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		  rc series mini-spectrometers compact and low cost  c11009ma, c11010ma: for installation into measurement equipment c11007ma c11009ma c11008ma c11010ma www.hamamatsu.com 1 hamamatsu mini-spectrometer rc series is a family of compact polychromators integrated with a re   ection grating and a  cmos linear image sensor. two types are available: mini-spectrometer modules (c11007ma, c11008ma) with a driver circuit,  and mini-spectrometer heads (c11009ma, c11010ma) for installation into measurement equipment, which contain an optical  system and an image sensor in a compact case. mini-spectrometer modules have a usb port that connects to a pc for spectrum data collection. they come with sample soft- ware for setting measurement conditions, acquiring and saving data, and displaying data graphs, as well as with evalution  software and dll. in mini-spectrometer heads, incident light is dispersed into a spectrum which is photoelectrically converted  by the image sensor and output as video signals. installation into measurement equipment chemical measurement visible light source testing color measurement, etc. c11007ma, c11009ma installation into measurement equipment chemical measurement measurement of saccharic in fruits various industrial measurements c11008ma, c11010ma integrating spectrometer head and drive circuit spectral measurement using pc wavelength conversion factor * 1  is recorded in internal memory. a/d conversion: 16-bit no external power supply required: usb bus power c11007ma, c11008ma (module) for installation into measurement equipment  integrating optical system and image sensor into a  compact case c11009ma: 28  28  28 mm c11010ma: 35  28  20 mm low cost  wavelength conversion factor * 1  is listed on test result sheet. c11009ma, c11010ma (head) selection guide type no. product type spectral response range (nm) spectral resolution max. (nm) interface light input  method c11007ma rc-vis-mos 340 to 780 9 usb 1.1   ber c11008ma rc-swnir-mos 640 to 1050 8 c11009ma  rc-vis-mos 340 to 780 9 -   ber c11010ma  rc-swnir-mos 640 to 1050 8 spectorometer heads (for installation into measurement equipment) spectrometer modules features applications * 1: a conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module. calculation fa ctor  for converting the a/d converted count into the input light level is not provided.

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 2 structure  parameter c11007ma (spectrometer module) c11009ma (spectrometer head) c11008ma (spectrometer module) c11010ma (spectrometer head) unit dimensions (w  d  h) 55  100  48 28  28  28 55  100  48 35  28  20 mm weight 180 52 168 45 g built-in head c11009ma - c11010ma - - image sensor cmos linear image sensor (s8378-256n) infrared enhanced type cmos linear image sensor - number of pixels 256 pixels slit * 6  (h  v) 70  550 70  2500 m na* 7 0.22 - fiber core diameter 600 m optical    ber connector sma905 - *6: entr ance slit aperture size of the incorporated image sensor * 7: numeric aperture (solid angle) optical characteristics parameter rc-vis-mos rc-swnir-mos unit c11007ma (spectrometer module) c11009ma (spectrometer head) c11008ma (spectrometer module) c11010ma (spectrometer head) spectral response range 340 to 780 640 to 1050 nm spectral resolution (spectral response half width) * 2 9 max. 8 max. nm wavelength reproducibility * 3 -0.5 to +0.5 nm wavelength temperature dependence -0.05 to +0.05 nm/c spectral stray light * 2 * 4 -30 max. db *2: depends on the slit opening. v alues were measured with the slit listed in the table ?  structure?. *3: measured under constant light input conditions *4:  when monochromatic light of   =550 nm (c11007ma, c11009ma) or   =850 nm (c11008ma, c11010ma) is  input, spectral stray light is de   ned  as the ratio of the count measured at the in put wavelength, to the count measured at a  wavelength 40 nm longer or shorter than  the input  wavelength. electrical characteristics parameter c11007ma (spectrometer module) c11009ma (spectrometer head) c11008ma (spectrometer module) c11010ma (spectrometer head) unit a/d conversion 16 - 16 - bits integration time 5 to 10000 - 5 to 10000 - ms interface usb 1.1 - usb 1.1 - - power consumption - 15 - 25 mw output impedance * 5 -1-1k  *5: an increase in the current consumption at the video output terminal also increases the chip temper ature and so causes the da rk  current to rise. t o avoid this, connect a buffer ampli   er for impedance conversion to the video output terminal so that the current    ow is minimized. as the buffer ampli   er, use a jfet or cmos input operational ampli   er of optical input impedance. structure of c11009ma, c11010ma the c11009ma, c11010ma are offered in small size, low-cost  units achieved by integrating optical components into a glass  body. the re   ective grating mounted on the glass body is a  plastic-molded replica grating.  grating image sensor focusing function collimating function glass body fiber slit kaccc0348eb optical component layout

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 3 linearity (typical example) spectral resolution vs. wavelength (typical example) spectral resolution (nm) wavelength (nm) (ta=25 c) 200 400 600 800 1000 10 6 8 4 2 0 10 100 1000 10000 100000 -10 -6 -8 10000 1000 100 10 -2 -4 0 4 2 6 8 10  (low gain) a/d output integration time (ms) difference between ideal value and typical example (%) typical example of a/d output ideal value of a/d output difference between ideal value and typical example (ta=25 c) 200 400 600 800 1000 10 6 8 4 2 0 spectral resolution (nm) wavelength (nm) 10 100 1000 10000 100000 -10 -6 -8 10000 1000 100 10 -2 -4 0 4 2 6 8 10 a/d output integration time (ms)  (low gain) difference between ideal value and typical example (%) typical example of a/d output ideal value of a/d output difference between ideal value and typical example kaccb0267ea kaccb0258ea kaccb0268ea kaccb0259ea c11007ma, c11009ma c11007ma, c11009ma c11008ma, c11010ma c11008ma, c11010ma a/d output is the output with dark output is subtracted when light is input. the difference between the ideal value and  typical example contains a measurement error. the smaller  the a/d output, the larger the measurement error. absolute maximum ratings parameter c11007ma (spectrometer module) c11009ma (spectrometer head) c11008ma (spectrometer module) c11010ma (spectrometer head) unit operating temperature * 8 +5 to +40 c storage temperature * 8 -20 to +70 c *8: no condensation note:   ex ceeding the absolute maximum r atings even momentarily may cause a drop in product quality. always be sure to use the  product within the absolute maximum ratings.

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 4 dark output vs. ambient temperature (typical example) ambient temperature (c) a/d output (averaged over all pixels) (integration time 10 s, low gain) 0 50 40 30 20 10 20000 10000 0 50000 60000 30000 40000 70000 a/d output (averaged over all pixels) (integration time 10 s, low gain) ambient temperature (c) 0 50 40 30 20 10 20000 10000 0 50000 60000 30000 40000 70000 kaccb0260ea kaccb0261ea c11007ma, c11009ma c11008ma, c11010ma dimensional outlines (unit: mm) c11007ma 48 c11009ma (4 ) m2.6 depth 3 c11009ma 35 45 100 tolerance unless otherwise noted: 0.5 weight: 180 g 35 10 55 vis spectrometer kacca0240eb a/d output is the sum of the sensor and circuit offset outputs and the sensor dark output. 

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 5 c11009ma 110  5 28 14 10.5  0.2 28 28 21 88  3.5 flexible board fiber (2 ) m2.6 depth 5 tolerance unless otherwise noted: 0.5 weight: 52 g 48 c11010ma (4 ) m2.6 depth 3 c11010ma 35 45 100 35 10 55 swnir spectrometer tolerance unless otherwise noted: 0.5 weight: 168 g kacca0242eb c11008ma kacca0241eb

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 6 light to be measured is guided into the entrance port of rc  series through an optical     ber and the spectrum measured with  the built -in image sensor is output through the usb port to a pc  for data acquisition. there are no moving parts inside the unit so stable measurement  are obtained at all times. an optical    ber that guides light input  from external sources allows a    exible measurement setup. for mini-spectrometer head (c11009ma, c11010ma), an sma  connector is attached with  the other end of the optical    ber. light  can be easily guided by hookin g up this connector to the sma  receptacle of an external unit.  if the optical fi ber connected to  mini-spectrometer rc series is  shorter than needed, an optical  fiber of the desired le ngth can be added by connecting a relay  unit. 20 35 110  5 28 10 88  3.5 flexible board fiber (2 ) m2.6 depth 5 28 10.5  0.2 tolerance unless otherwise noted: 0.5 weight: 45 g kacca0243eb c11010ma connection example (transmission light measurement) light input method sma connector c11009ma usb cable pc mini- spectrometer c11007ma quartz cell (for holding liquid sample) fiber visible fiber light source (halogen lamp) pqujdbm!gjcfs!gps!mjhiu!joqvu! a9762-01 (sold separately) kaccc0468ea

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 7 the     exible printed circuit board protruding  from the mini-spectrometer is used mak e  electrical connections to an external circuit.   mating connectors: fh12-20s-0.5sv vertical type (made by hirose electric) fh12-52745-2090 horizontal type (made by molex) electrical connections with an external circuit (c11009ma, c11010ma) optical    bers for light input (a9762-01, a9763-01) type no. product name applicable mini-spectrometer core diamater ( m) speci  cation a9762-01 fiber for uv/visible range  (resistance to uv) c11007ma 600 na=0.22, length 1.5 m,  connectorized sma905d  at both ends a9763-01 fiber for visible/near  infrared range c11008ma pin no. terminal  name i/o discription pin no. terminal  name i/o discription nc - no connection nc - no connection nc - no connection gain i image sensor: gain setting  nc - no connection a.gnd - analog gnd eos o eos (end of scan) signal a.gnd - analog gnd a.gnd - analog gnd st i sensor scan start signal a.gnd - analog gnd clk i sensor scan sync signal video o video signal output sda o thermosensor output signal a.gnd - analog gnd scl i thermosensor driver signal a.gnd - analog gnd d.gnd - thermosensor digital gnd +5 v i power supply of image sensor: +5 v vcc i power supply of thermosensor: +3.3 v note:  pins 4 to 10 and 12 to 16 are connected to the image sensor . f or information on drive speci   cations, refer to ?cmos linear image sensor s8377/s8378 series? datasheet.  pins 17 to 20 are connected to the internal thermosensor (dallas ds1775r). as options for use with mini-spectrometers (c11007ma, c11008ma), hamamatsu provides optical fibers for uv/visible range (uv  resistant) and for visible/near infrared range (core diameter 600   m, sold separately). the mini-spectrometers (c11009ma, c11010ma)  integrate an optical    ber. 4  0.5 6  0.5 thickness: 0.3 unit: mm 10.5  0.2 black cover kaccc0261eb

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 8 installing the evaluation software package (rcevaluation.exe) * 9  into your  pc allows running  the following basic tasks:  measurement data acquisition and save  measurement condition setup  module information acquisition (wavelength conversion  factor, polychromator type, etc)  graphic display  arithmetic operation pixel number to wavelength conversion comparison calculation with reference data (transmittance, re   ectance) dark subtraction gaussian approximation (peak position and count, fwhm) note:   this product cannot operate with the software that comes with the mini-spectrometer tm or tg series.  the external trigger input function does not work with the evaluation software. if using an external trigger input or designing original  application software, the user software must be con   gured to support that function. *9: compatible os:   microsoft ?  windows ?  7 professional sp1 (32-bit) * 10 microsoft ?  windows ?  7 professional sp1 (64-bit) * 10 dll for controlling hardware is also provided. you can develop your own measurement programs by using a following software development environment. microsoft ?  visual studio ?  2008 (sp1) visual c++ ? * 10 microsoft ?  visual studio ?  2008 (sp1) visual basic ? * 10 *10:   microsoft, windows, visual studio, visual c++ and visual basic are  either registerd trademarks or trademarks of microsoft corpo - ration in the united states and other countries. evaluation software (c11007ma, c11008ma) procautions (c11009ma, c11010ma)  avoid excessive or repeated bending and stretching of the    exible board, which may cause an open-circuit fault. do not bend the    exible  board to the point where folds or creases occur.  avoid pulling, twisting or excessive bending of the optical    ber, which may damage the optical components in the mini-spectrometer or  the optical   ber itself. to prevent applying stress to the optical    ber, provide slotted mounting holes in the equipment enclosure where  the head-type mini-spectrometer is to be installed. make sure these slotted holes are aligned along the same direction as the o ptical    ber. when installing the mini-spectrometer,    rst clamp the optical    ber sma connector and then use the slotted holes to secure the  mini-spectrometer at a position where the optical    ber is free from stress.

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 9 o   usb cable o   dedicated software (evaluation software, sample software, dll) accessories (c11007ma, c11008ma only) measurement examples (c11007ma) relative reflectance with 100% being equal to reflectance of  white plate wavelength (nm) a/d count 300 350 400 450 500 550 600 650 700 750 800 0 35000 30000 25000 20000 15000 10000 5000 white led 3-coior led wavelength (nm) relative reflectance (%) 340 0 10 20 30 40 50 60 70 80 90 100 390 440 490 540 590 790 640 690 740 blue green red kaccb0100ea kaccb0102ea white led and 3-color led measurements re   ected light from color paper

 mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 10 mini-spectrometer lineup c9405cb type no. type spectral resolution max. (nm) image sensor spectral resolution max. (nm) image sensor spectral response range (nm) c10082ca c10082cah c10082md c10083ca c10083cah c10083md c9404ca c9404cah c11482ga c9913gc c9914gb tm-uv/vis-ccd tm-vis/nir-ccd tm-vis/nir-ccd tm-vis/nir-mos tg-uv-ccd tm-uv/vis-ccd tm-uv/vis-mos high sensitivity wide dynamic range high resolution high sensitivity tg-cooled nir- i tg2-nir high sensitivity wide dynamic range high resolution tg-uv-ccd high resolution tg-cooled nir- ii mini-spectrometer tm series mini-spectrometer tg series mini-spectrometer tg series mini-spectrometer ft series 6 6 8 (=320 to 900 nm) (=320 to 900 nm) 8 3 7 7 8 20 3.5 8 8 9 1* 1* 1* back-thinned ccd image sensor cmos linear image sensor cmos linear image sensor cmos linear image sensor back-thinned ccd image sensor back-thinned ccd image sensor back-thinned ccd image sensor ingaas linear image sensor high sensitivity cmos linear image sensor type no. type c11009ma c11010ma rc-vis-mos for installation into mobile measuring equipment 9 spectrometer head *  typ. non-cooled type ft-swir-mos- ii compact, thin low noise (cooled type) low noise (cooled type) spectrometer head rc-vis-mos spectrometer module rc-swnir-mos spectrometer module rc-swnir-mos c11007ma c13053ma c11008ma mini-spectrometer rc series mini-spectrometer rc series c11118ga tg-cooled nir- iii low noise (cooled type) 200 to 800 320 to 1000 200 to 400 500 to 1100 500 to 1100 900 to 1700 900 to 2550 1100 to 2200 340 to 780 640 to 1050 340 to 780 640 to 1050 cmos linear image sensor cmos linear image sensor type no. type c10988ma-01 ms-vis-mos for installation into mobile measuring equipment 14 spectrometer head mini-spectrometer ms series micro- spectrometer 340 to 750 c11697mb cmos linear image sensor (=550 to 900 nm) 5 ir-enhanced back-thinned ccd image sensor c11713ca c11714ca 500 to 600 790 to 920 0.3* 0.3* back-thinned ccd image sensor back-thinned ccd image sensor 640 to 1050 c11708ma spectrometer head spectrometer head ms-swnir-mos 20 15 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 spectral response range (nm) 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 spectral response range (nm) 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 spectral resolution max. (nm) image sensor c12666ma tg-swnir-ccd- ii ir-enhanced tm-vis/nir-mos- ii trigger-compatible tg-raman- i high resolution tg-raman- ii high resolution ir-enhanced cmos linear image sensor ir-enhanced cmos linear image sensor 8 high-sensitivity cmos linear image sensor 340 to 780

 cat. no. kacc1157e08  nov. 2014 dn www.hamamatsu.com hamamatsu photonics k.k., solid state division 1126-1 ichino-cho, higashi-ku, hamamatsu city, 435-8558 japan, telephone: (81) 53-434-3311, fax: (81) 53-434-5184 u.s.a.: hamamatsu corporation: 360 foothill road, bridgewater, n.j. 08807, u.s.a., telephone: (1) 908-231-0960, fax: (1) 908-23 1-1218 germany: hamamatsu photonics deutschland gmbh: arzbergerstr. 10, d-82211 herrsching am ammersee, germany, telephone: (49) 8152-375-0, fax: (49) 8152-265-8 france: hamamatsu photonics france s.a.r.l.: 19, rue du saule trapu, parc du moulin de massy, 91882 massy cedex, france, telephone: 33-(1) 69 53 71 00, fax: 33-(1) 69 53 71 10 united kingdom: hamamatsu photonics uk limited: 2 howard court, 10 tewin road, welwyn garden city, hertfordshire  al7 1bw, united kingdom, telephone: (44) 1707-294888, fax: (44) 1707-325777 north europe: hamamatsu photonics norden ab: torshamnsgatan 35 16440 kista, sweden, telephone: (46) 8-509-031-00, fax: (46) 8-5 09-031-01 italy: hamamatsu photonics italia s.r.l.: strada della moia, 1 int. 6, 20020 arese (milano), italy, telephone: (39) 02-93581733 , fax: (39) 02-93581741 china: hamamatsu photonics (china) co., ltd.: b1201, jiaming center, no.27 dongsanhuan beilu, chaoyang district, beijing 100020 , china, telephone: (86) 10-6586-6006, fax: (86) 10-6586-2866 product specifications are subject to change without prior notice due to improvements or other reasons. this document has been  carefully prepared and the  information contained is believed to be accurate. in rare cases, however, there may be inaccuracies such as text errors. before using these products, always  contact us for the delivery specification sheet to check the latest specifications. type numbers of products listed in the delivery specification sheets or supplied as samples may have a suffix "(x)" which means  preliminary specifications or  a suffix "(z)" which means developmental specifications. the product warranty is valid for one year after delivery and is limited to product repair or replacement for defects discovered and reported to us within that  one year period. however, even if within the warranty period we accept absolutely no liability for any loss caused by natural d isasters or improper product  use. copying or reprinting the contents described in this material in whole or in part is prohibited without our prior permission. information described in this material is current as of november, 2014.  mini-spectrometers c11007ma, c11008ma, c11009ma, c11010ma rc series 11 related information www.hamamatsu.com/sp/ssd/doc_en.html  precautions ? notice ? mini-spectrometers/precautions  technical information ?  mini-spectrometers/technical information
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