checksum

HYHU\�FKDUDFWHU�LV�UHWXUQHG�
ELQDU\�FRGHG�DQVZHU

7KHUH�DUH�IRXU�GDWD�W\SHV�ZLWK�WKH�IROORZLQJ�UHWXUQ�VWUXFWXUH�

��ÀRDW��� � ��E\WHV���FKHFNVXP

• VWULQJ
• VKRUW�RU�ZRUG� ��E\WHV���FKHFNVXP

• ERROHDQ
�� ��������E\WHV����[��
��E\WH�� �� �[$$�IRU�UXQ�RU�RQ

• �[���IRU�VWRS�RU�RII

7KH�GHYLFH�DOZD\V�VWDUWV�LQ�VWDQGDUG�PRGH��%LQDU\�PRGH�LV�LQLWLDOL]HG�E\�VHWWLQJ�D�ELW�
LQ�WKH�JHQHUDO�PRGH�YDULDEOH�RI�WKH�GHYLFH�DV�IROORZV�

VHQW�FRPPDQG��������GMS8�
⌥⌃ ⌅⇧CR VHW�ELW��[���RI�PRGH�YDULDEOH

7R�UHWXUQ�WR�VWDQGDUG�PRGH�WKLV�ELW�KDV�WR�EH�FOHDUHG�

VHQW�FRPPDQG��������GMC8�
⌥⌃ ⌅⇧CR FOHDU�ELW��[���RI�PRGH�YDULDEOH

����6RIWZDUH

$W��KWWS���ZZZ�RVWHFK�GH��\RX��PD\��GRZQORDG��VRIWZDUH��WR��LQWHUDFW��ZLWK��2V7HFK��
GHYLFHV�

• WKH�WHUPLQDO�SURJUDP�267(50

• /DE9,(:��9,V��LQFOXGLQJ�D�UXQWLPH�YHUVLRQ

6DPSOH�URXWLQHV�LQ�&�DQG�&���DUH�DOVR�DYDLODEOH�RQ�UHTXHVW�
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���(UURU�&RGHV

:KHQ��DQ��HUURU��RFFXUV���WKH��GULYHU��JHQHUDWHV��DQ��HUURU��FRGH��� 7KH��HUURU��FRGH��
FDQ�EHGHWHUPLQHG�E\�WKH�*(�FRPPDQG��)XUWKHUPRUH��WKH�HUURU�LV�VKRZQ�RQ�WKH�
GLVSOD\���$��OLVW�RI�HUURU�FRGHV�DQG�WKHLU�FDXVHV�IROORZV�

error code cause
0 no�error
1 interlock open
2 laser�compliance�voltage�not� BDDFQUBCMF�or�no� laser�connected
3 internal�supply�voltage�not� BDDFQUBCMF
4 laser temperature sensor open
5 crystal temperature sensor open
6 laser temperature exceeds upper limit
7 laser temperature lower than lower limit
8 laser short-circuit or no laser connected
9 device temperature (GT) too high
10 laser temperature exceeds maximum laser temperature (LTM)
11 crystal temperature exceeds upper limit
12 crystal temperature lower than lower limit
16 laser current greater than maximum current limit (LCLM)
17 current error
18 total power limit exceeded
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���&RPPDQG�5HIHUHQFHV

����/DVHU�&RPPDQGV

cmd type min max default unit description
L bool S R S laser stop/run
LTM float �99 200 35 �C laser temperature maximum
LG bool S R S gate option

������/DVHU�&XUUHQW�&RPPDQGV
cmd type min max default unit description
LCL float 0 Imax + 5% Imax + 5% mA current limit
LCT float 0 Imax 0 mA current target
LCA float — no parameter — mA actual current
LCB float 0 Imax 0 mA base or bias current

������/DVHU�9ROWDJH�&RPPDQGV

cmd type min max default unit description
LVA float — no parameter — V actual laser voltage
LVC float 1.3 6 3 V compliance voltage

�������/DVHU��3KRWR�&XUUHQW���/3&���DQG��3RZHU���/3���&RPPDQGV

cmd type min max default unit description
LPCA float — no parameter — µA laser photo current actual
LPCT float 0 20 0 µA laser photo current target
LPCC bool S R S laser photo current control
LPA float — no parameter — W laser power actual
LPT float 0 0 W laser power target
LPF bool — no parameter — laser power fix procedure
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�������/DVHU��0RGXODWLRQ��&RPPDQGV���/0�

cmd type min max default unit description
LMDI bool S R S internal digital modulation
LMDX bool S R S external digital modulation
LMAX bool S R S external analog modulation
LMW float 100 1000000 1000 µs pulse width
LMP float LMW+ 100 600000000 2000 µs pulse period
LMDIC word 0 65534 0 number of pulses
LMDIO word 0 65534 0 number of suppressed pulses
LMDXN bool R S S negate modulation input

�������/DVHU��6HTXHQFHU��&RPPDQGV���/=�
7KH�/=75�FRPPDQG�LV�DYDLODEOH�LQ�HYHU\�ODVHU�GULYHU�

cmd type min max default unit description
LZTR float 300 34000 300 ms ramp time (refers to Imax)

The following commands are optionally available on request:

cmd type min max default unit description
LZR bool — no parameter — ms sequencer run (stop with LS)
LZP word ms sequencer point select
LZPT word ms subsequence time (duration)
LZPC float ms subsequence current (end)

�������3LORW��/DVHU��&RPPDQGV���3�
cmd type min max default unit description
PL bool S R S pilot laser stop/run
PP word 0 16 0 pilot laser modulation

���� 7HPSHUDWXUH�6HQVRU� DQG�7(&�&RPPDQGV� �[7�

,Q��WKHVH��FRPPDQGV��[��KDV��WR��EH��UHSODFHG��E\��D��GLJLW���RU��OHWWHU���WR��VHOHFW��WKH��
WHPSHUDWXUH��VHQVRU��RU��7(&���7KH��ILUVW��WHPSHUDWXUH��VHQVRU��RU��7(&��FRUUHVSRQGV��WR������WKH��
VHFRQG��WR�����WKH��WKLUG�WR���DQG�VR�RQ�
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$V�WKH�¿ UVW�WHPSHUDWXUH�VHQVRU�R U�7(&�LV�XVXDOO\�XVHG�IRU�D�ODVHU�DQG�WKH�VHFRQG�
IRU�D�FU\VWDO��D�GHSUHFDWHG�RSWLRQ�IRU�VHOHFWLQJ�WKHP�LV�WKH�XVH�RI�WKH�OHWWHUV�/�DQG�&��
UHVSHFWLYHO\�

������ 7HPSHUDWXUH�6HQVRU�&RPPDQGV
,Q��QHZ��¿UPZDUH�Y HUVLRQV�W�KH�V�HQVRU�FRPPDQGV�DUH�D�OVR�DYDLODEOH�Z�LWK�S�
UH¿[�Q6�LQVWHDG�R I�[7�ZKHUH�Q�FRUUHVSRQGV�WR�WKH�QXPEHU�R I�WKH�WHPSHUDWXUH�VHQVRU�

cmd type min max default unit description
xTA float — no parameter —

�C actual temperature
xTLU float �99 200 40 �C upper temperature limit
xTLL float �99 200 0 �C lower temperature Limit
xTSCk float NTC

B3980
sensor coe�cients,
k = 0 . . . 3

xTSM word 0 1 0 sensor approximation model
• 0: polynomial model
• 1: Steinhart-Hart equation

9.2.2� TEC�$ommands
cmd type min max default unit description
xTC bool S R S temperature controller

stop/run
xTT float �99 200 20 �C temperature target
xTCA float — no parameter — actual current
xTCL float 0 IPmax

IPmax
mA current limit

xTVA float — no parameter — V actual voltage
xTCCK float 0 255 2 PID parameter: gain factor
xTCCN float 0 255 60 s PID parameter: reset time
xTCCV float 0 99 1 s PID parameter: rate time

9.3� General�$ommands

cmd type min max default unit description
GD bool — no parameter — set defaults
GF float 1.2 24 5 V fan voltage (max. 300 mA)
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cmd type min max default unit description
GFD float 1.2 24 5 V default fan voltage
GX bool S R S external control stop/run
GT float — no parameter —

�C device temperature (head)
GVS word — no parameter — software version
GVN word — no parameter — serial number

�������6WDWXV��&RPPDQGT
cmd type min max default unit description
GS word — no parameter — get status

7KH�VWDWXV�ELWV�KDYH�WKH�IROORZLQJ�PHDQLQJV�

0x0001 interlock OK
0x0004 driver supply OK 0x0400 LT sensor OK
0x0008 driver temperature OK 0x0800 CT sensor OK
0x0010 LTLU not OK
0x0020 LTLL not OK 0x2000 LTM not OK
0x0040 CTLU not OK 0x4000 LC ON
0x0080 CTLL not OK 0x8000 LC error

�������0RGH��$RPPDQGV
cmd type min max default unit description
GM word — no parameter — get mode
GMC word clear mode bit(s)
GMS word set mode bit(s)
GMT word toggle mode bit(s)

7KH�PRGH�ELWV�KDYH�WKH�IROORZLQJ�PHDQLQJV�

0x0001 laser current ON 0x0100 first TEC (laser) ON
0x0002 input echo OFF 0x0200 second TEC (crystal) ON

0x0400 pilot laser ON
0x0008 binary mode 0x0800 laser current control (LCC) OFF
0x0010 laser voltage control OFF 0x1000 use external interface after startup
0x0020 LMDI ON 0x2000 LMDX OFF
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0x0040 LMDX ON 0x4000 gate option
0x0080 LMAX ON 0x8000 reduced mode
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