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PARALLEL ANALOG-TO-DIGITAL CONVERTER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a ﬁarallel ahq;og-to-digital
converter (ADC) preferably ﬁsed in image-display processors that
require high-speed conversion. More specifically, the invention
relates to a parallel ADC thaf'can greatiy reduce the number of
comparators required.

Prior Art

A conventional, high-speed, n-bit parallel ADC is codfigured as
shown in Fig. 1. 1In Fig. 1, numefal 2 designates a reference-
'voltage-generatiné_circuit having a plurality of resistors
cbnnected serially. Four resistors 4; one at the far left, one at
the far right, and tﬁo at the center are of R/2 h, and the other
resistors 6 are of R Q. To ehd terminﬁls Ta and Tb of reference-
voltage-generating circuit 2 are applied positive reference
- voltage Vpy and negative referehce voltage Vgy,, respectively
(these reference voltageé are called fundamental reference
voltages ;n contrast to individual reference voltages mentioned
below). In addition, to center.terminal Tc is apﬁlied center
voltage Vgy which has a voltage between the positive reference

voltage VRH and the negative reference voltage Vg, ©.g9., O volt.
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JEGT- speed,

n-bit parallel ADC is configured as shown in

Fig. ey, 1, nuneral 2 designates a reference- voltage-generating

cird 1rf‘aV|ng a plurality of resistors connected serially. Four resistors
4, ofe ‘at the far left, one at the far right, and two at the center are of
R'2 ferr] and the other resistors 6 are of R[err] To end termnals Ta and

Tb of ref erenc t B@ewdEn ctedmimals rTfalidn® Th b feremos+ ol bage-
referenceT?8 ¥ age RH and negative reference voltage [err] respectively
(t hese rg;gggm@ chtcwtes2 ate equakly fddvtdaditinte 2% rkenels by -

resistors 4 and 6. Consequently, individual-reference-voltage
nodes Pl to Pk (k = 2P - 1) presents individual reference voltages
vl to Vk. Any two consecutive voltages of these nodes are of a
constanf difference. Each of these reference voltages V1 to Vk is
applied to one input of each of the comparators C1 to Ck,
respectively. To the other inﬁut of each comparator thereof,
analog input voltage Vi, to be converted is simultaneously applied .
through input terminal T;,, respectively. Hence, each comparator
simultaneously.compares analog input voltage Vi, with individual.
reference voltéges V1l to Vk, end supplies the result of the
comparisons to encoder 8. Encoder 8 converts the k-bit comparator
outputs into an n-bit binary code. Thus, analog input voltage Vi,
applied to input terminal T;, is converted into n-bit digital data
at a very high speed, and the digital data is produced from output
terminal Toyt- |

The conventionalln-bit parallel ADC described above; however,
necessitates 2P - 1 (= k; the éame-number as that of individual
reference voltages V1 to VK) comparators because the reference
voltages V1 to Vk are generated by equélly dividing the voltage
between positive reference voltage'vRH and negative reference
voltage Vg into 2R. For this reason, a great number of high-
precision comparators are.required for an #ncreasing number of
bits.of digital output data. 1In addifion, the largef the number

of bits, the more compleg encoder 8 must be. These factors hinder
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voI!EE;; in contrast to individual reference voltages nentioned below). In
addition, to center termnal Tc is applied center voltage [err] which has a
vol tage between the positive reference voltage VRH and the negative
reference voltage VRL, e.g., 0 volt. -2- The vol tage between termi nals
Ta and Th of reference-voltage-

the production of low-cost, high-density integrated circuits of

the ADC.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
parallel ADC that can greatly reduce the required number qf
:comparators, thus-achieving a small-scale ADC while incfeasing the
number of bits thereof.

Another object of the invention is to provide a parallel ADC
of low cost and witﬁ a high density of integrated circuits.

It is a further object of the invention to provide a parallel
ADC, preferably applied to image-display processofs that handle
video signals relating to human perception, which is subject'to
the Weber-Fechner Law, which says that sensory intensity is

proportional to the logarithm of stimulus intensity.

According to one aspect of the present invention, there is
provided a parallel analog-to-digital converter comprisihg:

reference-voltage-generating means fér generating a plurality
of individual reference voltages; |

a plurality of'compafator ﬁeans for comparing each of the
individual reference voltages with an.analog input vo;tage; and

encoding means'for encoding outputs of the comparator means
into'digital dﬁta corresponding to the analog input:

whereby the reference-voltage-generating means divides

3
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y cuit 2 is equally divided into 2n levels by resistors 4 and

X gequent |y, individual -reference-voltage nodes P1 to Pk (k- [err] -
1): prfesents individual reference voltages Vi to VK. Any two consecutive

vol tages of these nodes are of a constant difference. Each of these
reference voltages VI to Vk is applied to one input of each of the
conparatorsmggtag FirerenBacvbYthye IAtbhexpbhehtiBRUresbranch ¢oNTRAGAON
thereo#?“gﬁa og input voltage Vin to be converted is simultaneously applied
t hrough  igpdingetoi anl eXponentspkcseuby. ahdngarthechdioipiesacach

voltage between two consecutive exponential reference voltages

'into a plurality of the individual reference voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration of a
conventional parallel ADC; and
Fig. 2 is a block diagram'showing the configuration of a

parallel ADC according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to the
accompanyihg drawings.

Figure 2 is a configuration of a parallel ADC according to an
embodiment of fhe present invention.

In Fig. 2, numeral 12 designates a reference-voltage-generating

~ circuit which is made up of an R-2R resistor ladder network. The

R-2R fesistor ladder network, as is well-known, consists of a
combination of R-Q resistors 14, and 2R-Q resistors 16. There are
(n - 1) resistors 14 which are connected serially across positive
Treference voltage Vry and center voltage Vgg, and other (n - 1)
resistors 14 connected across negative reference voltage Vg, and

Central voltage Vgjy, where n is the number of bits of ADC, and 1

4
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'y conpares anal og i nput voltage Vin with individual reference
: V1 to. Vk, and supplies the result of the. conparisons to encoder
8. “Enffoder. 8 converts the k-bit conparator outputs into an n-bit bi nary
code. ¥ Thus, anal og i nput voltage [err] applied to input termnal Tinis
converted into n- bit digital data at a very high speed, and the digital

iz[i)tcadlegcfir-gcejgca ove, however atp:ﬂét?ggﬁtgli e-ﬁ. Mvezﬁdﬁ?ﬁoﬁgt%fr%eﬂ%?aiﬂ of

as that of indirdgigdors 14 (called an exponential node hereafter) which is
positive is designated by NPi, NPi+l, ..., NPn-2, NPn-l (= Viy):
and each exponential node which is negative is denoted as NNi,
NNi+l, ..., NNn-2, NNn-l1 (= VRy;). Each exponential node NPi+l t«
NPn-2 and NNi+l to Nﬁn-z is connected to center terminal Tc |
through 2R-2 resistor 16. |

The R-2R resistor ladder network 12 thus configured, as is
well-known, generates individual reference voltages according to
an exponential scale (these individual reference voltages are

. called exponential reference voltages hereafter): exponential
reference voltage Vry is produced frbm exponential node NPn-1l;
exponential reference voltage Viy/2 is produced from exponential
node NPn-2; exponential reference voltage Vgy/22, from node NPn-
.+« ; exponential reference voltage Vgalz(n‘i‘z), from node
NPi+l; exponential reference voltage thlz(n‘i’l), from ndde NPL
In a similar manner, each negative exponential reference voltage
Var, /2, VRp/22, ..., Vpp/2(0"1-2), ana vgps2(n-i-1) 35
produced from each exponential node NNn-1, NNn-2, NNn-3, ..;,
NNi+l, and NNi.

Each resistbr 14 placed between two consecutive exponential
nodes consiéts of 21 resistors 14a of equal value. As a result.
between two consecutive exﬁonential nodes, there are provided 21
individual nodes (including ohe'of the two exponential nodes) at
an equal interval. Thus, m (§ 21+l 4 (nQi)) individual nodes P:

P2, P3, ... , Pm-1, Pm, including exponential nodes, are formed
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reference 30 conpar ators because the reference voltages V1

perec0)- equal |y di viding the vol tage between positive
;Q:jef’age VRH and negative reference voltage VRL into [err] For
PESSon, a great number of high- precision conparators are required for
an i BCreasi ng nunber of bits of digital output data. In addition, the

I arger the nunber of bItS the nore conpl ex encoder 8 nust be. These
factors hinder -
petween terminals Ta and Tb, generating individual reference
(-]

voltages V1 to Vm.

Each individual reference voltage Vj (] = 1 to m) is applied to
one input terminal of comparator Cj, and is compared with analog
input voltage Vi simultaneously_applied to the other input
terminal thereof via input terminal T1n° These comparisons are
performed simultaneously by all the comparators Cl to Cm, and the
results of the comparisons are applied to encoder 18. Encoder 18
converts the m-bit input data into a n-bit binary code. Thus,
analog input voltage Vi, supplied via input terminal Tj,, is
converted into n-bit digital data, and produced from n-bit output
terminal Tgy¢-

A more specific case will now be described using an example of
9-bit ADCI(n = 9), When integer i is specified as i = 4, the
number of positive exponential nodes NPi to NPn-l is 5§ (= n'- i),
which is the same number as that of the negative'exponential nodes
NNi to NNn-1l. Additionally, between two consecutive exponential
nodes, there'afe 16 (= 2%) nodes, and so the totel number of nodes
1s 160 (= 16 x 10). | |
| In this case, positive exponential reference voltages are Vgy,
VRH/z' VRu/4., VhH/B' VRry/16; and negative exponential reference
voltages are Vgy, VRL/2, Vmn/4. VRL/8., VRL/16. Furthermore, each
voltage_acrcss_each resistor 14, i.e., each voltage between two

-'consecutive exponential reference voltages (for example, a
voltage between Vpy and Vru/2, or between VRri/2 and VRH/4 etc.)

'8 divided into 16 equal parts, producing 160 individual reference

6 | /
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t he tion of |owcost, high-density integrated circuits of the ADC. A
siml ior art A/D-converter is known from PATENT ABSTRACTS OF JAPAN,

val . *NO0. 214 (E-199) [13591 for JP-A-58 converter

t he tage divider is provided with external a! . By appl yi ng :
varyilfg voltages to these external terninals Bmu}mﬂ%iﬂ mﬁmﬂnear
chargeteristic can be obtained. It is an obje LTy on to provide
a par'IIeI ADC that can greatly reduce the required nunber of conparators,

t hus ‘a

?’gée\mmg‘-léigmﬁ liszcal e ADC while increasing the nunber of bits
t hereo

1. A parallel analog-to-digital converter comprising:

reference-voltage-generating means (12) for generating a
plurality of individual reference voltages;

'a plurality of comparator means (C; to Cp) for comparing each
of said individual reference voltages with an analog input
voltage; and | _ .

encoding means (18) for encoding outputs of said comparator
means into digital data corresponding to said analog input;

whereby said reference-voltage-generating means divides
fundamental reference voltage into exponential :eferehce voltages
according to an exponential scale, and further divides each

voltage between two consecutive exponential reference voltages

into a plurality of said individual reference voltages.

2. A parallel analog-to-digital'cdnverter according to claim 1,
wherein said reference vbltage generating means consists of an R-
2R resistor ladder network that is made up of R-Q resistors (14)

and 2R-Q} resistors (16).

3. A parallel analog-to-digital converter according to claim 2,
wherein each of said R-Q resistors consists of a plurality of
resistors (14a) of the same value connected serially, each
cpnnecting point of said resistors of the same §a1ue producing

‘said individual reference voltage.
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and Hh a high density of integrated circuits. It is a further object of
the ifivention to provide a parallel ADC, preferably applied to

i mage-di spl ay processors that handle video signals relating to hunman
perception, which is subject to the Wber-Fechner Law, which says that the
sensory intensity is proportional to the logarithmof a stinulus intensity.
These objects are achieved by the teaching contained in the characteri zi ng
portlon of the claim BRI EF DESCRI PTI ON OF THE DRAW NGS

ABSTRACT OF THE DISCLOSURE

AnotCF‘obj ect of the invention is to provide a parallel ADC of |ow cost
|

A parallel analog-to-digital donverter having reference-voltage
generating means dividing the fundamental reference vo;tage into
exponential reference voltages according to an exponential scale,
and further dividing each voltage'between two consecutive
ekponential reference voltages into a plurality of individual
reference voltages. As a result, the individual reference
voltages have a nonlinear (exponential) characteristic that as thé
amplitude of an analog input voltage increases, the increment of
the individual reference voltages beéomes larger exponentially,

thus greatly reducing the number of comparators.
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//II/I///I I/////I/ /aced



Fi gu
para
ap

DES
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The i mp¥ention will now be described with reference to the accofltmy g
drawings. Figure 2 is a configuration of a parallel ADC according to an
enbodi ment of the present invention. In figure 2, nuneral 12 designates a
reference-vol tage-generating circuit which is made up of an R 2R resistor
| adder network. The R-2R resistor |addey network, as is well-known,
consists nf_a...so-n@-ﬂatlon of [err] resistors 14, and [err] resistors 16.
There aceeMENT BHEEKi|st ors 14 which are connected serially across positive
r ef ef-ence—vottage err] and center voltage VRM and other (n-i) resistors

14 c nn1e tﬁ[n osk phegative reference voltage VRL and central voltage VRM
f m ' of PARALLEL ANALOG-TO-DIGITAL CONVERTER
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BACKGROUND o_iv THE INVENTION

Field of the Invention

The present invention relates to a paraliel analog—to-digital
converter (ADC) preferably used in image-display processors that
require high-speed conversion. More specifically, ‘the invention
relates to a paraliel ADC that can greatly reduce the number of
comparators required.

Prior Art '

A conventional, high-speed, n-bit parallel ADC is configured_as
shown in Fig. 1. In Fig. 1, numeral 2 designates a reference-
voltage-generating circuit having a plurality of resistors
connected serially. Four resistors 4, one at the far left, one at
the far right, and two at the center are of R/2 Q, and the other |
resistors 6 are of R Q. To end terminals Ta and Tb of reference-
voltage~generating circuit 2 are applied positive reference
voltage Vpy and negative reference voltage VRL; respectively
-(these reference voltages are called fundamental reference
voltages in contrast to individual reference voltages mentioned
below). In addition, to center termihal Tc is applied center
voltage Vgm which has a voltage between the positive reference

voltage Vgy and the negative reference voltage Vgy, €.9., 0 volt.
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of ADC, and i I's an integer appropriately selected. Each connecting
point of resistors 14 (called an exponential node hereafter) which is
positive is designated by NPi, NPi+l, ..., NPn-2, NPn-1 (= VRH); and each
exponenti al node which is negative is denoted as NNi, NNi+1, ..., NNn-2,
NNn-1 (= [err] Each exponential node I}IP5+I_ to

The voltage between terminals Ta and Tb of reference-voltage-
generating circuit 2 is equally divided into 2P levels by
resistors 4 and 6. Consequenfly, individual-reference-voltage
nodes Pl to Pk (k = 20 -~ 1) presénts individual reference voltages
V1l to Vk. Any two consecutive voltages of these nodes are of a
constant differénﬁe. Each of these referenée voltages V1 to Vk is
'applied to one input of each of the comparators Cl to Ck,
respectively. To the.other input of each compafator thereof,
analog input voltage vin to be coﬁverted is simultaneously applied
through input terminal T;,, respectively. Hence, each comparator
.simultaneously combares analog input voltage Vi, with individual
reference voltages V1 to Vk, and supplies the result of the . |
comparisons to encoder 8. Encoder 8 converts the k-bit comparator
outputs into an n-bit binary code. Thus, analo§ input voltage Vjip,
applied to input terminal T3, is converted into n-bit digital data
at a very high speed, apd the digital data is produced from output
terminal Tqoy¢- . '

The conventional n-bit parallel ADC described above, however,
necessitates 20 - 1 (; k; the same number as that of individual
reference voltages V1 to Vk) comparators because the reference
voltages V1 to Vk are'generated by equally dividing the voltage
between positive reference voltage Vgy and negative reference
.voltage VRL ihto 20, For this reason, a great number of high-
precision comparators are required for an increasing number of
bits of digital output data. ' In addition, the 1arge§ the number

of bits, the more complex encoder 8 must be. These factors hinder




NPn-2 and NNi+l to NNn-2 is connected to center termnal Tc through [err]
resi stor 16. The R-2R resistor |adder network 12 thus configured, as is
wel | - known, generates individual reference voltages according to an
exponenti al scale (these individual reference vol tages are called
exponential reference voltages hereafter exponenti al reference voltage
VRH is produced from exponential node N n 1. exponential reference voltage
VRH 2 is produced from exponential node NPn-2; exponential reference

vol t age [ aitld prioatct®88 MNP Mrali~cost, high-density integrated circuits of

the ADC.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
parallel ADC that can greatly reduce the required numbexr of'
comparators, thus achieving a small-scale ADC while increasing the
number of bits thereof.

Another object of the invention is to provide a parallel ADC
of low cost and with a high density of integrated circuits.

It is a further object of the inve;;ion fo_provide a parallel
Aﬁc, preferably applied to image-display proeessors that handle
video signals.relating to human perception, which is subject to
the Wéber—Feqhner Law, which says that sensory intensity is

proportional to the logarithm of stimulus intensity.

Accofding to one aspect of the present invention, there is
provided a parallel analog-to-digital converter comprising:

reference~-voltage-generating means for generating a plurality
of individual reference voltages;

a plurality of comparator means for comparing each of the
indiﬁidual refefence voltages with an analog input voltage:; and

encoding means for encoding outputs of the comparator means
into digital data corresponding to the analog input:

whereby the reference-vo1tage-generating means divi&es
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exponential reference voltage [err] from node NPi +l; exponential reference
voltage [err] fromnode NPi. In a simlar manner, each negative exponenti al
reference voltage VRL, VRL/2, [err] ..., [err] and [err] is produced from
each exponential node NNn-1, NNn-2, NNn-3, NNi +l, and NNi. Each resistor 14
pl aced between two consecutive exponentigal. nodes consists of [err]
resistors 14a of equal value. As a result, between two consecutive
exponenti al nodes, there are provided [err]

fundamental reference voltage into exponential reference voltages
according to an exponential scale, and further divides each
voltage between two consecutive exponential reference voltages

into a plurality of the individual reference voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration of a
conventional parallel ADC; and

Fig. 2 is a block diagrém showing the configuratlon of a
paréllel ADC according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to the
accompanying drawings;

Figure 2 is é configuration of a parallel ADC acdordiﬁg to an
embodiment of the present invention.

Ianig. 2, numeral 12 designates a reference-voltage-generating
circuit which is made up of én R-2R reéistor ladder network. The
R-2R resistor ladder network, as is well-known, consists of a
coﬁbination qf R-Q resistors 14, and 2R-Q resistors 16. There are
(ﬁ - i) resistors 14 which are connecteq serially across positive
reference voltage Vry and center voltage Vgy, and other (n - 1)
resistors 14 connected across negative reference volt;ge Vg1, and

central voltage Viy, where n is the number of bits of ADC, and i
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I ndi vi dual nodes (including one of the two exponential nodes) at an equal

interval. Thus, m( 2i+l x (n-i)) individual nodes P1, P2, P3, ... , Pm1,
"Pm including exponential nodes, are forned between termnals Ta and Tb,
generating individual reference voltages V1 to Vm Each indivi dual
reference voltage Vj (j = 1ton is gngLed to

is an integer appropriately selected. Each connecting point of
resistors 14 (called an exponential node hereafter) which is
positive is designated by NPi, NPi+l, ..., NPn-2, NPn-1 (= Vgy):
and each exponential node which is negative is denoted as NNi,
NNi+l, ..., NNn-2, NNn-1 (= Vgy). Each exponential node NPi+l to
NPn-2 and NNi+l to NNn-2 is corinected to cenfer terminal Tc
through 2R-Q resistor 16. -

the_R-zR resistor ladder netwprk 12 thus configured, as is
well-known, generates indiéidual reference voltages according to
an exponential scale (these individual reference voitages ére
called exponential reference voltages hereafter): expohential
reference voltage Vipy is produced from exponential node NPn-1;
exponential reference voltage Vry/2 is produced from exponential
node NPn-2; exponential reference voltage VRH/ZZ, from node “NPn-3;
..+ $ exponential reference Qoltage VRH/Z(n"i'Z), from nodé
NPi+l; exponential reference voltage VRH/Z(n‘i‘l), from node NPi.
In a similar manner, each hegative exponential reference voltage
VeRe. VRL/2, Vrn/22, ..., Vpp/2(n1-2)  ang vp,s2(n-1-1) jg
produced from each exponential node NNn-1, NNn-2, NNn-3, ...,
NNi+1l, and NNi. o

Each resistor 14 placed'between two consecutive exponential
nodes consists of 21 resistors 14a of equal value. As a result,
between two donsecutive exponential nodes, there are provided 2i
individual nodes (including one of the two exponentiai nodes) at
an equal interval. Thus, m (=.2i+1 x (n-i)) individual nodes P1,

P2, P3, ... , Pm~1l, Pm, including exponential nodes, are formed




one input termnal of conparator C, and is conpared with anal og i nput

vol tage Vi sinultaneously applied to the other input termnal thereof via

I nput termnal Tin. These conparisons are performed simltaneously by al
the conparators Cl to Cm and the results of the conparisons are applied to
encoder 18. Encoder 18 converts the mbit _input data into a n-bit binary
code. Thus, analog input voltage [err] Supplied via input termnal Tin, is
converted into n-bit digital data, and produced fromn-bit output term na

Tout .
between terminals Ta and Tb, generating individual reference

voltages V1 to Vm.

l'Each individual reference voltage Vj (] = 1 to m) is applied to
one input terminal of comparator Cj, and is compared with analog -
input voltage Vi simultaneously applied to the other input
terminal thereof via input terminal Ti,. These comparisons are
performed simultanéously by all the comparators Cl to Cm, and the
results of the comparisons are applied to encoder 18. Encoder 18
coﬁverts the m-bit input data into a n-bit binary code. Thus,
analog inpué voltage Vi, supplied via input terminal Tin- is
converted into n-bit digital data, and produced from n-bit output
terminal Tqgy¢-

‘A more specific case will now be described using an example of
9~bit ADC (n = 9). When integer i is specified as i. = 4, the
number of positive exponential nodes NPi to NPn-1 is 5 (=n-141),
which is the same number as that of the negative exponential nodes.
NNi to NNn-1. Additionally, between two consecutive exponential
nodes, there are 16 (= 21) nodes, and so the total number of nodes’
is 160 (= 16 x 10). A

In this case, positive exponential reference voltages are Ve,
VRa/2, Vru/4, VRu/8, Vrn/16; and negative exponential reference
voltages are VRL, VRL/2, VRL/4, VRL/8, VR /16. Furthermore, each’
voltage across each resistor 14, i.é., each voltage between two
consecutive exponential reference voltages (for exampie, a
voltage between Vgpy and Vpy/2, or between Vpy/2 and Vgy/4, etc.)

is divided into 16 equal parts, producing 160 individdal reference

_—
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A nore specific case wll now be described using an exanple of 9-bit ADC (n
= 9). Wen integer i is specified as i = 4, the nunber of positive
exponential nodes NPi to NPn-I is 5 (=n - i), which is the sane nunber as
that of the negative exponential nodes NNl to NNn-1. Additionally, between
two consecutive exponential nodes, there are 16 [err] nodes, and so the
total nunber of nodes is 160 (= 16 x 10). In this case, positive
exponential reference voltages are [err] [err] and negative exponenti al
reference

voltages.

In a similar manner, when n = 9 bits and 1 = 5, the number of
exponential nodes is 8 (= 2 x (n - 1)), and the number of nodes
between two consecutive exponential nodes is 32 (= 21), and so the
total number m of compéfators is 256 (= 8 x 32). Moreover, when n
= 9 and 1 = 6, the total number of comparators is 384 (= 6 x 64).

In contrast, a conventional 9-bit ADC requires 511 comparators,
since 29 - 1 = 511. Thus, ADC according to the present invention
can greatly reduce the numbef of comparators. '

Although a specific embodiment of a parallel analog-to-digital
converter constructed in accordance with the present invention
has been diééiosed, it is.not intended that the invention be
restricted to either the specific configurations or the_uses
disclosed herein. Modifications may be made in a manner obvious

to those skilled in the art. Accordingly, it is intended that the

invention be limited only by the scope of the appended claims.
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vol'tages are [err] Furthernore, each voltage across each resistor 14, i
each voltage between two consecutive exponential reference voltages (for

exanpl e, a voltage between [err] or between [err}—and—%e++}—e+t—#—rs

divided into 16 equal parts, producing 160 individual reference vol

== W il

What is claimed is:
1. A parallel ahalog-to—digital converter comprising:

reference-voltage-generating means (12) for generating a
plurality of individuél reference voltages:

a plurality of comparator means (C; to Cp) for comparing each
of said individual reference voltages with an analog input
voltage; and.

encoding ﬁgans (18) for encoding outputs of said comparator
means into digital.data corresponding to said analog input;

whereby said reference-voltage-generating means divides
fundamental reference vo;tage into exponential reference voltages
according to an exponential scale, and further divides each
voltage between two consecutive exponential reference voltages

into a plurality of said individual reference voltages.

2. A parallel analog-to-digital converter according to claim 1,
wherein said reference voltage generating means consists of an R-
2R resistor ladder network that is made up of R-Q resistors (14)

and 2R-Q resistors (16).

3. A parallel analog-to-digital converter according to claim 2,
wherein each of said R-Q resistors consisté of a plurality of
resistors (14a) of the same value connected serially, each
connecting point of said resistors of the same value producing

said individual reference volfage.

. €.

This Sheet Has Been Repl

MR

I



-7-"voltages. In a sinmlar manner, when n 9 bits and i =5, the nunmber of
exponential nodes is 8 (=2 x (n - 1)), and the nunber of nodes between two
consecutive exponential nodes is 32 (= 2i), and so the total nunber m of
conparators is 256 (= 8 x 32). Mreover, when n =9 and i = 6, the total
nunber of conparators is 384 (= 6 x 64).41n contrast, a conventional 9-bit

ADC requires 511 conparators, since [err] - 1 = 511. Thus, ADC according to
the present invention

PARALLEL ANALOG-TO-DIGITAL CONVERTER

ABSTRACT OF THE DISCLOSURE

A parallel anélog-to-digital converter having reference-voltage
generating means dividing the fundamental reference voltage into
exponential reference voltages according to an exponential scale,
and further dividiﬁg-each voltage between two consecutive
exponential reference voltages intb a plurality of individual
reference voltages. As a résult, the individual reference
voltages have a nonlinear (exponential) characteristic that as the
amplitude of an analog input voltage increases, the increment of
the individua; reference voltages becomes larger exponentially,

thus greatly reducing the number of comparators.

FIGURE 2
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8 Ctaim A paral l el .anal og-to-digital converter conprising: Wo4st54 T

ref erence- vol t age- generating neans (12) for generating a pIurallty of

i ndi vi dual reference volta s; a plurality of conparator nmeans [err] to Cm)
for conparing each of saudgkndividual reference voltages with an anal og
|nput voltage and : o

REPLACEMENT SHEETS SG

W (‘rvm(s) paged g..t0 paged .=..
I1 Drawing(s) : paged ..... to paged .....
X Abstract  :paged ..... to paged.....
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the production of low-cost, high-density integrated circuits of the ADC.

A similar prior art A/D-converter is known from PATENT ABSTRACTS OF JAPAN, vol.
7, No. 214 (E-199) [1359] for JP-A-58 106 915. In this A/D-converter the
voltage divider is provided with external terminals. By applying varying voltages to
these external terminals an optional nonlinear characteristic can be obtained.

It is an object of the invention to provide a parallel ADC that can greatly reduce the
. required numbgr of comparators, thus achieving a small-scale ADC while increasing

the number of bits thereof.
- Another object of the invention is to provide a parallel ADC of low cost and with a hlgh -

density of mtegrated circuits. :

it is a further object of the mventlon to provide a parallel ADC, .preferably applied to
image-display processors that handle video signals relating to human perceptior,
which is subject to the Weber-Fechner Law, which says that the sensory intensity is
'pr_oportiona}l to the logarithm of a stimulus intensity.

' These objects aré achieved by the teachmg contained in the characterizing portion of
the claim. -

Figure 1 is a block diagram showing the configuration of a conventional parallel ADC;
and - :

Figure 2 is a block diagram showing the configuration of a parallel ADC acoording fo an
embodiment of the present invention. -




encodi ng neans (18) for encodi ng outputs of said conparator means into
digital data corresponding to said analog input; characterized in that said
ref erence-vol t age- generati ng neans consists of an R 2R resistor | adder
network that is made up of [err] resistors (14) each consisting of a
plurality of resistors (14a) of the sane vg!ue connected serially, and
[err] resistors (16) connected together at a single node, each connecting
poi nt of said resistors of the same val ue produci ng said invividual
reference voltage and the reference voltage- dividin generating neans thus
A a fundanental reference volte into exponenti al '

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to the accompanying drawings.
Figure 2 is a configuration of a parallel ADC according to an embodiment of the present
invention. :

In figure 2, numeral 12 designates a reference-voltage-generatidg circuit which is
"made up of an R-2R resistor ladder network. The R-2R resistor ladder network, as is
weli-known, consists of a combination of R-Q resistors 14, and 2R-Q resistors 16.
There are (n-i) resistors 14 which are connected serially across positive reference
voltage VRH and center voltage VM, and other (n-i) resistors 14 connected across
negative reference voltage VRL and central voltage VRm, where n is the number of bits
of ADC, and i '




reference voltages according to an exponential scale, and further dividing
~each vol tage between two consecutive exponential reference voltages.

6

between terminals Ta and Tb, generating individual reference
voltages V1 to Vm.

Each individual reference voltage Vj (j = 1 to m) is applied to
one input terminal of comparator Cj, and is compared with analog
input voltage Vi simultaneously applied to the other input
terminal thereof via input terminal Tin- These comparisons are
performed simultaneously by all the comparators Cl to Cm, and the
results of the compariscns are applied to encoder 18.. Encoder 18
converts the m-bit input data into a ﬁ-bit binary code. Thus,
analog input voltage Vi, supplied via input terminal T;,, is
convertéd into n-bit digital data, and produéed from n-bit output
terminal Tgyut-

A more specific case will now be described using an example of
'9-bit aDC {n = 9). When integer i is épecified as i = 4, the
number of positive exponential nodes NPi to NPn-1 is 5i(= n-1i),
which is the same #umher as that of the negative exponential nodes

' NNL to NNn-1. Additiocnally, between two consecutive exponential
nodes, there are 16 (= 21) nodes, and sodthe total number of nodes

[y

is 160 (= 16 x 10).
In this case, positive exponential reference voltages are Vpy,
' VRu/2. Vry/4. Vri/8., VRu/16; and negative exponential reference
vo}tages are Vpr, Vrr/2, Vgr/4, Vgr/8, Vgy/16. Furthermore, each
voltage across each resistor 14, i.e., each voltage between two .
consecutive exponential referen;e voltages (for example, a -
voltage between Vgpy and Vpg/2, or between Vgy/2 and Vgy/4, etc.)

iéldivided into 16 equal parts, producing 160 individual reference
voltages. ’ :




A

A parallel analog-to-digital converter comprising: ,
reference-voltage-generating means (12) for generating a plurality of individual
reference voltages; :

a plurality of comparator means (Ct to Cm) for comparing each of said individual
reference voltages with an analog input voltage; and '
. encoding means (18) for encoding outputs of said comparator means into digital data
‘correspbnding to said analog input; _
characterized in that said reference-voltage-generating means consists of an R-2R
resistor ladder network that is made up of R-Q resistors (14) each consisting of a
plurality of resistors (14a) of the same value connectea' serially, and 2R-Q resistors
(16) connected togethier at a single node, each corinecting point of said resistors of the
same value producing said i‘?dan,dual reference voltage and the reference voltage-
generating means thus A ndamental - reference volts?e latp gxponentlal
reference voltages accordmg to an exponential scale. and further . A~ - each voltage
. between two consecutive exponential referénce voltages.




