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[57] ABSTRACT 

A thermal image converter comprises a slice of pyro 
electric material to act as a re?ector for an electron 

beam. Exposure of one face of the slice to a thermal 
scene induces a charge distribution over the other face 
of the slice corresponding to temperature gradients in 
the thermal scene. The charge distribution modulates 
and de?ects electrons in an incident electron beam 
which may be viewed by directing the re?ected beam 
onto, for example, a ?uorescent screen. A practical 
construction of sealed-off tube is described. 

17 Claims, 1 Drawing Figure 
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THERMAL IMAGE CONVERTERS 

This invention relates to thermal image converters. 
Commonly thermal image converters comprise a py 

roelectric vidicon. Such a vidicon comprises a slice of 
pyroelectrically sensitive material, such as triglycine 
sulphate, electrically connected to a back plate of ni~ 
chrome which is itself mounted against a window of in 
fra-red transmitting glass. In use, the tube is directed 
towards a thermal scene and a charge distribution is 
generated on the pyroelectrically sensitive material. 
The pyroelectrically sensitive material is scanned by an 
electron beam to produce a signal on the nichrome 
back plate. The back plate is connected to signal pro 
cessing circuits to process the signal and display it upon 
a cathode ray tube. Such a thermal image converter is 
very bulky and heavy and is not suitable for use by indi 
viduals in a ?eld situation having to be carried usually 
in a vehicle or the like. Such converters are also very 
expensive in requiring sophisticated ancillary equip 
ment. 

It is an object of the present invention to provide a 
thermal image converter in which a sight of a thermal 
scene is obtainable without the necessity to employ an 
cillary equipment as in the prior-art systems. 
According to the present invention a thermal image 

converter comprises an elongate envelope disposed 
about a central longitudinal axis, a slice of pyroelectric 
material mounted towards one end of the envelope and 
having first and second substantially plane parallel 
faces disposed transversely to the envelope, a window 
transparent to the infra-red radiation to admit a ther 
mal scene to the ?rst face, an electron gun to direct an 
incident beam of electrons towards the second face, an 
electrode to induce a negative charge on the second 
face, said negative charge being operative to re?ect 
electrons in the incident beam to form a re?ected 
beam, a beam forming arrangement to form the inci 
dent beam to ?ood the second face, and a viewing 
means, whereby, in use, a thermal scene admitted to 
the second face induces a charge distribution according 
to the temperature distribution in the thermal scene to 
both modulate and de?ect electrons in the re?ected 
beam and the re?ected beam strikes the viewing means 
to reproduce visually the charge distribution on the 
second face. 

Preferably in a thermal image converter in accor 
dance with the invention the electrode comprises a 
conducting layer on the ?rst face of the pyroelectric 
slice and transparent to infra-red radiation. 
Preferably in a thermal image converter as described 

in the preceding paragraph the electrode comprises 
graphite. 

Preferably in a thermal image converter according to 
the invention the pyroelectric material is of single crys 
tal tri-glycine sulphate. 

Preferably in a thermal image converter in accor 
dance with the invention the window comprises germa 
nium. 
Preferably the electron gun is mounted on an axis 

convergent with the longitudinal axis of the envelope, 
and the thermal image converter additionally includes 
a de?ection means to direct electrons in the incident 
beam to a path coaxial with the longitudinal axis of the 
envelope and to divert electrons in the re?ected beam 
to a path whose axis is divergent with the longitudinal 
axis of the envelope and which is the mirror image in 
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2 
the longitudinal axis of the axis on which the electron 
gun is mounted. 

Preferably a thermal image converter as described in 
the preceding paragraph additionally includes a pair of 
opposed electromagnetic coils one mounted either side 
of the envelope on an axis normal to the longitudinal 
axis of the envelope. 

Preferably a thermalimage converter of the type de 
scribed in either of the preceding two paragraphs addi 
tionally includes a tubular anode and a stop with a cen~ 
tral aperture mounted coaxially with the elctron gun. 

Preferably a thermal image converter as described 
above includes a guide tube, tubular anode, and beam 
shaping ring mounted in a coaxial relationship about 
the axis followed by the diverted electons in the re 
?ected beam. 

Preferably in a thermal image converter according to 
the invention the viewing means is a ?uorescent screen. 
The thermal image converter of the present invention 

provides a thermal image converter of high sensitivity 
without requiring the heavy ancillary equipments of the 
prior-art devices, as the viewing means may be 
mounted directly on the envelope. The saving in ancil 
lary equipment provides a considerable cost advantage 
over known devices. 

Provision of the electrode as a layer on the first face 
of the slice of pyroelectric material is particularly ad 
vantageous in that it achieves ?ne control upon the 
points of re?ection of the electrons in the incident elec 
tron beam. Provision of a grid as the electode interme 
diate the electron gun and the slice of pyroelectric ma 
terial, as used in the known prior-art pyroelectric vid 
icon does not produce the same level of clarity ofimage 
as the arrangement utilized in the present invention. 
The resistivity of the slice of pyroelecric material is 

of importance. The high resistivity of single crystal tri 
glycine sulphate has been found to be particularly suit 
able for use in the invention, although, of course, this 
would not preclude the use of other materials. 

It has been found that the shape of the incident beam 
on its approach to the second face of the pyroelectric 
material is of great in?uence upon the clarity of the 
image obtained in the viewing means. The preferred ar 
rangement of cylindrical anode and cylindrical beam 
forming tube may provide an incident beam of parallel 
or slightly convergent shape and has provided a ther 
mal image converter of quite unexpectedly high sensi 
tivity. 
Mounting the electron gun and viewing arrangement 

off the longitudinal axis avoids the necessity of provid 
ing complex systems to obtain the requisite beam 
shapes and complex optical systems to view the scene; 
it also avoids the need to provide aperture arrange 
ments in the viewing means to permit passage of the in 
cident electron beam. 

In order that the invention might be more fully un 
derstood and further features thereof appreciated, the 
following description will refer, by way of example 
only, to the accompanying single FIGURE which is a 
longitudinal section of a thermal image converter ac 
cording to the invention: 

In FIG. 1 a thermal image converter 1 comprises an 
elongate glass envelope 3 disposed about a central lon 
gitudinal axis A. A slice of single crystal tri-glycine sul 
phate 2 as the pyroelectric material is mounted towards 
one end of the envelope 3 and has a pair of plane paral 
lel faces 5, 15, the central longitudinal axis A of the en 
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velope being normal to the plane parallel faces 5, 15. 
At the end of the envelope 3 adjacent the slice of single 
crystal tri-glycine sulphate 2 a germanium window 4 is 
provided to admit a thermal scene to one face 5 of the 
slice of tri-glycine sulphate. A convex thermally trans 
parent lens (not shown) of. for example. germanium is 
used to focus the thermal scene on the face 5. Towards 
the opposite end of the envelope 3 an electron gun 8 
is mounted, in a manner as hereinafter described, to di 
rect an incident beam of electrons 25 towards the sec 
ond face 15 of the slice of tri-glycine sulphate 2. The 
face 5 is coated with a thin layer of graphite to form an 
electrode 7 transparent to infra-red radiation in the 
thermal scene. In use the electrode 7 acts to induce a 
negative charge on the second face 15 of the slice of tri 
glycine sulphate 2. The induced negative charge on the 
second face 15 acts effectively as a mirror for the elec 
trons in the incident beam 25 re?ecting the majority to 
form a re?ected beam 26. The re?ected beam is di 
rected, in a manner as hereinafter described, to a ?uo 
rescent screen 19. 
The incident electron beam 25 ?oods the second face 

15 of the slice of tri-glycine sulphate 2. It has been 
mentioned that to obtain best results the beam forming 
arrangements should provide a parallel sided or slightly 
convergent beam shape in the approach to the second 
face 15. The beam forming arrangements comprise the 
electron 8 mounted on an axis convergent with the lon 
gitudinal axis A of the glass envelope 3. Electrons de 
rived from the electron gun 8 are formed into a beam 
of conical shape by tubular anode 9 and stop 10 having 
a central aperture mounted coaxially with the electron 
gun 8. The incident beam 25 thus formed is diverted to 
follow the longitudinal axis A of the glass envelope 3 by 
a pair of electromagnetic coils 11 mounted one either 
side of the glass envelope 3 on an axis normal to the 
longitudinal axis A. The incident beam then enters cy 
lindrical anode 12 and subsequently passes through 
electrostatic beam forming tube 14 both of which are 
coaxial with the envelope 3. The electrostatic beam 
forming tube 14 is mounted in overlapping relationship 
with the cylindrical anode 12 and is of lesser diameter. 
The combination of cylindrical anode l2 and electro 
static beam shaping cylinder 14 constrains the incident 
electron beam 25 to a parallel sided or slightly conver 
gent beam shape before ?ooding the said second face 
15. 
By virtue of the electrode 7, the capacitance of the 

slice of tri-glycine sulphate 2, and the few electrons 
which do land, a negative charge distribution is built up 
on the face 15 acting effectively as a mirror for the ma 
jority of electrons in the incident electron beam 25. 
These re?ected electrons form the re?ected beam 26 
and return through the beam shaping cylinder 14 and 
cylindrical anode 12 where the magnetic ?eld of the 
electromagnetic coils 11 divert the return beam onto a 
path whose axis is the mirror image in the axis A of the 
axis whereon the electron gun 8 is mounted. The re 
?ected beam 26 passes through a guide tube 16, tubu 
lar anode l7, and beam shaping ring 18 mounted in co 
axial relationship about the axis of the path followed by 
the diverted re?ected beam. A cross over point occurs 
in the re?ected electron beam 26 in this region, where 
after the re?ected electron beam diverges again to 
strike the ?uorescent screen 19. 
The cylindrical anode 12 is maintained in position by 

spring tangs 20 bearing against the internal surface of 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
glass envelope 3. Otherparts of the thermal image con 
verter are held in position with respect to the tubular 
anode 12 by insulators 21. 
The glass envelope 3 is provided with a circular end 

plate 22 which is penetrated by two apertures, one of 
which retains a screen tube 23 at the extremity of 
which is mounted the ?uorescent screen 19, and the 
second aperture 24 retains electrical connections from 
a control panel (not shown) to the electron gun 8, to 
the target electrode 7, and the anodes 9, 12, and 17 and 
the beam forming tube 14. ’ 

Application of a positive potential to the target elec 
trode 7 induces a negative charge distribution over the 
face 15 by virtue of the high resistivity of the slice of 
tri-glycine suphate 2. An infra-red thermal image fall 
ing upon the face 5 of the target induces a charge distri 
bution on the second face 15 corresponding to the 
image temperature distribution. This charge distribu 
tion both modulates the electron beam by reducing or 
increasing the small number of higher energy electrons 
in the beam which land on the target, and by de?ecting 
those electons which are re?ected. It will be appreci 
ated that the potential gradients at the edges of thermal 
images will be greatest and consequently the de?ec 
tions will be greatest; it will be seen therefore that the 
mechanism of electron de?ection will generally give 
the outline of thermal bodies, whereas it is the mecha 
nism of beam modulation which details the interior of 
the thermal body. When the re?ected beam strikes the 
?uorescent screen 19, the modulations and de?ections 
of electrons in the beam serve to show visually the tem 
perature distributions and gradients in the thermal 
scene. 

For the sake of clarity the electrical connections to 
the various components of the thermal image converter 
shown have been omitted. However, as an example of 
the operational parameter involved, it has been found 
convenient to evacuatethe interior of the glass enve 
lope 3 to a pressure of IO-6 Torr before sealing. Typical 
potentials applied to anodes 9, 12, and 17 have been 
250 volts, 2,500 volts and 4,000 volts respectively. A 
potential of 1,000 volts is typical for the electrostatic 
beam 'shaper l4 and a potential of 4 volts for the elec 
trode 7. To provide the necessary degree of diversion 
for the incident beam 25 and re?ected beam 26 in the 
?eld of the electromagnetic coils 11, a ?eld of 8 gauss 
was necessary, however this FIGURE would be very 
much dependant upon, for example, the relative incli 
nation of the axis on which the electron gun is mounted 
to the longitudinal axis A. ‘ 
When the thermal image tube is directed towards a 

stationary thermal scene, over a period of time the re 
duction or increase of electrons landing on particular 
portions of the target will equalize the charge distribu 
tion over the face 15, and the thermal image will disap 
pear from the ?uorescent screen 19; this can be over 
come by either by manually moving thermal image con 
verter about, or where this image is stationary, provid 
ing a chopper to modulate the scene. 

Poling of the tri-glycine sulphate slice is no problem 
in the present invention'fas 'in- use the pyroelectric tar 
get has a ?eld across it which will repole it during an 
initial “warming-up” period. However, should it be 
particularly desired, a separate means for providing 
rapid repoling of the target may be incorporated in the 
tube. ’ ‘ 

I claim: 
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l. A thermal image-converter comprising:v ' .u a 

a. an elongate envelope‘disposed about a-central-lon 
gitudinal axis; - > ‘ ' _, . ~ > ' 

b. a slice of pyroelectric materialévmvounted towards 
one end of the‘envelope an'dfhaving ?rs't‘andjsec 
ond ‘substantially plane parallel faces disposed 
transversely to'said énvelope';‘j . I , 

c. a window transparent to ‘infra-red radiation to 
admit a thermal scene to‘ said first face; ‘ ' u 

d. an electron gun 'to dire‘ct'anlin'cident beam of ele 
crons towards said‘ secoridfa’cei "‘ ' ' ' v 

e. an electrode-comprising a conducting layer onsaid 
first'face and'transparentit'o' infra-red radiation to 
induce a negative charge on‘ said second face said 
negative charge to re?ect electrons in said incident 
beam to form a re?ected beam; " 

f. a cylindrical anode coaxial ‘with “said envelope, ' 
g. a cylindrical beam forming tube ‘coaxial'vvithisaid 
envelope, of lesser diameter than said cylindrical 
anode, mounted "in overlapping relationship with 
said cylindrical anode 'andiin clo's'efr'proximity to 
said second face than said cylindrical anode,w ‘ 

h. a viewing means; " _ _ " " ‘I 

whereby, in use, a thermalscene admitted to 'said'first 
face induces a charge distributionorizsaid second face 
according to the temperature’ distribution in the ther 
mal scene to both modulate, and deflect electronsin 
said re?ected beam andwsaid reflected beam .to strike 
the viewing means toy-reproduce visually, the charge dis 
tribution on said second face, and theiricidentxelectron 
beam passes through ,said cylindrical anode and: said 
beam forming tube to be constrained to the required 
shape. , E , a ., . p. 

2. A thermal image converter according, to claim. 1 
said electrode comprising graphite. ., ' e 

3. A thermal image. converter according_,to_.claim1l 
wherein the sliceof pyroelectriematerial- comprises 
single crystal triglycine sulphate. . . - .. ' .~. 

4. A thermal image converter according to claim 1 
wherein the window comprises germanium v2‘ - 

5. A thermal image converter according to claim~l 
additionally including an end plate .of the envelope, a‘ 
tube maintained in said end-‘plate and saidtubeLreceiv 
ing the viewing means. > -. 1 1.? . - 

6. A thermal? image converter according to claim 1 
wherein the viewing meanscomprises--a'?uoresce'nt’ 
screen. . 

7. A thermal image converter comprising: 
a. an elongate envelope disposed about a central lon 

gitudinal axis; 
b. a slice of pyrolelectric material mounted towards 
one end of the envelope and having ?rst and sec 
ond substantially plane parallel faces disposed 
transversely to said envelope; 

0. window transparent to infra-red radiation to admit 
a thermal scene to said ?rst face; 

d. an electron gun to direct an incident beam of elec 
trons towards said second face, said electron gun 
mounted on an axis convergent with the longitudi 
nal axis of the envelope, 

e. an electrode comprising a conducting layer on said 
?rst face and transparent to infra-red radiation to 
induce a negative charge on said second face said 
negative charge to re?ect electrons in said incident 
beam to form a re?ected beam; 

f. a cylindrical anode coaxial with said envelope, 
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6 
g. a cylindrical beam forming tube coaxial with said 
[envelope of lesser diameter than said cylindrical 
anode, mounted in overlapping relationship with 

‘ said cylindrical anode and in closer proximity to 
saidsecbnd face than said cylindrical anode; 

> h..aviewin‘g.v means; 

'i. a pair of opposed electromagnetic coils one 
~ mounted either side of the envelope on an axis nor 
1» mal to the. longitudinal axis of the envelope to di 

vert electrons in the incident beam to a path coax 
_ ial :with the longitudinal axis of the envelope and to 

- I div‘ert electrons in thefre?ected beam to a path 
~ whose axis is convergent with the longitudinal axis 
'lofs-ithe'q'envelope and which is the mirror image in 

- the‘longitudinal axis of the axis on which the elc 
'- tron gun fislmounted; - 

whereby in use, a thermal scene admitted to said ?rst 
face-‘induces a charge distribution on said second face 
according to the temperature distribution in the ther 
malr-"s'c-ene-toiboth modulate and de?ect electrons in 
said re?ected beam and said re?ected beam to strike 
the~viewing means to reproduce visually the charge dis 
tribution on said second face,‘ and the incident electron 
beam passes through said cylindrical anode and said 
beam‘ forming‘ tube to be constrained to the required 
shape. '-"‘ " " - 

J ‘8i Aitherr'n'al image'converter according to claim 7 
vadditionally including a tubular anode and stop with a 
central aperture mounted coaxially with the electron 
gun. ’ ' ~ ‘ 

I 9. A‘ thermal image converter according to claim 8 
additionally including a guide tube, tubular anode, and 
beam’ shaping ring mounted in coaxial relationship 
about the axis followed by the diverted electrons in the 
re?ected lbeam‘." - " ' 

vv‘101A 'ther'mal image converter according to claim 9 
additionally including an end plate of the envelope, a 
tube maintained in said end plate and said tube receiv 
ing'the‘ viewing means. 

' 'l‘l'. A'ithe'rmal image convert'ei'according to claim 10 
wherein ‘the viewing means comprises a ?uorescent 
screen‘. i ' ‘ 7' ‘ 

121 Aitiiie‘rmal image converter according'to claim 11 
wherein said electrode comprises graphite. 
""l3'.'A' thermal image ‘converter according to claim 12 
wherein ‘the-‘slice vof pyroelectric'umaterial comprises 
single ‘crystal triglycine sulphate. ’ 
‘143A: thermal image converter according to claim 13 

wherein said window comprises germanium. 
15. A thermal image converter comprising: 
a. an elongate envelope disposed about a central lon 

gitudinal axis; 
b. a slice of pyroelectric material mounted towards 
one end of the envelope and having first and sec 
ond substantially plane parallel faces disposed 
transversely to said envelope, said pyroelectric ma 
terial comprising a single crystal of tri-glycine sul 
phate; 

c. a germanium window to admit a thermal scene to 
said ?rst face; 

d. an electron gun to direct an incident beam of elec 
tron towards said second face, said electron gun 
mounted on an axis convergent with the longitudi 
nal axis of the envelope; 

e. a tubular anode and stop with a central aperture 
mounted coaxially with said electron gun; 

f. a cylindrical anode coaxial with said envelope; 
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g. a cylindrical beam forming tube coaxial with said 
envelope of lesser diameter than said cylindrical 
anode, mounted in overlapping relationship with 
said cylindrical anode and in closer proximity to 
said second face than said cylindrical anode; 

h. a graphite electrode comprising a layer on said ?rst 
face; 

i. a pair of opposed elctromagnetic coils one 
mounted one either side of the envelope on an axis 
normal to the longitudinal axis of the envelope to 
divert electrons in the incident beam to a path co 
axial with the longitudinal axis of the envelope and 
to divert electrons in the re?ected beam to a path 
whose axis is convergent with the longitudinal axis 
of the envelope and which is the mirror image in 
the longitudinal axis on which the electron gun is 
mounted; 

j. a guide tube, tubular anode, and beam shaping ring 
mounted in coaxial relationship about the axis fol 
lowed by the diverted electrons in the re?ected 
beam; 

k. an end plate of the envelope, a tube maintained in 
said end plate, and a ?uorescent screen mounted in 
said tube, 

whereby in use, a thermal scene admitted to said ?rst 
face induces a charge distribution on said second face 
according to the temperature distribution in the ther 
mal scene to both modulate and deflect electrons in 
said re?ected beam and said re?ected beam to strike 
the ?uourescent screen to reproduce visually the 
charge distribution on said second face, and the inci 
dent beam passes through said cylindrical anode and 
said beam forming tube to be constrained to the re 
quired shape. 

16. A thermal image converter comprising an elon 
gated envelope disposed about a central longitudinal 
axis; a slice of pyroelectric material mounted towards 
one end of the envelope and having ?rst and second 
substantially plane parallel faces disposed transversely 
to said envelope; a window transparent to infra-red ra 
diation for admitting a thermal scene to said ?rst face; 
an electron gun for directing an incident beam of elec 
trons towards said second face; a beam forming ar 
rangement for forming said incident beam to ?ood said 
second face, said beam forming arrangement compris 
ing a cylindrical anode coaxial with said envelope and 
a cylindrical beam forming tube, of different diameter 
than said anode, mounted in coaxial overlapping rela 
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8 
tionship with said cylindrical anode and in closer prox 
imity to said second face than said cylindrical anode, 
the incident electron beam passing through said cylin 
drical anode and saidvbeam forming tube to be con 
strained to, a required shape; an electrode operative to 
induce a negative charge on said second face which 
negative charge re?ects electrons in said incident beam 
to form a re?ected beam; and a viewing means; 
whereby a thermal scene admitted to said ?rst face in 
duces a charge distribution on said second face accord 
ing to the temperature distribution in the thermal scene 
to both modulate and de?ect electrons in said re?ected 
beam and said re?ected beam strikes the viewing 
means to reproduce visually the charge distribution on 
said second face." _ g 

17. A thermal image converter comprising an elon 
gated envelope disposed about a central longitudinal 
axis; a slice of pyroelectric material mounted towards 
one end of the envelope and having ?rst and second 
substantially plane parallel ‘faces disposed transversely 
to said envelope; a window transparent to infra-red ra- ' 
diation to admit a thermal scene to said ?rst face; an 
electron gun operative to direct an incident beam of 
electrons towards said second face; an electrode for in 
ducing a negative charge on said second face, said neg 
ative charge being operative to re?ect electrons in said 
incident beam to form a re?ected beam; a beam form 
ing arrangement operative to form said incident beam 
to ?ood said second face; and a viewing means; said 
electron gun being mounted on an axis convergent with 
the longitudinal axis of the envelope and additionally 
including de?ection means comprising a pair of op 
posed electromagnetic coils one mounted either side of 
the envelope on an axis normal to the longitudinal axis 
of the envelope‘, said de?ection means being operative 
to divert electrons in the incident beam to a path coax 
ial with the longitudinal axis of the envelope and being 
operative to divert electrons in the re?ected beam to a 
path whose axis diverges from the longitudinal axis of 
the envelope and is the mirror image relative to said 
longitudinal axis-of the axis on which the electron gun 
is mounted, whereby, in use, a thermal scene admitted 
to said ?rst face induces a charge distribution on said 
second faceto both modulate and de?ect electrons in 
said re?ected beam, and said re?ected beam strikes the 
viewing means to reproduce visually the charge distri 
‘bution on said second face. 

* * * * * 


