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Abstract

A Microchannel Spatial Light Modulator, an optical device
which is used for two-dimensional information processing,
requires up to eleven high-voltage settings for its opera-
tion. This thesis will consist of the detailed design and
limited subsystem testing of a controller for the MSIM
which can accept digital commands from a PC or allow each
line to be set manually. Minimization of the number of
exotic and costly voltage sources and the adaptability of
the controller to different types of MSLM are design para-
meters.
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Chapter 1
Problem Statement

1.1 Description of MSIM

The use of optical technology for information process-
ing problems offers several advantages over current compu-
ter algorithm techniques. The electron-beam-addressed
microchannel spatial light modulator makes use of a combi-
nation of electronic and optical components to perform
space-domain image processing operations such as contrast
reversal or enhancement, edge enhancement and binary-level
logic operations.

The components of the electron-beam MSLM are shown in
Figure 1.1 This device consists of an electron gun similar
to those used in a cathode ray tube (CRT), a microchannel
plate, a grid and an electro-optic crystal. The crystal is
coated on one surface with a dielectric mirror and a trans-
parent electrode is sputtered onto the other surface. An
electron image is generated by modulating an electron beam
as it executes a raster scan. This image is amplified by
the microchannel plate and proximity-focused onto the di-
electric mirror. The resulting charge distribution induces
a spatially varying refractive index modulation in the cry-
stal. This varying refractive index then modulates the

phase and/or amplitude of a laser readou: beam as it makes
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e
a double pass through the crystal. To erase the image the
microchannel plate is flooded with electrons. This can be
dene by either defocusing the electron gun or by lighting
the MCP with an ultraviolet lamp.

Although the theory and operation of the e-beam MSIM
is very interesting, it is not the principal focus of this
thesis. The interested reader is referred to more detailed
literature on this technology.1'4 The various components
of the e-beam MSLM shall be treated as "black boxes" in
order to define specifications for the controller.

Using this abstraction, the actual components that
need to be controlled are pictured in Figure 2. The ele-
ments from the filament to the X and Y deflection plates
comprise the electron gun. The MCP, grid and crystal are
Packaged with the gun in a vacuumed tube.

As an alternative to the electron gun the !CP can be

driven by a photoelectron beam from an optical gun.
1.2 Present Methods of Control

At first, voltage and current levels were set by hand
on individual power supplies. Some supplies, such as bat-
teries, were configured for a single level and left alone,
only needing to be monitored for when their output began to
drop. In the case where a ramp input was desired, hand
manipulation was too uneven. Some form of electronic con-
trol became necessary.

Full control by a microcomputer became the obvious
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goal, and it is being achieved in stages. At first, an
interface box was designed and built. This box, called
DASMIC, receives commands and data from a card within the
PC. It can control D/AC outputs, read A/DC inputs, read an
externally-attached sensor, set an erase lamp on or off,
and send digital instructions to an MSLM controller over a
serial line. DASMIC now controls several elements of the
MSIM directly through its analog output ports; however, it
is limited because it only has four such ports. It is in-
tended instead to control up to four independent MSIMs. It
runs on a cycle time of 480 kHz.

The overall plan is illustrated in Figure 3. The con-
troller that this thesis proposes is at the lowest "level
of abstraction”, in direct control of individual elements

of the MSIM.
1.3 Desired Specifications of Controller

The overall design goals of the MSIM controller are
flexibility, accuracy and low cost. It must allow for man-
ual or computer control, it must provide for different
kinds of electron or optical guns, and it must minimigze the
number of exotic, expensive high voltage supplies.

In Table 1, the electrical specifications are summar-
ized for each component. The ranges for the e-beam compo-
nents are standard for most types of e-beams that are likely
to be used, but there is one difference. There is a bias

voltage on the Anode, the Beam Collimating Aperture, and



)

5] DASMIC

MSLM cocoococo
Controller IR

Y

IR
- ] f\' f j;i\/{

Ffﬁur‘e. 3




Element

filament
control grid

preaccelerator

anode
focus
BCA

Y plate
X plate
MCP
grid
crystal

optical beam

-Il—

TABLE 1

Voltagg Range

-2kv

-2.1 to =2kv

-2 to =1kv
bias voltage
-2 to -1.1kv
bias voltage
+100v

+100v

0 to 2kv

0 to 3kv

-1 to 4kv

-3kv bias

Input Current

EBEEBRREY

up

to 1mA

Comments

fast rise
fast rise

slow rise
fast rise

time
time

time
time
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TABLE 2

Element Control Method Status Indicator
filament 3 - current on/off
control grid 3 and 4 none
preaccelerator 2 none
anode 1 none
focus lower limit: 2 1 none

range: 3 and 4
BCA i none
X and Y plates Controlled plate} 3 and 4 none

bias plate: 1
(optical beam) 1 none
MCP 3 and 4 current on/off
grid 3 and 4 none
crystal 3 and 4 none

manual shift voltage switch

Methods of Control

permanently set

preset by internal pot for different guns
variable control by external pot
variable control by computer

£ -
. L] L ] [}



- {3~
one of the two plates in the horizontal (X) and vertical (Y)
deflection stage. This bias voltage, which is also asser-
ted on the output side of the MCP, is desired in order to
discourage the electron beam from being attracted to the
sides of the tube.

There are essentially four levels of control required
for different elements of the system. These, along with
the status indicators that are to be fed back to the compu-
ter, are summarized in Table 2. As can be seen, there are
six elements requiring both DAC and pot controls and two
status indicator requirements.

Commands are received over a serial line in groups of
twenty-four bits. Each command contains a code specifying
which element is being controlled. Eight bits are reserved
for DAC level data, augmented to 12 for the crystal. Each
DAC input can be switched to an externally-mounted, manu-

ally-adjusted pot.



Chapter 2
Design

2.1 Overview

The MSIM controller has a number of duties to perform,
so it has been broken up into a number of different sec-
tions. Commands come in serially on a data line; they are
reassembled in parallel, decoded and loaded into the rele-
vant register. D/A converters translate digital level data
into analog voltage levels. These then drive the control
circuits for each element. Due to the large number of dif-
ferent voltage ranges, many different power supplies are
specified. Attempts have been made to use the smallest and
cheapest supplies that meet the performance specifications.

The individual control circuits are described in de-
tail in Section 2.3. The digital input and conversion cir-
cuitry is described ir Section 2.2, and the return status

information is described in Section 2.4.
2.2 Digital Input and Level Conversion

The primary goal of the MSIM control system is to fac-
ilitate the accurate control of individual MSIM elements by
the computer. Thus the digital input and level conversion
stage is key to all of the other subsystems of the design.

It is illustrated in Figure 4.
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DASMIC is connected to the MSIM controller by six
lines. They are:

Clock Data

Command and Level Data
Reset

. Ground

. Return Status Indicator #1
. Return Status Indicator #2

e e o

O F W

The Clock Data synchronizes the MSLM controller with the
operations of DASMIC. A 393 is used to count sequences of
twenty-four pulses, enabling different serial-to-parallel
shift registers to capture consecutive bytes of the Command
and Level Data. At the end of a twenty-four pulse group a
Load command enables the storage registers for the Level
Data and a 4-%t0-16 line demultiplexer. This decodes the
destination and asserts the respective initiation line.

The stored level data is processed through the DAC to pre-
sent analog input voltages to the control circuits. As an
alternative, a switch for each DAC can allow the input vol-

tage to be controlled or set by an external pot.

2.3 Output Control Stages

2.3.1 Main Loop

The main loop, illustrated in Figure 5, establishes
the bias voltage settings for the filament, control grid,
focus and preaccelerator. It is powered by a Venus C-30
3kv supply which has its positive output grounded. Thus by
turning a switch a -3kv bias with up to 500uA (400uA maxi-
mum recommended) can be provided for an optical gun. Other-

wise, the voltage is cut through resistors and pots to set



-[;..

-}—x.]_f Pf'e QCCU:EQ‘ZJT‘_T‘
ids irs ysibare ZATian
Vizrre b -1‘1< fj o
H . [] - .
Cantrol gnd | [ TL -24v T Vet
;)l-.!_\ Vi Ciug K ) d nias
- 22M f r Viitae]
M 5Ma W 4L1 e-beam /';)lzﬁc.zk
15 W B\w select >w='fC£7
F«)C’ f),_)t
Venwe ”
2%
“FMA 47N L
A W oW + l— 344‘/
5k JL
- awazz, /f..t
Main Lo p
Ffau_!‘e. S
contrel 9rid —
bias yiitaie Ak
tllv,v o
[04 o IM ;
pe He gz
1oy M [ B ’
— - N '/I ) contm ;_m,-l
L Veaw NS l\ aNestz o

e -
contrr Jl’g 3ok \\}c g 5ot

for] K JTr
‘ ’

0:C



-8~

the required bias voltages. Each line will draw less than
iuA so no significant loading variations are anticipated.
Both the preaccelerator and focus are offset between -2kv
and -1kv by an internally-adjustable pot. The desired bias
is set once for each different e-beam gun used.

2.3.1.1 Control Grid

The control grid has 2 settings as shown in Figure 6:
-2kv and -2.1kv. They are controlled by pinning the con-
trol grid on/off bit high and low respectively. The opto-
isolator allows a 0 or 5 volt input to control a 100 volt
swing on a -2kv bias. When the bit is high, no current
flows through the LED, so no current flows through the
phototransistor. Therefore the 2N6517 is shut off and the
output is at -2kv. When the bit is low, current flows
through the LED, lighting the phototransistor, which turns
on the 2N6517. This shorts the output to -2.i1kv. The pot
on the Venus C2T supply is internally mounted; it is used
to set the voltage offset to 100v. It saves me the job of
calculating exact voltage divider values that are going to
vary for different power transistors and supplies anyway.

2.3.1.2 Preaccelerator

The preaccelerator line simply carries a bias voltage
of between -2kv and -1.1kv. It is set internally by an
adjustable pot; it is anticipated to draw less than 1uA, so
it will not load the main loop or suck up current. It can

be seen in the illustration of the main loop, Figure 5.
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2.3.1.3 Focus

The focus control is another two-state circuit, pic-
tured in Figure 7. Its input will depend on the particular
electron gun being used but is typically between -1.9 and
-1.8kv. This value is determined to give the best focus of
the beam of electrons and is set on the internal pot in the
main loop. As mentioned in the description above, cne of
the ways to clear the MCP is to defocus the beam and flood
the MCP with electrons. This can be done by asserting the
focus line 800 volts higher than the voltage at which it is
focused. The power transistor will either be fully off or
fully on, focusing or defocusing (respectively) the beam by
the absense or presence of the 800 volt shift. The 1imA of
current from the output of the Venus C8T will be sucked
back into the input, across the resistor, resulting in no
excess current along the focus line.

2.3.2 Bias to Anode, BCA, X, Y, and MCP

The stream of electrons is less attracted to the sides
of the tube when a bias voltage of 200 volts is applied to
the anode, the beam collimating aperture, the side of the X
and Y deflection plates that is not used for control, and
the current output side of the MCP. Figure 8 shows the sup-
ply that asserts this 200 voit bias, along with the stabil-
ized 400 volt voltage for the X and Y deflection plates.
The 400 volt output is cut by 40, which is then compared
with a 10 volt Zener reference diode and used to drive the

power transistor.



~J0 -

{’ocu5
bizw
vaitase
vy /‘:n.i
- L CAl
’-;;w'-l".’ +
it Taot p M Fv -é sk 2
) v
) _.-—‘—I/V‘-/‘—"/’_Z T
N
- =
igv :zé‘fl -
[ L ®
1 e
Focus
Ffjur‘e 7
. Venws
+idv
L QT
mmmmeeB +00v X 4L -
Y 200y 4 PRy iy
cewtar !
e
JN2202 -
= %lOM @2
;
l
1
gza’ak 2
i
]

Bias
F7j ure &

'Y



-2 -

2.3.3 X and Y Deflection Plates

The X and Y deflection control circuits are identical.
Since the opposite plate is assumed to be set to a +200 volt
bias (this may vary, depending on the current drain of the
C2T; see discussion in Section 3.4), the specifications for
%100 volts translate to a control line voltage of 100 to
300 volts. This is provided by the circuit in Figure 9.
For comparison purposes, the voltage divider cuts the out-
put down from 100-300 to 2-6. This is then shifted by 2
volts to produce a feedback voltage of 0-4 volts. ihen the
input is high the transistor is shut off and the output is
dominated by the 500k-1.5M voltage divider. When the input
goes low the transistor pulls current away from the 1.5M
resistor and the output is increasingly dominated by the
500k~170k voltage divider.

2.3.4 Micro channel Plate

There are two alternative circuits drawn in Figure 10
for controlling the MCP current. The input current sensor,
(A), is favored due to its simplicity; however, problems
with untraced oscillations may hamper one or both designs
(see testing results, Section 3.4, and Discussion).

The intent is to control the amount of current in a
feedback configuration. Thus both circuits sample the cur-
rent flow across a 5k resistor and compare the resulting
voltage with the input. As more current is desired from
the supply, more current is drawn from it by the power

transistor. The 500k resistor cuts down the applied voltage
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and prevents the MCP current from running above 400uA.

This cannot be exceeded by much due to the high equivalent
resistance (~3M) of the MCP.

2.3.5 Grid

The control circuit for the grid uses a ladder network
of high-breakdown-voltage transistors to swing across nearly
3kv, as shown in Figure 1. In fact, the breakdown voltage
of 1500 volts for the BU205 is almost its only redeeming
feature, since it has a current gain around 2 and takes a
minimum of 0.5mA to drive appreciably. Use of less current
increases the rise time of the circuit appreciably. In the
interest of cost savings, the slow rise time can be tolera-
ted for the grid, which is why a lower-current supply and
higher resistor values are used here than in the crystal.

#hen the input is driver high the op-amp forces the
transistor to shut off, so the 3kv current divides between
the 50M base-bias resistors and the 55M feedback resistors.
This produces a current across the 5M resistor of around
50uA, or an output around 2700 volts. As the input is low-
ered, the transistors turn on, shorting the 5M resistor and
with it the grid output to ground. The Venus C-15 supplies
are piggy-backed in order to get more current (up to imA)
at 3kv than with a C-30.

2.3.6 Crystal

The crystal control circuit uses the same transistor-
short design as the grid circuit. The resistor values are

lower, and a different supply with greater input current is
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specified, in order to achieve a faster rise time. I reco-
mmend the Spellman WRM3(P)10KD, which can source 3mA at
+3kv, although the input voltage (28VDC) will require a
separate power supply.

The full specified range of -1kv to +4 kv is not often
required in a single use of the MSIM. Therefore, the cir-
cuit has been simplified by using a switch to engage an ad-
ditional 1kv supply as a positive or negative output shift.
Nhen the computer is in control of the system the user must
mentally keep track of the effects of engaging the offset
supply. This arrangement is depicted in Figure 12.

2.4 Return Status Information

2.4.1 Filament Current

The current status indicator is an on/off bit that sig-
nals that current is flowing toward the cathode. Its cir-
cuit is illustrated in Figure 13. When current flows, the
voltage drop across the small resistance (a piece of nicrome
wire would work fine) activates the LED. This lights the
photo transistor, which turns on the 2N3904 and the current
status bit is drawn low. When there is no current, the LED
doesn't light, the phototransistor does not activate and
the 3904 stays open. Thus the control status line stays
high.

2.4.2 MCP Current

An indicator that tells whether the MCP current is

greater than some manually-preset value, the circuit fer
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the MCP current status bit is also drawn in Figure 10.
When the feedback value of the current exceeds the presel-

ected value the bit goes high; otherwise it is low.
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Chapter 3
Testing

3.1 Operational Control Grid

The circuit for the control grid needs no testing; it
is an extension of a circuit that is already working quite
well in an operational system. The working circuit uses a
battery to set the lower (-2.1kv) voltage level. The C2T
used here is an additional expense, but allows the circuit

to be more flexible.

3.2 Grid/Crystal Circuit Test

Two models of the BU205 circuit were built and tested
in the lab, as illustrated in Figure 14. 1In circuit (A)
the resistor values were 1i0M, 50M, and 100M for the ladder
netwerk; in (B) the same resistors were 5M, 25M and 50M.
Circuit (A) was tested using a lab power supply to set +V
to 1.5kv. Circuit (B) was tested using a Venus C-30 set to
3kv; it is limited to delivering a maximum current of 500uA.
In addition the circuit has been built and tested by Bob
Dillon using values of 1M, 5M, and 10M.

The results of these tests are summarized in Table 3.
In general, the lower resistances exhibited faster rise
times but required higher currents. When higher resistan-

ces were used the current needed was less, but it did not
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TABLE 3
:
Test {,_low input | high input

' Vout ig Yrise | Vout ;15 | trige
. L L i s | ‘rise |

R=10M i 640 86u 3ms ] 1300 : 20u 10ms

+V=1500 - . |
R=5M i 0 600u ims | 2500 ‘100u  6ms
+V=3000 | .
R=1M l 0 3.5m 10us ; 2500 0.5m 50us

+V=3000
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turn on the transistors very effectively. Apparently the
transistor does not operate well with currents below 500uA.

In addition to the above performance measures, a ramp
input was used to estimate linearity. As expected, the
first test did not even come close, the second was much

better and the third was indistinquishable from the input.
3.3 X and Y Deflection Circuit Test

The X/Y deflection circuit was tested with two depart-
ures from the circuit drawn in Figure 9: a MPSA42 trans-
istor was used instead of a 2N6517 and the resistor feeding
the base junction was varied.

The original calculated value of the base resistor was
980k. Unfortunately, this value resulted in the output
haviﬁg a flat waveform for all input signals. When the
base resistor value was decreased the output began to res-
pond to input signals. Three iterations of this process
are depicted in Figure 15.

The final value of the base resistor is puzzling. The
MPSA42 is rated for a current gain of 40, so in order to
draw down the expected current through the 500k and 170k
resistors of 580uA, a base current of 15uld was predicted,
yielding the initial base resistor value mentioned above.
The actual working value of 75k implies that the base cur-
rent is around 170uA. Apparently the transistor is having
a hard time exhibiting an appreciable gain with this cir-

cuit. Its gain here is about 3.5.
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In the unsaturated region of operation, an oscillation
of about 100v (depending on the input voltage) bodes ill
for this circuit. W@ith a 2 volt input, the output oscilla-
ted between 140 and 230 volts with a period of iQus, res-
embling a right-skewed triangle function. Apparently, an
AC ripple in the source current is being magnified and fed
back to the transistor. After considering the results of
the next section it is theorized that the lab power supply

used may have an internal oscillator operating at 100kHz.
3.4 MCP Circuit Test

The MCP control circuit was dogged by oscillations in
the current-sensing resistor being fed back and amplified.
The circuit of Figure 10 (A) was tested first with a C-30
as the power supply and a 7.8Mload resistor. Since current
is being drawn by the supply through the resistor from
ground, its voltage measurements are negative; they are in-
verted and fed back to the driving op-amp.

The actual output of this op-amp is pictured in Figure
16 (A). The 60us period is significant; it corresponds to
a frequency of 16.67 kHz, which is the exact frequency of
the internal oscillator the C-30 uses in transforming the
input veltage to the output veoltage. At first it was
thought that this might be an induced effect due to stray
fields, but this possibility was diminished when the supply
was encased in a metal box without changing the nature of

the oscillation.
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An attempt was made to damp out the oscillations by
paralleling the current-sensing resistor with a capacitor
of 0.055uF. This did reduce the magnitude of the oscilla-
tions at the feedback input somewhat (see Figure 16 (A1);
however, it also made for poor step respcnse. Of course,
where there was none before, any improvement looks good.

The circuit of Figure 10 (B) also produced an oscilla-
tion at the output of the driving op-amp; it is pictured in
Figure 16 (B).
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Chapter &
Digcussion of Problems, Tradeoffs and Economics

4.1 Problems

The oscillations in the MCP control circuit and the X/Y
deflection circuits are most likely caused by AC ripple in
the power supplies. If this AC compenent is subtracted,
the circuits should perform as expected. An attempt was
made in the MCP circuit test tc smooth the voltage being
read into the feedback. A better place for this might be
just before the comparison with the input.

The digital section also presented the problem of the
specific destination encocdings. This problem is not insur-
mountable; once the encodings are settled upon it is a sim-
ple job to determine which line will enable which buffer/DAC
combination. The 273s and DACs may be wired exactly as the
Analog Outputs that DASMIC uses.

A specific limitation on the MCP current was not ad-

dressed.
4,2 Tradeoffs

Simplicity was the order of the day in this design. A
more predictable, better specified design could te created

if the desired outputs were on tighter ranges. Circuits
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were de¢signed to use the cheapest power supplies possible
commensurate with the performance requirements. More ex-
pensive supplies would give wider ranges; of course, resis-
tor values would have to be recalculated in this case. The
grid and crystal circuits could have a third BU205 added to
the transistor chain; this would allow voltages approaching

4.5kv but more current may be required.
4.3 Economics

Table 4 presents a summary of the principal cost para-
meter of this design: power supplies. The filament cur-
rent source was left out of the summary; it is already
available in the lab. Standard 15 volt and +5volt supplies
are needed for the op-amps and the digital section. There
were nine op-amps used in the design. A +12 volt source
will be needed to power the Venus supplies (with an output
current of 24), and if the WRM3 is used, a separate 28 volt
supply will be required. From the cost column, it is ob-

vious why the Venus supplies were used so much.



Use

main loop
control grid
focus

bias/X and Y
MCP

grid

crystal

TABLE 4

Iype
C=-30

c2T

c8T

caT

C-15
2xC=-15
WRM3(P)10KD
C-15

Current Required

200mA
100mA
200mA
200mA,
200mA
4ooma
?
120mA
1.42A

198
515

$1349
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Chapter 5

Conclusion

This thesis was worthwhile in two respects. First, I
practiced a great deal of the concepts covered in the under-
graduate electrical engineering program. And secondly, I
became familiar with the operations of an electron gun and
an MSIM. I hope that this thesis will contribute to the
research effort to better use MSLM technology.
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