
United States Patent v 1151 3,705,359 
Kappes [451 Dec. 5, 1972 

1 541 PCM DECODER WITH EXPANSION 4/1970 Gorog ............................... ..l78/66 R 
CHARACTERISTIC 

3,505,470 

[72] Inventor: Werner Kappes, Berlin, Germany ' Primary Examiner-Alfred L. Brody 
[73] Assignee: Krone Gmbl-l, Berlin-Zehlendorf, Attorney-Karl F‘ ROSS 

Germany 
[22] Filed: March a, 1971 [57] ABSTRACT 

[21] APPL No_: 121,940 Incoming binary code words of n-l-m+l bits, the 
a highest-ranking of them being ‘a polarity indicator, are 

_ > _ _ _ _ } fed to a ?rst decoding stage which converts the lower 
[301' Forms" Apphcml‘m Pl'lomy Data ranking n-bit group into a corresponding analog volt 

March 9, 1970 Germany ............ .... ..P 20 11 056.9 age of up to 2" incremental Steps and, in the Presence 
'. _ ' ‘ of- at least one bit of logical value “1” in the higher 

[52] US. Cl.....' ......... ..329/l04, 178/66 R,'325/38 R, Tanking m-bi! group, supel'imposes uP0n this analog 
325/32l,‘325/324, 340/347 AD voltage a ?xed voltage of 2" incremental steps. A 

[51] ‘ Int. Cl. .... ................................... .._....H03k 9/00 SeC0nd decoding stage simultaneously receives the m 
[58] Field of Search.....329/l04; 325/38 R, 321, 322, bit group and derives from it a stepdown factor, rang 

325/324; 340/347 AD; 178/66 R - a ing from 0 to 2'", by which a switching circuit con 
‘ ~ . trolled by that stage divides the output of the ?rst 

[56] . References Cited stage. - 

UNITED STATES PATENTS 10 Claims, 13 Drawing Figures 
3,404,231 10/1968 Aaron etal .................... ..'...325/38 R i - 

01 

ml I 

n-bils _ DECOPER’ u" 

.qdl 
2 

Ric/5m? m5 
! mm 6 . L0 

02 70$‘ 4 OUTPUT 
. 1—__‘ 

~ '77 I EDI, 4" s (lg 
m-MIJv DEtooL-‘E ‘7 

RD: a‘ - S2 76 

I” 10/ '——1-g%/ 
I02 R91 I‘ s, 

% ‘21.’ 
R01 " 69 



PATENTEU "E9 5 '97? 3, 705. 359 
' sum 1 or 6 ‘ 

8-,6-I'C code words 

EXPANSION 
CHAE?CTEE/ST/C 

Inventor. 
_— UH Werner Kappes 

71w mime? 









PAIENTl-innm ‘5m 3.705.359 
SHEET 5 BF 6 

CODE WORDS 

\n ~b/I3 
m-bltS 

| SIGN bl TS 

/n venfor: 
Werner Kappes 

SQQ QQQx 
w 

W 
_ _ 

3% wgw 

09.50 1 

QkQQQQQQ 

z m m coo: wens 

U 

CODE WORDS 

QQQQ QQQx 

I 
I 
I 
I 
I 
/ 
I 
l 
/ 
I 
/ 
I 
I 
I 
I 
I 
I 
J 

1 

H950 
ENCCDEE 

_ _ _ _ _ 

are! 

(.3109 
(“HA ' Attorney 



3.705.359 PATENTEDuEc "s uerz 
SHEET 6 OF 6 

my; 

57 

VOLTAGE SWITCH 

32 

64 

64 

m 

bits STEP- oowu CLOSED 

117 

110 

701 

I00 

011 

U 010 

I 001 

I 000 

/D2 

2?“? z? 7" \r? 5%! 

/m/enlor. 
Werner Kappes 

\ ” ‘51085 
GO” Attorney 

-5# 57 

i 
g 



l 
' PCM DECODER WITH EXPANSION 

'CHARACTERISTIC. 

My present invention relates to a demodulator for bi 
nary code words, e.g., as arriving at a receiving station 
in a telecommunication system of the pulse-code 
modulation, time-division-multiplex type. 

In digitizing an analog signal,v such as the instantane 
ous amplitude of an audio-frequency wave, it is possi 
ble to improve the signal-to-noise ratio bymagnifying 
the lower signal voltages with reference to the higher 
amplitudes in accordance with apredetermined com 
pression characteristic and restoring the original rela 
tionship upon‘ subsequent digital/analog analog recon 
version by operating along a complementary expansion 
characteristic, as is well known per se. In such a com 
pander system, the characteristics are generally knee 
type' curves each consisting of 2'"+1 linear segments 
dividing a range of signal amplitudes, between limits of 
iUmm into as many bands (half of them positive, half 
of ' them negative) whose’ width increases from the 
origin outward by a factor of 2, except for the two in 
nermost bands on either side of the abscissa which are 
of the same width. Each amplitude band, in turn, is sub 
divided into 2" incrementalsteps represented by the n 
lowest-ranking bits of a code word of n+m+l hits, the 
highest-ranking bit being a sign indicator which, of 
course, is needed only if the signal to be digitized can 
be of either polarity. ' _ Y ‘ 

Inv the speci?c PCM system discussed hereinafter by 
way of example, each code word consists of eight bits 
with‘ n = 4 and m = 3. Thus, the characteristic is divided 
into 16 segments, eight on each side of the origin; if the 
four innermost segments of identical slope are con 
sidered a single segment, the number of segments 
reduces to thirteen. Reference may be made in this 
connection to a CClTT report entitled COM XV, 
question No; 33, Temp. Doc. No. 34 of 25 September 
to 6 October 1967. ' 

The general object of my present invention is to pro 
vide an improved pulse-code demodulatorifor re-ex 
panding the analog equivalents of binary code words 
generated in the aforedescribed manner according to a 
compression characteristic divided into 2"‘+1 -(or 
possibly 2'") linear segments. ' 
-A more speci?c object is to provide means in such a 

demodulator for reversing the'polarity of the recon 
stituted analog voltage under the control of the sign bit, 
if necessary, at a stage preceding the restoration of the 
original amplitude relationship in order that possible 
minor switching dissymmetries may be stepped down in 
the same proportionas the corresponding signal am 
plitudes to minimize their effect upon low-amplitude 
signals. 
A further object is to obviate the need in such‘ a 

demodulator for so-called ?oating analog switches 
(which do not respond to a ?xed reference potential) 
as well as constant-current generators, both of which 
require complex circuitry in order to be realized with 
the necessary degree of precision. 

Still another object is to provide‘ a demodulator 
which, while satisfying the aforestated desiderata, 
operates at a decoding speed compatible with the 
reception of 3-bit code words in a PCM system of the 
30/32-channel type in which signal amplitudes are sam 
pled during intervals on the order of lusec. 
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In accordance with this invention, the demodulator 

includes a ?rst decoding stage connected to receive 
both thelower-ranking n-bit group and the higher 
ranking m-bit group from a storage circuit in which the 
incoming code words are temporarily registered, this 
?rst stage including an impedance network‘ with in 
dividually switchable branches which are ‘controlled by 
the n-bit group to generate a corresponding analog 
voltage composed of up to 2" incremental steps: a 
further switchable branch in this network, controlled 
by the m-bit group, superimposes upon this analog volt 
age a ?rst voltage of 2" incremental steps in the output 
of the'?rst stage if this latter group includes at least one 
?nite bit, i.e., if one or more m-bits thereof have the 
logical value “1.” This m-bit group is also fed to a 
second decoding stage to control the operation of a 
weighting circuit for multiplying the output of the ?rst 
stage by a factor proportional to the analog equivalent 
of the m-bit group. In practice, this proportional factor 
is usually of fractional value so that the multiplication 
becomes a division performed in an impedance 
work of the step-down type. 

' The network of the ?rst stage, as more fully 
described hereinafter, may comprise n+2 parallel ‘re 
sistances joined to an inverting input of an operational 
ampli?er, these resistances having staggered mag 
nitudes 2‘R wherein i is an integer ranging ‘from 0 
through n+1, the smallest resistances thus having the 
value R while the largest one has the value 32R in the 
speci?c example (n = 4) here considered. The smallest 
resistance R, which in view of the parallel connection is 
the electrically most signi?cant one, is switchable into 
circuit in response to a ?nite m-bit, the register stage 
carrying the several (here three) m-bits working ad 
vantageously into a common OR gate to generate a 
control signal for the switching of this particular re 
sistance. The largest and therefore electrically, least sig 
ni?cant resistance is connected to a source of ?xed 
reference potential whose polarity may be reversed in 
response to the sign bit; it is also possible for this pur 
pose to insert an inverter ahead ofthe operational am 
pli?er delivering the output of that decoder stage, this 
inverter being selectively short-circuited according to 
the logical value of the sign bit. ‘ 

Instead of staggered resistances connected in parallel 
branches of the impedance network, the latter may be a 
resistive ladder circuit of the R/2R type as described, 
for example, by David F. Hoeschele in ‘Analog-to 
Digital/Digital-to-Analog Conversion Techniques, 
published 1968 by John Wiley & Sons, Inc., New York, 
pages 108 ff. This latter network comprises n+2 arms 
of magnitude 2R (interconnected by sections of mag 
nitude R) of which one is connected to a source of 
?xed reference potential whereas the others are selec 
tively connectable to the same source in response to 
respective n-bits and, in the case of the arm farthest 
from the source, to a ?nite m-bit as transmitted through 
the aforementioned OR gate. Again, the reversal of 
polarity under the control of the sign bit may be carried 

- out at the source or by an inverter cascaded with the 

65 

output ampli?er. ' 
The weighting circuit controlled by the second 

decoder stage may comprise a potentiometer com 
posed of 2"'-l series resistors connected between a 
zero-voltage terminal (ground) and a high-voltage ter-. 

net- , 



3,705,359 
3 

minal energized by the. ?rst decoder stage, these re 
'sistors having progressively decreasing magnitudes 
ranging from a value 2‘2'"-‘"R for the resistor nearest the 
high-voltage terminalto a value R between the two taps 
farthest from that terminal, the adjoining resistor at the 
grounded end having the same magnitude R. The high 
voltage terminal and the 2"'—2 taps between the several 
weighting resistors are selectively connectable, under 
the control of the m-bit group, to an impedance trans 
former such as an operational ampli?er whose high 
input resistance minimizes the shunting effect of the 
output circuit upon the potentiometer. 
The duplication of the lowest resistance value at the 

grounded potentiometer end is designed to preserve 
the correct‘ binary relationship 'of the several poten 
tiometer output, at the expense of introducing an am 

' biguity with regard to the ?rst two segments (of identi-~ 
cal slope)_of the characteristic curve. 

This ambiguity, however, is resolved by the 
aforedescribed superposition of a ?xed voltage upon 
the analog equivalent of the n-bit group in response to 
the presence of at least one true m-bit; thus the switch 
connecting the lowest tap of the potentiometer to the 
output ampli?er is closed regardless of the logical value 
of the least-signi?cant m-bit if all the other m-bits have 
the logical value “0,” Le, if (for m = 3) this group is of 
either the form 000 or the form 001. 
The operation ‘of my improved decoder is indepen- - 

dent of the mechanism by which the binary code words 
were derived from the original analog signal, provided - 
the compression and expansion characteristics are mu 
tually complementary. Reference may be made, how 
ever, to commonly owned application Ser. No. 120,171 
filed Mar. 2, 1972 by Waldemar Fruhauf which dis 
closes and claims a corresponding modulator operating 
on a somewhat analogous two-stage coding principle. 
The above and other features of my invention will be 

described in detail hereinafter with reference to the ac 
companying drawing in which: 

FIG. 1 is a graph of an expansion characteristic of the 
type used in a pulse-code demodulator embodying my 
invention; 

FIG. la is a similar graph showing a complementary 
compression characteristic; _ , 

FIG. lb is a graph showing part of the characteristic 
of FIG. 1a on a larger scale; 

FIG. 2 is a diagram of an eight-bit code word to be 
demodulated; 

- FIG. 3 is an overall circuit diagram of a demodulator 
according to the invention; 

FIG. 4a is a more detailed diagram of a ?rst decoder 
stage forming part of the demodulator of FIG. 3; 
nos. 4b and 4c Sl‘lOW respective modi?cations of the 

decoder stage of FIG. 4a; 
FIG. S'shows one branch of the expansion curve of 

FIG. 1 on an enlarged scale, together with the output of 
the ?rst decoder stage drawn to the same scale; 

_ FIGS. 5a and 5b are graphs illustrating the relation 
ship between analog voltage 'and code combinations in 
coding and decoding, respectively; 

FIG; 6 is a table relating to the operation of a 
weighting circuit included in the system of FIG. 3; and 

FIG. 7 is a circuit diagram of a second decoder stage 
forming part of the demodulator of FIG. 3. 
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4 
Reference will ?rst be made to FIGS. la and 1b 

which show a compression characteristic (similar to 
that illustrated in correspondingly numbered Figures of 
the above-identi?ed Fruhauf application) as used in an 
encoder at a transmitting station of a PCM/TDM 
telecommunication system. The demodulator accord 
ing to my invention, described in detail hereinafter, 
forms part of a receiving station linked with that trans 
mission station in any conventional manner. 
The compression characteristic shown in FIG. la 

represents the variation of the output voltage Um of an 
amplitude converter in response to different input volt 
ages U," ranging between a negative limit -U,,,,,, and a 
positive limit +Uma, of the same absolute magnitude. 
The positive branch of the curve, lying in the ?rst 
quadrant, and its negative branch, lying in the third 
quadrant, are mutually symmetrical about the origin 0 
and are each subdivided at points +01 to +08 and —Q, 
to --Q8 into 2'" linear segments, there being eight such 
segments per branch (m = 3) in the example given. The 
first six segments of the positive branch have been 
shown more clearly in FIG. 1b; because of the sym 
metry, the subsequent discussion will be limited to this 
positive branch. 

‘The seven knee points Q, — Q1 of the curve are 
progressively spaced along the abscissa according to a 
binary law, with the exception of the ?rst two points 01, 
Q2 de?ning bands of like width (equal to U,,,,,,/ I 28) for 
the amplitude of input voltage Um. Thus, the width of 
the third hand (between points 0; and O3) is UNI/64, 
that of the fourth band is UNI/32, and so forth to a 
maximum value of UNI/2 for the eighth band. The 
slopes of the several linear segments de?ned by these 
knee points decrease in the same binary ratio (being 
identical for the ?rst two segments) so that the output 
voltage Um rises from one point to the next by a con 
stant differential AU. With the spread AU quantized in 
2" steps, as indicated along the ordinate in FIG. lb for n 
= 4, the magnitude of +U',l may be coded in m+n = 7 
bits. An additional bit, ranking above the others, may 
be used to discriminate between positive and negative 
polarity so that the entire range between —U,,.,,, and 
+Um" can be covered by m+n+1= 8 bits. 
The expansion characteristic shown in FIG. 1 is sub 

divided, ‘like the aforedescribed compression charac 
teristic, into 16 segments de?ned by points H’, to H’, 
and —P1 to —P,; on opposite sides of the origin 0. The 
slopes of these segments progressively increase in a bi 
nary ratio, again with the exception of the four inner 
most segments (between —P2 and +Pz) which are of the 
same slope; the relative length of the several segments 
is so chosen that their projections upon the abscissa are 
of uniform length, de?ning sixteen (2"‘*‘) sets of eight 
bit code words which have been designated I - VIII for 
the positive half of the curve. Each set I - VIII encom 
passes 16 (2") different code words headed by a single 
combination of m-bits (000 through 111). Thus, the 
corresponding analog voltage iUA is divided into 16 
bands whose relative width is the same as that of the 
corresponding bands of the original analog voltage U“, 
shown in FIGS. la and 1b. 

FIG. 2 shows the structure of an eight-bit code word 
together with the digital weight of its constituent bits. 
The highest-ranking (sign) bit of the weight 2’, in 
dicates the polarity of the transmitted signal. The next 

106009 OIIO 
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three bits, of weights 2“, 25 and 24, represent the m-bit 
group which de?nes one'of the sets I - VIII in FIG. 1 
and thus identi?es one of the segments of the expansion 
characteristics whose slope determines the relative 
magni?cation or reduction to which the analog 
equivalent of the code word must be subjected. The 
four lowest-ranking bits, of weights.2"‘, 22, 21 and 2°, 
represent then-bit group which selects one of the six 
teen subdivisions forming part of the designated am 
plitude band. _ 

The incoming bits of any code word are temporarily 
- stored in respective bistable units of a register 100 
'which, at a predetermined point in a cycle and under 
the control of a timer not shown, discharges them in 15 
parallel to two decoding stages D, and D2. Stage D, v 
receives‘the four n-bits, the 3 m-bits, and the signbit; 
only the m-bits are fed to stage D, which has seven out-V ' 
puts 101 '- 107 for the control of respective switches S, 
— S, in a weighting circuit also including a potentiome 
ter RD. An operational ampli?er IW with a short-cir 
cuit feedback connection from its output to its invert 
ing or subtractive input (—), having a high input re 
sistance and an ampli?cation factor of substantially 
unity, receives on its noninverting or additive input (+) 
the output of the weighting circuit whose switches'are 
connected in parallel to' that input. Potentiometer RD 
consists of seven serially interconnected resistors RD, —' 
RD, connected between ground and an output lead 109 
of decoder stage D, carrying an analog voltage U, ’; 
switch S, isinserted‘between this lead 109 and the 
input of amplifier IW beyond the junction of that lead 
with potentiometer RD, whereas switches S, - S,,‘are 
connected to respective taps of the potentiometer 
formed bysuccessive junctions of resistors RD, - RD1. 
The relative magnitudes of these resistors are as fol 
lows: » ~ 

From the foregoing values it will be noted that selec 
tive operation of switches S, - S, (only one of which 
can be closed at a time), in response to respective com 
binations of m-bits, applies the following potentials to 
the additive input of amplifier IW: ‘ 

[1,4764 (00]) 
UA'I3Z (010) 
U4'll6 (011) 
U478. (100) 

’ U,4'/4 (101) 
UAI/Z (I10) 
U4’ (111) 

Thus,'the output voltage of the ?rst decoder stage D, 
is multiplied, under the control of the second decoder 
stage D,,, by a factor which ranges from 1/64 to 1 and is 
proportional to the analog equivalentv of the m-bit code 
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group operating the associated switch. These switches, 
though shown diagrammatically as pairs of contacts, 
are in practice designed as solid'state electronic 
devices such as field-effect transistors. ‘ 

The'input resistance of the operational ampli?er IW 
may be on the order of I GO so that this ampli?er 
should have no signi?cant in?uence upon the poten 
tiometer RD. ' 

One form of decoder D, has been illustrated in FIG. 
4a which shows the register 100 working into a re 
sistance network RB comprising six resistors RB, — 
RB8, the ?rst ?ve resistors being in series with respec 
tive switches BS, — BS5 terminating at a bus bar 110 
which is directly connected to resistor RBs. A further 
switch BS, is reversible under the control of the sign bit 
in register 100 to apply either a positive reference volt 

page +Um; or a negative reference voltage ——U,,; to the 
bus bar 110 and through it to the inverting input (-—) of 
an operational ampli?er V to which all the other re 
sistors are also connected in parallel. Ampli?er V has a 
feedback resistor RF connected between its output, 
delivering the intermediate analog voltage U,,', and its 
inverting input; the non-inverting input of this .dif 
ferential ampli?er is grounded. 
An OR gate 111 receives the 3 m-bits 24, 25, 26 from 

register 100 to close the switch Bss‘whene'ver at least 
one of these bits has the logical value "‘ l ,” thereby con 
necting the resistor RB, to bus bar 110. Resistors RB, - 
RB, are similarly connected in circuit by switches BS, 
—BS,., responding to respective n-bits 2°, 2‘, 22 and 23. 

' The relative magnitudes of resistors RBO, RB, - R8,, 
4 based upon the resistance R of arm RB5, are as follows: 

‘ If RB is the effective overall resistance of network 
RB in a particular switch position (regardless of the 
polarity of the reference voltage applied to bus bar 
110), and if Up is the input voltage at the subtractive 
feedback terminal of ampli?er V, we can establish the 
relationship 

UF= ( U4, "' Ure!) + Urel 

Since vU,,' = —aUF (a being the gain of ampli?er V), we 
obtain 

It follows that the output voltage U,,' isnegatively ' 
proportional to the reference voltage U”; multiplied by 
the quotient of the resistance RF and R5; the bus bar 
110 may be energized with a positive or negative 
reference voltage Um so that U ,,' may be of either sign. 

106009 OI ll 
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The ampli?cation factor of commonly available 
operational ampli?ers is very large (l03<a<10°);_ 
hence the voltage U, = U,/a is very low. Thus, the sub 
tractive input (—) of an operational ampli?er con 
nected as an inverter is called virtual ground or 
summing point. It follows that, in the circuit here con 
sidered, the voltage U", is developed only across the 
resistor R, which may be considered the input im 
pedance of the inverting operational ampli?er V. 

It can be readily calculated that the magnitude of the 
network resistance RB may assume any one of 32 dif 
ferent values ranging from 32R (with all switches BS, * 
88,-, open) to 32R/63 (with all the switches closed), 
corresponding to 32 discrete amplitudes for output 
voltage U,’ ranging from iUm/64 to :63 U,,,/64. This 
has been illustrated inFIG. _5. Which shows that the 
?rst set I of code words, ranging from 0000000 to 
0001 111 (with omission of the polarity bit), gives rise 
to 16 discrete steps below the median line U,’ = )éUreh 
the highest of these steps, (simultaneous closure of 
switches BS, — B8,) representing 3lU,e,/64. If, with 
switches BS, —BS., open, switch BS5 closes in response 
to an output of OR gate 111 to connect ‘the electrically 
most significant resistor RB, to bus bar 110, the output 
voltage U,’ reaches the ?rst step 33 U,e,/64 in the upper 
half of the diagram. Thus, in the presence of one or 
more m-bits of logical value “1,” the 16 amplitude 
steps represented by the various combinations of n-bits 
are transposed from positions below the median line 
(set I) to corresponding positions above that line (sets 
11 - VIII). 

The threshold U,e,/64 of the lowermost step 
represents a slight and practically insigni?cant devia 
tion from the original analog voltage as modi?ed by the 
amplitude converter at the encoder (see FIGS. 1a and 
lb). ‘This has been illustrated in FIGS. 5a and 5b, FIG. 
5a showing the relationship between the voltage steps 
in the region of the origin and the associated code com 
binations at the encoder whereas FIG. 5b gives the cor 
responding relationship at the decoder D,. At the en 
coder, words 10000000 and ‘00000000 represent 0 
volt, words 10000001 and 00000001 indicate a ?rst 
step equal to 1/32 of the positive or negative voltage U, 

U,,,,,,/64, words 10000010 and 00000010 relate to 
the next step of twice that amplitude, and so forth. At 
the decoder, on the other hand, words 10000000 and 
00000000 respectively correspond to +Um/ 64 and —U' 
“#64, words ‘10000001 and 00000001 denote am 
plitudes of i3 Um/64, words 10000010 and 00000010 
designate the next unit step of i5 Urey/64, and so forth. 
A similar result is obtained if, as shown in FIG. 4b, 

the bus bar 110 is permanently connected to its source 
of reference voltage Um} (here positive), the single 
operational ampli?er V of FIG. 4a, being replaced by a 
pair of cascaded ampli?ers V,, IW, (the latter being of 
the type shown at IW in FIG. 3) between which a 
further inverting ampli?er V2 can be ‘inserted with the 
aid of a pair of ganged switches SW1, SW2 under the 
control of the sign‘ bit of register 100. Ampli?er V,, 
generating a negative output voltage —U,', and ampli? 
er V2, generating a positive voltage +U,’ of the same 
absolute magnitude, are identical with ampli?er V of 
FIG. 4a; in ampli?er V2, however, the resistors RB and 
RF associated with ampli?er V, have been replaced by 
a pair of identical resistors RV’ and Ry” connected, in 
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8 
series between the outputs of ampli?ers V , and V2 with 
their junction tied to the subtractive input of ampli?er 
V2. It can be shown that, owing to the equality of re 
sistors RV’ and RV", inverter V, has an ampli?cation 
factor of -—l (for a gain a >> 1) so that its insertion in 
or exclusion from the output circuit of the decoder 
does not affect the absolute magnitude of voltage U,’ 
delivered by impedance transformer IW,. In the illus 
trated switch position, inverter V2 is short-circuited by 
switch SW, so that output voltage U,’ is negative; upon 
reversal of switches SW, and SW, in the presence of a 
polarity bit, this output voltage becomes positive. 

FIG. 40 shows'another possible con?guration for the 
impedance network of decoder D, which in this case 
has a ladder-type structure consisting of ?ve series re 
sistors of magnitude R, ?ve shunt resistors RB,’ — RB5 ’ 
of magnitude 2R in series with respective switches BS, 
— BS5, a further resistor RB, of the same magnitude 2R 
permanently connected to bus bar 1 10 at the end of the 
ladder remote from resistor R35’, and an additional re 
sistor RB,’ connected between that end and ground. 
The opposite end of the ladder network R8’ is ter 
minated by a resistor R,’ which is virtually grounded by 
being joined to the subtractive input of the operational 
ampli?er V3 connected as an inverter. It is thus possible 
to consider resistor R,,' the load resistance of the ladder 
network across which the voltage U,’ is developed. At 
the output of the ampli?er V3 the voltage —U,' appears 
when the feedback resistors RL” equals the load re 
sistors 11,’, as has already been explained for the ampli 
?er V2 in FIG. 4b. The voltage U,’ can be calculated in 
the following manner (see the above-identi?ed publica 
tion by DA. Hoeschele): 

where D,* - D_',* represent the value of the respective 
bits controlling the switches BS, - BS5. Again, a pair of 
reversing switches SV, and SV,, responsive to the 
polarity bit in register 100, serve to feed the output of 
the impedance network to an ampli?er [W2 of very high 
input resistance (identical with impedance transformer 
IW, of FIG. 4b) either directly or, in the illustrated 
switch position, by way of inverting stage V3. 
The operation of the R/2R-type ladder network RB’ 

is well known per se. With the switches BS, — BS5 all in 
their illustrated position, resistors RB,'-' R35’ are 
grounded and the output voltage of the network, taken 
off at the junctions of resistors R85’ and R,,', has its 
minimum value. In this case, and with R,’ = 2R, output 
voltage U,’ equals U,,,’/96 which corresponds to the 
aforementioned threshold of Ural/64 if U,,,;' is selected 
to equal 3Um/2. With this assumption the diagram of 
FIG. 5 applies also the circuit of FIG. 40. 

It will be understood that the various switches illus 
trated in FIGS. 4a — rc are also devices of the electronic 
type, such as bipolar transistors. 

FIG. 6 is a table which summarizes the output volt 
ages of weighting circuit RD, FIG. 3, in different posi 
tions of switches S, — 8,, together with the associated 
combinations of m-bits and the sets of code groups I - 
VIII represented thereby. A logic circuit for decoder 
stage D2, operating in accordance with that table, has 
been illustrated in FIG. 7 which shows seven NAND 
gates N, - N, with three inputs each except for gate N, 
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having onlytwo inputs. The outputs of gates N1 — N7 
respectively control the switches S1 - S1 of FIG. 3. 
Gate N7 receives the true bits 24, 25, 2“, gates N2 - N6 

receiving the same bits partly in negated form. Gate Nl 
receives only the negated bits ? and‘? since the logical 
value of the lowest-ranking m-bit (24) is immaterial for 
the operation of switch S1 as already explained. 
Thus,tdepending on the numerical value of the par 

tial code combination represented by three m-bits, the 
weighting circuit including potentiometer RD and 
switches S1 - S7 attenuates the output voltage UA ' of 
decoding stage D1 under the control of decoding stage 
D2 to reduce the analog voltages of FIG. 5 by a cor 
responding step-down factor, except within the am. 
plitude band represented by set VIII which coincides 
(apart from its stepped character as illustrated for sets I 
and II in FIG. 5) with the eighth segment of the expan 
sion characteristic. Aside from the ‘discontinuities in 
herent in digital coding and decoding, the ?nal output 
voltage U A is therefore exactly proportional to th ' 
original input voltage Um (FIGS. la and 1b) fed int 
the remote encoder. ' 

I claim: . 

1. A pulse-code demodulatorin a receiver for binary 
code words of a predetermined number of bits forming 
a lower-ranking n-bit group and a higher-ranking m-bit 
group, comprising: T ' 

storage means for temporarily registering the bits of 
an incoming code word; ‘ ' - 

a ?rst decoding stage connected to said stage means 
for receiving both said groups therefrom, said ?rst - 
stage including an impedance network with in 
dividually switchable branches controlled by said 
lower-ranking group to generate a corresponding 
analog voltage composed of up to 2"‘ incremental 
steps, said network being provided with a further 
switchable branch controlled by said higher-rank 
ing group for superimposing upon said analog volt 
age of 2" incremental steps in the output of said 
first stage in the presence of any ?nite bit in the 
said higher-ranking group; 

a second decoding stage connected to said storage 
means for receiving said higher-ranking group 
therefrom; ' 

and weighting means controlled by said second stage 
from multiplying the output of said ?rst stage by a 

20 

25 

30 

45 

factor proportional to the analog equivalent of said _ 
higher-ranking group. 

2. A demodulator as de?ned in claim 1 wherein said 
first stage further comprises switchover means in said 
network responsive to an additional bit, ranking above 
said m-bit group in a code work, for reversing the 
polarity of said output. _ 

3. A demodulator as defined in claim 1 wherein said 
network includes an OR gate with input connections to 
respective parts of said storage means registering said. 

50 

60 

65 

10 
m bits, said further branch being responsive to a con 
trol signal generated by said OR gate. 

4. A demodulator as de?ned in claim 1 wherein said 
first stage comprises an operational ampli?er with an 
inverting input connected to said network. 

5. A demodulator as de?ned in claim 4 wherein said 
network comprises n+2 parallel resistances joined to 
said inverting input and having staggered magnitudes 
2"R where i is an integer ranging from Q through n+1, 
the largest resistance of magnl ude 2"v lR being con 
nected to a source of ?xed referencepotential, the‘ 
smallest resistance of magnitude R being switchable 
into circuit in response to a ?nite bit in said higher 
ranking group, the remaining resistances being switcha 
ble into circuit in response to respective bits in said 
lower~ranking group. ' 

' 6. A demodulator as de?ned in claim 5, further com 
prising switchover means in said network responsive to 
an additional bit, ranking above said m-bit group in a 
code work,'for reversing the polarity of said source. _ 

7. A demodulator as de?ned in claim 5 wherein said 
operational ampli?er has a feedback path with a series 
resistance of magnitude R/2. = 

8. A demodulator as de?ned in claim 4 wherein said 
network comprises a resistive ladder circuit of R/2R 
type with an arm of magnitude 2R connected to a 
source of ?xed reference potential and with n+l other 
arms of like magnitude 2R selectively connectable to 
said source in response to respective bits in said lower 
ranking group and to a ?nite bit in said higher-ranking 
group. 

9. A demodulator as de?ned in claim 4, further com 
prising an inverter ahead of said operational ampli?er 
and switchover means in said network responsive to an 
additional bit, ranking above said m-bit group in a code 
word, for selectively short-circuiting said inverter. 

10. A demodulator as de?ned in claim 1 wherein said 
weighting means comprises an impedance transfonner 
of high input resistance and further comprises a poten 
tiometer with 2"‘—-l series resistors, a high-voltage ter 
minal connected to said first stage for energization 
thereby, and an opposite grounded terminal, said re 
sistors forming 2"‘-2 taps between said terminals and 
having progressively decreasing magnitudes ranging 
from a value 2‘2 '‘”r for the resistor nearest said high 
voltage terminal to a value r between the two taps 
farthest from said high-voltage terminal, the resistor 
lying between said grounded terminal and the tap 
nearest thereto having the same magnitude r, said taps 
and said high-voltage terminal being selectively con 
nectable to said impedance transformer under the con 
trol of said m hits, the tap nearest said grounded ter 
minal being so connectable regardless of the logic value 
of the least signi?cant bitof said higher-ranking group 
upon all the other bits of the latter group having the 
logical value 0. 

* =0: * * * 


