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FIELD OF THE INVENTION
This invention relates to a digital-to-analog (D/A) converter suitable for
use in such a case that a video signal digitally processed in a video camera or the like is

converted into an analog signal.

PRIOR ART

“ In particular this invention relates to a digital-to-analog converter having a
ladder resistor portion for generating a plurality of quantization signals of predetermined
values based on a reference signal and a quantization switch portion for selectively

10 outputting one of the quantization signals in accordance with a digital input value.

. Such a digital-to-analog converter is known from United States Patent No.
5,079,552,
In accordance with the recent expansion of the application field of the
digital signal processing IC’s, a significant progress has been achieved in the digital

15 processing of video signals in consumer-use portable apparatuses such as portable video

cameras (or camcorders). The video signal digitally processed in such a camcorder is
o generally converted into an analog video signal by a D/A converter in order to obtain a

standard analog recording signal.

A Iuminance signal, for exampie, of the video signal in such a digital
20 signal processing IC as described above is usuaily represented in eight bits and is

converted into an analog signal by means of a D/A converter incorporated in the IC.

The analog luminance signal thus obtained and outputted from the IC is combined with

a synchronization signal by the aid of other circuit components and is thereafter

supplied, for example, to a frequency converter.

3 It will be very unpreferable for the miniaturization of a camcorder or the
like to provide separate circuit components in addition to the digital processing IC only
for the purpose of adding a synchronization signal as described above. On the other
hand, for the incorporation of a synchronization-signal addition circuit into a digital
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[t is therefore an object of the present invention to provide a D/A
converter which can add, when converting a digital signal such as a luminance signal of
a digital video signal into an analog signal, a further signal to the analog signal with a
minimum circuit scucture.

To achieve the above object, a digital-to-analog converter provided in
accordance with the present invention is characterized in that at least one resistor is
coupled to the ladder resistor portion for generating a signal whose value corresponds to
a desired signal level of a signal to be added, and in that a switch means is provided for
supplying, in response to a timing signal synchronized with said signal to be added, said
signal of the value corresponding to the desired signal level to an output of the switch
porton.

With the above structure, only the resistor to be coupled to the ladder
resistor portion and the switch means for supplying a voltage generated by this resistor
to the output terminal of the switch portion need to be provided. Therefore, the present
invention can be implemented even in such a case where a space is very limited, such
as in an integrated circuit, to add a further signal to the analog output signal.

In the above case, the digital-to-analog converter may further be
characterized in that the ladder resistor portion is constructed to generate a plurality of
predetermined quantization voltages based on a reference voltage, in that said at least
one resistor comprises at least two resistors connected in series to the ladder resistor
portion and in that the switch means is an analog switch for supplying a voltage ata
junction point between the two resistors to an output terminal of the quantization switch
portion. When this digital-to-analog converter is incorporated in a digital video signal
processing IC provided in a camcorder, the digital input value may correspond to a
digital luminance signal while the signal to be added may correspond to a
synchronization signal.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be elucidated in conjunction with the
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' 5 Fig. 3 shows a signal waveform occurring in a D/A converter according

to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 1 shows a part of a camcorder with a digital video signal processing
10 IC to which a D/A converter according to the present invention is applied. This

’ camcorder comprises a CCD image sensor 11 operative in response to a timing signal
? from a timing circuit 10, a correlated double sampling (CDS) circuit 12 for processing
an output from the image sensor 11 to reduce noises contained therein and an analog-to-
digital (A/D) converter 13 for converting an analog video signal from the CDS circuit
15 12 into a digital signal at a predetermined time interval. An output from the A/D
converter 13, i.e., a digital video signal, is supplied to a digital video signal processing
circuit (hereinafter referred to simply as "DSP”) 14 in the form of an integrated circuit
(I0).
The DSP 14 is a circuit for processing the digital video signal in
20 accordance with programs stored in a memory 16 and outputs from a parameter setting

for a luminance signal which will be described later. The DSP 14 comprises a circuit
part for processing the inputted digital video signal to separate the luminance and
chrominance signals Y and C from each other and another circuit part for forming a
25 synchronization signal SYNC based on a timing signal fed from the timing circuit 10.
However, these circuit parts are not much relevant to the present invention and will not
be described herein. The DSP 14 further comprises a first D/A converter 18 for
converting the luminance signal Y digitally processed in this DSP into an analog signal
and a second D/A converter 19 for converting the chrominance signal C digitally
30 processed in this DSP into an analog signal.
The above first D/A converter 18 is provided in accordance with the
present invention and has a circuit structure as shown in Fig. 2. This D/A converter is
of the voltage and ladder-resistor type and comprises a ladder resistor portion 20, which

A circuit (not shown) and has a known structure except for an incorporated D/A converter

THIS SHEET HAS BEEN
REPLACED




Mpose of adding a synchronization signal asmﬁegggmgme F On the other

hand, for the incorporation of a syn- ehr oni zatji ition circuit
into a digital video signal processing IC, a s;’ﬁﬂ EWHE#M has to be
taken to ovePEMS.008 restrictions of spacd in

2

28.01.1994
includes serially connected two hundred and fifty six resistors R1; to Rl,44 of the same
resistance value (only the resistors R1;, R1;,Rl,55 and Rl,54 are shown in Fig. 2) and
is supplied with a first reference voltage Vpp at one end thereof, an amplifier 21 and a
switch portion 22 which selectively connects junction points of the resistors of the

5 ladder resistor portion 20 to an input terminal of an amplifier 21 in accordance with the
digital luminance signal Y. The other end of the ladder resistor portion 20 in the D/A
converter 18 is connected to a terminal of a second reference voltage Vg through

5 resistors R2 and R3 in this order. A junction point of the two resistors R2 and R3 is

connected to the input terminal of the amplifier 21 through an analog switch 23 which is

10 composed, for example, of an NMOS transistor controlled by the synchronization signal

SYNC. In this case, values of the reference voltages Vpp and Vgg and values of the
resistors R1, to Rlys¢, R2 and R3 are selected in such a manner that a voltage at the
junction point of the resistors Rl and R1, correspond to the upper limit level of the
luminance signal, i.e., a peak level of white, a voltage at the junction point of the

15 resistors R1,55 and R2 to the lower limit level of the luminance signal, i.e., a black

level, and a voltage at the junction point of the resistors R2 and R3 to a level at a peak
of the synchronization signal SYNC. It should be noted here that the ladder resistor
portion 20 and the switch portion 22 are shown only, diagrammatically for the purpose
of simplifying the description but that the actual circuits of these portions may be

20 slightly different from those shown. It should also be noted that the switching portion

22 may be so constructed that it does not operate during the time when the
‘ synchronization signal SYNC is generated. |
An output from the above D/A converter 18, i.e., an analog luminance

signal obtained at an output terminal 24 of the amplifier 21, is supplied through a

25 frequency modulation circuit 30 shown in Fig. 1 to one input terminal of an adder 31.
An analog chrominance signal from the second D/A converter 19 in the DSP 14 is
supplied to the other input terminal of the adder 31 through a frequency converter 32. A
combined signal obtained at an output terminal of the adder 1 is supplied through an
‘output terminal 33 to a not-shown recording portion of this camcorder. The second D/A

30 converter 19 is of the conventional construction and will not therefore be described

herein in detail.
The operation of the camcorder of the above structure will now be
described mainly in relation to the D/A converter 18. During a horizontal scanning
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portion 22 in accordance with the digital luminance signal Y is supplied to the input
5 terminal of the amplifier 21. Thus, the D/A converter 18 outputs an analog signal
whose level is situated between the white and black levels Ly, and Ly and corresponds
to the value of the luminance signal Y in this case. When the synchronization signal
SYNC is generated in the DSP 14, the analog switch 23 in the D/A converter 18 is
brought into a conduction state and therefore the voltage at the junction point of the
. 10 resistors R2 and R3, i.e., a voltage whose value corresponds to the predetermined peak
| level Lg of the synchronization signal, is supplied to the input terminal of the amplifier
* 21. Thus, a synchronization signal having the peak level Lg (SYNC, or SYNG, in Fig.
3) is outputted from the D/A converter 18 in this case.
As will be appreciated from the foregoing, with the above-described
15 structure it is possible to add a synchronization signal to a luminance signal with such a
minimum circuit structure that only two resistors are added to the ladder resistor portion
20 in the D/A converter 18 and that an analog switch controlled by the synchronization
signal is further provided.
In the above embodiment, the present invention has been applied to a
20 voltage and ladder-resistor type D/A converter. However, it will be obvious for those
skilled in the art that the present invention can also be applied to D/A converters of
other ladder-resistor types such as a current and ladder-resistor type.
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said signal of the value corresponding to the desired signal level to an
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l. A digital-to-analog converter having a ladder resistor portion (20) for
generating a plurality of quantization signals of predetermined values based on a
reference signal and a quantization switch portion (22) for selectively outputting one of
the quantization signals in accordance with a digital input value, said digital-to-analog

converter characterized in that at least one resistor (R2, R3) is coupled to the ladder

(V)

resistor portion (20) for generating a signal whose value corresponds to a desired signal
* level of a signal to be added, and in that a switch means (23) is provided for supplying,

in response to a timing signal synchronized with said signal to be added, said signal of
the value corresponding to the desired signal level to an output of the switch portion.

10 2. A digital-to-analog converter as claimed in Claim 1, characterized in that
the ladder resistor portion (20) is constructed to generate a plurality of predetermined
quantization voltages based on a reference voltage, in that said at least one resistor
comprises at least two resistors (R2, R3) connected in series to the ladder resistor
portion (20) and in that said switch means (23) is an analog switch for supplying a

15 voltage at a junction point between the two resistors to an output terminal of the
quantization switch portion.

. 3. A digital-to-analog converter as claimed in Claim ! or Claim 2,

characterized in that the digital input value represents a luminance signal and in that
said signal to be added is a synchronization signal. |
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rre!)&is“ an analog swtch for supplying a voltage at a junction poi nwr
between the two resistors to an output term - nal "of the quantization | —

switch portion. Wen this digital-to- analog converter is |ncorporated in a

digital videggpbgpes processing | C providegl in a cancorder, the dbgigfalgy
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DESCRI TI ON WNGS  The present invention will be elucidated in

conj unct i on Migihl-fobMaRpCRRPatyl ng drawi ng in which: FIG 1 shows a part
of a cam:order with digital video

A digital-to-analog converter (18) having a ladder resistor portion (20) for
generating a plurality of quantizaton signals of predetermined values based on reference
signals of predetermined values based on reference signals (Vpp, Vsg) and a
quantization switch portion (22) for selectively outputting one of the quantization signals
5 in accordance with a digital input value (Y) is provided. The ladder resistor portion is
‘ coupled to at lest one resistor (R2, R3) for generating a signal whose value corresponds
to a desired signal level of a signal to be added (SYNC). A switch means (23) is further
provided for supplying the signal of the value corresponding to the desired signal level
to an output of the switch portion (22) in response to a timing signal synchronized with
10 the signal to be added.

Fig. 2.
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FIG, 1°shows a pan of a cantorder with a digital video signal processing IC
to whiech a DA converter according to the present invention is applied.

This canctorder conprises a CCD i nage sensor 1l operatlve |n response to a
tinming signal froma timing circuit 10, a correlatedTéﬁ %B Wﬂﬂ “tODS
circuit 12 for processing an output frqz1ige |nage sen

noi se contai ned therein and an anal og- é igital for

converting an anal og video signal fromthe CDS CIrCUIt 12 |nto a dlgltal
signal at a predetermned time interval. An output fromthe Al D con- verter

13, i.e., a digital video signal, is supplied to a digital video signa
processing circuit (hereinafter referred to sim ply as "DSP') 14 in the
formof an integrated circuit (10). The DSP 14 is a circuit for

processing the digital video signal in accordance with prograns stored in a
menory 16
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FIELD OF THE INVENTION
This invention relates to a digital-to-analog (D/A) converter suitable for
use in such a case that a video signal digitally processed in a video camera or the like is

converted into an analog signal.

PRIOR ART

In partcular this invention relates to a digital-to-analog converter having a
ladder resistor portion for generating a plurality of quantizadon signals of predetermined
@ues based on a reference signal and a quantization switch portion for selectively
outputting one of the quantization signals in accordance with a digital input value.

Such a digital-to-analog converter is known from United States Patent No.
5,079,552. ‘

In accordance with the recent expansion of the application field of the
digital signal processing IC's, a significant progress has been achieved in the digital
processing of video signals in consumer-use portable apparatuses such as portable video
cameras (or camcorders). The video signal digitally processed in such a camcorder is
generally converted into an analog video signal by a D/A converter in order to obtain a
standard analog recording signal.

A luminance signal, for example, of the video signal in such a digital
signal processing IC as described above is usually represented in eight bits and is
converted into an analog signal by means of a D/A converter incorporated in the IC.

The analog luminance signal thus obtained and outputted from the IC is combined with |
a synchronization signal by the aid of other circuit components and is thereafter
supplied, for example, to a frequency converter.

It will be very unpreferable for the miniaturization of a camcorder or the
like to provide separate circuit components in addition to the digital processing IC only

for the purpose of adding a synchronization signal as described above. On the other
hand, for the incorporation of a synchronization-signal addition circuit into a digital
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l
video signal processing IC a special measure has to be taken to overcgme the

restrictions of space in the IC.

SUMMARY OF THE INVENTION

[t is therefore an object of the present inventon to provide a D/A
converter which can add, when converting a digital signal such as a luminance signal of
a digital video signal into an analog signal, a further signal to the analog signal with a
minimum circuit structure.

To achieve the above object, a digital-to-analog converter provided in
accordance with the present invention is characterized in that at least one resistor is
coupled to the ladder resistor portion for generating a signal whose value corresponds to
a desired signal level of a signal to be added, and in that a switch means is provided for
supplying, in response to a timing signal synchronized with said signal to be added, said
signal of the value corresponding to the desired signal level to an output of the switch
portion.

With the above structure, only the resistor to be couplgd to the ladder
resistor portion and the switch means for supplying a voltage generated by this resistor
to the output terminal of the switch portion need to be provided. Therefore, the present
invention can be implemented even in such a case where a space is very limited, such
as in an integrated circuit, to add a further signal to the analog output signal.

In the above case, the digital-to-analog converter may further be
characterized in that the ladder resistor portion is constructed to generate a plurality of
predetermined quantization voltages based on a reference voltage, in that said at least
one resistor comprises at least two resistors connected in series to the ladder resistor
portion and in that the switch means is an analog switch for supplying a voltage at a
junction point between the two resistors to an output terminal of the quantization sw_itch
portion. When this digital-to-analog converter is incorporated in a digital video signal
processing IC provided in a camcorder, the digital input value may correspond t0 2
digital luminance signal while the signal to be added may correspond to a
synchronization signal.
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to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows a part of a camcorder with a digital video signal processing
IC to which a D/A converter according to the present invention is applied. This
camcorder comprises a CCD image sensor 11 operative in response to a timing signal
from a timing circuit 10, a correlated double sampling (CDS) circuit 12 for processing
an output from the image sensor 11 to reduce noises contained therein and an analog-to-
digital (A/D) converter 13 for converting an analog video signat from the CDS circuit
12 into a digital signal at a predetermined time interval. An output from the A/D
converter 13, i.e., a digital video signal, is supplied to a digital videc_) signal processing
circuit (hereinafter referred to simply as "DSP") 14 in the form of an integrated circuit
Icy.

The DSP 14 is a circuit for processing the digital video signal in
accordance with programs stored ina memory 16 and outputs from a parameter setting
circuit (not shown) and has a known structure except for an incorporated D/A converter
for a luminance signal which will be described later. The DSP 14 comprises a circuit
part for processing the inputted digital video signal to separate the luminance and
chrominance signals Y and C from each other and another circuit part for forming a
synchronization signal SYNC based on a timing signal fed from the timing circuit 10.
However, these circuit parts are not much relevant to the present invention and will not
be described herein. The DSP 14 further comprises a first D/A converter 18 for
coaverting the luminance signal Y digitally processed in this DSP into an analog signal
and a second D/A converter 19 for converting the chrominance signal C digitally ”
processed in this DSP into an analog signal.

The above first D/A converter 18 is provided in accordance with the
present invention and has a circuit structure as shown in Fig. 2. This D/A converter is
of the voltage and ladder-resistor type and comprises a ladder resistor portion 20, which
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ladder resistor portion 20 to an input terminal of an amplifier 21 in accordance with the

digital luminance signal Y. The other end of the ladder resistor portion 20 in the D/A
converter 18 is connected to a terminal of a second reference voltage Vgg through
resistors R2 and R3 in this order. A junction point of the two resistors R2 and R3 is
connected to the input terminal of the amplifier 21 through an analog switch 23 which is
composed, for example, of an NMOS transistor controlled by the synchronization signal
SYNC. In this case, values of the reference voltages Vpp and Vg and values of the
resistors R1, to Rlyss, R2 and R3 are selected in such a manner that a voltage at the
junction point of the resistors R1; and Rl, correspond to the upper limit level of the
luminance signal, i.e., a peak level of white, a voltage at the junction point of the
resistors R1l,5¢ and R2 to the lower limit level of the luminance signal, i.e., a black
level, and a voltage at the junction point of the resistors R2 and R3 to a level at a peak
of the synchronization signal SYNC. It should be noted here that the ladder resistor
portion 20 and the switch portion 22 are shown only diagrammatically for the purpose
of simplifying the description but that the actual circuits of these portions may be
slightly different from those shown. It should also be noted that the switching portion
22 may be so constructed that it does not operate during the time when the
synchronization signal SYNC is generated. _

An output from the above D/A converter 13, i.e., an analog luminance
signal obtained at an output terminal 24 of the amplifier 21, is supplied through a
frequency modulation circuit 30 shown in Fig. 1 to one input terminal of an adder 31.
An analog chrominance signal from the second D/A converter 19 in the DSP 14 is
supplied to the other input terminal of the adder 31 through a frequency converter 32. A
combined signal obtained at an output terminal of the adder 1 is supplied through an
output terminal 33 to a not-shown recording portion of this camcorder. The second D/A
converter 19 is of the conventional construction and will not therefore be described
herein in detail.

The operation of the camcorder of the above structure will now be

described mainly in relation to the D/A converter 18. During a horizontal " :
THIS SHEET HAS BEEL
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does not operate during the tine when the synchroni zationrs_‘i-j:qngkjS’yjN@ﬁ“ij;s:;*'“*
.generated. An output fromthe above D/ A converter 18, ii @EPLAGENHYT &oiERT
| um nance signal obtained at an output term nal 24 of thel apptTfier-21-Ts
supplied through a frequency nodul ation circuit 30 shown jn FQC? F;Ehg 8976
I nput term nal of an adder 31. An anal og chrom nance signaljfromthe secqgn
DY A converter 19 in the DSP 14 is supplied to the other ihpGt term nal of

the adder 31 through a frequency converter 32. A conbi nedl si gnal obtained
at an output terminal or the adder 1 is supplied through anoutpGt termnal
33 to a rgriod hewreen &0 rdianent ynelironizasiont signalscSYNGy dad SYNG, susbandhdse A

dascri bod AP df 18- i SIS ST E A Eo e iohe B w8 € Sbove.

struct ur ehatefore an output voltage of the ladder resistor portion 20 selected by the switch

e e 22

portion 22 in accordance with the digital luminance signal Y is supplied to the input
terminal of the amplifier 21. Thus, the D/A converter 18 outputs an analog signal
whose level is situated between the white and black levels Ly, and Ly and corresponds
to the value of the luminance signal Y in this case. When the synchronization signal
SYNC is generated in the DSP 14, the analog switch 23 in the D/A converter 18 is
brought into a conduction state and therefore the voltage at the junction point of the
resistors R2 and R3, i.e., a voltage whose value corresponds to the predetermined peak
level Lg of the synchronization signal, is supplied to the input terminal of the amplifier
21. Thus, a synchronization signal having the peak level Lg (SYNC, or SYNG, in Fig.
3) is outputted from the D/A converter 18 in this case. '

As will be appreciated from the foregoing, with the above-described
structure it is possible to add a synchronization signal to a luminance signal with such a
minimum circuit structure that only two resistors are added to the ladder resistor portion
20 in the D/A converter 18 and that an analog switch controlled by the synchronization
signal is further provided.

In the above embodiment, the present invention has been applied to a
voltage and ladder-resistor type D/A converter, However, it will be obvious for those
skilled in the art that the present invention can also be applied to D/A converters of
other ladder-resistor types such as a current and ladder-resistor type.
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now be described mainly in relation to the DJA converter
5 During a horizontal scanning period between two synchi gtg %sf g,qzsd-{s
"SYNC[err] and SYN(f err] such as those shown in FIG 3, tjh ‘

,,C..h 4
in the DDA converter 18 is in the of state and thereforg an out% gjztehge
of the EB 18 ]

6
CLAIMS: ' _
T Siiiﬁiiﬁﬁlil llliced
1. A: digital-to-analog converter having a ladder resistor portion (20) for

generating a plurality of quantization signals of predetermined values based on a
reference signal and a quantization switch portion (22) for selectively outputting one of
the quantization signals in accordance with a digital input value, said digital-to-analog
converter characterized in that at least one resistor (R2, R3) is coupled to the ladder
resistor portion (20) for generating a signal whose value corresponds to a desired signal
level of a signal to be added, and in that a switch means (23) is provided for supplying,
in response to a iming signal synchronized with said signal to be added, said signal of
the value corresponding to the desired signal level to an output of the switch portion.
2. A digital-to-analog converter as claimed in Claim 1, characterized in that
the ladder resistor portion (20) is constructed to generate a plurality of predetermined
quantization voltages based on a reference voltage, in that said at least one resistor
comprises at least two resistors (R2, R3) connected in series to the ladder resistor
portion (20) and in that said switch means (23) is an analog switch for supplying a
voltage at a junction point between the two resistors to an output terminal of the
quantization switch portion.

3. A digital-to-analog converter as claimed in Claim 1 or Claim 2,
characterized in that the digital input value represents a luminance signal and in that
said signal to be added is a synchronization signal.
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| adder resistor neans 20 sel ected by the sw tch neans ) ordance-w t h
the digital lum nance signal Y is supplied to the inpu zﬂéﬁ’l’—ﬁ&%ﬁf% SHERE
anplifier 21. Thus, the D/ A converter 18 outputs an anpl §§ Sighal Wnoge
| evel is situated between the white and black levels LjefrP mrrER-I987r ]} and
corre- sponds to the value of the |um nance signal Y ip this case. \Wdgn |t he
synchroni zati on signal SYNC is generat e7d in the DSP 14} the analog swtdgh
23 in the D/A converter 18 is brought i‘nto a conduction state and therefiore

t he voltme junction point of the resistors R2 and R3, i.e a
vol t age

‘ue corresponds to the predeterm ned peak | evel Ltérr] of

t he syncmg%i-l_%%%ag& é&rw&?tla. is supplied to the input ter- mnal of the -

anplifier a synchroni zation signal having the peak |level L[err]
(SYNCL or SYNC2 in FIG 3) is outputted fromthe DA converter 18 in this
case.

A digital-to-analog converter (18) having a ladder resistor portion (20) for
generating a plurality of quantization signals of predetermined values based on reference
signals of predetermined values based on reference signals (Vpp, Vsg) and 2
quantization switch portion (22) for selectively outputting one of the quantization signals
in accordance with a digital input value (Y) is provided. The ladder resistor portion is
coupled to at lest one resistor (R2, R3) for generating a signal whose value corresponds
to a desired signal level of a signal to be added (SYNC). A switch means (23) is further
provided for supplying the signal of the value corresponding to the desired signal level
to an output of the switch portion (22) in response to a timing signal synchronized with
the signal to be added.

Fig. 2.
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As ‘wi | | be appreciated fromthe foregoing, with the above-descri bed
.Sstructure it is possible to add a synchroni- zation signgt—te—a—~um-han
signal with such a mininumcircuit structure that only t wREFCECENBNT SHEET
added to the | adder resistor portion 20 in the DA conveftg

anal og switch controlled by the synchronization signal i th q{[ﬁ)igg\?l
In the above enbodi nent, the present invention has been apalled t

vol tage and | adder-resistor type D/ A gonverter. However,j i t—wtt—be—obwHols
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resistor coupled to the I adder resistor nmeans for generating a signal Whose’
«Mal ue corresponds to a desired signal level of a signal to be added to.sai
sahal og out put signal, and a switch means coupl ed to sai ﬁ&ﬁiﬁﬁﬁﬁEﬂ ngHE%I
resistor for supplying, in response to a timng signal dynchroni.zed wt
said signal to be added, said signal of the value cor r esppond- |g&ﬁ?@ gh
desired signal level to an output termnal of the quantijza !Bﬁ- i 'ﬂ.
means. 2. Adigital-to-analog converter as clained in{claim1.  wherei
the ladder resistor neans is constructel to generate a plurality of

predet erm ned quanti zati m S h@fg& m !
said at | east one resi stnomt; |éé ('?Z'Z'QN ; !stors conngct ed in
series to the | adder resistor neans and in that sai d_ svvlt_ch nmeans is an
anal og switch for supplying a voltage produced at a junction point

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a digital-to-analog (D/A) con-
verter suitable for use where 2 video signal digitally pro-
ccssed in a video camera or the like is convened into an
analog signal.

2. Prior Art

In particular this invention relates to a digital-to-analog
converter having a ladder resistor portion for generating a
plurality of quantization signals of predetermined values
based on a reference signal and a quantization switch portion
for sclectively outputting one of the quantization signals in
accordance with a digital input value.

Such a digital-to-analog converter is known from U.S.
Pat. No. 5,079,552, ‘ -

In accordance with the recent expansion of the application
field of the digital signal processing IC’s, a significant
progress has been achicved in the digital processing of video
signals in consumer-use portable apparatuses such as por-
table video cameras (or camcorders). The video signal
digitally processed in such a camcorder is generally con-
vened into an anzalog video signal by a D/A converter in
order to obtain a standard analog recording signal.

A luminance signal, for example, of the video signal in
such a digital signal processing IC as described above is
usually represented in eight bits and is converted into an
analog signal by means of a D/A converter incorporated in
the IC. The analog luminance signal thus obtained and
outputted from the IC is combined with a synchronization
signal with the aid of other circuit componcnts and is
thereafter supplied, for example, to a frequency converter.

It would not be very cfficient in the miniaturization of a
camcorder or the like to provide separate circuit compo-
nents, in addition to the digital processing IC, only for the
purpose of adding a synchronization signal as described
above. On the other hand, for the incorporation of a syn-
chronization-signal, addition circuit into a digital video
signal processing IC, a special measure has to be taken to
overcome the restrictions of space in the IC.




between the two resistors to the output termnal of the quantization sw tch

~Jeans. 3. Adigital-to-anal og converter as clained in claim?2, the
‘digital input value represents a |um nance signal and i ggg&‘,s@;gjsﬁggﬁ
to-.be added irs a synchroni zati on signal. 4. A digital -t 6Fara oG conVert gr
as clained in claim1, wherein the digital input value rlepresents a

| um nance signal and in that said signal to be added 'is ja ty&@hdﬂﬁi Ba8i on
si'gnal . 5. Adigital -to-analog cdhverter as clained ijn claim1 wherein
sai.d quantization switching means is controlled by a digital input signal
to be converted into a correspondi ng anal og output signal. 6. A __._

digital -to-anal og convert &/uURMARY mﬂm m-hdﬂerei n said svm tching

means is activated so that the guan-

It is thereforé an object of the present invention to provide
a D/A converter which can add, when converting a digital
signal such as a luminance signal of a digital video signal
into an analog signal, a further signal to the analog signal
with a minimum circuit structure. - )

To achieve the above object, a digital-to-analog converter
provided in accordance with the present invention is char-
acterized in that at least one resistor is coupled to the ladder
resistor portion for generating a signal whose value corre-
sponds to a desired signal level of a signal to be added, and
in that a switch means is provided for supplying, in response
to 2 timing signal synchronized with said signal to be added,
said signal of the value corresponding to the desired signal
level to an output of the switch portion. -

With the above structure, only the resistor to be coupled
to the ladder resistor portion and the switch means for
supplying a voltage generated by this resistor to the output
terminal of the switch portion need to be provided. There-
fore, the present invention can be implemented even in the

case where space is very limited, such as in an integrated
circuit, to add a further signal to the analog output signal.

In the above case, the digital-to-analog converter may be
further characterized in that the ladder resistor portion is
constructed to generate a plurality of predetermined quan-
tization voltages based on a reference voltage, in that said at
!cast one resistor comprises at least two resistors connected
1n series to the ladder resistor portion and in that the switch

.means is an analog switch for supplying a voltage at a
Junction point between the two resistors to an cutput termi-
nal of the quantization switch portion. When this digital-to-
analog converter is incorporated in a digital video signal
processing IC provided in a camcorder, the digital input
value may correspond to a digital luminance signal while the

s?gn:ll to be added may correspond to a synchronization
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The present invention will be eluéidated in conjunction
with the accompanying drawing in which:
FIG. 1 shows a part of a camcorder with digital video



tization signals are outputted only at time intervals betweep—the—-
saccurrence of said timng signals. 7. A digital -to-anal og] GORUAGTASINT SHEET
converting a digital input signal into an_anal og output signal f—compris+ag:
-firrst and second reference voltage term nals for connec- Ta L iR ththgggt
and second reference vol tages, an @itput termnal for saijd pnal'og ou

si gnal ,

put

processing comprising a D/A converter according to the_

present invention;

FIG. 2 shows a D/A converter according to the invention,
and

FIG. 3 shows a signal waveform occurring in a D/A
converter according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a pan of a camcorder with a digital video
signal processing IC to which a D/A converter according to
the present invention is applied. This camcorder comprises
a CCD image sensor 11 operative in response to a timing
signal from a timing circuit 10, a correlated double sampling
(CDS) circuit 12 for processing an output from the image
sensor 11 to reduce noise containcd therein and an analog-
to-digital (A/D) converter 13 for converting an analog video
signal from the CDS circuit 12 into a digital signal at a
predetermined time interval. An output from the A/D con-
verter 13, i.e., a digital video signal, is supplied to a digital
video signal processing circuit (hereinafter referrcd to sim-
ply as “DSP”) 14 in the form of an integrated circuit (IC).

The DSP 14 is a circuit for processing the digital video
signal in accordance with programs stored in a memory 16
and outputs from a parameter setting circuit (not shown) and
has a known structure except for an incorporated D/A
converter for a luminance signal which will be describcd
later. The DSP 14 comprises a circuit pan for processing the
inputted digital video signal to separate the luminance and
chrominance signals Y and C from each other and another
circuit part for forming a synchronization signal SYNC
based on a timing signal fed from the timing circuit 10.
However, these circuit parts are not much relevant to the
present invention and will not be described herein. The DSP
14 further comprises a first D/A converter 18 for converting
the luminance signal Y digitally processed in this DSP into
an analog signal and a second D/A converter 19 for con-
verting the chrominance signal C digitally processed in this
DSP into an analog signal. .

The above first D/A converter 18 is provided in accor-
dance with the present invention and has a circuit structure
as shown in FIG. 2. This D/A converter is of the voltage and
ladder-resistor type and comprises a ladder resistor portion



7 a |l adder resistor network for deriving a plurality of
val ues of the {dppitaabisR Wset
signal, switching nmeans controlled by said digital input R t,~ﬂP SHEET
coupl ed between said | adder resistor network and sai d
sel ectively coupling a derived anal og si gnal
function of the val ue of the digital Anput signal; at
coupled to the Iadder resistor network for der|V|ng a fufther signal of a
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only resxstors Rl,, Rl,_, R1,s5 and R1,46 are
shown in FIG -2) and is supplied with a first reference
voltage V,p at one end. A switch portion 22 selectively

connects junction points of the resistors of the ladder resistor .

portion 20 to an input terminal of an amplifier 21 in
accordance with the digital luminance signal Y. The other
end of the ladder resistor means 20 in the D/A convernter 18
is connected to a terminal of a second reference voltage Vg
through resistors R2 and R3 in that order. A junction point
of the two resistors R2 and R3 is connected to the input
terminal of the amplifier 21 through an analog switch 23
which is composed, for examplc, of an NMOS transistor
controlled by the synchronization signal SYNC. In this case,
values of the reference voltages V, and Vg and values of
the resistors R1, to Rl,ss, R2 and R3 are selected in a
manner such that a voitage at the junction point of the
resistors R1, and R1, corresponds to the upper limit level of
the luminance signal, i.c., a peak Jevel of whim, a voltage at
the junction point of the resistors R1,¢, and R2 corresponds
to the lower limit level of the luminance signal, i.e., a black
level, and a voltage at the junction point of the resistors R2
and R3 corresponds to a level at a peak of the synchroni-
zation signal SYNC. It should be notcd here that the ladder
resistor portion 20 and the switch portion 22 are shown only
diagrammatically for the purpose of simplifying the descrip-
tion, but that the actual circuits of these portions may be
slightly different from those shown. It should also be noted
that the switching portion 22 may be constructed so that it
does not operate during the time when the synchronization
signal SYNC is generated.

An output from the above D/A converter 18, i. e., an
analog luminance signal obtained at an output terminal 24 of
the amphﬁer 21, is supplied through a frequency modulation
circuit 30 shown in FIG. 1 to one input terminal of an adder
31. An analog chrominance signal from the second D/A
converter 19 in the DSP 14 is supplied to the other input
terminal of the adder 31 through a frequency converter 32.
A combined signal obtained at an output terminal of the
adder 1 is supplied through an output terminal 33 o 2
not-shown recording portion of this camcorder. The second
D/A converter 19 is of the conventional construction and
will not therefore be described herein in detail.

The operation of the camcorder of the above structure wil
now bc described mainly in relation to the D/A converter 18.



said output termnal and controlled by a timng signal synchr oni zed

‘With said signal to be added so as to supply to the]optmUrEeRTNalET
Said further signal. . 8. The digital-to-anal og convert ¢r, ed--i-
claim 7 wherein said | adder resistor network conprises )| érslmgigg 7
series connected resistors connected to said first refefenc o) d
termnal, said digital-to-analog congarter further conpfi SW&eeehd
reststor, means connecting said oné& resistor and sai d|second resi s-
tor in series cirduting/thorzeontal scanmingtperiod batwieen Lomnadi e
resistors to said syackiesizadofrsigpitds SYNEYantieSYNC, suthnas thased  neans
connecting sai d SWhoGh MFIER', fife 4thldg switch! ¥in the /A Bbnwigtdeeen said one
resistor and sai d fefQiQnL G sthfd'and thercforce an output voltage of the

ladder resistor means 20 selected by the switch means 22 in

accordance with the digital luminance signal Y is supplied to

the input terminal of the amplifier 21. Thus, the D/A

converter 18 outputs an analog signal whose level is situated

between the white and black levels Ly, and L, and corre-

sponds to the value of the luminance signal Y in this case.

When the synchronization signal SYNC is generated in the

DSP 14, the analog switch 23 in the D/A converter 18 is

brought into a conduction state and therefore the voltage at

the junction point of the resistors R2 and R3, i.e., a voltage

whose value corresponds to the predctermined peak level Lg

of the synchronization signal, is supplied to the input ter-

minal of the amplifier 21. Thus, a synchronization signal

-having the peak level L (SYNC, or SYNC, in FIG. 3) is

outputted from the D/A converter 18 in this case.

As will be appreciated from the foregoing, with the
above-described structure it is possible to add a svnchroni-

zation signal to a luminance signal with such a minimum
circuit structure that only two resistors are added to the
ladder resistor portion 20 in the D/A converter 18 and that
an analog switch controlled by the synchronization signal is
further provided.

In the above embodiment, the present invention has been
applied to a voltage and ladder-resistor type D/A converter.
However, it will be obvious for those skilled in the an that
the present invention can also be applicd to D/A converters
of other ladder-resistor types such as a current and laddcr-
resistor type.

|




and to said output termnal to supply said further signal
-fermnal. 9. The digital -to-anal og converter as clained i
¥wherein said at | east one resistor is coupled to the | adder
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network via a non-swi'tchabl e coupling neans. 10. The digifal-pg ahsl @5 |
converter as clained in claim?7 V\/nere'bP sai d | adder resistol petwork ]

e

conprises a plurality of series conne
ref erence voltage termnal, and said at | east one resisto

d resistors connectﬁfito sal d TiTst
i s connected

to one end of said series conggoyip@® resistors and to said second

ref erence

connection of said

vol tige terminal to fTorman unbroken series circuit
y Bgitdrigeanaleg (qonverter Somprising:qagladder | east one

resi stor between ¥esistor meansafar genesating & plurality of qquastieatiomge t er ni nal s.

signals of predetermined values bascd on 2 reference signal
to derive an analog output slgnal a quantization switch
means for selectively outputting one of the quantization
szgnals in accordance with a digital input value, at least onc
resistor coupled to the ladder resistor means for generating
a signal whose value corresponds to a desired signal level of
a signal to be added to said analog output signal, and a
switch means coupled to said at least one resistor for
supplying, in response to a timing signal synchronized with
said signal to be added, said signal of the value correspond-
ing to the desired signal level to an output terminal of the
quantization switch means.

2. A digital-to-analog converter as claimed in claim 1,
wherein the ladder resistor means is constructed to generate
a plurality of predetermined quantization voltages based on
a reference voltage, in that said at least one resistor com-
prises at least two resistors connected in series to the ladder
resistor means and in that said switch means is an analog
switch for supplying a voltage produced at a junction point
between the two resistors to the output terminal of the
quantization switch means.

3. A digital-to-analog converter as claimed in claim 2, the
digital input value represents a luminance signal and in that
said signal to be added is a synchronization signal.

4. A digital-to-analog converter as claimed in claim 1,
wherein the digital input value represents a luminance signal
and in that said signal to be added is a synchronization
signal.

5. A digital-to-analog converter as claimed in claim 1
wherein said quantization switching means is controlled by
a digital input signal to be converted into a corresponding
analog output signal.

6. A digital-to-analog converter as claimed in claim 1
wherein said switching means is activated so that the quan-
tization signals are outputted only at time intervals between
the occurrence of said timing signals.

7. A digital-to-analog converter for converting a digital
input signal into an analog output signal, comprising:

first and second reference voltage terminals for connec-

tion to first and second reference voltages,

an output terminal for said analog output signal,

A




8 11. The digital-to-analog converter as clainmed in claim7 wherein_sal

at least one resistor is directly connected to said | add e_rrﬁgﬁdsﬂi@&@mnﬁwr

@and to said second reference voltage term nal . 12
digital -to-anal og conveter as clainmed in claim?7 whereinlsgid at bﬁai%t'
resistor is coupled to said output 7 23 JUR1393

one

a ladder resistor network for deriving a pluralit}L of

respective analog signals corresponding to respective
values of the digital input signal,

switching means controlled by said digital input signal
and coupled between said ladder resistor network and
said output terminal for selectively coupling a derived
analog signal to said output terminal as a function of the
value of the digital input signal,

at least one resistor coupled to the ladder resistor nctwork
for deriving a further signal of a value which corre-
sponds to a desired signal leve!l of a signal to be added
to the analog output signal, and

a switching device coupled to said at least one resistor and

said output terminal and controlled by a timing signal
synchronized with said signal to be added so as to
supply to the output terminal said further signal.

8. The digital-to-analog converter as claimed in claim 7
wherein said ladder resistor network comprises a plurality of
series connected resistors connected to said first reference
voltage terminal, said digital-to-analog converter further
comprising;

a second resistor,

means connecting said one resistor and said second resis-

tor in series circuit with said plurality of series con-
nected resistors to said sccond reference voitage ter-
minal, and

mcans connecting said switching device to a junction

point between said one resistor and said second resistor
and to said output terminal to supply said further signal
to the output terminal.

9. The digital-to-analog converter as claimed in claim 7
wherein said at least one resistor is coupled to the ladder
resistor network via a non-switchable coupling means.

10. The digital-to-analog converter as claimed in claim 7
wherein said ladder resistor network comprises a plurality of
series connccted resistors connected to said first reference
voltage terminal, and '

said at least one resistor is connected to one end of said

series connected resistors and to said second reference
voltage terminal to form an unbroken series circuit
connection of said series connected resistors and said at
least one resistor between said first and second refer-
ence voltage terminals.

W
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termnal via said switching device in a circuit path that is independent of

sai d swi tching neans. 13. The digital -to-anal og converf qub MR -

Claim7 wherein said | adder resistor network conprises a!rgFF-BE@H’ E&“lgsm‘ép

series connected resistors and the resistance value of saifd at [|east one
Eib

resistor is deternined by the desired gignal |evel of the RalJ U158
added and i ndependently of the resistance val ues chosen said plurali

of series connect edy, qHesdigital-to-addlog Toavente asatiaimedimey
claimed 1n claim l%ﬁ?ﬁsﬁaﬁ%b& istor i§ dEre6Qy Gofreeied lorsaid . _means _
connecting said o [esi St o : in series
circuit wth sai dﬂﬁ%gdﬁ g'éqeg\?/ggfﬁg %%ﬁ%céﬁ%ﬁ%gﬁe;gl efi rst and
second reference %n@%ﬁee éieggtgl_i&mﬁognc%ln%mgpgscﬁe rllr.xclaim'l
wherein said at least one resistor is coupied to said output

terminal via said switching device in a circuit path that is
independent of said switching means.

13. The digital-to-analog converter as claimed in claim 7
wherein said ladder resistor network comprises a plurality of
series connected resistors and the resistance value of said at
lcast one resistor is determined by the desired signal level of
the signal to be added and independently of the resistance
values chosen for said plurality of series connected resistors.

14. The digital-to-analog converter as claimed in claim 7
further comprising:

a second resistor,

means connccting said one resistor and said second resis-
tor in series circuit with said ladder resistor network
between said first and second reference voltage termi-
nals, and wherein

said switching device is coupled between a junction point

of said one resistor and said second resistor and said
output terminal. -

15. The digital-to-analog converter as claimed in claim 7
wherein the digital input signal comprises a luminance
signal of a video apparatus and said signal to be added is a
synchronization signal.

16. The digital-to-analog converter as claimed in claim 15
further comprising:

a further digital-to-analog converter unit controlled by a

digital chrominance signal of the video apparatus,

an adder circuit having first and second inputs,

a frequency modulator coupled between said output ter-

minal and the first input of the adder circuit,

a frequency converter coupled between an output of the

further digital to analog converter unit and the second
input of the adder circuit, and

an output terminal coupled to an output of the adder
circuit,

—
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said switching device is coupled between a junction point of said one
resi stor and said second resistor and sai d ; output term naI 15. The
digital -to-anal og converter as clained in c¢laim<7 wherei mT-tire—di-gi-t-al—-npt
signal conprises a huninance signal of a video appear at us Eﬁdﬁﬁhﬁ*ﬁ‘slﬁﬂﬂi
to be added is a synchronization signal. 16. The digit 4l -fto—anatog

converter as clainmed in claim15 further "conpri sing: a furt?gr_jm\q 1959
digital-to-anal og converter uni't controlled by a .. _ digitial” chrom nancg
si gnal of the video appdDIGlTEALJQQANMEOGI@GNVEng fi rSI and—secomd
i nput s, a frequency nodul at or coupl ed between said output ter- m na
and the first input of the adder circuit, a frequency convVeértér coupted

betvveen an out put of the ABSTRACT

A digital-to-analog converter having a ladder resistor portion
for generating a plurality of quantization signals of prede-
termined values based on reference signals of predetermined
values and a quantization switch portion for selectively
outputting onc of the quantization signals in accordance with
a digital input value. The ladder resistor portion is coupled
to at least one resistor for generating a signal of a value
which corresponds to a desired signal level of a signal to be
added. A switch provided for supplying thc signal of the
value corresponding to the desircd signal level to an output
of the switch portion in response to a timing signal synchro-
nized with the signal to be added.

FIGURE 2



.further digital to anal og converter unit and the second
an output term nal coupled to an output of the adder-

.adder circuit, and
tircuit. )
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