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Packing 

The LAPPD is wrapped in foil and placed in a Pelican case with antistatic foam (Figure 1). The foil helps manage 
static charging, which could be harmful to charge-sensitive electronics that will be attached to it. It also keeps 
unnecessary stray light from exciting the photocathode, and charging the entry MCP. 

 

 

Figure 1. Left: The LAPPD is wrapped in foil to manage static charging, and to keep stray light from the 
photocathode. Right: the LAPPD is enclosed in an Ultem housing with high voltage connectors, and mounted 
on a backplane for signal access. 

Connectivity 

An Ultem housing and a backplane are provided with each LAPPD (Figure 1). The backplane connects the strips 
to SMA connectors with near-50 ohm impedance. The ultem housing provides the high voltage connections. 
They consist of SHV panel mount connectors on the outside, and Mill-Max spring-loaded ball tip pins on the 
inside. The pins touch the high voltage pads on the LAPPD envelope. The 5 high voltage connectors are labeled 
according to their function. The shields on the SHV connectors simply terminate the high voltage cable shield, 
and minimize unwanted signal pickup in the detector. They do not close any high voltage current paths. 

High voltage connection diagram 

The high voltages may be connected as shown in Figure 2 for maximum control of the LAPPD. This approach 
separates the current paths of the entry and exit MCPs, so anomalies in either may be detected. Additionally, 
the photocathode voltage may be controlled independently of the MCPs. Without changing the gain, the 
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photocathode voltage may be increased, which will increase the gain somewhat as the photoelectrons acquire 
more energy before impacting the microchannel. Alternatively, it may be decreased so it is more positive than 
the entry side of the entry MCP. In this case, the photoelectrons will remain at the photocathode, and the 
MCP dark pulses may be observed. This state may also be used if an accidental exposure of the LAPPD to light 
is anticipated. 

 

 
Figure 2  Top: The wiring diagram for high voltage and signals is shown for the LAPPD gain and timing testing 
at Incom.  Middle: A schematic shows the separation of the two MCP current paths, and the techniques used 

to separately measure the output current to the anode and the strip current through the exit MCP. 
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Figure 3- Bottom: The wiring diagram for the QE measurement is shown. The exit MCP and the anode are not 
involved in this measurement. Instead, the entry MCP serves as the anode for the photocurrent. 
 

LAPPD #22 General Features and Parameters:   

Feature  Parameter 

Photodetector Material Borosilicate Glass 

Window Material Fused Silica Glass 

Photocathode Material Multi-Alkali (K2NaSb) 

Spectral Response (nm) 160-850 

Wavelength – Maximum Sensitivity (nm)  <= 365 nm 

Photodetector Active Area Dimensions 195mm X 195mm 

 Minimum Effective AreaA  34,989 mm^2    

 Active fraction with Edge Frame X-SpacersB 92%    

Anode Data Strip Configuration 
28 silver strips, Width = 5.2 mm, gap 1.7 mm, nominal 
50  Ω Impedance 

Voltage Distribution 
5 taps for independent control of voltage to the 
photocathode and entry and exit of MCP 
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LAPPD # 22 Operational Ratings  

Parameter Rating 

Supply voltage Photocathode — Anodes (Volts) 

Typical:  

 100V between MCP and photocathode 

 1050 V/MCP 

 200 V between MCPs 

 200 V between MCP and anode 

 Photocathode voltage is -2600 V 
  Maximum: Photocathode voltage at -2900 V 

Operating ambient temperature °C TBD (nominal room temperature) 

Storage temperature °C TBD (nominal room temperature, Avoid indium seal melt) 

LAPPD Package / Housing  Characteristics  

Parameter Rating 

Photodetector Physical Dimensions (L X W X Thkns, mm) 230 x 220 x 22  

Photodetector Mounting Case  ULTEM or equivalent dielectric polymer 

Photodetector Mounting Case Dimensions 243 mm X 274 mm X 25.2 mm  

Connectivity 
Passive PC Interface Board ,                                    
(300 mm X 264 mm X 1.6mm) 

Overall Footprint, with Mounting Case & PC Interface 
Board  

300 mm X 274 mm X 26.8 mm 

Shipping Container Pelican Case + Cardboard Box + G-force indicators 

LAPPD #22 Microchannel Plate (MCP) Features & Performance 

MCPs Two  Arranged in a Chevron Pair 

Dimensions  203 mm x 203 mm X 1.2 mm 

MCP Substrate  Incom C5 Glass 

Capillary Pore Diameter (μm) 

Center to Center Pitch (μm) 

20 

25  

Channel Length / diameter 

Substrate Thickness (mm) 

60:1 

1.2  

Bias Angle  13 

Capillary Open Area Ratio ≥64% 

Resistive and Emissive Coatings Chem 1, Applied via Atomic Layer Deposition (ALD) 

Secondary Emission (SEE) Layer Material MgO 
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Electrode Penetration – Input & Output  (Pore Diameter)  1 

MCP ID (Entry / Exit) C00101-050  /  C00101-047 

MCP Chevron Pair Gain (@ Measurement & Test) 
4 E6 @1,050 Volts/MCP with variation σ = 16% 
around the mean 

MCP resistance (Entry/Exit)  

Onlinemetadata_20171018_spellman with plots.xlsx 
3.2 / 3.5 Mohms at 950 V    

Dark Counts 2.1 Cts/S cm^2 at a threshold of 2.5E5 gainC  

Max Voltage 
1050 v/MCP recommended -2900 volts at the 
photocathode maximum. 

LAPPD #22 Operating Performance 

Parameter Performance 

Photocathode Quantum efficiency  

(QE @ 365 nm) = 

(QE @ 420 nm) =  

 

Mean QE (@365 nm) =10.62%, QEmax=14.74% 

Mean QE (@420 nm) = 11.5% 

Photocathode QE Spatial Variability (σ) 9.4% of the mean 

Tile Dark Count rate  2.1 Cts/S cm^2 at a threshold of 2.5E5 gainD  

LAPPD Gain                                    @ 1000 Volts   =  

@ Max Voltage  =  

7 X106 @ 1050 V, with variation = σ ≤ 50% mean 

7 X106 @ 1050 V  

Dark / Background Rate @ gains ≥ 0.1 PE 0.019 Hz at 0 volts on the photocathode 
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Functional Tests – Overview  

Functional tests were performed on LAPPD 22 in a dark box that was fitted with a UV light source and signal 
acquisition hardware. Some tests were performed at the first LAPPD Workshop in November 2017 at Incom. A 
summary of the results is shown below. The measurements include: 

1. Gain    

 Gain vs. MCP voltage 

 Gain vs. repetition rate 

2. Position 

 Position along a strip, inferred from relative pulse arrival times at each end 

3. Photocathode QE spectrum and tile map 

4. MCP gain and intensity map prior to assembly 

5. MCP resistance vs. voltage 

Gain    

Gain vs. MCP voltage 

Gain was measured as a function of MCP voltage, using a charge sensitive amplifier and an ADC. Although gain 
has since been measured using the DRS4 waveform samplers, those results are not included here. MCP pulses 
were produced by directing a 405 nm Edinburgh Instruments 60 pS UV pulsed laser to a selected point on the 
LAPPD window. The laser was triggered externally at 145 Hz. The trigger pulse was also used to provide a 12 
uS window for the ADC, so the pulse height analyzer could detect the LAPPD response from the laser, if there 
was one, with minimal inclusion of dark pulses.  

A neutral density filter (NE540B from Thorlabs) was used on the laser to reduce the intensity to the single 
photon level. The LAPPD responded to 4 out of every 10 laser pulses.  

The gain results are shown in Figure 4. The LAPPD gain for essentially single photoelectrons is as high a 7E6 
at 1050 volts/MCP. The pulse height distributions are also shown in Figure 1. They have a noticeable bump on 
the high gain side. This bump is consistent with a small contribution from two photoelectron pulses. A fit of 
two Gaussians is shown in Figure 5, and the relative contribution of the two photoelectron peak is ~10%. 
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Figure 4: Gain is shown vs. MCP voltage, as measured with a charge sensitive amplifier. 

 

 
Figure 5: Pulse height distribution with two Gaussians fitted, for single and double photoelectron pulses. 
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Gain vs. repetition rate 

When a microchannel produces a charge pulse, it needs time to recharge. Otherwise, subsequent pulses will 
be smaller than the first. The microchannel plates are suitable for high rate conditions because the channels 
are nearly independent of each other, and unless the same one is struck twice, they will have time to recover.  

The reduction of gain as a function of rate was tested by applying the 405 nm laser to a spot on the LAPPD 
window, of about 1 mm in diameter. The repetition rate was changed, and the corresponding gain was 
measured. Figure 6 shows the result, in which the gain declines by a factor of approximately two as the rate is 
increased from 145 Hz/mm^2 to 13,800 Hz/mm^2. Both LAPPD 22 and 25 are shown in Figure 2. They have 
MCPs with relatively low resistance, about 3-6 Mohms, so the MCPs can recharge as effectively as possible. 

 

 
Figure 6: Gain is shown vs. laser repetition rate for single photoelectronsE.  

Position 

Position may be measured with the LAPPD stripline anode in two ways. Along a strip, the position of the 
charge pulse may be inferred by measuring the relative time of arrival of pulses at each end of the strip, as the 
charge deposited by the MCP makes its way to ground at both ends. The time needed for a pulse to travel the 
entire strip is combined with the difference in arrival time at both ends, and cable offsets are subtracted to 
calculate the position of charge deposition. This process is shown schematically in Figure 7, right. 

A scan of the 405 nm laser along a strip was observed using a Keysight 1 GHz oscilloscope, with 5 GHz 
sampling. At each laser position, the oscilloscope traces from each end were averaged, and the difference 
between the average pulses was measured. This technique may be performed with the DRS4 waveform 
samplers, and the variation in relative timing therefore measured.  

The results of the position scan are shown on the left side of Figure 7. Discontinuities are present at each 
end, where the laser was near the border of the LAPPD, and on each side of the center, where the laser hit the 
X-spacer. When the laser light is completely obscured, the observed position is the average of dark pulses, 
which tends to be near the center. The RMS variation of the inferred position from a linear fit was 0.9 mm. 
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Figure 7: Position is inferred from average pulse arrival times at each end of a strip, and plotted against 
the known laser position. There is a 0.9 mm RMS variation from a linear fit.    Right: pulses are observed 
at the left and right ends of a strip. Their relative arrival time leads to position of the charge deposition 
along the strip. 

Position may be measured across strips as well. In this case, the centroid of three adjacent strip signals may be 
calculated, resulting in the position to a better resolution than the strip pitch itself. Results of such a scan are 
not shown here. 

Photocathode QE spectrum and map 

The quantum efficiency of the photocathode was measured across the LAPPD window by scanning a 365 nm 
UV LED in an XY pattern of 5 mm steps. The illumination on the window had a circular pattern with a 10 mm 
diameter. The intensity of the input light was measured with a Thorlabs SM1PD2A photodiode, and a Keithley 
6485 picoammeter. The photocurrent was collected by connecting both sides of the entry MCP to a Keithley 
2400 picoammeter, with a 42 volt bias voltage between the MCP and the photocathode. The quantum 
efficiency is calculated from the ratio of these two quantities, less the dark current in each. 

The UV LED source was stepped across the LAPPD window, and at each step, the input light intensity was 
measured, as well as the resulting photocurrent. The map is shown in Figure 8. The maximum quantum 
efficiency is 14%. The X-spacers are visible in the map, although not quite dark because of the 10 mm UV spot 
size. A somewhat circular feature of unknown origin is apparent in the photocathode map. 

The QE spectrum is also shown in Figure 8 (right), from a selected location after the photocathode was 
manufactured and while still at elevated temperature, following fabrication. The highest measured sensitivity 
is at 365 nm, however, the peak may be there, or at a still shorter wavelength. 
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Figure 8. Left:  A photocathode Quantum Efficiency map is shown at 365 nm, 1/24/18. QE is 14% maximum.  
Right: A QE spectrum taken at elevated temperature, immediately following fabrication and while still at 
elevated temperatureF.  

MCP gain and intensity map prior to assembly 

The gain of the MCPs prior to assembly is shown in Figure 9. 

  

  
Figure 9. Left: Gain map for the LAPPD 22 MCPs 
prior to assembly at 950 V/MCP. Dark shading is 
higher gain. 

Right: Intensity map for the LAPPD 22 MCPs prior to 
assembly. Dark shading is higher intensity. 
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The spatial gain is fairly uniform, except for a circular feature, outside of which the gain is about 50% higher. 
The MCP output intensity in these regions also shows some variation outside of the circle. This pattern may be 
somewhat different now, as the MCPs have been additionally scrubbed and baked during the assembly 
process. No spatial gain map has been made of the completed device; however, a map similar to the QE map 
is planned for future devices. 

MCP resistance vs. voltage 

The MCP resistance is shown in Figure 10, as a function of voltage. They are non-ohmic, and their resistance 
decreases somewhat with increasing voltage. Some of this behavior may be attributed to warming, as the MCP 
resistance decreases with increasing temperature. The resistive film in this pair of MCPs is quite uniform, as 
the MCPs do not thermally run away. The low resistance is also advantageous for high rate operation. The 
variation of resistance with voltage in Figure 7 must be considered if a resistor divider network will be used to 
distribute high voltages. 

 
Figure 10  MCP resistances for LAPPD 22. C00101-050 is the entry MCP and C00101-047 is the exit MCP. 

Multi-pulse groups 

Samples of MCP pulses are shown in Figure 11. The red, green and blue traces are from one end of three 
adjacent strips. There are some reflections, as these signals were brought out of the dark box, with some cable 
junctions. This problem has been greatly reduced in subsequent measurements, through the use of waveform 
samplers in the dark box, with short direct cables to the strips.  

Typically, there is only one pulse in response to a photon. However, sometimes two or more pulses may 
appear. The second one is often larger than the first. They tend to be spaced 50 to 75 mS apart. The 
probability of their occurrence has not yet been calculated from observations, but that is planned. The first 
pulse may be a normal photoelectron from the photocathode. The second pulse could be created if an ion is 
ejected from a microchannel, and accelerated back to the photocathode. This in turn may produce more than 
one secondary electron from the photocathode, and therefore a larger pulse than the first. The flight time is 
consistent with a molecule like water, starting with energy of 100 eV. The flight time of the photoelectron is 
relatively short – about 0.4 nS. 

 



LAPPD #22 Measurement & Test Report  

Page 13 of 13 

 

 

  
Figure 11: Pulse examples are shown, some appearing in groups of two or more, separated by ~50 to 75 nS. 

 

 
END / MJM 
Revised 3/06/2018 
 
                                                 
A
   [(195*195)- {(2*265*6) – (6x6)}] 

B
   [(195*195)- {(2*265*6) – (6x6)}] / (195 * 195) 

C
   (40.5 fC), 0V on photocathode, 1050 V/MCP 

D
   (40.5 fC)(Onlinemetadata_20171018_Spellman.xlsx, 0V on P/C, 1050 V/MCP 

E
   OnlineMetadata_20170810_Spellman with plots.xlsx 

F
   (tile22_QEscan_2017-11-13T2V0.0, LAPPD 22 Workshop, 11/2017) 


