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B U IL D IN G  A H IG H  RESO LU TIO N  S P E C TR O M E TR Y  SYSTEM  
W IT H  LO CK -IN  D E TE C T IO N  TE CH N IQ U E

N g uven  T h e  B in h , P h a m V a n  Ben, N guyen  A n h  Tu a n , N g u y en  T ro n g  T h a n h

Department o f Physics, College o f Science, VNU

A b s tra c t, h igh-reso lu tion spectrom etry system has been bu ilt a t the department 
o f Q uantum  Optics, faculty o f Physics, HUS based on a Double Grating 
M onochrom ator G D M 1000 and a DSP Lock-in Am plifie r SR830. Several works 
concern ing w ith  coupling, processing data and spectrum  calib ra tion w ere studied 
and resolved. W ith high resolution o f the spectrograph GDM -  1000 and high 
sensitiv ity o f the Lock-in am plifie r SR830, this instrum ent is very helpful for 
analysis o f m olecular spectra and research in m ateria l science field.

1. In t ro d u c t io n

Studies o f Fluorescence and Raman scattering Spectroscopy always require a 

spectrometer o f high sensitivity and high resolution. When im proving an old spectrograph 

G D M  -1000 o f CarlZeiss/Jena we studied to design and construct a spectrometry system 

coupled w ith  computer using Lock-in detection technique. The major advantage offered by 

lock-in am plifier is the ab ility  to reduce noise and recover weak signal. U sing  a computer 

for control, synchronizing and processing increases automatic capability.

2. E x p e r im e n ta l re su lts

We used a double grating monochromator GDM-1000 o f CarlZeiss/Jena w ith the fist 

order spectra region o f 7500cm'1 -  16675cm'1 (6000Ả - 13300Á) and the second order spectra 

region of 16675 c m 1 -  28700 c m 1 (3600 Ả  -  6000 Â) .

After removing the auto recorder, a stepper motor was used to control gratings 

(Fig.l). Ou r measurements showed that one step o f motor corresponding to 0.0832 cm '1 of 

wave number. The  c ircu it controlling stepper motor through paralle l port o f computer is 

shown in  Fig. 1. A  sequence o f d ig ital sigrial is  sent to L P T  port: 0001; 0011; 0010; 0110; 

0100; 1100; 1000; 1001 corresponding to position steps l-»2-»3->4->5-»6-»7-»8. Details of 

"Controlling stepper through Para lle l Port" can be seen in  reference [1].

We used a SR830 D SP Lock-in Am plifier o f Stanford Research Systems to detect 

spectrum signal from PM T . The SR830 Lock-in A m plifie r may be remotely programmed via 

either the RS232 or G P IB  (IEEE-488) interfaces. Any computer supporting one o f these 

interfaces may be used to program the SR830. Both interfaces are received at a ll times. 

However, the SR830 w ill send responses to only one interface. We could specify the output 

interface w ith  the [Setup] key or use the O U T X  command at the beginning o f every 

program to direct the responses to the correct interface.
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F ig .l. Schematic diagram of stepper controller

In th is research, a G P IB  card is used to communicate between com puter and SR830. 

Before attempting to communicate w ith the SR830 over the G P IB  interface, the SR830's 

device address must be set. The address is set w ith the [Setup] key and may be set between 

1 and 30. Communications w ith  the SR830 use ASC II characters. Commands may be in 

either U P P E R  or lower case and may contain any number o f embed space characters. A  

command to the SR830 consists o f a four characters command mnemonic, arguments if  

necessary, and a command term inator. There isn't need to w a it between commands. The 

SR830 has a 256 character input buffer and processes commands in  the order received. 

S im ilarly, the SR830 has a 256-character output buffer to store outputs u n t il the host 

computer is ready to receive. Detailed command list can be seen in  reference [2]. A  

computer program has been made coding in  V isua l Basic to control and to process. A  sub for 

data acquisition and auto sensitive in  this program is presented bellow.

Private Sub DalaAO ‘data acquisition A auto sensitive
Dim Malus As Integer
Dim I As Integer
Dim r As String
Dim s An Long
Call send (8. "OUTP73". status) • lest 
Call entcr(r. 255.1,8. status) ■ maxlen=255 
If Val(r) = 0 Then 

Cali send (8. "SENS?", status)
Call cnler(r. 255, ], 8. stains)
If Val(r) >= 14 Then 

s = Val(r)- 14
Call send (8. "SENS" & Sir(s). siaius) ■ set new sensiii\'e=oldSens-l4 
Call send (8, "OUTP73 status) ■ read R(Voh)
Call enter(r. 255.1.8. -status) * enter r 

End If 
End If
For s = I To 27 ‘ Auto Sensitive

If (Val(r) >= aScns(s - I )) And (Vul(r) < aScns(s)) Then

End If 
End If
For s = I To 27 • Auto Sensitive

If (Val(r) >= aScns(s - 1 )) And 
(V;il(r) < aSenx(s)) Then

Call send (8 "SENS" & Slrts - 
I ). status)

End If 
Next s
Call scnd(8. "OUTP73". status)
Call enter(r. 255.1. 8, sliiui.s)
RcDim Preserve aR(nmcs + I )
nmcs = UBound(aR)
aR(nmcs) = Val(r)
ixt Watch.Texi = n2wn(nmcs) & " 1
" & r ' —>indicalor
End Sub
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In our laboratory, an Argon Ion Laser (CW, wavelength o f 488nm and 514.5nm, 

power o f 2W), a N itrogen Lasei- (repetition rate o f 10Hz, pulse w idth o f 9ns) and mercury 

lamps were used as excitation sources for fluorescence or Raman scattering studies. An 

optical system o f optim al conditions for sample illum ination  was also studied. To examine 

the function of the achieved spectrometry system we recorded photoluminescence spectrum 

o f natural ruby excited by an Ư V  L E D  (Fig.2a). Th is  spectrum shows two peaks, which 

agree well to documentations about the natural ruby. Fig,2b shows the radiation spectrum 

o f the u v  led.

(a) (b)

Fig.2. a- Photoluniinescence spectrum of natural ruby sample, 
b - Radiation spectrum of the u v  led.

3. C on c lu s io n s

The spectrometry system coupled w ith computer using Lock-in detection technique 

was bu ilt at our laboratory. Several works concerning w ith  coupling, processing data and 

spectrum calibration were studied and resolved .The achieved spectrometry system with 

high sensitivity and resolution is very helpful instrument for us to study laser spectroscopy 

such as laser Raman scattering, laser induced fluorescence to research molecular structure 

and optical properties o f semiconductor materials.
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