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It is an obiect of this invention to provide a simple, 
reliable analog to digital converter. 

Another object of this invention is to provide (an analog 
to digital converter which converts pulses the amplitudes zp:g ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ fi of which represent an analog input, into frequencies 
which represent a digital output. 

A further object of the invention is to provide a means 
for stretching all input pulses applied to an analog to  

The invention described herein may be manufactured digital converter to the same width, and at the same time, 
and used by or for the Government of the United States 10 not altering the relative amplitudes of the input pulses. 
of America for governmental purposes without the pay- Other objects and a fuller understanding of this in- 
ment of any royalties thereon or therefor. vention may be had by referring to  the following de- 

The present invention relates generally to an improved scription and claims, taken in conjunction with the ac- 
analog to digital converter, and more particularly to companying drawing, in which: 
an anlaog to digital converter which converts pulses, 15 FIG. 1 is a block diagram of an analog to digital con- 
whose amplitudes represent an analog input, t o  frequen- verter incorporating the invention; and 
cies which represent a digital output. FIG. 2 is a schematic diagram of an analog to digital 

Prior analog to digital converters usually receive slow converter incorporating the invention. 
varying D.C. analog inputs and convert them into digital Referring to FIG. 1, input analog pulses are applied 
outputs. These converters work well for the purposes 20 to an amplifier 11 through an input terminal 10. Ampli- 
fur they .were designed; however, they do not fier 11 is a linear amplifier within the amplitude range 
wor actorily in some applications where the analog of the input pulses; therefore, the amplitudes of the 
inpi sts of short duration pulses the amplitudes of pulses produced at the output of amplifier 11 are direotly 
which represent the analog input. Also in these prior proportional to the amplitudes of the input pulses. These 
converters the usual techniques used to accomplish analog 25 pulses produced at the outut of amplifier 111 are applied 
to digital conversions employ complex transistor cir- to a pulse stretcher 12 where, under the control of a 
cuits; including delay lines, crystal oscillators, etc. De- monostable multivibrator 16, a differentiator clipper 
signs of this variety of analog to digital converter usual- circuit I7 and a gating circuit 18, they are stretched to 
ly involve 30 to 40 transistor stages and dissipate 550 to the same predetermined width. 
750 milliwatt of power. They are expensive to fabricate, 30 When an amplified pulse is applied to the input of pulse 
require large Power Supplies to operate, and take UP too stretcher 12 a voltage having a magnitude equal to the 
much space and weigh too much to be used in a satellite amplitude of this pulse is produced at the output of the 
program. pulse stretcher. The amplified pulse, which is applied 

The general purpose of the present invention is to to pulse stretcher 12, is also applied to monostable mulmti- 
provide an improved analog to digital converter which 35 vibrator 16. In response to this amplified pulse, mono- 
embraces all the advantages of similarly employed stable multivilbrator 16 generates a pulse starting at the 
analog to digital converters, which will satisfactorily beginning of the amplified pulse and having a predeter- 
handle pulses having amplitudes representing an analog mined width. This generated pulse is applied to  a differ- 
input, and which is more compact, less expensive, and entiator clipper circuit B7 which produces a sharp gating 
more reliable, becwse of its simplicity, than previously 40 pulse at  the time of the following edge of the generated 
used analog to digital converters. The present invention' pulse. This gating pulse produced by differentiator 
uses a new approach in solving this usually complex clipper circuit 67 is applied to a gating circuit 18 lo ter- 
problem of analog to digital conversion with a few minate the voltage being produced by pulse stretcher 12. 
straightforward circuits. Consequently, the amplified pulse applied to pulse stretch- 

In the present invention, the pulses whose amplitudes 45 er 1% and monostable multivibralur 16 causes a pulse to  
represent the analog input are first applied to an amplifier be generated at the output of pulse stretcher I2 which 
where they are amplified; each of the amplified pulses has an amplitude proportional to the amplitude of the 
are thcn stretched to the same width. These stretched corresponding input pulse and which has a duration 
pulses are applied to a variable impedance which is equal to the duration of the pulse generated by niono- 
conhected to control the output frequency of an oscilla- li0 stable multivibrator 16. This pulse generated by pulse 
tor. The output frequencies of this oscillator are pro- stretcher 12 is applied to a variable impedance 13 which 
portional to the amplitudes of the stretched pulses. These is connected to control the output frequency of an oscilla- 
output frequencies are the digital output of the analog tor 14. The output frequency of oscillator 14, at output 
to digital converter. terminal 15, is proportional to the amplitude of the 

It should be 
of the analog to digital converter, will usually have differ- noted at  this point, that any oscillator whose frequency 
ent widths. These different widths do not represent in- is controlled by voltage amplitudes can be substituted 
formation, as all information conveyed by the input for variable impedance 83 and oscillator 14 without de- 
pulqes is represented by their amplitudes. Since the parting from this invention. 
amplitudes of these input pulses are used to control a Since all the pulses generated by monostable multivi- 
variable impedance, which i n  turn controls the output brator 16 will have equal widths, all the pulses generated 
frequencies of an oscillator, i t  is necessary that the ampli- by pulse stretcher 12 will have equal widths. Consequent- 
tudes of the input pulscs control the varialbie impedance ly, these pulses will control the frequency of oscillator 14 
for equal lengths of time. Otherwise, the linear relation for equal lengths of time in accordance with their respec- 
betwen the amplitudes of the input pulses and the overall " tive amplitudes. It follows that, because the amplitudes 
output frequency of the variable impedance controlled of the pulses generated by pulse stretcher 12 are propor- 
o.icill.itor would he lost. Therefore, every input pulse tional to the amplitudes of the input pulses, the output 
must be stretched to the saim width prior to its applica- frequencies of oscillator 14 will be proportional to the 
tion tu the variablc impedance. 
discloses simple, unique circuitry for performing this Referring now to FIG. 2, the dotted line rectangles 
function. correspond to the blocks in FIG. 1. The input pulses at 

3,259,053 
ANALOG TO ~~~~~~~ ~~~~~~~ 

ligeB*svi1'e9 Mde, assffPoir to 

Piha NOV. 2 , 1 9 a ,  SW. NO. 23fib162 
10 CBaEms. (CI. 348-347) 

The input analog pulses, which are applied to the input 65 pulse generated by pulse stretcher 12. 

The present application ,o amplitudes of the input pulses. 



3,281,053 

tcrniinai 10 :we applictl ttiroiigh a capacitor 19 10 the base voltage power supply and the other side is connected to 
of  an NPN trmsistor 22. Kesistors 20 and 28 form the base of transistor 36 through a capacitor 39. A diode 
a voltagc divider which applies a bias voltage to the base 39 is connwted between the collector of transistor 36 and 
of transistor 22. The collector of transistor 22 is connect- ground so that any overshoot tramient pulses produced at 
ed to the base of a PNp transistor 23. The emitter-col- 5 the collecor of transistor 34 will be passed to ground. All 
lcctor circuit of transistor 23 is connected in series with positive pulses produced at the collector of transistor 36 
resistors 24 and 25 between a positive voltage power sup- will pass through a resistor 40 to output terminal 15. 
ply and ground. The emitter of transistor 22 is connected The oscillator 1% produces positive pulses at output ter- 
to the junction between resistors 2% and 25. The pulses minal 15 with the time between successive pulses being 
which, due to the input pulses, are produced at the col- determined by the time constant of capacitor 35 and the 
lector of transistor 23 are amplified input pulses. The gain impedance between the collector of transistor 33 and 
of the amplifier circuit just described is linear within the ground. Therefore, since the amplitude of the pulse at 
amplitude range of the input pulses; therefore, the ampli- the base of transistor 32 controls the impedance between 
tudcs of the pulscs at the collector of transistor 23 are the collector of transistor and ground, the pulse at the 
proportional to the amplitudes of the input pulses. 15 base of transistor 32 controls the frequency at output ter- 

Each of the pulses at the collector of transistor 23 is minal 15. By proper adjustment of variable resistor 34, 
applied to a diode 26 which is connected to allow only different frequency spectrums at output terminal 15 can 
positive pulses to pass through it. Diode 26 also blocks be selected. 
the discharge of a capacitor 27 through resistor 24 and The control circuitry that discharges capacitors 27 and 
25 to ground. When a pulse passes through diode 26 20 31 a predetermined length of time after the beginning of 
it charges capacitor 27. Capacitor 27 has a small capaci- the amplified pulse which charges capacitor 27 will now 
tmce so that the capacitor charges to the amplitude of be described. The amplified pulse at the collector of 
the pulse applied to it in a very short time. Therefore, transistor 23, in addition to being applied to  capacitor 27, 
the voltage across capacitor 27, shortly after the pulse is also applied through a diode 41, which is connected to 
has bcen applied to it, is equal to the amplitude of the 25 pass only positive pulses, and through a capacitor 42 to the 
pulse. base of an NPN transistor 44. The emitter of transistor 

Sitace capacitor 27 has a small capacitance, and since 44 is connected directly to a ve voltage power supply 
the circuitry which follows capacitor 27 will be a finite and the collector of transist is connected to a nega- 
impedance to ground, capacitor 27 will begin to discharge tive voltage power supply gh a resistor 50. The 
immediately after the termination of the pulse applied 30 collector of transistor 44 is also connected to the base of 
to it. To renicdy this defect, the voltage across capaci- an NPN transistor 43 through a resistor 48 and a oapaci- 
tor 27 is used to charge a capacitor 31, which has a large tor 49 connected in parallel. The emitter of transistor 
capacitance, through an  emittei-follower circuit consisting 43 is connected directly to the positive voltage power sup- 
of an NPN transijtor 28 and a resistor 29. The voltage ply and the collector of transistor 43 is connected to the 
across capacitor 27 is applied to the base of transistor 28 35 negative voltage power supply through a resistor 46. The 
which causes a voltage to be produced at the emitter of collector of transistor 43 is also connected to the base 
transistor 28. This voltage is applied to capacitor 31 of transistor 44 through a capacitor 45. The negative 
through a diode 30 which is connected to allow only posi- voltage power supply is connected to the base of transis- 
tive voliages to pass through it. Diode 30 also prevents tor 44 through a resistor 47. 
capacitor 31 from discharging through resistor 29. The 40 When the amplified pulse is applied through capacitor 
magnitude of the voltage across capacitor 31 will remain 42 to the base of tpansistor 44, a negative pulse is gen- 
more constant than the magnitude of the voltage across erated at the collector of transistor 44. The width of this 
capacitor 27. generated pulse is determined by the time constant of 

Control circuitry consisting of mor.ostable multivibrator capacitor 5 and resistor 4'7. Consequently, the width of 
16, differentiator clipper circuit 17 and gating circuit 18, 45 this generated pulse can be predetermined by the selection 
will discharge both capacitor 27 and capacitor 3% a pre- of capacitor 45 and resistor 47. The circuitry just de- 
determined length of time after the pulse is applied scribed, for generating a negative pulse when the ampli- 
through diode 26 to capacitor 24. This control circuitry fied pulse that charges capacitor 27 is applied to it, is a 
will be described below. As can be understood by the well known monostable multivibrator, but is described 
above description, there is a pulse generated across capaci- 50 here to give a more complete disclosure of this invention. 
tor 38. This pulse is initiated at the beginning of the The negative pulse generated at the collector of transis- 
pulse passed through diode 26, has an amplitude propor- tor 44 is applied to a capacitor 51 which is connected to 
tional to the amplitude of the pulse passed through diode a resistor 53 to form a differentiator. The differentiator 
26, and has a width proportional to a predetermined value. produces a sharp negative pulse across resistor 53 when 

The pulse genersted across capacitor 33 is then applied 55 the leading edge of the negative pulse, at the collector of 
to the base of an NPN transistor 32 causing a positive transistor 44, is applied to capacitor 5%; and it produces 
pulse to be produced at the emitter of transistor 32. This a sharp positive pulse across resistor 53 when the follow- 
pulse is applied to the base of an NPN transistor 33 ing edge of the negative pulse, at the collector of transistor 
which causes the impcdance from collector to emitter of 44, is applied to capacitor 51. A diode 52 is connected 
transistor 33 to change in accordance with the amplitude 60 across resistor 53 to pass the negative pulse to ground, 
of this pulse. Therefore, the impedance from the collec- which means that only the positive pulse produced by the 
tor of transistor 33 to ground is varied by the differentiator appears across resistor 53. 
to the base of transistor22. A variable resis This positive pulse earing across resistor 53 js 
nected between the emitter of transistor 33 applied through resisto and 57 to the bases of NPN 
This variable resistor 34 may be used to vary the range 6 3  transistors 55 and 58 ng them to conduct and dis- 
of impedance change from the collector of transistor 33 charge capacitors 27 and 31 through resistors 56 and 59. 
to ground. The pulse produced across capacitor 31 will have the same 

The collector of transistor 33 is connected to oscillator width as th negative pulse generated at the collector OF 
14 which consists essentially of a PNP transistor 36. The transistor 4 , and will have a substantially constant am- 
collector of transistor 33 is connected to the base of tran- 50 plitude throughout its width which amplitude will be pro- 
sistor 36. The emitter of transistor 36 is connected direct- portional to the amplitude of the corresponding input 
ly to a positive voltage power supply, and the collector pulse. 
of transistor 36 is connected to ground through the primary Obviously numerous modifications or variations of 
of a transfoimer 37 and a resistor 38. One side of the the present invention are possible in light of the above 
secondary of transformer 37 is connected to the positive 75 teachings. For example, different monostable multivi- 



brators, gates and amplifiers can be used without departing 
from the invention. Also amplifier PI, instead of being 
a linear amplifier, could be a nonlinear amplifier. That 
is. its output could be some nonlinear function of its 
input. If this be true, the digital output would be a non- 
linear function of the analog input. It is therefore to be 
understood that within the scope of the appended claims 
the invention may be practiced otherwise than specifically 
described herein. 

What is claimed is: 
2. In an analog to frequency converter for converting 

input pulses whose amplitudes represent an analog input 
into pulses the frequency of which represents a digital 
output comprising: means, connected to receive said input 
pulses, for generating a pulse, each time an input pulse is 
received, whose amplitude is proportional to the amplitude 
of the received pulse and whose width is a predetermined 
value whioh value is the same for all generated pulses; 
a variable impedance means connected to receive said 
generated pulses for producing an impedance which varies 
in accordance with the amplitudes of said generated pulses; 
and impedance controlled oscillator means connected to 
be controlled by said variable impedance means whereby 
the said oscillator means generates pulses, the frequencies 
of which are proportional to the amplitudes of said input 
pulses. 

2. In an analog to frequency converter as in claim 1 
wherein said pulse generating means includes capacitor 
means which charges to an amplitude proportional to the 
amplitude of a received input pulse and means for dis- 
charging said capacitor means at a time after receiving 
said input pulse equal to said predetermined value. 

3. In an analog to frequency converter as in claim 2 
wherein said capacitor discharging means comprises 
means, connected to receive said input pulse, for generat- 
ing a pulse which is initiated at the beginning of said input 
pulse and which has a width equal to  said predetermined 
value, means connected to receive the pulse generated by 
the last mentioned means for generating a gating pulse 
at the conclusion of this received pulse, and gating means 
connected to receive and gating pulse for discharging 
said capacitor means. 

4. In an analog to frequency converter as in claim 1 
wherein said pulse generating means comprises means for 
generating a voltage beginning at the beginning of the 
received pulse and having a magnitude proportional to  
the magnitude of the received pulse and means for termi- 
nating the said generated voltage at a time after the be- 
ginning of the received pulse equal to said predetermined 
value. 

5. In an analog to frequency converter as in claim 
wherein said voltage terminating means includes means 
for generating a pulse at a time after the beginning of 
the received pulse equal to said predetermined value. 
6. In an analog to frequency converter as in claim 1 

wherein said variable impedance means includes a variable 
resistance which can be varied independent of the pulses 
received by the variable impedance means whereby the 
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the amplitude of a received input pulse and which pro- 
duces a pulse having an amplitude equal to the stored 
amplitude and having a width equal to said predetermined 
value. 

8. In an analog to frequency converter for converting 
input pulses whose amplitudes represent an analog input 
into pulses the frequency of which represents a digital 
output comprising: means, connected to receive said input 
pulses, for generating a pulse, each time an input pulse 
is received, whose amplitude is a function of the amplitude 
of the received pulse and whose width is a predetermined 
value which value is the same for all generated pulses; and 
voltage controlled oscillator means connected to  be con- 
trolled by the amplitudes of the pulses generated by said 
pulse generating means whereby the oscillator means gen- 
erates pulses, the frequencies of which are proportional to 
the amplitude of said input pulses. 

9. In an analog to frequency converter as in claim 
wherein said pulse generating means comprises means for 
generating a voltage beginning at the beginning of the 
received pulse and having a magnitude which is a function 
of the amplitude of the received pulse, and means for 
terminating the said generated voltage at a time after the 
beginning of the received pulse equal to said predeter- 
mined value. 
1% In an analog to frequency converter for converting 

input pulses whose amplitudes represent an analog input 
into pulses the frequencies of which represent a digital out- 
put comprising: capacitor means having a small capaci- 
tance connected to receive said input pulse whereby 
the capacitor means charges to the amplitude of each pulse 
applied to it almost immediately upon recipt of the pulse; 
means connected to receive said input pulses for generat- 
ing a pulse, each time an input pulse is applied to it, be- 
ginning at the beginning of the input pulse and ending a 
predetermined time later which predetermined time is 
the same for all generated pulses; means connected to re- 
ceive said generated pulses for producing gating pulses 
at times corresponding to the ends of said generated pulses; 
gating means connected to receive said gating pulses for 
discharging said capacitor means; variable impedance 
means connected across said capacitor means for produc- 
ing a change in impedance proportional to the voltage 
across said capacitor means; and oscillator means con- 
nected to said variable impedance means for generating 
pulses whose frequencies change proportional to the 
changes in impedance of said variable impedance means 
whereby the frequency changes of the pulses generated by 
said oscillator means are proportional to the amplitudes 
of said input pulses. 
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range of impedance produced by the variable impedance 60 DARYLW.C 
means can be changed. 

7. In an analog to frequency converter as in claim 1 
wherein said pulse generating means includes storage 
means which stores a voltage amplitude proportional to  
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