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LTC1568 filter chip. This integrated circuit features two operational amplifiers with 
bandwidth of 50 MHz each coupled to its own capacitor. The two capacitors, with 
a nominal value of Cf = 105 pF, are conveniently matched to within 0.5 %. In addi-
tion, each op amp can be followed by an inverter contained in the same package. 
A dual voltage integrator with an output of Vout = (RfCf)–1∫TpVin dt, where Tp is the 
pixel duration and Vin is the input voltage, is created by adding a resistor Rf = 4.7 
kΩ before each of the LTC1568 inputs. Each integrator is reset by shortcircuiting its 
capacitor using an Analog Device ADG1236 dual switch, which has a low charge 
injection. Switching between integration and reset is performed by two ADG752 
ultra-fast switches with ton = 8 ns and toff = 3 ns. Input and output signal condition-
ing is performed by a Texas Instrument THS4012 dual op-amp. TTL circuits that 
control the switches receive their inputs from the PFI0/TRIG1, STARTSCAN, and 
SCANCLK signals issued by the PCI-6110 board (Figure 4.7A). PFI0/TRIG1 is used 
to reset the 74HC109 flip-flops at the beginning of an imaging session via a 74HC123 
one shot, while STARTSCAN and SCANCLK create the Integrate/Hold and Reset 
pulses (Figure 4.7B). The control logic can issue the timing signals simultaneously 
to several banks of integrators, each assigned to an imaging channel.

A refinement of integration that is appropriate for low light levels is the hybrid 
photon counting technique.2,22,23 In this method, the input of the integrator consists 
of short TTL pulses triggered by single photon pulses from the PMT outputs, which 
are discriminated by amplitude thresholding to both remove PMT dark noise and 
regularize the amplitude of the photoelectric pulse.

4.2.5 D issemination and Support

As was previously the case with MPScope 1.0, MPScope 2.0 is available free of 
charge to academic users by contacting the authors. MPScope users have also the 
possibility to become members of the MPScope Google discussion group, which 
deals with scripting, recompilation, optoelectronics, and hardware support issues. 
In addition, MPScope 2.0 can be found at the NeuroImaging Tools and Resources 
Clearinghouse (NITRC) Web site (http://www.nitrc.org/) administered by the 
National Institutes of Health. Continuous development of MPScope by the authors 
and the MPScope community will ensure that MPScope remains compatible with 
the latest technological changes, including the possible replacement of galvanomet-
ric mirrors with faster scanning devices, such as acousto-optic modulators, and the 
incorporation of galvanometric mirrors or acousto-optic modulators for additional 
laser beams to be used for ablation or uncaging.
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Appendix

Firmware for Galil DMC-4040 controller to operate three-axis stage through an 
analog joystick

#AUTO ;’�allows the program to execute 
when power is applied

#A ;’�this section initializes the 
stepper motor parameters

MT -2.0,-2.0,-2.0
YA 16,16,16 ;’�16X stepper resolution
YB 400,400,400 ;’�basic pulses per revolution
SP 3000,3000,3000 ;’�speed in rpm
LD 0,0,0 ;’�enable limit switches
CN -1,-1,-1,0,0 ;’�limit switch active low
DP 0,0,0 ;’�set initial stage position to 

zero
VX=0 ;’�zero all variables
VY=0
VZ=0
VXA=0
VYA=0
VZA=0
OB 1,0 ;’�brakes on X axis
OB 2,0 ;’�brakes on Y axis
OB 3,0 ;’�brakes on Z axis
#B ;’�start of main loop
  VMIN = .5 ;’�minimum acceptable value from any 

joystick axis
  V4 = @AN[4] ;’�read the “Rate”, i.e., multiplier 

potentiometer value
  VMLT = V4*V4*5 ;’�value from the pot is adjusted 

for the X and Y axes
  VMZ = V4*V4 ;’�value is adjusted for the Z axis
  VS1 = @AN[5] ;’�read limit switch 1
  VS2 = @AN[6] ;’�read limit switch 2
  JP #C, (VS2>VMIN) ;’�if VS2 high, continue normally, 

otherwise check VS1
  IF (VS1<VMIN)
    OB 1,1 ;’�if VS1 low, then release all 

brakes
    OB 2,1
    OB 3,1
    MO ;’�turn off motors
  ELSE ;’�if VS1 high, apply all brakes and 

enable motors
    OB 1,0
    OB 2,0
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    OB 3,0
    SH ;’�turn on motors (servo here)
  ENDIF
  JP#B ;’�continue checking switches until 

VS1 is high
  #C ;’�if reached, apply all axis brakes
  OB 1,0
  OB 2,0
  OB 3,0
  SH ;’�turn on motors just in case
  #XAXIS
    V1=@AN[1] ;’�read X joystick value
    V1A = @ABS[V1] ;’�calculate absolute value
  JP #XEND, V1A<VMIN ;’�if below VIN then clear value, 

set brake, stop motion
  JP #XAXIS1,(_LFX=0)&(V1<0) ;’�OK to move in X if positive 

switch set and X negative
  JP #XAXIS1,(_LRX=0)&(V1>0) ;’�OK to move in X the negative 

switch set and X positive
  JP #XEND,(_LFX=0)|(_LRX=0) ;’�stop X motion for any other case
  #XAXIS1
    VX=V1*VMLT ;’�if X more than VMIN then multiply 

value by VMLT
    OB 1,1 ;’�release X brake
    JG VX,0,0 ;’�set Jog mode for the X axis with 

the VX value
    BGX ;’�begin X motion
  JP #XAXIS ;’�cycle until joystick is released
  #XEND ;’�end of X axis operation
    VX = 0 ;’�clear X value
    OB 1,0 ;’�apply X brake
  STX ;’�stop X motion
  #YAXIS ;’�begin to process Y and Z axes 

same as X axis
    V2 = @AN[2]
    V2A = @ABS[V2]
  JP #YEND, V2A<VMIN
  JP #YAXIS1,(_LFY=0)&(V2<0)
  JP #YAXIS1,(_LRY=0)&(V2>0)
  JP #YEND,(_LFY=0)|(_LRY=0)
  #YAXIS1
    VY = V2*VMLT
    OB 2,1
    JG 0,VY,0
    BGY
  JP #YAXIS
  #YEND
    VY = 0
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    OB 2,0
    STY
  #ZAXIS
    V3 = @AN[3]
    V3A = @ABS[V3]
  JP #ZEND,V3A<VMIN
  JP #ZAXIS1,(_LFZ=0)&(V3<0)
  JP #ZAXIS1,(_LRZ=0)&(V3>0)
  JP #ZEND,(_LFZ=0)|(_LRZ=0)
  #ZAXIS1
    VZ = V3*VMZ
    OB 3,1
    JG 0,0,VZ
    BGZ
  JP #ZAXIS
  #ZEND
  VZ = 0
  OB 3,0
  STZ
JP #B ;’�loop through X, Y, and Z axes
#LIMSWI ;’�limit switch interrupt processing; 

all 6 switches are checked
IF (_LFX=0) ;’�check if forward X switch is 

asserted
    #TSTFX
    JS #WAITX ;’�wait for joystick X channel to be 

released
ENDIF
IF (_LRX=0) ;’�check if reverse X switch is 

asserted
    #TSTRX
    JS #WAITX
ENDIF
IF (_LFY=0) ;’�check if forward Y switch is 

asserted
    #TSTFY
    JS #WAITY
ENDIF
IF (_LRY=0) ;’�check if reverse Y switch is 

asserted
    #TSTRY
    JS #WAITY
ENDIF
IF (_LFZ=0) ;’�check if forward Z switch is 

asserted
    #TSTFZ
    JS #WAITZ
ENDIF
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IF (_LRZ=0) ;’�check if reverse Z switch is 
asserted

#TSTRZ
    JS #WAITZ
ENDIF
ZS 1 ;’�reset stack pointer, cancel 

interrupt by reducing stack by 
one

JP #B ;’�return to main loop
#WAITX ;’�subroutine to watch X chan. 

joystick; returns when X below 
VMIN

    VX1 = @AN[1]
    VXAB= @ABS[VX1]
JP #WAITX,(VXAB > VMIN)
EN
#WAITY ;’�subroutine to watch Y channel 

joystick
    VY1 = @AN[2]
    VYAB = @ABS[VY1]
JP #WAITY, (VYAB > VMIN)
EN
#WAITZ ;’�subroutine to watch Z channel 

joystick
    VZ1 = @AN[3]
    VZAB = @ABS[VZ1]
JP #WAITZ,(VZAB > VMIN)
EN
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