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57 ABSTRACT 
A PCM encoder for converting a voice signal into a 
eight-bit code by approximating the u-low characteris 
tic where is 255 with 15 segments comprises a capaci 
tor array circuit including eight capacitors for deter 
mining lowermost voltages of the segments, a resistor 
string circuit for producing step voltage in each of the 
segments, a comparator circuit for comparing the out 
put voltage of the capacitor array circuit with a refer 
ence voltage, and a successive approximation register 
circuit for controlling switch groups provided in the 
capacitor array circuit and the resistor string circuit. 
The resistor string circuit is provided with taps for 
deriving voltages corresponding to (2n-1)/33 (where 
n=1-16) of a voltage applied across the resistor string. 
A PCM encoder which conforms to the -low with 
high fidelity and is capable of quantizing mid-tread at 
the first segment is disclosed. 

Tsividis et al. "IEEE International Solid-State Circuits 
Conference" Feb. 18, 1976, p. 24-15. 13 Clains, 11 Drawing Figares 
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DGITAL TO-ANALOG CONVERTER AND PCM 
ENCODER USNG THE CONVERTER 

Matter enclosed in heavy brackets I appears in the 
original patent but foras no part of this reissue specifica 
tion; matter printed in italics indicates the additions inade 
by reissue. 

BACKGROUND OF THE INVENTON 
The present invention relates in general to a D-A 

(Digital-to-Analog) converting circuit and more partic 
ularly to a PCM encoder of successive comparison type 
in which the D-A converting circuit is applied to a local 
decoder. Specifically, the present invention concerns a 
-law PCM encoder. Remarkable progress in the field of the semiconduc 

tor technology in these years makes it possible to imple 
ment circuit elements in the form of LSI circuits with 
significantly improved precision and greatly enhanced 
performance, which in turn has motivated vigorous 
activity for developing LSI circuits for communication 
purposes with a view to realizing cheaper communica 
tion systems imparted with improved performances in 
the field of the communication technology. 
The PCM encoder on which severe requirements are 

imposed in respect of the accuracy of the encoding 
operation has heretofore been constructed by using 
circuit elements or parts carefully selected and objec 
tives for economization have been made by processing 
a large number of lines or channels on the basis of time 
sharing multiplex techniques by using a single PCM 
encoder unit which is capable of operating at a high 
speed. However, if the PCM encoder can be imple 
mented in the form of a LSI circuit, a so-called single 
channel coding system in which a PCM encoder is 
installed for every voice channel will become practical, 
since the PCM encoder device is then realized inexpen 
sively in a small size. In this case, the PCM encoders are 
not required to be operated at a high speed in contrast to 
the prior art system where high speed is required due to 
the time-sharing multiplex operation. The PCM en 
coder is rather allowed to be operated at a relatively 
low speed suited for the LSI configuration to accom 
plish the encoding purpose. 
By the way, according to the u-law PCM encoding 

stipulated in Rec. G711 of CCITT (International Tele 
gram and Telephone Consultive Committee), a voice 
signal has to be converted into a 8-bit code (where one 
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bit represents the polarity of the signal) on the basis of 50 
a compressing law according to which the characteris 
tic of u=255 is approximated with 15 segments or 
chords. The compressed quantizing characteristic is 
then such that the negative and positive polarity por 
tions of the characteristic are divided into 8 segments or 
chords I,..., VIII, respectively, with each of the seg 
ments being divided into 16 steps, as is illustrated in 
F.G. 1. 

In this regard, it will be noted that the first segment 
is divided into 15 steps because of the quantization of a 
mid-tread and differs from the other segments II,..., 
VIII in this respect, as can be seen from FIG. 2 which 
is a partial enlarged view of FIG. 1. Further, it is to be 
noted that, when two adjacent segments are concerned, 
the step in the segment distant from the origin is twice 
as large as the step in the segment or chord near the 
origin. Consequently, the boundary values among the 
individual segments of the -law quantizing characteris 
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tic curve are the odd numbers 31, 95,223,479,991, 2015 
and 4063. 
The PCM encoder is generally of successive compar 

ison type in which use is made of charge redistribution 
in a binary weighted capacitor array. Particularly, 
when the encoding according to the L-law is to be 
effected, the peculiarity of the first segment in respect 
of the number of steps described above makes difficult 
the implementation of the encoder circuit. For example, 
in the case of a capacitor array which includes eight 
capacitors having capacitances in ratio of 2,2,2,... 
2 each having one end connected in common to one 
input line of a voltage comparator while the other ends 
of the individual capacitors can be changed-over to the 
ground potential or a reference potential through re 
spective switches, the output voltages derived from the 
capacitor array in dependence on the combinations of 
the change-over switches correspond to multiples of 
"2". Accordingly, the capacitor array used to determine 
the segment for the u-law PCM encoding will not allow 
the boundary values in odd numbers to be derived with 
out difficulty. 
A PCM encoder of successive comparison type in 

which the segments are determined with the aid of a 
capacitor array composed of eight binary-weighted 
capacitors with the steps being determined by a resistor 
string is reported in IEEE JOURNAL OF SOLD 
STATE CIRCUITS, Vol. SC-14, No. 1, Feb. 1979, pp. 
6S-73. 

ln the case of the uncoder disclosed in the literature 
cited above, one end of each of the eight binary 
weighted capacitors are connected in common to an 
input terminal of a comparator, while the other ends of 
the capacitors are adapted to be selectively connected 
to voltage terminals X, Y and Z through switch means, 
The terminal X serves as both a sample voltage input 
terminal and a ground potentiai supply terminal, the 
terminal Y is supplied with positive and negative refer 
ence voltages, and finally the terminal Z is supplied 
with step voltages derived through division of the refer 
ence voltages by the resistor string. In this encoder 
arrangement, the individual capacitors are first charged 
with the sample voltage and subsequently the switches 
of the capacitor array and taps for extracting the step 
voltages from the resistor string are successively 
changed over to thereby obtain a 8-bit code corre 
sponding to the sample voltage. 
The procedure heretofore adopted for effecting the 

encoding according to the u-law with fidelity by using 
the encoder of the above-mentioned type resides in that 
each of the positive and negative reference voltages is 
divided by 32 (thirty two) through the resistor string, 
wherein the step voltages for the first segment are selec 
tively derived from the odd-numbered tap voltages, i.e. 
the first, the third, the fifth, . . . , the twenty-ninth tap 
voltages of the resistor string, while the step voltages. 
for the second to eighth segments Il to VIII are derived 
through combinations of the 31-th tap voltage and those 
extracted selectively from the even-numbered taps, i.e. 
the second, the fourth, the sixth, ..., the 32-th taps. This 
system requires a large number of taps for the resistor 
string circuit. Further, selection has to be made to the 
odd-numbered tap or even-numbered tap independence 
on which segment of the u-characteristic curve the 
sample voltage in concern belongs to. As the conse 
quence, the structure of the local decoder becomes 



3 
complicated and requires a chip of a large size for im 
plementation in LSI circuit, giving rise to a problem. 
As another type of PCM encoder which follows the 

A-law with fidelity, there is a proposal in Japanese Laid 
Open Patent Application No. 48472/1979, for example. 
in the case of the PCM encoder disclosed in this litera 
ture, a unique capacitor array is used which comprises a 
series connection of twelve first capacitors each having 
a first capacity, wherein both ends of the series connec 
tion are connected to the ground potential through 
capacitors each having a second capacity, while both 
ends of each of the first capacitors are connected to 
respective change-over switches through thirty capaci 
tors of the second capacity so as to be selectively coat 
nected either to a reference voltage source or to the 
ground potential. The output voltage of the capacitor 
array is compared with a sampled value of a voice sig 
nal through a comparator. In response to the results of 
the comparison, change-over command signals for the 
switch are successively produced from a local decoder, 
thereby to obtain a PCM code corresponding to the 
sampled values. However, this PCM encoder is also 
disadvantageous in that the capacitor array is compli 
cated, special arithmetic operations are required for the 
local decoder to derive the boundary values for the 
individual segments , . . . , VII, and so forth. 

SUMMARY OF THE INVENTON 
Accordingly, an object of the invention is to provide 

a digital-to-analog or D-A converter circuit which is 
capable of producing an analog signal corresponding to 
a digital value according to the u-law and which is 
suited to be implemented in a LSI circuit. 
Another object of the present invention is to provide 

a PCM encoder which abides by the u-law with fidelity 
and in which the D-A converter circuit is used as a part 
of a local decoder. 
With a view to accomplishing the above and other 

objects which will become more apparent as descrip 
tion proceeds, there is provided according to a general 
feature of the present invention a digital-to-analog or 
D-A converter circuit which comprises a capacitor 
array circuitry composed of first to eighth capacitors 
with binary-weighted capacitance ratio and having one 
end of each of these capacitors connected in common to 
an output line, a first common line of a first potential 
connected to the other ends of the first to eighth capaci 
tors through a first group of switches, a second common 
line of a second potential connected to the other ends of 
the first to the seventh capacitors through a second 
group of switches and a third common line connected 
to the other ends of the first to the eighth capacitors 
through a third group of switches, a resistor string 
forming a resistance element connected between the 
second common line and the first potential, sixteen taps 
for extracting voltages which correspond to 2n-1)/33 
(where nas , . . . , 6) of a voltage appearing across the 
resistance element, and a fourth group of switches in 
serted between the individual taps and the third com 
mon line, and a logic circuit for controlling selectively 
the switching operations of the first to the fourth groups 
of the switches in dependence on a digital signal to be 
converted, wherein an analog signal corresponding to 
the digital signal is produced from the output line. 

In a preferred embodiment of the present invention, 
the logic circuit stated above comprises first logic cir 
cuitry for controlling the switching operation of each of 
the first to the third groups of switches and second logic 
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circuitry for controlling the switching operation of the 
fourth groups of switches, wherein the first logic cir 
cuitry is adapted to output signals for controlling the 
associated switches in dependence on the values of the 
second to eighth bits of a 8-bit digital signal in which a 
first bit serves as a polarity bit, while the second logic 
circuitry is adapted to produce the switch control sig 
nals in dependence of the values of the fifth to the 
eighth bits of the digital signal. 
According to another feature of the invention, the 

D-A converter circuit described above is used as a part 
of a local decoder in combination with a voltage com 
parator to thereby attain a PCM encoder which con 
forms to the -law with a high fidelity. 

In this case, a switch circuit is provided in such an 
arrangement that the first common line is supplied with 
a sampling signal at the beginning of each coding period 
to thereby charge the individual capacitors and is subse 
quently supplied with the first potential, while another 
switch circuit is provided which is capable of supplying 
selectively to the second common line the reference 
voltage of positive or negative polarity in dependence 
on the first output signal from the voltage comparator. 

In a preferred embodiment of the invention, the 
switching control for the first to the fourth groups of 
switches is effected by a successive approximation reg 
ister circuit. 
The foregoing and other objects, advantages, manner 

of operation and novel features of the present invention 
will be understood from the following detailed descrip 
tion when read in connection with the accompanying 
drawings. 
BRIEF DESCRIPTION OF THE ORAWINGS 
FIG. 1 illustrates the positive polarity portion of a 

compressed quantizing characteristic curve of 15 Seg 
ments (s.255). FIG. 2 is an enlarged partial view of FIG. to illus 
trate a first segment 1 of the characteristic curve. 

FIG. 3 is a block diagram to show a general arrange 
ment of a PCM encoder according to an embodiment of 
the invention. 
FG, 4 shows in detail a circuit arrangement for the 

blocks (2, 3, 5 and 6) shown in FIG. 3. 
FIG. 5 illustrates logic functions of a logic circuit (31) 

shown in FG, 4. 
F.G. 6 is a view similar to FIG. S but for another 

logic circuit (21) shown in FIG. 4. 
FIG. 7 shows a signal time chart to illustrate opera 

tions of the circuit shown in FIG. 4. 
FG, 8 shows in detail a part of a circuit arrangement 

of the block (7) shown in FIG. 3. 
FIG. 9 is a signal time chart to illustrate operations of 

the circuit shown in FIG. 8. 
FIG. 10 shows another part of the circuit of the block 

(7) shown in FIG. 3. 
FIG. 11 is a signal time chart to illustrate operations 

of the circuit shown in FG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENTS 

In the following, exemplary embodiments of the pres 
ent invention will be described in detail by referring to 
the drawings. 
FIG.3 shows schematically a general arrangement of 

a PCM encoder in which a digital-to-analog or D-A 
converter circuit according to the invention is applied 
to a local decoder circuit. 



S 
in F.G. 3, reference numera 1 denotes a buffer ann 

plifier designed to provide impedance conversion, and 
numeral 2 designates generally a capacitor array for 
producing voltages representative of nodes of eight 
segments of positive and negative polarities as well as 
the inclinations of the individual segments or chords in 
accordance with the u-law encoding. Numeral 3 de 
notes a resistor string circuit for producing uniform step 
voltages within the individual segments, numeral 4 de 
notes a voltage comparator, 6 denotes a switch circuit 
for changing over the polarity of positive and negative 
reference voltages applied to terminals 601 and 602 
from a reference voltage source, 5 denotes a successive 
approximation register circuit which is supplied with a 
digital signal from the comparator 4 and produces 
pulses for driving analog switches provided in the cir 
cuits 2, 3 and 6, and numeral 7 denotes a logic circuit 
which is adapted to send out a PCM signal from a termi 
nal 909 with a required bit rate at a predetermined time. 
Further, reference numeral 8 denotes a logic circuit for 
producing a timing pulse signal for the encoding opera 
tion on the basis of a basic clock pulse signal for A-D 
conversion supplied from a signal line 801 and a frame 
synchronous pulse signal supplied from a terminal 901. 
Numeral 9 denotes a logic circuit for generating a PCM 
sending pulse signal on the basis of the frame synchro 
nous pulse signal and a transmission timing pulse signal 
supplied from a signal line 902. An input voice signal is 
applied to a terminal 101 and supplied to an input line 
102 which extends to the capacitor array circuit 2 
through the buffer amplifier 1. The PCM code which 
undergoes the A-D conversion is supplied to the input 
of the logic circuit 7 by way of a signal line 591. The 
logic circuit 7 is also supplied with signaling frame 
pulses (AVB SEL) externally through signal lines 701, 
702 and 703 and additionally supplied from a signal line 
704 with a control signal which commands the all zero 
code suppression, as will be described in more detail 
hereinafter. FIG. 4 shows more specifically an exemplary circuit 
arrangement of the circuits 2 to 6 shown in FIG. 3. 
The capacitor array circuit 2 includes eight capaci 

tors Co.,..., C having capacitance values in ratio of 29, 
2,2,..., 27. The one electrode of each of these capaci 
tors is connected in common to an output line 200 
which has one end connected to an inverted input ter 
minal of the voltage comparator 4. The other end of the 
output line 200 is selectively connected to the ground 
potential through a reset switch Ye. The non-inverted 
input terminal of the voltage comparator 4 is also at the 
ground potential. 
The other electrodes of the capacitors Co to C6 are 

adapted to be selectively connected to three common 
lines 201, 202 and 203 through respective switch 
contacts. The other electrode of the capacitor C7 is 
selectively connected to the two common lines 201 and 
203 through respective switch contacts. For conve 
nience's sake, it is assumed that the switches or switch 
contacts mentioned above are denoted by Yun where n 
represents the positions of the associated capacitors and 
is an arbitrary one of 0 to 7, while in represents the least 
significant digit of the reference numerals 201, 202 and 
203 attached to the common lines and is any given one 
of to 3. For example, it can thus be said that the capac 
itor C4 is adapted to be selectively connected to the 
common lines 201, 202 and 203 through the switches or 
switch contacts Y4, Y42 and Y43, respectively. 
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The common line 201 is connected through a switch 

contact Y9 to the input line 102 for the sample voice 
signal and can be grounded through a switch contact 
Y9. The common line 202 is adapted to be selectively 
connected through switch contacts Zs and 26 to ter 
minals 601 and 602 to which the reference voltages of 
positive and negative polarities are applied, respec 
tively. Further, the common line 203 is connected 
through switches to taps of the resistor string circuit 3 
for taking out the divided voltages in the manner de 
scribed hereinafter. 
The sampling and holding switch Y91; Y92 as well as 

the reset switch Y are controlled by an output signal 
from a logic circuit 22 which is adapted to generate the 
switch control signal in response to a set signal 204 and 
a reset signal 205 which are produced by the pulse 
generator circuit 8. 
The resistor string circuit 3 includes sixteen taps, a 

single resistor string having the lowermost end coupled 
to the ground potential and the uppermost end con 
nected to the common line 202, and sixteen switches X 
(where n is any given number of 1 to 16) connected to 
the taps, respectively, at one end thereof. All the other 
ends of these switches X are connected to the common 
line 203. Thus, a tap voltage 2n-1 can be taken out to 
the common line 203 when a corresponding one of the 
switches X is closed. In this connection, it is to be 
noted that the reference voltage applied to the upper 
most end or the common line 202 has an absolute value 
of 33. In other words, the resistor part which is located 
nearest to the grounded end of the resistor string has a 
resistance value which is equal to a half of the resistance 
value of each of the other sixteen resistors, 
The successive approximation registor circuit 5 in 

cludes delayed-type flip-flops or the like logic circuits 
51 to 57 (hereinafter referred to as D-flip-flop), a set 
reset flip-flop 58 (hereinafter referred to as RS-flip-flop) 
and an exclusive-OR gate (EXOR) 59. Among the flip 
flops, those 52 and 57 are imparted with the set and reset 
functions. The output line 401 of the voltage comparator 4 is 
connected to a data input terminal D of the flip-flop 51 
and to one input terminal of the exclusive-OR (EXOR) 
gate 59. The flip-flop 51 has two output lines 512 and 
513 at which logic levels complementary to each other 
appear, respectively. The output line 512 is adapted to 
produce a control signal SZ61 commanding the refer 
ence voltage change-over Switch Z6 to be closed to the 
terminal 601, while the output line 513 produces a con 
trol signal SZ62 commanding the switch Z6 to be closed 
to the terminal 602. The output line 512 is connected to 
the other input terminal of EXOR 59 which has two 
output lines 591 and 592 at which two logic levels com 
plementary to each other appear, respectively. The 
output line 591 is connected to the logic circuit 7 de 
scribed hereinafter, while the output line 592 (on which 
the negated output of the signal on the line 591 appears) 
is connected to each of the data input terminals of the 
flip-flops 52 to 57. A signal DG4 is applied to a data 
clock terminal CL of the flip-flop 51 and a set terminal 
S of the flip-flop 52. A signal DG5 is applied to a data 
clock terminal CL of the flip-flop 52 and to a set termi 
nai S of the flip-flop 53. A signal DG6 is applied to a 
data clock terminal CL of the flip-flop 53 and to a set 
terminal S of the flip-flop 54. A signal DG7 is applied to 
a data clock terminal CL of the flip-flop 54 and a set 
terminal S of the flip-flop 55. A signal DG8 is applied to 
a data clock terminal CL of the flip-flop 55 and to a set 
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terminal Sof the flip-flop S6. A signal DG9 is applied to 
a data clock terminal CL of the flip-flop 56 and to a set 
terminal S of the flip-flop 57. A signal DG10 is applied 
to a data clock terminal CL of the flip-flop 57 and to a 
set terminal S of the flip-flop 58. A signal DG15 is ap 
plied to the reset terminals R of the flip-flops 52, 53, . . 
., 58, respectively. The signals DG4, DG5,..., DG15 
mentioned above are generated by the pulse generator 
circuit 8. 
The logic circuit 21 is adapted to produce pulses 

(SYo, SYor. . . . , SY71, SYs) for controlling the 
switching operations of the switches Y disposed in 
the capacitor array circuit 2 in dependence on the logic 
outputs (B2, B3, B4, B5, B6, B7 and Bs) appearing at 
output lines 522 to 582 of the flip-flops 52 to 58 consti 
tuting the successive approximation register circuit 
described hereinbefore. 
On the other hand, a logic circuit 31 is adapted to 

generate pulses (SX, SX2, . . . , SXs) for controlling 
the on-off operations of the switches X connected in the 
resistor string circuit 3 in dependence on the logic out 
puts (Bs, B6, B7 and B) produced from the flip-flop 55, 
S6, S7 and 58. - - 

FIG. S illustrates the relationships between the logic 
levels of the input signal to the logic circuit 31 and the 
corresponding switches which are closed or turned on. 
In this figure, B5, B6, B7 and B represent, respectively, 
the logic states at the output lines 552, 562,572 and 582 
of the flip-flops 55, 56, 57 and 58 shown in FIG. 4. By 
way of example, when B5, B6, B7 and Bs are logic "O", 
"1", "O" and "1", respectively, the switchXsis selected, 
whereby there appears at the common line 203 an out 
put voltage of (9/33), VREF where VREF represents the 
value of the reference voltage applied to the terminal 
60 or 602, 

F.G. 6 illustrates the relationships among the logic 
level of the input to the logic circuit 21, the correspond 
ing switches which are turned on and the output volt 
ages from the local decoder, which voltage constitutes 
the input to the comparator. In this figure, B2, B3, . . . , 
Be represents, respectively, the logic levels at the output 
lines 522,532, 542, 552, 562,572 and 582 of the flip-flops 
52, 53,..., 58. Further, (Bs--B6--B7-B) represents a 
logical sum of B5, B6, B7 and B. It can be seen that 
when the logical sum (B3+B6+B+B) is logic "O" 
and B2, B3 and B4 are all logic "O's", all the flip-flops 52, 
. . . , 58 are in the reset state with all the switches or 
Switch contacts Yi (where n represents a given one of 
0 to 7) being turned on. This result in the output of zero 
volt from the local decoder. However, when B2, B3 and 
B4 are all logic "O's" and the logical sum 
(Bs--B6--B7--Bs) is logic "1", then the switches Yos 
and Yi (where n represents a given one of 1 to 7) are 
closed or ON, as the result of which the output voltage 
from the local decoder is one selected from a range of 
(1/(255X33).VREF to 29/(255X33).VREF in depen 
dence on combinations of Bs, Bs, B7 and B. More par 
ticularly, it is assumed that Bs, Bs, B7 and B are all logic 
'0's". Under the condition, when B2, B3 and B are all 
logic "O's", the lowermost voltage of the first segment I 
shown in FIG. 1 is produced. When B2, B3 and B are 
logic "0", "O" and "1", respectively, i.e. "O, O, 1", the 
lowermost voltage of the second segment which is 
given by 31/(255x33).VREF is produced. When "B2, 
B3, B4" are logic"0, 1,0", the lowermost voltage of the 
third segment III which is given by 
(95/(255X33).VREF is produced. In the similar man 
ner, when "B2, B3, B4' are logic "1, 1, 1", the lower 
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most voltage (4063/(255x33).VREFof the eighth seg 
ment VIII is produced. When "B. B. B. Bs, Bs, B, 
Bs" are "l, l, k, l, l, l, 1", then the upper most voltage 
of 7903/(255X33)VREFof the eighth segment VIII is 
produced. 

Next, the principle of operation of the encoder ac 
cording to the invention will be described by referring 
to a signal timing diagram shown in FIG. 7. 
When the encoder is to be used as a single channel 

coding device for voice frequency signals such as car 
ried by a telephone or the like, the encoding period is 
usually 125 as (corresponding to 8 KHz in frequency). 
According to the invention, the basic clock pulse 801 
having a frequency of 128 KHz is supplied to the input 
of the control pulse generator circuit 8, whereby the 
encoding of a sampled signal is accomplished within an 
input period (to to tis) which corresponds to sixteen 
basic clock pulses. The control pulse signals 204, 205 
and DG4 and DG15 are also produced by the control 
pulse generator circuit 8 in synchronism with the basic 
clock pulse. 

In the case of the example illustrated in FIG. 7, it is 
assumed that the output levels of all the flip-flops shown 
in FIG. 4 vary in synchronism with the leading edges of 
the input data clock pulse, reset pulse and set pulse. 
At a time point ts, all the flip-flops 52 to 58 are reset 

by the reset pulse DG15, resulting in that the logical 
output levels "B2, B3, B4, B5, B6, B7, Bs" are "0, 0, 0, 0, 
0, 0, 0". Under the condition, the switches Y (where n 
is a given one of 0 to 7) and X6 are turned on. At a time 
point to, the control signals 204 and 205 are applied to 
the logic circuit 22, so that the switches Y and Y9 are 
turned on. Consequently, the voice signal voltage 
(VIN) applied to the terminal 102 is charged in the 
capacitors Co, C, . . . , C7, whereby the sampling is 
effected. Subsequently, at a time point to the switches 
Y and Yg are turned off, while the switch Yg is 
turned on, whereby the preceding sampling voltages 
are inverted in polarity and held in this state. In other 
words, the inverted input voltage Vc to the comparator 
4 is equal to -V.N. For simplification of description, it 
is assumed that the voltage VIN is a value between 
--103/(255X33).VREF and 1 1/(255X33).VREF, 
Then, the compartor 4 produces the signal B of the 
logic level (logic "1" under the assumption) corre 
sponding to the polarity of the input signal after an 
inherent time delay. Upon application of the pulse DG4 
having logic level "1" during a time span between the 
time points t and ts, the output of logic "1" from the 
comparator 4 is read in the flip-flop 51, resulting in that 
the output SZai on the signal line 512 corresponds to 
"B" of logic "1", while the output SZ62 on the signal 
line 513 corresponds to "B1" of logic "O" level. As the 
consequence, the reference voltage change-over switch 
261 is turned on, resulting in that the reference voltage 
+VREF makes appearance on the common line 202, 
while a voltage of --(3/33).VREF is produced on the 
common line 203. At the same time, a signal B2 of logic 
"1" is produced on the output line 522, because the 
flip-flop 52 is set by the pulse DG4. Thus, the switches 
(or switch contacts) Yon Y12, Y22, Y33, Y41, Ys, Ysi, 
Y7 and X6 are closed, as can be seen from FIGS. 5 and 
6. As the consequence, the voltage Vic applied to the 
comparator 4 is given by - WIN--479/(255X33)- 
VREF volts. In this case, the second bit of the output 
from the comparator 4 is "O". 

Subsequently, upon application of the pulse DG5 of 
logic “1” during a period (ts to ts), the data input lines 
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592 to the flip-flops 52,..., 57 are at logic "O" due to 
negation of the exclusive OR by the first bit. Under the 
condition, since the pulse DG4 is simultaneously logic 
"O", the logical level B of "O" appears on the output 
line 522 of the flip-flop 52, while a logical level B of 
"1" is produced on the output line 532 of the flip-flop 
53. In this way, the state in which logical levels "B. B. 
B4, B5, B5, B7, B' are "O, 1, 0, 0, 0, 0, 0" is established. 
Accordingly, the switches Yo, Y13, Yal, Ys, Y4i, Ys, 
Ys, Y, and X6 are closed (ON) in accordance with the 
logic conditions illustrated in FIGS. 5 and 6. The input 
voltage Voc to the voltage comparator 4 is thus varied to 
-VIN-I-95/(255X33).VREF volts, resulting in that the 
output signal from the comparator 4 has the third bit of 
logic “1”. 

In a similar manner, the pulse DG6 is applied at a time 
point t6 to establish the logical state in which "B, Bs, 
B4, B5, B6, B7, B' are "0, 1, 1, 0, 0, 0, 0" and hence the 
switches Yo, Y12, Y23, Y31, Y41, Ys, Yel, Y and X6. 
are turned on. The comparator input voltage Voc is then 
equal to - WIN-(223/(255X33).VREF volts, resulting 
in the comparator output signal having the fourth bit of 
logic "0". At a time point ti, the pulse DG7 is applied, 
whereby the logic state of "0, 1, 0, 1, 0, 0, 0" is estab 
lished, resulting in that the same Y switches as men 
tioned just above and the switch Xsare turned on. The 
input voltage Vic to the comparator 4 is then equal to 
-WIN--(159/(225X33).VREF volts. The output signal 
from the comparator 4 has thus the fifth bit of "O". At a 
time point ts, in response to the application of pulse 
DG8, the logical state of "0, 1, 0, 0, 1, 0, 0" is estab 
lished, whereby the switch X4 is now turned on with the 
switches Y remaining unchanged. The input voltage Vc 
to the comparator is then -WIN127/(255X33).VREF 
volts, resulting in that the sixth bit of the output from 
the comparator is logic "0". At a time point ty, in re 
sponse to the application of pulse DG9, the logical state 
of "O, 1, 0, 0, 0, 1,0" is established. The switch X2 is then 
turned on with the states of the switches Y remaining 
unchanged. Thus, WC= -ViN-111A(255X33).VREF 
volts. The seventh bit of the comparator output is then 
logic "0". Finally, when the pulse DG10 is applied at a 
time point to, the logical levels "B, B3, B4, Bs, B6, B7, 
Bs" are "0, 1,0,0,0,0, 1' with the result that the switch 
X is closed with the switches Y being unchanged. 
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Therefore, Vcs -VN-103/(255x33).VREF. The 
eighth bit of the output from the voltage comparator is 
then logic "1". 

In this way, one cycle of A-D conversion of 8 bits has 
been completed. In this connection, it should be re 
called that the output from the comparator 4 is pro 
duced with a certain time delay with reference to the 
application of the voltage produced from the capacitor 
array. The amount of the time delay depends on the 
positive or negative amplitude of the applied voltage. 
Generally, the time delay becomes greater, as the ampli 
tude becomes smaller. Accordingly, a sufficient time 
margin is required in consideration of the time delay of 
the comparator in order to assure that the individual 
flip-flops of the successive approximation register cir 
cuit are set to certain states and subsequently the results 
of comparisons effected by the comparator are again 
read into these flip-flops. Unless such time margin is 
adequate, a signal-to-quantizing noise characteristic will 
be deteriorated particularly for the signal of a small 
amplitude. However, since the time required for per 
forming the one cycle of A-D conversion is limited, it 
will be impossible to allot a sufficient time to all the 
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comparisons. Such being the circumstances, the inven 
tion teaches that a lengthened time is allotted to a period 
in which the probability of the comparisons of small 
amplitude signals being performed with the highest 
frequency is highest, to thereby assure the accurate 
voltage comparison. More specifically, the comparisons 
for the first bit (polarity bit) and the eighth bit are al 
loted with a time duration twice as long as the time 
assigned to the comparison for the other bits. 

Next, a circuit arrangement as well as operation of 
the logic circuit 7 for deriving an actual PCM transmis 
sion signal from the signal obtained from the A-D con 
version will be described. 
The logic circuit 7 is composed of circuitry for effect 

ing insertion of signals A and B and suppression of the 
all-zero code (shown in FIG. 8) and a circuitry for 
sending out the thus processed PCM code from an 
output terminal 909 with a proper timing (shown in 
FIG. 10). 

In the first place, the circuit shown in FIG. 8 will be 
elucidated by referring to FIG.9 which shows a signal 
waveform diagram. 
The circuitry shown in FIG. 8 serves for sending the 

signals such as dial pulses, supervisory pulses or the like 
by inserting signal A at the eighth bit of the sixth frame, 
inserting signal B at the eighth bit position of the twelfth 
frame and inserting "1" at the seventh bit position of 
every frame for the all-zero code. In FIG. 8, reference 
numerals 71, 72, 79 and 82 denote D-type or the like 
flip-flops similar to or the same as those used in the 
circuit shown in FIG. 2, 73 denotes an exclusive-OR 
gate, 74 and 87 denote inverters, 75,76, 77, 81, 83, 84,85 
and 86 denote AND gates, 78 and 88 denote OR gates, 
and 80 denotes a NOR gate. The signal A is applied to 
a signal line 701, while the signal B is applied to a signal 
line 702. A signal line 703 is supplied with a A/B select 
signal. For the A/B select signal, a pulse is used which 
has a leading edge occurring before the determination 
of the eighth bit in the A-D conversion of the fifth 
frame and a trailing edge occurring before the determi 
nation of the eighth bit in A-D conversion of the elev 
enth frame. A signal line 904 is supplied with a pulse at 
a time delayed slightly relative to the leading or trailing 
edge of the pulse applied to the signal line 703. The 
pulse applied to the signal line 904 has a leading edge for 
every frame and serves for timing the pulses applied to 
the signal line 703. On the other hand, the output pulse 
signal 591 obtained from the successive approximation 
circuit 5 described hereinbefore is timed by the basic 
clock pulse 801 for the A-D conversion through the 
flip-flop 82 and appears on a signal line 711. Since the 
pulse train on the signal line 711 bears such relationship 
to the pulse signal DG12 as illustrated in FIG. 9, there 
appears at the output of the OR gate 78 the logical level 
of the signal A derived from the AND gate 76 during a 
time span between ti and t13 in the fifth frame, the 
logical level of the signal B from the AND gate 77 
during a time span between ti and tis in the eleventh 
frame, and the A-D converted signal of voice, i.e. the 
logical level of the eighth bit on the signal line 711 
during time spans between ti and tis in the first to 
fourth frames, the sixth to tenth frames and the twelfth 
frame, respectively. 
Each of these outputs from the gate 78 is latched by 

the flip-flop 79 for a time corresponding to the single 
frame with the aid of the pulse 822 and then output to 
the signal line 731. 
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In the meanwhile, there appear on the output line 21 

of the gate 88 through the gates 81 and 83 the first bit 
during a time span between to and ts and the second to 
the sixth bits during a period from ts to to 
The result of decision as to whether the bits of the 

PCM signal to be sent out for every frame are all zero 
or not is indicated by the logical level of the output 
signal from the gate 80 at the time point t3. More spe 
cifically, at the time point tus, the logical levels of the 
first to the second bits of the PCM code are held at the 
output lines of the flip-flops 51 to 57 included in the 
successive approximation register circuit 5 while the 
logical level of the eighth bit of the same PCM code is 
held at the output line 731 of the flip-flop 79. Accord 
ingly, when all of these bits are logic "O's", the output 
signal from the gate 80 is logic"1", resulting in that the 
signal on the output line 721 is logic “1” during a period 
from t to t. On the other hand, when any one of the 
bits mentioned above is logic "1", then the logical level 
of 572 is produced as it is to the output line 721. In this 
case, the output level of the flip-flop 79 is delivered as 
the eighth bit during a time span between T4 and tis. It 
should be added that the other signal line 704 of the gate 
80 is provided to selectively determine whether the all 
zero code suppression is to be effected or not. More 
particularly, when the signal line 704 is at the logical 
level "1", then the suppression of the all-zero code is 
not effected. 
FIG. 10 shows a logic circuit for sending out with a 

proper timing from the output terminal of the encoder 
the PCM signal which has undergone the signaling 
processing and the all-zero-code-suppression processing 
in the manner described above. FIG. 11 illustrates oper 
ations of the circuit shown in FIG. 10 on the time base. 
In FIG. 10, reference numeral 90 denotes a D-type or 
the like flip-flop, and 91 and 92 denote serial-in, serial 
out shift registers with set function. Other logical gates 
are the same as those shown in F.G. . 
From the basic clock signal 801 for the A-D conver 

sion, the pulse signal 849 having logical level "1" during 
a period from t to to and the pulse signals DG13 and 
DG14 having logical level "1" during time spans be 
tween tis and t- and between t and ts, respectively, a 
read-in pulse signal 820 having pulses corresponding to 
the individual bit positions of a PCM pulse train 721 is 
produced through the gate 93, as is illustrated in FIG. 
11. Further, read-out pulses designated by 920 are de 
rived at the output of the gate 94 from a pulse signal 902 
which in turn is derived from the timing pulse for the 
PCM transmission and a pulse signal 903 produced from 
the frame synchronous pulse 901 by the logic circuit 9. 
On the other hand, there are obtained at the outputs Q 
and Q of the flip-flop 90 which is changed over in the 
state in response to the frame synchronous signal 901 
the pulses which alternate between the logic "1" and 
"0" for every frame. Accordingly, a pulse train in 
which the read-in pulse 820 and the read-out pulse 920 
alternate with each other for every frame can be ob 
tained on the output signal lines 921 and 922 of the OR 
gates 99 and 100, respectively, through the AND gates 
95 to 98 which are controlled by the outputs Q and Q. 
At that time, the shift registers 91 and 92 receive at 

the respective data input lines 923 and 924 the PCM 
pulse train in which the logical levels "1" and "O" alter 
nate with each other for every frame through the AND 
gates 101 and 102 controlled by the output signal from 
the flip-flop 90 described above. As a consequence, the 
read-in of the PCM pulse train for a certain frame (e.g. 
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frame of number n-1) is followed by the read-out of 
the PCM pulse train for the succeeding frame (frame 
number of n) through the shift register 91. On the other 
hand, in the shift register 92, the PCM pulse train is read . 
in during the frame (n) and read out during the succeed 
ing frame (N-1). In this manner, the PCM signals read 
out from the shift registers 91 and 92 can be sent out 
through the output gate circuit 110 in synchronism with 
the frame synchronous pulse signal 901 and the trans 
mission timing pulse signal 902 without incurring mu 
tual interference. The output signal from the output 
gate 110 is applied to the gate electrode of an output 
transistor 111, as the result of which a PCM pulse signal 
having an amplitude corresponding to a difference be 
tween the voltage at the source electrode of the output 
transistor 94 and a source voltage WDD supplied through 
a load resistor 112 is sent out from the output terminal 
909. 

is used for the control with a view to rualizing the time 
sharing multiplex. PCM transmission with the aid of 
only the wired OR. s - 

According to the prior art, the output terminals of the 
individual encoders are constituted by open drains or 
open collectors which are connected in parallel with 
one another in the same number as that of the time-shar 

In the case of the circuit configuration shown in FIG. . . . 
10, a third input pulse signal 903 to the output gate 110' 

ing multiplexings and connected to a single resistance , 
element serving as the load resistor, in order to realize 
the wired OR. In this case, a single externally attached 
resistor will be sufficient regardless of the number of the 
time-sharing multiplexings. However, the resistance 
value of the resistor has to be selected in dependence on 
the number of time-sharing multiplex in order to in 
prove the rise-up characteristic of the pulse signal. 
On the contrary, according to the circuit configura 

tion shown in FIG. 10, the individual encoders contain 
respective load resistors 112 each having a preset value, 
which involves an advantage that the outputs of the 
encoders may simply be connected in parallel in the 
same number as that of the time-sharing multiplexihgs. 
The resistance value R of the load resistor 12 can be 
determined in accordance with the following expres 
O 

R - 24 C- (1) 
where 

tria227 (2) 

and 
n: number of multiplexings (the number of the single 

channel encoders connected in parallel), 
Co: a capacitance value of the single channel encoder 

as observed from the output terminal, 
C: value of stray capacity as added due to the multi 

plexing (parallel connections), 
T: time constant determined by values of capacity and 

resistance, 
tr; rise-up time of a pulse required in view of the 

characteristic of the encoder. 
In general, since n Cox>C, the expression (1) may 

be rewritten into R=tra 2.2 Cowhich is apparently inde 
pendent from the number of time-sharing multiplexings 
(or parallel connections). 

-wan arm n. *marmaswam awraara----wn -- raesww.cars a . . . 
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In the case where the rise-up time of PCM pulse 

should be much shortened for some reason, this can be 
easily accomplished by using an externally attached 
resistor. 

claim: 
1. A digital-to-analog converter comprising: 
a capacitor array circuit including first to eighth ca 

pacitors having binary-weighted capacities in ratio, 
each capacitor having one end thereof connected 
to an output line, a first common line of a first 
potential connected to the other ends of said first to 
eighth capacitors through respective switch 
contacts of a first switch group, a second common 
line of a second potential connected to the other 
ends of said first to seventh capacitors through 
respective switch contacts of a second switch 
group, and a third common line connected to the 
other ends of said first to eighth capacitors through 
respective switch contacts of a third switch group; 

a resistor string circuit including a resistance element 
connected between said second common line and a 
source of said first potential, sixteen taps connected 
to said resistance element at respective points for 
deriving voltages which correspond to (2n-1)/33 
(where n represents a given number of 1 to 16) of a 
voltage applied across said resistance element, and 
a fourth switch group including a plurality of 
switches inserted between said third common line 
and said taps, respectively; and 

logic circuit means for controlling selectively the 30 
switching operation of said first to fourth switch 
groups in dependence on a digital signal to be con 
verted, thereby to produce an analog voltage cor 
responding to the digital signal from said output 
line. 

2. A digital-to-analog converter according to claim 1, 
wherein said logic circuit means includes a first logic 
circuit for controlling the switching operation of the 
switches of said first, second and third switch groups 
and a second logic circuit for controlling the switching 
operation of the switches of said fourth switch group, 
said first logic circuit including means for producing 
signals for controlling the switches of said first, second 
and third switch groups in dependence on values of the 
second to eighth bits of an eight-bit digital signal in 
which a first bit is a polarity bit, while said second logic 
circuit includes means for producing signals for control 
ling the switches of said fourth switch group in depen 
dence on values of the fifth to eighth bits of said digital 
signal. 

3. A digital-to-analog converter according to claim 2, 
wherein said second logic circuit is adapted to produce 
the switch control signal in such a manner that, when 
the decimal digit value n represented by said fifth to 
eighth bits of said digital signal corresponds to a given 
one of the values 1 to 15, one of the switches of said 
fourth switch group at the n-th positions is turned on, 
while the switch of said fourth switch group at the n-th 
position where n=16 is turned on when all of said fifth 
to eighth bits are zero. 

4. A digital-to-analog converter according to claim 3, 
wherein said first logic circuit is adapted to produce 
said switch control signals in such a manner that, when 
at least one bit of said fifth to eighth bits is logic"1", the 
capacitors inclusive of said first capacitor to the capaci 
tor located at a position which corresponds to a decimal 
digit value m represented by said second to fourth bits 
are connected to said second common line, while the 
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(m+1)-th capacitor is connected to said third common 
line with the remaining capacitor(s) being connected to 
said first common line, and when said fifth to eighth bits 
are all logic "O's", the capacitor at the position corre 
sponding to the decimal digit value m represented by 
said second to fourth bits is connected to said third 
common line, while said first to the (n-1)-th capaci 
tors are connected to said second common line with the 
remaining capacitor(s) being connected to said first 

10 common line. 
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5. A PCM encoder comprising: 
a voltage comparator for comparing a voltage at an 

input terminal with a first potential; 
a capacitor array circuit including first to eighth ca 

pacitors having binary-weighted capacitances in 
ratio and each having one end thereof connected in 
common to said input terminal of said voltage con 
parator, a first common line connected to the other 
ends of said first to eighth capacitors through re 
spective switches of a first switch group, a second 
common line connected to the other ends of said 
first to seventh capacitors through switches of a 
Second switch group, a third common line con 
nected to the other ends of said first to eighth ca 
pacitors through switches of a third switch group, 
and means for changing over said input terminal of 
said voltage comparator to said first potential and 
said first common line to a sample signal input 
terminal in response to the input of a sample signal 
and for changing over said input terminal of said 
voltage comparator to a free potential and said first 
common line to said first potential for an encoding 
operation; 

a resistor string circuit including a resistance element 
connected between said second common line and a 
source of said first potential, sixteen taps connected 
to said resistance element at respective points for 
deriving voltages which correspond to (2n-1)/33 
(where n is a given one of the values 1 to 16) of a 
voltage applied across said resistance element, and 
switches of a fourth switch group inserted between 
said third common line and said taps, respectively; 

a fifth switch for supplying selectively a reference 
voltage of positive or negative polarity to said 
second common line; 

a successive approximation register circuit for succes 
sively and selectively controlling the switches of 
said first to fourth switch groups and said fifth 
switch in dependence on the output from said volt 
age comparator, thereby to convert said sample 
signal into a corresponding digital signal to be 
output; and 
pulse generator circuit for producing pulses for 
controlling the operation of said successive approx 
imation register circuit. 

6. A PCM encoder according to claim 5, wherein said 
successive approximation register circuit includes 
means for storing a digital code the contents of which 
are successively altered by the output signal from said 
voltage comparator, a first logic circuit for controlling 
switching operations of the switches of said first to third 
switch groups, and a second logic circuit for controlling 
the switching operation of the switches of said fourth 
switch group. 

7. A PCM encoder according to claim 6, wherein said 
digital code storing means includes first means for con 
trolling said fifth switch in dependence on the first bit 
signal output from said voltage comparator and second 
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means adapted to be initialized by a pulse signal sup 
plied from said pulse generator and to store digital val 
ues of said second to eighth bits which are successively 
determined in dependence on the output signal from 
said voltage comparator, said first logic circuit includ 
ing means for producing the switch control signal in 
dependence on values of said second to eighth bits pro 
duced from said second means, while said second logic 
circuit includes means for producing the switch control 
signal in dependence on the values of said fifth to eighth 
bits 

8. A PCM encoder according to claim, wherein said 
second logic circuit is adapted to produce the switch 
signal in such a manner that, when the decimal digit 
value n represented by said fifth to eighth bits of said 
digital signal corresponds to a given one of the values 1 
to 5, one of the switches of said fourth switch group at 
the n-th position is turned on, while the switch of said 
fourth switch group at the n-th position where n=16 is 
turned on when all of said fifth to eighth bits are zero. 

9. A PCM encoder according to claims, wherein said 
first logic circuit is adapted to produce said switch 
control signal in such a manner that, when one of said 
fifth to eighth bits is logic "l", the capacitors inclusive 
of said first capacitor to the capacitor located at a posi 
tion which corresponds to a decinal digit value m rep 
resented by said second to fourth bits are connected to 
said second common line, while the (m-1)-th capacitor 
is connected to said third common line with the remain 
ing capacitor(s) are connected to said first common line, 
and when said fifth to eighth bits are all logic"O's", the 
capacitor at the position corresponding to the decimal 
digit value m represented by said second to fourth bits 
is connected to said third common line, while said first 
to the (n-1)-th capacitors are connected to said second 
common line with the remaining capacitor(s) being 
connected to said first common line. 

ld a PCM encoder comprising 
a voltage comparator for comparing a woltage at an input 

terminal with a first potential 
a capacitor array circuit including first to eighth capaci 

tors having binary-weighted capacitances in ratio and 
each having one end thereof connected to said input 
terminal of said comparator, a first common line 
connected to the other ends of said first to eighth 
capacitors through respective switches of a first switch 
group, a second connon line connected to the other 
ends of said first to seventh capacitors through 
switches of a second switch group, and a third com 
non line connected to the other ends of said first to 
eighth capacitors through switches of a third switch 
group 
resistor string circuit including a resistance element 
connected between a reference woltage source and a 
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woltages which correspond to (2n-1)/33 (where is a 
given one of the values to 6) of a woltage applied 
across said resistance element, and switches of a 
fourth switch group inserted between said third con 
mon line and said taps respectively 

means including a fifth switch group for applying a 
woltage, which corresponds to an input signal to be 
coded to each of said first to eighth capacitors during 
a sampling operation and for applying the woltage of 
said reference woltage source between said first and 
second common lines during an encoding operation 

a successive approximation logic circuit means for suc 
cessively and selectively controlling the switches of said 
first to fourth switch groups and said fifth switch 
group, the output of said logic circuit means being 
dependent on the output from said voltage compara 
tov, thereby to convert said woltage across each of said 
first to eighth capacitors into a corresponding digital 
signal to be output and 

a pulse generator circuit for producing pulses for control 
ling the operation of said successive approximation 
logic circuit means 

11. MPCM encoder according to claim 10, wherein said 
successive approximation logic circuit means includes a 
register for storing a digital code the contents of which are 
successively altered by the output signal from said woltage 
comparator, a first logic circuir for controlling switching 
operations of the switches of said first to third switch 
groups, and a second logic circuit for controlling the switch 
ing operation of the switches of said fourth switch group, 

12. A PCM encoder according to claim 11, wherein said 
second logic circuit is adapted to produce the switch signal 
in such a manner that, when the decimal digit walue n. 
represented by said fifth to eighth bits of said digital signal 
corresponds to a given one of the walues 1 to 15, one of the 
switches of said fourth switch group at the n-th position and 
when all of said fifth to eighth bits are zero, the switch of 
said fourth switch group at the 16-th position is turned on 

3. A PCM encoder according to claim 12, wherein said 
40 first logic circuit is adapted to produce said switch control 

SO 

signal in such a manner that, when one of said fifth to 
eighth bits is logic "I", the capacitors inclusive of said first 
capacitor to the capacitor located at a position which corre 
sponds to a decimal digit walue m represented by said 
second to fourth bits are connected to said second common 
line while the (m+1)-th capacitor is connected to said third 
connor line with the remaining capacitor(s) are connec? 
ed to said first common line, and when said fifth to eighth 
bits are all logic "O's" the capacitor at the position 
corresponding to the decimal digital value m represented 
by said second to fourth bits is connected to said third 
common line, while said first to the (n-1)-th capacitors 
are connected to said second common line with the re 
maining capacitor?s) being connected to said first Common 

source of said first potential sixteen taps connected to 55 line. 
said resistance element at respective points for deriving 9 e o 


