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MOTOROLA

SEMICONDUCTOR B MC44001
TECHNICAL DATA

Product Preview | v:nEg ::o":;sson
Chroma 4 Multistandard SILICON MONOLITHIC
Video Processor INTEGRATED Cacumm

‘The MC44001 is a highly advanced circuit which parforms mest of the basic
functions requlred for a color TV. All of its advanced featuras are under processor
control via an [2C bus, enabling potentiometer controls to be removed completely.
Inthis way the component count may be reduced dramatically, allowing significant
cost savings together with the possibility of implementing sophisticated automatic
test routines. Using the MC44001, TV manufacturers will be able to buid a
standard chassis for anywhere in the world.

¢ QOperation from a Single + 5.0 V Supply; Typical Current Consumption
Only 120 mA
* Full PAL/SECAM/NTSC capability

¢ Dual Composite Video or 5-VHS Inputs PU\S?HC PﬁCf(AGE
& All Chroma/Luma Channel Filtering, and Luma Delay Line Are Integrated CASE 711
Using Sampled Data Fitlters Requiring No External Components
¢ Filters Automatically Commutate with Change of Standard PIN CONNECTIONS
¢ Chroma Delay Line Is Realized with a 16 Pin Companion Device, the
MC44140 aoc [T e vidoo tm
& RGB Drives Incorporate Contrast and Brightness Controls and Auto Gray Vidoo 2 [ 2 | 39] Oac Loop Fiter
Scale Yot E E ident
* i I i te Saturation Control
Swltfhad RGBS Inputs with Separate Saturation Co g § 0ok [4] 37] ) RY
® Auxiliary Y, R-Y, B-Y Inputs Data {5 | ) Yoy
¢ Line Timebase Featuring H-Phase Control, Time Constant and v-Ramp [ 6 | 35] Ve
Switchable Phase Detector Gain V-Drive [ 7 | [34] Gne
& Vartical Timebase Incorporating Vertical Geometry Corrections E-W Drive [ 3 | [33] (17.7 M)
¢ E-W Parabola Drive Incorporating Horizontal Geometry Corrections Ianode [ 9 [32] (1434 &"
* Beam Current Monitor with Breathing Compensation D/A Ouiput [10] [31] Sandcaste
SECAM Cal. Loop [11] [30] Systemn Select
H-Drive [12 [29] Y1 Output
H-Fiyback input [13 % Y1 Clamp
2{[14] 2] ) Ry
MAXIMUM RATINGS (T = 25°C, unloss otherwis noted.)’ e i [is] 28] £BY s
A= , Uniess erwise noted. mm@ E Y2
Ratings Pin Symbol Value Unit R IE E R
Operating Ambient Temperature 35 TA Oio + 70 °C ] [E E B
Storage Tomperature — Tatg | ~85t0+150 | °C Foodback (20 21] Fast Gommutzte
Junection Temperature — Ty . +150 °C (Top View)
Drive Output Sink Current 12 lyp 29 mA
Applied Voltage Range: Vde ORDERING INFORMATION
E-W Drive B Vg Oto+7.0 Tomperature
Feadback 20 Voo Oio+7.0 Device Range Package
Anode Current 9 Vg |-20tVoe
All Other Pins — Vj 0w Voo MC44001P 0° o+ 70°C Plastic DIP

* {(Based on G26K, C32K, C63K and CB8K geomeiries characterizalions)
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MC44001
ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Ydc, I3 = 70 pA, TA = 25°C, unless otharwise noted.)
Characleristic Pin Nin Typ Max Unit
Supply Voltage 35 475 5.0 512 v
Operaling Currant 35 90 120 180 mA
Reference Current, Inpul Voltage 3 1.0 1.30 1.60 Vv
E/A Output Offset 10 nA
D/A Qutput Ragister Set to 00 -5.0 0 +5.0
0/A Output Range 10 pA
D/A Quiput Register Varying from 00 to 63 100 300 500
NOTES: Composite Video Input Signal Lavel = 1.0 Vpp Harizantal Timebase stanted {subaddress 00)
Black-to-White = 0.7 Vpp, Syn-to-Black = 0.3 Vop Vertical Breathing control set 1o 00; VO = DV
PAL/NTEC = T5% color bars; Burst = 300 mVpp All piher analog condrola set to midrange 32
SECAM = 75% oolor bars Video Peaking “P1, P2, P3" bits high
Simplified Block Diagram
Video 1 RY BY ¥i
o o} 1oL o t 0404

§
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GENERAL DESCRIPTION OF THE CHROMA 4 SYSTEM

Figure 1 shows a simplified block diagram representation
of the basic system using the MC44001 and its companion
device the MC44140 chroma delay line. The Chroma 4 has
been designed to cartry out ail the processing of video
signals, display controls and timebase functions. There are
two video inputs which can be used for normal composite
video or separate Y and C inputs. In either case, the inputs
are interchangeable and selection is made via the 12C bus.
The video is decoded within the MC44001 which involves

separation, filtering and defay of the luminance part of the
signal, and demodulation of the chroma inte coler difference
signals. The luminance (called Y1) together with the
demodulated R-Y and B-Y are all then brought out from the
IC. The color difference signals then enter the MC44140
which performs color correction in PAL and the delay line
function in SECAM. Corrected color difference signals then
re-enter the MC44001.,

Figure 1. Connection to TV Chassls
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The next stage is called the color difference stage where a
number of control functions are carried out togather with
matrixing of the components to derive RGB signals. At this
point a number of auxiliary signals may also be switched in,
again all undar MCU control. External RGB (text) and Fast
Commutate anter here; also an external luminance {Y2) may
be used instead of Y1. External R-Y and B-Y are switched in
via the delay line circuit 10 save pins an the main device. The
Y2 and External R-Y, B-Y will obviously be of considerable
benefit from the system point of view for use with either
feature boxes MAC or CTI,

The final stage of video processing is the RGB outputs
which drive the high voltage amplifiers connected to the
tube cathodes. These cutputs are controlled by a
sophisticated digital servo-loop which is maintained and
stabilized by a sequentially sampled beam current feadback
system. Automatic gray scale control is featured as a part of
this system.

Both horizontal and vertical timebases are incorporated
into the MC44001 and control is via the 12C bus. The
horizontal timebase employs a dual loop system of a PLL and
variable phase shifter, and the vertical uses a countdown
system. For the vertical, a field rate sawtooth is available
which is used to drive an external powar ampiifier with flyback
generator {(usually a single I1C). The line output consists of a
pulse which drives a conventional line output stage in the
normal way. The line fiyback pulse is sensed and used by the
second loop for horizontal phase shift.

Where E-W cotrection is required, a parabola waveform is
available for this which, with the addition of a power amplifier,
can be used with a diode modlator type line output stage for
dynamic width and E-W control. The bottom of the EHT
overwinding is returned to the MC44001 and is used for
anocde current meanitoring and anti-breathing comrection.

A much more detailed description of each stage of the
MC44001 will be found in the next section. Information on the
delay line is to be found in this data sheet.

introduction
The following information describes the basic operation of
the MC44001 IC together with the MC44140 chroma delay

line. The MC44001 is a highly advanced circuit which
performs all the video processing, timebase and display
functions needed for a modern color TV. The device employs
analog circuitry but with the ditference that all its advanced
feaiures are under processor control, enabling external
filtering and potentiometer adjusiments io be removed
completely. Sophisticated feedback control techniques have
besn used throughout the design to ensure stable operating
conditions and the absence of drift with age.

The IC described herain is one of a new generation of TV
circuits, which make use of a serial data bus to camy out
control functions. Its revalutionary design concept permits a
level of integration and degree of flexibility never achieved
before. The Chroma 4 consists of a single bipolar VLSI chip
which uses a high density, high frequency, low voltage
process called MOSAIC 1.5. Contained within this single 40
pin package is ali the circuitry needed for the video signal
processing, horizontal and vertical timebases and CRT
display control for today's color TV. Furthermore, all the user
controls and manufacturer's set-up adjustments are under
the control of the processor 12C bus, eliminating the need for
potentiometer controls. Chroma 4 offers an enarmous variety
of different options configurable in software, to cafter to
virtually any video standard or circumstance commonly met,
The decoder section offers full multistandard capability, able
to handie PAL, SECAM and NTSC standards. Practically all
the filtaring is carried out onboard the IC by means of
sampled data filters, and requires no external components or
adiustment.

Digltal Interface

One of the most important features of Chroma 4 is the use
of processor control to replace external potentiometer and
fiker adjustments. Great flexibility is possible using processor
control, as each user can configure the software o suit their
individual application. Tha circuit operates on a bidirectional
serial data bus, based on the well known 12C bus. This
system is rapidly becoming a world standard for the contral of
consumer equipment.

MOTOROLA LINEARANTERFACE ICs DEVICE DATA
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I2C Bus

it is not within the scope of this data sheet to describe in
detail tha functianing of the 12C bus. Basically, the 12C bus is 2
two-wire bidirectional system consisting of a clock and a
serial data stream. The write cycle consists of 3 byies of data
and 3 acknowledge bits. The fitst byte is the Chip Address,
the second the Sub-address to identify the location in the
memory, and the third byte is the data. When the address'
Read/Write bit is high, the sacond and third bytes are used to
transmit status flags back to the MCU.

Figure 2 shows a block diagram of the MC44001 Bus
Interface/Decoder. To begin with, the start bit is recognized by
means of the data going low during CLK high. This causes
the Counter and all the latches 10 be reset. For a write
operation, the Write address ($88) is read into the Shift
Register. If the correct address is identified, the Chip Address
Latch is set and at CLK 9 an acknowledge is sent.

The second byte |s now read into the Shift Register and is
used to select the Sub-address. At CLK 18 a Sub-addrass
Enable is sent to the memory to allow the Data in the register
1o be changed. Also at CLK 18 another acknowledge is sent.

The third byte is now read into the Shift Register and the
Data bussed into the memory. The Data in the Sub-address
location already selected is then altered. A third acknowledge
is sent at CLK 27 to complete the cycle,

A Read address ($89) indicates that the MCU wants to
read the Chroma 4 status flags. In this instance, the
Read/Write Latch is set, causing the Memory Enable and
Subaddress Enable 1o be inhibited, and the flags to be
written onio the data line. Two of the status flags are
permanently wired one-high and one-low (O.K. and Fault),
to provide a check on the communication medium between
the MC44001 and the MCU,

At start-up the Counter is automatically reset and the Data
for each Sub-address is read in. Only after the entire memory
contents has been transmitted, is Data 00 sent to start the
Horizontal Drive.

It must be noted that Chroma 4 does not fully conform to
the I2C bus spacification. The protocol of the Chroma 4 bus
differs from that of the 12C bus in the fallowing respect:

When the device is in the Read mode, it starts with the
Chip Address as always, but detecis the Read bit high and
sends an acknowlodge (SDA pulled low), The first byle of
data is transmitted to the MCU and an acknowledge is also
given. Tha second byte is transmitied, again followed by
an acknowledge. These iwo acknowledges are always
transmitted, both in the Read and Write mode. In the 1£C
bus specification, it is narmally the receiver device which
provides the acknowledge, in order to indicate the validity
of the transmission,

Figure 2. I2C Bus Interface and Decoder
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Memory

Figure 3 shows a diagram of the MC44001 Memory Map. It
has 18 bytes of memory which are located at hex
sub-addrasses 77 to 88. Sub-address 77 is used to set up the
verfical timebase modea of the IC and for S-VHS swilching,
and consists of 8 saparate data bits. The remaining 17 bytes

use the least significant 6-bits as an analog control register.
The contents of each are D/A converted, providing an analog
control current which is distributed 1o the appropriate par of
the circuit. Bits 6 and 7 are used singularly for switching
control functions.

Figure 3. MC44001 Memory Map

A

t ¢ ot by

Data7_MSB,
Dﬂiaj____ Bits 6,7 Pits 6.7 Bits? ————~———— i Bits Bits 6,7
Data 5 Rr &7
e | B2 | %2 | B2 | %32 5g | 33
oas | 18 %g fg | B2 - iz g
T ﬁ §_§' %,‘% gg’ %g it
Dota0 |SB ) Eg §§ E§ ________ i §§ Eg
D D b~ _ - D 1)
A A A A A
l|-'78 ¢I-?QI li-'!ﬁa il-ﬁ? lI-I!B

Chroma Decoder

The main function of this section is to decode the incoming
composite video, which may be in any of the PAL, NTSC or
SECAM Standards, and to retrieve the luminance and color
differance signals. In addition the signal filtering and luma
delay line functions are carried out in this section by means of
sampled data filters.

The entire decoder section operates in sampled data mode
using clocks generated by extemal crystals. The oscillator,
which is phase-locked in the usual way for PAL/NTSC modes,
provides the clock function for the whole circuit, The crystals
are selacted by the MCU by means of a control bit. Only
ciystals appropriate to the standards which are going to be
received naed to be fitted. A 17.7 MHz crystal {4x PAL
subcarriet) is used for PAL and SECAM systems (50 Hz, 625
lines); and 14.3 MHz (4x NTSC subcarrier) for the NTSC
system (60 Hz, 525 lines). Nearly all the filiers, together with
the luma delay lne and peaking, have been integrated,
requiring no external components or any adjusiment. The
filter characteristics are entirely determined by the clocks and
by capacitor ratios, and are thus completely independent of
variations in the manufacturing process. The PAL/NTSC
subcarrier PLL and ACC loop filters have not been integrated
in order to facilitate testing. These filters consist of fixed
external components.

Figure 4 is a block diagram of the main features of the
chroma decoder. Selection is first made between the V1 and
V2 inputs. These may be either normal composite video or
separate luma and chroma which may enter the IC at either

pin. Commands from the MCU are used to route the signals
through the appropriaie delay and filter sections. A composite
video signal first passes through the sound trap filter which is
of recursive design. With the 17.7 MHz crystal selected the
following trap frequencies may be set by an MCU control
word: 5.5 MHz, 6.0 MHz, 8.5 MHz. Next, the video enters the
luma delay line and SECAM cloche filter. Tha PAL or NTSC
chroma signal is separated out by a transversal filter
receiving inputs from taps along the luma delay line, arranged
in such a way that group delays in PAL and SECAM are
nominally equalized. A second set of taps feeds another
transversal fitter whose function is to provide a chroma trap
ocombined with luma channel peaking. In SECAM mode the
trap frequency is dynamically steered to follow the
instantaneous frequency of the chroma.

Tha high frequency luma may be peaked in 1 dB steps, up
to a maximum of + 6 dB, by a control word from the MCU.
Another controi word is used to trim the delay in the luma
channel. Five steps of 56 ns are possible, giving a tctal
programmable delay of 280 ns. The resulting processed luma
signal then proceads to the color difference section. The luma
output (Y1) is also made available at Pin 29, for use with
frame store or other auxillary function.

As all the delay and filter responses are determined by the
clock, they automatically commute to the new standard when
the crystat is changed aver. Thus, when the 14.3 MHz clock is
being used the chroma trap moves to 3.58 MHz, and the
sound traps move to 4.5 MHz.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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The filtered PAL/NTSC and SECAM chroma signals are
decoded by their respective clrcuits. The PAL/NTSC decoder
employs a conventional design, using ACC action for gain
contral and the common double balanced multipliers to
refrigve the color difference signals. The SECAM decaoder is
discussed in a separate subsection.

The identification signals from the PAL and SECAM
decoders are set in opposition to each other, this being done
as the best way to prevent misidentification between the two.
The actual decision as to a signal's identity is made by the
MCU based on data provided by 3 flags retumed to it
namely: ACC Active, PAL |dentified, and SECAM Identified.

This allows a maximum of flexibility, since the software
may be written to accomodate many different ssts of
circumstances. For example, channel information could be
taken into account if certain channels always carry signals in
the same standard. Alternatively, if one standard is never
going to be received, the software can be adapted to this
circumstance. If none of the flags are on, color killing will be
impfemented by the MCL. This occurs if the net Ident Signal
is too low, or if the ACC circuit is inactive due o oo low a
signal level.

The demodulated color difference signals now enter the
Saturation/Hue control section, where selaction is made
between PAL/NTSC and SECAM oulputs. The Saturation
and Hue control is simply realized by altering the amplitudes
of both color difference signals together. Hue control is only a
requirement in NTSC moda and would not normally be used
for other standards. The function is usually carried out prior to
demodulation of the chroma by shifting the phase of the
subcarrier reference, causing decoding to take place along
different axes. In Chroma 4, Hue control is performed on the
already demodulated color difference signals. A proportion of
the R-Y signal is added or subtracted to the B-Y signal and
vice-versa. This has the same effect as altering the reference
phase. If desired, Chroma 4 can apply the Hue control to
simple PAL signals.

After manipulation by the Saturation and Hue controls the
color difference signals are finally filtered to reduce any
remaining subcarrier and multiplier products. Before leaving
the chip at Pins 36 and 37, the signais ara blanked during line
and frame intervals. The 64 pus chroma delay line is carried
out by a companion device, the MC44140.

Figure 4, Chroma Decoder
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The SECAM signal from the high-pass filter enters tightly
controlied AGC amplifiers wrapped around a cloche filter
which is a sampled recursive type, with the AGC derived
from a signal squarer. Next, the signal is blanked during the
calibration gate period and a reference 4.43 MHz is inserted
during this time. The SECAM signal is then passed through
a limiter.

The frequency demodulator function is carried out by a
frequency-locked-loop (F.L.L.). This consists of three
components: a tracking filter, a phase detector and a loop
filtter. The center frequency of the tracking filter depends on

TUNING voltage. The tracking filter is dynamically tuned by
the TUNING feadback from the leop-filter forming the F.L.L.
The ADJUST control calibrates the F.L.L. and compensates
for variations in the R-C product. Afier the F.L.L. the color
difference signals are passed tc ancther block where several
functions are carried out. The signals are de-emphasized and
outputs are provided to the IDENT section. Anothar function
of this section is ta generate the IgopMp signal used for
calibrating the F.L.L. This signal is blanked during the H-1G
period to ensure that (R-Y) and (B-Y} output signals have a
clean DC lavel for clamping purposes.
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In addition, companents are added to compensate for the
R-C product, and tuning offsets are introduced during the
active lines for FOR/FOB.

Calibration of the F.L.L. takes place during every field
blanking inmerval, starting from field retrace and ending just
before the SECAM venical ident. sequence (bottles). The
calibration cusrent lgaL is derived from IcompP during the
calibration gate (CAL) and integrated by an external capacitor
on Pin 11. The resulting voltage VEXT |s then transformed o
generate the ADJUST control voltage removing from the kiop
range most of the variations due to internal RC products and
ternperature.

Color Difference Stages

This stage accepts luminance and color difference signals,
together with external R,G,B and Fast Commutation inputs
and carries out various functions on them, including
clamping. blanking, switching and matrixing. The outputs,
consisting of processed R,G,B signals, are then passed fo
the Auto Gray Scale section.

A block diagram of this stage is shown in Figure 6. The Y2,
R-Y, B-Y together with R, G and B are all external inpuls to the
chip. The Y1 signal comes from the decoder section. Each of
the signals is back-porch clamped and then blanked, The Y2
and R,G,B inputs have their own simple sync separators, the
output from which may be used as the primary
synchronization for the chip by means of commands from the
MCU.

The Fast Commutation is an active high input used to drive
a high speed switch; for awitching between the Y and color
difference inputs and the R,G,B (text) inputs.

After blanking, the Y1 and Y2 channels go to the Luma
Selector which is controlled by means of 2-bits from the MCU.
From here the selected luma signal goes {o the RGB matrix,
The two color difference signals pass through a second
saturation control, whose maln function is described later.
From here they go to a matrix in which G-Y is generated from
the R-Y and B-Y, and lastly, to anothar matrix where Y is
added 1o the three color difference signals to derive R,G.B.

The R,G,B inputs may take one of two different paths.
They may either go straight to the output without further
processing, or via a separate matrix and the second
saturation control. The path taken is controlied in software.
When the latter route is selected, the R,G, B signais undergo
a matrix operation to derive Y. From this R-Y and B-Y are
easily derived by subtraction from R and B; the derived cofor
difference signals are then subjected fo saturation control.
The second saturation control may ke disabled by the MCU if
desired. This extra circuitry allows another feature to be
added to the TV set, namely the ability to adjust the color
saturation of the RGB inputs. This is not possibie on present
day receivers. After the saturation control the derived signals
are processed as before.

Figure 5. SECAM Decoder
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Figure 6. Color Difference Stages
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Auto Gray Scale Control Loops

This section supplies current drives to the RGB cathode
amplifiers and receives a signal feedback from them,
proportional to the combined cathode currents. The current
feedback is used 1o establish a set of feedback loops to
control the DC and gain of the RGB drives. There are three
loops to cantrol the dark currents and anather three to control
the gains. During the fiefd blanking period the video outputs
are switched off and a set of references are inserted an three
conseculive lines to contral the R, G, and B oulputs
respectively, The white current reference pulses are sent first,
followed by the biack current reference pulses, Drives whose
outputs are not baing monitared are rendered nenconducting
during this time.

A block diagram of the compiete system is illustrated in
Figure 7. Data words from the MCU which represent the RGB
color temperatures selected at the factory, are stored in
Latches 1,2,3 and D/A converled by DAG1,2.3 to reference
currents. During, e.g., the red dark current set-up period, the
reference current from DACHT is selected and comparad with
the feedback currenl. The currents must match each other, |t
not, a current will flaw in resistor R producing an error voltage.
This is then buffered into comparators Compl, 2 and is
compared with voltage references Vreft and Vref2. If the error
veltage is greater than Vref1, Comp1 causes the counter to
count up. if the error voltage is less than Vref2, Comp2 sends
a count-down command. In this way a *deadband” is set up to
prevent the outputs from continuously changing.

During Lead the contents of the counter are loaded into
Latch 6 {for red DC}) and then D/A converted by DACG. The
resulting DC current is then applied as an offset to the red
output amplifier, completing the loop. For white current set-up
the same color temperature data is used but multiplied by a
common factor. A common pulse representing a white level is
applied to lhe RGB cathode amplifiers. The feedback loop
adjusts the gains to establish a set of cathode currents scaled
by a common factor to a set of black currents. Tharefore, the
image color witl always be adjusted to match the black level
color; i.e. gray scale tracking is ensured.

The Load/Backload sequencer is used to control which
latch is being addressed at any given time by means of the
timing signals input to it. The backivad command sends the
data from the appropriate latch to the Up/Town Counter,
ready to be modified if necessary.

The Brightnass control is affected by simply changing the
DC pedestal of all three drives by the same amount, and does
not form part of ihe feedback lcop. The Contrast is adjusted to
a set of values dependent on the level of the input puise
applied during the calibration time. This level is set by a
control word from the MCLU. Once the loops have stabilized
under normal working conditiens, they may be deactivated by
means of a control bit from the MCU. When, howaver, any
change is made to either contrast or brightness, the loops
must be reactivated.

An extra loop has been included via Laich 4 and DAC 4,
which aperates during the fisld flyback time to compensate
for offsets within the loop. This has the eftect of counteracting
any input offset from the Buffer/Amp and will also
compensate for cathode leakage should this be needed.

A second output of the reference currents from DACS, 8
and 10 are used to compare with preset limits, to ensure that

the loops are working within their range of control. Should the
limits be exceeded in gither direction, flags are returned to the
MCU 1o request that the G2 control be adjusted up or down as
appropriate.

Horizontal Timebase

The harizontal timebase consists of a PLL which lacks up
to the incoming horizontal sync, and a phase detector and
shifter whose purpose is to maintain the H-Drive in phase with
the line flyback pulse.

Because of on-chip component tolerances. the
free-running oscillator frequency cannot be set more
accurately than + 40%; whereas + 5% would be a more
appropriate figure for the sake of the line output stage. For
this reason the free-running frequency is calibrated
peticdically by other means. Continuously during start-up
ahd thence during two lines every field, the phase detector is
disconnected fram the VCO. A block diagram of the line
timebase is given in Figure 8. The calibration loop consists of
a frequency comparator driving an Up/Down Counter, The
counl is D/A converted to give a DC bias which is used to
correct a 1.0 MHz VCO. The 1.0 MHz is divided by 64 lo give
ling frequency and this is returned to the frequency
comparator. This compares Fh fram the VCO with a
reference derived from dividing down the subcarrier
frequency. Any difference in frequency will result in an autput
from the comparator, causing the counter to count up or
down; and thus closing the loop.

A Coincidence Detector looks at the PLL Fh and compares
it with the incoming H-sync. If thay are not in lock, a flag is
returned to the MCU. To allow for use with VCRs, the gain of
the phase detector and the loop time constant may be
switched by means of commands from the MCL.

Twice line frequency is output from the PLL which may be
divided by either 1 or 2 depending on the command of the
MCU. The x2 Fh will be used with Frame Store TV in the
future. The phase of the Fh and flyback pulses are compared
in a phase detector, whose oulput drives a phase shifter. A
6-hit contral word and D/A converter are used 1o apply an
offset lo the phase detector giving a horizontal phase shift
control. Alse the phase of the herizontal drive may be shifted
by 180 degrees with a control bit set by the MCU.

The presence of the horizontal flyback pulse is detected; if
it is missing a waming flag is sent back to ihe MCU which can
take appropriate action.

Vertical Timebase

The vertical timebase consists of two sections; a digital
section which includes a vertical sync separator and
standard recognition; and an analog section which generates
a vertical ramp which may be modified under MCU control to
allow for geometrical adjustments. A parabola is also
generated and may be used for pin-cushion {E-W) correction
and width control {see Figure 9).

The MC44001 uses a video sync separator which works
using feedback, such that the threshold level of a comparator
{slice level} is always maintained at the center of the sync
pulse. Sync fram any of the auxiliary inputs may also be used.
The compasile sync is fed to a vertical sync separator, where
vertical sync is derived. This consists of a comparator,
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up/down counter and decoder.The counter counts up when
sync is high, and down when sync is low. The output of the
decoder is compared with a threshold level, the threshoid
only being reached with a high count during the broad pulses
in the field interval.

Initially the vertical timebase operates in Injection Lock
mode, until a standard signal is recognized (525, 625), then it
is switched to a Countdown mode. A standard recagnition
circuit is empioyed, which looks for a count of more or less
than 576, the standard recognized is then indicated to the
MCU. Commands from the processor may be used to force
the timebase to operate only in Countdown made at 525 or
625 lines, or stay in Injection Locked mode.

An adjustable current source is used to charge an external
capacilor al Pin 6 1o generate a verical ramp. The amplitude
of the ramp is varied according to the current source (Height),
and is automatically adapted when the 525 standard is
recognized by multiplying by 1.2. The Linearity controf is
achieved by squaring the ramp and either adding or
subtracting a portion of it to the main linear current.

The final ramp with corrections added is then passed to a
driver/amplifier and is ocutput at Pin 7. The vertical ramp can
be used to drive a separate vertical deflection power circuil
with local fegdback control. Viertical “S" Correction will then ba
made using fixed compenents within the feedback loop of the
pawer op amp.

The reference ramp is squared 1o provide a pin-cushion
correction parabola, developed across an external resistor at
Fin 8. The parabola amplitude may be varied from zero to a
maximurn level set by the external resistor. The parabola
itself is squared, giving and independent fourth order term
{Corner Correction) whose level can also be varied; this is
then added as a further modifying term to the E-W output.
This latter corregtion is used for obtaining good corner
geometry with flat-square tubes. A variable DC cumrent is
added to the parabola to effect a width conirol. Using a
suitable power amplitier and a diode-modulator in the line
output stage, the parabola may be used for E-W cotrection
and dynamic width control. A further control is provided 1o
shift the center point of the parabola up and down the screen
{Parabola Tilt}, to accommodate different CRTs, As with the
vertical ramp output, an EHT correction is applied.

All of the vertical and horizomial signals are adjustable via
6-bit words from the MCU, and stored in lalches. The
adjustment controls available are:

Vertical Amplitude/Linearity/Breathing Carrection
Parabola {E-W) Amplitude/Horizantal Amplitude/
Corner Correction, and Parabola Tilt

Tha Ancde Current Sense at Pin 9 is also used as a bsam
current monitor. Two thresholds may be set, by the
manufacturer, using external components. The first threshold
sets a flag to the processor if beam current becomes
excessive. The MCU could e.g. reduce brightness and/or
contrast i¢ alleviate the condition. The second threshold sets
a flag waming of an overload condition where the CRT
phosphor could be damaged. If such a condition were to
arise, the processor would be programmed fo shut down
the PSU.

The vertical blanking period may be selected by means
of a bit from the MCU to either 22 or 11 lines. The interlace
may also be suppressed again under the control of
the processor.

Vertical Countdown System

The MC44001 uses a ceuntdown sysiem to implement
the vertical timebase function. Initially, the vertical timebase
should reset to the injection mode. This means that the
timebase locks immediately to the first signal received, in
exaclly the same way as an old type injection locked
timebase. A Coincidence Detector looks for counts of the
right number (e.g., 625) and causes a 4-bil counter to count
up. When there are 8 consecutive coincidences the vertical
countdown is engaged, and the MSB of the counter is
brought out to the set flag. Then the Auto Coundown mode
should be set. Similarly, non-ceincidanceas which will oceur if
synchronizing pulses are missing or in the wrong place, or if
there is noise an the signals, cause the counter to count
down. When the count goes back to zero, after 8
non-coincidences, the timebase automatically reverts 1o
Injection Lack mode.

If it is known that lock will be lost {e.g., channel change), it
is possible to jump straight into Injection Lock mode and not
have to wait tor the 8 consecutive non-coincidences. In this
way the new channe! will be captured rapidly, Once locked on
10 the new channel, "auto countdown” is then reselected by
the MCU.

Under some conditions such as some YCRs in Search
mode, it is possibla to get signals having an incorrect number
of lines, meaning that the countdown fiag will go off because
of successive non-coincidences. In these Gircumstances, if
“auto countdown” is selected, the timabase will automatically
lock 1o the signal in the Injection Lock mode. The 1act that the
flag is effectively saying that the vertical timebase is out of
lock need not be a cause for major concern, since the
harizental timebase will still be locked to the signal, and has
its own flag — “Horizonta! out of iock™. The wvertical
counidown and horizontal lock flags both perform an
independent test for the presence of a valid signal. A logical
OR function can be performed on the two flags, such that if
either are present then by definition a valid signal is present.

The vertical oscillator has end-stops set at two line-count
dacodes as givan below:

50 x 625 /672 = 46.5 Hz (min}
50 x 625/ 512 = 61.0 Hz {max}

These figures assume that the haorizontal timebase is
running at 15,625 Hz. When the vertical timebase is in
Injection Lock mode the line counter reset is inhibited so that
it ignores any sync pulses before a count of 512 is reached.
This prevents any possible attempted synchronization in the
middig of the picture. If the count reaches 672 lines then there
is an automatic reset which effectively sets the lower
frequency limit. The choice of these limits is a compramise
between a wide window for ragid signal capiure and a narrow
window for good naise immunity.

It is also possible fo run the timebase in 2V mode as there
are decodes for 100 Hz (2 x 50 Hz) operation with upper and
lower limits in proportion. This s, of course, intended to be
used in conjunction with field and frame memory stores. The
similar decodas which would be necessary to allow 120 Hz (2
¥ 60 Hz) operation have nat, ior the present, been
implemented. Finally, the timebase can be torced into a count
of either 625 or 525 by commands from the MCU; in this
made the input signal, it present, is ignored completely. If
there is no signal present save for noise, then this feature can
be used to obtain a stable raster.
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PIN FUNCTION AND EXTERNAL CIRCUIT REQUIREMENTS

The following section describes the purpese and function
of each of the 40 pins on the MC44001. There is also an
explanation of the external circuit component reguirernents
for a practical application; a diagram of the smali signal circuit
will be found in Figure 10. One of the primary design aims for
the MC44001 was to use the minimum number of external
components, and where these are necessary to emplay low
cost and easily cblainable standard types. Thus for example,
as all the video signal filtering is carried out on the IC there
are no coils required whatsoever. The most common
requirement is for AC coupling capacitors which are far too

big to be integrated onte the chip. The time constants on
centain pins are deliberately left as external components to
facilitate testing and for fine tuning the perfermance.

ACC {Pin 1) — External filter used by ACC section. Normally a
single 100 nF capacitor.

Video Inputs 1, 2 (Pin 2, 40) - Video inputs intended for a
nominal 1.0 Yp-p input level of composite video. Separate
Luma and Chroma componsents may also be used with
these input pins. The external circuit requirement is for a
series 100 nF and 1.0 kQ. The input selection and
adaptation for ¥ and C is carried out in software,
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Figure 8. Horizontal Timebase
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Reference Current (Pin 3) — Master reference current used
throughout the IC. This is programmed by means of an
external pull-up resistor, as onboard resistors are nol
sufficiently accurate. The designated currentis 70 pA. This pin
should be very well decoupled te ground to avoid picking up
interference from the nearby 12C bus inputs.

12C Clock (Pin 4)-12C bus clock input. This inputcan be taken
straight into the IC, but in a real TV application it may be
prudent to fit a series current limiting resistar nearby the pinin
case of flashover.

12C Data (Pin 5)— 12G datainput. The comment above tor Pin4
alsc applies to this pin.

Vertical Ramp {Pin 8)— A currentis used to charge an external
capaciter connected to this pin, developing avoltage sawtooth
with a field period.

Vettical Drive (Pin 7} — The sawtoocth derived on Pin 6 is used
to drive an external power amplifier vertical output stage. The
amplilude and linearity of he output ramp are adjusiable via
the MCU.

Parabola (E-W) Drive (Pin 8)— A parabolic wavefonn derived
by squaring the vertical ramp is used to drive an externat
power amplifier. In sets fitted with a diode modulator type line
output stage, this provides Width Centrol and Pin Cushion
Corraction. The parabola is squared again to give a fourth
order correction ferm required for flat square tubes. The E-W
amplitude, DC level, Tit and Corner Correction are all
adjustable by means of the MCU. This is a current autput
and requires an external pull-up resistor 10 develop the
voltage waveform.

Anode Current (Pin 9} — Used as an anode current monitor
whose purpose it is to: provide EHT compensation
{antibreathing); and also warn of excessive and overload
beam current conditions. :

This pinis connected via 560 k saries resistor to the bottom
of the EHT overwinding. Thus increasing beam current will
pull the voltage on this pin more negative. This change is
sensed within the chip and used to apply a correction to the
ramp and parabola amplitudes. With large beam currants,
thresholds at +1 Vbe and - 2 Vbe set off waming flags 1o the
MCU, which then has to take the appropriate action. The
anode current levels at which these thresholds are reached
are set up using fixed external resistors.

Girid 2 Control (Pin 10) — This consists of one of the MC44001
control registers which has bean D/A converted and brought
out from the IC as a cuwrrent source. The current may be varied
from O pAto 300 pA, and may be used for anumber of auxiliary
tasks, such as for Grid 2 control.

SECAM Calibration Laop (Pin 11) - A 100 nF capacitor on
this pin is used for the SECAM Calibration Loop.

H-Drive (Pin 12) — Herizontal drive pulses having an
approximatsly even mark-to-space ratio emarge from this pin.
This is an open-collector output which ¢an sink up to 10 mA.
However, taking this much current is not recommended since

there is no separate ground pin available which may be
connected near the line O/P stage; noisé could be injected inlo
the signal ground on the IC. Therefore, with a transformer
driven line output stage, this output has been designed to be
used with an exira external transistor inverter between the IC
and the line driver.

H-Flyback Input {(Pin 13} - Fiyback sensing input taken from
the line output transtormer. These pulses are used by the 2nd
horizontal loop for H-phase control. A positive going pulse
from 0 V to + 5.0 V amplitude is needed for correct operation.
The internal impedance of the pin is about 50 k§2. An external
attenuating series resistor will also be needed.

H-Loop 2 Filter (Pin 14) — A simple external filter consisting of
a 100 nF capacitor for the 2nd horizontal loep.

H-Loop 1 Filter (Pin 15) — Horizontal PLL loop time canstant.
The value of RC time constant is selected wilh external
components to give a smooth recovery afier the field
interval disturbance.

Signal Ground (Pin 18)

R,G.B Outputs (Pin 17,18, 19)—The R,G, B drives are current
rather than voltage due to the limited headroom available with
the 5.0 V supply line. The culputs themselves consist of
open-collector transistors and these are used to drive the
virtual ground point of the high voltage cathode amplifiers.

Feedback {Pin 20} — Current feedback sense derived from the
video output amplifiers. The currents from all three guns are
summed together as each is driven sequentially with known
current pulses during the field interval. This feedback is then
compared with internally set-up referances. A low value
ceramic capacitor to ground may be fitted close to this pin to
help stabilize the control loops.

A secondary function of this pin is for peak beam current
limiting. When the feedback voltage during picture time
becomes too great {i.e., tao high beam currant}, a threshoid
at VoG + 2 Vbe is exceeded at which time a flag is sent to the
MCU. The MCU then has to carry out the function of peak
beam limiler by e.g. reducing contrast until the flag gaes off.
The threshold current is set externally with a fixed resistor
value.

Fast Commutate (Pin 21) — A very fast active high switch
{transition time 10 ns). Used with texl on the R,G B inputs, for
overlaying text an picture. This hardware switch may be
enabled and disabled in software.

R,G,B Inputs (Pins 22, 23, 24) — These external input signals
are AC coupled inlo the IC via 100 nF capacitors and are
clamped. Thainputs have a 1.0 kQ impeadance and shouid be
driven with 700 mVp-p signal levels.

¥2 Input (Pin 25} — Auxiliary external input to the MC44001.
The pin has a 1.0 kQ impedance and should be driven with
700 mVp-p of luminance signal. The signal must be AC
coupled via an external 100 nF coupling capaciter, and is
clamped internally.
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B-Y and R-Y Inputs (Pin 26, 27) — Comrecled color difference
inputs from the MC44140. The signals are AC coupled 1o the
MC44001 color difference section and are clamped. The input
impedance is of the arder of 1.0 kL

Y1 Clamp {Pin 28) — External capacitor used by the circuit
which clamps the Y1 signal output an Pin 29,

¥1 Qutput (Pin 28) — The luminance, after passing through
the filter and delay line/peaking sections, is made available on
this pin.

System Select (Pin 30} — A DC level output controlled in
software. Used by the MC44140 for system selection,

Samdcastle {Pin 31) — A special timing pulse derived in the
MC44001 for use by the MC44140,

Crystal (Pin 32, 33) — A 14.3 MHz crystal is required at Pin 32
for NTSC decoding, and a 17.7 MHz crystal is required at Pin
33 for PAL and SECAM decoding. Either crystal may be
omitled if the application does not involve the associated
signals. The appropriale crystal is selected by the MCU.

The crystals are parallel-driven, and require an external
load capacitor of 20 pF to 30 pF. Only crystals intended for
VCO operation shouid be used. The selected crystai's
frequency is made available to the MC44140 by means of the
axternal capacitor divider.

+ 5.0 V¥ Supply (Pin 35) — Supply line, nominally + 5.0 V
requiring about 120 mA. The actual voltage should be in the
range of 4.75 Vto 5.25 V for usable results. It is recommended
te decouple the supply ling using a small ceramic capacitor
mounted close o the supply and ground pins.

Ground (Pin 34)

B-Y and R-Y Cutputs (Pin 36, 37) — Demodulated color
difference outputs. These signals are AC coupled 1o the
MC44140 for corraction and delay with PAL and SECAM,
respectively. Signal levels up to a maximum of 1.0 Vp-p may
be expected.

Ident (Pin 38) — External filter used by R-Y indent circuit. The
filter normally consists of a single capacitor (47 nF) whose
value is a compromise between rapid identification and noise
rejection.

OSC Loop Filter (Pin 39) - External time constant for chroma
PLL. The crystal reference oscillator is phase-locked {0 the
incoming burst in PAL and NTSC. A kw value ceramic
capacitor, for good noise immunity, s normally placed in
parallel with a much longer RC time constant. The PLL pull-in
range is reduced when the time constant on the pin is made
bigger; allowing this functian ta be optimized by the user.

CONTROL FUNCTIONS

General Description

As already related in the circuit description, the MC44001
has a memary of 18 bytes. All, except Sub-address 77 and
7F, use the 6 least significant bits (64 steps) as an analog
control register with D/A converlers within the memory
section. The remaining bits are controlled individually for
swilching of numerous funclions. Table 1 gives a listing of all
the mamary registers and control bits. An explanation of the
function of the 16 analog control registers is givan balow.

Vertical Amplitude — Changes the amplitude ol the vertical
ramp available on Pin 7,

Vertical Breathing Correction — A correction is applied to the
vertical ramp amplitude in a sense opposile to the picture
expansion and confraction produced by changes in beam
current, This register alters the sensitivity of the beam currem
sensing and hance the size of correction applied for a given
change in beam current.

Parabola Amplitude — Changes the amplitude of the E-W
cutput parabola developed acrass an extemal pull-up resistor
at Pin 8.

Parabola Tilt — Shifts the point of inflection of the E-W
paraboia from side to side along the time axis. Alse known as
kaystone correction.

Vertical Linearity — The vertical ramp is multiplied by itself to
give a squared term, a part of which is either added or
subtracted to the knear ramp as determined by this register.

Corner Correction — Anindependent 4th order term which is
subtracted froim the E-W parabola to achieve correct geametry
with flat square tubes.

Horizontal Amplitude — A variable DC offset applied to the
E-W output parabola on Pin 8.

D/A Output — A variable DC current output which may be used
fo drive auxiliary external circuitry under (2C bus control.

Horizontal Phase Control - Applies a variable phase offsetto
the horizontal drive pulse at Pin 15 providing lor a picture
centering control.

B, G, R Temperature - These controls set up the current
reference pulses used when sampling the beam current
during fiekd interval. The data is fixed by the TV manufacturer
when setting up the CRT for correci Gray Scale tracking.

(All the above registers are for use during the test and
setling up procedureas; the ramaining 4 registers are also user
contrals.)

Contrast - During bright sample time during the field interval
this control varies the level of the current pulses injected into
the R,G,B channels, so altering the picture contrast.

Brightness — A variable current pedestal which is added to
the three drives during active picture time.

Saturation — A variable gain conirol for the two color
difference signals {0 to 140%). There are two such controls
within the MC44001, and this control acts on them both.
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Hue — Achieved by mixing a proportion of one color difference
signal into the other,

Individually Adjustable Control Bits - These consist of all
Sub-addrass 77 and bits 6 and 7 of Sub-addresses 78 to 88.
Some of these are used individually to control single functions
requiring just on/olf switching; and some are arranged into 2 or
3-bit words (e.g., uma peaking). A list of control words and
truth tables for these may be found in Table 2.

CA1, CB1 - Used to change the mode of operation of the
vertical timebase to either injection lock or auto countdown, or
to force itinto 525 or 625 lines. Just prior to changing channel,
the vertical timebase can be switched to injection lock mode
and when a new channel is captured, the timebase is switched
back to aute moade. In this way there is no delay in locking onto

the new channel and hence no picture roll. If there is no valid
signal being received the display can be stabilized by foreing
the timebase into 525 or 625 lines.

IC1, IF1 — These bits are used to suppress the field interlace,
which can be scanned in the nearest even or add half line.

H1, V1 - Sefects the type of SECAM ident when operating in
this moda. Either vertical ident bursts or back porch ident can
be selected individually, or ident can be taken from a
combination of the two.

§5A, SSB, S5C - Used io set the DC level of the Systemn
Select output from the MC44001, Pin 30. This outpul is used
by the MC44140 delay line in turn for changing between PAL,
NTSC, SECAM and external modes of operation. In effect the
MC44140 s being controlied by the 12C bus via the MC44001.

Figura 10. Basic Small Signal Circuit
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Table 1. Contral Data

HEX Sub-address MSB Data Byte LSB
77 svisy | swvhsc | Fst | Bal [ 1o | m | cel [ ca
78 INTSEL CALKILL Verical Amplitude
79 HI Vi Vertical Breathing Correction
7A x5 55D Parabola Amplitude
7B T T2 Parabola Tilt
7C 88C SS5A Vertical Linearily
7D P1 SsB Corner Correction
7E P3 P2 Horizontal Amplitude
7F D3 D1 Rasearved
80 DEN D2 DvA Output
81 Y2 EN ¥+ EN Morizontal Phase Control
az TEST ¥X EN Blue Temperature
a3 Mot Used VCR Grean Temparature
a4 FILT NORM Red Temperature
a5 BRI EN 2x Fh Contrast
a6 SSE HEN Brighiness
ar 581 SATZEN Saturation
as V12 582 Hue
g Dummy — If H EN, than starts H timebase
FF Dummy ~ Resets peak beam limit fiag
[SVHS Y SYHSC FS| BAI K1 W1 CBI CA |
Comp. Video/SYHS Switching
{0 = normal; 1 = SVHE)
50 Hzf 100 Hz Fiek Rale IC){FI|  Field Scan CA| GBI | Vartical Moda
X Inferlaced 0| 0| Fore6ss
__ Number of Blanked Lines 0| Even 1/2Lne o 1 Force 525
W Vi| SECAMldanl. (Etiner 22 or 11} 1| Gdd 1j2 line 1] 0| tnject. Lock
01¢ H:y 1 [ 1] AstoCount
ol H only
1] & Vonly
- L R erte! | INTSEL | GALKILL | Disaiie Cakivaton Loop
Hi Vi
101 Tuz Iu:‘?’::iq Cryslal Select :? sf: | md: Sg;:;uul:eme szc s:u s:a Cal $c$u
o] 1] nolused 0 {0 1 PAL
10| sommz §sC $5A I L NTSC
e e
Do R g b?Esﬁ ﬁ; Luma Delay i Mullpies of 56 ns
Enable Y2 inpul - voEN v1EN |— Enable Luma from Fikers
For Production lesl —  TEST YXEN |[— Enable Luma Malrix
NotUssd —  pELAY weR | Select High PD. Gain
Change PLL Time Constant —{ g7 NORM |[— Select625/50Hz SSE | 551 | 582 Sync Source
Enable Bright Sample —  gRIEN 9XFH |— DoubleFh ¢ | oo None
SSE HEN |~ EnabieH-Deve ] [] 1 RGE
881 | SKTER | Disable 2nd Sat. Comvol ¢l1]0 v
Select Video Inpul — v ss2 ? ; ; ;mm
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Table 2. Control Bit Truth Tables
CAl Bl Sync Mode Il IF Field Scan
0 1} Force 625 0 X Interlaced
0 1 Force 525 o Even Up 1/2 Line
1 H Injection Lock 1 1 Cdd Up 1/2 Line
1 1 Auto Countdown
Hi vi SECAM ident. ™ T2 Trap*
0 H H+V 0 0 8.5 MHz
0 H anly 0 1 Not Used
i ¢ V only 1 o 6.0 MHz
1 1 None 1 1 5.5 MHz
8SC SSA 558 Cal. Dift. Source SSE 551 $82 Sync Source
0 0 0 SECAM Q 0 0 None
¢ 0 1 PAL 0 Q 1 RGB
¥ 1 0 NTSC ¢ 1 0 4
b i 1 Mone 0 1 1 Not Used
1 X X Exiernal 1 X X Comp. Video
Luma Peak (dB) Approx. Luma
P2 P1 P3 @3.0MHz " (+h ] D2 D3 Delay (ns)*
0 0 0 a5 0 0 0 525
] 0 1 8.0 Q 0 1 581
[ 1 a 72 4] 1 o] 637
0 ] 1 6.3 ] 1 1 593
1 0 0 54 1 0 0 749
1 0 1 38 1 ¢] 1 B0S
1 hi 0 23 1 1 0 749
1 b 1 a0 1 1 1 BOS

*Values given wilh 17.7 MHz crystal selacted. Fraguencies and delay step size change proportionately

whar: the 14.3 MHz crystal is selected.

SSE, §51, $52 - These 3 bits select the signal input from
which the timebase synchranization is taken. The composite
video input has a high quality sync separator which has been
designed o cope with noise and interference on the video: the
RGB and Y2 inputs have simple single sync separators which
may also be used for synchronization.

T1i, T2 - To select the center frequency of the sound trap.
Either 5.5 MHz, 6.0 MHz, or 6.5 MHz center frequencies
are available.

M, P2, P3 - These 3 bits are used fo adjust the luma
peaking value.

D1, D2, D3 - Thess 3 bits are used to adjusi the luma
delay value.

The remaining control bits are used singularly and are
listed as follows:

S-VHS Y - Solects between luminance from chroma
rap/peaking section, and separate luminance which
bypasses this filter section.

S-VHS C — In one mode selects chrominance from the takeoff
filter which forms part of the luma delay line. The other mode
accepts separate chrominance directly for the inpult.

FSI - Selects either 50 Hz or 100 Hz field rate. When bit is low
50 Hz operation is selected. Not usable with NTSC.

BAI - Either 22 or 11 lines may be blanked using this bit.

INTSEL - The vertical sync separator operates by starting a
counter counting up at the beginning of each sync pulse, a
field pulse being recognized only if the counter counts up to a
sufficiently highvalue. The control bit INTSEL is used in taking
the decision as to when a vertical sync pulse has been
detected. Whan low, the pulse is detected after 8.0 ps; when
high after 24 ps. This may find application with anti-copy
techniques used with some VCRs, which rely on a modified or
corrupted field sync to allow a TV with a short time constant to
display a stable picture. However, a VCR having a longer time
constant will be unable to lock to the vettical,
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CALKILL - Enables or disables the horizontal calibration
loop. The loop may be disabled so long as the horizontai
timebase is locked to an incoming signal.

X8 — Is used to change between the two external crystal
positions (Pins 32 and 33).

S50 - Canbe used to override SECAM mode in the delay line.
When low, SECAM mode is enabled,

D EN - Enables ordisables the RGB Fast Commutation switch
for the RGB inputs. When low, RGB inputs are enabled.

¥1 EN — Switches Y1 through to the color difference stage.
¥2 EN - Switches Y2 through te the color difference stage.

Test — When bit is low, enables continuous sampling by the
RGE output control loops throughout the entire field period,
Used only for testing the IC.

¥YX EN - Enables the luma matrix when the 2nd saturation
contro! is selected. Used in canjunction with SATZ EN.

YCR — Is used to change the gain of the horizontal phase
detector, e.g., when locking onto a new channel and operation
with VCR.

FILT - Controls the time constant of the horizantal PLL. The
long time constant is useful for VCR or other non-broadcast
guality signals.

Norm — Alters the division ratio for the reference frequency
used by the horizontal calibration laop. Aiways used when
changing betwean 14.3 MHz and 17.7 MHz crystals.

BRI EN - Used to switch on or off the “bright” sampling pulses
used by the RGB ouiput loops. This feature was originally
introduced to prevent any backscatter from these three bright
lines in the field interval from getting into the picture. Must be
enabled when adjusting o any of Contrast or Red, Green and
Blue color temperaturas.

2x Fh — Line drive output is either standard 15.625 kHz
{15.750 kHz) or at doubie this rate.

H EN - Contrel bit enables horizonlal drive pulse. This is
normally done automatically after the values stored in the
MCL) nonvolatile memory have been read into the MC440M
memary.

SAT2 EN - When low enables operation of 2nd saturation
contral. Used in conjunction with YX EN.

V1/¥2 - To selecl between Video Inputs 1 and 2.

Tabile 3. Control Bit Functions

Bits Bit Low Bit High
VIv2 Video I/P 2 Selected Video I'P 1 Selected
SATZ EN Second SAT Contral Enabled Second SAT Control Disabled
HEN H-Drive Enabled H-Drive Digabled
2x FH H-Drive: 1X Fh H-Drive: 2% Fh
BRI EN “Bright" Sample Switched Off “Bright” Sampla Switched On
MNorm 825/50 Hz 525/60 Hz
FILT H Phase Detector Short Time Constant H Phase Detector Long Time Gonstant
VCH Low H Phase Delector Gain High H Phase Detector Gain
YXEN Disable Luma Matrix {(2nd SAT Coentrol) Enable Luma Matrix (2nd SAT Contral)
Test Video O/Ps Sampled Continuously Video O/Ps Sampled Once Per Field
¥1EN Luma From Filters Switcheg Of ! Luma From Filters Switched On
Y2 EN EXT Luma Input Switched Off ! EXT Luma inpul Switched On
D EN RGE Inputs Enabled RGB Inputs Disabled
88D SECAM Mode Select Enabled SECAM Mode Select Disabled
xS Pin 33 Crystal Selected Pin 32 Crystal Selected
CALKILL H Callibration Loop Enabled H Calibration Loop Disabled
INTSEL Fast Vertical Time Constant Selacled Slow Vertical Time Constant Selected
BAl 22 Blanked Lines Selocted 11 Blanked Lines Selected
2] 50 Hz Field Rate Selected 100 Hz Field Rate Selected
S-VHS G Chroma From Take Off Filter Selected Direct Chroma Fraom [P Salected
SVHS Y Luma From Notch/Peak Delay Selected Luma By Passing Noich/Peak Delay
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FLAGS RETURNED BY THE MC44001

When the Address Read/Write bit is high the last two bytes
of 12C data are read by the MCU as status flags; a listing of
these may be found in Table 4. The MC44001 is designed to
be part of a closed-loop system with the MCU; these flags are
the feedback mechanism which allow the MCU to interact
with the MC44001.,

A brief description of each of the flags, its significance and
possible uses are given below.

Table 4. Flags Retumed

Clock # Flag (Bit High)
10 Harizonlal Flyback Present
1" Horizonial Drive Enabled
12 Horizontal Out Of Lock
13 Excess Average Beam Current
14 Less Than 576 Lines
15 Vertical Countdown Engaged
16 Overload Average Beam Current
17 Reserved
18 {Acknowledge)
19 Grid 2 Voltage Up Request
20 Grid 2 Voltage Down Request
21 OK
22 Fault
23 ACC Active
24 PAL Identitied
25 SECAM Identified
26 Excess Paak Beam Current
27 {Acknowledge)

Horizontal Flyback Present — A sense of the horizontal
fiyback is taken via a current limiting saries resistor from one of
the flyback transformer secondaries to Pin 13. This is used for
the H-phase shift control, but the presence of the pulse is also
flagged to the MCU. Should the flag be missing after the
chassis has been staried up then the MCUwould have to shut
down the set immediately.

Horizontal Drive Enabled — Indicates that the horizontal drive
puise output at Pin 15 has been enablad. This occurs after the
stored values in the nonvolatle memory have been
transferred to the MC44001 memory.

Horizontal Out of Lock — This flag is high when no valid
signal is being receivad by the MC44001. Possible action in
this ease would be 10 change the phase detector gain and
time constant bits to ensure rapid capture and locking to a
new signal,

Excoss Average Beam Current — Is one of two condilions
whase threshold levels are determined by an external

component network connecled to beam current sensing Pin 9.
This condition indicates an excess beam current as compared
1o the manufacturer's set maximum level during normal usage.
A typical response 1o this warning indicator would be for the
MCU to reduce the brightness and/or contrast.

Less Than 576 Lines — Output from the line counter in the
vertical timebase. If there is a count of less than 576 this is
indicative of a 525 line system being received. If the flagis low
then a 625 line system is being received. This information can
be used as a part of an automnatic system selection software,

Vertical Countdown Engaged — The vertical timebase is
based on a countdown system. The timebase starts in
Injection Lock mode and when vertical retrace is initiated a
4-bit counter is set to zero. A coincidence detector looks for
counts of 825 lines. In Auto mode each coincidence causes
the counter to count up. When eight consecutive coincidences
are detected the countdown is engaged. The MSE of the
counter is used to set this flag to the processor.

Overload Average Beam Current — This is the second
threshold level which is set by the external component network
on Pin 9. The flag warns of an overload in anode current which
couid damage the CRT if allowed to continue. Approptiate
action in this case is theretore to shut down the set.

Grid 2 Voltage Up/Down Requests — These flags indicate
when the RGE output loops are about to go out of the control
range necessary for correct gray scale tracking.

OK and Fault - Thesa two flags are included as acheck onthe
communication line betwesn the MCU and MC44001. The OK
flag is permanently wired high and Fault is permanently wired
low. The MCL} can use these flags to verify that the data
received is valid.

ACC Active—This flagis high when there is a sufficient levetof
burst prasent in PAL and NTSC modes during the video back
porch period. The flag goes low when the level of burst falls
below a set threshold or if the signal becomes too naisy. The
flag is used to implement a software color killer in PAL and
NTSC and is also available for system identification purposes.
Since in SECAM there is line carrier present during the gating
period, it is quite likely that the ACC will be on, or will flicker on
and off in this mode.

* PAL ldentlfled — Recognizes the lina-by-line swinging phase
characteristic of the PAL burst. When this flag is on together
with the ACC flag, this is positive identification for a PAL signal.

* SECAM Identifled — Senses the changing line-by-line
reference frequencies (Fo1 and Fo2) present during the back
porch period of the SECAM signal. This flag alone provides
identification that SECAM is being received.

* Thesa two flags are set in cpposition to one another such that they can never
poth be on at the same time. This has been done to iry W prévent
misidentification from occurring. Often it is very difficult o distinguish between
PAL and SECAM espacially when broadcast material has been transcoded,
sometimes badly, leaving e.g. large amounts of SECAM carrier in a ransceded
PAL signal {alsc often with noise). With this methed the strangest influence wil
win out making a misidendification much less likely.
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Excess Peak Beam Current — A voltage thrashold is set on
the beam current feedback on Pin 20, which is also used for
the RGE output loops for current sampling. When the
threshold is reached the flag is set, indicaling too high a peak
beamn current which may be in only a part of the screen. The
response of the MCU might be to reduce the contrast of the

picture. This flag together with the excess average beam flag
already described perform the function of beam limiting. The
exact way in which this is handled is left to the discretion of the
user who will have their own requirements, which may be
incorporated by the way In which the software is writtan.

READING AND WRITING TO THE MC44001

Flag reading may be done at any time during a field.
However, writing to the MC44001 must be restricted to
certain times. If wriling of new data is done during the
middig of a field, a disturbance will be seen on the screen,
particularly for the four user controis. While writing during
the vertical interval may appear to be the cbvious solution
for this, there is a limited time avaiiable due to the contrast
control function which is carried out with RGB sampling

loops during this interval. Writing during this particular time
can cause the sampling loops to hecome unstable.

The time available for writing new data is approximately
1.2 ms from the beginning of the fisld flyback pulse 10 the
beginning of the RGE sampling. It is only the third byte
{data byte} which is restricted to this time interval. The first
two bytes may be sent pravious to this, or also during
this time.

Table 5. System Identification

Flags From Chroma 4
<576 Crystal Standard Selected
Lines ACC On PAL SECAM {MiMz) By MCU
0 0 1] ¢ 17.7 Kill
0 0 o 1 17.7 SECAM
0 4] 1 Q 17.7 Kill
0 0 1 1 17.7 I2G Bus Error
0 1 0 0 17.7 kill
0 1 ] i 17.7 SECAM
0 1 1 1] 17.7 PAL
0 1 1 1 17.7 [2C Bus Error
1 0 0 0 14.3 Kilt
1 0 0 1 14.3 kil
1 0 1 0 143 Kill
1 0 1 1 14.3 12C Bus Error
1 1 0 0 143 NTSC
1 1 0 1 14.3 NTSC
1 1 1 a 14.3 NTSC
L1 1 1 1 143 12C Bus Error

NQTES: 1 The table above can be used lor color standard selection betwean lhe normal PAL (I, BG}, SECAM (L, BG)
and NTS5C (3.58 MHz — M) Standards. To detect the hybrid VGR standard (525 lines with 4 4 MHz
chrominance} would entail switching back to the 17.7 MHz crystal in the evaenl of there being no flags

present with 1he 14.3 MHz cryslal,

2. Chroma 4 could also be used for the PAL M & N Standards that are used in some parts o1 South
America, but because the subcarrier fraquencies used differ by some kHz trom the normal, erystals

with 2 aifferant canter frequency would be required.

Table 6. Mode Deafinitions

Control Biis
Mode
Selected X8 NORM* SSA §5B §8C
Kill {17.7 MHz)} o 0 1 1 0
Kil {14.3 MHz} 1 1 1 1 v]
PAL {1, BG}) 0 0 0 1 0
SECAM 0 0 1] 0
NTSC (M) 1 1 1 o}

*Gonirol bits XS and NORM ars always changed together.
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Advance Information
Bus Controlled Multistandard
Video Processor

The Motarola MCa44011, a member of the MC4400C0 Chroma 4 family, is

designed to provide RGB gr YUV culputs from a variety of inputs. The inputs can
be compaosite video (two inputs), S-VHS, RGB, and color difference (R-Y, B-Y). The
composite videa can be PAL and/ar NTSC as the MC44011 is capable of decoding
both systems. Additionally, B-Y and B-Y outputs and inpuis are provided for use
with a delay line where needed. Sync separators are pravided at all video inputs.
In addition, the MC44011 provides a sampling clock output for use by a
subsequenttriple A/D converter system which digitizes the RGB/YUV outputs. The
sampling clock (6.0 to 40 MH2) is phase-locked to the horizontal fraquency.

Additional cutputs include composite sync, vertical sync, field identification,

BSE I WM k367253 008LE&S 7556 EEMNOTS

MC44011

BUS CONTROLLED
MULTISTANDARD
VIDEO PROCESSOR

SILICCN MONOLITHIC
INTEGRATED CIRCUIT

g
tuma, burst gate, and horizontal frequency. aa T A
Control of the MC44011, and reading of status flags, is via an 12C bus. 1
® Accepts NTSC and PAL Compaosite Video, 5-VHS, RGB, and R-Y, B-Y
¢ includes Luma and Chroma Filters, Luma Delay Lines, and Sound Traps FN SUFFIX
¢ Digitalty Controlled via 12C Bus PLASTIC PACKAGE
¢ R-Y, B-Y Inputs for Alternate Signal Source CSDSL%E:)’?
* Line-Locked Sampling Clock for A/D Canverters
# Burst Gate, Gomposite Sync, Vertical Sync and Field Idantitication Qutpuis
& RGB/YUV Qutputs can provide 3.0 Vp.p, for A/D Inputs
P P PP P ORDERING INFORMATION
#* Overlay Capability
* Single Power Supply: + 5.0 V, + 5%, 550 mW (Typical} Temperature
. Devi Range Packa
# 44 Pin PLCC Package viee S ackage
MC44011FN 0° 10 + 70°C PLCC-44
Simplified Block Diagram
Quiputs Inputs
/—/% - b FaSt
Voot GND1 Y1 RY BY BY BY Y2 R G B Gomm
_%»_ — 0B O— o=
. Conp e | = [ y
Video 1 Suoct Saund Tr_apr‘Luma FilterfLuma Delay/ Color Difference _Q_,—Hf) GY - Outputs
Comp Chroma Filter/PAL and NTSC Decoder/ Stage i »& B
Video 2 f Hue and Saturation Control t 1 | |
} Contrasl, Brightness, Vees
| Saturation Control DACs
vertical | L——% anp2
Qutput Q= I
Figld ID ‘][»-— < !
12C Data SDL
| Intertace/ } TouP
177 MHz MCadon1 Regislers SCL
TRy |
_'le ; 4|l3 ? PLL #1 Horizantal i Vees
MHz l PLLVCO 3 - PLLAVCO GND3
ol W i S Sy A S S S A
Burt  16Fh/  Fher H  Quiet Fi 15k PLL Clock . 14 A/D Converters
Gate  Cgyne Swich Filer GND Ref Re Filter
g - Fraquency
Divider
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ELECTRICAL CHARACTERISTICS (The tested electrical characteristics are based on the conditions shown in Table 1 and 2, Composite
Video input signal = 1.0 Vp.p, composed of: 0.7 V. Black-to-White: 0.3 Vp.p Sync-to-Black; 0.3 Vpp Color Burst.
Voot =Voea = Voo = + 50V, lef = 32 pA (Fin 8), unless otherwise noted.)

Table 1. Control Bit Test Sattings

Conltrol 8it Name Value Function
$77-7 5-VHG-Y 0 Composite Video input selected.
'. §77-6 5-VHS-C 0 Compasite Video input selected.
$77-5 FsI e 50 Hz Ficld Rate selected.
$77-4 [2GATE 0 PLL #2 Gating enabled.
$77-3 BLCP o Clamp Pulse Gating enabled.
§77-2 1 GATE D Vertical Gating enabled.
§77-1,Q CB1, CA1 1,1 Vertical section Auto-Countdown mode
578-7 36/68 us Q Time from beginning of Line 4 to Vertical Sync is 36 ps.
§78-6 CalKil o Horizontal Calibration Loop enabled.
$79-7.8 HI, vt 1.1 Normal
S7A-7 Xial - 0 = 17.7 MHz crystal selected, 1 = 14.3 MHz ¢rystal selected.
$7A-6 58D 0 MNormal
%78-7.6 T1. T2 1.1 Sound Trap Notch litter set to 5.5 MHz {with 17.7 MHz crystal).
$7C-7 S8C 0 Permits PAL and NTSC selection.
$7C-6, 5706 554, S58 - 0. 1 = PAL decoding, 1.0 = NTSC decoding
$7D-7, $7E-7.6€ P1, P3,P2 1,1,1 Sets L uma Peaking at 0 dB.
$7F-7,6,$80-6 D3, 01, D2 0,00 Set Luma Delay to minimum
$60-7 RGB EN 0 Fast Commutate input can enable RGB inputs.
$81-7 Y2EN o} Y2 inpw! {Pin 29) deselected
561-6 ¥1EN 1 ¥ luma path from PALINTSC decoder selected.
$62-7 YUV EN 0 RGB output mode selected
$82-6 : YXEN 0 Disable lJuma matrix from RGE inputs.
m 583-7 L2 Gain o] Set PLL #2 Phase/Frequency detector gain high.
$83-6 L1 Gain 1 Set PLL #1 Phase Detector gain high.
$64-7 H Switch o Set Horizental Phase Detector filter switch open.
£84-6 525/625 N 0= 625 lines (PAL}, 1 = 525 lines {NTSC)
$85-7 Fosc* 2 4] Select direct VOO output from PLL #2.
$85-6 Csync 4] 16 Fh output selected at Pin 13.
$86-7 Vin Syne 1 Composite Video inpuls (Pin 1 or 3) Sync Source selected.
$86-6 HEN 0 Enabled Herizontal Timebase.
$87-7 Y2 Sync a ¥2 sync source not selected.
$88-7 Vaivi 1 Select Video 1 input (Pin 1).
$88-6 RGB Sync 0 RGE inputs Sync Source not selecied.
Table 2. DAC Test Seltings
DAC Value Function DAC Value Function
$78 3z R-Y/B-Y Gain $B2 32 Red Contrast Trim
$79 z Sub Carrier Phase $83 az Blue Brightness Trim
$7D alo] Biue Output DT Bias $84 32 Main Brightness
$7E ad Red Quiput DC Bias £85 32 Red Brightness Trim
$7F 83 Pixel Clack VCO Gain $86 32 Saturation (Color Ditf .}
$80 az Blue Contrast Trim $87 16 Saturanon {Dacoder)
$81 3z Main Contrast $88 32 Hue

Currenis out of a pin are designated -, and those inta a pin are dasignated +,
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MAXIMUM RATINGS
Parameter Symbol Value Unit
Power Supply Voliage vee -0.510+8.0 Vdc
vooz —0510+6.0
veos —0.510 + 8.0
Power Supply Difference 0.5 Vdc
(Between any two Vo pins)
input Valtage: Video 1,2, SCL, SDL Vin -05. Voo +05 | Vac
15 kHz Retum -05,Vocz+ 056
R-Y, B-Y, ¥z, AGB, FC -05,Voc2+ 05
Junction Tamperature (Storage and Oparating) Ty - 6510 +150 °C

Devices should not be operated at thase Iimits. The “Recommended Operating Conditions” table provides for
actual device operation.

RECOMMENDELD OPERATING CONDITIONS

Parameter Symbol Min Typ Muax Unit
Power Supply Voltags VoC1, 2.3 +4.75 +5.0 +5.25 Yo
Power Supply Ditference (Betwgen any two Vic pins) AVCe -0.5 v +05 Vo
Input Voltage: Video 1, 2 (Sync-White) Yin 0.7 1.0 1.4 Vo-p
Chromna (S-VHS Mode) —_ — 1.2
¥2 0.7 1.0 14
RGB 05 0.7 1.0
R-Y, B-¥ (Pins 30, 31) 0 - 18
15 kHz Return 0 - vVees Vde
SCL, SOL 0 - veer
FC 0 - Yooz
Burst Signal 3o 280 560 mvp-p
Sync Amplitlude 60 300 Ve mvp-p
Output Load impedance to Ground: RGE {Pull-up = 390 ) RALRGA 1.0 - va ki
B-Y, R-Y RLcp 10 - o0 (2]
¥1 ALy 1.0 —_ =
Pull-up Resistance at Vertical Sync {Pin 4} Rysg 1.0 10 — ki)
Source Impadance: Video 1, 2 0 — 1.0 k2
Pins 26 to 31 0 — 1.0
Pixel Clock Frequency (Pin 18, see PLL #2 Electrical Characteristic) 1px - 2.010 45 — MHz
15 kHz Return Pulse Width (Low Time) PW sy 02 - 45 us
12C Clock Frequency 112 — - 100 kHz
Reference Current (Pin 9) leat -_ 32 — HA
Operating Ambiem Temperature Ta, 0 — 70 °C

Alblimits are not necessarily funchanal concurrenty.

ELECTRICAL CHARACTERISTICS (T4 = + 25°C, Vo1 = Vg2 = Vogs = 5.0 V, unless otherwise noted.)

Parameter Min Typ [ Max I Unit I
POWER SUPPLIES
Power Supply Current (Voo =+ 5.0V) Fin 4D 75 95 115 mA
Pin 23 6.0 9.0 12
Pin 19 5 6.0 8.0
Total 85 1o 135
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ELECTRICAL CHARACTERISTICS (Tp = + 25°C, Voq = Yooz = Voos = 5.0 V. unless otherwise noted.)
Parameter | Min Typ Max [ Unit
PAL/NTSC/S-VHS DECODER
Video 1, 2 Inputs
Crosstalk Rejection, f = 1.0 MHz 20 40 — dB
{Measured at ¥1 output, Luma Peaking = 0 dB, $77-7 = 1)
DC Level. @ Selected Input — 28 —_ Vdc
@ Unselected Input — 0.7 —_
Clamp Current ~30 -20 -10 pA
Sound Trap Rejection (See Figures 14 to 23}
With 17.7 MHz Crystal: @ 6.5 MHz (T1, T2 = 00) 15 30 — dg
@ 6.0 MHZ (T1, T2=10) 15 30 —
@ 5.5 MHz (T1, T2 = 11} 10 43 —
@574MHZ (T1, T2=01) 15 26 —_
With 14.3 MHz Crystal: @ 4438 MHZ (T1, T2 =11} - 35 —

R-Y, B-Y Qutputs (Pins 41, 42)
Cutput Amplitude (with 100% Saturated Color Bars)

Saluration {DAC 87) = D0 — <1.0 _ mvp-p
Saturation {PAC 87} = 16 — 1.6 — Vp-p
Saturation {DAC 87) = 63 1.5 1.8 —

DC Level During Blanking — 24 — vdo
Hue Control — Minimurn Phase (DAC 88 = 00) -30 — — Dey
— Maximum Phase (DAC 88 =63) +30 — —

Nominal Saturation {with respecl to Y1 Output, Note 1} — 100 — Y%
B-Y¥/R-Y Ratic: Balance {DAC 78) =63 1.35 1.69 2.06 W
Balance (DAC 78) = 32 0.98 1.27 1.58
Balance (DAC 78) = D0 0.60 077 0.98
Output Amplitude Variation as Burst is varied from 8¢ mVp-p to 600 mVp-p — 3.0 — de
Color Kill Attenualion {($7C-7, 6 and $7D-6 = 0t1) —_ 40 — de
Crosstatk with respect to Y1 Output (@ 1.0 MHz) -27 -20 —
Chroma Subcarrier Residual
{Measured at Y1 Qutput, with 17.7 MHz Crystal)
f = Subcarrier — 25 60 mVp-p
2nd Harmonic Residual — 4.0 12
4th Harmonic Residual -— 12 30
{Measured at R-Y, B-Y Outputs, with 17.7 or 14.3 MHz Cryslal)
f = Subcartler — 5.0 20
2nd Harmanic Residual — 50 20
4th Harmonic Residual — 15 80
Y1 Luma Qutput (Pin 33}
Clamp Level 0.4 1.1 1.8 Vdc
Qutput Impedance — 300 —_ Q

Composite Video Mode ($77-6, 7 = 00)
Qutput Level versus Input Lavel

Delay = 000, Peaking = 111, f = 100 kHz 1.0 141 1.2 Wi
Delay = Min-to-Max, Peaking = Min-to-Max —n 1.1 -
- 3 dB Bandwidth (17.7 MHz Crystal, PAL Decoding selected, - 28 —_ MHz
Sound trap at 6.5 MHz, Peaking off}
Peaking Range {$7D-7, $7E-6/7 = 000 to 111, @ 3.0 MHz, with 17.7 MHz Crysial, 5 8 10 o8
Sound trap at 6.5 MHz)
Overshoot with Minimum Peaking — 0 - Yo
Differential Mon-linearity {Measured with Staircase) - 20 — %
Delay {Pin 1 or 3 lo 33)
With 14.3 MHz Crystal:  Minimum — 680 — ns
Maximum — 1040 -
With 17.7 MHz Crystal: Minimum — 594 —
Maximum — g7e -

MOTE: 1. This spec indicates a correct output amplitude at Pins 41 and 42, with respect ta ¥1 output. For standard color bar inputs, the output amplilude is
betwesn 1.5 and 1.7 Vp-p, with the seltings in Tables 1 and 2.
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MC44011
ELECTRICAL CHARACTERISTICS (Tp - + 25°C, Vo = Voge = Viea = 5.0 V, unless otherwise noted.)
[ Parameler | min | twp | Max Unit
PALMNTSC/S-VHS DECODER
5-VHS Mode ($77-6, 7 = 11)
Output Level versus Input Level {Delay = Min-to-Max) 1.0 11 1.2 ViV
— 3 dB Bandwidth {17.7 MHz crystal, PAL Decoding selected, —_ 4.5 — MH2
Sound trap at 6.5 MHz)
YiC Crosstalk Rejection 20 40 — dB
Delay (Luma input o Pin 33)
14.2 MHz Crystal:  Minimum - 385 - ns
Maximum — 745 —
17.7 MHz Crystal:  Minimum — 350 —
Maximum — 632 —
Crystal Oscillator
PLL Pull-in range wilh respect to Subcarrier Frequency
{Burst Level = 30 mVp-p): with 17.7 MHz Crystal — + 350 — Hz
with 14.3 MHz Crysital — 1300 -
#igp Filter {Pin 44) DC Voltage
& 14.3 MHz — 24 — Vdc
@ 17.7 MHz — a5 —
No Burst present — 1.3 —
DC Voltages Vde
System Select (Pin 34)
NTSC Mode {S8A =1, 58B=¢, 55C=0, SSD =0} 1.5 1.75 2.0
PAL Mode {(88A =0, 38B=1, SSC =0, SSD =0} i} 0.075 0.4
ColorKiltMade (SSA =1, 8SB=1, S5C =0, S50 =0) — 0.075 —
External Mode (SSA =X, SSB=X, 55C =1, 58D =0) 37 4.0 4.3
Ident Filter (Pin 43)
NTSC Mode — i6 —
PAL Made 1.2 1.5 1.8
No Burst present — 0.2 -_
AGC Filter (Pin 2)
No Burst prasent - Q.25 — 9
Threshold for AGC Flag on 0.8 1.2 1.6
Burst = 50 mVp-p — 1.4 —
Burst = 280 mVp-p — 1.7 —
System Select Output Impedance — 40 100 K
COLOR DIFFERENCE SECTION
RGB/YUY Quiputs
Output Swing, Black-to-White (DAC $81 = 63) 2.0 3.0 — Vpp
THD {RGH Inpuis 1o RGB Outputs @ 1.0 MHz, 0.7 Vp-p) —_ 05 20 %
— 3 dB Bandwidth — 6.0 - MHz
Clamp Level
RGB Quipuls ($70. 7E = 00) _ 1.4 — Vdc
uv Qutputs (370, 7E = 32) — 2.3 —
Red, Blue Clamp Level Change (DACs $7D, 7E varied from 00 fo 63) 0.85 18 24
Crosstalk Rejection
Among RGE Qutputs @ 1.0 MHz 20 40 — d8
Yilg¥2 20 40 —
frorm RGB Outputs 10 Y1 or ¥2 20 40 —_
Input Black Clamp Vollage at Y2, B-Y. R-Y. and RGB 24 3.0 36 Vde
Fast Commutate Input {Fin 25)
Switching Threshold Voltage — 05 — Vde
Inpud Current @ Vip = 0 V —_ -75 — 1.
Inpul Current @ Vip = + 5.0V — 0 —
Timing:  Input Low-to-High (RGB Enable) — 50 — ns
Input High-to-Low (RGE Disable) — a0 —
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ELECTRICAL CHARACTERISTICS (Tp = + 25°C. Vo1 = Yoz = Voos = 5.0 V, unless otherwise noted.)
i Parameter Min | Typ Max Unit
) COLOR MFFERENCE SECTION
Contrast {Gain) v
Y1 to RGB (DAC $81 = 32, DAC $86 = 00) 19 24 30
¥2 to RGB {DAC $81 = 32, DAC $86 = 00) 1.8 2.3 28
Green In (Pin 27) fo Green Out (Pin 21) with YX Enabled 18 23 24
($82-6 = 1, DAC $B1 and DAC $86 = 32)
Red-to-Green and Blue-to-Green Gain Ratio 0.8 1.0 1.2
RGB Input 1o RGB Output with YX Not Enabled 20 26 32
{$82-6 = 0, DAC $81 and DAC $86 = 32)
Ratio (DAC $81 = 00 versus 32) — 02 0.4
Ratio (DAC $81 = 63 varsus 32) 1.5 2.0 25
Red and Blue Trim Control (DACs $80, 82 varied from 00 to 63) +5 +30 + 60 %
Saturation (Average of R, G, B saturation levels with respect to Luma)
Inputs at Pins 29 to 31 (DAC $56 = 32) 50 90 130 Ya
Ratic (DAC $86 = 00 versus 32) - — 5
Ratic (DAC $86 = 63 versus 32} 150 170 190
Inputs at Pins 26 to 28 (DAC $86 = 32, $82-6 =1} 70 125 180
Brightness
Black Level Range {Brightness = 00 t¢ B3 with respect to Brightness setting of 32) £0.3 +0.5 0.7 Vde
Red and Blue Trim Control (DACs $83, 85 varied lrom Q0 to 63) +0.05 +03 0.6
Calor Coefficients
G-Y Matrix Coefficient versus 8-Y -0.21 -0.1¢ -0.17
G-Y Matrix Coefficient versus R-Y -D.56 -05 —0.46
¥ X Malrix (Inputs at Pins 26 to 28, $82-6 = 1):
¥ versus R 0.28 0.30 0.32
Y versus G 0.57 (.59 0.61
Y versus B G.09 a.n 0.13

HORIZONTAL TIME BASE SECTION (PLL #1)
Free-Aunning Period {Calibration mode in effect, Bit $86-6 = 1)

17.7 MHz Crystal selected ($84-6 = 0) 82.5 64.0 65.5 [¥E
m 14.3 MHz Crystal selected ($84-6 = 1) B2.5 63.6 655
VGO minimum period (Pin 11 Voltage at 1.2 V} 56 58.5 62 us
VCO maximum petiod (Pin 11 Voltage at2.8 V) 65 69.5 72
VGO Control Gain factor 5.0 8.5 12 usv
Phase Detector Current
High Gain ($83-6 = 1) 15 50 85 nA
Low Gain-te-High Gain Current Ratio 0.32 0.38 0.44 pALLA
Noise Gate Width ($77-2 = 0, Low Gain, see Figura 26) —_ 16 — ps
Horizontal Filter Switch (Pin 12)
Satwration Voliage (112 = 20 pA} —_ 10 100 my
Dynamic Impendance ($84-7 = 1) — <5.0 - (59’
Parallel Resistanca ($84-7 = Q) 0.6 1.0 — 119
Pins 8, 13, 14 Cutput Level
High (I = — 40 pA} 24 4.5 - Vdo
Low (I = + 800 pA) — 0.1 0.8
Burst Gate {Pin 8) Timing {See Figures 25, 27) us
Rising edge from Sync leading edge (Pins 1, 3} 4.4 5.8 6.8
Rising edge from Syne center (Ping 26 10 28) — 25 —
Pulse Width 3.0 358 40
16 Fh Quiput {Pin 13) Timing (Bit $85-6 = 0} (See Figures 25, 27}
Rising edge from Fh rising edge — 1.3 — 18
Puty Cycle — 50 —_ %
Composite Sync Qutput (Pin 13) Timing (Bt $85-6 = 1) s
Input Sync cenlter to Output Sync center (Fins 1, 3) — 085 —
Input Sync center ta Quiput Sync center (Pins 26 10 28) — 0.4 —
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ELECTRICAL CHARACTERISTICS (Ta = + 25°C, Voit = Voc2 - Vees = 5.0V, unless otherwise noted.)
Parameter Min | Typ [ Max Unit J
HORIZONTAL TIME BASE SECTION (PLL #1)
Fh Reterence {Pin 14) Timing (See Figures 25, 27)

Rising edge rom Sync center (Pins 1, 3) — 1.3 — us
Rising edge from Sync center (Pins 26 to 29} — 850 — ns
Duty cycle — 50 — Yo
Sandcastle Ouiput (Pin 35, see Figures 25, 27) Vde
Output Voltage — Level 1 37 40 4.3
Output Voltage — Lavel 2 28 3.0 3z
Cutput Voltage — Level 3 — 1.85 —
Output Voltage — Level 4 — 0.07 —
Rising edge from Sync center (Pins 1, 3} — ~28 — us
Rising edge from Sync center {Pins 26 to 29) — -33 —
High Time — 6.0 —
Level 2 Time — 5.0 -
Reference Voltage @ Pin 9 (Iof = 32 pA) 1.0 1.2 1.4 Vdc
PHASE-LOCKED PIXEL CLOCK SECTION {PLL #2}
VCO Frequency @ Pin 18 MHz
Minimum (Pin 16 =1.6 V, $85-7 = 1} — 2.0 4.0
Maximum (Pin 16 = 4.0 V. $85.7= () 30 45 60
VCO Up {Flag 19) Threshold Voltage @ Pin 16 1.5 1.7 1.8 Vdo
VCO Down (Flag 20} Threshold Voltage @ Pin 16 kR as 35
VCO Control Voltage Range @ Pin 16 1.2 — 38 Ve
VCO Control Gain lactor ($7FDAC = 00, $85-7 = 0) 4.0 8.0 12 MHz/V
Charge Pump Current (Pin 16} 25 ] 75 uA
High Gain ($83-7 = Q)
Current Ratio 0.3 0.4 0.5 UALA

Low Gain-to-High Gain
Pixel Clock Qutput (Pin 18) {Load = 3 FAST TTL loads + 10 pF)

Output Yoltage — High — 39 — Vdc
Output Voliage — Low - 0.15 — 9
Rise Time & 50 MHz — 7.0 — ns
Rise Time @ 9.0 MHz — 17 —
Fall Time @ 50 MHz - 5.0 —_
Fall Time @ 9.0 MHz - 8.0 —
15 kHz Return {Pin 15)
input Threshold Voltage —_ 1.5 —_ Vdc
Falling edge irem Fh rising edge — &0 — ns
Minimum lnput Low Time 200 — —
VERTICAL DECODER
Vertical Freguency Range 433 - 122 Hz
Vertical Sync Output
Saturation Voltage {lq = 800 pA) - 0.1 08 v
Leakage Current @ 5.0 V (Output high) — — 40 HA
Timing from Sync polarity reversal to Pin 4 falling edge {See Figures 33, 34} HS
($78-7 = 0 32 38 40
($78-7 = 1) 62 68 74
Vertical Sync Pulse Width {Pin 4, NTSC or PAL) 490 500 510 Hs
Field Ident (Pin 7) Cutput Voltage — High {lp = — 40 pA) 24 4.5 - Vde
Cutput Voltage — Low {Igy = + 800 pA) _— a1 0.8
Timing _— Fig. 33, 34 —
HORIZONTAL SYNC SEPARATOR
Sync Slicing Levels  {Pins 1, 3) — 120 — my
From Black Level  {Pins 26 to 29) — 150 —
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PIN FUNCTION DESCRIPTION

Pin No.

Representative Clrcuitry

Description

1.3

Video Input 1 & 2 - Video 1 (Pin 1} and Video 2 (Pin 3} are
compasite videa inputs. Either can be NTSC or PAL. Input
impedance i high, termination must be exiernal. Also used
for the luma and chroma components of an 8-VHS signal.
Selection of these inputs is done by software. External
components protect against ESD

and noise,

ACC Filter — A 0.1 uF capacitor at this pin filters the
feedback loop of the chroma automatic gain control
ampilifier. input chroma burst amplitude can be between
30 and 600 mVp.p.

Yertical Sync Output — An open collector output requiring
an external pull-up. Outputis an active low pulse, 500 us
wide, occurring each field. Timing of this pulse depends
on Bit$78-7.

From MCU -

SCL - Clock for the 12C bus interface. Ses Appendix C for
specificalions. Maximum frequency is 100 kHz.

SDL - Bidirectional data line for the I2C bus interface. As
an aulpul, it is an gpan coliector. {Write Address $8A,
Read Address $8B)

Field ID— TTL level output indicating Field 1 or Field 2.
Polarity depends on state of Bit §78-7 (Vert. Sync Delay).
See Table 11 and Figure 33 and 34.

Burst Gata — TTL lavel autpul used for external clamps,
as well as interrally. Pulse is active high, = 3.5 ps wide,
with the rising edge ~ 3.0 ps after center of selected
incoming sync puise.

Reference Current Input — Current supplied {o this pin,
typically 32 pAfrom + 5.0 Vthrough a 110 kQ resistor,

is the reference current for the calibration circuit. Noise
fitering should ke dene at the pin. Voltage at this pinis
typically 1.2 V.

10

{See power distribution diagram at the end of this section.)

Quiet Ground -~ Ground for the horizontal PLL filter
(PLL #1) at Pin 11.
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PIN FUNCTION DESCRIPTION

Pin No. Representative Circultry Description

H Filter - Camponents at this pin lilter the outpul
ot the phase detector of PLL #1. This PLL becomes
F__ phase-locked to the selected incoming horizontal sync.

11

External component values are valid for NTSC and
PAL systems.

12 == H Filter Switch — An internal switch-to-ground which per-
L mits altering the fikering action of the components

va—tﬁ_, at Pin 11.
F 9 4 %1.0&41N

13 16 FhiCgyne — A TTL level output from PLL #1,

This pin provides either a square wave equal to Fh x 16
{= 250 kHz}, or composite sync, depending on the
setting of Bit $85-6.

{Same as Pin 7)

14 Fh Reference - A TTL sguare wave cutput which is
{Same as Pin 7) phase-locked to the selected incaming horizonial sync.
The rising adge occurs = 1.3 ps after sync center,

15 15 kHz Return — This TTL input receives the output

of an external frequency divider which is part ol PLL #2
{Pixel Clock PLL). This signal will be phase and
frequency-locked to the Fh signal at Pin 14. If PLL #2
is not used, this pin should be connected to

a+ 5.0V supply.

16 PLL #2 Filter — Componenis at this pin filter the

output of the phase detector of PLL 2. This PLL becomes
phase-locked to the Fh signal at Pin 14. Recornmended
values for filter components are shawn. External
components should be connected to ground at Pin 17.

I PLL #2 is not used, this pin should be grounded.

F Y
| gﬂk 1 |
= l ! l;l—} ! Vert.
[ Down I Gain  Up l Gate

17 GND 3 — Ground for the high frequency PLL #2. Signals at

Pins 15 ta 18 should be referenced to this ground,

18 Pixel Clock Qutput — Sampling clock output (TTL) for
exiernal A/D converters, and for the external irequency

divider. Frequency range at this pin is 6.0 to 40 MHz.

19 Voo — A + 5.0 V supply (+ 5%, for the high frequency
{See power distribution diagram at the end of this section.) PLL #2. Decoupling must be provided Irom this pin 10
Pin 17. Ripple on this pin will affect pixel clock jitter.
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PIN FUNCTICN DESCRIPTION

Pin No.

Representalive Circuitry

Description

R/ Output — Red (in RGE mode), or R-Y (in YUV moda),
output from the color difference stage. A pull-up (390 42 to
+ 5.0 V is required. Blank level is = +1.4 Vdc. Maximum
amplitude is = 3.0 ¥p-p, black-to-white.

21

(Same as Pin 20)

G/Y Qutput — Green {in AGE made}, or Y {in YUV mode),
output from the color difference stage (same as Pin 20).

a2

(Same as Pin 20)

B/U Outpul - Blue {in AGB mode), or B-Y (in YUY mode),
output from the color difference stage (same as Pin 20).

23

{See power distribution diagram at the end of this section.)

Yooz - A+ 5.0V supply (+ 5%), for the color difference
stage. Decoupling must be provided from this pin to Pin 24.

24

{See power dislribution diagram at the end of this section.)

GND 2 — Ground for the color difference stage. Signals at
Pins 20 to 31 should be referenced to this pin.

25

i

FC - Fast Commutate switch. Taking this pin high {TTL
{eval) connects the RGB inputs {Pins 26 1o 28) ta the RGB
autputs {Pins 20 to 22), permitting an cverlay function. The
switch can be disabied in software (Bit $80-7).

26,27, 28

Blue (26), Green {27), Red (20} Inputs - Inputs 1o

the calor difference stage. Dezigned to accept standard
analog video tevels, these input ping have a clamp and
sync separator. Thay are selected with Pin 25 or in
software {Bit $80-7).

29

Y2 inpul — Luma #2/Compasite sync input. This luma in-
put to the color differance stage is used in conjunctian with
auxiliary color difference inputs, and/or as a sync input,
Clamp and syne separator are provided.

30,31

B-Y {30}, R-Y {31) Inpuls — Inputs to the cotor dilference
stage. Designed for standard color difference levels, these
inputs can be capacitor coupied from the color difference
outputs, from a delay line, or an auxiliary

signal source. Input clamp is provided.

¥1 Clamp — A .47 uF capacitor at this pin provides
clamping for the Luma #1 output.

¥1 Output — Luma #1 oulput. This output from the PAL/
NTSC/S-VHS decoder is the Juma component of the
decoded composile video at Pin 1 or 3. it is internally di-
rected to the color difference stage.

Syslem Select - A multi-level DC output which indicates
the calor decoding system 10 which the PALNTSC
detector is set by the software. This oulput is used by the
MC44140 chroma delay line.
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PIN FUNCTION DESCRIPTION
Pin No. Representative Circultry Desacription
35 rS—— Sandeastie Pulse — A multi-level timing pulse output used
I - by the MC44140 chroma delay fine. This pulse
Sandcastle E@ encompasses the horizontal sync and burst time.
Pulse
| ¥
L= _ _
3B, 38 ot ——— X1ad 2 {36), Xtal 1 (38) — Designed for cannection of 4x
| subearrigr color erystals. Selection is done in soltware.
143MHz) & (¥ )20nA The selacted frequency is used by the PALNTSC
A o detector; system identifier; all notches and traps; detay
— WA~ ) \ vl
T wrwer & e R lines; and the horizontal calibration circuit.
- | The crystal frequancy should be:
| 14.3 MHz at Pin 36 for NTSC,
_____ — 17.7 MHz at Pin 38 for PAL.
R =400 at P!n 34
fi =300 <2 at Fin 36 {Soe Table 18 for crysial specs.)
37 Ho Connect — This pin is to be left open.
39 . \ , . Ground 1 — Ground for all sections except PLL #2 and the
{See power distribution diagram at the end of this section.) color difference stage.
40 . . , . Yoot — A+ 5.0V (1 5%), supply to all seclions except PLL
{See power distribution diagram at the end of this section.} #2 and the color difference stage.

41 B-Y Output — Output from the PAL/NTSC decader, itis
typically capacitor-coupled o a delay line or 1o the B-Y
input. This pin is clampsd, and filtered at the color
subcarrier frequency, 2x, and 8x that ifrequency.

42 R-Y Output — Output from the PAL/NTSC decoder.

43 Ident Filter — A 0.1 uF capacitor filters the system
identification circuit in the NTSC/PAL decoder.

44 Crystal PLL Filter —- Components at this pin filar the PLL
tor the crystal chroma oscillator circuit.

10,17, c3 Power Distribution - The three V¢ pins must be
19, 23, WL & (40} INE & {24) INE & (19 externally connected to + 5.0 V (+ 5%) supply. The tour
24,39, R & TNR 3 : grounds must be externally tied togather. preferably to a
40 (39, 10) L (23) 7 ground plane.
{Dashed lines mdicate substrate connection.}
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Luma Frequency Response (14.3 MHz) Crystal, (4.5 MH2) Sound Trap

Figure 2. Comp. Video Mode Figure 3. S-VHS Mode
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Figure 4. Comp. Video Mode Figure 5. S-VHS Mode
10 T 10 =#
o o y
&0 --1..,\ L o
= -
) N o
FoAp ] =0
g . [, 000 g 1
2 --..._?:[1! Peaking E 20 Ji o~
o L l
= =4 [+ = ’
> -3 )
& vV % Ul l
2 = \ Sound Trap = 1,1
& -4 I -0 All Poaking Settings
8 Sound Trap = 1,1 @ { i i
oy i -850 L i
ot 10 an 5.0 7.0 10 ot 10 3.0 50 70 10
f, FREQUENCY (MHz) f, FREQUENGY (MHz)
Luma Frequency Response (17.7 MHz) Crystal, (5.5/5.75 MHz) Sound Trap
Figure 6. Comp. Video Mode Figure 7. S-VHS Mode
10 7+ 10
o o 7
L bl o
2 s ‘
E (== -
w (fn oo [ aing w 1 \
E = 010 = e
3 A 11 3 -2 \
& &
: > - /
= = Sound Trap = 0,1
5 Sound Trap = 1,1 & -an All Pealing Settings
[==] =]
b= =l
-50 L - 50 L
01 1.0 30 50 7.0 10 01 10 3.0 50 70 10
1, FREQUENCY {MHz) 1, FREQUENCY (MHz)

MOTOROLA LINEAR/INTERFACE |Cs DEVICE DATA
9-194




MOTOROLA SC (TELECOM) BSE D NN L3b7253 D08L90L T1l EEMOTS
MC44011

Luma Frequency Response {17.7 MHz) Crystal, (6.0 MHz) Sound Trap

Figure 8. Comp. Video Mode Figure 9. S-VHS Mode
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{4.5 MHz) Sound Trap
Figure 14, Camp. Video Mode Figure 15. 5-VHS Mode
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Figure 20. Comp. Video Mode Figure 21. S-VHS Mode
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Figure 25. Horizontal PLL1 Timing/Composite Video Inputs
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Figure 26. Horizonlal PLLT Noise Gate and Filter Pin
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Figure 27. Horizontal PLL1 Timing/R, G, B and Y2 Inputs
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Figure 28. System Timing/Video Inputs to RGB Outputs
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Figure 30. Horizontal Outputs versus Fields (NTSC System)
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Figure 21. Horlzontal Outputs versus Fiekls {PAL System)
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Figure 33. Vertical Timing (NTSC System)
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Figure 34. Vertical Timing (PAL System)
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FUNCTIONAL DESCRIPTION

introeduction

The MC44011, a member of the MC44000 Chroma 4
family, is a composite video decoder which has been talored
for applications involving multimedia, picture-in-piclure, and
frame storage (although not limited to those applications).
The first stage of the MC44011 provides color difference
signals (R-Y, B-Y, and Y) from one of twe (selectable)
compasite video inputs, which are designed to receive PAL,
NTSC, and S-VHS (Y,C) signals. The second stage provides
either RGB or YUV putputs from the first stage’s signals, or
from a separate (internally selectable) set of RGB inputs,
permitting an overlay function to be performed. Adjustments
can be made to saluration; hue; brightness; contrast;
brightness balance; contrast balance; U and V bias;
subcarrier phase; and color difference gain ratio.

The abcove mentioned videc decoding sections provide
the necessary Wima/delay function, as well as all necessary
fiters for sound traps, luma/chroma separation, luma
peaking, and subcarrier rejection. External tank circuits and
luma delay lines are not needed. For PAL applications, the
MC44140 chroma delay line provides the necessary
lina-by-line corrections to the color difference signals
required by that system.

The MC44011 provides a pixel clock to set the sampling
rate of external A/D conveners. This pixel clock, and other
horizontal frequency related output signals, are phase-locked

to the incoming sync. The VYCO's gain is adjustable for
optimum performance. The MC44011 also provides vertical
sync and field identification {Field 1, Field 2) outputs.
Selection of the various inputs, outputs, and functions, as
well as the adjustments, is done by means of a two-wire 12C
intertace. The basic procedure requires the microprocessor
system to read the internal flags of the MC44011, and then
set the intemal registers appropriately. This [2C interace
eliminates the need for manual controls (potentiomaters) and
external switches. All of the external components for the
MC44011, except for the two crystals, are standard value
rasistors and capacitors, and can be non-pracision.

{The DACs mentioned in the following description are 6-bits wide.
The settings mentioned lor them are given in decimal values of 00 to
63. These are not hex values.)

PAL/NTSC/S-VHS Decoder

A block diagram of this decoder section is shown in
Figure 35. This section's function is to take the incoming
composite video (at Pins 1 or 3}, separate it info luma and
chroma information, determing if the signal is PAL or NTSC
{for the flags), and then provide color difference and luma
signals at the outputs. If the input is S-VHS, the
luma/chroma separation is bypassed, but the other functions
are still in effect.

Figure 35, PAL/NTSC/S-VHS Decoder Block Diagram
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Inputs

The inputs at Pins 1 and 3 are high impedance inputs
designed to accept standard 1.0 Vp-p positive video
signals (with negative going sync). The inputs are to be
capacitor-coupled so as not fo upset the intermal DC bias.
When normal composile video is applied, the desired
input is selected by Bit $88-7. Bits $77-6 and $77-7 must
be set 10 0 80 that their switches are as shown in Figure
35. The selacted signal passes through the sound trap,
and is then separated by the chroma trap and the chroma
{high pass) filtar.

When S-VHS signals {Y,C) are applied to the two inputs, Bit
$88-7 is used fo direct the luma information to the sound trap,
and the chroma information to the ACC circuit {Bit $77-6 must
be set to a Logic 1). Bit $77-7 is normally set to a Logic 1 in
this mode to bypass the first luma delay line and the chroma
trap, but it can be left O i the additional delay is desired.
Sound Trap

The sound trap will filter out any residual sound subcarrier
at the frequancy selected by control bits T1 and T2 according
to Table 3. The accuracy of the noich frequancy is directly
related 1o the selected crystal frequency.

Table 3. Sound Trap Frequency

The PAL/NTSC decoder then determines if the signal is
PAL or NTSC by locking for the alternating phase
characleristic of the PAL burst. When Flag 24 is high, PAL
has been detected. Bits S6A, SSB, 558C, and S8D (Table 4)
must then be sent fo the decoder to set the appropriate
decoding method.

Table 4. Colar System Select

Crystal T T Notch
Frequency {$7B-7} {$7B-6) Frequency
17.73MHZ 0 0 &.5 MHz
17.73 MHZ 4 1 5.5 + 5.75 MHz

1 0 6.0 MHz
17.73 MHZ

1 1 5.5 MHz
14.32 MHz o] 0 5.25 MHz
14.32 MHz 0 1 4.44 + 464 MHz

1 0 4.84 MHz
14.32 MHz

1 1 4,44 MHz

Code 01 {for T1, T2) is used to widen the band rejection
whaera stereo is in use. Typical rejection is 30 dB.

ACC and PAL/NTSC Decoder

The chroma filter bandpass characteristics (3.58 or
4.43 MHz) is determined by the selected crystal. The output
af the chroma filter is sent to the ACC circuit which detects the
burst signal, and provides automatic gain control cnce the
crystal oscillator has achieved phase lock-up to the burst.
The DC voltage at Pin 2 is =1.5 to 2.0 V. This will occur if the
burst amplitude exceeds 3¢ mVp-p, and if the correct crystal
is selected (Bit $7A-7). A 17.734472 MHz crystal is required
for PAL, and a 14.31818 MHz crystal is required for NTSC.
When Flag 23 is high, it indicates that the crystal's PLL has
locked up, and the ACC circuit is active, praviding automatic
gain control. A small amount of phase adjustment (= £ 5°) of
the crystal PLL, for colar correction, can be made with control
DAC $79-5/0. Pin 2 is the filter for the ACC loop, and Pin 44 is
the filter for the crystal osciliator PLL.

SSA 558 SSC 58D Color
($7C-6) {$7D-6) ($7C-7} ($7A-6) Systemn
D 0 o 0 Not Used
o 1 g 0 PAL
i 0 0 0 NTSC
1 1 o] 0 Color Kill
X X 1 0 External

Upon receiving the SSA to SSD bits, the decoder provides
the correct color difference signals, and with the Identification
¢ircuit, provides the correct level at the System Select oulput
{Pin 34). This output is used by the MC44140 delay line.

The color kill setting (3SA = SSB = 1) should be used
whan tha ACC flag is 0, when the color system cannot be
properly determined, or when it is desited to have a
black-and-white output (the ACC circuit and flag will still
function it the input signal has a burst signal). The “External”
setting (SSC = 1) is used when an external {alternate)
source of color difference signals are applisd to the
MC44140 delay fne. (See Miscellansous Applications
Information for moré details.)

Colar Difference Controls and Qutputs

The color difference signals (R-Y, B-Y} from the PAL/NTSC
decoder are directed to the saturation, hue and coler balance
controls, and then through a series of notch filters hefore
being output at Pins 41 and 42. Blanking and clarnping are
applied to these culputs.

The saturation contral DAC{$87-5/0} varies the amplitude
of the two signals from 0 Vp-p (DAC setting = 00), to a
maximum of =1.8 Vpp {al a DAC setting of 63). The
maximum amplitude (without clipping) is =1.5 Vp-p, but a
nominal setting is =1.3 Vp-p at a DAC setting of 15.

The hue control ($88-5/0} varies the relative amplitude of
the two signals to provide a hue adjustment. The nominal
setting for this DAC is 32,

The color balance control ($78-5/0) provides a fine
adjustment of the relative amplitude of the two outputs. This
provides for a more accurate color setting, particularly when
NTSC signals are decoded. The nominal setting for this
DAC is 32, and should be adjusted before the hue control
is adjusted.

The notch filters provide liltering at the color burst
frequency, and at 2x and 8x that frequency. Additionally,
blanking and clamping {derived from the horizantal PLL) are
applied to the signals at this stage. The nominal output GC
level is = 2.0 t0 2.5 Vde, and the load applied to these outpuis
should be »10 ki2. Sync is not presant an these autputs.
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Luma Peaking, Delay Line, and Y1 Output

When composite video is applied, the luma infermation Table 5. Luma Peaking

extracted in the chroma trap is then applied to a stage which P1 P2 P3 v1
allows peaking at = 3.0 MHz with the 17.7 MHz crystal (= 2.2 (§70-7) (STE-6) {$TE-T Peaking
MHz with the 14.3 MHz crystal). The amount of peaking at 0 0 o +95dB
¥1 is with respect ta the gain at the minimum peaking value
(P1, P2, P3 = 111), and is adjustable with Bits $7D-7, and ° 0 ! +85
$7E-7.6 according to Table 5. 1 0 0 +7.7
The luma delay lines allow for adjusiment of that delay so 1 0 4 65
as to correspond to the chroma delay through this section.
Table 6 indicates the amount of delay using the D1-D3 bits 0 1 0 +53
($7F-7,6. and $80-8). The delay indicated is the total delay 0 1 1 +38
from Pin 1 or 3 to the Y1 output at Pin 33. The amount of » ] o Y
delay depends on whether Composite Video is applied, or YC :
signals (8-VHS) are applied. 1 1 1 0

The output impedance at Y1 is = 300 Q, and the black level
clampis at = +1.1 V. Syncis present on this outpul. Y1 is also
internally routed to the color difference stage.

17.7 MHz Crystal, 6.5 MHz Sound Trap, Comp. Videa Mode

Table 6. Luma Delay

14.3 MHz Crystal 17.7 MHz Crystal
D1 D2 D3 Comp. Video S-VHS Comp. Video S-VHS
($7F-6} ($80-6} ($7F-7) ($77-7=0) $77-7T=1) ($77-7=0) {$77-7=1)

0 4] 0 690 ns 395 ns 594 ns 350 ns
0 0 1 760 465 650 406
0 1 0 830 535 707 453
0 1 1 900 605 763 519
1 0 o g70 675 819 575
1 0 1 1040 745 876 632
1 1 0 970 875 819 575
1 1 1 1040 745 a76 632

Color Ditference Stage and RGB/YUV Quiputs

A block diagram of this section is shown in Figure 36. This
saction’s function is to take the color difference input signals
{Pins 30,31), or the RGE inputs (Pins 26 to 28), and output
the information at Pins 20 1o 22 as either RGB or YUV,

The inputs (on the left side of Figure 36) are analog RGB,
or color difference signals (R-Y and B-Y) with Y1 or Y2 as the
luma cemponent. Pin 25 (Fast Commutate) is a logic lavel

input, used in conjunction with RGB EN (Bit $80-7), to select
the RGB inputs ot the color difference inputs. The outputs
{Pins 20 to 22) are either RGB or YUV, selected with
Bit $82-7. The bit numbers adjacent to the various switches
and gates indicate the bits used to control those functions.
Table 7 indicates the medes of operation.

Table 7. Color Difference Input/Output Selection

RGE EN YX EN YUY EN
FC $80-7 $82-6 $82-7 Function
1 0 0 RGE inputs, RGB oulpuis, no saturation controt “
1 4] 1 0 RGB inputs, RGB oulputs, with saturation control
1 0 1 1 RGB inputs, YUV outputs, with saturation centrol
i 0 v} 1 Mot usable
FC Low andior X a R-Y, B-Y inputs, AGB outputs. Y1 or Y2 must be selected
RGB ENHi
FC Low andfar X i R-Y, B-Y inputs, YUV outputs. Y1 or ¥2 must be selected
RGB EN Hi
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In addition to Table 7, the following guidelines apply:

a) To setect the RGB inputs, both FC must be high and obtained from the NTSC/PAL decoder {from a

RGB EN must be low. Therefore, the RGB inputs can
be selected either by the J12C bus by leaving FC
permanently high, or by the FC input by leaving
Bit $80-7 permanently low. For overlay functions,
where high speed, well controlled switching is

composite videa signal), Y1 is used. The Y2 input is
normally used where alternately sourced color
difference signals are applied, either through the
MC44140 delay line, or through other external
switching to Pins 30 and 31.

In Figure 36, the bit numbers followed by “— 0/5" indicate
DAC aperated controls {contrast, brightness, etc.), which are
controlled by the 12C bus. The DACs have 6-bit resqlution,
allowing 64 adjustment steps. Table 8 provides guidelinas on
the DAC operation.

necessary, ihe FC pin must be the controlling input.

b) When the R-Y, B-Y inputs are selected, either Y1 or ¥2
must be seiected, and the other must be dasalected.
The ¥YX input is automatically disabled in this mode.

¢) In applications where the color difference inputs are

Table 8. DAC Operation — Color Difference Section

Function Bits RGB Qutpuls ($82-T = 0) YUV Outputs (582-7 = 1)
Brighinass $84-0/5 Affects DC black and maximum leveis of the three | Affects DC black and white levels of the Y output
autputs, but nol the clamp level, nor the amplitude. | only, but not the clamp level, nor the amplitude.
ADC —Red $85-0/5 Fine tune the Aed and Blue brightness levels. Allows a small amouni of color tint control (not to be
ADC -Blug $83-0/5 confused with hue}.
Cantrast $81-0/5 Provides gain adjustment (black-to-while) of the Provides gain adjustment of the three outputs.

three cutputs.

A Gain - Red $82-0/5 Fine tune the Rad and Blue contrast levels.
A Gain — Blye $80-0/5

v DC $7E-0/5 Musl be sat to 00.
upoC $7D-0/5

Main Saturation $86-0/8 Altects color saturation, except when the RGE in- AfRfects color saturation levels of the UV outputs.
puts bypass this section (YX EN = 0). Does not affect the Y output.

Fine tune of tha U and V gain levels.

Should nominally ba set to 32. This sats the DG
level of the U and V outpuls at = mid-scale,

Figure 36. Color Difference Stage and Outputs

i Contrast |
58105 Brightness
' r(28 {c} $84-0/5 |
nputs < g . 8205 $62-7 | 5o
B[26] It Maoi Main Saturation AGain A DC ($85-0/5) I

NOTES: 1. = Clamp Circuit
2. Swiiches controlied by
12 Interface — See Text.
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The RGB and Y2 inputs are designed to accept standard
1.0 Vp-p analog video signals. They are not designed for TTL
level signals. The color difference inputs are designed to
accept signals ranging up te 1.8 Vp-p. All signals are to be
capacitor-coupled as ctamping is provided internally. Input
impedance at these six pins is high.

For applications involving externally supplied color
difference sipnals, sync can ba supplied on the luma input
(Y2). or it can be supplied separately at the RGE inputs.
Where the color difference signals are obtained from the
NTSC/PAL decoder, sync is provided to this section on the
internal ¥1 signal. See Sync Separator section for more
details on injecting sync inlo the MC44011.

Sync is present on all three outputs in the RGB mode, and
on the Y output only (Pin 21) in the YUV mode.

The Fast Commutate input (FG, Pin 25} is a logic level
input with a threshold at ~=0.5V. Input impedance is
= 67 k£), and the graph of Figure 24 shows the input current
requirements. Propagation delay from the FC pin to the
RAGB/YUVY outputs is = 50 ns when enabling the RGB inputs,
and = 90 ns when disabling the inputs. {Ses Figure 29 Fast
Commutate Timing diagram.) If Pin 25 is open, that is
aquivalent 1o a Logic 1, although good design practices
dictate that inputs should never be left open. The voltage on
this pin should not be allowed o go more the 0.5 V above
Vo2 or below ground.

The three outputs (Pins 20 to 22) are open-collector,
requiring an external pull-up. A representative schematic is
shown in Figure 37.

The ouiput amplitude can be varied fram 100 myp-p 1o
3.0 Vp-p by use of the contrast and saturation controls. Any
output load to ground should be kept larger than 1.0 kQ. In
the RGB maode, DACs $7D and $7E should be set to 00,
which results in clamping levels of = +1.4 ¥de. In the YUV
mode, DACs $70 and $7E should be set to 00, which results

Figure 37. Oulput Stage
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in clamping levels of = +1.4 Vde. In the YUV mode, the DACs
should be set 1o 32 to bias the U and V outputs 10 = +2.3 V.
The Y output clamp will remain at = +1.4 V in the YUY mode.

Horizontal PLL {PLL1}

PLL1 {shown in Figure 38} provides several outputs which
are phase-locked to the incoming horizontal sync. In narmal
operation, the two switches at the lefi side of Figure 38 are as
shown, and {usually) the transistor al Pin 12 is off.

The phase detector compares the incoming sync (from the
sync separatof) to the frequency from the + 64 block. The
phase detector's output, filtered a1 Pin 11, controls the VGO
1o set the correct frequency (=1.0 MHZ) so that the outpul of
the + 64 is equal to the incoming horizontal frequency.

The line-locked outputs are:

1) Fh Ref {Pin 14) — A square wave, TTL levels, at the
horizontal frequency, and phase-locked to the sync
source according lo the timing diagram of Figures 25
and 27,

2) Burst Gate {Pin 8) — This is a positive going pulse, TTL
levels, coingident with the burst signal. See the timing
diagram of Figuras 25 and 27.

Figure 38. Horizontal PLL (PLL1)

[Trsmes Coleeonbowp |
| L owo |
Frequency | Frequency L H -
(e o e ~wrn
b ! !
b dssw Up/Down [ mléws“:
= 356 Counter E Separstor Flag 12
I I | 1 r (Worizontat not locked)
I OwA | Frame | »  Coincidence
| Gonverter !
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3) Sandcastle Output (Pin 35} — This is a multilavel
output, at the horizontal frequency, used by the
MC44140 delay line. See the timing diagram of Figures
25 and 27.

4) 16Fh/Cgyne (Pin 13) - This is a dual purpose output,
TTL leveis, user selectable. When Bit $85-6 is set 10 0,
Pin 13 is a square wave at 16x the horizontal frequency
{250 kHz for PAL, =252 kHz for NTSC). When
Bit $85-6 is setto 1, Pin 13 is negative composite sync,
derived lrom the internal sync separator. Sae the timing
diagram of Figures 25 and 27.

The first three outputs mentioned above, and Pin 13 when
set ta 16 Fh, are consistent, and da not change duty cycle or
wave shape during the vertical sync interval. These four
outputs wilt also be present regardless of the presence of a
video signal at the selected input.

When Pin 13 is set to Cgyng output, it follows the incoming
compasite sync format. if there is no video signal present at
the selected input, this output will be a steady logic high.

Loading on these pins should not be less than 2.0 kQ 1o
either ground or + 5.0 V.

Pin 11 is the tilter for the PLL, and raquires the companants
shown in Figure 38, and with the values shown in the
application circuit of Figure 42. Pin 12is a switch which allows
the filtering characteristics at Pin 11 ko be changed. Switching
in the additional components (set $84-7 =1) increases the
filter time constart, permitting hetter performance in the
presence of noisy signals.

The gain of the phase detector may be set high or low,
depending on the jitter cortent of the incoming horizontal
frequency, by using Bit $83-6. Broadcast signals usually
have a vety stable horizontal frequency, in which case the
low gain setting ($83-6 = 0) should be used. When the video
source is, for example, a VCA, the high gain setting may be
preferable to minirmize instability artifacts which may show
up on the screen.

The gating function ($77-2) provides additional control
where the siability of the incoming horizontal frequency is in
question. With this bit sel to 0, gating is in effect, causing the
phase detector to not respond to the incoming sync pulses
during the vertical interval. This reduces disturbances in this
PLL due 1o the half-line pulses and their change in polarity.
The gating may be disabled by sstting this bit to 1 where the
timing of the incoming sync is known to be stable. The gating
cannct be enabled if the phase detector gain is set high
($83-6 = 1).

Calibration Loop

The callbration loop (upper left portion of Figure 38)
maintains a near correct frequancy of this PLL in the absence
of incoming sync signals. This feature minimizes
re-adjustment and lock time when sync signals are
re-apphed. The calibration loop is similar to the PLL function,
receiving one frequency from the crystal (either 4.43 MHz or
3.58 MHz} divided down to a frequency similar to the
standard horizontal frequency. Bit $84-6 is used 1o set the
frequancy divider to the cormrect ratio, depending on which
crystal is selecied (see Table 9). The output of the frequency
comparator operates an up/down counter, which in turn sets

the D-to-A converter 1o drive the VCO through switch Sc. The
resufting frequency at the output of the divide-by-64 block is
then fed o the frequency comparator to complete the ioop.

When a sync signal is not present at Phase Detector #1,
and at the Coincidence Detecior, as indicated by the
coincidence detector's output {Flag 12), Bit $78-6 should be
set 1o 0. This will cause the switch {Sc) to transfer to the
D-to-A converter for two lines (lines 4, 5} in each vertical fietd,
and will maintain the PLL1 at a frequency near the standard
horizontal frequency (between 14 to 16 kHz). When lock to an
incoming sync is established, Bit $78-6 may be set to 1,
disabling the petiodic recalibration function, or it may be leit
set to O.

If a more accurate horizontal frequency is desirad in the
absence of an input signal, Bit $88-6. can be set t¢ 1 (and
Bit $84-6 set according to Tabla 9). This holds the horizontal
frequency to = 15.7 kHz. In this mode, Flag 12 will stay 0, as
the PLL will not be abls to lock-up to a newly applied external
signal. To reset the systern, set $86-6 1o 0, write $00 to
register $00, and then check Flag 12 to determine when the
loop locks to an incoming signal.

Table 9. Calibration Loop

Crystai Set Bil $84-6 10
14.3 MHz 1
17.7 MHz 0

On initial power up, Bit $86-6 (PLL1 EN) is automatically
sot to 1, engaging the calibration loop continuously. This
condition will remain until this bit is set to 0, and $00 is written
to register $00, as part of the initialization routine.

Pixel Clock PLL (PLL2)
The second PLL, depicted in Figure 39, generates a high
frequency clock which is phase-locked to the horizontal

frequency.

Figure 39. Pixel Clock PLL (PLL2)

Votage | Flag 18 (VCO H)
Monkor | Fiag 20 (VEO LD|

L2 Gain VO Gain
fH from PLLY —‘ $83-7 $7F-510
Phaseand |-UP *

Frequency | Chaigs a2 ey

- — — fig} — —— — i} —— [ ———
15k PLL2 Fiter Piel
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The phase and frequency comparator receive inputs from
PLL? {fq, the horizontal frequency), and the frequency
returned from the external divider. Any difierence between
these two signals causes the Up or Down cutpul to change
the charge pump's timing. The charge pump oufpul is
composed of two equal current sources which alternately
source and sink current to the filter at Pin 16. The voltage at
Pin 18 {which is the input to the VCQ) is therefore determined
by the retative timing of those twe current sources, and the
filter characteristics. A coarse control of the loop gain is set
with Bit $83-7. Low gain is cbtained by setting this bitto a 1,
which sets the charge pump’s output currént sources 1o
=+ 20 pA. Setting this bit to 0 sets the current sources 1o
=1 50 pA, or high gain.

Dapending on the output frequency desired, and whether
or not a $0-50 square wave is needed at the pixel clock, the
+2 may be engaged (Bit $85-7). Generally, the = 2 should not
be engaged for high frequencies, and shouid be engaged for
low frequencies, so as to keep the VCO's input veltage in a
comfortable range (between 1.7 and 3.3 V). If the input
voltage is oulside this range. Flag 19 or 20 will switch high,
indicating the need to fine tune the VCO's gain (cantrol DAC
$7F). The usable adjustment range far this DAC is 00 to = 50.
Settings of 51 to 62 will generally produce non-square wave
outputs, and can be unstable. A setting of 63 will shut off the
VCO, which should be done if the pixel clock is not used.
When not used, Pin 18 will ba at a constant low level,

The pixel clock frequency is equal to the horizontal
frequency (fy) x the fraguency divider ratio. The frequency
divider can be made up of programmable counters {e.g.
MC74F161A Applications Information), or it can be integrated
into ancther device (e.g., an ASIC). The returned signal to Pin
15 must be TTL/CMOS logic levels, and must have a low time
of > 200 ns. The phase comparator will phase-lock the falling
edge of the returned signal with the rising edge of the fH
signal at Pin 14 (see Figure 32).

Vertical Decoder

The vertical decoder section, depicted in Figure 40,
provides a vertical sync pulse and a field identification signal,
as wall as flags which indicate if vertical lockup has occurred,
and it ihe number of horizontal lines per frame is greater or
less than 576.

Inputs to this section consists of the composite sync from
the sync separator, and horizontal related signals from the
horizontal PLL (PLL1).

Figure 40. Vertical Dacoder

Line Counter 774
& Decoder 7741

Fied I 7] Field ID

a7 775
+5.0¥ I ] f -
ks | 525, 625 Comp.
Coincidence ._{ Yert. Sync E: Syne
| Counter Separglon 18Fh
Vertical Sync L.
S : Flag 14 {« 576 Lines)

—= Flaq 15 [Vert. counkdiwm engaged)

The sync output (Pin 4) is an active low signal which starts
after the horizontal half-line sync pulses change polarity (see
Figures 33 and 34). The pulse width is nominally 500 ps for
both PAL and NTSC signals. The position of this sync pulse's
leading edge can be altered slightly with Bit $78-7, but this
does not change the puise width. Since the pulse width is
generated digitally by counters, it will not vary with
temperature, supply voltage, or manufacturing distribution.
The sync output is an open-collector NPN output, requiring
an external pull-up resistor. Minimum value for the pull-up is
1.0 k€2, with 10 kL2 recommended tor most applications.

Flag 14 {« 576 lines) is derived from the counter which
compares the number of horizontal lines in each frame with a
preset value of 576. This flag can be used externally to help
determine whether PAL or NTSC signals are being provided
to the MC44011. Flag 15 (Vertical countdown engaged)
indicates that the vertical decoder has iocked-up to the
incoming composite sync informalion for eight consecutive
fields (CB1, CA1 = 11).

The operation of the verlical decoder is controlled by Bits
$77-0 and $77-1, according 1o Table 10.

Table 16. Vertical Decoder Mode

CB1(§77-1} CA1(377-0) Verlical Sync Mode
Q v} Force 625
1 0 Force 525
Q 1 Imjection Lock
1 1 Aufo-Count

The Injection Lock mode has a quicker response time, but
less noise immunity, than the Auto-Count mode, and ig
normally used when attempting to lock-up to a new signal
(such as when changing video input selection). Flag 15 wil
not switch high when in this mode. The Auto-Count mode,
having a higher noise immunity, should be set once the
harizontal PLL is locked-up (by reading Flag 12), and then
Flag 15 should be checked after 8 fields for vertical lock-up.

The modes designated Force 525 and Force 625 can be
used for thase cases where it is desired to lorce the verticai
sync pulse to cocur twice every 525 or 625 lines, regardless
of the incoming sigral. In either of these modes, the
MC44011's vertical saclicn will not iock-up 10 the vartical sync
information contained in the incoming composile video
signal. It there is no incarming video signal, the vertical sync
will still oceur every 525 or 625 lines generated by the
horizentat PLL. Flag 14 will indicate the number of lines
selected, and Flag 15 will be a steady high.

Bit $77-5 (FS) is used only in the PAL mode {o select the
vertical syne cutput rale. With this bit set to 0, the vertical sync
pulses will be synchronized with the compasite vertical sync
input {every 20 ms). With this bit set to 1, the MC44011 will
add a second vertical output sync pulse 10 ms afler the
one ocecurring at the vertical interval, giving a vertical sync
rate of 100 Hz.
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The Fiald 1D output {Pin 7} indicates which field is being
processed when interlaced signals are applied, but the

poiarity depends on Bit $78-7. Table 11 indicates Fin 7 Vin Sync | Y2Sync | RGB Sync
output. When non-interlaced signals are being processed, ($86-7) | ($87-7) | ($88-6) Sync Source
Pin 7 will be a constant high level when $78-7 is setto 1, and 0 (] 0 None
will be a constant low level when $78-7 is set 1o a 0. Loading -
on Pin 7 should not be less than 2.0 kil to either ground or 0 0 ! RGB (Pins 26 - 28)
+ 5.0 V. Figures 33 and 34 indicate the timing. ] 1 0 Y2 (PFin 29)
1 X X Comp. Video (Pins 1, 3)

Tabie 11. Field ID Quiput

Table 12. Sync Source

38/68 us Field ID Setting Bit $86-7 to a 1 overrides |he ather bits, thereby
($78-7) Field (Pin7) deriving the sync lrom the composite video input {aither Pin 1
1 ] High or 3} selected by Bit $38-7.
When RGB is selected, sync information on Pins 26 to 28
1 2 Low is used. Sync may be applied tc all three inputs, or to any one
0 1 Low with the other two AC grounded. If RGB signals are applied to
- these pins, sync may be present on any one or all three,
0 2 High When Y2 is selected, sync information on Pin 29 is used.
The sync amplitude applied to any of the above pins must be
Sync Separator greater than 100 mV, and it must he capacitor coupled.

The sync separator block provides composite sync
information to the horizontal PLL, and to varicus other blocks
within the MC44011 from one of several sources. It also
provides composite sync output at Pin 13 when Bit $85-6 = 1.
The sync source is selectable via the 12C bus according to
Table 12.

This system allows a certain amount of flexibility in using
the MC44011, in that if the sync infarmation is not present as
part of the applied video signals, sync may be applied 1o
anather input. In other words, the input selected for the syne
information need not be the same as the input selected for
tha videe information.

SOFTWARE CONTROL OF THE MC44011

2C Interface

Communication to and from the MC44011 follows the 12C
interface arrangement and protocol defined by Phillips
Corporation. In simple terms, 12C is a two lins, multimaster
bidirectional bus for data transfer. See Appendix C for a

description of the I2C requirements and operation. Although
an [2C system can be multimaster, the MC44011 never
functions as a master.

Figure 41. 12C Bus Interface and Decoder
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The MC44011 has a write address of $8A, and a flag read
address of $8B. It requires that an extemnal microprocessor
read the internal flags, and then set the appropriate registers.
The MC44011 does not do any automatic internal switching
when applied video signals are changed. A block diagram of

the I2C interface is shown in Figure 41, Since writing to the
MC44011’s ragisters can momentarily create jitter and other
undesirable artifacts on the screen, writing should be dene
only during vertical retrace {before line 20). Reading of flags,
however, can be done anytime.
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Write to Control Registers

Writing should be done only during vertical retrace. A write

cycle consists of three bytes {with three acknowledge bits).

1. The first byte is always the write address for the
MC44011 ($BA).

2. The second hyte defines the sub-address register
{within the MC44011) to be operaled on ($77 through
$88, and $00).

3. The third byte is the data for that register.

Communication bagins when a start bit (data taken low
while clock is high), initiated by the master, is detected,
generating an internal reset. The first byte is then entered,
and il the address is correct ($8A), an acknowledge is

generated by the MC44011, which tells the master lo continue
the communication. The second byte is then entered,
followed by an acknowledge. The third byte is the operative
data which is directed to the designated register, followed by
a third acknowledge.

Sub-Address Registers

The sub-addresses of the 19 registers are at $77 through
$88, and $00. 14 of the registers use Bits 0-6 to operate
DACs which provide the analog adjustments. Most of the
other bits are used o setireset funclions, and to select
appropriate inputs/outputs. Table 13 indicates the
assignments of the registers.

Table 13. Sub-Address Register Assignments

Sub
Address 7 ] 5 4 3 2 1 0
$77 S-VHS ¥ S-VHS C FSI [2GATE BLCP C1TGATE Bl CA)
378 36/38 s Gal Kill {R-Y)}(B-Y) adjust DAC
$79 Hi Vi Subcarrier balance DAGC
$7A Xtal 88D
37B T T2
§7C 55C SSA
$7D P1 SSB Blue bias for YUV operation DAC
$7E P3 P2 Red bias tor YUV operation DAC
57F D3 D Pixel Clock VGO Gain adjust DAG
$80 RGBEN D2 Blue Contrast tnm DAC
$81 Y2 EN ¥Y1EN Main Cantrast DAC
$62 YUV EN ¥X EN Red Contrast trim DAC
$83 L2 Gain L1 Gain Blue Brightness trim DAC
584 H Switch 525/625 Main Brightnass DAC
$85 PGl C Sync Red Brightness trim DAC
$86 Vin Sync PLLT En Main Saturation DAC {Colar Difterence section )
%87 Y2 Sync Q (R-Y)/{B-Y) Saturation balance DAGC (Decoder section)
$88 Y21 RGB Sync Hue DAC
$00 Set to $00 1o start Horizontal Loop if $88-6 = 0

Table 14 is a brief explanation of the individual control bits.
A more detailed explanation of the functions is found in the
block diagram description of the text {within the Functional
Description section). Table 15 provides an explanation of the

DACs. Each DAC is 6 bits wide, allawing 64 adjusiment
steps. The proper sequence and contrel ¢f the bits and
DACs, to achieve various system functions, is described in
the Applications Information section.
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Table 14. Control Bit Description

Contral Bit Name Description
$77-7 S-VHS-Y Set 1o 0 for normal Gomposite Videa inputs at V1 andfor V2 (Pins 1, 3). Set to 1 for 5-VHS (YC}
operation. When 1, the Y-input at the selected video input (V1 or V2, selected by Bit $88-7)
bypasses the initial luma detay line, and associated luma/chroma filters and peaking. The signal
passes through the second luma deiay, adjustable with Bits 01-D3. Luma is output at Pin 33.
$77-6 $-VHS-C Set to 0 for narmal Compasite Video inputs at V1 and/or V2 (Pins 1, 3), Setto 1 for 3-VHS (YC)
operation. When 1, the chroma input at the non-selected vidao input (V1 or V2 by Bit $88-7} is di-
rected to the ACC loop and PALANTSC detector. Color difierence signals are then output at
Pins 41 and 42.
$77-5 Fsl Set to 0 for a Vertical Sync oulput rate of 50 Hz. Set to 1 for 100 Hz. Useable in PAL systems only.
$77-4 L2 GATE When set to 0, the pixel clock charge pump {PLL2) operation is inhibited during the Vertical Retrace
o minimize momentary instabilities. When set to 1, PLL2 aperation is not inhibited.
3773 BLGF GATE Whan 0, Vertical Gating of the black level clamp pulse during the Vertical Retrace occurs to
minimize momentary instabilities. The Vertical Gating can be inhibited by setting this bit 1o 1.
§77-2 L1 GATE When set ta 0, the horizonta! PLL's phase detector (PLE 1} operation is inhibited during the Vertical
Retrace 1o minimize momentary instabilities. When set to 1, the phase detector is not inhibited. If
PLL1 gain is high {Bit $83-6 = 1}, gating cannot be enabled.
$771.0 CB1, CAl Sets the Vertical Timebase operating method accorging to Table 10,
$78-7 36168 ps When 0, the time delay from the sync polarity raversal within the Composite Sync to the leading
edge of the Verlical Syne output {Pin 4) is 36 us. When 1, the time delay is 68 js.
(See Figure 33 and 34).
$78-5 CalKill When 0, the Horizomtal Calibration Loop is enabled for two lines {lines 4 and 5} in each field.
When 1, the Calibration Loop is not engaged. Upan pawer-up, this bit is ineffective {Calibration Loop
is enabled) until bit $86-6 is set to 0, and register $00 is set to $00.
$79-7 HI This bit is nol used in the MC44011, and must be set to 1.
$79-6 Vi This bit is nel used in the MC44011, and must be setto 1.
$7A-7 Xtal When 0, the crystal at Pin 38 (17.7 MHz} Is selectad. When 1, the crystal at Pin 36 {14.3 MHz)
is selecied.
$7A-8 85D This bit is not used in the MC44011, and must be set 10 0.
§78-7.6 T1,Te Used 1o set the Sound Trap Noich filter requency according to Table 3.
$7C-7,687D-6 | SSC,S8A, 858 | Sets the NTSC/PAL decnder to the comect system according 1o Table 4.
$7D-7 $7E-7,6 P1,P2, P32 Sets the Luma Peaking in the decoder section according to Tabie 5. (See text).
$7F-7, 6 3806 D3, D1, D2 Sets the Luma Delay in the decoder section according to Table 6. (See text).
$480-7 RGBEN When 0, permits the RGB inputs (Pins 26 10 28} to be selected with the Fast Commutate (FC) input
(Pin 25). When 1, the FC input is disabled, preventing the RGB inputs from being selected. When
the RGB inputs are selecled, the Color Diference inputs (Pins 30, 31) ere desalected.
$81-7 Y2 EN When 1, the Y2 Luma input (Pin 29) is ssiactad. When 0, it s deselected.
$81-6 ¥1EN When 1, the ¥1 Luma Signal {provided by the dacader section to the color difference section) is
selected. When 0, il is deselected.
$82-7 YUV EN When 0, Pins 20 to 22 provide RGB oulput signals. When 1, thase pins provide YUV
output signals.
$82-6 YX EN Eifective anly when the RGB inputs are salected. When 0, the RGB inputs (Pins 26 to 28) are
directed 1o the RGE outputs (Pins 20 to 22} via the Contrast and Brightness controls. When 1, the
RGB inputs are directed through tha Color Differsnce Matrix, allowing Saluration control in
adgdilion to the Brightnass and Contrast controls. See Figure 36.
$63-7 L2 Gain When 0, the gain of the pixel clock VCO (PLL2} is high (50 uA). When 1, the gain is iow (20 pA).
$83-6 L1 Gain When 0, the Horizontal Phase Detector Gain {PLL1} is low. When 1, the gain is high.
$84-7 H Switch When 0, Pin 12 is open. When 1, Pin 12 is internally switched to ground, allowing the PLL1 filter

operation 1o be adjusted for noisy signals.
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Tabla 14, Control Bit Description (continued)

Control Bit Name Description

$84-6 525625 This bit sets the division ratio from the crystal for the reference freguency for the Horizantal
Calibration Loop. For NTSC systems, set to 1. For PAL systems, set o 0.

$85-7 PCIk/2 When 0, the PLL2 VCO provides the Pixel Clock at Pin 18 direcily. When 1, the VCO output is di-
rected through a + 2 stage, and then 1o Pin 18.

3856 C Sync When 0, Pin 13 will grovide a sguare wave of = 250 kHz {16 x Fh). When 1, Pin 13 provides a nega-
tive composite sync signal. See Figures 25, 27, 30, 31.

$86-7 Vin Sync When 1, Composite Sync at the selected Video input {Pin 1 or 3) is used for all internal timing.
When 0§, the Sync source is selected by Bils $87-7 and $88-6. See Table 12.

$86-6 PLL1 Enable Adter powsr up, this bit must be set to 0, and then register $00 set to $00, 1o enable the Harizontal Loop
{PLL1}. Setting this bit fo a 1 will disable the Horizental Loop, and engages the Calibration Loop.

$87-7 ¥2 Sync When 1, and $86-7 = §88-6 = 0, Composite Sync at the Y2 input (Pin 29) is used fer all internal
timing. When Q, the Sync source is setected by Bits $86-7 or $88-6. See Tabie 12.

$87-6 0 This bit must always be setto 0.

$84-7 V2iV1 When Composite Video is applied, and this bit is 0, the Video 2 input {Pin 3} is directed to the Sound

Trap. When 1, the Video 1 input (Pin 1) is selected. In 5-VHS applications, when 0, Pin 3 is the ¥
{lumaj input, and Pin 1 is the chroma input. When this bit is 1, Pin 1 is the fuma input, and Pin 3 is
the ehroma input.

$88-6 RGB Sync When 1, and $96-7 = $87-7 = 0, Composite Sync at any or all of the RGR inputs (Pin 26 to 28) is
used for all internal timing. When 0, the sync source is selected by Bits $86-7 or $87-7.
See Table 12.

Table 15. Control DAC Description

Control Bits Description
$78-5/0 This DAC allows for a relative gain adjustment of the R-Y and B-Y outputs {Pins 41, 42) as a means ol adjusling the
color decading accuracy. Nominal setting is 32,
$79-5/0 Used to balance out referance errors of the color subcarrier, primarily for NTSC. Nominal setting is 32,
Adjusiment range is = * 5° 9
$7D-5/0 Used to set the U {Pin 22} DC bias level. When in the YUV mode ($82-7 = 1), this setting should nominally be 32. When
in RGB mode. set 1o 00
$7E-5/0 Used 10 set the V (Fin 22) DC bias level. When in the YUY mode ($82-7 = 1), this selting should nominally be 32. When

in RGB mode, set to 00.

$7F-5/0 Used to fine tune the gain of the Pixel Ciock VCO fo obtain eptimum performance without instabilities. A setting of 63 will
shut off the VCO. Setting 50 1o 62 provide non-square wave culputs, and can be unstable. As the setting is increased
from 00 1o 48, 1he gain 15 increased. Changing this register does not change the Pixel Clock fraquency.

$80-5/0 Used to fine tune 1he ¢ontrast of the Blue output when in RGB mode. In YUV mode this provides a line tuning of the
colar, similar to, but not 10 be confused with, hue.

$81-5/0 Used 1o adjust the gain of the three autputs. In RGB mode 1his is the Contrast conlrol.

$82-5/0 Used to fine fune the contrast of the Red outpul when in RGB mode. In YUV mede this provides a fine tuning of the color,
similar 10, but not to be confused with, hue.

$83-5/0 Used 1o fine tune the brightness of the Blue output when in RGB mode. In YUV mode this provides & fine tuning of the
color, simitar to, but not 1o be confused with, hue.

$84-5/0 Used to adjust the brightness of the three RGE outputs. In YUY mode this DAC afects only Y output {Pin 21}. .

$85-5/0 Used to fine tune the brightness of the Red cutput when in RGB mode. In YUV mode this provides a fine tuning of the
color, similar to, but not to be confused with, hue.

$06-5/0 Used to adjust the saturation ol the RGB/YUV cutputs of the Color Difference section.

$a7-5m Used to adjust the saturation ol the R-Y, B-Y outputs {Pins 41, 42} of the Decoder section.

$88-50 Used to adjust the hue of the R-Y, B-Y outputs {Pins 41, 42). Nominal setting is 32.

$00-7/0 This register must be set to 00, alter Bit $86-6 is set to 0, to enable tha Horizontal Loop (PLL1) atter power up, or

anylime when Bit $86-6 is set fo 0 after havingbeena 1.

The above DACS are 6-bils waide The settings mentioned above, and in subsequent paragraphs are given in decimal values of 00 1 §3. These are nol hex values.
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Reading Flags

A read cycle need not be restricted to the vertical interval,
but may be done anytime. A flag read cycle consists of three
bytes (with three acknowledge bits):

+ The first byte is always the Read address for the

MC44011 ($8B).

« The second and third bytes are the flag data.

Coemmunication begins when a start bit {data taken low
while clock is high), initiated by the master (notthe MC44011),
is detected, generating an internal reset. The first byte
(address) is then entered, and if correct, an acknowledge is

generated by the MC44011. The flag bits will then exit the
MC44011 as two B bit bytes at clock cycles 10-17 and 19-26.
The master (receiving the data) is axpected to generate the
acknowledge bits at clocks 18 and 27. The master must then
generate the siop bit.

The MC44011 flags must be read on a regular basis to
determine the status of the various circuit blocks, The
MC44011 does not generate interrupts. It is recommended
the flags be read once per field or frame. See Table 16 for a
descriplion of the flags.

Table 16. Flag Description

Clock No. Description (When Flag = 1}

10 Internally set to a Logic 1.

1 Horizontal Loop (PLL1) enabled, indicating the kuap can be driven by the incoming sync. This bit will be low upon paw-
or up, and will change to a 1 after initiahzation of contral Bit $86-5 and register $00.

12 Horizontal Loop (PLL1) not locked. Lack of incaming sync. or wrong sync source selection, or the wrong horizontal
frequency, will cause the Ceincidence Detecior to indicate a “not locked” condition.

13 Internally sat to Logic 0.

14 Less than 576 harizontal lines counted per frame. This fiag helps delermine the applied video system. When high, a
525 lina system (NTSC}) is indicated. When low, a 625 line system (PAL) is indicated.

15 Vertical Countdown engaged. When high, this flag indicates the Vertical Cauntdown section has successfully
maintained lock for 8 conseculive fields, indicating therefor a successiul vertical lock-up. This flag is low in the
Injection Lock mode.

16 Internally set to a Logic 1.

17 Internally set to a Logic 1,

18 {Acknowladge pulse).

Pixel clock VCO control vaitage taa low (< 1.7 V at Pin 16}. This indicates the VGO may not function corractly as the
control voltage is near ane end of its range. The DAG setting at register $7F-5/0 must be increased, and/or the + 2

block must be selected {set $85-7 = 1), to clear this flag.

20 Pixed clock VCO control voltage 100 high {= 3.3 V at Pin 18). This indicates the VCO may not function correctly as tha
control voltage is near one end of its range. The DAG setting at register $7F-5/0 must be reduced, and/or the + 2 black
must be deselected {set $85-7 = 0) to clear this fiag. This flag will ne high if the VCO is off (DAC $7F = 83).

21 Internally sst to a Logic 1.

22 Internally set to a Logic 0.

23 ACGG Loop is active, indicating it is iocked up to the colar burst signat. The Color Burst amplitude must exceed
30 mV., and the correct crystal selected, for lock-up te accur,

24 PAL system identified by the decoder. indicating the decoder recognizes the line-by-iine changs in the burst phase.
When NTSC is applied, this flag is 0.

25 Not used.

26 Internally set to a Logic 0.

27 (Acknowladge puise).
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APPLICATIONS INFORMATION

Design Procedure and PC Board Layout
The extemal components required by the MC44011 are
shown in Figure 42, Except for the crystals, all the
components are standard value rasistors and capacitors, and

can be non-precision. Table 17 describes the extemal
components for each pin.

Figure 42, Basic Functional Circuit
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Cryatal Specifications and QOperation
The crystals used with the MC44011 should comply with

Table 18 spacifications.

The oscillator output resistance at Pin 36 is nominalty 300 Q
for NTSC mode, and 400 03 at Pin 38 for PAL mode. It is
recommended that a stray capacitance (PC board, package
pins, etc.) of 4.0 10 5.0 pF baincluded when selecting a crystal.

The above values tor tolerance and temperature

Table 18. Crystal SpecHications coefficent can be increased if a trimmer capacitor is used for
Frequency: ) NTSC (14.31 B1B MHZ) 1he |°ad capacito{v
{4 x Subcarrier) PAL (17.734472 MHz) The crystal PLL filter {Pin 44) voltage is between 1.8 and
PAL-M {14.30244 MHz) 3.8 V in normal operation. If the color output of the MC44011
Pull-in range: + 1600 Hz is incarrect, or non-existent (ACC flag off), this voltage should
{with respect to crystal frequency) be checked. !f it is beyond either of the above limits, the
3 - " capacitor in series with the crystal should be changed so as
Tolerance: 30 ppm (with fixed load i to allow the PLL to pullin the crystal. The capacitor is
Temperatura Coefficient: | 50 ppm (with fixed load capacitor) generally spacified by the crystal manufacturer, but should
Operating Mode: Fundamental series resonance also comply with Table 18 specifications. If no burst is
- - - present, Pin 44 voltage will be =1.3 V.
Load Gapacitance: Nominally 20 pF The selected crystal frequency can be checked by using a
Motional Capacitance: 1010 30 fF scopa at the non-selected crystal pin. The signal amplitude is
: - - nominally 200 to 400 m¥p-p. In this way the selected crystal's
Series Resistance: <30 & {nominafly 10 ) frequency is not affected by the scope probe.
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Table 17. External Components

Pin No. Name Function

1, Video 1, Input signals must be capacitor-coupled. The 470 (2 resistors protect the pins from ESD and RFIL. The 75

3 Video 2 Q resistors are nat required by the MC44011, but depend on the signal source. The 47 pF capacitors filter
high frequency noise.

2 ACC Filter The 0.1 pF ceramic capacitor filters the Automatic Gain circuit.

4 Yert. Syne The pull-up resistor is reguired for this open-collector oulpul.

5, SCL, Pull-up resistors are required on each 12 line since outputs are open-collecior. They are typically located

6 SDL at the master device.

7 Field ID No external components required.

8 Burst Gate No external components required.

g bt The 110 kQ resistor pravides = 32 pA from the + 5.0 ¥V source. This pin must be well fiitered to the Quiat
Ground (Pin 103,

10 Quist GND This is the Reterence Ground for Pin 9 and the PLLY Filter.

" PLL1 Filter The 100 ki) resistor, and the 0.1 uF and 68 pF capacitors are the filter network for this PLL.
Connect to Pin 10 ground.

12 PLL1 Fill. 8W | The 12 kQ resistor and 470 pF capacitor give the filter a longer time constant when Pin 12 is switched in.

13 16 Fh/Cgyne No external companents required.

14 Fh Ref No external components required.

15 15 k Return TTL Return signal from external frequency divider.

16 PLL2Z Filter The 10 k{2 resistor and 47 nF and 4.7 nF capacitors are tha filter network for this PLL. Cannect to Pin 17
ground.

17 Ground Ground for the Pixel Clack cireuit.

18 Clk Oul Pixel Clock output to external frequency divider and triple A/D converter.

14 voea + 5.0 V supply for the Pixel Clock circuit.

20,21, 22 R, G, B Qut The 390 £ pull-up resistors are required for these open-callector outputs. The pull-ups should go 1o a

clean, well filtered + 5.0 V supply. These pins cannot drive 75  directly. If raquired to da so, see fext for
suggested buffer.

23 Voo + 5.0 V supply for the Color Difference section.
m 24 Ground Ground for the Color Difference saction.
25 Fast Cormm. Na external components required. This input shoufd not be left open.
26,27.28 B.G.Rn Input signals must be capacitor-coupled. The 220 £} resiglors protect the pins from ESD and RFI.

28 ¥2 Input Input signals must be capacitor-coupled. The 220 £ resistor protects the pin from ESD and AF). The 75
€1 resistor is not required by the MC44011, but depends on the signal source.

30, B-Y, Input signals must be capacitor-coupled. The MC44140 is required it PAL signals are processed

31 R-Y In {see text).

32 ¥1 Clamp The 0.1 uF ceramic capacitor provides clamping for the ¥1 oulput.

33 ¥1 Qut Ne external compeonents required. This pir cannot drive 75 £ directly. If required to do so, see text for
suggested buffer.

34, System Sel., For use by the MC44140 dalay line. No other external components required.

35 Sandcastle

35, Xtal 2. A17.7 MHz crystal is required (at Pin 38) for PAL signals, and a 14.3 MHz crystal is required (at Pin 386)

38 Xtal 1 for NTSC signals. If only one crystal is required, leave the other pin open. The series capacitor depends
on the crystal marufacturer. (See Table 18 for crystal specs.)

37 NfC No external components required.

a9 Ground Ground for Color Decoder section,

40 Voo + 5.0 V¥ supply for the Color Decoder saction.

41, B-Y, The MC44140 is required if PAL signals are processed. Otherwise, capacitor-couple to Pins 30, 31

42 R-¥ Out {see text).

43 Inclent. Filter The 0.1 uF ceramic capacitor provides filtering tor the |dentification circuil.

44 4FSC PLL The 47 kiXresistor, and 0.1 uF and 2.2 nF capacitors are the filter network for the crysial PLL. Connect to

Pin 33 ground.

MOTOROLA LINEAR/INTERFACE iCs DEVICE DATA

9-218




MOTOROLA SC (TELECOM)

ESE P MW b3L7253 0086925 455 MEMOTS

MC44011

Power Supplies and Ground

There are three Vo pins (Pins 19, 23, and 40) which must
ba connected 1o a source of +5.0 'V, £ 5%. Since the thrae pins
are internally connected by dicdes, none can be left open,
even if a paricular section (such as the Pixel Clock
Generator} is to be unused. Total current required is =135 mA
{including the RGB output load current). There are
four ground pins {Pins 10, 17, 24, and 39} which
must be connected fogether, and preferably connected to a
ground plane.

Pins 19 and 17 are the Voo and graund for the Pixel
Clock Generator, and the circuitry associated with the Pixel
Clock should be referenced to those two pins.

Ping 23 and 24 are the Vg and ground for the Color
Difference section, which includes the RGB ocutputs. The
output pull-up resistors should be connected to the Voo at
Pin 23.

Pins 40 and 39 are the Voo and ground for the Color
Decoder, Sync Separator, Horizontal PLL and the Vertical
Deacoder. Pin 10 is the Quiet Ground for the horizontal PLL's
VCO and lilter, and therefore, the components on Pins 9 and
11 should be connected as close as possible to Pin 10.

Bypassing of the power supplies must be done as close as
possible to each V¢ pin, and at the output pull-up resistors.
Recommended bypassing components are a 10 uF tantalum
capacitor in parallel with a 0.01uF ceramic,

Input Signals

The various vidgo inputs, Video 1 and 2, Red In, Gresen In,
Blue In, R-Y, B-Y, and Y2 inputs, are designed 10 accept
standard level analog video waveforms. They are not
designed for digital signals. The input impedance of the
above pins is high. The need for 75 & terminations for those
video signals depends on the video source itself. All of the
above signals must be capacitor-coupled as clamping is
provided internally.

The 12C inputs (SCL, SOL) are designed accarding to the
12C specitications, which define Vo as batween 0and 1.5V,
and VoH as between 3.0 V te Voo, See Appendix C,

The 15 k Return and Fast Commutate (Pins 15 and 25,
respectively) are designed for TTL level signals. if unused,
they should not be left open, but connected to + 5.0 V, or
ground, as appropriate.

Output Signals

The AGB/YUV outputs are open-collector, and reguire
pull-up resistors (typically 380 ) tc a clean + 5.0V (Vo o2).
The output impedance is such that the load impedance {to
ground} should be »1.5 ki Ifit is desired fo drive a 75 £ load
(e.9.. a monitor} from these outputs, a simple buffer (see
Figure 43} can be added.

Figure 43. Quiput Buffer

R G,B,
or Y1 Out

The Y1 output (Pin 33) has an output impedance of
= 300 Q, and can be used as a monitoring point, or io drive
the input of the MC44145 sync separator, or other high
impedance loads {minimum load for Y1 is 1.0 k). if itistobe
used to drive a 75 Q load, the buffer shown in Figure 43 can
be used, except the 390 Q resistor must be delated.

The Vertical Sync output {Pin 4} is an open-collector logic
level output, and requires a pull-up resistor 1o + 5.0 V. 10 kQ
is recommended, but it can be as low as 1.0 k. The 12C data
line {SDL, Pin 6} is also open-collector when it is an output,
and can sink a maximum of 3.0 mA. Only one pull-up resistar
is required on the SDL line (regardless of the number of
devices on that line), and it is typically near the master device.
The Field ID, Burst Gate, 16 Fh/Cgyne, Fh Ref, and Pixel
Clock outputs are logic level otem-pole outputs.

PC Board

The PC board layout shoulid be neat and compact, and
should preferably have a ground plane. If feasible, a second
plane should be provided for the + 5.0 V supply, but this is not
mandatory. The components at Pins @ and 11 shouid be
connected to the same ground track which goes to Pin 10.
The Ve and ground should be connected as directly as
pessible to (he power supply, and not routed through a maze
of digital circuitry before amiving at the MC44011. Since the
MC44011 is intended 1o be used with A/D converters and
high speed digital signals, it is expected digital circuitry will be
on the sama board. Carg should be taken in the layout to
prevent digital noise from entering the analag partions of the
MC44011. The most sensitive pins are Pins 1,2, 3, 9, 10, 11,
12, 16, and 44, and should be protected from noise.
Initialization and Programming Information

Upon powering up the MC44011, initialization consists of
first filling the registers with initial values to set a known
condition. Table 19 pravides recommended valuas for the
initial seftings, although these may be tailored for sach
application {with the exception of Bits $79-6,7, $7A-6, $86-6,
and $87-8). Table 19 settings will et up the MC44011 to the
following conditions:
® Composite video input at Videa 1 (Pin 1}, NTSC, using

the crystal at Xtal 2 (Pin 36).

* Y1 enabled, RG outputs enabled, and Gomposite

Sync at Pin 13 !

RGB inpuis not enabled (R-Y, B-Y inpuls are enabled)
The Sound Trap at 4.5 MHz

The Luma Peaking at 0 dB

The Luma Delay at minimum

High gain and high noise rejection for the horizontal PLL
Vertical decoder set to Injection Lock mode

The Pixel Clock YCO is off

After the registers are initialized, then set Bit $86-6 1o 0,

and load register $00 wilh $00. This will enable the harizontal
PLL, permitting normal oparation.
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Table 19. Recommended Initial Settings
Sub
Address 7 [ L] 4 3 2 1 0

$77 S-VHSY=0 | S-VHSC=0 FSl =0 L2 Gain =0 BLCP =0 L1 Gain=0 CBI=0 CAl =1
$78 36/68ps=0 | Cakil=0 | {R-YV(B-Y) Adjust DAC = 32
%79 Hl =1 Vi =1 Subcarrier Balance DAC = 32
$7A Xtal =1 SSD=0
$7B T1 =1 T2 =1
$7C 88C=0 S5A =1
$7D P1=1 88B=0 Blue Bias = 00
$7E P3=1 P2=1 Red Bias = 00
§7F D3i=0 Di=0 Pixel Clock YCO Gain Adjust = 63
$80 RCBEN =1 D2=0 Blue Contrast Trim = 32
$81 YZEN =10 Y1EN=1 Main Contrast = 47
$82 YUVYEN=D YXEN=0 Red Contrast Trim = 32
$83 L2Gain=1 | L1Gain=1 | Blue Brightness Trim = 32
$34 H Switch =1 | 525/625 =1 Mair Brightness = 30
$85 PCIk2=1 | Cgync=1 | RedBrighiness Trim = 32
586 VinSync=1 | PLLTEN =1 | Main Saturation (Calor Difference section ) = 32
387 Y2Sync=0 0 {R-Y}(B-Y) Saturation Balance (Decoder section} = 15
$88 V2411 =1 [ RGBgync=0| Hus=32

These setlings are Jor power-up initialization only. Refer to the text, and Appendix B. for subsequent modifications based on the application.

Then, after selecting the desired inputis) (from Pins 1, 3, or
26 to 31), and based on the applied signals at those inputs,
and by reading the flags, the registers are adjusted for the
desired and proper mode of operation. A suggested routing
for setting modes is given in Appendix B. The “initial valugs”
in the Control DACs table of Appendix B are thase in Table
18. The remainder of the flow chart is a recommendation only,
and should be tailored for each application.

The monitering of flags should be done an a reguiar basis,
and it is recommaeanded it be done once per field. See Table 16
{in the Functional Description section) far a summary of the
flags. Should any flags change, the following procedures are
recommended:
Fiag 11 {Horizontal Enabled) — Once enabled by setting
Blt $86-6 = 0, this flag should always remain a 1. Should it
change to 0, reset $86-6 to 0, and write $00 to register $00Q
again. If the flag does not return to a 1, this indicates a pos-
sible device malfunction.
Flag 12 (Horizontal Out-of-Lock} — Whan 1, this indicates:

ajthe wrong input is selected (Bils $88-7, $81-7,

$80-7, and $77-7.6), or;

bj the wreng sync source is selected (Bits $86-7, $87-7,

and $88-6), or;

c) the incoming signal is somewhat unstable, as from a

VCR tape (change Bit $83-8), and/or;

d) the incoming signal is noisy (change Bit $84-7), or;

e} a loss of the incoming signal with sync.

(It is possible for this fiag to flicker when the video signal is
from a poor guality tape, or other poor quality source.)

Flag 14 (Less than 576 lines) — This flag, from the vertical de-
coder, is used to help determine if the signal is PAL or NTSC,
Should it change, this indicates the incoming signal has
changed format, or passibly one of the items iisted under Flag
12 above.
Flag 15 (Vertical Countdown Engaged) — Bits 77-0 and 1
must be set 1o 1 {after Flag 12 reads 0} for this flag to indicate
correctly. Then this flag will change to a 1 atter 8 figlds of suc-
cessful synchronization of the internal counters with the in-
coming signal. To change to a 0 requires 8 consecutive tields
of non-synchrenization, if this flag changes to 0, this indicates
a loss of signal, a change of signal format, or instability in the
horizantal PLL.
Flags 19, 20 {(VCO Cantrol Voltage Low/High)— These flags
are meaningful only if the Pixel Clock Generator isused. [t Flag
19is a 1, the gain of the pixel clock VCO needs to be increased
by increasing the value of register $7F, and/or set Bit $85-7 =1.
It Flag 20 is a 1, the value of the register must be decreased,
and/or set Bit$85-7 = 0. Ifthe VCOQis turned off ($7F =63), Flag
19 will be 0, and Flag 20 will be 1.
Flag 23 (ACC Active) - If this flag is a 0, it indicates the ACC
loop is not active. This will happen if the burst signal is less
than 30 mVp-p, ifthe incorrect crystal is selected ($7A-7}, it the
crystal PLL is not locked, or if the horizontal PLL is not lacked.
Flag 24 (PAL identified) — This flag is a 1 when PAL signals
are applied, and a2 0 when NTSC signals are applied, or when
ne burst is present.

It is racommended that the Color Decoder section, and
crystal, should be sel according to the state of Flags 14, 23,
and 24 according to Table 20.
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Table 20. Color Standard Selection Table
Flags Bit Settings
#14 #23 #24 SSA SSB SSC
<576 Lines ACC Active PAL Signal Crystal ($7C-6) {$7D-6) $7C-7 System
X 0 X Either 1 1 0 Color Kill
0 1 0 Either 1 1 1] Color Kid
0 1 1 17.7 MHz 0 1 0 PAL
1 1 0 14,3 MHz 1 0 (] NTSC
1 1 1 (Note 1} 0 1 0 PAL-M

MNOTES: 1. PAL-M, used in Brazil and other South American countries, can be decoded by the MC44011, but requires a 14.2024 MHz crystal.

2. 880 (¥7A-8) is always set 10 0.

MISCELLANEOUS APPLICATIONS INFORMATION

Use of the MC44140 Delay Line

The MC44140 delay line is generally required if PAL
signals are w0 be decaded, s0 as to average out the
line-by-line color information associated with PAL color
decoding. i the same single PAL videg squrce is always used
in a particular application, the delay line can be eliminated,
and any slight phase errors can be corrected with the DAC of
register $79-5/0. If, however, various video sources can be
used, and/or if the video signal is less than broadcast quality,
it is recommended the MC44140 delay line be included.

The MC44140 acts an the color diference signals before
they enter the color difference stage of the MC44011. It will,
however, pass NTSC signals through without modifications.
The MC44011 uses the Systemn Select output {Fin 34) 1o
indicate to the delay line which signals are being processed.
The System Select voltage is set when the color decoder is

set with Bits SSA, S5B, 88C, S5D. The Sandcastie output
(Pin 35) provides the horizental timing signals to the delay
line. In addition, the MC44140 uses the crystal frequency for
the internal counters.

The MC44140 is inserted into the circuit betweaen tha Color
Difference outputs and inputs of the MC44011. In addition,
the MC44140 provides pins (Pins 8,9) for inserting an
alternate source of color difference signals to the MC44011
by setting the System Selact to external {Bit $7C-7 = 1). See
Figure 44 for a suggested circuit.

If only NTSC signals are to be processed by the MG44011,
the MC44140 is not needed. In this case, connect Pin 42 1o
Pin 31 with a 0.1uF capacitor, and similarly connect Pin 41 1o
Pin 30.

Figure 44, Incorporating the MC44140 Delay Line
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Figure 45. Typical Waveforms
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Cyan
Green
Magenta
Red
Blue
Black

Video Input
@Pins1or3
{Standard Color Bar = 4+ 2.8Vde
Pattern, 100% Saluration}

J
i
r
g

R-Y Output
Pin 42 = + 2.4Vdc

{DAG $87 = 15)

B-Y ':,'i’;":'f = + 2.4Vde

{DAC $87 = 15)

71

Y1 Output
Pin 33 =+1.1vdc—|_,—-L ____Lm

) - )
Pin 20 = +1.4Vdg _|_|
J
T
Vg
T
Green Output ; Vf
Pin 21 = +1.4Vdc—l_|— L]
T
Vg
_______ _+_
Vi
Blve Output . f
Pin 22 = +1.4¥dc L
T
Vs

DAGS sel per Table 19. All amplitudes in milivolts. DACB1; Vg | Vg

VO“E.QES are nominal, angd do not represent guarantead limits. 42 1725 390
47 2380 | 340
63 280 44l
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Use ot the MCA4145 Pixel Clock Generator

For most applications the Pixel Clock Generator (PLL2)
within the MC44011 will be suitable. In those cases. however,
whare the pixel clock frequency is set to within +1.0 MHz of
the selected crystal frequency (14.3 MHz or 17.7 MHz), or to
within £1.0 MHz of double the selected crystal frequencies,
undesirable noise artifacts may be present on the RGB
oulputs. [n these cases the MC44145 should be used to
generate the Pixel Clock. The circuitry within the MC44145
duplicates that of the MC44011, but since it is physically
removed from the circuitry within the MC44011, the interfering
noise is not generated. If the MC44145 is used, the Pixel
Clock Generator within the MC44011 should be shut off by
setting the DAC of register $7F to 63, efiminating the
components at Pin 16, and grounding Pin 16,

If the desired pixal clock frequency is close to the limits
mentioned abave, lhen experimentation may be used 1o
determine the need for the MC44145.

Frequency Divider

The frequency of the Pixel Clock is determined by the
horizontal frequency and an external frequency divider. The
divider simply divides down the Pixel Clock Frequency so

that it equals the horizontal frequeney. The PLL within the
MC44011 {or the MC44145) compares the harizontal
frequancy with the returned frequency, and adjusts the
intemal VCO accordingly, to achieve the proper relationship
betwean the two. The PLL will phase-lock the negative-going
edge of the returned signaf with the positive-gaing edge of the
Fh signal (Pin 14 of the MG44011). The returned signal must
be TTL logic level amplitudes, and have a minimum low time
of 200 ns. A suggestad circuit for the divider, shown in Figure
46, uses 74F181 programmable binary counters. The 12
switches at the bottom are used 1o set the division ratio, and
hence the Pixel Clock frequancy.

The division ratio is determined by dividing the desired
clock frequency by the horizontal frequency, and then using
ihe closest whole number. After determining the binary
equivalent of thal number, close each switch cerrespending
to a 1, and leave open each switch corresponding 1o a 0.
Alternately, the switches could be deleted, and Pins 3, 4, 5
and 6 of each 74F161 hard-wired to + 5.0 V or ground, or
controiled by a microprocessor where different pixe! clock
frequencies are required.

Figure 46. Suggested Frequency Divider

" 74F00
| Reum & - —(_ Q——
| .
| Clock Qut -
| wmcasort |
I “c:‘r = h ENP aa - h ENP oA +5.UEENP a4
2 145 | 10| ey gl hg 10 a8
—_——— ? i 12
Clk oc = =
% s ool 1
8)p % koo 15 15
5 Vg 15 16 +50
To AlD Converlers | 4 1 1
(MC44250 or MC44251) B & CLR s L. 1o
cla e T
+540
10k ea

&
|||-o "-G-Y-‘VW—'
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Connecting the MC434011 to the MC44250 or MC44251 A/D Converier

The MC44250 and MC44251 triple A/D converiers are
designed to accept AGB or YUV inputs, and provide 8-bit
equivalents of each. Additionally, the inputs have black level
clamps, allowing the input signals to be capacitor-coupled.
The simplified schematic of Figure 47 shows the connections

belwaan the MC44011 and the MC44250/1, including
anti-aliasing filters between the devices. Connection 1o other
A/D converters would be done in a similar manner. Refer to
the appropriate dala sheet for details.

Figure 47. Connecting to a Triple A/0 Convarier

e O

e
{ : I MC44251 EI,:I A7\
| ol ook [ 16 23 | ok 2“{- P
: Bursi Gate [_8 29 | Hz E;] RO
| 10uH O G7
| wow Ll RN In Grot a1 1) OighalOutpts
: G/Y Out oo _”0.0-!7 = 351G/ E:]Go
= B Out ! e e H:ﬁ;:: = BAJn Blue I:;Zl .87
L _MCa0t1 ) s 30 e | - orl i+

Aol 8o

+50 = /

Connecting the MC44011 to the MC1415621 or MC141625 NTSC Comb Filter

A comb filter can be used ahead of the MC44011 1o
enhance picture quality by providing a more accurate
separation of the luma and chroma components from the
composite video, without sacrilicing bandwidth. The usual
benefits are reduced dot crawl, and increased color purity.

implementing the MC141621 (NTSC) or MC141825
{(PALNTSC) comb filter with the MC44011, The two comb
filters can also provide the Y and C signals in digital format.
Refer to their data sheets for details. The MC14576A op
amps have an internally set gain of 2.

Figure 48 {a simplified schematic) shows the normal mode of

Figure 48. Implementing the Comb Filter

|
|
; cou |
| |
I MC131621 |
E T e | - 17.7MH $98-7 = 1 :
Comb Filker TMHZ -
. i 20— et |
I
| o L _: 509420 B a2 I
'12”"__;4.&”2 L_.___J
1
NC14576A 1ok
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APPENDIX A
Control Bit Summary
Bit ? 6 5 1 3 2 1 o
77 SYHS ¥ SVHSC FsI L2 Gate 8Lce (¥ Gate ch CAl
~ T I I I ™~ d
[ I
i | . | @8=50Hz 0=PL2 € = Clamp 0-PLL cal | ca Sync Mode
| | e | 1=100H Gating Gating Galing o T 0 Foroe 625
| | 1 ] Force 575
i | I | o ] . Lock
| | | | 1 1 Auto Count
| L veriatTime Constant Sound Trap Holch Fraquency
$78 26468 Calich 1 = Cal Loop Disatéed T T2 PAL NTSC
o 0 6.5 WHz 5.25MHz
579 HI Vi |- setta 1,1 0 [ 1| 55:575MHz 444+ 4 B4 MHz
1|0 6.0 MHz 4.84 MHz
$7A ‘ al | 880 ]_ Setta 0 1 1 5.5 MHz .44 MHz
porm - = " [on | 50 | 556 | corsooen
0 o 0 Mot Usad
76 S5C SSA 0 1 ] PAL
1 0 0 NTSC
$70 Pl | ss8 1 1 0 Golor Il
I 1 X X 1 Extenal
$7E P P2
]

— \\ Pl p2| P3| viPesk
$7F 1%} o 1o T TS
$80 RGAEN D2 ¢fof 85

0 = RGB Inputs Erabled 100 77
1o 65
[90 ] veen | vEw | 1-Y1Enadled el 11lol 53
1 2 ¥2 Enabled el 38
[ s [ Voven |  YXEN | 1-RGBMarix Enatiea IR
1= YUV Cutputs
[ $2 | 12Gan [  U1GMn | 1=PLLI GainHigh Luma Delay
1 = PLLZ Gain Low D1l D2 | 03| 1430 17.7 Mz
[584 | rswwn | ss025  }—1-nTsG SIS Soore Sams
1 = Switch Closed ol 1] e 830 P
[ s | powe ] csme  |—1-Comp.Synec o| 1 |1} om 73
e HHEE- 9
f
| 386 | VgSme | TEN |- 0=PLLI Enabled 111§ b70 919
1= Comp, Vides Swc Source t] 1 4t ] 1o TS
[ 87 | YES}'M ‘ 0 Setto 0 Camp. Video Mode
1 = ¥2 Syne Source
[ si8 | vewt | RGBSy | 1-PRGBSymoSouce
12 Pin { lnpat
Contral DACs
$7a RYB-Y Gain Adjustmenl $a2 Red Contrast Trim
$79 Subcarier Phase $83 Blug Brightness Trim
$7D Blye DC Bias 534 Main Brightness
$7E Red DC Bias $85 Red Brightness Trim
$7F Pixel Clock VCO Gain $86 Saturation {Color Difl. Section)
$80 Blue Contrash Trim $a7 Saturation (Decoder)
81 Main Contrast $88 Hue
Flags
10 internally Set to 1 19 Pixel Glock VGO Gain too low
" Hewizontal Loop (PLL1} Enabled 2 Pixal Clack YO Gain too high
12 Horizontal Loop not Locked a4 Intesnally Sed ta 1
13 Intermally Set to 0 & Internally Sel to 0
14 Less than 576 Lines 23 ACC Loop Active
15 Verlical Decoder Engaged 24 PAL Signals Detected
16 Intemally Set 1o 1 25 Not Used
17 Internally Set 1o 1 26 Internally Sef to O
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APPENDIX B

Suggested Mode Setting Routine (Simplified)

$Se1 Chroma Registers with
Initial Valuas

Enable Horzontal Timabase
51 $96:6 = 0
Set Regiser $00 1 $00

Check Horiz. Enable Flag
(Flag H)

Sel §80-7 =0

Set PAL Mode with
Bits $70-7, 6 $7D-6

[Fin 25 must be high)

Set NTSC Mode with
Bits §7G-7,6 $7D-6

|

ACC (Flag 23)
Aciive?

No

Set §82-B acooedingly.

Y2 Enable?

Yes

¥ Enable? .

Set $77-7 and
$T78=1

Sel $77-7 and
$775=0

!

Saloct Y, G Inputs with
Bit §08-7

Select Video lnput with
Bi 350-7

Leave Y1 Selectad
$816=1

1

Setac! Sound Trap
S sB8, 7

]

Select Luma Peak
St $7D-7, $7E-6, 7

(]

Select Luma Delay
Sol $77-6, 7, $80-6

L]

Select Sync Source with
Bis $86-T, $67-7, $08-6

Leava VOO Off
($7F Register Set Io 63)

Sel $81-7 accordingly.
Select other Cryutal,
Bil $7A7 _‘
- Solect Syng Sourte with
|_ Bil $86-7, $97.7, $88-6
Salec Honzontal Calbration
Frecuency Bil $84-6 ’
¥
- Check Vert. Countdown
Check Honiz. Dut-of-Lock ) '
(Flag 12} engrged akter 8 Fields (Flag 15}
¥ ¥
Opan PLLT H-Swiich
$84-7 =0 Select H{.;B o b
Outputs with Bit $62-1
Honiz,
Cut-od-Lozhk No
{Flag 12} Pixel Clock
Feduined?
Vo5
Close PLLY :
H-Switch $84-7 = 1 Sel YCO Gain
with $7F Register
mpé.j";  San Set Oscikator 2
— Output with Bit $65.7
¥
Check Flags 19 & 20.
Hort2. Adjust $7F Register
Out-phLock as required.
(Flag 12}
Yos
- Adjust Contrast, Brighiness, Trim,
a_ei Ps%;?ﬁ Hue, Saturation and other DACs
igh F - as necessary.
Sel Vet Decoder 1o Ao
Countdown (5 $770,1=1) Monitor Flags ona
confinuing basis.

I

)
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APPENDIX C
[2C Description

Introduction

The 12G system, a patented and proprietary system
developed by Philips Corporation, defines a two-wire
communication system, The number of devices in a system is
limited only by the systermn capacitance and data rate. Each
device is assigned two unique addresses — one for writing 1o
it, and one for reading from it. Any device may act as a master
by initiating a data transfer with any other device {the slave).

Data transier is in 8-bit bytes, and can ba in either direction,
but not in both directions in one data transfer operation.

Hardware Aspects

The systern bus consists of two wires, Clack and Data. All
devices must have open-collector {or open-drain) cutpuls. A
single pull-up resistor is required on each line, as shown in
Figure C1.

Figure C1. Basic 12C System

ST

Device I Device 2 Davice N
Ckin VR oK |n-<' va VR Chein
)=
ChOut Clk Ok Out Clk Clk Gt Ol
Datatn w Dets m<-<_ v i _D->namn
Data Data Data ] '
Data Out Data O Date Out

s

Devices such as the MG44011, which never act as a
master, need not have the cutput drive transistor at the Clock
pin. Nominal value for A1 and R2 is 10 k£, but can be
different to account for system capacitance at high dala rates.
VR is a switching threshold far input signals.

The significant electrical characleristics are as follows:

— Maximum data rate (Clock frequency) is 100 kHz;

- VoL max is 0.4 V when sinking 3.0 mA;

- Vj_maxis 0.3 x Vp, but at least +1.5 V;

— Vi minis + 3.0 V for a + 5.0 V system, or 0.7 x Vp for
other supply voltages.

— The maximum input current at Clock and Data at VoL

max (when they are inputs) is —10 pA,;

The maximum input current at Clock and Data at 0.9 x Vp

{when they are inputs) is +10 pA;

— The maximum pin capacitance is 10 pF;

- Maximum bus capacitance is 400 pF.

Data Transfer

Prior o initiating a data transfer, balh lines must be high {all
drive fransistors off). A device which initiates a data transfer
assumes the role of the masier, and generates a START
condition by taking the Data line low while Clock is still high.
At this time, all other devices become listeners. The master
will supply the clock for the entire sequence.

The master then sends the 8-bit address by operating both
the clock and data lines. Data must be stable during the
clock’s high time, and can change during the clock’s low time.
The MSRB is sent first. The address mustend ina 0ifitisa
Write operation (data transfer from master-to-stave), and it
must end ina 1 ititis a Read operation.

At the 9th Clock Pulse, the master must release the Data
line high. and the slave must provide an acknowledge bit by

pulling Data low during this clock time. If the master does not
receive a proper acknowledge, it can lerminale the oparation.

After the first acknowledge, the role of the two devices
depends an whether it is a Write or a Read operation, but the
master always supplies lhe clock.

— In a Write operation the master is the transmitter, and the
slave is the recaiver.

— In a Read operation the slave is the transmitter, and the
master is the receiver.

The transmitter then sends the next 8-bit byte. At the 18th
Clock Pulse {and every Sth clock pulse thereafter), the
transmitter releases the [ata line, and the receiver
acknowledges by pulling Data low. There is no limit 1o how
many bytes may be sent after the address.

When all data is transferred, the Data liné must be
released by the transmitter so that the master can sel the
STOP condition. This is done by first pulling Data low (during
clock low), then releasing Data high while clock is high. After
this, the bus is free for any other device to initiate a new data
transfer.

Definitions
Master — The device which initiates a data transfer (regard-
less of the data direction), generates the clock, and termi-
nates the transfer.
Slave — The device addressed by the mastar.
Transmitter — The device which supplies data to the bus.
Receiver — The device which receives data from the bus.
Notice that the master is not necessarily the transmitter,
and the slave is not necessarily the receiver.
Other
For additional information on the I12C bus specifications;
mades of operation; arbitration; and synchronization, contact
Philips Corporation.
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APPENDIX D

PLL Loop Theory

High Frequency Line-Locked Clock Generator

This section is not intended as a complete loop theory, its
airm is merely to paint out the idiosyncrasias of tha loep, and
provide the user with enough information for the selection of
filter companents. For a more in depth explanation, the refer-
ences at the end of this section may be consulled.

Figure D1. PLL2 Basic Configuration
15.7 kHz

from PLL1
1 " )
Phase and Charge |
Frequenty | pyyn Pump }
Comparator pg S [—1|E—| PLL2 Filter
! Tos A
VCO E R I c2
i —————— TN D
15k » Fiel
Return Clock
15.7kHz Frequency
- Dividar

The following general remarks apply to the loop (PLE2).

— The loop fraguency is =15.7 kHz.

— In spite of the samples nature of the loop, a continuous
time approximation is possible if the loop bandwidth 15
sufficiently small.

— Ripple on Vi {fiter pin) is a function of lopp bandwidth.

- The joop is a type |, 3rd order. Howaver, since C2 is
small, the pole it creates is far reroved from the low
frequency dominant poles, and the loop can be analyzed
as a 2nd order loop.

The following remarks apply 1o the Phase and Frequency
Comparator;

~ Phase and frequency sensitive.

Independent of duty cycle.

It has 3 allowed states: up, down, and off (high imped-
ance).

The VCO is always pulled in the right direction during
acquisition.

The Comparator's gain is higher at or near lock.

The last two remarks imply that only the higher value need
be taken into account, as acquisition will ba slower but always
in the correct direction, whereas the higher gain will came into
action as soon as the error reaches 2.

References:

(1) Charge-Pump Phase-Lock-Loops by Floyd M. Gardner,

|EEE Transactions on Communications, Vol. com-28, no. 11,
Nowv. 1930,

(&) Phaselock Techniques by Floyd M. Gardner, J. Wiley & Sons,
1974,

(3) Phase-Locked-Loops by Roland E. Best, McGraw Hill, 1984,
(4) AN-535, Phase-Locked-Loop Design Fundamentals, Motorola.

The following values are selected and defined:

C2 = C1/10 or less, to satisfy the requirement that the effect of
C2 on the low frequency response of the loop be minimal,
and similar to a 2nd order loop.

£ = 0.707 (damping factor}).

wi = 15750 x 2p = 98960 rad/sec (input frequency).
T = RC as the loop filler

K = Koxlpx B/(2aN)} — the loop gain

K =Kxt= 45,2 (the normalized loop gain)

Ko= 70x 108 rad/vV

Slability analysis with C2 = C1/10 and K’ = 2 {£ = (.707)
gives a minimum value of 7.5 for the ratio i/K. Te have some
margin, a reascnable value can be 15 to 20 or higher.

Selecting wi/K = 20 yields,
K = wi/20 = 5000.

Using the following items:

K =2,

1=2/K = 400 ps,

K =Ko x Ip x R/(2aN)

Ip= 20 KA

N = 2000 (average value)
yields a value of 22 k() for R. Using a value of 400 us for t, C1
calculates to 18 nF, and C2 calculates to 1.8 nF.

With the above values, the loop's natural frequency (wn),
and loop bandwidth {x3dB) can be calculated:

wn = {{Ko/N) x Ip/2nC) }0-5 = 3520 rad/isec.
fn =3520/2r = 560 Hz.
®3dB = 2 x wh = 1120 Hz (valid if £ = 0.707).

The circuit designer should be cautioned at this point that
the above calcutated values are not necessarily optimum for
every applicalion. Besides the fact that several assumplions
were made in the discussion, the equations cannof account
for items such as the PC board layout, characteristics of the
external divider, and noise from various sources, The above
calculated values provide for a functional circuit, which
should then be tweaked to obtain minimum jitter at the pixel
clock output.

When initially adjusting the filter compenent values, it is
advisable 1o maintain the same general time constant (400 ps
in this example), and the same x10 relationship between C1
and G2.
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GLOSSARY

Aspect Ratio — The ratio of the width of a TV screen fo the
heighl. In standard TVs, it is 4:3. ln HDVT it will likely be 16:9.
Back Porch — The blanking time afler the sync signal during
which the color burst is inserted.
Blank, Pedestal — The signal level which is gither at black, or
slightly more negative than black (“blacker-than-black”), and
is used to turn off the screen dot during relrace. Also referrad
to as the pedestal.
Brighiness — A measure of the DC levels of the luma
cemponent. Changing brightness will change the minimum
and maximum luma levels together.
Burst - The 8 to 10 cycle sine wave which is inserted in the
back porch. It's fragquency is the color subcarrier (3.58 MHz
or 4.43 MHz), and is used as a phase reference for the color
decodar.
Burst Gate — A signal identifying the time during which the
burst signal occurs.
C, Chrominance — The color companent of the video signal.
The color is determined by the phase of the chrominance
compoenent relative to the burst signal.
Clamplng — A pracess which establishes a fixed DC valtage
level, usually during the back porch time,
Color Ditference Signals — B-Y, R-Y, also designated as
Uand V.
Color Decoder — A circuit which separates composite video
inte Red. Blue, and Green, luminance, and sync signals.
Color Encoder — A circuit which combines Red, Blue, and
Green, luminance, and sync signals into composite video.
Comb Filter — A multi-bandpass filter which separaies the
luma and chrominance components from the video signal,
without sacrificing bandwidth.
Component Video, YUV — A format whereby the video
information is kept as separate luma, R-Y, and B-Y signals
(YUV). Uis the same as B-Y, and V is the same as R-Y.
Composite Sync — A sync signal which combines horizontal
and vertical sync information. The waveform is made up of
regularly spaced negative going pulses for the horizonial
sync, and then half-line pulses and polarity reversal lo
indicate the vertical sync and retrace time.
Composite Video — The video signal which consists of sync,
back porch, color burst, video information {luma and chroma),
and front porch. This is the signal normally broadcast by TV
stations.
Contrast — A measure of the diference between minimum
and maximum luma amplitudes. Increasing contrast
produces a “blacker” black and a "whiter” white.
dB - A power or voltage measurement unit, referred to
another power or voltage. It is generally computed as;

10 x log (P1/P2) for pawer measurements, and

20 x log (V1/V2) for voltage measurements.
Field — One of the two or mors egual parts into which a frame
is divided in an interfaced system.
Frame - The information which makes up one complete
picture. It consists of 525 linas in NTSC systems, and 625

lines in PAL systems. An interlaced system is typically
composed of two fields.

Front Porch — The blanking time immediately before the
sync signal.

Hoarizontal Sync - The negative going sync pulses at the
beginning of each line. The pulses indicate to the circuit to
begin sweeping the dot across the screen.

Hue - A measure of the correctness of the colors on a
sereen.

Interlaced System — A method of generating a piciure on the
screen whereby the even number lines are processed, and
then the odd number lines are processed, thereby completing
a full picture.

IRE — Abbreviation for international Radio Engineers, itis the
amplitude unit used to define video levels. In standard NTSC
signals, blank-to-white is 100 1RE units, and blank-to-sync tip
is 40 (RE units. In a 1.0 Vp-p signal, one IRE unit is 7.14 mV.
Luma, ¥ - Thae brightness component of the video signal.
Usually abbreviated “Y", it defines the shade of gray in a
black-and-white TV set. In color systems, it is composed of
0.30 red, 0.59 green and 0.11 blue.

NTSC - MNational Television Sysfem Comnittee. This
committee set the color encoding standards and format for
tetevision broadcast in the United Staies.

PAL — Phase Alternating Line. A color encoding system in
which the burst is alternated 90° each line 10 help
compensate for color errors which may occur during
transmigsion. This systerm is popular mainly in Europe.
Pixel — The smallest picture element, or dot, on a screen. It is
determined by the dasign of the CRT, as wall as the system
bandwidth.

R-Y, B-Y - Referred lo as color difference signals. These are
two of the three signals of component video. When combined
with Y, the full color and luminance information is available.
Retrace — The rapid movement of the blanked dot from the
screen’s right edge to the left edge so it can start scanning a
new line. It is also the rapid movement from the lower right
corner to the upper left carner during vertical blanking.

RGB — The three main colors (red, blue, green) used in the
acquiring, and subsequent display of a video signal.

S-VHS - A format whereby the video information is kept as
separate iuma and chroma signals (Y and C).

Sandcastle — A signal which indicates the horizontal
blanking time. It encompasses the front porch, sync, and
back porch. Two ampliludes dislinguish the front porch +
sync time from the back porch.

Saturation — A measure of the intensity of the color an a
screen. Also related to its purity.

Sync Separator — A circuit which will detect, and output, the
sync signal from a composite video wavaform.

Vertlcal Sync - The synchrenizing signal which indicates to
the circuitry to drive the dot to the upper left comer of the
screen, thereby starting a new field. This signal is derived
from the composite sync.
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