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HAMAMATSU mini-spectrometers are compact polychro-
mators made up of optical elements such as a grating, an 
image sensor and its driver circuit, all integrated into a 
compact case. By guiding light with an optical fiber into a 
mini-spectrometer, the light spectrum can be measured 
and then output from the USB port to a PC for data acqui-
sition and analysis.
High-performance spectrophotometers are used in a wide 
range of fields, such as chemical analysis. However, those 
spectrophotometers are usually large and expensive. More-
over, the sample has to be brought into a laboratory where 
the spectrometer is installed. 
By merging our unique image sensor technology accumu-
lated over many years with advanced MEMS technology 
such as holographic processing, HAMAMATSU has devel-
oped mini-spectrometers featuring a compact size and 
low cost. 
Mini-spectrometers can be used in diverse applications in-
cluding chemical analysis, color measurement, environ-
mental measurement, and process control on production 
lines. HAMAMATSU also provides OEM models designed 
for installation into portable measuring devices.
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* Micro Opto Electro Mechanical System

MOEMS * technology supports mini-spectrometers

A grating is an optical element that 
disperses light into a spectrum. Grat-
ings for mini-spectrometers (TG/TM 
series) use a transmission type (made 
of quartz) fabricated by a holographic 
process. The holographic process is 
an excellent technique ideal for mass 
production as it allows the grating to 
be fabricated directly onto the sub-
strate, instead of fabricating a replica 
from the master grating. This makes 
it possible to separate light into a pre-
cise spectrum and improves meas-
urement throughput. It also reduces 
stray light levels to obtain high dif-
fraction efficiency with low noise.

MEMS technology

n Excellent technology ideal for mass production
n Low stray light level
n High diffraction efficiency

Features

Features

Entrance slit

Collimating
mirror

Image
sensor

Transmission
grating

Focusing
mirror

The detector that is the heart of the 
mini-spectrometer is a HAMAMAT-
SU image sensor. It holds a well-
earned, long-standing reputation 
among users in analysis and meas-
urement fields. 

Image sensor technology

n Back-thinned CCD image sensors
n CMOS linear image sensors
n InGaAs linear image sensors

SEM (Scanning Electron Microscope) image of grating

Image sensors used in mini-spectrometers 

KACCC0287EA
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Back-thinned CCD image sensors

Mini-spectrometers such as the C9404CA and C10082CA incorporate a 
back-thinned CCD image sensor designed by HAMAMATSU for mini-spectr-
ometers. Back-thinned CCD image sensors have high quantum efficiency in 
the UV region and are highly stable under UV light. They also operate in 
MPP mode to ensure a low dark current with no afterimage. All these fea-
tures make mini-spectrometers with back-thinned CCD image sensors ideal 
for low-light-level photometry such as fluorescence measurement.

Image sensor technology

Features

HAMAMATSU image sensors built into mini-spectrometers
Mini-spectrometer Built-in image sensor

C9404CA, C9404CAH, C9405CA

C10082CA, C10082CAH,
S10420-1106

C10082MD, C10083MD

C9407MA, C9409MA

C9404MC

C9406GC
C9913GC
C9914GB
C9405MC

S8378-256N

C9408MA, C9410MA -

S8378-512Q

G9204-512D
G9204-512S

G9206-02
S8381-512Q

TE-cooled type
Non-cooled type

Long wavelength type, TE-cooled type
InGaAs linear image sensor

NMOS linear image sensor

CMOS linear image sensor

Infrared enhanced type CMOS linear image sensor

CMOS linear image sensor

Back-thinned CCD image sensor
S10420-1006

C10083CA, C10083CAH

S8378-1024Q

Spectral response 

KMPDB0265EA
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Vertical clock phase
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Dark current (MPP mode)
Readout noise
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Dynamic range
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e-/pixel/s
e- rms
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ke-
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Parameter UnitS10420-1006 S10420-1106
14 ´ 14

1024 ´ 64
14.336 ´ 0.896

2048 ´ 64
28.672 ´ 0.896

200 to 1100
4-phase
2-phase

6.5
50
6
80
200

33300
With anti-blooming

Quartz

C9404CA
C9404CAH
C9405CA

C10082CA
C10082CAH
C10083CA

C10083CAH

Mini-spectrometers
with CCD mounted

S10420-1106

(1) Our unique process technology yields a high CCD node 
sensitivity (6.5   V/e-)

(2) High full well capacity and wide dynamic range, with anti-
blooming function

(3) High sensitivity over a wide spectral range and nearly flat 
spectral response characteristics

(4) Pixel size and number of pixels optimized by taking resolution 
and stray light characteristics into account

(Typ. Ta=25 ˚C)
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CMOS linear image sensors

CMOS linear image sensors achieve excellent linearity due to a high-per-
formance charge amplifier formed on-chip. They also offer high sensitivity 
in the UV to near infrared region while ensuring low noise. Compared to 
back-thinned CCD image sensors, CMOS linear image sensors can handle 
a large charge and are more suited for use in applications involving higher 
light intensity. High light level mini-spectrometers are ideal for spectropho-
tometry, such as light source spectrum and absorbance measurements.

Spectral response (typical example)

KMIRB0037EA

KMPDB0213EB

InGaAs linear image sensors

Spectral response

UnitG9204-512D G9204-512S G9206-02Parameter
Pixel size (H × V)

Pixel pitch

Number of pixels

Peak sensitivity wavelength

Saturation charge *2

RMS noise voltage *3

(readout noise)

Cooling

25 × 500

25

512

1550

30

180

50 × 250

50

256

1950

30

180

One-stage
TE-cooled

Non-cooled Two-stage
TE-cooled

m

m

pixels

nm

pC

V rms

-

*2: Vφ=5 V, CE=16 nV/e-, Vp=5 V
*3: Standard deviation, Number of integration: 50

S8378-1024Q

G9204-512D

UnitS8378-512QS8378-256N S8378-1024QParameter
Pixel size (H × V)

Pixel pitch

Number of pixels

Spectral response range

Peak sensitivity wavelength

Dark current

Saturation charge

High gain

Low gain

High gain

Low gain

Feedback capacitance
of charge amplifier *1

Readout
noise

Cooling

25 × 500 m

m

pixels

nm

nm

pA

pC

pF

mV rms

-

512 1024

1.3 2.1

0.3

256

0.9

0.2 0.4

200 to 1000

25

500

0.04

6.3

0.5

2.5

Non-cooled
*1: Vg=0 V (High gain), Vg=5 V (Low gain)

InGaAs linear image sensors contain a CMOS charge amplifier array that accu-
mulates the generated charge to provide a large output signal. InGaAs linear 
image sensors are preferably used for low-light-level detection in the near in-
frared region. The C9913GC and C9914GB mini-spectrometers use a TE-cooled 
InGaAs linear image sensor and feature low noise operation. The InGaAs line-
ar image sensor (G9206-02) used in the C9914GB is a long wavelength type 
that allows measurement of long-wavelength light up to 2.2   m.

(Typ. Ta=25 ˚C)

(Typ. Ta=25 ˚C)
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OEM model

Type No. Type
Spectral response range (nm) Spectral resolution

Max. (nm)

C10082CA

TM
 s

er
ie

s
TG

 s
er

ie
s

TG
 s

er
ie

s
C10082CAH

C10082MD

C10083CA

C10083CAH

C10083MD

C9404CA

C9404CAH

C9404MC

C9405CA

C9405MC

C9406GC

C9913GC

C9914GB

TM-UV/VIS-CCD

TM-VIS/NIR-CCD

TM-VIS/NIR-CCD

TM-VIS/NIR-MOS

TG-UV-CCD

TG-UV-MOS

TM-UV/VIS-CCD

TM-UV/VIS-MOS

High sensitivity

Wide dynamic range

Wide dynamic range 

High resolution

High sensitivity

TG-SWNIR-CCD

TG-SWNIR-MOS

High sensitivity

High sensitivity

Wide dynamic range 

Wide dynamic range 

High resolution

TG-UV-CCD
High resolution

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

200 to 800

320 to 1000

200 to 400

500 to 1100

900 to 1700

1100 to 2200

6

1 *1

6

8
(l=320 to 900 nm)

(l=320 to 900 nm)

(l=550 to 900 nm)

(l=550 to 1100 nm)

1 *1

1 *1

8

3

3

5

5

7

7

8

*1: Typical value

Non-cooled

TG-NIR

TG-cooled NIR- I
Low noise (cooled-type)

TG-cooled NIR-II
Low noise (cooled-type)

Type No. Type
Spectral response range (nm) Spectral resolution

Max. (nm)

RC-VIS-MOS
Spectrometer module

RC-VIS-MOS
Spectrometer head

RC-SWNIR-MOS
Spectrometer head

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

9

9

340 to 780

R
C
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R
C
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s

RC-SWNIR-MOS
Spectrometer module

8

8

340 to 780

640 to 1050

640 to 1050

Built-in
image sensor

Back-thinned
CCD image sensor

CMOS linear
image sensor

CMOS linear
image sensor

CMOS linear
image sensor

NMOS linear
image sensor

Back-thinned
CCD image sensor

Back-thinned
CCD image sensor

Back-thinned
CCD image sensor

InGaAs linear
image sensor

CMOS linear
image sensor

Infrared enhanced type
CMOS linear
image sensor

CMOS linear
image sensor

Infrared enhanced type
CMOS linear
image sensor

Built-in
image sensor

Comparison of mini-spectrometers integrating back-thinned CCD and CMOS

KACCB0133ED KACCB0146EB

Output comparison (relative value) Measurable optical power entering optical fiber *

Feature

Back-thinned CCD CMOS

High sensitivity, 
Ideal for low-light-level spectrophotometer
(fluorescence measurement, etc.)

Suitable for environments with relatively high light intensity
(spectrum measurement of light sources and absorbance
measurement, etc.)

C9404CA, C9405CA
C10082CA, C10083CA C9404MC, C10082MD, C10083MD

High resolution: 1 nm

C9404CAH
C10082CAH, C10083CAH

Type

* A/D count when constant light level enters optical fiber.
(Fiber core diameter: 600   m, assuming no attenuation
in optical fiber)

Wavelength (nm)
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200 300 400 500 600 700 800 900
10-5

10-4

10-3

10-2

10-1

100

101

1000

(Typ. Ta=25 ˚C)

C10083CA
(Slit width 70   m, Optical NA 0.22)
C10082CA
(Slit width 70   m, Optical NA 0.22)
C10083CAH
(Slit width 10   m, Optical NA 0.11)
C10082CAH
(Slit width 10   m, Optical NA 0.11)
C10083MD
C10082MD

10-14 10-12 10-10 10-8 10-6

Light power * (W)

C10082CA (CCD type)

C10082MD (CMOS type)

C9407MA

C9408MA

C9409MA

C9410MA

* Fiber core diameter: 600   m, assuming
no attenuation in optical fiber
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Feature
Page
No.

P. 9

P. 9

P. 11

P. 13

P. 11

P. 13

P. 7

P. 15

P. 7

l High sensitivity
l Ideal for low-light-level measurement

(fluorescence measurement, etc.)
l C10082CAH: High resolution of 1 nm

l High sensitivity
l Ideal for low-light-level measurement

(fluorescence measurement, etc.)
l C10083CAH: High resolution of 1 nm

l High sensitivity
l Ideal for low-light-level measurement

(fluorescence measurement, etc.)
l C9404CAH: High resolution of 1 nm

l For NIR (near infrared) band
l Low-noise cooled type available
l C9914GB: Extended IR sensitivity 

up to 2.2   m

l High sensitivity
l Ideal for low-light-level measurement

(fluorescence measurement, etc.)

l Suitable for environments with relatively
high light intensity (spectrum measurement 
of light sources, absorbance measurement, etc.)

l Suitable for environments with relatively
high light intensity (spectrum measurement 
of light sources, absorbance measurement, etc.)

l Suitable for environments with relatively
high light intensity (spectrum measurement 
of light sources, absorbance measurement, etc.)

l Suitable for environments with relatively
high light intensity (spectrum measurement 
of light sources, absorbance measurement, etc.)

*2: Refer to page 24 for details.
*3: Types marked with a circle (   ) conform to the European EMC directives: EN 61326 Class B.

Types marked with a double circle (   ) conform to the European EMC directives: EN 61326 Class B and Low Voltage directives: EN 61010-1.

Number of
pixels

2048

1024

2048

1024

1024

512

1024

512

512

256

256

- l OEM model P. 17

Feature
Page
No.

A/D
conversion

16-bit

16-bit

16-bit

16-bit

16-bit

16-bit

Interface

USB1.1
(USB bus power)

USB1.1
(USB bus power)

USB1.1
(USB bus power)

USB1.1
(USB bus power)

USB1.1
(USB bus power)

USB1.1
(USB bus power)

Integration
time
(ms)

5 to 10000

5 to 10000

5 to 10000

5 to 10000

10 to 10000

5 to 10000

10 to 10000

10 to 10000

10 to 10000

5 to 10000

External power
supply

-

+5 V

-

-

-

-

+5 V

+5 V

+5 V

+5 V/+12 V

+5 V/+12 V

-

External trigger *2

input compatible
CE *3

marking

-

-

-

l Compact and low price P. 17

Spectral resolution vs. wavelength

KACCB0170EA
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(Typ. Ta=25 ˚C)
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2

1

0

C10083CA (Slit width 70   m, Optical NA 0.22)
C10082CA (Slit width 70   m, Optical NA 0.22)
C9404CA (Slit width 140   m, Optical NA 0.11)
C10083CAH (Slit width 10   m, Optical NA 0.11)
C10082CAH (Slit width 10   m, Optical NA 0.11)
C9404CAH (Slit width 10   m, Optical NA 0.11)

C9409MA, C9410MA spectrometer head for OEM applications

The C9409MA and C9410MA are 
spectrometer head designed for 
OEM applications. It contains an 
optical system and an image sensor 
in compact case (C9409MA: 28 ´ 28 
´ 28 mm, C9410MA: 35 ´ 28 ´ 20 
mm). The collimator and focusing 
functions are integrated into one 
spherical mirror to achieve a com-
pact size. The input/output termi-
nals of the built-in image sensor are 
wired to a flexible printed circuit 
board for easy electrical connection 
to equipment where the C9409MA, 
C9410MA will be installed.

256

Number of
pixels

-

A/D
conversion

-

Integration
time
(ms)

-

Interface

-

External power
supply

CE *3

marking

-

External trigger *2

input compatible

C9410MA
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2-1. For UV to near IR [TM series]

l Built-in back-thinned CCD image sensor:
Sensitivity is about two orders of magnitude higher
than CMOS image sensor types.

l C10082CAH, C10083CAH: High resolution of 1 nm

l High throughput due to transmission grating made of quartz

l Highly accurate optical characteristics

l Wide spectral response range

l Easy to install into equipment

l Wavelength conversion factor *1 is recorded in internal memory

l Supports external trigger input *2 

Application examples

l Low-light-level measurement such as fluorescence 
measurement

l Semiconductor process control

l Evaluation of light source characteristics

KACCB0161EA

These are high sensitivity mini-spectrometers using a back-thinned 
CCD image sensor as the detector. Their sensitivity is about two orders 
of magnitude higher than mini-spectrometers using a CMOS linear im-
age sensor. This makes these mini-spectrometers ideal for low-light-lev-
el photometry such as fluorescence measurement.
The C10082CAH and C10083CAH are high resolution types that deliver 
a spectral resolution of 1 nm.

C10082CA, C10083CA

C10082CAH, C10083CAH

High sensitivity type

High resolution type

400 1000200

Wavelength (nm)

600 800 1200 1400 1600 1800 2000 2200

TG-SWNIR-MOS C9405MC

TG-NIR C9406GC

TG-cooled NIR- I C9913GC

TG-cooled NIR-II C9914GB

TG-UV-CCD C9404CA, C9404CAH

TG-UV-MOS C9404MC

TM-UV/VIS-CCD

C10082CA, C10082CAH

TM-UV/VIS C10082MD

TM-VIS/NIR-CCD

C10083CA, C10083CAH

TM-VIS/NIR-MOS C10083MD

TG-SWNIR-CCD C9405CA

TM-UV/VIS-MOS C10082MD

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module.
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

*2: Coaxial cable for external trigger input is sold separately.

Features

Built-in
CCD image sensor

S10420-1106
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KACCB0168EB

KACCA0188ED

Output comparison
(relative value)

Spectral resolution Dimensional outline (unit: mm, 
tolerance unless otherwise noted: ±0.5)

KACCB0169EA

Wavelength (nm)
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8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

C10083CA (Slit width 70   m, Optical NA 0.22)
C10082CA (Slit width 70   m, Optical NA 0.22)
C10083CAH (Slit width 10   m, Optical NA 0.11)
C10082CAH (Slit width 10   m, Optical NA 0.11)

C10082CA
C10082CAH
C10082MD

C10083CA
C10083CAH
C10083MD

Spectral response range nm

Spectral resolution Max. *3

(Spectral response half width) nm

Wavelength reproducibility *5 nm

Wavelength temperature dependence nm/˚C

Parameter

320 to 1000200 to 800

-33 -30

6 1 *4 8
[320 to 900 nm]

1 *4

[320 to 900 nm]

±0.2

0.04

Spectral stray light *3, *6 dB

Unit
TM-UV/VIS-CCD TM-VIS/NIR-CCD

C10082CA C10082CAH C10083CA C10083CAH

� Optical characteristics

A/D conversion bits

Integration time ms

Interface -

USB bus power current consumption mA

Parameter

16

10 to 10000

USB1.1

100

External power supply *7 V5

UnitC10083CAC10082CA C10083CAHC10082CAH

� Electrical characteristics

*7: AC adapter for external power supply is attached.

Dimensions mm

Image sensor -

Number of pixels pixels

Slit *8   m

Parameter

95 (W) × 92 (D) × 76 (H)

Back-thinned CCD image sensor (S10420-1106)

2048

70 (H) × 800 (V)

Optical NA -

Connector for optical fiber -

Operating temperature *9 ˚C

Storage temperature ˚C

0.22

10 (H) × 1000 (V)

0.11

70 (H) × 800 (V)

0.22

10 (H) × 1000 (V)

0.11

SMA905D

+5 to +40

-20 to +70

Unit

� General ratings / Absolute maximum ratings

C10083CAC10082CA C10083CAHC10082CAH

*3: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”
*4: Typical value 
*5: Measured under constant light input conditions
*6: When monochromatic light of the following wavelengths is input, spectral stray light is defined as the ratio of the count measured at the input wave-

length, to the count measured in a region of the input wavelength ±40 nm.
C10082CA, C10082CAH: 500 nm, C10083CA, C10083CAH: 650 nm

*8: Entrance slit aperture size
*9: No condensation

Wavelength (nm)

R
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 *

200 300 400 500 600 700 800 900
10-5

10-4

10-3

10-2

10-1

100

101

1000

(Typ. Ta=25 ˚C) (Typ. Ta=25 ˚C)

76

95

3117 ± 0.2

(2 ×) M3 tap depth 5
92

17
40

 ±
 0

.2

* A/D count when constant light level enters
optical fiber.
(Fiber core diameter: 600   m, assuming
no attenuation in optical fiber)
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2-2. For UV to near IR

� High throughput due to transmission grating made of quartz

� Highly accurate optical characteristics

� No external power supply required: 
Uses USB bus power

� Wide spectral response range

� Compact design for easy assembly

� Wavelength conversion factor *1 is recorded in internal memory

� Supports external trigger input *2 

� Light source spectrum measurement

� Sunlight or illumination analysis

� Absorbance measurement

KACCB0162EA

C10082MD, C10083MD

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module.
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

*2: Coaxial cable for external trigger input is sold separately.

The C10082MD and C10083MD mini-spectrometers employ a 
CMOS linear image sensor as the detector. These are well suited 
for spectrophotometry at relatively high light levels such as ab-
sorbance measurement and light source spectrum evaluation.

Built-in
CMOS linear image sensor

S8378-1024Q

Features

400 1000200

Wavelength (nm)

600 800 1200 1400 1600 1800 2000 2200

TG-SWNIR-MOS C9405MC

TG-NIR C9406GC

TG-cooled NIR- I C9913GC

TG-cooled NIR-II C9914GB

TG-UV-CCD C9404CA, C9404CAH

TG-UV-MOS C9404MC

TM-UV/VIS-CCD

C10082CA, C10082CAH

TM-UV/VIS C10082MD

TM-VIS/NIR-CCD

C10083CA, C10083CAH

TM-VIS/NIR-MOS C10083MD

TG-SWNIR-CCD C9405CA

TM-UV/VIS-MOS C10082MD

Application examples

[TM series]
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2. Line-up of mini-spectrometers

Spectral response range nm

Spectral resolution Max. *3

(Spectral response half width)
nm

Wavelength reproducibility *4 nm

Wavelength temperature dependence nm/˚C

Parameter

320 to 1000

8

200 to 800

6

±0.2

0.04

Spectral stray light *3, *5 dB-35 -33

Unit
TM-UV/VIS-MOS TM-VIS/NIR-MOS

C10082MD C10083MD

� Optical characteristics

A/D conversion bits

Integration time ms

Interface -

USB bus power current consumption mA

Parameter

16

5 to 10000

USB1.1

100

UnitC10083MD

� Electrical characteristics

Dimensions mm

Image sensor -

Number of pixels pixels

Slit *6   m

Parameter

94 (W) × 90 (D) × 55 (H)

CMOS linear image sensor (S8378-1024Q)

1024

70 (H) × 800 (V)

Optical NA -

Connector for optical fiber -

Operating temperature *7 ˚C

Storage temperature ˚C

0.22

SMA905D

+5 to +40

-20 to +70

UnitC10083MD

C10082MD

C10082MD

� General ratings / Absolute maximum ratings

*3: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”
*4: Measured under constant light input conditions
*5: When monochromatic light of the following wavelengths is input, spectral stray light is defined as the ratio of the count measured at the input wave-

length, to the count measured in a region of the input wavelength ±40 nm.
C10082MD: 500 nm, C10083MD: 650 nm

*6: Entrance slit aperture size
*7: No condensation

Measurable optical power entering optical fiber *

KACCA0171ED

Dimensional outline (unit: mm, 
tolerance unless otherwise noted: ±0.5)

KACCB0146EB

94

30.5

55

90

40
 ±

 0
.2

15
.5

17 ± 0.2

(2 ×) M3 tap depth 5

10-14 10-12 10-10 10-8 10-6

Light power * (W)

C10082CA (CCD type)

C10082MD (CMOS type)

* Fiber core diameter: 600   m, assuming
no attenuation in optical fiber
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2-3. High sensitivity, high resolution type

l Built-in back-thinned CCD image sensor: 
Sensitivity is about two orders of magnitude higher 
than CMOS image sensor types.

l C9404CAH: High resolution of 1 nm

l High throughput due to transmission grating made of quartz

l Highly accurate optical characteristics

l Easy to install into equipment

l Wavelength conversion factor *1 is recorded in internal memory

l Supports external trigger input *2 

KACCB0163EA

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module.
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

*2: Coaxial cable for external trigger input is sold separately.

Built-in CCD image sensor

S10420-1006

These are high sensitivity mini-spectrometers using a back-thinned 
CCD image sensor as the detector. The C9404CA is designed exclu-
sively for photometry in the UV region (spectral response range 200 
to 400 nm), while C9405CA has a spectral response range from 500 
to 1100 nm. The C9404CAH is a high resolution type that delivers 
high spectral resolution down to 1 nm.

C9404CA, C9405CA

C9404CAH

High sensitivity type

High resolution type

l Low-light-level measurement such as fluorescence measurement

l Spectrum evaluation of UV light sources

C9404CA, C9404CAH (TG-UV-CCD)

l Detection of saccharic acids in foods

l Taste analyzers

C9405CA (TG-SWNIR-CCD)

Features

400 1000200

Wavelength (nm)

600 800 1200 1400 1600 1800 2000 2200

TG-SWNIR-MOS C9405MC

TG-NIR C9406GC

TG-cooled NIR- I C9913GC

TG-cooled NIR-II C9914GB

TG-UV-CCD C9404CA, C9404CAH

TG-UV-MOS C9404MC

TM-UV/VIS-CCD

C10082CA, C10082CAH

TM-UV/VIS C10082MD

TM-VIS/NIR-CCD

C10083CA, C10083CAH

TM-VIS/NIR-MOS C10083MD

TG-SWNIR-CCD C9405CA

TM-UV/VIS-MOS C10082MD

Application examples

[TG series]
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2. Line-up of mini-spectrometers

*8: Entrance slit aperture size
*9: No condensation

� Optical characteristics

� General ratings / Absolute maximum ratings

� Electrical characteristics

*7: AC adapter for external power supply is attached.

KACCA0202EB

A/D conversion bits

Integration time ms

Interface -

USB bus power current consumption mA

Parameter

16

10 to 10000

USB1.1

100

5

UnitC9404CA C9404CAH C9405CA

External power supply *7 V

Dimensions mm

Image sensor -

Number of pixels  pixels

Slit *8   m

Parameter

Back-thinned CCD image sensor (S10420-1006)

125.7 (W) × 115.7 (D) × 75 (H)

140 (H) × 500 (V) 10 (H) × 1000 (V) 70 (H) × 800 (V)

Optical NA -

Connector for optical fiber -

Operating temperature *9 ˚C

Storage temperature ˚C

0.220.11

SMA905D

+5 to +40

-20 to +70

UnitC9404CA C9404CAH C9405CA

1024

KACCB0157EB

Dimensional outline (unit: mm, 
tolerance unless otherwise noted: ±0.5)

KACCB0160EA

Output comparison
(comparison of CCD type and CMOS type)

Resolution

200 300 500400 600 700 900800 1000 1100

Wavelength (nm)

10-5

10-4

10-3

10-2

10-1

101

100

R
el

at
iv

e 
se

n
si

ti
vi

ty
 *

C9404MC (CMOS type)
200 to 400 nm

C9405MC (CMOS type)
500 to 1100 nm

C9404CA (CCD type)
200 to 400 nm

C9404CAH (CCD type)
200 to 400 nm

C9405CA (CCD type)
500 to 1100 nm

Spectral response range nm
Spectral resolution Max. *3

(Spectral response half width) nm

Wavelength reproducibility *5 nm

Wavelength temperature dependence nm/˚C

Parameter

500 to 1100

5
[550 to 900 nm]

200 to 400

3 1 *4

±0.1 ±0.2

0.02

Spectral stray light *3, *6 dB-35

Unit
TG-UV-CCD TG-SWNIR-CCD

C9404CA C9404CAH C9405CA

*3: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”
*4: Typical value
*5: Measured under constant light input conditions
*6: When monochromatic light of the following wavelengths is input, spectral stray light is defined as the ratio of the count measured at the input wave-

length, to the count measured in a region of the input wavelength ±20 nm (C9404CA, C9404CAH) or ±40 nm (C9405CA).
C9404CA, C9404CAH: 300 nm, C9405CA: 800 nm

Wavelength (nm)

S
p

ec
tr

al
 r

es
o

lu
ti

o
n

 (
n

m
)

200 300 400 500 600 700 800 900 11001000

5

4

3

2

1

0

C9404CAH 
(Slit width 10   m, Optical NA 0.11)

C9404CA 
(Slit width 140   m, Optical NA 0.11)

C9405CA 
(Slit width 70   m, Optical NA 0.22)

(Typ. Ta=25 ˚C)(Typ. Ta=25 ˚C) 125.7

35

11
5.

7

75
.0

20 ± 0.2

20
45

 ±
 0

.2

(2 ×) M3 tap depth 5

* A/D count when constant light level enters
optical fiber.
(Fiber core diameter: 600   m, assuming
no attenuation in optical fiber)
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Built-in CMOS linear
image sensor

Built-in NMOS linear
image sensor

S8378-512Q S8381-512Q

2-4. Compact type

Features

� Compact size 

� High resolution

� High throughput due to transmission grating made of quartz

� Highly accurate optical characteristics

� No external power supply required: Uses USB bus power

� Compact design for easy assembly

� Wavelength conversion factor *1 is recorded in internal memory

KACCB0164EA

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module. 
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

These are palmtop size mini-spectrometers, yet offer satisfactory 
spectral resolution of 3 nm (C9404MC) or 5 nm (C9405MC).

C9404MC, C9405MC

� UV light source testing

� Tooth decay analysis

C9404MC (TG-UV-MOS)

� Detection of saccharic acids in foods

� Taste analyzers

� LED testing

C9405MC (TG-SWNIR-MOS)

400 1000200

Wavelength (nm)

600 800 1200 1400 1600 1800 2000 2200

TG-SWNIR-MOS C9405MC

TG-NIR C9406GC

TG-cooled NIR- I C9913GC

TG-cooled NIR-II C9914GB

TG-UV-CCD C9404CA, C9404CAH

TG-UV-MOS C9404MC

TM-UV/VIS-CCD

C10082CA, C10082CAH

TM-UV/VIS C10082MD

TM-VIS/NIR-CCD

C10083CA, C10083CAH

TM-VIS/NIR-MOS C10083MD

TG-SWNIR-CCD C9405CA

TM-UV/VIS-MOS C10082MD

Application examples

[TG series]
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2. Line-up of mini-spectrometers

Optical component layout

KACCC0256EA
KACCA0146EA

TG series mini-spectrometers use a transmission holo-
graphic grating made of quartz and precision optical 
components arranged on a rugged optical base, making 
it possible to deliver high throughput and highly accu-
rate optical characteristics.

40 106

86

*6: Entrance slit aperture size
*7: No condensation

� Optical characteristics

A/D conversion bits

Integration time ms

Interface -

USB bus power current consumption mA

Parameter

16

5 to 10000

USB1.1

100

UnitC9404MC

� Electrical characteristics

Dimensions mm

Image sensor -

Number of pixels pixels

Slit *6   m

Parameter

40 (W) × 106 (D) × 86 (H)

CMOS linear image sensor (S8378-512Q) NMOS linear image sensor (S8381-512Q)

512

140 (H) × 500 (V) 70 (H) × 2500 (V)

Optical NA -

Connector for optical fiber -

Operating temperature *7 ˚C

Storage temperature ˚C

0.220.11

SMA905D

+5 to +40

-20 to +70

UnitC9404MC

C9405MC

C9405MC

� General ratings / Absolute maximum ratings

Dimensional outline
(unit: mm,  tolerance unless otherwise noted: ±0.5)

Entrance slit

Focusing lens

Image sensor
Collimating lens

Transmission grating

Spectral response range nm
Spectral resolution Max. *2

(Spectral response half width) nm

Wavelength reproducibility *3 nm

Wavelength temperature dependence nm/˚C

Parameter

500 to 1100

5
[550 to 1100 nm]

200 to 400

3

±0.1 ±0.2

0.02

Spectral stray light *2, *4 dB-35

Broadband stray light *2, *5 dB-27

Unit
TG-UV-MOS TG-SWNIR-MOS

C9404MC C9405MC

*2: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”
*3: Measured under constant light input conditions
*4: When monocharomatic light of the following wavelengths is input, spectral stray light is defined as the ratio of the count measured at the input wave-

length, to the count measured in a region of the input wavelength ±20 nm (C9404MC) or ±40 nm (C9405MC).
C9404MC: 300 nm, C9405MC: 800 nm

*5: The ratio of the transmittance measured with light passing through the following optical filters to the transmittance measured in the blocking region. 
C9404MC: WG320, C9405MC: RG850
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2-5. For near IR

Features

l Built-in near infrared InGaAs linear image sensor 

l High throughput due to transmission grating made of quartz

l Highly accurate optical characteristics

l C9406GC: No external power supply required (Uses USB bus power)
(C9913GC, C9914GB: Each requires 5 V and 12 V power supplies)

l Low noise measurement (C9913GC, C9914GB)

l Compact design for easy assembly

l Wavelength conversion factor *1 is recorded in internal memory

KACCB0165EA

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module. 
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

C9406GC, C9913GC, C9914GB

l Water content measurement

l Optical communication component testing

l Film thickness measurement

C9406GC (TG-NIR)

l Water content measurement

l Component analysis in food, agriculture fields, etc.

l Process control for chemical products

C9913GC (TG-cooled NIR- I), C9914GB (TG-cooled NIR-II)

These mini-spectrometers use an InGaAs linear image sensor de-
signed for near infrared detection. Their spectral response range is 
from 0.9 to 1.7  m or from 1.1 to 2.2  m. TE-cooled and low noise 
types are also provided.

400 1000200

Wavelength (nm)

600 800 1200 1400 1600 1800 2000 2200

TG-SWNIR-MOS C9405MC

TG-NIR C9406GC

TG-cooled NIR- I C9913GC

TG-cooled NIR-II C9914GB

TG-UV-CCD C9404CA, C9404CAH

TG-UV-MOS C9404MC

TM-UV/VIS-CCD

C10082CA, C10082CAH

TM-UV/VIS C10082MD

TM-VIS/NIR-CCD

C10083CA, C10083CAH

TM-VIS/NIR-MOS C10083MD

TG-SWNIR-CCD C9405CA

TM-UV/VIS-MOS C10082MD

Application examples

[TG series]

G9204-512D

Built-in InGaAs linear
image sensor

Built-in TE-cooled type
InGaAs linear image sensor

G9204-512S, G9206-02

C9406GC

C9914GB
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2. Line-up of mini-spectrometers

*2: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”.
*3: Measured under constant light input conditions
*4: When monochromatic light of the following wavelengths is input, spectral stray light is defined as the ratio of the count measured at the input wave-

length, to the count measured in a region of the input wavelength ±40 nm.
C9406GC, C9913GC: 1300 nm, C9914GB: 1650 nm

*5: The ratio of the transmittance measured with light passing through the following optical filters to the transmittance measured in the blocking region. 
C9406GC, C9913GC: LP1400 (SPECTROGON), C9914GB:LP17000 (SPECTROGON)

Spectral response of InGaAs linear image sensors

KACCA0146EB

KACCA0158EBKMIRB0037EA

C9406GC

C9913GC, C9914GB

40 106

86

218 142

80

COOLED NIR-II (l: 2.2)
Spectrometer

COOLED NIR-II (l: 2.2)
Spectrometer

Spectral response range nm

Spectral resolution Max. *2

(Spectral response half width)
nm

Wavelength reproducibility *3 nm

Wavelength temperature dependence nm/˚C

Parameter

1100 to 2200

8

900 to 1700

7

±0.2 ±0.4

900 to 1700

7

±0.2

0.02 0.040.02

Spectral stray light *2, *4 dB-35

Broadband stray light *2, *5 dB-30

Unit
TG-NIR TG-cooled NIR-II

C9406GC C9914GB

TG-cooled NIR-I

C9913GC

� Optical characteristics

A/D conversion bits

Integration time ms

Interface -

USB bus power current consumption mA

Parameter

16

5 to 10000

USB1.1

250

UnitC9913GC

� Electrical characteristics

C9406GC C9914GB

*6: Entrance slit aperture size
*7: No condensation
*8: For controllable cooling temperature
*9: Maximum value in steady state. Note that inrush current flows at start-up. 

AC adapter for external power supply is attached (C9913GC, C9914GB).

Dimensions mm

Image sensor -

Number of pixels pixels

Slit *6   m

Parameter

40 (W) × 106 (D) × 86 (H) 142 (W) × 218 (D) × 80 (H)

InGaAs linear image sensor
(G9204-512D)

TE-cooled type InGaAs linear 
image sensor (G9204-512S)

TE-cooled type InGaAs linear
image sensor (G9206-02)

512 512 256

70 (H) × 500 (V) 70 (H) × 500 (V) 70 (H) × 250 (V)

Optical NA -

Connector for optical fiber -

Operating temperature *7 ˚C

Storage temperature ˚C

0.22

SMA905D

+5 to +35 (+5 to +30 *8)+5 to +40

-20 to +70

Power supply for cooling element (Max.) *9 V/A5/1.8- 5/2.8

Power supply for cooling fan *9 V/A12/0.2-

UnitC9913GCC9406GC C9914GB

� General ratings / Absolute maximum ratings

Dimensional outline (unit: mm, tolerance unless otherwise noted: ±0.5)

Wavelength (  m)

0

0.2

0.8 1.0 1.2 1.6 2.0 2.21.4 1.8 2.4

(Typ.)

0.4

0.6

0.8

1.0

1.2

1.4

P
h

o
to

 s
en

si
ti

vi
ty

 (
A

/W
)

G9204-512S
(TE-cooled)

G9204-512D
(Non-cooled)

G9206-02
Long wavelength type
(TE-cooled)
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Built-in
infrared enhanced type

CMOS linear image sensor

Built-in
CMOS linear image sensor

S8378-256N

Features

*1: A conversion factor for converting the image sensor pixel number into a wavelength is recorded in the module. 
A calculation factor for converting the A/D converted count into the input light intensity is not provided.

C9407MA, C9408MA, C9409MA, C9410MA

l Installation into measurement equipment
l Chemical measurement
l Visible light source testing
l Color measurement

These are mini-spectrometers that integrate a reflective grating 
and a CMOS linear image sensor into a compact case. Two models 
are provided: the C9407MA and C9408MA spectrometer modules 
with a built-in driver circuit and USB output port, and the C9409MA 
and C9410MA OEM model spectrometer heads.

Ultra-compact, low cost type2-6.

KACCC0348EB

Optical layout in mini-spectrometer (RC series)

l Integrated driver circuit and spectrometer head
l Spectrophotometry controlled from PC
l No external power supply required: Uses USB bus power
l A/D conversion: 16 bits
l Wavelength conversion factor *1 is recorded in internal memory

C9407MA, C9408MA (Spectrometer module) C9407MA, C9409MA

l Installation into measurement equipment
l Chemical measurement
l Measurement of saccharic in fruits
l Various industrial measurements

C9408MA, C9410MA

l OEM model
l Optical system and image sensor are assembled into a compact case

C9409MA: 28 ´ 28 ´ 28 mm
C9410MA: 35 ´ 28 ´ 20 mm

l Low cost

C9409MA, C9410MA (Spectrometer head)

OEM model OEM model

Application examples

[RC series]

Grating
Image sensor

Focusing functionCollimating function

Glass body

Fiber

Slit

C9408MA

C9410MA
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2. Line-up of mini-spectrometers

KACCC0261EB

Electrical connection with an external circuit (C9409MA, unit: mm)

When connecting to an external circuit, use the flexible printed circuit board coming out of the spectrometer head.

*2: Depends on the slit opening. Values were measured with the slit listed in the table “� General ratings/Absolute maximum ratings”.
*3: Measured under constant light input conditions
*4: When monochromatic light of λ=550 nm (C9407MA, C9409MA) or λ=850 nm (C9408MA, C9410MA) is input, spectral stray light is defined as the ratio of the

count measured at the input wavelength, to the count measured at a wavelength 40 nm longer or shorter than the input wavelength.
*5: The ratio of the transmittance in the transmitting wavelength region of an optical filter (C9407MA/C9409MA: OG530, C9408MA/C9410MA: RG850) to that in the blocking region.

� Optical characteristics

*6: Entrance slit aperture size
*7: No condensation

nm

nm

nm

nm/˚C

dB

dB

Parameter

340 to 780

9

640 to 1050

8

±0.5

0.05

-30

-25 -23

Unit
RC-VIS-MOS RC-SWNIR-MOS

C9407MA
(Spectrometer module)

C9408MA
(Spectrometer module)

Spectral response range

Spectral resolution Max. *2

(Spectral response half width)

Wavelength reproducibility *3

Wavelength temperature dependence

Spectral stray light *2, *4

Broadband stray light *2, *5

C9409MA
(Spectrometer head)
OEM model C9410MA

(Spectrometer head)
OEM model

� Electrical characteristics

bits

ms

-

Parameter

16

5 to 10000

USB1.1

16

5 to 10000

USB1.1

-

-

-

-

-

-

Unit

A/D conversion

Integration time

Interface

� General ratings/Absolute maximum ratings

mm

-

-

Parameter

75 (W) × 53 (D) × 46 (H)

C9409MA

75 (W) × 53 (D) × 46 (H)

C9410MA

35 (W) × 28 (D) × 20 (H)

-

28 (W) × 28 (D) × 28 (H)

-

CMOS linear image sensor (S8378-256N) Infrared enhanced type CMOS linear image sensor

Unit

Dimensions

Built-in head

Image sensor

pixels256Number of pixels

  m

  m

70 (H) × 2500 (V)70 (H) × 550 (V)Slit *6

-0.22Optical NA

-SMA905Optical fiber connector

600Fiber core diameter

˚C+5 to +40Operating temperature *7

˚C-20 to +70Storage temperature

DescriptionI/OTerminal
name

Pin
No.

NC

NC

NC

EOS

A.GND

A.GND

VIDEO

A.GND

A.GND

+5 V

-

-

-

O

-

-

O

-

-

I

No connection

No connection

No connection

EOS (end of scan) signal

Analog GND

Analog GND

Video output signal

Analog GND

Analog GND

Power supply of image sensor: +5 V

DescriptionI/OTerminal
name

Pin
No.

NC

GAIN

A.GND

A.GND

ST

CLK

SDA

SCL

D. GND

VCC

-

I

-

-

I

I

O

I

-

I

No connection

Gain setting

Analog GND

Analog GND

Sensor scan start signal

Sensor scan sync signal

Thermosensor output signal

Thermosensor driver signal

Thermosensor digital GND

Thermosensor: +3.3 V

C9407MA
(Spectrometer module)

C9408MA
(Spectrometer module)

C9409MA
(Spectrometer head)
OEM model C9410MA

(Spectrometer head)
OEM model

C9407MA
(Spectrometer module)

C9408MA
(Spectrometer module)

C9409MA
(Spectrometer head)
OEM model C9410MA

(Spectrometer head)
OEM model

4 ± 0.5

6 ± 0.5

Thickness: 0.3

Unit: mm

10
.5

 ±
 0

.2

Black tube

Note:
· Pins 4 to 10 and 12 to 16 are connected to the image sensor.

For information on drive specifications, refer to "CMOS linear image sensor 
S8377/S8378 series" datasheet.

· Pins 17 to 20 are connected to the internal thermosensor (DALLAS DC1775R).
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KACCA0208EC

KACCA0147EE

C9407MA

C9408MA

Dimensional outlines (unit: mm, tolerance unless otherwise noted: ±0.5)

KACCA0209EC

KACCA0149EE

C9409MA

C9410MA

46

C9409MA C9409MA

(4 ×) M2.6 depth 3

VIS
Spectrometer

5012.5

75

340 ± 10

30
11

.5

53

46

C9410MA C9410MA

5012.5

75

340 ± 10

30
11

.5

53

(4 ×) M2.6 depth 3

SWNIR
Spectrometer

2. Line-up of mini-spectrometers

28

115 ± 5

110 ± 5

14 28

2821

320 ± 10

Flexible board(2 ×) M2.6 depth 5

28

10 20

3528

320 ± 10

Flexible board(2 ×) M2.6 depth 5
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Wavelength dispersive spectroscopes are broadly grouped 
into monochromator and polychromator types. Monochro-
mators use a grating as the wavelength dispersing element 
for separating incident light into a monochromatic spec-
trum. Polychromators operate on the same principle as 
monochromators but are designed to allow simultaneous 
detection of multiple spectra. Mini-spectrometers fall under 
the polychromator type. In a monochromator, there is usu-
ally an exit slit formed on the focal plane of a focusing lens, 
while in polychromators, an array type detector (image 
sensor) is placed along the focal plane of the focusing lens. 
To make mini-spectrometers compact and portable, the fo-
cal lengths of the collimating lens and focusing lens are 
shorter than monochromators.

The function of each element used in mini-spectrometers is 
explained in the right.

n Entrance slit

This is an aperture through which light to be measured is 
guided inside. The entrance slit restricts the spatial spread 
of the measurement light entering the mini-spectrometer. 
Since the slit image of the incident light is eventually fo-
cused on the image sensor, the slit aperture size is a major 
factor in determining the optical system resolution and 
throughput. An optical fiber is connected to the entrance slit 
of mini-spectrometers.

n Collimating lens, focusing lens

The light passing through the entrance slit usually spreads 
at a certain angle. The collimating lens collimates this 
transmitted light and guides it onto the grating. An aperture 
(aperture mask) is used along with the collimating lens to 
limit the NA (numerical aperture) of the light flux entering 
the mini-spectrometer. On the other hand, the focusing lens 
forms light passing through the grating onto an image 
sensor in order of wavelength.

n Grating

The grating disperses the light guided through the 
collimating lens according to its wavelength and lets the 
light at each wavelength pass at a different diffraction 
angle.

n Image sensor

The image sensor converts the spectrum of light focused by 
the focusing lens into electrical signals, and then outputs 
them. Cooled mini-spectrometers incorporate a TE-cooled 
image sensor for reducing image sensor noise.

[Figure 1] Optical system layout in TG series

KACCC0256EA

Entrance slit

Focusing lens

Image sensor
Collimating lens

Transmission grating

n Structure
C9409MA and C9410MA are offered in 

compact and low-cost units achieved by 

integrating optical components into a 

glass body. The reflective grating moun-

ted on the glass body is a plastic-molded 

replica grating.  C9408MA is integrated 

with C9410MA and a driver circuit.

C9410MA

[Figure 2] Optical system layout (C9409MA, C9410MA)

n Input method
The mini-spectrometer RC series come with an optical fiber termin-

ated with an SMA connector (plug). Light can be easily guided by 

hooking up this connector to the SMA receptacle of an external unit. 

If the optical fiber connected to RC series is shorter than needed, an 

optical fiber of the desired length can be added by connecting a relay 

unit in between.

KACCC0348EB

Grating
Image sensor

Focusing functionCollimating function

Glass body

Fiber

Slit
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4-1 Spectral resolution

n Definition

The spectral resolution of mini-spectrometers is defined as 
FWHM (full width at half maximum). This is the spectral 
width at 50 % of the peak power value as shown in Figure 3. 
Figure 4 shows examples of spectral resolution measured 
with mini-spectrometers.

[Figure 3] Definition of spectral resolution
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[Figure 5] Spectral resolution vs. wavelength

(Measurement examples when slit width and optical NA for C10082CA were changed) 

KACCB0147EA

[Figure 4] Spectral resolution vs. wavelength (measurement examples)
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n Changing the spectral resolution

The spectral resolution of mini-spectrometers varies depend-
ing on the slit width and optical NA. In the C10082CA, for ex-
ample, the slit width is 70   m and the optical NA is 0.22. If 
the optical NA is changed to 0.11 and the slit width is nar-
rowed, the spectral resolution changes as shown in Figure 5. 
This proves that the spectral resolution can be improved 
down to 1 nm by changing operating conditions.

However, narrowing the slit width and reducing the optical 
NA will limit the light incident on the mini-spectrometer. The 
light intensity reaching the image sensor will therefore drop. 
When, for example, comparing the C10082CA with the 
C10082CAH, the slit width of the C10082CA is 70   m while 
that of the C10082CAH is 10   m. This means the amount of 
light entering the C10082CAH is 1/7 of the C10082CA.
On the other hand, due to differences in the internal NA of 
each mini-spectrometer, the amount of light incident on the 
sensor in the C10082CAH is 1/4 that of the C10082CA. How-
ever, because the resolution of the C10082CAH is 1/4 of the 
C10082CA, the A/D count obtained from the C10082CAH will 
be 4 times greater than the C10082CA. Taking these facts into 
account, when the same amount of light enters the optical 
fiber, the A/D count of the C10082CAH will be 1/7 that of the 
C10082CA because of differences in the slit width.
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n Pixel bandwidth

This section describes the pixel bandwidth of the image 
sensor mounted in a mini-spectrometer. Pixel bandwidth is 
different from spectral resolution.  
The approximate spectral detection bandwidth assigned 
per pixel is obtained by dividing the spectral response 
range by the number of pixels.

Example: C10082MD (spectral response range: 200 to 800 
nm, number of pixels: 1024)

The detection wavelength of any given pixel is calculated 
from the following equation using the wavelength conver-
sion factor written in the EEPROM in the mini-spectrometer. 
This allows obtaining the spectral width assigned to a pixel.

HAMAMATSU mini-spectrometers are designed so that the 
spectral detection width assigned per pixel in the image 
sensor is small relative to the spectral resolution. The output 
is divided to multiple pixels when a spectral line is meas-
ured with a mini-spectrometer as shown in Figure 6. The 
center wavelength of the spectral line can be found by ap-
proximating this measurement result with a Gaussian curve. 

Stray light is generated if extraneous light enters the detec-
tor (image sensor). The following factors often generate 
stray light.
× Fluctuating background light

× Imperfections in the grating
× Surface reflection from lens, detector window, detector 

photosensitive surface

n Definition

There are two methods to measure and define stray light. 
One method measures stray light using a long-pass filter 
and the other method uses reference light in a narrow spec-
tral range (light output from a line spectra emitted from a 
spectral line lamp, etc.).
The long-pass filter method measures stray light using white 
light passed through the long-pass filter for constant wave-
length. In this case, the stray light is defined as the ratio of 
transmittance in the “transmitting” region to transmittance in 
the “blocking” region. Stray light (SL) is defined by the follow-
ing equation. (See Figure 7 for the definitions of Tl and Th.)

This definition allows measuring the effects of stray light 
over a broader spectrum range, so this method is more sui-
ted for evaluating actual applications such as fluorescence 
measurement. However, be aware that the intensity profile 
of white light used as reference light will affect the meas-
urement value.
In the other method using reference light in a narrow spec-
tral range, the stray light (SL) is defined as follows:

In this definition of stray light, the measurement conditions 
are simple and so can easily be evaluated at constant val-
ues.
In both methods using a long-pass filter or using a narrow 
spectrum, the stray light conditions will differ depending on 
the wavelength of the light being measured. The stray light 
should therefore be measured on multiple wavelengths. 

[Figure 6] Approximating the center wavelength of spectral line
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[Figure 7] Definitions of Tl and Th

Detection wavelength of any given pixel [nm] 
=  a0 + a1pix + a2pix2 + a3pix3 + a4pix4 + a5pix5 ... (2)

a0 to a5: Wavelength conversion factor
pix: Image sensor pixel number (from 1 to the last pixel)

SL = 10 ´ log (Tl / Th) ............ (3)

............ (4)SL = 10 ´ (log IM / IR)

IM : Unnecessary light intensity that was output at wavelengths deviating from 
the reference light spectrum

IR : Reference light intensity

Spectral detection width per pixel = (800 - 200) / 1024     0.6 [nm] ... (1)
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4. Characteristics

The output charge Q(l) [C] of an image sensor used in mini-
spectrometers is given by the following equation.

[Figure 8] Examples of stray light measurement using spectral lines (C9405MC) The output charge Q(l) of an image sensor is converted 
into a voltage by the charge-to-voltage converter circuit and 
then converted into a digital signal by the A/D converter. 
This is finally derived from the mini-spectrometer as an out-
put value I(l) [counts]. The output value of a mini-spectr-
ometer is expressed by the following equation.

Meanwhile, the sensitivity E(l) [counts / (W × s)] of a mini-
spectrometer is given by the following equation.

Substituting equation (6) into equation (7) becomes: 

4-3 Sensitivity

KACCB0086EA

Q(l) = k(l) × P(l) × Texp ............ (5)

I(l) = e × Q(l) = e × k(l) × P(l) × Texp ............ (6)

E(l) = l(l) / {P(l) × Texp} ............ (7)

E(l) = e × k(l) [counts / (W × s)] ............ (8)

k(l) : Conversion factor for converting light intensity incident on a mini-
spectrometer into image sensor output charge. (Equals the product of 
the optical system efficiency, diffraction efficiency of grating, and prod-
uct of the image sensor sensitivities.)

P(l) : Power of light [W] at each wavelength incident on mini-spectrometer 
Texp: Integration time [s]

e : Conversion factor for converting image sensor output charge into a mini-
spectrometer output value (Equals the product of the charge-to-voltage 
converter circuit and the A/D converter resolution.)

[Table 1] Wavelength dependence of parameters that determine conversion factor

Optical system efficiency

Diffraction efficiency of grating

Image sensor sensitivity

Charge-to-voltage converter circuit constant

A/D converter resolution

Yes

Yes

Yes

No

No

Parameters determining conversion factor Wavelength dependence

[Figure 9] Spectral response (relative data)
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*A/D count when constant light level enters optical fiber.
 (Fiber core diameter: 600   m, assuming no attenuation in optical fiber)
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5. Operation mode

� Free-run operation (normal operation mode)
When light enters an image sensor, an electrical charge is 
generated in each pixel of the image sensor according to 
the incident light intensity. This charge accumulates in each 
pixel during the integration time and is cleared to zero dur-
ing readout. This means that the charge must be read out 
before accumulating a newly generated charge. In mini-
spectrometers, this cycle of "charge integration" → "charge 
readout (A/D conversion)" → "digital data hold" repeats 
continuously. Digital data is constantly updated with data 
obtained in the last integration time. When a data request is 
received from the PC, the mini-spectrometer sends the 
most recent data at that point to the PC. Figure 10 shows a 
typical free-run operation mode.

� Operation mode during external trigger input

Operation mode in the following mini-spectrometers can be 
changed by external trigger input.

Note:
· The following mini-spectrometers do not support the external 

trigger input function: C9404MC, C9405MC, C9406GC, C9913GC, 
C9914GB, C9407MA, C9408MA, C9409MA, C9410MA.

· The external trigger input function works with DLL, but 
does not function on the supplied sample software. If us-
ing an external trigger input, the user software must be 
configured to support that function.

Using A10670 external trigger input coaxial cable (sold sep-
arately), connect the mini-spectrometer to a device that out-
puts digital signals at 0 to 5 V levels.

Operation modes using external trigger input are described 
below.

(1) Data hold by trigger input

This operation mode differs from free-run operation in that 
data to be held is controlled by trigger input. The mini-
spectrometer internally holds digital data accumulated in 
the integration time that begins just after a trigger input 
edge (rising or falling edge selectable) is detected. This data 
being held is then reset when it is read out from the PC. If 
the next trigger is input while the data is still being held, 
then that data is updated to new digital data.
For example, when a mini-spectrometer is used to detect 
light emitted from a DC mode light source with a shutter in-
stalled, then data accumulated in a predetermined integra-
tion time can be held by supplying the mini-spectrometer 
with a shutter open signal as a trigger input. High repeat-
ability measurements can be made by setting a shutter-
open period that is sufficiently longer than the integration 
time.

KACCC0378EA

Charge readout
(A/D conversion)

Charge integration

Clear
Integration

Digital data

Digital data is constantly updated by data
obtained in the last integration time.

(2) Data labeling during trigger input

This operation mode attaches a label to digital data during 
the gate period for external trigger input. When a trigger 
(High level or Low level selectable) is input, a label corre-
sponding to data accumulated during trigger input is at-
tached to the digital data. When each digital data is read 
out from the PC, that label information is obtained at the 
same time.
When acquiring data under different measurement condi-
tions, this mode is suitable for finding which measurement 
condition applies to which measurement data. For example, 
suppose measurements are made under condition A and 
condition B. Condition A uses no trigger input to make 
measurement, so there is no labeling. In contrast, condition 
B uses a trigger input, so a label is attached to the acquired 
data. Labeling the acquired data in this way during trigger 
input makes it possible to distinguish between acquired 
data measurement conditions.

C9404CA, C9404CAH, C9405CA
C10082CA, C10082CAH, C10082MD
C10083CA, C10083CAH, C10083MD

KACCC0377EA

UV/VIS

Spectrometer

Optical connector

Trigger connector

USB connector

Power input
connector

KACCC0379EA

Digital data

Charge
integration

Trigger input
Asynchronous

Data is cleared when
read out from PC.

KACCC0380EB

Charge
integration

Digital data

Trigger input
Asynchronous

Labeling data

Asynchronous

[Figure 10] Free-run operation

[Figure 12] Data hold responding to trigger input

[Figure 13] Data labeling at trigger input[Figure 11] Mini-spectrometer connectors (C10082MD)
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[Table 2] Measurement modes of dedicated software

Mode Description Feature

Graphically displays “pixel number vs. A/D output count” data in real time

Graphically displays “wavelength vs. A/D output count” data in real time

Cannot save measurement data

Performs dark subtraction

Displays reference data

Cannot set the number of measurement scans (No limit on scan count)

Graphically displays “pixel number vs. A/D output count” data in real time

Graphically displays “wavelength vs. A/D output count” data in real time

Saves measurement data

Performs dark subtraction

Displays reference data

Specifies the number of measurement scans

Graphically displays “pixel number vs. A/D output count” data in real time

Graphically displays “wavelength vs. A/D output count” data in real time

Saves measurement data

Graphically displays “pixel number vs. A/D output count” data in real time

Graphically displays “wavelength vs. A/D output count” data in real time

Saves measurement data

Reference mode

Monitor mode

Measure mode

Dark mode

Measurement mode for monitoring 
without saving it

Measurement mode for acquiring and saving 
data

Measurement mode for acquiring dark data 
(used for dark subtraction)

Measurement mode for acquiring reference 
data

HAMAMATSU mini-spectrometers come with a dedicated 
software package (CD-ROM).

n Dedicated software functions

Installing the dedicated software package (sample soft-
ware, device driver, DLL) *1 into your PC allows running the 
following basic tasks.

× Measurement data acquisition and save
× Measurement condition setup 
× Module information acquisition (wavelength conversion fac-

tor *2, mini-spectrometer type, etc.)
× Graphic display
× Arithmetic functions

[Pixel number to wavelength conversion / calculation in 
comparison with reference data (transmittance, reflec-
tance) / dark subtraction / Gaussian approximation (peak 
position and count, FWHM)]

*1: Compatible OS: Microsoft Windows Professional Edition 2000 (SP3 or 
later) / Windows XP Professional (SP1a or later)

*2: A conversion factor for converting the image sensor pixel number 
into a wavelength. A calculation factor for converting the A/D conver-
ted count into the input light intensity is not provided.

Note:
× Two or more mini-spectrometers can be connected to one 

PC. (TM/TG series)
× RC series cannot be operated with the dedicated software 

that comes with TM series or TG series.

The dedicated software operates in four measurement modes: 
“Monitor” mode, “Measure” mode, “Dark” mode and “Reference” 
mode. Table 2 shows features in each mode. Data measured 
in “Measure” mode, “Dark” mode and “Reference” mode can 
be saved in csv format (loaded into Microsoft Excel ®).
The arithmetic functions of the dedicated software are shown 
in Table 3, and the calculation limitations during measure-
ment in Table 4.

[Figure 14] Display examples of dedicated software
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[Figure 15] Software configuration example

[Table 3] Arithmetic functions of dedicated software

[Table 4] Limitations on dedicated parameter

n Interface

HAMAMATSU mini-spectrometers come with a DLL and a de-
vice driver. By using the DLL in a software development en-
vironment such as Microsoft ® Visual C++ ®, Visual Basic ® *4 
and LabVIEW ®, you can create your own application soft-
ware that supports Windows. Because Windows ®-compat-
ible application software cannot directly access a USB host 
controller, the DLL calls the necessary functions to allow 
the software to access the USB host controller via the de-
vice driver and USB driver and to control the mini-spectr-
ometer. (See Figure 15.) The DLL provides functions such 

as USB port open/close, measurement condition setup, 
measurement data and module information acquisition.

*4: Operation has been verified only on Microsoft Visual C++, Visual 
Basic and LabVIEW ®.

Note:
· Microsoft, Visual C++, Visual Basic and Windows are either registered 

trademarks or trademarks of Microsoft Corporation in the United 
States and/or other countries.

· LabVIEW is a registered trademark of National Instruments.
· LabVEW is only supported by TM series and TG series mini-spectrometers.

Sample software

DLL

Device driver

USB driver (USBD.SYS)

USB host controller

Application software

USB connection

Mini-spectrometer

Supplied CD-ROM

Can be configured by users.

Function specifications attached (contained in CD-ROM)

Parameter Limitation

C10082MD, C10083MD, C9404MC, C9405MC, C9406GC, C9913GC, C9914GB, C9407MA, C9408MA

C10082CA, C10082CAH, C10083CA, C10083CAH, C9404CA, C9404CAH, C9405CA

C10082MD, C10083MD,C9404MC, C9405MC, C9406GC, C9913GC, C9914GB, C9407MA, C9408MA

Number of scans depends on the memory size and operating environment of your PC. (Not limited during “Monitor” mode)

Integration 
time

Gain High/Low

10 to 10000 ms *3

5 to 10000 ms *3

Scan count

Function Feature

Measures dark data and subtracts it from measurement data

Measures reference data and displays it graphically

Fits data in a specified range to Gaussian function

Dark subtraction

Reference data measurement and display

Gaussian fitting

*3: In 1   s steps
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Line spectra from visible LED were measured with C10082MD 
(TM-UV/VIS-MOS)

Transmittance of 1 mm thick optical window plate was 
measured with C9404MC (TG-UV-MOS).
× Measurement value

× Calculation result

[Figure 18] LED light measurement 

[Figure 19] Transmittance measurement
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C10083CA (TM-VIS/NIR-CCD) is used to measure 

fluorescence of 1000 ppm quinine solution (Buffer 

solution is dilute sulfuric acid.)

USB
cable

PC

Mini-spectrometer

Quarz cell
(For holding liquid sample)

Fiber

UV-VIS fiber light source
(Deuterium lamp and Halogen lamp)

L10290

[Figure 16] Connection example

[Figure 17] Fluorescence measurement
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KACCB0081EA

KACCB0098EA

KACCB0099EA

KACCB0095EB

KACCB0100EA

[Figure 20] Line spectrum measurement

[Figure 21] Reflectance measurement

Line spectra from low-pressure mercury lamp were meas-
ured with C9404MC (TG-UV-MOS).

[Figure 22] Film thickness measurement

Spectral reflectance of reflecting mirror was measured with 
C9405MC (TG-SWNIR-MOS).
× Measurement value

× Calculation result
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Thickness of 10  m thick food wrapping film (polyvinylidene 
chloride) was measured with C9406GC (TG-NIR) by princi-
ple of film thickness measurement *1.

*1: Principle of film thickness measurement (white light interferometry)
In film thickness measurement utilizing white light interferometry, an 
interference spectrum resulting from reflections between the front 
and back surfaces of a film is obtained.
The film thickness can then be determined by calculation from the 
spectral peak count, wavelength range, refractive index of film and in-
cident light angle.

White LED and 3-color LED measurement with C9407MA 
(RC-VIS-MOS)

[Figure 23] White LED and 3-color LED measurements
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8-1 Optical fibers for light input A9762-01, A9763-01

8-2 Coaxial cable for external trigger input A10670

[Table 5] Optical fibers for mini-spectrometers 

As optional accessories for use with mini-spectrometers, HAMAMATSU provides UV-VIS (UV resistant) and VIS-NIR optical fib-
ers (core diameter 600   m). RC series mini-spectrometers integrate an optical fiber.

Type No. Product name Applicable mini-spectrometer Core diameter
(  m)

Specification

A9762-01

A9763-01

600

600

NA=0.22
Length 1.5 m, both ends terminated 
with SMA905D connector

NA=0.22
Length 1.5 m, both ends terminated 
with SMA905D connector

C10082CA, C10082CAH
C10083CA, C10083CAH
C10082MD, C10083MD
C9404CA, C9404CAH, C9404MC

C9405CA, C9405MC, C9406GC
C9913GC, C9914GB

UV-VIS optical fiber (UV resistant)

VIS-NIR optical fiber

KACCA0220EA

Cable length: 1.5 m
Cable specification: 1.5D-2V

LEMO connector
Made by LEMO: FFA00S250

BNC connector
Made by DDK: BNC-P-1.5V-CR

26.0 31.7

6.
4

14
.5

[Figure 24] Dimensional outline (unit: mm)

L10671 is a UV-VIS (ultra-violet to visible) fiber light source using a compact 
deuterium lamp (S2D2 lamp). It provides stable light output over a wavelength 
range from 200 nm to 1600 nm through an optical fiber light guide (sold separately).
Designed with an emphasis on compactness, portability, and ease of use, L10671 is 
ideal for various types of portable instruments.

l Compact: 72 ´ 40 ´ 90 mm (1/25 the size of our previous products)
l High stability: Fluctuation 0.004 % p-p Typ. (equivalent to 2 ´ 10-5 A.U.)
l High output: Uses a high-efficiency compact deuterium lamp.

8-3 UV-VIS S2D2 fiber light source L10671

Features

Note: Light guide is sold separately.

L10290 emits light from 200 nm to 1600 nm through an optical fiber light guide 
(sold separately). Using a "high-brightness deuterium lamp", L10290 produces 
high radiant intensity, which is twice that of its predecessor light source.

l High output: Twice intensity (compared to conventional type)
l High stability: Fluctuation 0.004 % p-p Typ. (equivalent to 2 ´ 10-5 A.U.)
l Long life lamp: 2000 hours

8-4 High power UV-VIS fiber light source L10290

Features

Note: Light guide is sold separately.

L9455 series are xenon flash lamp modules that integrate a 5 W xenon flash lamp, 
a trigger socket, and a power supply into a compact case. These flash lamp 
modules generate less heat and offer easy use.
Fiber adapter type simply connects to an SMA light guide (sold separately) and 
emits a spectrum of light from 200 nm to 1600 nm through the fiber end. This 
makes it suitable for use in various types of analytical equipment.

l Compact: 98 ´ 35 ´ 44 mm
l Long service life: 1.0 ´ 109 flash (about 28000 hours of lighting at 10 Hz)
l Repetition rate: 530 Hz Max.

8-5 Compact 5 W xenon flash lamp module L9455-11/-12/-13

(SMA fiber adapter type)

Features Note: Light guide is sold separately.
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No patent rights are granted to any of the circuits described herein.
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