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[57] ABSTRACT 

A temperature compensated multiple character elec 
tronic display is described. Each character 
cludes 
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position in 
a multielement matrix controlled by a 

The collectors of all transistors of all transistor. 
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[63] Continuation of Ser. No. 788,249, Dec. 31, 1968, 
matrices are common. The emitters of all transistors 
of a single character matrix are common, and are 

abandoned. 

selectively connectable to ground so that the charac 
ters can be sequentially enabled. The corresponding 
elements of all character matrices are connected to a 68 , 12% 2/2 /3/ Memo, 1 2,02 was. /4w7 new 34 “3..., 2MR B04 06% 4 u/ 3. .0 n 4 n 3. mmh . "c “0-! ".8 . “e "us I. hf. Clo km S.m.m UIF 11:] 218 555 [r.:l 

‘ _ common control line and are actuated by a single 
219/506’ 201’ 178/30’ 89 haracter generator. The power sequential] y applied 

to each character is controlled separately to maintain 
a uniform display under varying operating tempera 
tures by sampling the voltage of the base-emitter junc 
tion of a transistor of the enabled character as a mea 

2‘9/5O6 sure of its temperature, and then applying power to 
""219/506 the character during the following display cycle that is 

related to the sampled temperature. 
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TEMPERATURE COMPENSATED MULTIPLE 
CHARACTER ELECTRONIC DISPLAY 

This application is a continuation of application Ser. 
No. 788,249, ?led Dec. 31, 1968, now abandoned. 

This invention relates generally to electronic display 
systems, and more particularly relates to mul 
ticharacter electronic displays of the thermal type. 

In thermal type electronic displays, particularly those 
used to print on thermally sensitive paper, it has been 
found necessary to maintain a uniform temperature 
during successive display cycles in order to provide 
uniform printing density. Temperature compensation is 
particularly important in multicharacter displays 
wherein, for example, a large number of character 
matrices are sequentially energized to print an entire 
line on a page. In addition to variations in the ambient 
temperature, the rate at which each particular 
character matrix is energized, the type of characters 
being printed, and the ambient temperature to a lesser 
extent, all determine the temperature to which each 
matrix cools between print cycles. For example, the last 
few characters of a line may not be used as much as the 
?rst few characters when printing a page. If the same 
amount of power were to be applied to the printhead 
during a print cycle, the ultimate printing temperature 
of the matrix would be determined by the temperature 
at the beginning of the cycle. Of course, the beginning 
temperature increases sharply if the duty cycle of the 
character matrix increases. 

In accordance with this invention, the temperature of 
each character is sampled prior to the print cycle for 
the particular character, and the power that is applied 
to the character matrix during the print cycle is ad 
justed in such a manner as to achieve a predetermined 
temperature during the print cycle. Another important 
advantage of the present invention is that the same cir 
cuitry used for selecting the character to be printed is 
used to select the temperature monitoring means at the 
character matrix. 
The novel features believed characteristic of this in 

vention are set forth in the appended claims. The in 
vention itself, however, as well as other objects and ad 
vantages thereof, may best be understood by reference 
to the following detailed description of an illustrative 
embodiment, when read in conjunction with the ac 
companying drawings, wherein: 

FIG. 1 is a simpli?ed plan view of a multicharacter 
electronic display in accordance with this invention; 

FIG. 2 is an enlarged perspective view of a portion of 
the display device shown in FIG. 1; 

FIG. 3 is a detailed circuit diagram of a temperature 
compensated electronic display in accordance with the 
present invention; and 

FIG. 4 is a simpli?ed block diagram of the circuit of 
FIG. 3. 

Referring now to the drawings, and in particular to 
FIG. 1, three four-character electronic display devices 
in accordance with the present invention are each in 
dicated generally-by the reference numerals 10a, 10b 
and 100. Each of the electronic display devices 10 in 
cludes four character matrices l2a-l2d. Each matrix 
includes a 5 X 7 array of elements B14235, each of 
which is air isolated around its periphery and which is 
bonded to a ceramic slice 14 by a thermal insulating 
epoxy layer 16. The ceramic slice 14 is mounted on a 
metal heat sink 17. 
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2 
As will presently be described, a transistor T,. with a 

series resistor R,l in the collector branch is formed by a 
diffusion in the interior face of each of the elements 
Er-Eas that is adjacent the epoxy layer 16, and thin ?lm 
circuits disposed on the interior faces of the semicon 
ductor device are used to interconnect the diffused 
devices into an integrated circuit. For example, ele 
ment E, in each of the characters includes a transistor 
T, and a resistor R1 (see FIG. 3), element E18 includes a 
transistor T18 and a resistor R18 and element E35 in each 
character includes transistor T35 and resistor R35. 
The collectors of all of the transistors T1-T35 of a par 

ticular character are connected through the respective 
resistors to a common collector voltage supply line 18. 
All of the emitters of the transistors Tr-T35 of each of 
the characters 12a-12d are connected to separate com 
mon emitter supply lines 20a-20d. Each of the 
character matrices 12 may then be separately enabled 
by selectively connecting the appropriate emitter 
supply line 20a-20d to ground. Only one of the emitter 
circuits 20a-20d of the three heads 10 is selected by a 
character select switch 22 at any one time, so that only 
one matrix is enabled at a time. 

The base contacts of the transistors are of the cor 
responding elements of all characters in the device are 
also common. For example, the bases of transistors T, 
of characters l2a-l2d of all display devices 10 in the 
system are connected to a common control line C ,, the 
bases of all transistors T“, are connected to control line 
C“; and the bases of all transistors T35 are connected to 
a common control line C35. Of course, it will be un 
derstood that the bases of all transistors T-rTa4 (not il 
lustrated) would be connected to corresponding con 
trol lines C2-C3, (not illustrated). The control lines 
CFC,” extend to a character generator 24 which ener 
gizes those lines necessary to produce the desired 
character by turning selected elements in the enabled 
character matrix “on.” 

In the operation of such a system, the character 
select switch 22 would typically scan from the left-hand 
character matrix to the right-hand character matrix in 
sequence by connecting the common emitter line 20,I 
of the successive character matrices to ground. Then 
during the period that a particular character is thus 
enabled, the character generator produces the positive 
voltage levels on the control lines C1-C3, necessary to 
generate the desired character at the selected character 
position. The positive voltage on the control line C‘, for 
example, would turn transistor T, “on” thus causing 
element E, to be heated by the power dissipated in re 
sistor R,. Those elements on which control lines are at 
ground potential would remain turned “off." For exam 
ple, if control line C35 remains at ground potential, 
transistor T35 of the enabled character, character 12a 
for example, remains “off” because the collector-base 
junctions of transistors T35 of all the other characters 
prevent current from ?owing from the energized com 
mon collector supply voltage line 18 through the col 
lector-base junction of the inactive transistors T3,, to 
control line C35, and thus to the base of transistor T3,, of 
the enabled character. 

In accordance with the present invention, a constant 
current source ‘26 (see FIG. 4) is connected to control 
line C“, and supplies a constant current during a very 
short sample cycle that precedes the print cycle. The 
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current passes along control line C18 and through the 
base-emitter diode of the transistor Tm of the character 
enabled by the character select switch 22. For example, 
if the character select switch 22 connects common 
emitter line 20a of device 10b to ground so as to enable 
character matrix 12a of device 10b, the current in 
jected on control line C“, by the constant current 
source 26 will pass through the base-emitter diode of 

~“ transistor T18 of matrix 12a of device 10b because the 
emitter circuits of transistor T18 of all other matrices 
are opened by switch 22. The voltage on control line 
Cm will then be related to the temperature of the base 
emitter diode of transistor T18, and thus to the tempera 
ture of the enabled matrix. 
When a short sample pulse is applied to input 34, the 

voltage of line C18 is ampli?ed by ampli?er 28 and the 
ampli?ed voltage sampled and held by circuit 30. The 
stored voltage is then applied to the noninverting input 
of an operational ampli?er 32 during a print cycle pulse 
applied to terminal 36 immediately following the sam 
ple pulse. During the print cycle pulse, a switch 38 
turns a series regulator 40 “on” to apply a voltage to 
the common collector line 18 that has a magnitude in 
predetermined relation to the voltage stored by the 
sample and hold circuit 30 as a result of the feedback 
loop 41 to the inverting input of ampli?er 32. The 
character generator 24 is also activated during the print 
cycle to produce a positive voltage on the appropriate 
control lines Cr-C35 to cause the desired character to 
be generated by the enabled character matrix 12a. _ 
The circuit shown in the simpli?ed block diagram of 

FIG. 4 is shown in greater detail in FIG. 3 wherein cor 
responding components are designated by the same 
reference characters. The constant current source 26 
includes a transistor 42 which is turned “on” and “off” 
by a switch 44. When conducting, transistor 42 supplies 
a constant current as a result of the voltage divider con 
nected to the base so that the voltage on line C18 is 
determined by the offset voltage of the base-emitter 
diode of the enabled transistor T18. This voltage 
decreases with an increase in temperature at a rate of 
about 0.02V/° C. 
The voltage on line C18 is applied to input 46 of the 

operational ampli?er 28, the offset of which is set by 
variable resistor 48 in the conventional manner. Thus, 
the output of the ampli?er 28 is proportional to the 
voltage on control line C18 and is applied to the base of 
transistor 52 through resistor 50, and to the base of 
transistor 54 through resistor 50 and diode 55. 
Transistors 52 and 54 form a complementary switching 
pair for charging and discharging storage capacitor 64 
when turned “on.” Diode 55 provides an offset voltage 
to eliminate the dead spot at the crossover voltage. 
Transistors 52 and 54 are turned “on” by the comple 
ment of the sample pulse derived from the inverter 56 
and applied to the base of switching transistor 58. This 
turns transistors 58, 60 and 62 “off,” enabling the com 
plementary sampling transistors 52 and 54 so that the 
output voltage of the amplifier 28 will charge storage 
capacitor 64. The voltage on capacitor 64 is then 
stored during the subsequent print cycle after the 
transistors 52 and 54 are “off.” 
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The voltage stored on capacitor 64 is applied to the 65 
noninverting input of ampli?er 32. The output of am_ 
pli?er 32 is passed through a Zener diode 66 and diode 

4 
68 and applied to the input base of a pair of transistors 
70 and 72 of the series voltage regulator 40. When the 
print cycle pulse is applied to input 36, inverter 74 
turns transistor 76 “off," thus enabling transistors 70 
and 72 to be turned “on” by the output of ampli?er 32. 
The voltage applied to the common collector supply 
line 18 is then maintained at a level in predetermined 
relationship to the voltage sample and stored on 
capacitor 64 as a result of the feedback network includ 
ing resistors 78 and 80 to the noninverting input of am 
pli?er 32. 
Thus the voltage, and hence the power, applied to 

those elements of the enabled character matrix 
selected by the character generator 24 is controlled in 
accordance with the temperature of the center element 
Em of the matrix immediately preceding the print cycle 
so that a print pulse of predetermined length will result 
in a uniform temperature regardless of the temperature 
of the matrix before the print cycle. This procedure is 
repeated for each character matrix immediately 
preceding the print cycle for the respective character 
matrix. 

Although a preferred embodiment of the invention 
has been described in detail, it is to be understood that 
various changes, substitutions, and alterations can be 
made therein without departing from the spirit and 
scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
'1. In a multiple character electronic display device, 

the combination of: 
a plurality of character matrices, each of said 

character matrices having 
a plurality of thermally separated elements each in 

cluding a heating means, 
means for sensing the temperature of each of the 

character matrices individually, and 
means responsive to said sensing means of a 

character matrix for selectively applying power to 
the heating means of the elements of the character 
matrix at a voltage level related to the temperature 
of said character matrix. 

2. The combination de?ned in claim 1 wherein: 
each character matrix includes at least one thermally 

separated element including a semiconductor 
diode junction in heat exchanging relationship 
with the heating means for sensing the tempera 
ture of the character matrix. 

3. The combination de?ned in claim 2 wherein: 
the diode junction is part of a transistor connected to 

control current through the resistive heating 
means, and 

the temperature of the diode junction is selectively 
sensed by closing the circuit in which the diode is 
located. 

4. The combination de?ned in claim 3 wherein: 
the diode is the base-emitter junction of the 

transistor, and _ 

the resistive heating means is connected in the col 
lector circuit of the transistor. 

5. The combination de?ned in claim 4 wherein: 
the collectors of the transistors of the elements are 
completed through the resistive heating means of 
each character matrix to a common collector volt 
age supply line, 
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the bases of the transistors of the elements are com 
mon, and 

the emitters of the transistors are separately con 
nectable to an emitter supply voltage. 

6. The combination de?ned in claim 1 wherein said 
power applying means includes: 

circuit means for storing a voltage proportional to 
the temperature of a character matrix during a 
sample period, and 

circuit means for applying power that is proportional 
to the stored voltage to the heating elements of 
said character matrix during a subsequent period. 

7. In a multi-character electronic display device, the 
combination of: V 

a plurality of character matrices each comprising a 
plurality of thermally separated elements each in 
cluding a heating element, 

?rst switching means for controlling the current 
through each individual heating element, 

temperature sensing means for each matrix for 
producing a signal representative of the tempera 
ture of the respective matrix, 

voltage supply means connected to each character 
matrix including means for adjusting the supply 
voltage in response to a signal from a temperature 
sensing means, 

second switching means for selectively enabling each 
of the character matrices for printing by connect 
ing the voltage supply means to the respective 
character matrices and respective temperature 
means, and 

circuit means for decoding electrical data represen 
tative of characters and producing outputs for 
operating the switching means of the enabled 
matrix in a manner to heat the elements in a 
geometric pattern corresponding to the character 
represented by the character data. 

8. The combination of claim 7 wherein: 
at least'one of the ?rst switching means of each 

matrix comprises a transistor in heat exchange 
relationship with the heating element it controls, 
the heating element being connected in the collec 
tor circuit, and wherein 
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6 
the temperature of the respective matrix is sensed by 

passing a current through the base-emitter junc 
tion of the transistor and taking the offset voltage 
as a measure of the temperature of the matrix. 

9. The combination of claim 8 wherein: 
the second switching means are in the emitter cir 

cuits of the transistors used as temperature sen 
sors. 

10. In an electronic display, the combination of: 
a plurality of matrices each comprised of a like 
number of semiconductor elements, 

each semiconductor element including a transistor 
formed in the element with a resistance in the col 
lector circuit for heating the element when current 
is passed through the transistor, 

a separate control line common to the bases of the 
transistors of corresponding elements of the 
matrices, 

switch means for selectively opening the emitter cir 
cuits of the transistors of each matrix to permit 
enabling of only one selected matrix at a time, 

means for passing a current through one of the con 
trol lines and the base-emitter junction of the cor 
responding transistor of the enabled matrix to 
sense the temperature of the matrix, and 

means for applying power that is related in mag 
nitude to the magnitude of the sensed temperature 
to the enabled matrix. 

11. The combination of claim 10 wherein: 
the means for applying power is circuit means for ad 

justing the voltage applied across the resistances 
and corresponding transistors. 

12. The combination of claim 11 wherein the means 
for applying power includes: . _ 

means for sampling the offset voltage of the base 
emitter junction of the enabled transistor during a 
sample period and storing the voltage during a suc 
ceeding energizing period, and 

means for regulating the voltage applied across the 
resistances and corresponding transistors in rela 
tion to the stored voltage during the energizing 
period. 

* * * * * 


