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ECHO CHECK CIRCUIT 

BACKGROUND OF THE INVENTION 

This invention relates to non-impact computer out 
put printers and the like. More speci?cally, the present 
invention relates to an “echo check” method and appa 
ratus for monitoring the ?ring, ?ashing or igniting of a 
gas discharge lamp used to effect the impactless print 
ing of a character. 
The integrity of the printed matter generated by a 

computer output printer is signi?cantly important. A 
computer user customarily demands I00 percent accu 
racy of the print out of computer stored information or 
its equivalent'because errors could have very unfavor 
able economic, social and legal repercussions. Impact 
less printers of the type employing ?ash lamps to con 
struct a character encounter printing errors when the 
lamp mis?res by either ?ashing when not requested or 

‘e not ?ashing when commanded to do so. When a mis?re 
occurs, the printer controller should be alerted imme 
diately so that the character line or page being printed 
can be aborted or reprinted. The echo check circuit of 
this invention provides method and apparatus for de 
tecting the firing of a gas discharge ?ash lamp in re’ 
sponse to a controller issued ?ash signal and for gener 
ating an echo check signal which is used by the control 
ler to respond appropriately to a lamp mis?re. 
An echo check mechanism for impactless printers of 

the above type should be highly reliable. Quite obvi 
ously, the echo check circuit itself can give rise to 
printing errors or needless printing shutdowns if it fails 
to detect a lamp ?ash or erroneously reports an igni 
tion. Reliability is not easily come by because gas dis 
charge lamps are notoriously electrically “noisy.” 
Hence, if a plurality of these ?ash lamps are rapidly ?r 
ing, the echo check circuit must consistently distin 
guish"‘noise” from an actual ?ring. 
Accordingly, it is an object of this invention to en 

hance the reliability of impactless printing apparatus of 
the type employing gas discharge ?ash lamps. 
More speci?cally, it is an object of the instant inven 

tion to alert the controller mechanism of an impactless 
printer of the foregoing type to a ?ash lamp mis?re so 
appropriate action may be taken by the controller to 
abort the printout, reprint the characters and/or flag 
the error. 
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Another object-of the invention is to devise method . 
and apparatus for isolating a circuit for detecting lamp 
ignitions from electrical noise. _ 
Yet another object of the present invention is to gen 

erate an echo check signal indicative of a lamp ?ring 
within the time frame ‘provided between successive 
character intervals. 
Even a further object of this invention is to devise an 

echo check circuit suitable for an impactless printer of 
the type disclosed in US. Pat. No. 3,677,148 issued 
July I8, 1972 to Philip L. Chen. The disclosure of that 
patent is hereby expressly incorporated herein. 
The printer described in the Chen patent includes a 

character drum rotated past a row of ?ash lamps posi 
tioned within the volume of the drum. The drum has 
four character sets or fonts scribed about its periphery 
which comprise a group. There are 33 groups arranged 
longitudinally to the drum axis and an equal number-of 
lamps. This arrangement permits a row of 132 charac 
ters to be printed. Each lamp results in the printing of 
four of those characters. Thefour character sets com 
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2 
prising a group are distributed in four separate sectors 
around the periphery of the drum with each character 
set being aligned opposite one of the 132 possible char 
acter positions forming a row. Therefore, the fastest ?r 
ing case encountered by an individual lamp is when it 
must print all four character positions under its control 
within one revolution of the character drum. In other 
words, the fastest ?ring case for a lamp is four ?ashes 
per one revolution of the character drum. The charac 
ters on the character drum are illuminated by the ?ash 
lamp and projected to a photosensitive drum rotating 
at a substantially slower angular velocity by an appro 
priate lens system. The electrostatic image on the pho 
tosensitive drum is rendered visible by microscopic 
toner particles which in turn are electrostatically trans‘ 
ferred to plain paper yielding a permanent record of 
the printed characters. 
The above and other objects of the instant invention 

are accomplished with a novel echo check circuit 
which is coupled to the lamp ignition circuit through an 
isolation transformer. The echo circuit includes an in 
tegrating ampli?er or ramp generator that is switched 
into operation the instant the ?ring charge of a storage 
capacitor is dumped into a flash lamp. The output of 
the ramp generator is fed to a NAND gate whose out 
put constitutes the echo check signal sent back to the 
controller..The duration of the echo check signal is de 
termined by the slope of the ramp signal and the dura 
tion is selected to insure that it does not overlap the 
timing pulse indicative of a subsequent character in the 
previously discussed character set. The other signal to 
the NAND gate is a pulse used to switch the ramp gen 
erator into operation and is of a length substantially 
equal to the time for the gases in the ?ash lamp to re 
vert to a low if not non-excitation state, i.e., to become 
deionized. 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects of the present inven 
tion will be apparent from the present description and 
from the drawings which are: 
FIG. 1 is a perspective view of a non-impact com 

puter output printer employing a row of ?ash lamps lo 
cated inside a character drum wherein characters illu 
minated by the flash lamps are projected by a lens sys 
tem to a photosensitive surface. 
FIG. 2 is a block diagram representation of an electri 

cal controller unit designed to operate the selective 
?ashing of the lamps shown in FIG. 1 to compose a line 
of characters conveying a meaningful message. 
FIG. 3 is a plan view of the periphery of the character 

drum of FIG. 1 unwrapped and laid out ?at to depict 
the arrangement of the timing slots and character sets 
and groups. 
FIGS. 4A and 4B are the circuit diagrams of the pres 

ent echo check circuit. 

DETAILED DESCRIPTION 

The non-impact printer shown in FIG. 1 is shown in 
skeleton form to make the present discussion clearer. 
For more details, the reader is referred to the above 
noted Chen US. Pat. No. 3,677,148. The character 
drum 1 includes a support cylinder 2 which has a pho 
tographic film sheet 3 wrapped about its periphery. The 
characters, character sets and character groups are laid 
out on the film sheet in the manner depicted in FIG. 3 
which will be discussed shortly. 
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The plurality‘of ?ash lamps 4 are positioned within 
the volume of drum 1 in a staggered row arrangement 
and the reader is referred once again to the Chen pa 
tent for more details on this alignment. It is enough for 
the clear presentation of this discussion to point out 
that each lamp is aligned to illuminate the characters 
in the four character sets comprising a character group. 

A plurality of lens singlets 6 are disposed between 
drum 1 and xerographic or photosensitive drum 7 so as 
to project an image of the characters illuminated by a 
lamp to drum 7. There is one singlet for each lamp. The 
photosensitive drum includes a photoconductive layer 
8 over a grounded conductive cylindrical core 9. The 
free surface of the photoconductive layer has electro 
static charge deposited onto it prior to exposure to the 
projected characters. The exposing light image of a 
character creates a latent electrostatic image which is 
rendered visible by microscopic, charged toner parti 
cles brought adjacent the latent image. The visible or 
developed image is thereafter transferred to plain 
paper and heated or otherwise fused'to the paper to 
yield a permanent record of the computer composed 
message. Clearly, the reader may refer to the Chen pa 
tent for more details on the described process and ap 
paratus. 
From the above, it is apparent that a page, e.g., 64 

lines, of characters can be printed by rotating drum 1 
past the flash lamps 4 at an angular velocity suf?ciently 
greater than that of the photosensitive drum such that 
a line of characters can be printed before drum 7 ro 
tates through any substantial angular displacement. 

, The line of characters is composed by a controller unit 
such as a digital computer by issuing lamp ignition 
commands to the proper ?ash lamps at the proper time. 

To understand the controller operation it is helpful to 
examine the layout of the ?lm sheet 3. Referring to 
FIG. 3, a plurality of character sets 16 composed of n 
characters 13 are arranged in parallel along the longitu 
dinal axis of the drum as indicated by arrow 17. (The 
circumference of. the drum is indicated by arrow 18. 

- That is, the film sheet dimension indicated by arrow 18 
is the one wrapped about the circumference of the 
drum.) ‘ 

A character group includes the four character sets 16 
found within dimension 20, e.g., sets l6A-16D. Each 
set is located in a different sector or quadrant of the 
drum circumference and each is offset some longitudi 
nal distance from the other sets in the group. Conse 
quently, as the drum 1 rotates the four sets l6A-16D 
are sequentially positioned in the path of the projection 
system comprising the lamp 4 and lens singlets 6 as 
signed to that group. Each set within the group is the 
character font or source for one of the four contiguous 
character positions in the line of characters to be 
printed. 
The timing slots 12 are distributed about the circum 

ference of drum 1 with each timing slot positioned op 
posite a character in a set. The last timing slot in sets 
such as sets 16A, B and C are of a greater width than 
the other slots to indicate the end of a set. The spacing 
21 between sets is selected to provide time for the gases 
in a lamp 4 to fall to a low or non-excitation state be 
fore the next ?ring. The last timing slot in sets such as 
set 16D is even greater than the other “last timing 
slots“ to indicate to the controller which quadrant, sec 
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4 
tor or set is coming into the path of the projection sys 
tem composed of a lamp 4 and lens singlet 6. The lamp 
14 is positioned inside drum 1 to illuminate the timing 
slots 12. The photodiode 15 is positioned to detect the 
light passing through a timing slot and generates a tim 
ing signal or pulse fed to the controller. 
The echo check circuit of FIG. 4 may now be conve 

niently described. The circuiting of FIG. 4 exists for 
each lamp. For example, in the Chen patent there are 
33 lamps each providing four character positions yield 
ing a total line length of 132 characters. The controller 
logic is illustrated by the block diagram of FIG. 2 which 
will be discussed more fully elsewhere. For now, it suf 
?ces to say that the computer memory and processor 
de?ning the page of characters to be printed is repre 
sented by page buffer 25. The page information is gated 
character by character out of the buffer 35 with a lamp 
“flash command” signal 26‘ being issued once each sec~ 
tor time, i.e. the time for one sector or character set 16 
to be rotated on drum 1 past a lamp 4 and lens 6. 
The ?ash command 26 is a 4 volt, 3 micro (1.1.) sec 

pulse which is detected by the impedence matching 
portion of circuit 30. Circuit 30 includes the transistor 
switch 31 having the isolation transformer 32 coupled 
to its collector. The base-emitter junction of transistor 
31 is reverse biased for noise rejection. Transformer 32 
provides a 2 to l voltage gain to yield the 10 volt 3 u 
sec pulse 33. 
The secondary of transformer 32 is coupled to tran-' 

sistor 34 which comprises an emitter follower switch 
which in turn is coupled to the gate of silicon control 
recti?er SCR 35. The ?ash command generated signal 
33 turns on the emitter follower 34 allowing the charge 
on capacitor 38 to discharge into the gate of SCR 35. 
The emitter-base junction of transistor 34 and the gate 
cathode junction of SCR 35 are also reversed bias for 
noise rejection. ' 

Firing of the SCR 35 couples the positively charged 
terminal of capacitor 39 to ground. This causes the ca 
pacitor 39 to discharge into the primary of transformer 
40. The inductor 41 isolates the power supply 42 to 
which it is coupled during the discharge of capacitor 
39. i 

The voltage of the secondary of transformer 40 rises 
rapidly the instant capacitor 39 begins to discharge. As 
it does, the sparker electrode 43 in the lamp 4 gener 
ates free ions in the lamp gas to aid the ?ring of the 
lamp. As the secondary’ voltage on transformer 40 con 
tinues to rise, a breakdown in the lamp gas occurs be 
tween the trigger electrode 44 and the cathode 45 fol 
lowed by a complete ionization of the gas between 
anode 46 and cathode 45. At this time, the lamp firing 
capacitor 50 is discharged through the lamp to ground 
and the lamp “?ashes.” The primary of transformer 51 
isolates the power supply 52 during the discharge time 
of capacitor 50. 
The secondary of transformer 51 is used to generate 

the controlled width “echo check" pulse sent back to 
the controller. The voltage on the secondary is the neg 
ative pulse 53 having a duration substantially equal to 
the time required to saturate transformer 51. Pulse 53 
cuts-off transistors 55 and 56 and turns on transistor 
57. The capacitor 58 and resistor 59 along with transis 
tor 57 comprise an operational ampli?er integrator or 
ramp generator that produces the ramp signal 62. The 
ramp 62 is fed to NAND gate 63 along with the signal 
64 at the collector of transistor 56. The output of the 
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NAND gate is the echo check pulse 65 after it is in~ 
verted by gate 67. The echo check pulse is fed by the 
emitter follower 68 to the line driver 69. Line driver 69 
transmits the echo pulse to the controller. 
The controller detects a mis?re by strobing the line 

driver 69 output at a time subsequent to the issuance 
of the ?ash pulse 26 and does so at a time around the 
mid point of the echo pulse. 1f the echo pulse is de 
tected, the controller knows the lamp ?red. If the echo 
pulse is not detected, or if it is detected but not subse 
quent to a ?ash signal 26, the page being printed is 
aborted, reprinted or ?agged or some combination 
thereof according to what is desired by the user. 
Following the lamp ?ashing process, the circuit of 

FIG. 4 must be readied for the next ?ash. SCR 35 is 
shut off when inductor 41 saturates, which is about one 
half the time for transformer 51 to saturate. Conse 
quently, capacitor 39 recharges through resistor 71 and 
diode 72. 
The saturation time for transformer 51 is selected to 

match as near as practical the deionization time re 
quired for the lamp to make it ready for the next ?ring. 
With transformer 51 saturated, capacitor 50 is re 
charged through resistor 74 and diode 75 until the 
diode becomes back biased. From that point on, capac 
itor 50 is charged toward the potential of power supply 
76 through resistors 77 and 78 and is clamped by diode 
79. The circuit is now ready to receive another ?ash 
command pulse 26. ' 
A lamp can and may ?ash only once per sector (i.e. 

the time for one character set 16 to rotate past a lamp 
4 and lens singlet 6). The shortest period between any 
two ?ashes is thatrepresented by the gap 21 between 
character sets within a group. (see FIG. 3) This repre 
sents the worst case where the ?rst character in one set 
is ?ashed immediately after the last character in the 
previous set. The charging time of capacitor 50, the en 
ergy storage capacitor for the lamp, is matched to 
about one half the time corresponding to gap 21. Due 
to the characteristic of gas discharge lamps (speci? 
cally lamp number 210394, manufactured by E. G. & 

' (3., Salem, Mass.) no voltage may be placed across the 
lamp for about half the time corresponding to gap 21 
to insure that the gas in the lamp completely deionizes. 
The time required for transformer 51 is selected to 
match the deionizing period required for a lamp, i.e. to 
be about one half the time corresponding to gap 21. 
The block diagram of FIG. 2 illustrates, in general, 

the cycle of operation for firing of the ?ash lamps in ac 
cordance with the output from a computer 25 which is 
utilized as a buffer storage device containing suf?cient 
data to print a complete page of 64 lines. A model DD? 
516 computer manufactured by Honeywell Corpora 
tion has been satisfactorily employed to demonstrate 
the operation of the printer disclosed in the Chen pa 
tent supra. 

Initially only a portion of the data contained in the 
buffer device 25 is written into a memory device 81 
which may comprise a pair of FT .40 fast access mem 
ory cards having a capacity’of l6 two-character words 
at 16 bits per word. Such cards are manufactured by 
Xerox Data Systems. Writing into memory is accom 
plished by means of a process control shift register 82 
driven by a 5 MHz clock. The shift register also con 
trols the reading of the data into a comparator 83 
which may comprise suitable logic components, for ex 
ample, AND gates (not shown) for deriving outputs 
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6 
when positive comparisons are made. The other input 
to the AND gates may be derived from acounter 84. 

The counter 84 is preset to a code representing the 
?rst character on the character drum 1. Accordingly, 
when the ?rst or initial portion of data is read into the 
comparator 83 it is compared to the code representing 
the aforementioned ?rst character or in other words 
the preset value of the counter. Each successive char 
acter on the character drum is represented by a code 
in the counter on incrementing thereof. This incre 
menting of the counter is accomplished by virtue of the 
pulses from the timing slit sensor, photodiode 15. it can 
be seen that the code representing the second charac 
ter on the drum will be represented by the preset value 
of the counter plus 1. 
When the code in the comparator 83 is the same as 

the code from the memory 81, a latch 85, which may 
comprise a ?ip-?op (not shown) is set. Pulses from the 
sensor 15 are ANDed with the outputs from the latches 
to thereby generate the ?ash command pulse 26. The 
echo check pulse is fed back to computer 25 for pro 
cessing. 
The foregoing description has included speci?c num 

bers of characters per line, character sets per group and 
groups per line. Clearly, these are matters of design 
choice and may be other than that disclosed herein. 
Speci?cally, a saving in lamps is possible if each char 
acter group 20 includes six character sets 16. In this ar 
rangement, only 22 lamps are needed to compose a line 
of print having up to 132 characters. 
What is claimed is: 
1. in a non-impact character printer of the type em 

ploying a plurality of flash lamps to illuminate selected 
characters from character sets moved relative to the 
?ash lamps, the ?ash lamps being illuminated in re 
sponse to ?ash command signals generated by control 
ler means in a sequence controlled by timing pulses as~ 
sociated with the characters in the character sets. the 
?ash signals being supplied to lamp ignition means cou 
pled to the controller means and the ?ash lamps, the 
improvement comprising apparatus for generating an 
echo check signal indicating a lamp has ?ashed includ 
mg: 

integrating means coupled to said lamp ignition 
means for generating at the time of a lamp ?ash, a 
?rst signal changing in amplitude between two lim 
its within a time that determines the duration of the 
echo check signal, and ' 

gate means coupled to receive said ?rst signal and to 
generate an echo check signal indicative of a lamp 
?ash having a duration corresponding to the time 
required for the ?rst signal to change amplitude 
from one to another of its two limits. 

2. The apparatus of claim 1 wherein said controller 
means is coupled to receive said echo check signal for 
performing a decision function when an echo check 
signal is not received subsequent to issuance of a ?ash 
command signal or an echo check signal is received 
when a ?ash command signal is not issued by said con 
troller means. 

3. The apparatus of claim 1 further including pulse 
generating means coupled between said lamp ignition 
means and said gate means for generating a second sig 
nal of ?xed amplitude that is logically ANDed with said 
?rst signal to isolate further the echo check apparatus 
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from electrical noise including that associated with a 
lamp ?ash. 

4. The apparatus of claim 1 further including an iso 
lation transformer having primary windings coupled 
between a power supply and the said lamp ignition 
means to protect the power supply during lamp ?ash 
and secondary windings coupled to said integration 
means to isolate further the integrating means from 
electrical noise including that associated with a lamp 
?ash. 

5. The apparatus of claim 4 wherein said isolation 
transformer is a saturable transformer having a satura 
tion period corresponding to the time required for the 
gases in a ?ash lamp to deionize to a state in which the 
lamp can again be ?ashed. 

6. The apparatus of claim 5 wherein said saturation 
period of the transformer is a multiple of the time spac 
ing between characters in a character set and the dura 
tion of the echo check pulse is less than the inter 
character spacing. ' V 

7. The apparatus of claim 1 wherein said integrating 
means includes a ramp generator producing a ramp sig 
nal as said first signal. 

8. The apparatus of claim 7 further including a satu 
rable transformer having its primary windings coupled 
between said lamp ignition circuit and a power supply 
and its secondary windings coupled to a pulse generat 
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8 
ing circuit and said ramp generator and wherein said 
pulse generator produces a second signal of ?xed am 
plitude and is coupled to the gate means so the second 
signal is logically ANDed with said ramp signal for the 
production of said echo check signal. 

9. In a non-impact character printer of the type em 
ploying a plurality of ?ash lamps to illuminate selected 
characters from character sets in response to ?ash 
command signals generated bycontroller means moved 
relative to the lamps in a sequence controlled by timing 
pulses associated with the characters in the characters 
sets, the improvement comprising the method of gener 
ating an echo check signal for informing the controller 
unit that a lamp has ?ashed including 
generating a ?rst signal changing in amplitude be 
tween ?rst and second limits within a time that de 
termines the duration of the echo check signal in 
response to a ?ash of a lamp 

generating a second signal of ?xed amplitude at the 
same time as said first signal, and 

comparing said ?rst and second signals and generat 
ing said echo check signal during the time said first 
signal changes between said limits whereby said 
echo check signal is isolated from electrical noise 
including that associated with the ?ashing of said 
lamps. 

* * * * * 


