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Backgrou f the Invention
An early type of tuner known as a "tuned radio
frequency tuner” (TRF) included several radio frequency (RF)

10 amplifiers which were all tuned to the frequency of the RF signal
of desired transmission channel followed directly by a detection
section, without an intervening mixer employed in later tuners.
Such a tuner could provide relatively distortion free performance
due to the absence of a mixer. However, TRF tuners tended to be

15 large in size and subject to stability and gain control problems due
to the number RF amplifiers- which were needed. Moreover, TRF
tuners did not provide a conmsistent or adequate degree of signal
selectivity.

The type of tuner w‘hich is primarily used today is

20 known as a "heterodyne" or "superheterodyne" tuner. In its
simplest form, known as a "single-conversion” tuner, it comprises
a tunable RF amplifier followed by~ a frequency conversion stage,
including a mixer and a local oscillator. The frequency conversion

. stage produces an intermediate frequency (IF) signal which

25 corresponds to the received RF signal but has a lower frequency.
The IF signal is filtered by an IF filter section and the resultant
signal is coupled to a detection section. - The combination of
conversion stage and the following IF filter section provides a
significantly better selectivity characteristic than a TRF tuner.

30 The frequency of the local oscillator signal is offset (usually
higher) from the frequency of the desired RF signal by the desired
frequency of the IF signal. In a television receiver, the local
oscillator signal is controlled so that it places the frequency of the
IF picture carrier corresponding to the RF picture carrier at a

35 nominal frequency, for example, at 45.75 MHz in the United States
and 38.9 MHz in Europe.

A single conversion tuner can be made quite small and
relatively inexpensive. Howeve‘r, it produces unwanted
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adjacent channels (selectivity). Thus, the selection of the IF

frequency is a compromise. As a result the rejection of unwanted
10 conversion products and selectivity of the tuner may not be
adequate.

The deficiencies of a single conversion tuner have
become especially troublesome due to the increasing number of
"contiguous” channels now available in large cable television |

15 systems. With the advent of digital television transmission
systems, such as for high definition television (HDTV), the
problem becomes still more difficult because these systems make
full use of the available channel spectrum and only a small guard
band of a few hundred kilohertz (KHz) exists between channels.

20 In addition, the overall frequency response of a tuner for tuning
digital television signals must be flat to the edges of the channel,
but nevertheless, have a very steep "roll-off” (attenuation) at the
edges for adequate adjacent channel .rejection. This makes the
design of an appropriate IF filter more complicated since no

25 Nyquist slopes and sound traps, which tend to ease IF filter
design, can be used in digital systems. In addition, it is
contemplated that both analog and digital television signals will
be transmitted during a transition period. In that case, even more
adjacent channel selectivity will be required for good reception of

30 the digital signals because digital television signals will be
transmitted with much less power than analog television signals.

The "double-conversion” variation of the
supeih_eterodyne tuner was developed to overcome the
shortcomings of the single-conversion tuner. In this type of tuner,

35  a first conversion stage is followed by a first IF filter section, a

' second conversion stage, and a second IF filter stage. The first IF
section. has a very high frequency range, typically in the order of

620 MHz. The second IF section has a much lower frequency
. [ —
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The very high frequency of the first IF filter section
places the RF signals corresponding to unwanted conversion
responses such as the "image" response at frequencies readily
rej;ected by tunable RF stages which precede the first conversion
stage. The low frequency second IF provides the required
adjacent channel selectivity needed for modern television
reception. Unfortunately, an double-conversion tuner system
requires additional RF and IF circuitry compared to a single
conversion tuner, and much of the additional circuitry must
function at relatively high frequencies requiring extensive
shielding. As a result a double conversion tuner is relatively large
in size and expensive. _

Another type of tuner known as a "direct conversion”
tuner has improved unwanted conversion product rejection and
selectivity properties with respect the TRF and heterodyne types.
of tuners. A direct conversion tuner operates in accordance with a
third tuning method in which the frequency of a local oscillator
signal of a first frequency conversion stage is set in the middle of
the frequency band of the desired channel. The product of the
first conversion stage is at relatively low frequency. There are no
image responses because the frequency of the first conversion
stage is located with the spectrum of the desired RF signal. In
addition, the very low frequency range of the signal produced at
the output of the first conversion stage makes it possible to
readily provide a filter which can reject adjacent channel signals.

Unfortunately, because the first local oscillator signal
is centered in the frequency band of the desired channel, both the
upper and lower side band of the desired channel will. be
converted to the frequency range of the first IF signal so that the
lower side band (LSB) is in effect folded over onto the upper side
band (USB) in the spectrum of the first IF signal. Since the LSB
and USB occupy the same frequency range, the LSB and the USB
must again be separated before detection. To accomplish this, a
direct conversion tuner is arranged as is shown in Figure 1.

Basically, the direct{ conversion tuner contains two
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the” center frequency w(Q of the frequency band of the desired

' channel between the lower sided band (LSB) and the upper side
band (USB), as is shown in Figure 2a. The first local oscillator
10 "-s1gnal is split by a phase shifting circuit PS1 into quadrature
components that are used to drive mixers M1A and M1B. The
respeétive' IF output signals of mixers MIA and MI1B are filtered
by two low pass filters LPF A and LPF B, Low pass filters LPF A
and LPF B prov1de the necessary selectivity to reject the
- 15 responses from the adjacent channels and higher order products
S . of mixers M1A® and MI1B.
' ' " Each of the output s1gnals of mixers M1A and M1B
-includes both a lower side band portion and an upper side band
_ portion corresponding to the LSB and USB portions of the received
20 REF signal. However as earlier indicated, the LSB portion is folded
over so that it is superimposed on the USB portion and occupies
- the same frequency range, as is shown in Figure 2b. The output
- . signal of low pass’ filters LPF A and LPF A are coupled to _
~ respective ones of a second pair of mixers M2A and M2B. Mixers
25 M2A and M2B are driven by respective ones of a second pair of
. _-""quadrature local oscillator signals generated by a second local
- oscillator LO2 and a second phase shifting circuit PS2. Each of the
second local oscillator signals has a frequency oN located above
the cutoff frequency of the low pass filters LPF A and LPF B filters
30 to fulfill the Nyquist criteria. The output signals of mixers M2A
~and M2B are added in a summer unit SU to produce an output
signal which has a spectrum which includes separated lower and
upper side band portions, as shown if Figure 2c. This output
signal is coupled to a demodulator (not shown) which demodulates
35 it, and the demodulated resultant is coupled to further signal
processing sections. _
The operation of the direct conversion tuner shown
Figure 1 can be mathematically‘ understood by considering a very
\
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10 description. '

The quadrature first local oscillator signals applied to
first mixers M1A and MI1B are expressed'as sin wQ and cos w0,
respectively; and the quadrature second local oscillator signals
applied to second mixers M2A and M2B are expressed as sin wN

15 and cos wN, respectively. The following signal is produced at the
output of low pass filter LPF A:

' cos m] + cos w2
The following signal is produced at the output of low pass filter
LPF B: |

20 sin @1 - sin ®2
The spectra at the outputs of low pass filters LPF A and LPF B are
shown in Figure 3b. "~

The result of the second mixing operation by mixer
M2A produces the following output signal:

25 sin (0N + 1) + sin (0N - ®1) + sin (0N + ®2) + sin (0N - ®2)
The result of the second mixing operation by mixer M2B produces
the following output signal:

sin (0N + ®1) - sin (®ON - 1) - sin (0N + ®2) + sin (AN - ®2)
The addition of the two output signals of mixers M2A and M2B by
30 summer SU results in the following signal:
sin (0N + @) + sin (0N - ®2)
The spectrum at the output of summer SU is shown in Figure 3c.

The operation of the direct conversion tuner depends
on the cancellation of unwanted components developed in the two

35  channels (compare the output signals of mixers M2A and M2B
indicated above including the terms sin (0N - w1) and
sin (0N + ®2)). As was stated above, the description of the

operation of the direct conversion tuner so far provided assumes
. e
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affect the phase and magnitude of the vectors shown in Figure 1.
As a result, perfect cancellation of the unwanted components no
longer occurs causing the generation of unwanted spurious
components in the output signal produced by summer SU and the
reduction of the quality of the demodulated signal. This is
especially the case when the received RF signal is relatively
complex, such as a television signal, and does not simply contain a
lower and an upper smusmdal component as assumed in the
above description.

The generation of unwanted spurious components
when a television signal is tuned by a direct conversion tuner of
the type shown in Figure 1 is illustrated in Figures 4a, 4b and 4c.
Figure 4a shows the spectrum of a television signal of a single

channel. It includes a picture carrier (PIX), a color subcarrier (SC)

and a sound carrier (SOUND). The frequency, wQ, of the first local
oscillator signal is located approximately midway between the
picture carrier and the sound carrier. Figure 4b shows the
spectrum of the signal resulting from the first mixing operation.
Figure 4c shows the spectrum of the output signal of summer SU.
For each desired component of the output signal of summer SU to
the right of the frequency, wN, of the second local oscillator signal,
an undesired "companion” to the left exists; and for each desired
component of output signal of summer SU to the left of frequency
©N an undesired "companion” to the right exists. For instance, a
"companion" of the picture carrier is present to the right of @N
between the color subcarrier and the sound carrier. The presence
of the unwanted "companions” causes annoying beat patterns in
the demodulated video signal and may also adversely affect the
demodulated sound signal. Such unwanted components should
desirably be suppressed in- the order of 45 to 50 dB for optimum
performance of the television receiver. This means that the gain
and phase errors should desirably be kept less than 0.05 dB..and
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frequency second | F provides the reqU|red adj acent channel selectivity

needed for d eIeV|s f orfunat

doubl e- 'con9§s EméF g?éh ‘?]#'r efcﬁL ﬁm tﬁeg %ﬁm n°§J X&CCI rcuitry
conpar ed toalavia'iogl eeacoverr siSuicht (pezformantcenstanddrdsheaandt theonal circuitry
nmust funct nghlgEdr%lnﬁt 'rﬁﬁirﬁaméﬁ‘ igdusanus K I_@grﬁlbﬁg ext ensi ve shi el di ng.

As a result oubl'e conversion tuner 1s re arge 1 5 in size and
expensi ve. Another type of tuner known as a "dlrect conversion" tuner has

I mprovexd unwant ed conversioqhﬁﬁﬂﬂugtoﬁehﬁ@tlﬁwbﬁﬁ@hselectivity properties
Wi th respect the TRF heterol R S tuners. A direcﬁ conver sion
tuner operates in acgiedem'ﬁ% e tﬁvﬁm’éé PHFPU‘SthWi AJTHRE4BENS F9Rhi ch t he
frequency attomancally osdudiagothe gain and phase difference errors of the
two channels of a direct conversion tuner in order to reduce the
generation of unwanted components in the output signal. In
10 accordance with an aspect of the invention, a multiple frequency
reference signal is inserted as a test signal at respective insertion
points of the two channels and signals produced at respective -
measurement points of the two channels are compared as to
amplitude and phase to produce so called "ripple” gain and phase
15 difference responses related to the gain and phase shift
differences between two channels, for example, due to the IF low
pass filters. In accordance with another aspect of the invention,
the signals developed at the measurement points in response to
- the RF signal for the selected channel are also compared as to
20 amplitude and phase to produce so called "DC" gain and phase
difference values related to gain and phase shift differences of
one or more of the conversion stages. The "ripple” gain and phase
" responses and the "DC" gain and phase difference values are used
to control a gain and phase correction network so that the
25 amplitude and phase differences between the measured signals of
the two channels are reduced. Preferably, the arrangement is
implemented in a digital embodiment in which analog-to digital
converters are included in respective ones of the channels after
the first conversion stages and the gain and phase correction units
30 comprise digital filters after the second conversion stages. The
operation of automatic gain and phase equalization arrangement
can be automatically initiated each time the television receiver is
switched on or a new channel is selected.
These and other aspects of the invention will be
35 described with respect to the accompanying Drawing.
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tuner shown in Figure 1; :

10 Figures 3a, 3b and 3c are graphical representations of
the spectra of signals at various points of the direct conversion,
tuner shown in Figure 1 assuming that the input signal consists of
two sinusoidal components; and

Figures 4a, 4b and 4c are -graphical representations of

15 the spectra of signals at various points of the direct conversion
tuner shown in Figure 1 when the input signal comprises an
analog television signal. '

The remaining Figures of the Drawing concern the
embodiment of the invention. Briefly:

20 Figure 5 is a block diagram of a direct conversion
tuner including an automatic gain and phase equalization
arrangement constructed in accordance with an aspect of the
invention;

Figure 6 is a vector diagram useful in understanding

25 how gain and phase errors are measured by the automatic gain
and phase equalization arrangement; '

Figures 7a and 7b, 8a and 8b, and 9a and 9b are
graphical representations of spectra of phase and gain errors
useful in understanding how phase and gain correction

30 information used by the automatic gain and phase equalization
arrangement is obtained;

Figure 10 is a vector diagram also useful in
understanding how phase and gain correction information used by
the automatic gain and phase equalization arrangement is

35 obtained; _

' Figures 11a and 11b are graphical representations of
spectra of phase and gain correction responses needed for phase
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Detailed Description of the Drawin
The direct conversion tuner shown in Figure 5 is

generally similar to the one shown in Figure 1, but includes

10 additional elements which comprise an automatic gain and phase
equalization arrangement constructed in accordance with an
aspect of the invention and certain related elements. Those
elements of the direct conversion tuner shown in Figure 5 which
have the same or similar functions as corresponding elements of

15 the direct conversion tuner shown in Figure 1 are identified by
the same or similar reference designations and will not be
described in details again.

The automatic gain and phase equalization

arrangement comprises a gain_and phase correction network

20 including a first gain control unit labeled GC and a second gain
control unit which is actually used for phase correction and is
therefore labeled PC. The gain and phase correction network is
inserted in channel A between LPF A and output summer SU2.
Gain correction unit GC and phase correction unit PC comprise

25 respective programmable digital filters which are controlled by a
microcomputer MC to adjust the gain and phase characteristics of
channel A so that the gain of phase characteristics of the channels
A and B are substantially identical. Gain correction unit GC and
phase correction unit PC may, for example comprise, finite

30 impulse response (FIR) filters. Microcomputer MC samples the
signals developed at points A and B just before second mixers
M2A and M2B in response to a test signal and determines the
relative amplitudes and phases of the sampled signals to develop
filter coefficient control signals for gain correction unit GC and

35 phase correction unit PC. For this purpose, microcomputer MC
generates a reference signal labeled wREF which is inserted as a
test signal just after first mixers M1A and MIB, for example, via
resistors RA and RB. Microcomputer MC also samples the signals
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In the embodiment of invention shown in' Figure 5, the

gain and phase correction is accomplished by the addition of two

10 signals which are in quadrature phase relationship as will be
described below in greater detail with respect to the vector
diagram shown in Figure 10. For this purpose gain correction unit
GC and phase correction unit PC (which is actually another gain
control unit) are included in separate paths for which the

15 respective signals are in quadrature phase relationship. More
specifically, gain correction unit GC receives a signal developed at
a point C at the output of second mixer M2A while phase
correction unit PC receives a signal developed at a point F at the
output of an additional mixer M3. The same local oscillator signal

20 which is coupled to second mixer M2B of channel B is coupled to
additional mixer M3 so that oscillator signals coupled to mixers
M2A and M3 have a quadrature phase relationship (sin wN -and
cos WN, respectively). As a result, the signals developed at points
C and F have a quadrature phase relationship. The output signal

25 of gain control unit GC developed at a point C' is added to the
output signal of phase correction unit PC developed at a point F
by an additional summer unit SU2. The signal produced at a point
G at the output of additional summer unit SU2 is combined with to
the signal produced at a point D at the output of a mixer M2B by a

30 summer unit SU1 corresponding to summer unit SU of the direct
conversion tuner shown in Figure 1. The signal developed at a
point E at the output of summer SU1 is coupled to a demodulator
section (not shown).

Since the gain and phase equalization apparatus is

35 - implemented in digital form in the direct conversion tuner shown
in Figure 5, analog-to-digital converters ADC A and ADC B have
been added to respective ones of channels A and B prior to the
second conversion stages. The ADC A and ADC B receive amplified
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signal of low pass filters LPF A and LPF A are coupled to réSpthl \{gg g
of 'a‘second pair of m xers M2A and. MB. M xers 25 M2 A and J\/EB are riven. ,
by respective ones of a second pair of quadrature | ocal oscilTator si gnal s

ted b I | | tgr h hi ft
i rout posbrath @ e, dudeuostenaift be 14 st 197 B bR e sPetinucncy
[err] N | ocanes afbaweplifiersc &MPf X rarglue®iP & artke grovideasesgectiver s LPF A and
LPF B M1l L8l dﬁwgs?o&sub% e SRUYEEASS of LI A anmgwsout TRednal s of

m xers MA rounit produce an ou
si gnal whi GHIMHS af asepl lﬁﬁMAn%ﬂdjd‘éM%e%am sapagisivel yrepup gir si de

ganddpl@rt I w&heam aRovp the ADIUIA zﬂaﬁi Amcssouwwés;fdcgwel omgs fét)Up: efl fj 0 a
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of the diramy benearigednwhenethes loatputs signals of LPF A and LPF B have
sufficient amplitudes to permit reliable analog-to-digital
conversion. In the direct conversion tuner shown in Figure 5,
10 second mixers M2A and M2B comprise digital multipliers instead
of analog mixers and summers SUl and SU2 are digital adders.
Before describing the gain and phase equalization
operation in detail it is helpful to describe the nature of the gain
and phase errors. The gain and phase errors can be divided into
15 Tripple” and “DC" errors. The "ripple” error is caused by the
differences between the gain and phase responses of low pass
filters LPF A and LPF B. It varies as a function of the IF
frequency, but is constant for all received television channels.
The "DC" error is caused by quadrature errors and gain differences
20 between first mixers M1A and M2B. It is constant for a selected
channel but varies with the frequency of the first local oscillator.
Second mixers M2A and M2B do not introduce additional errors if
they are implemented in digital form as is the case in the direct
conversion tuner shown in Figure 5. |
25 There is an additional error which can be referred to
as an "asymmetry” error which occurs when first mixers M1A and
MI1B are implemented as a doubly-balanced mixer. The use of a
doubly-balanced mixer is desirable since it tends to reduce the
coupling of the RF signal and local oscillator signal to the output of
30 the mixer because of its balanced configuration. However, a
doubly balanced mixer is not perfectly balanced and this results
in slightly different gain and phase characteristics for RF sjgnal
components which have a frequency below the frequency, ®(Q, of
_ the first local oscillator signal than for RF signal components which
35 have a frequency above the frequency of the first local oscillator
signal. The "asymmetry” error is small and can be neglected in
most cases. However, it can be corrected, if desired, as will be

described below. S
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The ripple error can be measured by using a multiple
frequency reference signal, labeled wREF in Figure 5. The
reference signal has a low frequency range which only needs to be |
sufficiently broad to cover the IF frequency range. Experiments

10 have shown that eight to ten discrete test frequencies are
sufficient to obtain satisfactory results. The reference signal may
be generated by an oscillator (not shown) under the control of
microcomputer MC or directly by microcomputer MC by using a
look-up table. During the ripple eiror test, the tuner has to be

15 disabled from responding to the received RF signal. This may be
accomplished by turning off the first local oscillator (LO1) or
disabling the RF stage. The ripple errors can be measured each
time the television is switched on or when a new channel is
selected. Once the ripple errors have been measured, the normal

20 .operation of the tuner is again initiated.

The DC errors of mixers MI1A and MI1B are local
oscillator or channel-dependent, but are otherwise constant over
the frequency range of each channel. Therefore, the DC errors can
be measured using a single frequency test signal for each selected

25 channel. However, advantageously, the picture and sound carriers
of the received television signal can be used to measure the DC
errors. Both carriers are known in frequency and have high
energy which makes the measurement reliable. Using both the
picture and sound carriers allows for the correction of the

30 asymmetry errors because, as shown in Figure 4a, the frequency
of the picture carrier is below the frequency, wQ, of the first local
oscillator signal and the frequency of the sound carrier is above
the frequency of the first local oscillator signal. The carriers are
measured at points A and B at the outputs of ADC A and ADC B

35 during the occurrence of the broad vertical equalizing pulses
when the picture carrier has its highest energy but is not
modulated with video information. However, because both
picture and sound carriers are present, the carriers need. to be
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si gnal conponents have been normalized in the following 1 desgr oPh(: g@. i
The quadrature first local oscillator signals applied to fi Aers—MEA |
and -MLB are expressed as sin coo and cos [err]0, respectively; and the

quadr at ur e sgg&Red.| OCFHe % hi’dt?érprczﬁi gj@'a%c@ﬁ@lis*h@dt afeeceiyl m xers MA and
M2B are expressed as sin res ectlvely The
fol | owi ng SrGIEFCMEND, l?%i OL;EP"%MCBU% mofaCLBWE%H?s tér LPF A cos
[err]1l + cseftpmre] Pilteneprogramni nBosigraatples lpwoghase dared hlgh pasput of | ow
The”spect r SIS [RPoRsPs,fan be pbtained uiliring @ MpTABCiibglans, o (FOUL%
Fi gur e Bb. copunewdaily @)\'alla(hée s"@@@hoMrA THWOBIS adnen of Massachusetts.
The low and high pass filter responses can be used to separate the
picture carrier and sound carrier responsive portions of the
measurement values. Alternatively, microcomputer MC may
comprise a digital signal processor (DSP) unit including digital
10 filters and a microprocessor may advantageously be used. In that
case, the digital filters can be used to separate the picture and
sound carriers.
The phase error for a particular test can be calculated
by considering the vectors "a" and "b" representing the digitized
15 signals measured at points A and B and the vector "c¢"
representing their differences as the three sides of a triangle, as is
shown in Figure 6, and by using the geometric cosine law to find
the angle y between vectors "a" and "b". The gain error is the ratio
of the magnitudes of vectors "a! and "b". This is valid only for
20 RMS (root mean square) values so that a number of samples is
required. More specifically, for each sample, the signal levels (A
and B) at points A and B are measured and squared (A2 and 82)
by microcomputer MC. In addition, for each sample, the
difference between the signal levels (A - B) at points A and B is
25 calculated and squared ((A - B)2). The squared values for all of
the samples are added. The squared magnitude of third side "c"
the triangle is related to the sum of the squared values of the
difference values (X(A - B)2). The square root of the ratio of the
sums of the squared signal values ((TA2/XB2)1/2) is
30 proportional to the relative gains of the two channels. The cosine
law equation indicated in Figure 6 is used to calculate the relative
phase angle g from the appropriate sums of squared values. A
relatively large number of samples, for example, in the order of
500 or more, because the magnitudes of the signals measured at
35 points A and B are continuously changing, especially during the DC
and asymmetry error measurements when the measured signals
are responsive to the carriers of the received RF signal. This
method provides sufficient accuracy in an eight-bit environment.
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M2A produces the foll owing output signal: 25 sin ([ sirTP}f&IQP ‘r* »1) e
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([errIN + [cﬁffdréhce i eé[ermeN ohslemha)soTbedSiﬁ:e%ftwwetby heetnd it of
I rect conver sion

SU i
fﬂnmg'rardepeﬁgg ﬁi&q}%‘ corfng ﬁ%%q éhl ft°u éd“‘i&’rﬁB%@nF‘?aHWél 8bed in the
two 3 55 clpoine A (adliy e Thee phaseuhifti gnbdtsero’sumrmed fYdm ahd M2B

i ndi cat ed @%ﬁldt@{i ?’?‘399 hme{ﬁe dSI n ([err]N - [err]1) and sin ([err]N +

[err]2)). escription of the operation of the
. direct conversion tun@ﬂcgotheargapﬂowdidﬂ\aé%ms values have been

measured and stored in microcomputer MC, the necessary
coefficients for the correction filters can be calculated. Figures 7a

10 and 7b show examples of measured ripple phase and gain errors
for one half of the received spectrum. The phase and gain errors
for the other half of the spectrum are obtained by forming the
mirror image of the existing phase error about the zero point and
the mirror image of the existing gain error about the vertical axis.

15 The resulting full spectra of the ripple phase and gain errors -are
shown in Figures 8a and 8b. |

The ripple phase and gain error responses have to be
combined with the DC phase and gain error responses. More
specifically, the DC phase error is added to the ripple phase error

20 response shown in Figure 8a. The DC gain error is used to
niultiply the ripple gain error response shown in Figure 8b.

If asymmetry errors exists, they can be compensated
by using the asymmetry errors measured by using the picture
and sound carriers, as earlier indicated. More specifically, the

25 asymmetry phase error for the picture carrier is added to the left
side of the ripple phase error response shown in Figure 8a and the
asymmetry phase error for the sound carrier is added to the right
side. The asymmetry gain error for the picture carrier is used to
multiply the left side of the ripple gain error response shown in

30 Figure 8b and the asymmetry gain error for the sound carrier is
used to multiply the right side. As a result of the combination of
the asymmetry errors with the ripple errors, a step in the middle
of the responses may occur. In many cases the asymmetry errors
are small and can be ignored, and therefore only the response to

35 the picture carrier is needed. In the present example, it is
assumed that the asymmetry errors are small, and therefor, have
been ignored.
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Figures 9a and 9b have to be converted to the phase and gain
correction responses shown in Figures 1la and 11b frequency
point by frequency point. The manner in which this is
accomplished is illustrated by the vector diagram shown in Figure

10 10. In Figure 10, the vectors correspond to signals developed at
respectively labeled points of the direct conversion tuner shown
in Figure 5. With reference to Figure 10, the phase (d) and gain
errors at each frequency.point of the response shown in Figures
9a and 9b are used to calculate a coefficient for changing the

15 magnitude of vector C and coefficient for changing the magnitude
of a quadrature vector F so that when the resultant vectors C' and
F' are combined, vector G is formed which is equal in magnitude
but opposite in phase to vector D, and therefor results in
cancellation when added to vector D. The desired phase and gain

20 correction compensation responses shown in Figures 11a and 11b
correspond to the multiplication factors for vectors C and F
required to produce vectors C' and F' for each sampled frequency
on the frequency axis. The responses shown in Figures 1la and
11b are not symmetrical due to interaction between gain and

25 phase.

The coefficients for phase correction unit PC and gain
correction unit GC can be computed from the responses shown if
Figure 1la and 11b using the MatLab™ FIR2 program. It should
be noted that the coefficients for frequencies below second local

30 oscillator frequency @wN and the ones needed for frequencies
above second local oscillator frequency wN correspond
respectively to the opposite sides of the responses shown in
Figures 11a and 11b because the inverse positional relationship
between the desired components and the undesired components.

35 - This factor is easily incorporated in the hardware by inverting the
signal developed at point D as is indicated by inverter I as shown
in Figure 5, or by subtracting the signal developed at point D from

the signal developed at point G. -
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generation of unwanted Spurious conmponen evision signal is
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Figure 4c saod/sthemefqrp@&acmtbe gw@ amdp phase prapr aespanses: SHowever,
it has been found that it is not necessary to perform the ripple
gain and phase error measurements other than when the receiver
10 is first turned on or perhaps when a new channel is initially
selected. Accordingly, it is not necessary to interrupt the
reception of a program. Measurement of the DC gain and phase
errors is not a problem because the received television signal can
be continuously monitored without affecting the normal operation
15 of the tuner.
It has been found that the location of the frequency,
w(, of the first local oscillator signals within the spectrum of the
RF signal can be used to optimize the operation of the direct
conversion tuner. For example, the frequency of the first local
20 oscillator signals should desirably between 1.7 and 2 MHz above
the picture carrier (see Figure 4a) for NTSC television signals, and
between 2 and 2.8 MHz above the picture carrier for PAL
television signals. The frequency of the first local oscillator
signals can.be set in accordance with the channel number, for
25 example, by a phase locked loop tuning control system (sometimes
called a "frequency synthesizer"). In that case, microcomputer MC
may be used to control the frequency of the frequency
determining programmable divider of the phase locked loop. An
automatic fine tuning (AFT) arrangement responsive to the
30 frequency of the picture carrier may be used to maintain the
frequency of the first local oscillator signals at the desired
frequency. The frequency of the picture carrier may be measured
* by microcomputer MC during the DC error measurement operation
when the signals developed at points A and B are sampled.
35 The direct conversion tuner shown in Figure 1 has
been described so far with respect to tuning of analog television
sighals in which picture, sound and color subcarrier.signals are
modulated on RF carriers in accordance with a conventional
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channels, and require a tuner response which is flat to the channel
edges but which is very stéep at the edges for adequate adjacent
channel rejection. A direct conversion tuner is particularly well

10 suited to such a HDTV environment because it has a low IF
frequency range which allows the use of simple and effective
filters. An IF filter with a sharp "cutoff” and a large "stop-band"
region is much easier to obtain at low fréquencies than at the
conventional IF freqﬁencies (38 MHz and higher).

15 While. the direct conversion tuner described so far is
well suited for tuning digital television signals, certain
modifications need to be incorporated because discrete carriers
which can be used to measure the DC gain and phase errors are
usually not transmitted in a digital television system. However, it

20 has been found that the spectra of digital television signals, which
~are typically flat and have similarities to random noise, may be
used to accurately measure the DC errors. The use of the spectra
of the digital television signals to measure the DC errors may
require more samples to be used than when picture or sound

25 carriers are used. For example, samples taken over ten to twenty
television lines may be required. In a direct conversion tuner for
tuning - digital television signals, the same method of measuring
the ripple gain and phase errors using a plural frequency
reference signal previously described with respect to the direct

30 conversion tuner for tuning analog television signals is used.

Even if the spectra of the received digital television
signals are not flat for a particular digital television system, the
spectra can still be used to measure the DC gain and phase
difference errors, provided that the shape of the spectra is to~

35 modify filter coefficients. '

' Digital television signals are more robust than analog
television signals and therefore the generation of unwanted
spurious frequency components is less critical. It is therefore not

e
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opt'i mumr per f ormance of the television receiver. Such perf
cannot be obt ained and nmai ntained with manual adjustnents.
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aut omat i cal e gain erence errors o he two
channel s oft e’tﬂm&ét fetosain sansh B reﬂﬁf%mr beoagesnied. t he generatlon of
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si gnal s5pr csinghal directespaeeisien. tuner may be used to tune both the

analog and digital television signals. The flow chart shown in

Figure 12 summarizes the operati-on of the direct conversion tuner

which has been previously described, and additionally indicates

its operation in a dual mode television receiver. As is indicated in.

10 the flow chart, after the receiver has been energized or a desired
channel is selected, the previously stored gain and phase
equalization data for the selected channel is retrieved from

" memory and coupled. to. gain correction unit GC and phase
correction unit PC, the ripple error measurements are made.

15 Thereafter, the detection of the presence or absence of a picture
carrier causes the selection of either an analog television signal
branch or a digital television signal branch, respectively, of the
program for measuring the DC errors and calculating the filter
coefficients. AR :

20 While the invention has been described in terms of as
specific embodiment, it- is contemplated that modifications will
occur to those skilled in the art. For example while individual
gain and phase correction units are utilized in the embodiment, a
single digital filter may be provided to provide both gain

25 correction and phase correction. Such a filter may be constructed
.in either FIR (finite impulse response) or IIR (infinite impulse.
response) form. In addition, while gain correction unit GC and
phase correction unit PC are included in the same channel in the
embodiment, one of the units may be included in one channel and

30 the other may be included in the other channel. Further, while
two analog-to-digital converter are utilized in the embodiment, it
is possible to use a single ADC which is multiplexed to sample the
signals developed at the measurement points of the two channels.
Still further, while the use of the picture and sound carriers has

35 been described with respect to the DC and asymmetry error

" measurements in a direct conversion tuner for tuning analog
television signals, other components may also be utilized. For

example, the color subcarrier may be used iw
n Replaced

o Tl

THIS SHEET HAS BEEN 9;
¥



_ b

measur eirent points of the two channel s are corrpared as tonam'phiude al‘nii =
phase to produce so called "ripple" gain and phase 1 5 d||lfferencf-5’ At —
responses related to the gain and phase shift differences ‘hétwesn TWwo
channel s, fCadTigkalb| e @sgmroetye efyor ggasasement. eriven Stk cBirdhgce with

anot her aspggileOthd h‘éfér'éﬁ@ét s@haltlhelﬁs&fw aftéev O Fad: ahixdi8 e agher enent
points in res nal . for: t he Selected channel are al so
p

0
conpar ed asemﬁogﬁnemanﬂ}q tr&é%re g§ siemal ean pgqtisered aL) P8 pc' gain and
phase di f f doeatieny auchsas dhathed RIS sgager ahd thé ssaenes hviai, Mﬁl‘eentlwces of one

O o hes Of B FERENS pins! ACThe THinodinEhE 4871200 RBFSSR [ignONSeS and
t he gal n an as &GPt erence Valges f a gain
phase corré@ﬁpod W\%S‘ kbesauspathe heecond WFStUGel@Wlphatﬁd dﬂfferences

bet ween t hejj 15Ufcﬁ*ih S'd@ﬂ%i-énpfmémrémén?h iR S sAER ﬁ?d&?&d lockéedf erably,
t he arrange (elrrete In a glta ﬁowrent I.n |%h anal og-to
di gi t al ter the secon mixers, may be use oreover, while rect
. conversion tuner including the automatic gain and phase
10 equalization provisions which have been described is particularly
well suited for tuning television signals, it is also useful for tuning
other types of communications signals. These and other
modifications are intended to be within the scope of the following

claims.
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converters are included in respective ones of the channel
conversi-on stages and the gain and phase correction uni tssun I ””Hm
di gi tal filters after the second conversion st ages. The operatl

automatic gain and phase equalizati oncgilwgerrent can be automati cal | y
initiated each time the television re Is swtched on, or a new
channel is selected. These and ot her aspects of the invention will be 3 5
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5 produce an output signal at an output, comprising:

first and second channels each having an input and an
output and, in the order named, a first mixer stage, a filter stage
and a second mixer stage coupled between said input and output;

said inputs of said first and second channels being

10 coupled to said RF input;

a summing unit having first and second inputs and an
output, said outputs of said first and second channels being
coupled to respective inputs of a summing network, and said
output of said summing unit being coupled to the output of said

15 tuning apparatus;

means for providing first local oscillator signals of the
same frequency but of quadrature phases to respective ones of
said first mixer stages; said the frequency of said first local
oscillator signals being located within the frequency spectrum of

20 said selected RF signal,;

means for providing second local oscillator 51gnals of
the same frequency but of quadrature phases to respective ones
of said second mixer stages; said the frequency of said first local
oscillator signals being located above the passbands of the

25 respective said filter stages; |

means for monitoring first and second signals
produced at respectlve points within said first and second
channels; .
' means for adjusting the relative gain and the phase

30 shift of said first and second channels; and '

- means for automatically  controlling said gain and
phase shift adjusting means to reduce the differences between the
relative amplitudes and the phases of said first and second
channels in response to the relative amplitudes and phases of said

35 first and second signals.
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concern the background of the invention and have previ OUSquHﬂ'"(H HE Jﬁm |
Briefly: .5 Figure 1 is a bl ock di agram of a L
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are graphica resent S pe Si oints
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poi nt s~ of l'on tunper shown in Figure en the input
si gnal cordffected By said Jgferenesi sighlsi gnal .

3. The tumng apparatus recited in claim 2, wherein:
said reference signal has a plurality of frequencies,
10 and said automatic controlling means is responsive to said first
and second signals as affected by said reference signal at each of
said pluralities of said frequencies.

4. The tuning apparatus recited in claim 1, wherein:
15 ' said automatic controlling means is responsive to said
first and second signals ‘as affected by said selected RF signal.

5. The tuning apparatus recited in claim 4, wherein:
said selected RF signal is an analog television signal
20 including at least one carrier, and said automatic controlling
means is responsive to said first and second signals as affected by
said one carrier.

6. The tuning appafat,us recited in claim 4, wherein:
25 said selected RF signal is an analog television signal
including a picture and a sound carrier, and said automatic
controlling means is responsive to said first and second signals as
affected by at least one of said picture and sound carriers.
30 7. The tuning apparatus recited in claim 6, wherein:
said automatic controlling means is responsive to said
first and second signals as affected by each one of said picture and
- sound carriers.
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The remining Figures of the Drawing concern the enbodi rren“l IILMEI“M""““I
I nventicon. Briefly: 20 Figure 5is a block d i _
direct conversion tuner including an autonatic gain and phade &qual i%zat’i of

arrangement constructgd ihe2fifih apFifarihis rdi P RACE L WlCwhByaR! [ on:
Figure 6 is a vector d'l,éxgr:itm uae SN rnder(s&,andLng 25 . how Fg_laLn and phase
errors are measured bJAIEHESIERIE i siggal ds #hgligHak deleyisien ;ygnah and

ar r angenentsaidri guvostatia ¢oidrollin 8mm:dd8do,r¢m§aeam said fﬂigtgaﬂ%)hi cal i
represent at_ions ,of. ctra e and gainp err usef. n under st andi ng
how phase a?ﬁgoégj ngi‘%isr &t P@fﬁc% Yi %%r%ﬁfﬁgﬁg u(gaga‘é@ ‘{’gléaiaut omatic gain
and pha%e dgleMipiom i signal.rangenent is obtained; Figure 10 is a vector

di agram al so useful in

9. The tuning apparatus recited in claim 1, wherein:
said automatic controlling means includes means for
generating a reference signal and inserting it into each of said first

10 and second channels and for controlling said gain and phase shift

adjusting means in response to said first and second signals as
affected by .said reference signal; and said automatic controlling
means is also résponsive to said first and second signals as
affected by said selected RF signal.

15 .
10. The tuning apparatus recited in claim 9, wherein:
said reference signal has a plurality of frequencies,

and said automatic controlling means is responsive to said first

and second signals as affected.by said reference signal at each one

20 of said pluralities of said reference signal.

11, The tuning apparatus recited in claim 1, wherein:
said gain adjusting means and phase shift adjusting
means comprise respective individual units.
25
12, The tuning apparatus recited in claim 11, wherein:
said gain adjusting means and said phase shift
adjusting means are included in the same one of said channels.

.\\._
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under st andi ng how phase and gain correction |nformat|on ustﬂ&mw '1",” ’Um
automatt c.gai n and phase equalization arrangenent is35
1lla and 1l b are graphical. representations of spectra of phase and galn

correction responses pedqthe @iniig2apparatdd {&éﬁew% LI B v@ﬂé&%ﬁﬂ zation
which result from the perati ustra ted in

gns Ll aures 7aﬁ 8a and
8b, 9a and 9b and 10;5%fg&pd AIysiing f'PSW%Hér‘EO‘fma cHti Wiy al |
operation an tdtkiiﬁtmahasumngagn neteopk abetverpm| saidit smrﬂ mixeraagdnent .

Detai | ed Deged! Hhipdt Of shif SHAWUHAdnel; and
5 said phase shift adjusting means comprises an
additional mixer and an additional gain adjusting means coupled
in cascade between said filter stage and said output of said one
channel; said additional mixer receiving a signal having the same
frequency as the frequency of said second local oscillator signal of
10 said one channel but of quadrature phase.

14. The tuning apparatus recited in claim 1, wherein:
said means for monitoring said first and second signals
includes an analog-to-digital converter; and
15 means for automatically controlling said gain and
phase shift adjusting means includes a microcontroller operating
under program control and is coupled to said analog-to-digital
converter.

20 15. The tuning apparatus recited in claim 14, wherein:
said means for monitoring said first and second signals
includes first and second analog-to-digital converters included in
respective ones of said first and second channels; and
said means for adjusting the relative gains and the
25 phase shifts of said first and second channels includes a digital
filter.

16. The tuning apparatus recited in claim 14, wherein
said first and second digital-to-analog converters are
30 coupled between respective ones of said filters and said second
mixers of said first and second channels; and '
said second mixers of respective ones of said first and
second channels are digital mixers.
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The direct conversion tuner shown in Figure 5 is generall ?/rlm‘!“mnm“““tmm 1

one shown. in Figure 1, but includes 1 0 additional ele
conprl se an automatic gain and phase equalization arrangenent constructed

i n accordance with ang@asp o) r enent s.
Those el enents of therc?ﬁ rgﬁ}e ?@) g?b@%ﬁ{l%e&c’s gm%lér%akﬂgzsquﬁg\ﬁ%h have
the same or sinmilar fsaidt avtematc ceontzollingli mgans cinshudenimeass farhe direct
conversi on é’d&ﬁmﬁ Oﬂﬂrderéﬂ&U%Pgn%l aalgr?d dﬁl@@ﬁiﬂg q¢ 1'ﬁ¥ot€5°c}§%fesﬂ"d 5fir j | ar

reference gnat ns, and 4. not be descri b et ai l l&galn ‘1

aut omat i c g%ﬁ Sgﬁanghsgen wefsaf tE%\t‘F&He"éFY%\rﬁ}?ﬁer‘?f RiflpFitse @ SEFhn

phase c@rreglikefs.net work 20 including a first gain control unit | abeled
GC and a second gain control unit which is actually used for phase
correction and is therefore | abeled PC. The gain and phase correction
network is 18. The tuning apparatus recited in claim 1, wherein:

said automatic controlling means is responsive to said
first and second signals as affected by said selected RF signal;
10 said selected RF signal may be either an analog
~ television signal iﬁcluding a carrier, or a digital television signal;
said automatic controlling means is responsive to said
first and second signals as affected by said picture carrier during
ones of said synchronization components when said selected RF
15 signal is said analog television signal; and
said automatic controlling means is responsive to said
first and second signals as affected by the spectrum of said digital
television signal when said selected RF signal is said digital
television signal.

20 .
19. The tuning apparatus recited in claim 18, wherein:
said automatic controlling means is responsive to the
presence or absence of said carrier to determine whether said
selected RF signal is said analog television signal or said digital
25 television signal. e
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inserted in channel A between LPF A and output summer SUZ™- Galn cor recti oh ¢
unit GC and phase correction unit PC conprise 2 5 respe&tive pregnthEble
dlglfal filters which are controlled by a m croconputer NCLLQLad?H%f'tﬁe'
gai n and phase characteristics of channel A so that the gain of phase
characteristics of the chanddsirastaefl theaDisclgsuneantial Iy identical. Gain
correction unit GC and phase correctlon unit PC may, for exanple conprise,
finite 30 i mpul se respo oconputer MC sanpl es the
signal s devel oped at poi nt=s=# . ; second m xers M2A and M2B
In response to a test signal and detern1nes the relative anplitudes and
phases of the sanplgg ﬁ% nal s to _devel o coeff.icient control signals

for gain correction CHyessen tBﬁ%rsJOEotr“f‘éQﬁ iSHemianag Wor this
pur pose, mdigitak asjeitisionVSigealer htctades refferserandd segoad tl@.hﬂiedsi, leach] REF

g*;g;;glss '%@?ﬁéeﬂrﬁs ahd! $8Eokd Wfkers 3hd¥hh Cinebivering’ fifled Mhpednd MB, for

coupled between an RF input and an output combining unit. The
first mixers receive respective first local oscillator signals which
have the same frequency but a quadrature phase relationship.
The frequency of the first local oscillator signals is controlled

10 according to the selected channel so that it is located within the
spectrum of the respective RF signal. The second mixers receive
respective second local oscillator -signals which have the same
frequency but a quadrature phase relationship. The frequency of
the second local oscillator signal is located above the passband of

15 the filter stages. A digital gain and phase equalization network is
included in one of the channgls for adjusting the relative gain and
phase shift of the two channels and is automatically controlled by
a microcomputer in response to signals sampled at respective
points within the first and second channels to reduce the relative

20 gain and phase shift. As a result, near perfect _cancellation of
unwanted components occurs in the output combining unit.

Fig 5 This Sheet Has Been Reil
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resistors RA and RB. Mcroconputer MC al so sanples the %i
REPLACEMVENT SHEET Date: 25 AUG 1995 10 devel oped at p0|nti Al ; B2
response To the received RF signal for the sel ected channel an6WHéﬁbFH1 nes.._
the rel ative anplitudes and phases of the sanpled S|gnalé:Fﬁ§=Fﬁzﬁevelop B
the filter coefficient control signals. The generation of the filter
coefficient 5 control signals wll be described in detail bel ow

M croconputer may conprise the sane m croconputer which is used to control
other functions of the television receiver. In the embodi nent of invention

shown in Figure 5, the ~l o~
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gai n and-phase correction is acconplished by the addition of two 1 0 -
signal s which are in quadrature phase relationship as wll be dﬂ%g@ HAS BEEN
bel ow in greater detail wth respect to the vector diagram shgwn I ngE:Giien

10. For this purpose gain correction unit GC and phase correc
(which is actually another gain control unit) are included in separate
paths for which the 1 5 respective signals are in quadrature phase

rel ati onship. Mre specifically, gain correction unit GC receives a signal
devel oped at a point C at the output of second nm xer MA whil e phase
correction unit PC receives a signal el oped at a point F at the out put
of an additional m xer M. The sane ISFZ | lator signal 20 ~ which is
coupl ed to second m xer M2B of channe¥| B i upl ed ety additional m xer M3
so that oscillator signals coupled to |m xer A a have a quadrature
phase relationship (sin [err]N and cog [err] M &FspeCtively). As a result,

the signal s devel oped at points (:)
L [
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C and F have a quadrature phase relationship. The output S|gnal .25..,0f. - garn‘
~contrel upit GC devel oped at a point C is added to the out 1
phase correction unit PC devel oped at a point F' by an addﬂthamaﬁ$&ymner
unit SU2. The signal produced at a point G at the. output of .. addltlonal"-
summer unit SU2 is conbined with to the signal produced at a_poisats

out put of a m xer M2B by a 30 summer unit SUL correspontf
unit SU of the direct conversion tuner shown in Figure 1)
devel oped at a point E at the output of summer SUL is coup
denodul at or section (not shown): Since the gain aBd phase equallzatlon
apparatus is 3 5 inplenented in digital forn1|t the direct conversion tuner

shown in Figure 5 analog-to-digital cdverters ARC A and ADC B have been
added to respective ones of channels A and B pfi & to the second conversion
stages. The ADC A and ADC B receive anplified
™M
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REPLACEMENT SHEET Date 25 AUG 1995 11 versions of the outpﬂt S|gnais‘of LPF
A and .LPF B fromrespective ones of anplifiers AMP A and ANPB aftd ‘B ovi de”
respectlve digital versions of the output signals of LPF A and_Lﬁﬁ f The -
outputs of anplifiers AMP A and AMP B are capacitively coupfeds ~to the
i nputs of the ADC A and ADC B via respective ones of -capacitors CA and CB
to avoid DC drift problens. The anplifiers may be omtted when the outputs
signals of LPF A and LPF B have sufficient anplitudes to permt reliable
anal og-to-digital conversion. In the direct 05nversion tuner shown in
Figure 5,
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10 second m xers M2A and M2B conprise digital nultipliers_instead.- g 3
anal og m xers and summers SUL and SU2 are digital adders. B“ﬁbre descrublng L
the gain and phase equalization operation in detail it is h'IpfuI e Akl ﬂ

describe the nature of the gain and phase errors. The gain ; e T ofsS
‘can be divided into 1 5 “ripple" and "DC'" errors. The "ripple" error is

caused by the differences between the gain and phase responses of |ow pass
filters LPF A and LPF B. It varies as a function of the IF frequency, but
is constant for all received tel evision channels. The "DC' error is caused
by quadrature errors and gain differences 20 between first m xers MLA and
M2B. It is constant for a selected channel but varies with the frequency of
the first local oscillator. Second mjxers M2A and M2B do not introduce

additional errors if they are |npleﬁ ntess in digital formas is the case in
the direct conversion tuner sh n+F;dﬁ?e 5.
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25 There is an additional error which can pe—teferred to.as _
an "asymetry" error which occurs when first mxers MA jangiddB-ar ; ~ -:» o
|nplenented as a doubl y-bal anced nmi xer. The use of a douply- bakamaed,

is desirable since it tends to reduce the coupling of t
| ocal oscillator signal to the output of 3 0 the mixer because of |ts
bal anced configuration. However, a doubly balanced m xer is not perfectly
bal anced and this results in slightly different gain and phase
characteristics for RF signal conponents which have a frequency bel ow the
frequency, [err] of the first local oscillator signal than for RF signal
conponents which 3 5 have a frequency abovgathe T™equ@rcy™f the first

| ocal oscillator signal. The "asymmetry" erp/On is s 'aal can be

negl ected in nost cases. However, it can bg cotrected, if desired, as wll
be descri bed bel ow.
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12 Date: 25 AUG 1995 It is possible to nmeasure gain and phase errors...
wi th the use of a svveep generator which is connected to t—J&&aﬁFé'rf (?‘2 &\
i nput, and which 'sweeps” the frequency range of a sel ectEdmmé:n‘ﬁe Ts \
method is relatively conplicated and expensive. 5 Measulii ng t e r?_ppL—e g
and DC errors separately is sinpler. The ripple error can \4e=rEasur ed by
using a multiple frequency reference signal, labeled [err]REF in Figure 5.
The reference signal has a | ow frequency range which only needs to be
sufficiently broad to cover the | F frequency range. Experinents 1 0 have
shown that eight to ten t est frequeon ies are sufficient to obtain
satisfactory results. Fﬁ.lelt;e nce signal - by an
oscillator (not shown) under t he control of

FIG.7b

FIG.8a

FIG.8b — ‘

FIG.9a 0,\+\\ '

FIGSb /r\{_,\%
FIGMa o

FIG.1b g L_Tl
oo TN



m croconputer MC or directly by mcroconputer MC by using a | ook-
During the ripple error test, the tuner has to be 1 5 dif
respondlng to the received RF signal. This nay be acco
off the first local oscillator (LOO 1) or disabling the
ri pple errors can be neasured each tinme the television is switched on or
when a new channel is selected. Once the ripple errors have been neasured,
t he normal 20 operation of the tuner is again initiated. The DC errors of
m xers MLA and MLB are | grtat—osciTtaror_or chanmet=depemdgnt, but are

JLable—
\E-Dm\ s BEEN |
.Ruﬁnlng

ot herwi se constant over . Therefore, the
DC errors can be neasured using a single frequency test signal for each
sel ected 25 channel’.  However, advantageously, the prctuare and sound

carriers of thejreceived teIeV|S|on signal can be used to neasure the DC
errors. Both carriers are

YES NO
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Wveve & e

ener gy which makes the neasurenent reliable. Using both § turesand.
sound carriers allows for the correction of the 3 0 as ﬁﬁﬁﬂ#@:@?hnnﬁ 5377
because, as shown in Figure 4a, the frequency of the pi
bel ow t he frequency, [err] of the firstllocal oscillator
frequency of the sound carrier is above the frequency of

.

ure cgrrl er
Setgrial-Sahyht. m‘:
T t=t0ea] v

oscill.ator signal. The carriers %ﬁlﬁ&?‘%ﬁ%ﬁﬁ@&l and B at the

outputs of ADC A and ADC B 3 5

FEAg -t He- ot urren the broad vertical

equal i zi ng pul ses when the picture carrier has its highest energy but is
not nodul ated with video informatiogkjeldHMEMR InbERRYSE POt h picture and
sound carriers are present, the carriers need to be REPLACENMENT SHEET
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The 1nvention concerns a so called direct conversion
tuner” which is -especially useful in a television receiver.

Background of the Invention
An early type of tuner known as a "tuned radio

frequency tuner” (TRF) included several radio frequency (RF)
amplifiers which were all tuned to the frequency of the RF signal
of desired transmission channel followed directly by a detection
section, without an intervening mixer employed in later tuners.
Such a tuner could provide relatively distortion free performance
due to the absence of a mixer. However, TRF tuners tended to be
large in size and subject to stability and gain control problems due
to the number RF | amplifiers which were needed. Moreover, TRF
tuners did not provide a consistent or adequate degree of signal

-selectivity.

The type of tuner which is primarily used today is
known as a "heterodyne" or "superheterodyne" tuner. In its
simplest form, known as a "single-conversion” tuner, it comprises
a tunable RF amplifier followed by a frequency conversion stage,
including a mixer and a local oscillator. The frequency conversion
stage produces an intermediate frequency (IF) signal which
corresponds to the received RF signal but has a lower frequency.
The IF signal is filtered by an IF filter section and the resultant
signal is coupled to a detection section. The combination of
conversion stage and the following IF filter section provides a
significantly better selectivity characteristic than a TRF tuner.
The frequency of the local oscillator signal is offset (usually
higher) from the frequency of the desired RF signal by the desired
frequency of the IF signal. In a television receiver, the local
oscillator signal is controlled so that it places the frequency of the
IF ‘picture carrier corresponding to the RF -picture carrier at a

“nominal frequency, for example, at 45.75 MHz in the United States

and 38.9 MHz in Europe.
A single conversion tuner can ‘be made qu1te small and
relatively inexpensive. However, it produces unwanted



TSI T

Date 25 AUG 1995 13 _ separated. The seia{rah OrEhean be T If
actonpl i shed after the measurenent by microconputer MC in accorbEnA@Gvﬁg% a|
software filter program For exarrpl e, |ow pass and high ;La%"s" ti tter-
responses can be obtained utilizing aZ[err] program 5 comMmercral iy

avail able from MATHWORKS, Inc., of Massachusetts. The |ow and hi gh pass
filter responsdstermoditatioad and sapes-moasiulaiéon; produsts Aue eio dhirds andd

carrier res ponaugﬁemsruepnéomboheﬁtsmsufee@g}ialvwauefer charaRiHiti e of
m croconput er Té nB i"éﬁ g)ft?{ nal processor. (DSP) ,unit
i ncl udi ng di gi tAF Toxer appluded i e@l"S £%cRULEISIRRy S ant‘éﬁ@83§l y be
used. In that weestedheooversian prdduets knowheimsthd tunegefimids eag he
'E;ftcﬂlrgt 23"550U’i‘ﬁha§é“,f h&h&-half FFPNARE "B M¥ard O cohiitdb! i Bkl piotlendn Pe
The IF filter is designed to minimize unwanted conversion
products and also to provide rejection of responses due to.
adjacent channels (selectivity). Thu_s, the selection of the IF
frequency is a compromise. As a result the rejection of unwanted
10 conversion products and selectivity of the tuner may not be
adequate.

'I

The deficiencies of a single conversion tuner have
‘become especially troublesome due to the increasing number of
"contiguous” channels. now available in large cable television
15 systems. With the advent of digital television transmission
“systems, such as for high definition television (HDTV), the
problem becomes still more difficult because these systems make
full use of the available channel spectrum and only a small guard
band of a few hundred kilohertz (KHz) exists between channels.
20 In addition, the overall frequency response of a tuner for tuning
digital television signals must be flat to the edges of the channel,
but nevertheless, have a very steep "roll-off” (attenuation) at the
edges for adequate adjacent channel rejection. This makes the
design of an appropriate IF filter more complicated since no
25 Nyquist slopes and sound traps, which tend to ease IF filter
design, can be used in digital systems. In addition, it is
contemplated that both analog and digital television signals will
be transmitted during a transition period. In that case, even more
adjacent channel selectivity will be required for good reception of
30 the digital signals because digital television signals will be
~ transmitted with much less. power than analog television signals.
The "double-conversion” variation of the
superheterodyne tuner was developed to overcome the
shortcomings of the single-conversion tuner. In this type of tuner,
'35 a first conversion stage is followed by a first IF filter section, a
second conversion stage, and a second IF filter stage. The first IF
section has a very high frequency range, typically in the order of
. 620 MHz. The second IF section has a much lower frequency
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by, considering the vectors "a" and "b" representing the
S|gnals nmeasured at points A and B and the vector "c" re

P bLzeg 1»5‘ HEET
esen&
differences as the three sides of a triangle, as is shown ik g;h ...6 ----- aﬁij
by using the geonetric cosine law to f3nd the angle [err] oS

"a" and "b". The gain error is the ratio of the magnitudes of vectors "a"
and "b". This is_valid.onl or 20 (rpot ne u val,ues othat
a nunber of sarffPE® f%plF&!]YVJi{h&d.sa%r%sé %‘cf’?i‘i‘ﬁl ?'3/13’ ig Féﬁ%ﬁegﬁﬁﬂl ol & he
signal |evels (singledc@®veasiomoitumesr. A Hiel sBcand IFeasctien isnfblkowed &y @A2 and

B2) by m croco addition, for each sanple, the difference
bet ween the si g@r%M%aF%l?//g ecti(%h_ B). at points A and Bis 25 cal cul ated and

squared ((A - B)2). The Bguiesy highubeqnencyof she tfixst SHinfilter seetiomided.
The squar eds magia¢esdahef RFhisighals deorres; dhfdxﬁ@etd nirAvstedi Sonvérdigf to the

:nga?Ia f’ggt Sg??éﬁgox}s%%ugl? thquLBﬁed"lfn];z?green?eesp\@%sléesat qrequérfcles re)a?lzly The
rejected by tunable RF stages which precede the first conversion
stage. The low frequency second IF provides the required
adjacent channel selectivity needed for modern television

10 reception. Unfortunately, an double-conversion tuner system
requires additional RF and IF circuitry compared to a single
conversion tuner, and much of the additional circuitry must
function at relatively high frequencies requiring extensive
shielding. As a result. a double conversion tuner is relatlvely large _

15 in size and expensive.

Another type of tuner ‘known as a "direct conversion"”
tuner has improved unwanted conversion product rejection and
selectivity properties with respect the TRF and heterodyne types

- of tuners. A direct conversion tuner operates in accordance with a

20 third tunirig method in which the frequency of a local oscillator
signal of a first frequency conversion stage is set in the middle of
the frequency band of the desired channel. The product of the
first conversion stage is at relatively low. frequency. There are no
image responses because the frequency of the first conversion

25 stage is located with the spectrum of the desired RF signal. In
addition, the very low frequency range of the signal produced at
the output of the first conversion stage makes it possible to
readily provide a filter which can reject adjacent channel signals.

. ~ Unfortunately, because the first local oscillator signal

30 is centered in the frequency band of the desired channel, both the
upper and lower side band of the desired channel will be
converted to the frequency range of the first IF signal so that the
lower side band (LSB) is in effect folded over onto the upper side
band (USB) in the spectrum of the first IF signal. Since the LSB

35 and USB occupy the same frequency range, the LSB and the USB
must again be separated before detection. To accomplish this, a
direct conversion tuner is arranged as is shown in Figure 1.

Basically, the direct_conVersion tuner contains two
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suns of the squared signal values (([err] is 30 prop&rFPOnal fo tﬁe“
rel ative gains of the two channels. The cosine Iam/equ 1i ony nﬁngaﬁgg in,
Figure 6 is used to calculate the relative phase angle g'ﬂr0%1 N ==
appropriate.suns of squared values. Mrelatively |arge nURber of sanples
for exanple, in the order of 500 or nore, because the magnitudes of the

LR85 S el Secoq s Bt RSBl eSO
signals are redp &%Ri%"[)CB ar?@ eﬁrW%PX‘xSFS ?\%KE ‘g mﬂ#‘%?gﬂ&‘*—g R
met hod provi desamplliflemwhic}aquwaiqs igaimmaml gomeiseleotiviityonnBesirably, the
REPLACEMENT SHER T, D8f ¢he RE QMplitfer is automatically controlled in response to
5 an automatic gain control (AGC) signal (not shown). The local
oscillator signal generated by a first local oscillator LO1 is tuned to
the center frequency w(Q of the frequency band of the desired
channel between the lower sided band (LSB) and the upper side -
band (USB), as is shown in Figure 2a. The first local oscillator
10 signal is split by a phase shifting circuit PS1 into quadrature
components that are used to drive mixers M1A and M1B. The
respective IF output signals of mixers MIA and MI1B are filtered
by two low pass filters LPF A and LPF B. Low pass filters LPF A
and LPF B provide the necessary selectivity to reject the
15 responses from the.adjacent channels and higher order products
of mixers M1A and MIB. |
' Each of the output signals of mixers M1A and M1B
includes both a lower side band portion and an upper side band
portion corresponding to the LSB and USB portions of the received
20 RF signal. However, as earlier indicated, the LSB portion is folded
over so that it is superimposed on the _USB portion and occupies
. the same frequency range, as is shown in Figure 2b. The output
- signal of low pass filters LPF A and LPF A are coupled to
respective ones of a second pair of mixers M2A and M2B. Mixers
25 M2A and M2B are driven by respective ones of a second pair of
quadrature local oscillator signals generated by a second local
oscillator LO2 and a second phase shifting circuit PS2. Each of the
second local oscillator signals has a frequency wN located above
the cutoff frequency of the low pass filters LPF A and LPF B filters
30 to fulfill the Nyquist criteria. The output signals of mixers M2A
and M2B are added in a summer unit SU to produce an output
signal which has a spectrum which includes separated lower and
upper. side band portions, as shown if Figure 2c. This output
signal is coupled to a demodulator (not shown) which demodulates
35 it, and the demodulated resultant is coupled to further signal
processing sections.
The operation of the direct conversion tuner shown
Figure 1 can be mathematically understood by considering a very
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' components” produced at various point of the direct -conversion
tuner are indicated by the vector arrows in Figure 1. Further, the
coefficients of the various mathemaﬁcally factors corresponding to
signal components have been normalized in the following

10 description.

The quadrature first local oscillator signals applied to
first mixers M1A and M1B are expressed as sin ®( and cos ®(Q,
respectively; and the quadrature second local oscillator signals
applied to second mixers M2A and M2B are expressed as sin @N

15 and cos wN, respectively. The following signal is produced at the
output of low pass filter LPF A: '

cos ®] + cos 2
The following signal is produced at the output of low pass filter
LPF B: _

20 sin ] - sin @2
The spectra at the outputs of low pass filters LPF A and LPF B are
shown in Figure 3b. .

The result of the second mixing operation by mixer
M2A produces the following output signal:

25 sin (0N + ®1) + sin (0N - @1) + sin (0N + ©2) + sin (0N - ®2)
The result of the second mixing operation by mixer M2B prbduces
the following output signal:

sin (0N + ®1) - sin (AN - @1) - sin (0N + ©2) + sin (0N - ©2) _
The addition of the two output signals of mixers M2A and M2B by
30 summer SU results in the .following signal:
. sin (N + ®]) + sin (ON - ©2)
The spectrum at the output of summer SU is shown in Figure 3c.
. The operation of the direct conversion tuner depends
on the cancellation of unwanted components developed in the two

35 channels (compare the output signals of mixers M2A and M2B
indicated above including theé terms sin (ON -co1) and
sin (wN +®2)). As was stated above, the description of the
operation of the direct conversion tuner so far provided assumes
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As a result, perfect cancellation of the unwanted components no
longer occurs causing the generation of unwanted spurious
10 components in the output signal produced by summer SU and the
reduction of the quality of the demodulated signal. This is
especially the case when the received RF signal is relatively
complex, such as a television signal, and does not simply contain a
lower and an upper sinusoidal component as assumed in the
15 above description.

The generation of unwanted spurious components
when a television signal is tuned by a direct conversion tuner of
the type shown in Figure 1 is illustrated in Figures 4a, 4b and 4c.
Figure 4a shows the spectrum of a television signal of a single

20 channel. It includes a picture carrier (PIX), a color subcarrier (SC)
and a sound carrier (SOUND). The frequency, w(, of the first local .
oscillator signal is located approximately midway between the
picture carrier and the sound carrier. Figure 4b shows the
spectrum of the signal resulting from the first mixing operation.

25 Figure 4c shows the spectrum of the output signal of summer SU.
For each desired component of the output signal of summer SU to
the right of the frequency, wN, of the second local. oscillator signal,
an undesired "companion” to the left exists; and for each desired
component of output signal of summer SU to the left of frequency

30 oN an undesired "companion” to the right exists. For instance, a
"companion” of the picture carrier is pfesent to the right of N
between the color subcarrier and the sound carrier. The presence
of the unwanted "companions” causes annoying beat patterns in
the demodulated video signal and may also adversely affect the

35 demodulated sound signal. Such unwanted components should
desirably be suppressed in the order of 45 to 50 dB for optimum
performance of the television receiver. This means that the gain
and phase errors should desirably be kept less than 0.05 dB. and
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5 . Summary of the Inventio N
- The present invention concerns an arrangement for
automatically reducing the gain and phase difference errors of the
two channels of a direct conversion tuner in order to reduce the
generation of unwanted components in the output signal. In
10 accordance with an aspect of the invention, a multiple frequency
reference signal is inserted as a test signal at respective insertion
points of the two channels and signals produced at respective
measurement points of the two channels are compared as to
. amplitude and phase to produce so called “"ripple” gain and phase
15 difference responses related to the gain and phase shift
differences between two channels, for example, due to the IF low
pass filters. In accordance with another aspect of the invention,
the signals developed at the measurement points in response to
the RF signal for the selected channel are also compared as to
20 amplitude and phase to produce so called "DC" gain and phase
difference values related to gain and phase shift differences of
one or more of the conversion stages. The "ripple” gain and phase
responses and the "DC" gain and phase difference values are used
to control a gain and phase correction network so that the
25 amplitude and phase differences between the measured signals of
the two channels are reduced. Preferably, the arrangement is
implemented in a digital embodiment in which analog-to digital
converters are included in respective ones of the channels after
the first conversion stages and the gain and phase correction units
30 comprise digital filters after the second conversion stages. The
operation of automatic gain and phase equalization arrangement
can be automatically initiated each time the television receiver is
switched on,or a new channel is selected.
These and other aspects of the invention will be
35 described with respect to the accompanying Drawing.




Figures 9a and 9b. The phase and gain error responses sHpweRi Fgaguee;ra{rgq }l
and 9b cannot by thénsel ves be used for calculating the grror /g&t @QS l
filter coefficients for gain correction unit GC5 and ﬁhasre CO‘llr i
unit PC.. Rather, the responses shown iy Figures 9a and 9s=have-to0- besi ]
converted to the phase and gain correction responses shown in Figures 11a

and 11b frequency point by fredsef\Deswrigtionld thenM@rawingwhi ch this is
acconpli shed is illustrateg by. tIBFaVVﬁ'I%t Of; l‘,@?rlamzﬁ 34 A FLAH 824 10.
0 siegnal s ’deve

In Figure 10, the vectors correspond [ ( ed at respect I vel y
| abel ed points oforaeEn gthe hackgrwnd eh tbanervesmwm 3l thayigr provigysly

reference to Fi dvden Jdbscilbedphdﬁeei(lﬁ) and gain errors at each frequency
poi nt of thePresponse sho 'ur? gll o calculate a

a]ﬁ o Pt 2 e}] onversio
coefficient for changing 3“?? &f 'Ueg &,r ShF YOS ent
for changi ng t hetumggras msiécrmfwra iguthe @rioreantgct or F so t hat “when t he

resultant vectors C and Figures 2a, 2b and 2c are graphical representations of
the spectra of signals at various points of the direct conversion
tuner shown in Figure 1; _

10 Figures 3a, 3b and 3c are graphical representations of
the spectra of signals at various points of the direct conversion
‘tuner shown in Figure 1 assuming that the input signal consists of
two sinusoidal components; and '

Figures 4a, 4b and.4c are graphical representations of

15 the spectra of signals at various points of the direct conversion
tuner shown in Figure 1 when the input signal comprises an
analog television signal.

' The remaining Figures of the Drawing concern the
embodiment of the invention. Briefly:

20 Figure 5 is a block diagram of a direct conversion
tuner including an automatic gain and phase equalization
arrangement constructed in accordance with an aspect of the
“invention;

Figure 6 is a vector diagram useful in understanding

25 how gain and phase errors are measured by the automatic gain
and phase equalization arrangement;

Figures 7a and 7b, 8a and 8b, and 9a and 9b are
graphical representations of spectra of phase and gain errors

_ useful in understanding how phase.and gain correction

30 information used by the automatic gain and phase equalization
arrangement ¥ obtained;

Figure 10 is a vector diagram also useful in
understanding how phase and gain correction information used by
the automatic gain and phase equalization arrangement is

35 obtained; '

Figures 11a and 11b are graphical representations of
. spectra of phase and gain -correction responses needed for phase
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Detailed Description the Drawin
The direct conversion tuner shown in Figure .5 is
generally similar to the one shown in Figure 1, but includes
10 additional elements which comprise an automatic gain and phase
equalization arrangement constructed in accordance with an
aspect of the invention and certain related elements. Those
elements of the direct conversion tuner shown in Figure 5 which
have the same or similar functions as corresponding elements of
15 the direct conversion tuner shown in Figure 1 are identified by
the same or similar reference designations and will not be
described in details again. _ |
The automatic gain and phase equalization
~ arrangement comprises a gain and phase correction network
20 including a first gain control unit labeled GC and a second gain
control unit which is actually used for phase correction and is
therefore labeled PC. The gain and phase -correction network is
inserted in channel A between LPF A and output summer SU2.
Gain correction unit GC and phase correction unit PC comprise
25 respective programmable digital filters which are controlled by a
microcomputer MC to adjust the gain and phase characteristics of
channel A so that the gain of phase characteristics of the channels
A and B are substantially identical. Gain correction unit GC and
- phase correction unit PC may, for example comprise, finite
30 impulse response (FIR) filters. Microcomputer MC samples the
signals developed at points- A and B just before second mixers
M2A and M2B in response to a test signal and determines the
relative amplitudes and phases of the sampled signals to develop
filter coefficient control signals for gain correction unit GC and
35 phase correction unit PC. For this purpose, microcomputer MC
generates a reference signal labeled wREF which is inserted as a
test- signal just after first mixers M1A and MIB, for example, via
resistors RA and RB. Microcomputer MC also samples the signals
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and phases of the sampled signals the to develop the fllter
coefficient control signals. The generation of the filter coefficient
control signals will be described in detail below. Microcomputer
may comprise the same microcomputer which is used to control
other functions of the television receiver.

In the embodiment of invention shown in Figure 5, the
gain and phase correction is accomplished by the addition of two
signals which are in quadrature phase relationship as will be
described below in greater detail with respect to the vector
diagram shown in Figure 10. For this purpose gain correction unit
GC and phase correction unit PC (which is actually another gain
control unit) are included in separate paths for which the
respective signals are in quadrature phase relationship. More
specifically, gain correction unit GC receives a signal developed at
a point C at the output of second mixer M2A while phase
correction unit PC receives a signal developed at a point F at the
output of an additional mixer M3. The same local oscillator signal
which is coupled to second mixer M2B of channel B is coupled to
additional mixer M3 so that oscillator signals coupled to mixers
M2A and M3 have a quadrature phase relationship (sin wN and
cos mN, respectively). As a result, the signals developed at points
C and F have a quadrature phase relationship. The output signal
of gain control unit GC developed at a point C' is added to the
output signal of phase correction unit PC developed at a point F
by an additional summer unit SU2. The signal produced at a point
G at the output of additional summer unit SU2 is combined with to
the signal produced at a point D at the output of a mixer M2B by a
summer unit SU1l corresponding to summer unit SU of the direct
conversion tuner shown in Figure 1. The signal developed at a
point E at the output of summer SU1 is coupled to a demodulator
section (not shown).

Since the gain and phase equalization apparatus is
implemented in digital form in the direct conversion tuner shown
in Figure 5, analog-to-digital converters ADC A and ADC B have
been added to respective ones of channels A and B prior to the
second conversion stages. The ADC A and ADC B receive amplified
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may be omitted when the outputs signals of LPF A and LPF B have
sufficient amplitudes to permit reliable analog-to-digital
conversion. In the direct conversion tuner shown in Figure 5,

10 second mixers M2A and M2B comprise digital multipliers instead

of analog mixers and summers SUl and SU2 are digital adders.
Before describing the gain and phase equalization

operation in detail it is helpful to describe the nature of the gain

and phase errors. The gain and phase errors can be divided into

15 “ripple" and "DC" errors. The "ripple" error is caused by the
differences between the gain and phase responses of low pass
fillers LPF A and LPF B. It varies as a function of the IF
frequency, but is constant for all received television channels.
The "DC" error is caused by quadrature errors and. gain differences

20 between first mixers M1A and M2B. It is constant for a selected
channel but varies with the frequency of the first local oscillator.
Second mixers M2A and M2B do not introduce additional errors if
they are implemented in digital form as is the case in the direct
conversion tuner shown in Figure 5.

25 There is an additional error which can be referred to
as an "asymmetry" error which occurs when first mixers M1A and
MI1B are implemented as a doubly-balanced mixer. The use of a
doubly-balanced mixer is desirable since it tends to reduce the

. coupling of the RF signal and local oscillator signal to the output of

30 the mixer because of its balanced configuration. However, a
doubly balanced mixer is not perfectly balanced and this results
in slightly different gain and phase characteristics for RF signal
components which have a frequency below the frequency, wQ, of
the first local oscillator signal than for RF signal components which

35 have a frequency above the frequency of the first local oscillator
signal. The "asymmetry" error is small and can be neglected in
“most cases. However, it can be corrected, if desired, as will be
described below.
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reference sig'nal has a low frequency range which only needs to be
sufficiently broad to cover the IF frequency range. Experiments
10 have shown that eight to ten discrete test frequencies are
| sufficient to obtain satisfactory results. The reference signal may
be generated by an oscillator (not shown) under the control of
microcomputer MC or directly by microcomputer MC by using a
look-up table. During the ripple error test, the tuner has to be
15 disabled from responding to the received RF signal. This may be
accomplished by turning off the first local oscillator (LO1) or
disabling the RF stage. The ripple errors can be measured each
time the television is switched on or when a new channel is
selected. Once the ripple errors have been measured, the normal
20 operation of the tuner is again initiated.

The DC errors of mixers M1A and M1B are local
oscillator or channel-dependent, but are otherwise constant over
the frequency range of each channel. Therefore, the DC errors can
be measured using a single frequency test signal for each selected

25 channel. However, advantageously, the picture and sound carriers
of the received television signal can be used to measure the DC
errors. Both carriers are known in frequency and have high
energy which makes the measurement reliable. Using both the
picture and sound carriers allows for the correction of the

30 asymmetry errors because, as shown in Figure 4a, the frequency
of the picture carrier is below the frequency, w(Q, of the first local
oscillator signal and the frequency of the sound carrier is above
the frequency of the first local oscillator signal. The carriers are
measured at points A and B at the outputs of ADC A and ADC B

35 during the occurrence of the broad vertical equalizing pulses
when the picture carrier has its highest energy but is not
modulated with video information. Howevei‘, because both
picture and sound carriers are present, the carriers need to be



by m croconputer. MC dur| ng the DC error neasurenent op rﬁ{g#;_[bé’l{ﬁ@i@ﬂshﬁﬂ
signal s devel oped at points A and B are sanpled. 35

direct conversion tuner shown in Figure 1 has been desgrihed %%Agrvmth
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si .gnal s, such ggfidlY filter program. For example, low pass and high pass
filter responses can be obtained utilizing a MatLab™ program
5 commercially available from MATHWORKS, Inc., of Massachusetts.
The low and high pass filter responses can be used to separate the
picture carrier and sound carrier respbnsive_ portions of the
measurement values. Alternatively, microcomputer MC may
comprise a digital signal processor (DSP) unit including digital
10 filters and a microprocessor may advantageously be used. In that
case, the digital filters can be used to separate the picture and
sound carriers. .
The phase error for a particular test can be calculated
by considering the vectors "a" and "b" representing the digitized
15 signals measured at points A and B and the vector “c"
representing their differences as the three sides of a triangle, as is
shown in Figure 6, and by using the geometric cosine law to find
the angle y between vectors "a" and "b". The gain error is the ratio
of the magnitudes of vectors "a" and "b". This is valid only for
20 RMS (root mean square) values so that a number of samples is
required. More specifically, for each sample, the signal levels (A
and B) at points A and B are measured and squared (A2 and B2)
by microcomputer MC. In addition, for each sample, the
difference between the signal levels (A - B) at points A and B is
25 calculated and squared ((A - B)2) The squared values for all of
the samples are added. The squared magnitude of third side "c" of
the triangle is related to the sum of the squared values of the
difference values (X(A - B)2). The square root of the ratio of the
sums of the squared signal values ((TA2/XLB2)1/2) is
30 proportional to the relative gains of the two channels. The cosine
law equation indicated in Figure 6 is used to calculate the relative
phase angle g from the appropriate sums of squared values. A
relatively large number of samples, for example, in the order of
500 or more, because the magnitudes of the signéls measured at
35 points A and B are continuously changing, especially during the DC
and ' asymmetry error measurements when the measured signals
are responsive to the carriers of the received RF signal. This
method provides sufficient accuracy in an eight-bit environment.
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Once the gain and phase error values have been

measured and stored in microcomputer MC, the necessary
coefficients for the correction filters can be calculated. Figures 7a

10 and 7b show examples of measured ripple phase and gain errors
for one half of the received spectrum. The phase and gain errors
for the other half of the spectrum are obtained by forming the
mirror image of the existing phase error about the zero point and
the mirror image of the existing gain error about the vertical axis.

15 The resulting full spectra of the ripple phase and gain errors are
shown in Figures 8a and 8b.

The ripple phase and gain error responses have to be
combined with the DC phase and gain error responses. More
specifically, the DC phase error is added to the ripple pHase error

20 response shown in Figure 8a. The DC gain error is used to
multiply the ripple gain error response shown in Figure 8b.

If asymmetry errors exists, they can be compensated
by using the asymmetry errors measured by using the picture
and sound carriers, as earlier indicated. More specifically, the

25 asymmetry phase error for the picture carrier is added to the left
side of the ripple phase error response shown in Figure 8a and the
asymmetry phase error for the sound carrier is added to the right
side. The asymmetry gain error for the picture carrier is used to
multiply the left side of the ripple gain error response shown in

30 Figure 8b and. the asymmetry gain error for the sound carrier is
used to multiply the right side. As a result of the combination of
the asymmetry errors with the ripple errors, a step in the middle
of the responses ;nay occur. In many cases the asymmetry errors
are small and can be ignored, and therefore only the response to

35 the picture carrier is needed. In the present example, it is
assumed that the asymmetry errors are small, and therefor, have
been ignored.
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a particul ar digghals val Eﬂd59l§)rh§v)é'3tt6”be tdomveneat t® thdpikdse’ an@egained to
measure the Dcc%%}e%uon rgsponses shown in Figures 1l1a and 11b frequency

point by frequency point. The manner in which this is
accomplished is illustrated by the vector diagram shown in Figure

10 10. In Figure 10, the vectors correspond to signals developed at
respectively labeled points of the direct conversion tuner shown
in Figure 5. With reference to Figure 10, the phase (d) and gain
errors at each frequency point of the response shown in Figures
O9a and 9b are used to calculate a coefficient for changing the

15 magnitude of vector C and coefficient for changing the magnitude
of a quadrature vector F so that when the resultant vectors C' and
F' are combined, vector G is formed which is equal in magnitude
but opposite in-phase to vector D, and therefor results in
cancellation when added to vector D. The desired phase and gain

20 correction compensation responses shown in Figures 11a and 11b.
correspond to the multiplication factors for vectors C and F
required to produce vectors C' and F' for each sampled frequency
on the frequency axis. The responses shown in Figures 1la and
11b are not symmetrical due to interaction between gain and

25 phase. '

usual |y not transmitted in a digital television system Ht”i\?&Evé_r;:T:'_;f:;«ZQ B \

The coefficients for phase correction unit PC and gain
correction unit GC can be computed from the responses shown if
Figure 11a and 11b using the MatLab™ FIR2 program. It should
be noted that the coefficients for frequencies below second local

30 oscillator frequency @wN and the ones needed for frequencies
above second local oscillator frequency wN correspond
respectively to the opposite sides of the responses shown in
Figures 11a and 11b because the inverse positional relationship
between the desired components and.the undesired components.

35 - This factor is easily incorporated in the hardware by inverting the
signal developed at point D as is indicated by inverter I as shown
in Figure 5, or by subtracting the signal developed at point D from
the signal developed at point G.
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signal s and di bavel beari ecdlsulatedi theyl sareastored for retrieval whenever the
| same- channel is again selected. As a result, the receiver is ready
for reception when a new channel is selected without first
5- calculating "new" filter coefficients. Temperature affects the drift’
of components, such as inductors and capacitors, in the IF filter
and therefor affects the gain and phase error responses. However,
it has been found that it is not necessary to perform the ripple
gain and phase error measurements other than when the receiver

10 is first turned on or perhaps when a new channel is initially
selected. Accordingly, it is not necessary to interrupt the
reception of a program. Measurement of the DC gain and phase
errors is not a problem because the received television signal can
be continuously monitored without affecting the normal operation

15 of the tuner. '

It has been found that the locatlon of the .frequency,
®Q, of the first local oscillator signals within the spectrum of the
RF signal can be used to optimize the operation of the direct
conversion tuner. For example, the frequency of the first local

20 oscillator signals should desirably between 1.7 and 2 MHz above
the picture carrier (see Figure 4a) for NTSC television signals, and
between 2 and 2.8 MHz above the picture carrier for PAL
television signals. The frequency of the first local oscillator
signals can be set in accordance with the channel number, for

25 example, by a phase locked loop tuning control system (sometimes
called a "frequency synthesizer"). In that case, microcomputer MC
may be used to control the frequency of the frequency
determining programmable divider of the phase locked loop. An
automatic fine tuning (AFT) arrangement responsive to the

30 frequency of the picture carrier may be used to maintain the
frequency of the first local oscillator signals at the desired
frequency. The frequency of the picture carrier may be measured
by microcomputer MC during the DC error measurement operation
when the signals developed at points- A and B are sampled.

35 The direct conversion tuner shown in- Figure 1 has
been described so far with respect to tuning of analog television
signals in which picture, sound and color subcarrier signals are
modulated on RF carriers in accordance with a conventional
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only a small guar al:ld olf a ew hundred kilohertz I(%E&z) between

channels, and require a tuner response which is flat to the channel

edges but which is very steep at the edges for adequate adjacent
channel rejection. A direct conversion tuner is particularly well
suited to such a HDTV environment because it has a low IF
frequency range which allows the use of simple and effective
filters. An IF filter with a sharp "cutoff” and a large “stop-band"
region is much easier to obtain at low frequencies than at the .
conventional IF frequencies (38 MHz and higher).

While the direct conversion tuner described so far is

well suited for tuning digital television signals, certain

modifications need to be incorporated because discrete carriers
which can be used to measure the DC gain and phase errors are
usually not transmitted in a digital television system. However, it
has been found that the spectra of digital television signals, which
are typically flat and have similarities to random noise, may be
used to accurately measure the DC errors. The use of the spectra
of the digital television signals to_méasure the DC errors may
require more samples to be used than when picture or sound
carriers are uséd. For example, samples taken over ten to twenty
television lines may be required. In a direct conversion tuner for
tuning digital television signals, the same method of measuring
the ripple gain and phase errors using a plural frequency

- reference signal previously described with respect to the direct

conversion tuner for tuning analog television signals is used.

Even if the spectra of the received digital television
signals are not flat for a particular digital television system, the
spectra can still be used to measure the DC gain and phase
difference errors, provided that the shape of the spectra is to
modify filter coefficients.

Digital television signals are more robust than analog
television signals and therefore the generation of unwanted
spurious frequency components is less critical. It is therefore not

i
5 si-ngl e direct conversion tuner may be used to tune bot mrhé"aﬂai*og amd ”‘
di'gital television signals. The flow chart .shown in Figure 12 sgm{j@zéﬁm :

the operation of the direct conversion tuner which has beem mewous-l'y--_---::“_jj
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speci fic enbodiment, it is contenplated that nodificatiohs wll 2dcqG 4805
those skilled in the art. For exanple while individual: qa_iqﬁt@a'nd:-phase ---------- g
correction.units are utilized in the en8odi nent, a singledrgrtar frrter—
may be provided to provide both gain 25 . correction and phase correction.

Such a filter may be constructed ipn either FIR (finite inpulse,response) or
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the measur enenkn f@kNRd Wigilhf (el i riuls. St The FIdW Hlare WibbA e use of
e picture and sob@nd _carfiers has )
Figure 12 summarizes the operation of the direct conversion tuner
which has been previously described, and additionally indicates
its operation in a dual mode television receiver. As is indicated in

10 the flow chart, after the receiver has been energized or a desired
channel is selected, the previously stored gain and phase
‘equalization data for the selected channel is retrieved from
memory and coupled to gain correction unit GC and phase
correction unit PC, the ripple error measurements are made.

15 Thereafter, the detection of the presence or absence of a picture
carrier causes the selection of either an analog television signal
branch or a digital television signal branch, respectively, of the
program for measuring the DC errors and calculating the filter
coefficients.

20 ' ' While the invention has been described in terms of as
specific embodiment, it is contemplated that modifications will
occur to those skilled in the art. For example while individual
gain and phase correction units are utilized in the embodiment, a
single digital filter may be provided to provide both gain

25 correction and phase correction. Such a filter may be constructed
in either FIR (finite impulse response) or IIR (infinite impulse
response) form. In addition, while gain correction unit GC and
phase correction unit PC are included -in the same channel in the
embodiment, one of the units may be included in one channel and

30 the other may be included in the other channel. Further, while
two analog-to-digital converter are utilized in the embodiment, it
is possible to use a single ADC which is multiplexed to sample the
signals developed at the measurement points of the two channels.
Still further, while the use of the picture and sound carriers has

35 been described with respect to the DC and asymmetry error
measurements in a direct conversion tuner for tuning analog
television signals, other components may also be utilized. For
example, the color subcarrier may be used in place of sound
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signals, other conponents may al so be utilized. For exanpl e, thée col or _
, subcarri er . may be used in place of souAd REPLACEMENT SHEET Dat e: 25 AUG
1995 19 carrier in the asymetry error neasurenment. Even still further,
whil e the ref eFamte dnghle asymmetyt Iryr megasurement.st Benerstill further,
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in the RF stage menpt ?‘m nts of the
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locations such as in the RF stage. In the same vain, while the

5 measurement points of the embodiment are located before the
second mixers because the second mixers are implemented in
digital form, different measurement points, such as ones located
after the second mixers, may be used. Moreover, while a direct
conversion tuner including the automatic gain and phase

10 equalization provisions which have been described is particularly
well suited for tuning television signals, it is also useful for tuning
other types of communications signals. These and other
modifications are intended to be within the scope of the followmg
claims.




second- m xers because the second m xers are inplenented |\nF* g‘r{al form
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al so useful for tuning other types of co lcatio
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cl ai ns. 20 dains 1. In a receiver, tuning apparatus for tuning a
sel ected one of a 1. In a receiver, tuning apparatus for tuning a

_selected one of a plurality of RF signals receivers at an RF input to
5 . produce an output signal at an output, comprising:
first and second channels each having an input and an
output and, in the order named, a first mixer stage, a filter stage
and a second mixer stage coupled between said input and output;
said inputs of said first and second channels being
10 coupled to said RF input;

. a summing unit having first and second inputs and an
output, said outputs of said first and second channels being
coupled to respective inputs of a summing network, and said
output of said summing unit being coupled to the output of said

15 tuning apparatus
means for providing first local oscillator signals of the
same frequency but of quadrature phases to respective ones of
‘said first mixer stages; said the frequency of said first local
~oscillator signals being located within the frequency spectrum of
20 said selected RF signal; )

: means for providing second local oscillator signals of
the same frequenc'y but of quadrature phases to respective ones
of said second mixer stages; said the frequency of said first local
oscillator signals being located above the passbands of the

25 respective said filter stages;
_ means for monitoring first and second signals
produced at respective points within said first and second
channels;

means for adjusting the relative .gain and the phase
30 shift of said first and second channels; and
| means for automatically controlling said gain and
phase shift adjusting means to reduce the differences between the
relative amplitudes and the phases of said first and second
channels in response to the relative amplitudes and phases of said
35 first and second signals. | |
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3. The tuning apparatus recited in claim 2, wherein:
said reference signal has a plurality of frequencies,
10 and said automatic controlling means is responsive to said first
and second signals as affected by said reference signal at each of
said pluralities of said frequencies. '

4, The tuning apparatus recited in claim 1, wherein:
15 . said automatic controlling means is responsive to said
first and second signals as affected by said selected RF signal.

5. The tuning apparatus recited in claim 4, wherein:
said selected RF signal is an analog television signal
20 incIuding at least one carrier, and said automatic controlling
means is responsive to said first and second signals as affected by
said one carrier.

6. The tuning apparatus recited in claim 4, wherein:
25 said selected RF signal is an analog television signal
including a picture and a sound carrier, and said automatic
controlling means is responsive to said first and second signals as
affected by at least one of said picture and sound carriers.

30 7. The tuning apparatus recited in claim 6, wherein:
said automatic controlling means is responsive to said
first and second signals as affected by each one of said picture and
sound carriers.
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9. The tuning apparatus recited in claim 1, wherein:
said automatic controlling means includes means for
generating a reference signal and inserting it into each of said first
10 ahd second channels and for controlling said gain and phase shift
adjusting means in response to said first and second signals as
affected by said reference signal; and said automatic controlling
means is also responsive to said first and second signals as
affected by said selected RF signal.
15 ,
10. The tuning apparatus recited in claim 9, wherein:
said reference signal has a plurality of frequencies,
and said automatic controlling means is responsive to said first
and second signals as affected by said reference signal at each one
20 of said pluralities of said reference signal.

11. The tuning apparatus recited in claim 1, wherein:
said gain adjusting means and phase shift adjusting
means comprise respective individual units.
12. The tuning apparatus recited in claim 11, wherein:
said gain adjusting means and said phase shift
adjusting means are included in the same one of said channels.

X
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channel s and for controlling said gain gpd phase shift 5 adjustlng ‘hreans
in response to said first and second signals as affected by said reference

signal. 3. The tuning appigat Ushd §Ghin dabBG‘%tﬂarTﬁg‘g%‘F\G‘ gg%fﬁcd“}'h%}glrence

signal” has a plurality frequencie
control ling neans is respd#idi gain @diusting imeansaisl coupledi isi gasdadeawith

affected by saignr2deitRife Shefingdne®R6Fk Obetodiefl Bhid ¥ecbh@Snfikes 3t
frequenci es.
said output of said one channel; and
5 said phase shift adjusting means comprises an
additional mixer and an additional gain adjusting means coupled
in cascade between said filter stage and said output of said one
channel; said additional mixer receiving a signal having the same
frequency as the frequency of said second local oscillator signal of
10 said one channel but of quadrature phase.

14. The tuning apparatus recited in claim 1, wherein:
said means for monitoring said first and second s1gnals
includes an analog-to-digital converter; and
15 means for automatically controlling said gain and
phase shift adjusting means includes a microcontroller operating
under program control and is coupled to said analog-to-digital
converter.

20 15. The tuning apparatus recited in claim 14, wherein:
said means for monitoring said first and second signals
includes first and second analog-to-digital converters included in
respective ones of said first and second channels; and
: said means for adjusting the relative gains and the
25 phase shifts of said first and second channels includes a digital
filter.

16. The tuning apparatus recited in claim 14, wherein
said first and second digital-to-analog converters are
30 coupled between respective ones of said filters and said second
mixers of said first and second channels; and
said second mixers of respective ones of said first and
second channels are digital mixers.
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and sound carriers. e tuning apparatus Teci
claim 6, wherefixe$aid automatic controlling means is responsive to said

18. The tuning apparatus recited in claim 1, wherein:
said automatic controlling means is responsive to said
first and second signals as affected by said selected RF signal;
10 said selected RF signal may be either an analog
television signal including a carrier, or a digital television signal;
said automatic controlling means is responsive to said
first and second signals as affected by said picture carrier during
ones of said synchronization components when said selected RF
15 signal is said analog television signal; and
' said automatic controlling means is responsive to said
first and second signals as affected by the spectrum of said digital
television signal when said selected RF signal is said digital
television signal. '
20
19. The tuning apparatus recited in claim 18, wherein:
said automatic controlling means is responsive to the
presence or absence of said carrier to determine whether said
selected RF signal is said analog television signal or said digital
25 television signal.
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Abstract of the Disclosure

. DIRECT CONVERSION TUNER

A direct conversion tuner includes a first and second channels, each
having first and s'econd mixers and an intervening filter stage,
coupled between an RF input and an output combining unit. The first
_ mixers receive equal frequency quadrature phase' signals.  The
frequency of the first local oscillator signals is controlled according to
the selected channel so that it is located wi.thin' the spectrum of the
respective RF signal. The second mixers receive equal frequency
quadrature phase signals.  The frequency of the second local
oscillator signal is located above the passband of the filter stages. A
digital gain and phase equalization network is included in one of the
channels for adjusﬁng the relativé "‘gain and phase shift of the two
channels and is automatically controlied by a microcomputer in
response to signals sampled at respective points within the first and

second channels to reduce the relative gain and 'phase shift.

Figure 5
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1.0 ‘and second channels and for controlling said gain and ﬂhase shlft T ”
adjustlng means in response to said first and second S|gnals aséfgfgggegg@y
sai d reference signal; and said automatic controlling nedns:is

responsive to said first and second signals as affected y“sald'selected :RF
signal. 15 10. The tuning apparatus regiiged in claim9, wherein: said
reference signal has a plurality of frequencies, and said automatic
controlling neans is responsive to said first and second signals as
affected by said reference signal gjat jeach one 20 of said pluralities of
said reference signal. 11. The g apparatus recited in claim 1,
wherei n: said gain adjusting neamy ang phase shift adjusting means conprise

respective individual units. 255: ff W
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12.  The tuni:ng apparatus recited in claim 11, wherein: sai Fggqﬁ, ?pmquhBT
adj usti ng neans and said phase shift adjusting neans are incju é 1995
sanme one of said channels. 23 13. The tuning apparatus VG&T%QQ_LHHQLQLH! _______

12, wherein: said gain adjusting.neans is coupled in cascad

addi ti onal summi ng network between. said sgggnd m xer and said output of
sai d phase shift adjusting neans

said one channel; and 5 :

conprises an additional mxer and an additional gain adjusting neans

coupl ed in cascade between said filter stage d said output of said one
i Vi ignal having the sane

channel ; said additional mnixer rece|V|T§'
' o=

o
==
[N
N
N
— N
+ \1
I'd
= ’
7
V4
Ve
‘-——-4
l;
a
= s O
= (N
_.3 .
m A
i S U
= ——
\ 1
A S
— “




frequency as the frequency of said second | ocal osci | | at of $signal... of . l,O"’;ﬁ
sai d -one channel but of quadrature phase. 14. The_ tuning pparaégiéﬁﬁc
inclaim 1, wherein: said nmeans for nonitoring said flrs -and Nﬁd
signal s includes an anal og-to-digital converter; and 1 5 ioo. »007 7 " fiedrns :
for automatically controlling said gai i3&nd phase shift adjusting means

i ncludes a mcrocontrol |l er operating under programcontrol and i's coupl ed
to said anal og-to-digital converter. 20 15. The tuning
apparatus recited in claim 14, wherein: said neaas for nonitoring said
first and second signals includes first and secold anal og-to-digital
converters included in respective ones- of sai dd fiwrst and second _channel s;
and said nmeans for adjusting the rel ative gal np g?ﬁ t he 25 phase shifts
of said first and second channels includes a d}gital
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filter. 16. The tuning apparatus recited in claim 14, wherein said first

and second digital -to-anal og converters are 3 0 coupl ed bet w PLACEMENT GHEET

respective ones of said filters and said second m xers of saidjfi rséqa 7995

second channel s; and said second m xers of respective ones of | gaid 1St Yo

and second channels are digital m xers. 4REPLACEMENT SHEET Date—2-5-AUG .
said

1995 24 1.7.

The tuning apparatus recited in claim 16, wherein:
automatic controlling means includes neans for



generating a reference signal and inserting it into each of~§ dzﬁlwzm—m_w
second channels after respective ones of said first and se 6H é
18. The tuning apparatus recited in claim 1, wherein: sard aut

affected by said selected RF signal; 1 . said se[ected RF
signal may be either an anal og. teIeV|S|oK signal including a carrier, or a
digital television signal; said automatic controlling neans is responsive
‘to said first and second signals as affected by said picture carrier during
ones of said synchronization conponents when said selected RF 1 5 si gnal
is said anal og television signal; and,said automatic controlling neans is
responsive to said first and secondL§ gnaLs as affected by the spectrum of
said digital television signal when sard3Bel ected RF signal is said digital
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tel.evision signal. 20 19. The tuning apparatus recited in §Faimr. 18, .- o
wherein: said automatic controlling neans is responsive to {|nBE %%ﬂ?&é&gggT
absence of said carrier to determ ne whether said selected HF sig

said analog television signal or said digital 25 t el evi si

an’tpqnm .......................

6/8

—
a

R




FIG.8a

FIG.8b

FIG.9a

~ FIG.9b

FIG1a

FIGMb




REPLACEMENT SHEET

FIG.12

25 AUG 1995
.Date ........................ #"_J
8/8 |
' )
v
Y
- |
v
—
+ .
]
; v
Y
+ Y
Y .
r | .
T 1
— .
; .



10

15

20

25

I

TR

20

Claims

1. In a receiver, tuning apparatus !for tuning a selected one of a
plurality of RF signals received at an RF input to produce an output signal at an
output, comprising:

first and second channels each having an input and an output and, in the
order named, a first mixer stage, a filter stage and a second mixer stage coupled
between said input and output;

said inputs of said first and second channels being coupled to said RF input;

. a summing unit having first and second inputs and an output, said outputs

of said first and second channels being coupled to respective inputs of said
summing unit, and said output of said summing unit being coupled to the output
of said tuning apparatus;

means for providing first local oscillator signals of the same frequency but
of quadrature phases to respective ones of said first mixer stages; said frequency
of said first local oscillator signals being located within the frequency spectrum of
said selected RF signal;

means for providing second local oscillator signals of the same frequency
but of quadrature phases to respective ones of said second mixer stages; said
frequency of said second local oscillator signals being located above the passbands
of the respective said filter stages;

means for monitoring first and second signals produced at respective points
within said first and second channels; '

means for adjusting the relative gain and the phase shift of said first and
second channels prior to input of said outputs of said first and second channels to
said summing unit; and

means for automatically controlling said gain and phase shift adjusting
means to reduce the differences between the relative amplitudes and the phases of
said first and second channels in response to the relative amplitudes and phases of

said first and second signals. L
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