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ABSTRACT: A pulse-shaping circuit is interposed between 
each adjacent pair of pulse-modulating circuits of a pulse 
modulation system. Each pulse-shaping circuit comprises a 
sampling circuit and a storing or holding circuit to prevent a 
waveform transferred from one pulse-modulating circuit to 
the next from being adversely affected by the preceding cir 
cuit, and to thereby decrease the operating time of the modu 
lating circuits to that of the first modulating circuit and 
thereby provide high speed coder operation. 
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EASEADETB CQDEEQ FOR A PULSE MQDULATHGN 
SY§TEM 

DESCRIPTION OF THE INVENTION 

The present invention relates to a cascaded coder. More 
particularly, our invention relates to a cascaded coder for a 
pulse modulation system. The coder is utilized in analog-to 
digital conversion or the like in a pulse code modulation 
system of FCM system or in a telemetering system. 
Known coders of the aforementioned type include the suc 

cessive feedback comparison type coder, the counter type 
coder, the pulse code tube type coder, and the cascaded 
coder. Of these types, those best suited for high speed coding 
are the pulse code tube type coder and the cascaded coder. 
The pulse code tube type coder, however, utilizes an electron 
beam in an electron tube and has disadvantages or defects 
which require a hot cathode for termionic radiation. The pulse 
code tube type coder thus requires a high voltage power 
source of accelerating electrons. Furthermore, the life of such 
a coder is'short. For these reasons, only the cascaded coder 
may provide high speed coding by utilizing integrated circuits. 
A cascaded coder comprises a plurality of pulse-modulating 

circuits, each of which is a unit circuit or stage. The number of 
unit circuits utilized may vary and is equal to the number of 
bits in the code. Each unit circuit comprises input and output 
characteristics and provides a binary code output. The unit 
circuits are connected in'cascade with each other. A disad 
vantage or defect of the cascade type coder is that high speed 
coding becomes more difficult with an increase in the number 
of coding bits. 
The principal object of the present invention is to provide a 

new and improved cascaded coder. 
An object of our invention is to provide a cascaded coder 

which overcomes the disadvantages of the coders of known 
type. 
An object of the present invention is to provide a high speed 

order. 
An object of the present invention is to provide a high speed 

cascaded coder. 
An object of the present invention is to provide a high speed 

cascaded coder which does not decrease in speed as the 
number of coding bits increases. 

in accordance with the present invention, the cascaded 
coder provides high speed coding due to an increase in the 
density of a pulse amplitude modulated or PAM pulse sup 
plied to the input of the coder. The increase in the value of the 
unit circuit until the regulation or required value is reached 
requires a considerable period of time due to the frequency 
characteristics of the components utilized in said unit circuits. 
The period of time increases in a next-succeeding unit circuit, 
since each unit circuit or stage is adversely affected by the 
next-preceding unit or stage. For this reason, in a conventional 
cascaded coder, the operating time of each unit circuit or 
stage must be made equal to the operating time of the last unit 
circuit, so that a considerable period of time is required for 
coding. ‘ p 

In order to overcome the aforementioned disadvantage, the 
cascaded coder of our invention includes a pulse-shaping cir 
cuit connected between each adjacent pair of unit circuits. 
Each pulse-shaping circuit comprises a sampling circuit. An 
input supplies an input signal to the sampling circuit. A hold 
ing circuit is connected to the sampling circuit and an output 
is connected to the holding circuit. This prevents the 
waveform supplied to a unit circuit from being adversely af 
fected by the next-preceding unit circuit. This permits the 
operating time of each of the stages to be equal to the operat 
ing time of the ?rst stage and thereby provides high speed 
coder operation. 
The speed of the coding operation may be further increased 

by variation of the amplifying characteristic or ampli?cation 
factor of the ampli?er included in each unit circuit and by 
sampling at the instant at which the regulated or required 
value is reached. The regulated or required value is reached 
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sooner by such variation of the ampli?cation factor or ampli 
fying characteristic. The sampling is further facilitated by 
providing an even, smooth or level characteristic after the out 
put of the unit circuit provides the regulated value at an earlier 
instant. 

In accordance with the present invention, a cascaded coder 
for a pulse modulation system comprises a plurality of pulse 
modulating circuits and a plurality of pulse-shaping circuits, as 
hereinbefore described, each comprising the aforedescribed 
circuit. Each of the pulse-modulating circuits may comprise a 
comparator and a delay. An input supplies an input signal to 
the comparator and to the delay. An adder is connected to the 
delay. A switch operated by the comparator interconnects a 
bias voltage source to the adder for applying bias voltage to 
the adder in accordance with a result provided by the com 
parator. An ampli?er is connected to the adder. Each of the 
pulse-modulating circuits may comprise a comparator and a 
recti?er. An input supplies an input signal to the comparator 
and to the rectifier. An adder is connected to the recti?er. A 
bias voltage source is connected to the adder. An ampli?er is 
connected to the adder. 
Each of the pulse-modulating circuits includes a delay for 

an input signal, an adder connected to the delay for adding a 
signal to the input signal and an ampli?er connected to the 
adder. The ampli?er has a transient response characteristic 
which provides the required value in a short period of time 
thereby providing a level response characteristic. The ampli? 
er may have a low frequency ampli?cation factor which is 
larger than the required ampli?cation factor, or a high 
frequency ampli?cation factor which is the turnover value of 
the ampli?cation factor. 
Each of the pulse-modulating circuits includes an ampli?er 

having an input. An initial pulse plus a delayed and attenuated 
initial pulse are applied to the input of the ampli?er. The am 
pli?er comprises a circuit for attaining the required level in a 
brief period of time relative to the combined pulses and 
providing a level response characteristic. 

in order that the present invention may be readily carried 
into effect, it will now be described with reference to the ac 
companying drawings, wherein: 

FlG. l is a block diagram of a known type of cascaded coder 
of a normal binary system; - 

F KG. 2 is a block diagram of a known type of cascaded coder 
of a reflected binary system; 

FIG. 3 is a block diagram of an embodiment of the cascaded 
coder of the present invention; 

FIG. 4 is a circuit diagram of a pulse-shaping circuit which 
may be utilized in the coder of H6. 3; 

FlGS. 5A, 5B, 5C and 5D are graphical presentations of the 
waveforms appearing in the coder of FlG. 3; 

FIG. 6 is a graphical presentation of an amplifying charac 
teristic of an ampli?er; 

FIGS. 7A, 7B, 7C and 7D are graphical presentations illus 
trating the variations of the voltage or current characteristic of 
an ampli?er; 

FIG. 8 is a circuit diagram of the equivalent circuit of an 
ampli?er; 

FIG. 9 is a modi?cation of the circuit of F IG. 3; 
FIG. lid is a modi?cation of the circuit of F l6. 9; 
FIGS. MA, MB and MC are graphical presentations of the 

frequency characteristic of the circuit of F l6. 10; 
FIG. 12A is a graphical presentation of part of a PAM input 

waveform: 
FIG. T23 is a graphical presentation of part of a response 

output waveform; 
Flt}. lIiA is a graphical presentation of an input pulse sup 

plied to an ampli?er; 
FlG. 13B is a graphical presentation of the response 

waveform of the ampli?er; 
FlGS. 114A, 14.8 and MC are graphical presentations of the 

response waveforms; and 
FlG. 15 is a block diagram of an embodiment of an ampli? 

er circuit of the present invention which provides the ad 
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vantages ofFlGS. 11A to 11C, 12A, 1213, 13A, 13B and 14A 
to 14C. ‘ ' 

In FlGsl, a ?rst unit circuit or stage 11, a second unit cir 
cuit or stage 12, a third unit circuit or stage 13, a fourth unit 
circuit or stage 14 are cascade-connected to each other in 
known manner with the unit circuit 12 following the unit cir 
cuit 11, the unit circuit 13 following the unit circuit 12, etc. 
Each unit circuit is the same as the others, so that only the ?rst 
unit circuit 11 will be described. ' 
A PAM input signal is supplied‘ to the ?rst unit circuit 11 via 

an input terminal 15. The input signal is supplied to an 
analogue delay line 16 via a lead 17 and to a comparator 18 
via the lead 17 and a lead 19. The delay line 16 provides the 
required delay time. An adder 21 is connected to the delay 
line 16 via a lead 22. A bias power source 23, which provides a 
voltage E1, is connected to the adder 21 via a switch 24 con 
nected in a lead 25. The comparator 18 is mechanically or 
otherwise suitably coupled to the switch 24. An amplifier 26 is 
connected to the adder 21 and provides an output signal at an 
output terminal 28. The output signal at the output terminal 
28 is supplied to the delay line 29 and the comparator 31 via 
leads 32 and 33. The delay line 29 and the comparator 31 are 
part of the unit circuit 12. The unit circuit 12 is indentical with 
unit circuit 11 and functions in the same manner. 
Any suitable number of unit circuits may be utilized, 

although four unit circuits ll, 12, 13 and 14, are shown in 
FIG. 1. A PCM output pulse or signal is provided at an output 
terminal 34 of the unit circuit 11. The output terminal 34 is 
connected to the comparator 18 via a lead 35. A PCM output 
pulse or signal is provided at an output terminal 36 of the unit 
circuit 12. The output terminal 36.is connected to the com 
parator 31 via a lead 37. The PCM output pulse or signal is 
provided by the unit circuit 13 at an output terminal 38 and 
the PCM output signal of the unit circuit 14 is provided at an 
output terminal 39. 
The PAM pulse or signal fed to the input terminal 15 of the 

unit circuit 11 has a polarity or sign which is detected by the 
comparator 18. If the sign is positive, a PCM pulse is provided 
at the output terminal 34. The comparator 18 functions to 
close the switch 24, so that a negative bias voltage E1 is ap 
plied‘to the adder 21 where it is added to the PAM pulse pro 
vided by the delay line 16 after a suitable delay in time. If the 
‘polarity of the PAM pulse is negative,-the switch 24 remains 
open. The amplitude of the PAM pulse to which either the 
reference voltage of the reverse polarity has been applied or 
has not been applied, as described, is doubled by ampli?cation 
in the ampli?er 26. The ampli?ed PAM pulse provided by the 
ampli?er 26 is supplied to the delay line 29 and the compara 
tor 31 of the next succeeding unit circuit 12 via the output ter 
minal 28 and the leads 32 and 33. The’unit circuit 12 then 
functions in the same manner as the unit circuit 11 and pro 
vides a signal to the next succeeding unit circuit 13. The 
number of unit circuits utilized in the coder of FIG. 1 is equal 
to the number of bits in the code utilized. ' 

FIG. 2 shows a coder of a reflected binary system. In FIG. 2, 
a PAM input pulse or signal is supplied via an input terminal 
41 and a lead 42 to a recti?er 43. The input signal is supplied 
to a comparator 44 via the lead 42 and a lead 45. The recti?er 
43 functions to provide uniform polarities to the analogue pul 
ses. An adder 46 is connected to the recti?er 43 via lead 47. A 
source of bias voltage E1 is connected to the adder 46 via a 
lead 48. An ampli?er 49 is connected to the adder 46 via a 
lead 51. An output terminal 52 is‘ connected to the ampli?er 
49. The ampli?cation provided by the ampli?er 49 is 2. A 
PCM output signal or pulse is provided at an output terminal 
53 which is connected to the comparator 44 via a lead 54. 
The polarity or sign of the PAM input signal supplied to the 

input terminal 41 is detected by- the comparator 44. If the 
polarity of the PAM input signal is positive, a PCM output 
pulse or signal is provided at the output terminal 53. The PAM 
input signals are also supplied to the recti?er 43 and are 
recti?ed so that they all have a negative polarity or sign, for 
example. The PAM input pulse is added in the adder 46 to the 

15 

20 

4. 
bias voltage El, which is of positive polarity and which has a 
‘magnitude equal to one-half the maximum amplitude level in 
the adder 46..lf the polarities of the PAM input pulses are all 
made positive by the recti?er 43, the bias voltage E1 is a nega 
tive voltage. ' 

In illustration of the foregoing description, if the PAM input 
pulse is between +8 volts and —-8 volts, the bias voltage E1 is 
+4 volts. The amplitude of the analogue pulse, which is the 
sum of the PAM input pulse and the bias voltage E1, is dou 
bled in amplitude by the ampli?er 49 and is supplied to the 
recti?er 55 and the comparator 56 of the next-succeeding unit 
circuit via the output terminal 52 and leads 57 and 58. The 
polarity of the signal supplied to the second unit circuit via the 
output terminal 52 is detected by the comparator 56 thereof. 
If the polarity is positive, a PCM output signal or pulse is pro 
vided at an output terminal 59 connected to the comparator 
56 by a lead 61. The PCM output pulse or signal is a binary 1. 
If the polarity is negative, a binary 0 is provided at the output 
terminal 59. The analogue pulse, as in the ?rst unit circuit or 
stage, is transferred through the recti?er 55 and thence 

' through an adder and an ampli?er and is then supplied to the 
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next-succeeding, or third,'unit circuit.‘ Re?ected binary‘ coding 
is thereby accomplished. in a conventional cascaded coder of 
the aforedescribed type, the frequency band of the ampli?er 
of each unit circuit is ?nite, so that response to the input pulse 
is incomplete. For this reason, the increasing or rising charac 
teristic of the output pulse of the unit circuit deteriorates. 
Furthermore, a unit circuit includes a recti?er in a re?ected 
binary coder, and the voltage is shifted in a normal binary 
coder, so that the unit circuit provides a complicated response 
to an input, the rising or increasing characteristic of which is 
deteriorated, as aforementioned. The input signal waveform in 
a later stage is a?ected by the preceding stages, so that a 
longer period of time is required than in each of the preceding 
stages in order to attain the even part of the pulse waveform to 
‘theattainment of the level part of the pulse, including an al 
lowable error, is de?ned as the setting time, the holding time 
required of the input holding pulse must be longer than the 
longest of the setting times of the'stages. This has caused a 
decrease of the speed of operation of a known coder. 
in a cascaded coder, in general, when the allowable error of 

coding is regulated and the characteristics of the unit circuits 
are all made equal to each other, the setting time becomes the 
longest in the later stage. Thus, for example, if the allowable 
error is 5 percent of the ?nal quantization stage and the period I 
of time required for the rising or increasing of the ampli?er of ‘ ' 
a unit circuit is 3 nanoseconds, in a re?ected binary coder in- ' 
volving a 9-bit code, the setting time of the ?rst stage is 16 
‘nanoseconds and the setting time of the ninth stage is 33 
nanoseconds. The holding time of the input pulse must then be 
longer than 33 nanoseconds. - 
The disadvantage of the decreased‘speed of operation of a 

known coder is overcome, in accordance with out invention, 
by connecting pulse shaping circuits between the unit circuits 
of the coder. FIG. 3 shows a cascaded coder of the present in 
vention which performs coding in a 9-bit code. In FIG. 3, the 
?rst unit circuit 71, the second unit 72 and the ninth unit cir 
cuit 73 are illustrated. The third, fourth, fifth, sixth, seventh 
and eighth unit circuits are not shown in order to maintain the 
clarity of illustration. Each of the unit circuits is identical with 
the aforedescribed unit circuits of FIGS. 1 or 2. The unit cir 
cuit 71 has an analogue pulse input terminal 74 and an 
analogue pulse output terminal 75. The unit circuit 72 has an 
analogue pulse input terminal 76 and an analogue pulse out 
put terminal 77. The unit circuit 73 has an analogue pulse 
input terminal 78. The unit circuit 71 has a PCM pulse output 
terminal 79. The unit circuit 72 has a PCM pulse output ter 
minal 81. The unit circuit 73 has a PCM pulse output terminal 
82. 

In accordance with the present invention, a pulse-shaping 
circuit 83 is connected between the output terminal 75 of the 
unit circuit 71 and the input terminal 76 of the unit circuit 72. 
A pulse-shaping circuit 84 is connected between the output 
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terminal 77 of the unit circuit 72 and the input terminal of the 
next-succeeding, or third, unit circuit (not shown in FIG. 3). A 
pulse-shaping circuit 55 is connected between the output ter 
minal of the eighth unit circuit (not shown in FIG. 3) and the 
input terminal 7% of the ninth unit circuit 73. Each pulse-shap 
ing circuit 33, $4, $5, and so one, samples the pulse voltage 
when the output pulse of the next-preceding stage becomes 
stable within the allow able error, and holds said pulse voltage. 
The pulse-shaping circuit then transfers the held pulse voltage 
to the input terminal of the next-succeeding unit circuit or 
stage. 
A circuit diagram of an embodiment of a pulse-shaping cir 

cuit which may be utilized as the pulse-shaping circuit 83, 84, 
85, or the like, bl-ShOWl'l in FlG. 4. in F IG. 4, a balanced gate 
circuit as comprises a plurality of diodes d7, 38, 89 and 93, 
connected in tlie manner of a full-wave recti?er. An input 
signal is supplied via an input terminal 92, which which is con 
nected to the circuit lid via a lead 93. A voltage holding or 
storing capacitor 95; is connected in parallel with the circuit 86 
via a lead ‘95 and a lead 96. The circuit 86 is connected to an 
ampli?er 917 via the lead 95. An output terminal Elli is con 
nected to the ampli?er :7 via a lead 99. The ampli?er 97 has a 
high input impedance. The voltage storing capacitor 94 and 
the ampli?er 97 comprise a holding circuit 101. 
A loop comprising a resistor Hi2 and the secondary winding 

1103 of a transformer Md connected in series with each other 
and leads we and lllld, is connected to the outputs of the cir 
cuit 36. A capacitor M7 is connected in shunt across the re 
sistor W2 and the RC circuit ‘M2, 1107 functions to provide a 
reversed bias of the diodes of the gate circuit 86 when there is 
no timing or clock pulse. The transformer MP4, has a primary 
winding 1% and functions to convert a clock or timing pulse 
supplied via input terminals M199 and ill connected to said 
primary winding, into a suitable signal for driving the gate cir 
cuit $6 in a state of equilibrium. The gate circuit 86, the loop 
connected to its outputs, and the transformer Mid comprise a 
sampling circuit M2. 

input terminals llS, lid and ll§ of the pulse-shaping cir 
cuits d3, lid and 85 respectively, of F IG. 3, are utilized for the 
supply of clock or timing pulses. The clock pulses are utilized 
to perform the sampling and pulse holding or storing opera 
tions. An analogue delay circuit l M is connected between the 
PCM output terminals 79 and 81 of the unit circuits 71 and 72 
via leads M7 and 118. An analogue delay circuit 119 is con 
nected between the PCM output terminal 81 of the unit circuit 
72 and the FCM output terminal of the next-succeeding third 
unit circuit (not shown in FIG. 3) via leads 12E and 1122. An 
analogue delay circuit U3 is connected between the PCM 
output terminal of the eighth unit circuit (not shown in FIG. 
3), and the PCM output terminal of the unit circuit 73 via 
leads i241} and E25. The analogue delay circuits 116, M9, 123, 
and the like, function to provide a required time delay to the 
PCM output signals of the unit circuits or stages in trans 
mitting the PCM signals in series. The PCM output signals are 
provided at a PCM output terminal 126. 
The unit circuit 71 functions to detect the polarity or sign of 

the PAM input pulse or signal supplied to the input terminal 
74. This is accomplished in the manner described with 
reference to FIG. 2. The PCM output signal, which is the ?rst 
bit of the code output, is provided at the PCM output terminal 
759. Simultaneously, the input pulse is full-wave recti?ed and a 
suitable bias is added to said input pulse. The resultant pulse is 
then phase-inverted and ampli?ed by an ampli?cation of 2 to 
provide the output signal at the output terminal 75. Generally, 
the PAM input pulse is a substantially ideal square pulse. 
However, due to the fact that the frequency characteristic of 
the unit circuit is ?nite, and due to the fact that the full-wave 
recti?er is a nonlinear circuit, there is distortion or deteriora 
tion in the rising or increasing and falling or decreasing parts 
or‘ the output pulse waveform during operations by the unit 
circuit. Consequently, the output pulse is not a square pulse. 
These distortions increase quantized noises in the next-suc 
ceeding stages, so that, in order to minimize the adverse effect 
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created thereby, the output pulse is supplied to the pulse-shap 
ing circuit {>33 via the output terminal '75. 
The pulse-shaping circuit S3 functions to shape the pulse 

provided at the output terminal 75 into a substantially ideal 
rectangular pulse by a sampling operation. When the mag 
nitude of the voltage or current of the output pulse of the unit 
circuit '71., provided at the output terminal 75, has sufficiently 
approached an ideal level, such voltage or current is sampled 
and is then held or stored for a required period of time. The in 
stant of sampling in the sampling circuit M2 (FlG. 1i) is deter 
mined by the clock pulse supplied to the input terminals W9 
and ill. The shaped pulse is supplied to the next-succeeding 
unit circuit 72 (FIG. 3), which functions in the same manner 
as the unit circuit 71. The operation is then repeated in each 
succeeding pulse-shaping circuit and unit circuit. 
The pulse or signal is ?nally supplied to the unit circuit 73 

where the ninth bit of die code is provided, so that 9-bit cod 
ing is thereby completed. During the operation of the 
cascaded coder of HG. 3, from the supply of the PAM input 
pulse to the input terminal 74, until the provision of the pulse 
at the input terminal 753 0? the ninth unit circuit 73), the delay 
of the pulse in each stage or unit circuit is the sum of the time 
delay provided by such stage or unit circuit and the period of 
time from the instant of increase or rise of the pulse in the 
pulse shaping circuit to the instant of sampling. Thus, if the 
time delay of the delay circuits llld, ill”, B23, and the like, is 
selected to be slightly less than the delay time of the pulse in 
each of the stages or unit circuits, a code output may be pro 
vided at the output terminal 126 which is a series of PCM 
signals arranged in time from the digit of highest degree to the 
digit of lowest degree. 

FlGS. 5A to 5D disclose the waveforms appearing in the 
cascaded coder of FlG. 3, said cascaded coder comprising, for 
example, a reflected binary coder. FlG. 5A illustrates the 
waveform of the input pulses supplied at the input terminals 
74, 76, 78, and so on, of MG. 3. The unit circuit ofa reflected 
binary system provides full-wave recti?cation, adds a bias 
voltage to the input signal and doubles the amplitude of the 
signal by ampli?cation. Thus, when the input signal has the 
waveform shown in F lG. 5A, the output signal provided by the 
unit circuit is that shown in FlG. 5B. in each of FlGS. 5A to 
5D, the ordinate represents the amplitude. The maximum am 
plitude is :Vm. in each of H615. 5A to 5D, the broken line ab 
scissa indicates zero voltage and each of the curves illustrated 
in solid lines indicates the actual response waveform provided 
relative to the frequency characteristic of the ampli?er. 

FIG. 5C shows sampling pulses provided by sampling the in 
stant at which the waveforms illustrated in H6. 53 have 
satisfactorily settled within the allowable error range. FIG. 5D 
illustrates the pulses provided by holding or storing the pulses 
of FIG. 5C for a determined pulse length. The pulses of FIG. 
5D are supplied to the next-succeeding unit circuit or stage. 
Each unit circuit then functions in the manner indicated by 
FlGS. 5A to 5D. 
A comparison of the phase of the curve of FIG. 5A and that 

of the curve of FIG. 5D indicates that a phase delay which is 
almost equal to the pulse length is provided by the pulse-shap 
ing circuit. Thus, the bit pulses provided by the unit circuits 
71, 72, 73, and so on, of FIG. 3, have similar phase delays and, 
therefore, delay components or delay circuits 116, i119, i235, 
and so one, are connected between the unit circuits so that the 
phase delays of the bit pulses maybe corrected and the PCM 
outputs of said unit circuits may be provided at the correct 
time intervals. 
As hereinbefore described, in accordance with out inven 

tion, the setting time of each unit circuit or stage is always 
shorter than it would be if there were no pulse-shaping circuit. 
it is therefore unnecessary that the pulse width of the input 

pulse supplied to the coder be longer than the sum of setting time of the first stage and a time period required for the 

sampling of the input signal. The sampling may be accom~ 
plished in a very period of time. Higher speed coding 
may be provided in a cascaded coder by providing shorter 
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pulse lengths. The cascaded coder of the present invention 
may thus function at higher speeds than known coders in 
which unit circuits, as illustrated in FIGS. 1 and 2, are merely 
directly connected to each other in cascade. 
Higher speeds of coding may be provided by the coder of 

the present invention when a greater number of bits in in 
volved, rather than a smaller number of bits. Furthermore, the 
pulse-shaping circuits of our invention may be connected 
either between every adjacent pair of unit circuits, between 
every other adjacent pair of unit circuits, or between selected 
adjacent pairs of unit circuits. The principle of the present in 
vention may be applied to multinary coders, as well as to bi 
nary coders. If the sampling by the pulse shaping circuits is 
ideal in a re?ected binary coder of nine bits, the speed of cod 
ing may be almost doubled by the present invention. 
The speed of coding may be even further increased, in ac~ 

cordance with out invention. In a cascaded coder, utilizing 
sampling circuits connected between adjacent unit circuits, as 
in the present invention, the input voltage or current supplied 
to a speci?c unit circuit or stage is determined only by the 
magnitude of the output voltage or current from the next 
preceding unit circuit or stage at the instant of sampling. Cod 
ing may therefore be accomplished only if the magnitude at 
the instant of sampling is sufficiently close to the ideal mag 
nitude at the instant of sampling is suf?ciently close to the 
ideal magnitude at the instant of sampling is sufficiently close 
to the ideal magnitude or value even if the magnitudes at other 
instants are shifted from the ideal magnitude. Therefore, when 
the frequency band of the ampli?er is constant, higher speed 
coding may be provided by causing the pulse response 
waveform of the ampli?er to reach the ideal magnitude sooner 
or earlier. The coding speed is not related to the waveform 
after the ideal value or magnitude has been reached. In ac 
cordance with the present invention, therefore, high speed 
coding is provided by providing a transient response charac 
teristic of the ampli?er which permits the response waveform 
of the ampli?er to reach the ideal level sooner in each unit cir 
cuit of the cascaded coder. 
The characteristic of an ampli?er in a unit circuit or stage of 

the cascaded coder may be slightly varied by circuits con 
nected to the two sides of such ampli?er. The transient 
response characteristic of the ampli?er, however, is regulated 
principally by the structure of the ampli?er. Various types of 
amplifying components, such as semiconductor ampli?ers, 
transistors, vacuum tubes, and the like, may be utilized as the 
ampli?er. However, the gain or ampli?cation factor decreases 
at high frequencies. In other words, there is a limitation of the 
frequency bandwidths imposed upon the amplifying com 
ponent. The increasing or rising of the characteristic thus 
requires a ?nite period of time in amplifying the sampled 
pulse. 

It may be assumed, for illustrative purposes, that the am 
pli?cation factor or degree of ampli?cation of a transistor am 
pli?er at high frequencies is caused by alpha cutoff. The am 
pli?cation factor may also be caused by other factors, but the 
following principle applies in all cases. The degree of ampli? 
cation or the ampli?cation factor may be expressed as 

wherein k is a positive real constant having a selected value of 
about 2, f0 is the alpha cutoff frequency, and S is the operator 
or the frequency parameter. 
The response characteristic of the output of the ampli?er is 

illustrated in FIG. 6. In .FIG. 6, a step function S(t) is applied 
during the time period to the input of the ampli?er. The unit 
step function is S(t) and the height or distance of the step is a. 
As indicated by Equation (1) and by the curve of FIG. 6, the 

transient response of the ampli?er relative to the step function 

An in?nite period of time is .thus required to theoretically 
approach the stationary level, magnitude or value. Actually, 
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8 
however, the stationary level, magnitude or value. Actually, 
however, the stationary level may be approached within a 
?nite period of time as an approximate level and may be util 
ized practically. For this purpose, a ?rst order lag system of 
known type may be utilized as an example. In such a case, k 
equals the number 2 in Equation (1). 
The period of time tt required for the level of response of 

the step to reach a level shifted from the ideal level by l per 
cent may be expressed as 

1.47 

2f0 (3) 
wherein, as is evident from Equation (l),fo is the frequency at 
which the gain of the ampli?er is decreased by 3 db. If the 
frequency f0 is 100 megahertz or megacycles per second, tr is 
equal to 0.735Xl0‘8' in accordance with Equation (3). This in 
dicates that a time period of 7.35 nanoseconds is required. As 
illustrated by the foregoing example, a transistor having an 
alpha cutoff frequency of 1000 megahertz or megacycles per 
second is required in order to provide an ampli?er having a 
delay of 0.735 nanosecond, within an allowed error range of 1 
percent. A time delay is therefore provided, and a coding 
speed limitation is accordingly imposed. 

In accordance with our invention, the limitation to the cod 
ing speed is removed, and said speed is accordingly increased. 
In accordance with one embodiment of our invention, the am 
pli?cation degree k at low frequencies is given a magnitude 
which is slightly greater than 2. A suitable ampli?cation 
degree k is thus, for example, equal to 2.02. The ideal level 
may then be substantially reached by utilization of the value of 
tr of Equation (3). The approximate value of 1 percent may be 
reached within a period of time of 

1.24 

2fo (4) 
If f0 is 100 megahertz or megacycles per second, n=6.2 

><l0‘9' so that the required period of time is 6.2 nanoseconds. 
The speed of coding may thus be increased by about 20 per 
cent relative to known coders. If the value of k is still greater 
than 2, the speed of coding may be still further increased. 
Generally, the product of the gain and the frequency band 
width is almost constant in an ampli?er. Thus, if 

K=27rfok (5) 
Equation (2) may then be expressed as 

—K 
k ( 1. -' 6 T t 

Then 

wherein t2 is the time period required for the level or value to 
reach e percent of the ideal level. 

It is obvious from Equation (7) that the greater the mag 
nitude or value of K, which is the ampli?cation degree at low 
frequencies, the smaller the value or magnitude of :2 
becomes. 
At the limit, when k may be said to approach in?nite, t2 may 

be expressed as 

Iffo=l00 megahertz, k=2 and F001 in Equation (8), t2 is 1.6 
nanoseconds. 

In another embodiment of our invention, the transient 
response characteristic relative to the unit step of the ampli?~ 
er is expressed by the waveforms of FIGS. 7A to 7D. In each of 
FIGS. 7A to 7D, the abscissa represents time, as in FIGS. 5A 
to 5D. The ordinate of each of FIGS. 7A to 7D indicates volt 
age or current. The crossover of the ordinate and abscissa axes 
in each of FIGS. 7A to 7D is the point of zero voltage or cur 
rent or zero time. In each of FIGS. 7A to 7D, the broken lines 
indicate the ideal waveforms provided when the input unit 

152 
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step voltage or current to the ampli?er is ideally ampli?ed, 
and the slot line curves indicate the output response 
waveforms provided by the present invention. 
As is well known, the curve of FIG. 7A illustrates the 

waveform of the characteristic provided by peaking of the am 
pli?er, and the curve of FIG. 7B is similar to that of FIG. 7A, 
with the exception that in FIG. 7B, the slope of the waveform 
at the point of intersection with the ideal level is zero or close 
to zero. In FIG. 7A, the voltage or current is an exponentially 
attenuated periodic oscillation, so that time slots t3 to :4, :4 to 
:5, 25 to 16, and so on, are equal to each other. The time slot 
from the increasing or rising point of the unit step to the ?rst 
point of intersection with the ideal level, that is, the time slot 
of zero to t3, is, however, generally different from the remain 
ing time slots. 

FIG. 8 is the equivalent circuit of the ampli?er utilized in 
the aforedescribed ?rst order lag system. In FIG. 8, a current 
source 131 is indicated when the signal is ideally ampli?ed. A 
load resistor 132 is connected across the current source 131. 
The load resistor 132 is the load of the ampli?er. A stray 
capacitance 133 of the load is indicated as being in shunt with 
the load resistor 132. An output signal voltage is provided at 
an output terminal 134. 

In FIG. 9, which is a modi?cation of FIG. 8, a current 
source 131', a load resistor 132’, a stray capacitance 133’ and 
an output terminal 134’ are connected in the same manner as 
the corresponding components of FIG. 8. In FIG. 9, however, 
a peaking inductance 135 is connected in series with the load 
resistor 132'. The series connection of the load resistor 132' 
and the peaking inductance 135 is connected across the cur 
rent source 131'; the stray capacitance 133' being shunted 
across said series connection. 
The response waveform provided at the output terminal 134 

of FIG. 9, when a unit step is provided as the current source 
131’, is shown in FIG. 7A. It should be noted, however, that, 
as is well known, the values of the components of FIG. 9 must 
be related to each other he the relation 

gig; >12132'0133' 
in order for the aforedescribed oscillatory characteristic to 
appear. In the foregoing relationship, L135 is the inductance 
of the peaking inductance 135, R132’ is the resistance of the 
load resistor 132', and C133’ is the capacitance of the stray 
capacitance 133'. 
The gain or amplification degree or factor of the circuit of 

FIG. 9 at high frequencies is grater than that of the circuit of 
FIG. 8. Furthermore, the circuits of FIGS. 8 and 9 are identi 
cal, except for the addition of the peaking inductance 135 to 
thei'circuit of FIG. 9. An oscillatory response characteristic as 
shown in FIG. 7A is thus provided, and as is well known, the 
increasing or rising of the characteristic may always be im 
proved. It may be assumed that the resistance value of the load 
resistor 132 is 1 kilohm and that the capacitance value of the 
stray capacitance 133 is 10 micromicrofarads, in FIG. 8, the 
time constant being 1- nanoseconds. When a known ampli?er 
of a ?rst order lag system is utilized in the unit circuits, the‘ 
precision or accuracy required for re?ected binary coding of 
nine bits may be provided at the sample point spaced from the 
increasing or rising point of the unit step wave by 90 or 100 
nanoseconds. On the other hand, when the inducting valve of 
the peaking inductance 135 of FIG. 9 is 5 microhenries, the 
time slots from the increasing points of the unit step waves 
corresponding to 13 and 14 of FIG. 7A are 16.9 nanoseconds 
and 47.7 nanoseconds, respectively. This means that the 
necessary accuracy may be achieved considerably sooner than 
in a ?rst order lag system and coding of higher speed may be 
realized. It is therefore necessary to sample the response wave 
at the instant corresponding to t3 or [4 of FIG. 7A. 

In the aforedescribed embodiments of the present inven 
tion, it is practically impossible to accomplish sampling with 
pulses having an in?nitesimal pulse length, and without jitter. 
It is thus inevitable that a small error arise even if the response 
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waveform approximates the ideal level. In high speed coding, 
in general, the pulse length of the sampling pulse and the jitter 
thus cannot be neglected. For this reason, quantized noise in 
creases. This may be avoided by providing a response 
waveform which is tangent with the ideal level at the point of 
intersection with said ideal level, as shown in FIGS. 78 and 
7C. The response waveform of FIG. 7B and that of FIG. 7C 
differ from the waveform of FIG. 7A only in amplitude, so 
that, as indicated by said FIG., the period of time required for _ 
the response maybe shortened and the increase of the quan 
tized noise due to jitter may be avoided. In FIG. 7B, the point 
of intersection of the response waveform and the ideal level 
occurs at t7. In FIG. 7C, such point of intersection occurs at 
t8. In FIG. 7D, the time slots extend from t9, to I10, t10 to 
211, and tll to I12. 
A response characteristic as shown in FIG. 7D may be pro 

vided by the use of additional circuitry. The transfer function 
of the equivalent circuit of the ampli?er for providing the 
response characteristic of FIG. 7D must utilize a plurality of 
complex poles, as indicated in FIG. 10, which is a modi?cation 
of the circuit of FIG. 9. A load resistor 132" is connected in 
series with a peaking inductance 135’ across a current source 
131" in the same manner as in FIG. 9. A stray capacitance 
133" is connected across the series connection of the load re 
sistor 132" and the peaking inductance 135’ in the same 
manner as in FIG. 9. In FIG. 10, however, a second load re 
sistor 141 is connected in series with a second peaking in 
ductance 142 and a second stray capacitance 143. A third 
load resistor 144 is connected in shunt across the stray 
capacitance 143. The series connection of the second load re 
sistance 141, the second peaking inductance 142 and the 
second stray capacitance 143 is connected in parallel with the 
series connection of the load resistor 132" and the peaking in 
ductance 135', as well as with the stray capacitance 133". 
The characteristic feature of the ampli?er circuit for realiz 

ing a response characteristic of the aforedescribed type may 
be determined from the frequency characteristic of the am 
plitude. FIGS. 11A, 11B and 11C disclose the frequency 
characteristic of the circuit of FIG. 10 and therefore illustrate 
the aforementioned point. In FIGS. 11A to 11C, the abscissa 
represents the frequency f and the ordinate represents the am 
plitude. It is necessary that peaks be provided at frequencies 
f0, 3fo, Sfo and so on, or at frequencies f0 2f0, 3f0, and so on, 
in the frequency characteristic in order that oscillatory 
response characteristics be provided. 

FIGS. 12A and 12B illustrate the relation between the pulse 
width length of the PAM pulse required when the response 
characteristic of this type is achieved. FIG. 12A illustrates part 
of the PAM input waveform and FIG. 12B illustrates part of a 
response output waveform. In FIGS. 12A and 123, the abscis~ 
sa represents time and the ordinate represents voltage or cur 
rent. In FIG. 12A, a rectangular PAM pulse is the sum of the 
step waves indicated by broken lines in FIG. 12B. The 
response waveform, relative to the PAM pulse may thus be in 
dicated as the sum of the response waves indicated by the slot 
line curves of FIG. 128 relative to the step waves of FIG. 128. 

In FIG. 12B, 113, r14, r15, r16, r17, t18 indicate the points 
of intersection of the response wave of the ampli?er of FIGS. ' 
8, 9 or 10 with the ideal level. At the points M3 to :18, the 
preceding response waves are equal to the ideal level, so that 
the actual response wave, which is the sum thereof, is also 
equal to the ideal level, and the object may be achieved by 
performing sampling at such points. The sample points in FIG. 
12A are r19, r20, :21, and so on. These sample points cor 
respond to the point t4 of FIG. 7A, which is the second point 
of intersection with the ideal level. In this case, a single funda 
mental period of the oscillation of the response wave is 
required as the pulse length of the PAM input pulse. If the ?rst 
point of intersection of the ideal level is selected as the sample 
point, however, the pulse length of the PAM input pulse may 
be one-half period. Approximately 63 nanoseconds is required 
as the pulse length of the PAM pulse in the example illustrated 
by FIGS. 12A and 12B. Approximately 32 nanoseconds is 
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required when the ?rst point of intersection is selected as the 
sample point. The speed of coding when the ?rst point of in 
tersection is selected as the sample point, is about three times 
as high as that of an ampli?er of the ?rst order lag system. 

As aforedescribed, in accordance with our invention, cod 
ing of very high speed may be attained by properly designing 
the ampli?ers. In order to provide high speed in the 
aforedescribed embodiment, however, the ampli?er must be 
so designed that level parts or peaks are formed in the 
waveform, as shown in FIGS. 11A, 11B and 11C. A slight 
error is inevitably produced if the only operation is to increase 
the degree of ampli?cation of the ampli?er. Such an error may 
be eliminated in accordance with other embodiments of the 
present invention, as hereinafter described. Thus, the ampli? 
cation degree k at low frequencies may be made slightly larger 
than the required ampli?cation degree K. Furthermore, the 
input pulse may be applied as the resultant or combination of 
the original pulse and a pulse provided by attenuating and 
delaying the original pulse. This is illustrated in FIGS. 13A and 

In each of FIGS. 13A to 13B, the abscissa represents time 
and the ordinate represents voltage or current. In FIG. 13A, 
the curve of FIG. 13A is the input pulse of an ampli?er. The 
pulse is actually a rectangular wave, but a step pulse is shown 
in FIG. 13A in order to facilitate the explanation of the princi 
ple of the invention. The positive step pulse arising at the 
origin of zero time and voltage or current is the original pulse 
and has an amplitude A. A negative pulse having an amplitude 
B, arising at a time r22 may be provided by attenuating the 
original pulse, inverting the phase and delaying said pulse by a 
period of time from zero to r22. 

I'M-FIG. 13B~ iiTJsYFiiés' the response waveform of the ampli?er. 
When the pulse of FIG. 13A is ideally ampli?ed at zero time, 
the waveform represented by the broken line of FIG. 13B is 
provided, and the response waveform is shown by the slot line 
curve. Since the degree of ampli?cation or gain, is greater 
than K, the ideal response waveform indicated by the broken 
line of FIG. 13B initially is greater than KA. The ideal 
response waveform is, however, decreased by KB at the time 
r22 due to the response of the negative pulse applied to the 
input terminal. The operation is adjusted so that the required 
amplitude KA is provided at precisely the time t22. On the 
other hand, the actual response of the ampli?er is KA exactly 
at the time t22 where it is settled and becomes smooth or 
level. 

The levelling of the actual response of the ampli?er at the 
time :22 is explained theoretically by equating the ampli?ca 
tion degree at low frequencies as k=K+AK. AK is slightly 
greater than the required ampli?cation degree K. The 
response in the time interval or time slot zero to :22 is 

W ‘ "/JI(K+"A'K)'(I ~§ji’f”l~_wm _ my _, Q) 

I I’ Equation (9) is derived‘?omuation (2). The response 
after the time 222 is determined by adding Equation (10) 
and Equation (9), and is indicated by Equati?opr1_(_ly_l_)?.gg________r 

If B may be expressed as 
7B = A e—-211’;f0tv2_2 (l 

and AK may be expressed as 
B, ,. 

AK=I<1 —B K (13) 

Then the ?rst term of Equation (1 1) becomes KA and the 
second tenn thereof becomes zero. In other words, in ac 
cordance with Equations (12) and (13) the response 
waveform becomes level or smooth at an amplitude of KA 
after the time I22, as shown in FIG. 13B. 
Whenfo is 100 megahertz, K is 2 and AKis 0.2, B is equal to 

A and I22 equals 3.68X10‘9 second. This is equal to about half 
the actual values, with an allowable error of 1 percent when 
the aforedescribed operation is not followed. The time 222 
may be shortened even more by increasing AK. Furthermore, 
since the response may be made completely level or smooth 

15 

20 

25 

30 

35 

45 

60 

65 

75 

12 
after the ideal level has been reached, there is no adverse ef 
fect of the jitter of the sampling pulse. 
A similar effect may be provided by another embodiment of 

the present invention. In accordance with such embodiment, 
peaking is effected by connecting an inductance to the load of 
the ampli?er. Furthermore, as in the aforedescribed embodi 
ment, the input pulse is applied as the resultant or combina 
tion of the initial pulse and a pulse provided by attenuating 
and delaying the initial pulse. The output voltage of a 
transistor ampli?er which includes an inductance connected 
in series with a load resistance may be calculated by using the 
equivalent circuit of FIG. 9. In FIG. 9, the resistor 132' is the 
load resistance, the capacitor 133' is the stray capacitance 
such as, for example, the collector capacity of the transistor 
and the stray capacity of the circuit, and the inductor 135 is 
the beginning inductance, as hereinbefore described. 

FIGS. 14A, 14B and 14C illustrate the response waveforms. 
In each of FIGS. 14A to 14C, the abscissa represents time and 
the ordinate represents voltage or current. FIG. 14A, which is 
equivalent to FIG. 7A, illustrates the response waveform pro 
vided at the output terminal 134 of FIG. 9 when a unit step is 
provided at the current source 131’ of FIG. 9. As hereinbefore 
described, the values of the components of FIG. 9 must come 
within the relation 

in order to provide the aforedescribed oscillatory charac 
teristic. The circuit of FIG. 9 may provide increased gain at 
high frequencies compared to a circuit without a peaking in 
ductance, where no peaking is effected. Therefore, an oscilla 
tory response of the type illustrated in FIG. 14A may be pro 
vided and, as known, the increase or rise may always be im 
proved. 
When a circuit of the aforedescribed type is utilized as the 

ampli?er, and the initial pulse has an amplitude A at zero 
time, as shown in FIG. 14B, and a pulse having an amplitude B 
arises at a point delayed from zero time by a time interval zero 
to t22, is combined with the initial pulse to provide the input 
pulse, the response waveform reaches the ideal level at the 
time :22. The response waveform reaches the ideal level at the 
time r22 under a speci?c condition, as shown in FIG. 14C. 
After the time :22, the oscillation component is removed from 
the response waveform and said response waveform is level or 
smooth. This may be explained theoretically by expressing the 
ampli?cation degree k of the ampli?er at low frequencies as 
k+K=AK, as in the aforementioned embodiment. Again, K is 
the required ampli?cation degree. 
The response in the time period from zero to 122 which may 

be provided only in relation to the pulse amplitude A is 
A (K+A) [1+e‘" (Csin bt-cos bt)] (14) 

The response to the pulse of amplitude B applied at the time 
t22 is 
B(K+AK) [l +e""“'22)(C sin b[t—r22l—cos b[t~—z22l)] 
wherein 

(12132020137 
The response after the time :22 is obtained by adding Equa 

tions (14) and (15), and is 
(A+B) (K+AK)==e”' (K+A) [A(C sin bt-cos bt) 

_, +Be1m? [cos bt22 (C sin bt-cos bt) 
—sin bt22 (C cos bt-lsin bt)}] (16). 

Since ‘ 

bt22 =1:- (17) 

. (l5). 
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B 
AK‘ _A+BK (19) 

These values may be utilized in Equation ( 16). Equation ( 16) 
is then equal to KA, thereby indicating that the response is 
level or smooth at the ideal level after the time r22. This em 
bodiment thus provides the same results as the foregoing em 
bodiment by providing a response characteristic which is such‘ 
that the ideal level may be reached sooner and by eliminating 
the in?uence of sampling jitter. 

FIG. 15 is an ampli?er circuit of our ‘invention which pro 
vides the advantages of FIGS. 11A to 11C, 12A, 12B, 13A, 
13B and 14A to 14C, as aforedescribed. In FIG. 15 an ampli? 
er 151 has an input terminal 152 connected to its input via a 
lead 153 and an output terminal 154 connected to its output 
by a lead 155. A delay line 156 is connected to the input ter 
minal 152 via the lead 153 and a lead 157. The delay line 156 
provides a suitable delay time. The delay line 156 is connected 
to ground via a terminating resistor 158. The lead 153 ad 
jacent the input of the ampli?er 151 is connected to ground 
via a matched resistor 159. 

In the ?rst discussed embodiment of the present invention, a 
known type ampli?er of a ?rst order lag system is utilized as 
the ampli?er 151 and the input pulse is applied to such ampli 
?er and to the delay line 156 simultaneously. The input pulse 
supplied to the delay line 156 is reflected by the terminating 
resistor 158 and is returned to the input terminal 152. At such 
time, the input terminal 152 is matched to the characteristic 
impedance of the delay line by the matched resistor 159. 
Therefore, the pulse is not re?ected again and a pulse, delayed 
by the period of time required for passing through the delay 
line and then returning through said delay line, is applied to 
the ampli?er 151. The amplitude of the pulse re?ected at the 
terminating resistor 158 of the delay line 156 may be varied by 
variation of the resistance value of said terminating resistor. 
However, as is known, the relation between the resistance 
value of the terminating resistor 158 and the amplitude of the 
pulse, as shown in FIG. 13A, is 

12 _ R158 -— R159 

A_R158+R159 (20) 
wherein R158 is the resistor value of the terminating re 
sistance 158 and R159 is the resistor value of the matched re 
sistance 159 or the characteristic impedance of the delay line 
156. 
RM may be varied from —-lto 0 by providing a resistance 

value of the terminating resistor 158 within a range from 0 to 
the characteristic impedance of the delay line. The circuit of 
FIG. 15 may thus be readily provided. When an axial cable is 
utilized as the delay line 156, a delay time of about 10 
nanoseconds is provided by a 1 meter length of said cable, so 
that the required length to said delay line is determined by the 
required delay time. The length of the delay line may be one 
half the length of a delay line in a known embodiment. A delay 
'line 156 comprising an axial cable having a length of approxi~ 
mately 185 centimeters provides a time :22 which is equal to 
3.68X109 second, as hereinbefore mentioned. 
When the ampli?er circuit of FIG. 15 is to be utilized as the 

next embodiment of the present invention, the ampli?er 151 
must comprise an ampli?er which provides peaks. The re 
sistance value of the terminating resistance 155 must be 
greater than the matched resistor 159 or the characteristic im 
pedance of the delay line 156, since the pulse re?ected by the 
delay line is an attenuated positive pulse. In other respects, the 
?rst and second embodiments may be the same, provided that 
the ampli?cation degree of the ampli?er 151 in each embodi 
ment must be determined to provide a response which is level 
or smooth after a determined point. 
As hereinbefore described, our invention permits the ideal 

level to be reached considerably sooner than in ampli?ers and 
provides a response which is level or smooth after reaching the 
ideal level. This is accomplished by a suitable design of the 
ampli?ers in the unit circuits of the cascaded coder to provide 
the desired response characteristic and by delaying and com 
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bining pulses under suitable. conditions at the input of the am 
pli?er. The cascaded coder of the present invention thus func 
tions with improved precision or accuracy and high speed. 
Although an alternating binary system has been described, 

the present invention may be readily utilized in a normal bi 
nary system, a re?ected binary system, and a multinary system 
having an arbitrary base. F urtherrnore, although pulse-shaping 
circuits are illustrated as being connected between each pair 
of adjacent unit circuits (FIG. 3), said pulse-shaping circuits 
need not be included between each pair of adjacent unit cir 
cuits. The attenuated and delayed pulse which is combined 
with the initial input signal pulse may be provided from 
another pulse source. 

While the invention has been described by means of speci?c 
examples and in speci?c embodiments, we do not wish to be 
limited thereto, for obvious modi?cations will occur to those 
skilled in the art without departing from the spirit and scope of 
thsisyqmion- ,. 

We claim: 
1. A cascaded coder for a pulse modulation system, said 

coder comprising: 
a plurality of pulse converting circuits; 
input means for supplying analogue input pulses to the ?rst 
of said pulse converting circuits; 
plurality of analogue delay circuits each connected in 
parallel between corresponding adjacent ones of said 
pulse converting circuits; 

a plurality of pulse-shaping circuits each coupled between 
adjacent corresponding ones of said pulse-converting cir 
cuits, each of said pulse-shaping circuits comprising a 
sampling circuit, an input for supplying an input signal to 
said sampling circuit, a holding circuit connected to said 
sampling circuit and an output connected to said holding 
circuit; and 

output means for deriving PCM output signals from the last 
of said pulse converting circuits. 

2. A cascaded coder as claimed in claim 1, wherein each of 
said pulse converting circuits comprises comparator means, 
delay means, input means for supplying an input signal to said 
comparator means and said delay means, adder means con 
nected to said delay means, bias voltage means, switch means 
operated by said comparator means interconnecting said bias 
voltage means to said adder means for applying bias voltage to 
said adder means in accordance with a result provided by said 
comparator means and ampli?er means connected to said 
adder means. 

3. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits comprises comparator means, 
recti?er means, input means for supplying an input signal to 
said comparator means and said recti?er means, adder means 
connected to said recti?er means, bias voltage means con 
nected to said adder means and ampli?er means connected to 
said adder means. 

4. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes ampli?er means having 
a transient response characteristic which provides the 
required value in a short period of time. 

5. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes ampli?er means having 
a transient response characteristic which provides the 
required value in a short period of time, said ampli?er means 
having a low frequency ampli?cation factor which is larger 
than the required ampli?cation factor. 

6. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes ampli?er means having 
a transient response characteristic which provides the 
required value in a short period'of-time, said ampli?er means 
having a high frequency ampli?cation factor which is the tur 
nover value of the ampli?cation factor. 

7. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes delay means for an 
input signal, adder means connected to said delay means for 
adding a signal to the input signal and ampli?er means con 

a 



3,571,757 
15 

nected to said adder means, said ampli?er means having a 
transient response characteristic which provides the required 
value in a short period of time relative to the added signals 
thereby providing a level response characteristic. ' 

8. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes ampli?er means having’ 
an input, delay means and attenuating means connected to 
said input and means for applying to the input of said ampli?er 
an initial pulse plus a delayed and attenuated initial pulse. 

9. A cascaded coder as claimed in claim 1, wherein each of 
said pulse-converting circuits includes delay means for an 
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16 
input signal, adder means connected to said delay means ‘for 
adding a signal to the input signal and ampli?er means con 
nected to said a'dder means, said ampli?er means having a 
transient response characteristic which provides the required 
value in a short period of time relative to the added signals 
thereby providing a level response characteristic and said am 
pli?er means comprising circuit means for attaining the 
required level in a brief period of time relative to the com 
bined pulses and providing a level response characteristic. 
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