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Comb Filter Video Processor

1. Introduction

On a single chip, the VPC 32xx contains a high-quality
video front-end which is targeted for 4:3 and 16:9, 50/60
and 100/120 Hz TV sets. It can be combined with other
members of the DIGIT3000 IC family (such as CIP
3250A, DDP 3300A, TPU 3040) and/or it can be used
with 3rd-party products.

The main features of the VPC 32xx are

~ all-digital video processing
— adaptive 2H comb filter Y/C separator (VPC 32x0)

— multi-standard color decoder PAL/NTSC/SECAM in-
cluding all substandards

- 3 composite, 1 S-VHS input, 1 composite output
— integrated high-quality A/D converters

— sync processing

_ horizontal scaling (0.25...4)

— panorama vision

— display/deflection control (VPC320x)
— one crystal, few external components
— 0.8 p CMOS technology

— 68-pin PLCC package

1.1. System Architecture

Fig. 1-1 shows the block diagram of the video proces-
sor.

1.2. Video Processor Family

The VPC32xx is available with and without 2H comb fil-
ter and also for 50/100 Hz systems. The 50 Hz version
provides controlling for the display and the vertical/east
west deflection of DDP 3300A. The 100 Hz version has
a line-locked clock output interface and the PAL+ pre-
processing option. Table 1—1 gives an overview overthe
VPC video processor family.

Table 1-1: VPC Processor Family

-P ing (VPC 321

AL+ preprocessing { X) oM comb fiter | VPC 3200A | VPC 3210A
— various digital interfaces

. no comb filter VPC 3201B VPC 3211B

_ Jine-locked clock/data output
_ embedded RISC controller (80 MIPS)

Vi O

vary »|Front-En Adaptive Color Horizontal Output

Comofilter Decoder Scaler Formatter
c T Z°ADS, NTSC Panorama
V3 8 bit I PAL
SECAM mode T YUV
CVBS .o}
out
+——1-©O clock
= Clock Gen 2c Sync Processing o HV
—Eo- DCO line-locked clock synthesis
20.25
MHz
o
12C

Fig. 1-1: VPC 32xx block diagram
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1.3. VPC Applications

Fig. 1-2 depicts several VPC applications. Since the
VPC functions as a video front-end, it must be complem-
ented with additional functionality to form a complete TV
set.

The DDP 3300/3310 contains the video back-end with
video postprocessing (contrast, peaking, DTI,...), H/V-
deflection, RGB insertion (SCART, Text, PIP,...) and tube
control {cutoff, white drive, beam current limiter). It gen-
erates a beam scan velocity modulation output from the
digital YC,Cp and RGB signals. Note that this signal is
not generated from the external analog RGB inputs.

The CIP 3250A provides a high quality analog RGB in-
terface with character insertion capability. This allows
appropriate processing of external sources, such as
MPEG2 set-top boxes intransparent (4:2:2) quality. Fur-
thermore, it translates RGB/Fastblank signals to the
common digital video bus and makes those signals
available for 100 Hz processing. In some European
countries (ltaly), this feature is mandatory.

CVBS *—™{350x 3300A

._.|FG8 VPC | ! DDP >
RGB AL —321x = P 33108},
CVBS °—I_’
i =T DDP ||—»o
VPC I clP |

RGB

Fig. 1-2: VPC 32xx Applications

VPC DDP =™

The IP indicates memory based image processing, such
as scan rate conversion, vertical processing (Zoom), or
PAL+ reconstruction.

Examples:

— Europe: 15 kHz/50 Hz — 32 kHz/100 Hz interlaced
- US: 15 kHz/60 Hz — 31 kHz/60 Hz non-interlaced

Note that the VPC supports memory based applications
through line locked clocks, syncs, and data. CIP may run
either with the native DIGIT3000 clock but also with a
line-locked clock system.

| = .
(<] o k-]
% £ §
E ® ® . 2
a > @ ]
E @ 3 3 §
o ¢ & £ & o
RGB
HA v | oo
Defl.
RGB PALH
| v | v %4 100
H/V Hz
Defl.
RGB PAL+
HV il | | 100
Defl. Hz
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2. Functional Description

2.1. Analog Front-End

This black provides the analog interfaces to all video in-
puts and mainly carries out analog-to digital conversion
for the following digital video processing. A block dia-
gram is given in Fig. 2-1.

Most of the functional blocks inthe front-end are digitally
controlied (clamping, AGC, and clock-DCO). The con-
trol loops are closed by the Fast Processor (‘FP’) em-
bedded in the decoder.

2.1.1. Input Selector

Up to four analog inputs can be connected. Three inputs
are for input of composite video or S-VHS luma signal.
These inputs are clamped to the sync back porch and
are amplified by a variable gain amplifier. One input is
for connection of S-VHS carrier-chrominance signal.
This inputis internally biased and has a fixed gain ampli-
fier.

2.1.2. Clamping

The composite video input signals are AC coupled to the
IC. The clamping voltage is stored on the coupling ca-
pacitors and is generated by digitally controlled current
sources. The clamping levelis the back porch of the vid-
eo signal. S-VHS chroma is also AC coupled. The input
pin is internally biased to the center of the ADC input
range.

2.1.3. Automatic Gain Control

A digitally working automatic gain control adjusts the
magnitude of the selected baseband by +6/—4.5 dBin 64

Analog Video o

Output
VIN3 y
CVBS/Y ™ clamp
VIN2 '
CVBS/Y o™

| gain I

input
m‘t)Jx

cvBs/C  JIN

Chroma CIN

AGC
3| +6/-4.5dB
L~

logarithmic steps to the optimal range of the ADC. The
gain of the video input stage including the ADC is 213
steps/V with the AGC set to 0 dB.

2.1.4. Analog-to-Digital Converters

Two ADCs are provided to digitize the input signals.
Each converter runs with 20.25 MHz and has 8 bit reso-
jution. An integrated bandgap circuit generates the re-
quired reference voltages for the converters. The two
ADCs are of a 2-stage subranging type.

2.1.5. ADC Range

The ADC input range for the various input signals and
the digital representation is given in Table 2—1 and Fig.
2_2_The corresponding output signal levels of the VPC
32xx are also shown.

2.1.6. Digitally Controlled Clock Oscillator

The clock generation is also a part of the analog front
end. The crystal oscillator is controlled digitally by the
control processor; the clock frequency can be adjusted
within +150 ppm.

2.1.7. Analog Video Output

The input signal of the Luma ADC is available at the ana-
log video output pin. The signal at this pin must be buff-
ered by a source follower. The output voltage is2V, thus
the signal can be used to drive @ 75 Q line. The magni-
tude is adjusted with an AGC in 8 steps together with the
main AGC.

ADC digital CVBS or Luma

CIN_| bias —’—D" ADC |——» digital Chroma

reference
eneration

+150
f’eq“e"ﬂl——' ppm

F — gystem clocks
DVCO

Fig. 2-1: Analog front-end

i_m_} 20.25 MHz
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Table 2—-1: ADC input range for PAL input signal and corresponding output signal ranges

-6dB 0dB |+4.5dB [steps] [steps] [steps] [steps]

CVBS 100% CVBS 667 1333 2238 252 - 252 -
75% CVBS 500 1000 1679 213 - 213 -

video (luma) 350 700 1175 149 224 149 1492)

sync height 150 300 504 64 - 64 -

clamp level 68 16 64" 682

Chroma burst 300 64 - 64 -
100% Chroma 890 190 | 128=112 - -

75% Chroma 670 143 128:+84 - -

bias level 128 128 - -

Helper® | burst 300 64 - - +109

1) Level can be adjusted via 12C
2) values for WSS (wide screen signalling) signal
3) see also Table 2-5

CvBS/Y Chroma
P upper headroom = 38 steps = 1.4 dB =25 |IRE headroom = 56 steps = 2.1 dB
Z 2
W7z -
4 white .
192 192
video = 100 IRE
128 128
black l -
68 T = clamp—— 80
- tevel sync =41 IRE .
32 32
— y
o lower headroom = 4 steps = 0.2 dB

Fig. 2-2: ADC ranges for CVBS/Luma and Chroma, PAL input signal
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2.2. Adaptive Comb Filter

The adaptive comb filter is used for high-quality lumi-
nance/chrominance separation for PAL or NTSC sig-
nals. The comb filter improves the luminance resolution
(bandwidth) and reduces interferences like cross-lumi-
nance and cross-color artifacts. The adaptive algorithm
can eliminate most of the mentioned errors without
introducing new artifacts or noise.

A block diagram of the comb filter is shown in Fig. 2-3.
The filter uses two line delays to process the information
of three adjacent video lines. To have afixed phaserela-
tionship of the color subcarrier in the three channels, the
system clock (20.25 MH?z) is fractionally locked to the
color subcarrier. This allows the processing of all color
standards and substandards using a single crystal fre-
quency. »

The CVBS signal in the three channels is filtered at the
subcarrier frequency by a set of bandpass/notch filters.
The output of the three channels is used by the adaption
logic to select the weighting that is used to reconstruct
the luminance/chrominance signal from the 4bandpass/
notch filter signals. By using soft mixing of the 4 signals
switching artifacts of the adaption algorithm are com-
pletely suppressed.

The comb filter uses the middle line as reference, there-
fore, the comb filter delay is one fine. If the comb filter is
switched off, the delay lines are used to pass the luma/
chroma signals from the A/D converters to the luma/
chroma outputs. Thus, the comb filter delay is always
one line.

Various parameters of the comb filter are adjustable,
hence giving to the user the ability to adjust his own de-
sired picture quality.

Two parameters (KY, KC) setthe global gain oflumaand
chroma comb separately; these values directly weigh
the adaption algorithm output. in this way, it is possible
to obtain a luma/chroma separation ranging from stan-
dard notch/bandpass to full comb decoding.

The parameter KB allows to choose between the two
proposed comb booster modes. This so-called feature
widely improves vertical high to low frequency transi-
tions areas, the typical example being a multiburst to dc
change. For KB=0, this improvement is kept moderate,
whereas, in case of KB=1, itis maximum, but the risk to
increase the “hanging dots” amount for some given color
transitions is higher.

Using the default setting, the comb filter has separate
luma and chroma decision algorithms; itis however pos-
sible to switch the chroma comb factor 1o the current
luma adaption output by setting CC to 1.

Another interesting feature is the programmable limita-
tion of the luma comb amount; proper limitation,
associated to adequate luma peaking, gives rise to an
enhanced 2-D resolution homogeneity. This limitation is
setby the parameter CLIM, ranging from 0 (no limitation)
to 31 (max. limitation).

The DAA parameter (1:0ff , 0:0n) is used to disable/en-
able a very efficient built-in “rain effect” suppressor,
many comb filters show this side effect which gives
some vertical correlationto a 2.D uniform random area,
due to the vertical filtering. This unnatural-looking phe-
nomenon is mostly visible on tuner images, since they
are always corrupted by some noise; and this looks like
rain.

2.3. Color Decoder

In this block, the standard luma/chroma separation and
multi-standard color demodulation Is carried out. The
color demodulation uses an asynchronous clock, thus
allowing a unified architecture for all color standards.

A block diagram of the color decoder is shown in Fig.
2_5. The luma as well as the chroma processing, is
shown here. The color decoder provides also some spe-
cial modes, e.g. wide band chroma format which is in-
tended for S-VHS wide bandwidth chroma. Also, filter
settings are available for processing a PAL+ helper sig-
nal.

Bandpass
Filter 4]
2
CVBS Input — ™ % | Luma Output
€5
1 H Line Delay Bandpass/ g3
s O c
Filter 8
s 5
l EJ L —» Chroma Output
O <
\. 1 H Line Delay E;g?pass
Chroma Input J—
Fig. 2-3: Block diagram of the adaptive comb filter
8 B 4582711 000bb51 Aus5 M ITT Semiconductors
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If the adaptive comb filter is used for luma chroma sepa-
ration, the color decoder uses the S-VHS mode proces-
sing. The output of the color decoderis YC,Cpin a 4:2:2
format.

2.3.1. IF-Compensation

With off-air or mistuned reception, any attenuation at
higher frequencies or asymmetry around the color sub-
carrier is compensated. Four different settings of the IF-
compensation are possible:

— flat (no compensation)

— 6 dB/octave

— 12 dB/octave

— 10 dB/MHz

The last setting gives a very large boost to high frequen-

cies. ltis provided for SECAM signals that are decoded
using a SAW filter specified originally for the PAL stan-

dard.
10 [—
[ —
5 —-_’-—‘
/
0 s — //
5 //
-10 /
-15
20 3.5 3.75 4 425 4.5 4.75 5

Fig. 2—-4: Frequency response of chroma IF-com-

2.3.2. Demodulator

The entire signal (which might still contain luma) is now
quadrature-mixed to the baseband. The mixing frequen-
cy is equal to the subcarrier for PAL and NTSC, thus
achieving the chroma demodulation. For SECAM, the
mixing frequency is 4.286 MHz giving the quadrature
baseband components of the FM modulated chroma.
After the mixer, a lowpass filter selects the chroma com-
ponents; a downsampling stage converts the color dif-
ference signals to a multiplexed half rate data stream.

The subcarrier frequency in the demodulator is gener-
ated by direct digital synthesis; therefore, substandards
such as PAL 3.58 or NTSC 4.43 can also be demodu-
lated.

2.3.3. Chrominance Filter

The demodulation is followed by a lowpass filter for the
color difference signals for PAL/NTSC. SECAM requires
a modified lowpass function with bell-filter characteristic.
At the output of the lowpass filter, all luma information is
eliminated.

The lowpass filters are calculated in time multiplex for
the two color signals. Three bandwidth settings (narrow,
normal, broad) are available for each standard. The filter
passband can be shaped with an extra peaking term at
1.25 MHz. For PAL/NTSC, awide band chroma fifter can
be selected. This filter is intended for high bandwidth
chroma signals, e.g. a nonstandard wide bandwidth
S-VHS signal.

pensation
Luma / CVBS N.OtCh = Luma
Filter
o
2 = 1 H Delay Cross-Switch Chroma
ACC
x IF Compensation Lowpass Filter
2 . MIXER Phase/Freq
Chroma ———— = DC-Reject Demodulator
Color-PLL/Color-ACC

Fig. 2-5: Color decoder
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RN

. AN 4 ™

PAL/NTSC

AN
R\
RERLN
A

SECAM

Fig. 2-6: Frequency response of chroma filters

2.3.4. Frequency Demodulator

The frequency demodulator for demodulating the SE-
CAM signal is implemented as a CORDIC-structure. it
calculates the phase and magnitude of the quadrature
components by coordinate rotation.

The phase output of the CORDIC processor is differen-
tiated to obtain the demodulated frequency. After a pro-
grammable deemphasis filter, the Dr and Db signals are
scaledto standard C,Cy, amplitudes and fed to the cross-
over-switch.

dB

tbhbbdlo

-7

-9
-10

-11 I MHz
0.01 0.1 1.0

(il

Fig. 2-7: Frequency response of SECAM
deemphasis

10 B 4L8271)1 000LLS3 bL1d WA

2.3.5. Burst Detection

In the PAL/NTSC-system the burst is the reference for
the color signal. The phase and magnitude outputs of
the CORDIC are gated with the color key and used for
controlling the phase-lock-loop (APC) of the demodula-
tor and the automatic color control (ACC) in PAL/NTSC.

The ACC has a control range of +30...—6 dB.

For SECAM decoding, the frequency of the burstis mea-
sured. Thus, the current chroma carrier frequency can
be identified and is used to control the SECAM proces-
sing. The burst measurements also control the color kill-
er operation; they can be used for automatic standard
detection as well.

2.3.6. Color Killer Operation

The color killer uses the burst-phase/burst-frequency
measurement to identify a PAL/NTSC or SECAM color
signal. For PAL/NTSC, the color is switched off (killed)
as long as the color subcarrier PLL is not locked. For SE-
CAM, the killer is controlled by the toggle of the burst fre-
quency. The burst amplitude measurement is used to
switch-off the color if the burst amplitude is below a pro-
grammable threshold. Thus, color will be killed for very
noisy signals. The color amplitude killer has a program-
mable hysteresis.

2.3.7. PAL Compensation/1-H Comb Filter

The color decoder uses one fully integrated delay line.
Only active video is stored.

The delay line application depends on the color stan-
dard:

—NTSC:
— PAL:

1-H comb fifter or color compensation
color compensation

— SECAM: crossover-switch

In the NTSC compensated mode, Fig. 2-8 c), the color
signal is averaged for two adjacent lines. Thus, cross-
color distortion and chroma noise is reduced. In the
NTSC combfilter mode, Fig. 2—8 d), the delay line is in
the composite signal path, thus allowing reduction of
cross-color components, as well as cross-luminance.
The loss of vertical resolution in the luminance channel
is compensated by adding the vertical detail signal with
removed color information. If the 2-H adaptive comb fil-
teris used, the 1-H NTSC comb filter should notbe used.

ITT Semiconductors
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VS o v Luma, Y
chroma
ShetE |- GiCo CCp
a) conventional b) S-VHS
CvBS
5 ~ e | - Y

4
e ] pelay |=@B—= CCb

¢) compensated

CVBS Y

034—>| D1e)§y %}
1
4

Chroma
Process.

d) comb filter

GCp

Fig. 2-8: NTSC color decoding options

CvBS [ Noten | Y
B8 L_filter |

\

——-I&'é?e"s’g. Dy ]——»6—-—» CCy

a) conventional

Luma
Y
% -
ch Y
Mw@ o, |t o
b) S-VHS

Fig. 2-9: PAL color decoding options

CvBS
S - Y

UX
S 1Ty M ' cCo

Fig. 2-10: SECAM color decoding

2.3.8. Luminance Notch Filter

If a composite video signal is applied, the color informa-
tion is suppressed by a programmable notch filter. The
position of the filter center frequency depends on the
subcarrier frequency for PAL/NTSC. For SECAM, the
notch is directly controlled by the chroma carrier fre-
quency. This considerably reduces the cross-lumi-
nance. The frequency responses for all three systems
are shown in Fig. 2-11.

daB

N/

—40 MHz
0 2 4 6 8 10

PAL/NTSC notch filter

dB
10

-40 MHz
0 2 4 6 8 10

SECAM notch filter

Fig. 2—11: Frequency responses of the luma
notch filter for PAL, NTSC, SECAM

2.3.9. Skew Filtering

The system clock is free-running and not locked to the
TV line frequency. Therefore, the ADC sampling pattern
is not orthogonal. The decoded YC,Cy, signals are con-
verted to an orthogonal sampling raster by the skew fil-
ters, which are part of the scaler block.

The skew filters are controlled by a skew parameter and
allow the application of a group delay to the input signals
without introducing waveform or frequency response
distortion. The frequency and group delay characteris-
tics of the skew filters are show in Fig. 2-12 and 2-13.

The amount of phase shift of this filter is controlled by the
horizontal PLL1. The accuracy of the filters is 1/32
clocks for luminance and 1/4 clocks for chroma. Thus
the 4:2:2 YC,Cy, data is in an orthogonal pixel format
even in the case of nonstandard input signals such as
VCR.

ITT Semiconductors
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dB

2

1 parameter: o, 32 steps

0 0,1.0

-1

2 0.1,09

-3

- 0.2,0.8

= 0.5

- \! “ r‘\T""“ N 03,07

-7

M T T e
0 2 4 [ 8 10

Fig. 2-12: Luminance, chrominance skew
filter magnitude frequency response

clocks
25
23 —{Eameter: o, 32 steps g
19 (o9} —
1.7 07 o6
1
15 ¢ T 105
1.3 0.4
1.1 o7 152 =
. Lo
0.9
0.7 - —
05 MHz
0 2 4 6 8 10

Fig. 2-13: Luminance, chrominance skew
filter group delay characteristics

2.4. Horizontal Scaler

The 4:2:2 YCrCb signal from the color decoder is pro-
cessed by the horizontal scaler. The scaler block allows
a linear or nonlinear horizontal scaling of the input video
signal in the range of 0.25 to 4. Nonlinear scaling, also
called “panorama vision”, provides a geometrical distor-
tion of the input picture. ftis used to fit a picture with 4:3
format on a 16:9 screenby stretching the picture geome-
try at the borders. Also, the inverse effect can be pro-
duced by the scaler. Asummary of scaler modes is given
in Table 2-2.

The scaler contains a programmable decimation filter, &

" {-line FIFO memory, anda programmable interpolation
filter. The scaler input filter is also used for pixel skew
correction, see 2.3.9. The decimator/interpolator struc-
ture allows optimal use of the FIFO memory. The con-
trolling of the scaler is done by the intemal Fast Proces-
sor.

2.5. Blackline Detector

In case of a letterbox format input video, e.g. Cinema-
scope, PAL+ etc., black areas at the upper and lower
part of the picture aré visible. It is suitable to remove or
reduce these areas by a vertical zoom and/or shift op-
eration.

12 B 4642711 000bLLS5 u90 HE

Table 2-2: Scaler modes

Compression | 0.75 4:3 source displayedon a
4.3 — 16:9 linear 16:9 tube,
with side panels
Panorama non- 4:3 source displayed on a
4:3 - 16:9 linear | 16:9 tube,
compr | Borders distorted
Zoom 1.33 Letterbox source (PAL+)
43— 43 linear displayed on a 4:3 tube,
vertical overscan with
cropping of side panels
Panorama non- Letterbox source (PAL+)
4:3 - 43 linear displayed on a 4:3 tube,
zoom | vertical overscan, bor-
ders distorted, no crop-
ping
20.25 — 0.66 sample rate conversion
13.5 MHz to line-locked clock

The VPC 32xx supports thisfeature by aletterbox detec-
tor. The circuitry detects black video lines by measuring
the signal amplitude during active video. For every field
the number of black lines at the upper and lower part of
the picture are measured, compared to the previous
measurement and the minima are stored in the 12C-reg-
ister BLKLIN. To adjust the picture amplitude, the exter-
nal controller reads this register, calculates the vertical
scaling coefficient and transfers the new settings, e.g.
vertical sawtooth parameters, horizontal scaling coeffi-
cient etc., to the VPC.

Letterbox signals containing logos on the left or right
side of the black areas are processed as black lines,
while subtitles, inserted in the black areas, are pro-
cessed as non-black lines. Therefore the subtitles are
visible on the screen. To suppress the subtitles, the verti-
cal zoom coefficientis calculated by selecting the larger
number of black lines only. Dark video scenes withalow
contrast level compared to the letterbox area are indi-
cated by the BLKPIC bit.

5.6. Control and Data Output Signals

The VPC 32xx supports two output modes: In
DIGIT3000 mode, the output interfaces run at the main
system clock, in line-locked mode, the VPC generates
an asynchronous line-locked clock that is used for the
output interfaces.

2 6.1. Line-Locked Clock Generation

An on-chip rate multiplier will be used to synthesize any
desired output clock frequency of 13.5/16/18 MHz. A
double clock frequency output is available to support
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100 Hz systems. The synthesizer is controlled by the
embedded RISC controller, which also controls all front-
endloops (clamp, AGC, PLL1, etc.). This allows the gen-
eration of a line-locked output clock regardless of the
system clock (20.25 MHz) which is used for comb filter
operation and color decoding. The control of scaling and
output clock frequency is kept independent to allow as-
pect ratio conversion combined with sample rate con-
version. The line-locked clock circuity generates control
signals, e.g. horizontal/vertical sync, active video out-
put, itis also the interface from the internal (20.25 MHz)
clock to the external line-locked clock system.

If no line-locked clock is required, i.e. in the DIGIT3000
mode, the system runs atthe 20.25 MHz main clock. The
horizontal timing reference in this mode is provided by
the front-sync signal. In this case, the line-locked clock
block and all interfaces run from the 20.25 MHz main
clock. The synchronization signals from the line-locked
clock block are still available, but for every line the inter-
nal counters are reset with the main-sync signal. A
double clock signal is not available in DIGIT3000 mode.

2.6.2. Sync Signals

The front end will provide a number of sync/control sig-
nals which are output with the output clock. The sync sig-
nals are generated in the line-locked clock block.

— Href : horizontal sync

- AVO: active video out (programmable)
- HC: horizontal clamp (programmable)
— Vref : vertical sync

— INTLC: interlace

— HELPER: PAL+ helper lines

All horizontal signals are not qualified with field informa-
tion, i.e. the signals are present on alllines. The horizon-
tal timing is shown in Fig. 2-14. Details of the horizontal/
vertical timing are given in Fig. 2-18.

The digital video interface allows insertion of digital data
in YC,Cyp, format on the internal YC,Cy, data bus. The
orthogonal data structure of this bus is the ideal interface
point to external data sources and sinks.

2.6.3. DIGIT3000 Output Format

The picture bus format between all DIGIT3000 ICs is
4:2:2 YCrCb with 20.25 MHz samples/s. Only active vid-
eois transferred, synchronized by the system main sync
signal (MSY) which indicates the start of valid data for
each scan line and which initializes the color multiplex.
The video data is orthogonally sampled YCrCb, the out-

put format is given in Table 2—-3. The number of active
samples per line is 1080 for all standards (525 and 625).

The output can be switched to 4:1:1 mode with the out-
put format according to Table 2—4.

Via the MSY line, serial data is transferred which con-
tains information about the main picture such as current
line number, odd/even field etc.). It is generated by the
deflection circuitry and represents the orthogonal time-
base for the entire system.

Table 2-3: Orthogonal 4:2:2 output format

2.6.4, Line-Locked 4:2:2 Output Format

In line-locked mode, the VPC 32xx will produce the in-
dustry standard pixel stream for YC,C,, data. The differ-
ence to DIGIT 3000 native mode is only the number of
active samples, which of course, depends on the chosen
scaling factor. Thus, Table 2-3 is valid for both 4:2:2
modes.

2.6.5. Line-Locked 4:1:1 Qutput Format

The orthogonal 4:1:1 output format is compatible to the
industry standard. The YC,C, samples are skew-cor-
rected and interpolated to an orthogonal sampling raster
(see Table 2—4).

Table 2—4: 4:1:1 orthogonal output format

note: C*Y x = pixel number and y = bit number

2.6.6. Output Code Levels

Output Code Levels correspond to ITU-R code levels:
Y =16...240

Black Level = 16

CCp=128 = 112

An overview over the output code levels is given in
Table 2-5.

ITT Semiconductors
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2.6.7. Output Signal Levels

All data and sync lines operate at TTL compliant levels.
With an optional external 3.3 V supply for the output
pins, reduced voltage swings can be obtained.

2.6.8. Test Pattern Generator

The YC,Cp outputs can be switched to a test mode
where YC,C, data are generated digitally in the
VPC32xx. Test patterns include luma/chroma ramps,
fiat field and a pseudo color bar pattern.

2.6.9. Priority Bus Codec

The VPC data outputs are controlled by the priority bus
interface. This interface allows a maximum of 8 signal
sources to be connected on a common video YC,Cp bus.
The 3-bit priority bus signal controls the arbitration and
source switching of the video sourceson a pixel-by-pixel
basis. The priority bus makes features possible, such as

— real time digital PIP insertion

— Teletext/Mixed-mode picture insertion

In general each source has its own YC,Cy, bus request.
This bus request may either be software or hardware
controlled, i.e. a fast blank signal. Data collision on the
bus is avoided by abus arbiter that provides the individu-
al bus grant in accordance to the user defined source
priority.

Each master sends a bus request using his individual
priority ID onto the bus and immediately reads back the
bus state. Only in case of a positive arbitration, e.g. the
master reads back his own priority ID, the bus is granted
to the master.

2.7. PAL+ Support

For PAL+, the VPC 321x provides basic helper prepro-
cessing:

— A/D conversion (shared with the existing ADCs)
— mixing with subcarrier frequency

— lowpass filter 2.5 MHz

— gain control by chroma ACC

— delay compensation to composite video path

— helper window (line# identification}

— output at the luma output port

Helper signals are processed like the main video luma
signals, i.e. they are subjectto scaling, sample rate con-
version and orthogonalization if activated. The adaptive
comb filter processing is switched off for the helperlines.

Itis expected that further helper processing (e.g. nonlin-
ear expansion, matched filter) is performed outside the
VPC.

2.7.1. Output Signals for PAL+/Color+ Support

For a PAL+/Color+ signal, the 625 line PAL image con-
tains a 16/9 core picture of 431 lines whichis in standard
PAL format. The upper and lower 72 lines contain the
PAL+ helper signal, and line 23 contains signalling in-
formation for the PAL+ transmission.

For PAL+ mode, the Y signal of the core picture, which
is during lines 60—274 and 372-586, is replaced by the
orthogonal composite video input signal. in order to fit
the signal to the 8-bit port width, the ADC signal ampli-
tudes are used. During the helper window, which is in
lines 24-59, 275-310, 336-3671, 587622, the demod-

ulated helper is signal processed by the horizontal scal-

er and the output circuitry. it is available at the luma out-
put port. The processing in the helper reference lines 23
and 623 is different for the wide screen signaling part
and the black reference and helper burst signals. The
code levels are given in detail in Table 2-5, the output
signal for the helper reference line is shown inFig. 2-15.

14 B 4682711 000bLL5? 263 WA
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Table 2-5: Output signal code levels for PAL signal

Standard YCrCb binary 16 224 offset binary 128112

(100% Chroma)
signed +112
CVBS, CrCh binary 64 149 (luma) offset binary 128+112
signed +=112
Demodulated signed 0 +109 - -
Helper
Helper WSS binary 68 149 (WSS:106) | — -
Helper black level, | offset binary 128 _ 19 (128-109) - -
Ref. Burst

horizontal pixel counter

0 line length (programmable)
horizontal sync (HS) | I | |

1 31
horizontal clamp (HC) | | start / stop programmable I |
newline (internal signal) ‘ start of video output (programmable)
active video out (AVO) | l start / stop programmabie l !
vertical sync (VS), field 1 | field 1

16
vertical sync (VS), field 2 I field 2
line tength/2

Fig. 2—-14: Horizontal timing for line-locked mode

255, 255
black level
WSS Signal Helper Burst
174_L (demodulated)
L1128
68. :
. 1 19
0. 1
binary format [ signed format
Fig. 2—15: PAL+ helper reference line output signal
ITT Semiconductors 15
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2.8. Video Sync Processing

Fig. 2-16 shows a block diagram of the front-end sync
processing. To extract the sync information from the
video signal, a linear phase lowpass filter eliminates all
noise and video contents above 1 MHz. The syncis sep-
arated by a slicer; the sync phase is measured. A vari-
able window can be selected to improve the noise immu-
nity of the slicer. The phase comparator measures the
falling edge of sync, as well as the integrated sync pulse.

The sync phase error is filtered by a phase-locked loop
that is computed by the FP. All timing in the front-end is
derived from a counter that s part of this PLL, anditthus
counts synchronously to the video signal.

A separate hardware block measures the signal back
porch and also allows gathering the maximum/minimum
of the video signal. This information is processed by the
FP and used for gain control and clamping.

wpass .
k% 'aasz horizontal

sync
syncslicer separation

video
input

clamp &
signal
meas.

For vertical sync separation, the sliced video signalisin-
tegrated. The FP uses the integrator value to derive ver-
tical sync and field information.

The information extracted by the video sync processing
is multiplexed onto the hardware front sync signal (FSY)
and is distributed to the rest of the video processing sys-
tem. The format of the front sync signal is given in
Fig. 2-17.

The data for the vertical deflection, the sawtooth, andthe
East-West correction signal is calculated by the
VPC32xx. The dataisbufferedina FIFO and transferred
to the back-end IC DDP 3300Abya single wire interface.

Frequency and phase characteristics of the analog vid-
eo signal are derived from PLL1. The results are fed to
the scaler unit for data interpolation and orthogonaliza-
tion and to the clock synthesizer for line-locked clock
generation. Horizontal and vertical syncs are latched
with the line-locked clock.

front sync
skew
vblank
field

clock

[ H/V syncs

clamping, colorkey, FIFO_write

Sawtooth

vertical Parabola

sync.
separation

Calculation

=

vertical

EW
| data | sawtooth

FIFO

Fig. 2-16: Sync separation block diagram

1 V: vertical sync
input 0=o
analog FO reserved 1=on
video \ '
(not in scale) F: field #
0= ﬁeld 1
FSY [Fo L w1l 1 =field 2
Fig. 2—17: Front sync format
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field 1

o

CCIRI 623 1 624 | 8251 1 | 2 1 3 | 4 t 5 | & |1 7 8 I 23 1 24 1 25

Front-Sync (FSY)

Vertical Sync (VS)

Interlace (INTLC) ---y
. 1

> >1ck

rrrrrrrrrrrirror7 111
[

field 2

mmmaanns RN A

CCIRI 310 | 311 ) 312 | 313 | 314 | 315 |1 316 | 317 | 318 | 319 320 1 335 | 336 | 337 |

Vertical Sync ! : l—

(vs) '

it ..
Interlace (INTLC) $aoa -f: [

ot >1clk o

Active Video Output (AVO) U- : l I
helper ref line 23, 623 (intemnal signal) signal matches output video I I
The following signals are identical for field1 / field2
helper lines 23-59, 275-310, 336—-371, 587-623, signal matches output video l

Fig. 2-18: Vertical timing of VPC 32xx shown in reference to input video.
Video output signals are delayed by 2-h for comb filter version (VPC 32xx).
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3. Serial interface

3.1. 12C-Bus Interface

Communication between the VPG and the external con-
troller is done via 12C-bus. The VPC has an 12C-bus
slave interface and uses 12C clock synchronization to
slow down the interface if required. The 12C-bus inter-
face uses one level of subaddress: one I2C-bus address
is used to address the IC and a subaddress selects one
of the internal registers. The 12C-bus chip addressis giv-
en below:

AB A5 A4 A3 A2 Al AQ

1 1] 1} 0 1 1 1 10

The registers of the VPC have 8 or 16-bit data size;
16-bit registers are accessed by reading/writing two
8-bit data words.

Figure 3—1 shows I2C-bus protocols for read and write
operations of the interface; the read operation requires
an extra start conditionand repetition of the chip address
with read command set.

3.2. Control and Status Registers

Table 3—1 gives definitions of the VPC control and status
registers. The number of bits indicated for each register
in the table is the number of bits implemented in hard-
ware, i.e. a 9-bitregister must always be accessed using
two data bytes but the 7 MSB will be ‘don’t care’ on write
operations and ‘0’ on read operations. Write registers
that can be read back are indicated in Table 3—1.

Functions implemented by software in the on-chip con-
trol microprocessor (FP) are explained in Table 3-2.

A hardware reset initializes all control registers to 0. The
automatic chip initialization loads a selected set of regis-
ters with the default values given in Table 3—1.

The register modes given in Table 3-1 are

—-w: write only register

—wir; write/read data register

-r read data from VPC

-V register is latched with vertical sync

The mnemonics used in the intermetall VPC demo soft-
ware are given in the last column.

‘ s \ 1000 111 \w \Ackl 0111 1100 12C write access
subaddress 7¢
1 12C read access
w lAck| o111 1100
B 1000 \ \ © l subaddress 7¢
oy 1 et w = 0
SDA T N o - ; R = 1
- P o Ack = 0
— —_— Nak = 1
SCL . . , ' S = Start
e Tt P = Stop

Fig. 3—1: 12C-bus protocols
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Table 3—1: Control and status registers

FP INTERFACE

h'35 8 r FP status FPSTA
bit [0] write request
bit [1] read request
bit [2] busy

h'36 16 w bit{8:0] 9-bit FP read address FPRD
bit[11:9] reserved, set to zero

h'37 16 w bit[8:0] 9-bit FP write address FPWR
bit[11:9] reserved, set to zero

h'38 16 w/t bit[11:0] FP data register, reading/writing to this FPDAT

register will autoincrement the FP read/
write address. Only 16 bit of data are
transferred per 12C telegramm.

BLACK LINE DETECTOR

12 16 wir read only register, do not write to this register! BLKLIN
after reading, LOWLIN and UPLIN are reset to 127 to starta
new measurement

bit[6:0] number of lower black lines LOWLIN

bit[7] always 0

bit[14:8] number of upper black lines UPLIN

bit{15] 011 normal/black picture BLKPIC

PIN CIRCUITS
h'1F 16 w/r SYNC pins (HS, HC, AVO, HELP, INTLC, VS): TRPAD

bit[2:0} 0.7 output strength for SYNC Pins 0 | SNCSTR
(7 = tristate, 6 = weak ... 0 = strong)

bit{3] on pushpullftristate for AVO Pin 0 | AvoDIsS

bit[4] 01 pushpull/tristate for other SYNC Pins 0 | sNcDIs

bit[5] 0/1 synchronization/no synchronization with 0 | VASYSEL
horizontal HS for signals VS and INTLC

CLOCK pins (LLC1, LLC2):

bit[6] o/ pushpull/tristate for LLC1 0 | LLciDIs

bit[7] 0/1 pushpullftristate for LLC2 0 | LLczpis

DATA pins (LB[7:0], CB[7:0]):

bit{10:8] 0..7 output strength for DATA pins 0 | DATSTR
(7 = tristate, 6 = weak ... 0 = strong)

bit[11] 01 tristate/pushpull for DATA pins O | DATEN

bit[12}] 0/1 half-cycle pull-up/pushpull for LB,CB 0 | LcPUDIS
pull-up disabled only if TEST is low.

bit[13] reserved (set to 0)

bit[14:15] output strength for lic1 : (-2,~1,0,1) 00 | LLCISTR

ITT Semiconductors 19
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SYNC GENERATOR CONTROL: ] SYNCMODE
bit[1:0} 00 AVO and active Y/C data at same time 00 | AVOPRE
o1 AVO precedes Y/C data one clock cycle
10 AVO precedes Y/C data two clock cycles
11 AVO precedes Y/C data three clock cycles
bit[2] on positive/negative polarity for HS signal 0 | HSINV
bit[3} (V) positive/negative polarity for HC signal 0 | HCINV
bit[4] 0/1 positive/negative polarity for AVO signal 0 | AVOINV
bit{5} 0/1 positive/negative polarity for VS signal 0 | VSINV
bit[6] 0/1 positive/negative polarity for HELP signal 0 | HELPINV
bit[7] 0/1 positive/negative polarity for INTLC signal 0 | INTLCINV
PRIORITY BUS
h23 8 wir priority bus overwrite register
bit[7:0] 8 bit mask, bit[x] = 1 : overwrite priority x 0 | PRIOVR
h'24 8 wir priority bus ID register and control PRIOMODE
bit[2:0) 0.7 priority 1D, 0 highest 0 | PD
bit[4:3] 0.3 pad driver strength, 0 (strong) to 3 (weak) 0 | PRIOSTR
bit [5} o/t output mode: DIGIT3000ALLC OMODE
bit [6] on source for prio request: AVO/clamp_to_"1” 0 | PIDSRC
bit [7] on disable/enable priority interface, if disabled 0 | PIDE
data pins are tristate ! 0
SYNC GENERATOR
w21t 16 wir LINE LENGTH:
bit{10:0] LINE LENGTH register 0 | UNLEN
in LLC modse this register defines the cycle of the synccounter
which generates the SYNC pulses.
In LLC mode the synccounter counts from 0 to LINE LENGTH,
so this register has to be set to “number of pixels per line —1".
In DIGIT3000 mode LINE LENGTH has to be set to 1295 for
correct adjustment of vertical signals.
bit[15:11] reserved (set to 0)
h'26 16 w/r HC START.
bit[10:0} HC START register 0 | HCSTRT
This register defines the beginning of the HC signal in respect
to the value of the sync counter.
bit[15:11] reserved (set to 0)
w27 16 wir HC STOP:
bit[10:0] HC STOP register 0 { HCSTOP
This register defines the end of the HC signal in respect to the
value of the sync counter.
bit[15:11] reserved (set to 0)
h’28 16 w/r AVO START:
bit[10:0] AVO START register 0 | AVSTRT
This register defines the beginning of the AVO signal in respect
to the value of the sync counter.
bit[15:11] reserved (set to 0)
M 4642711 000bLL3 567 IH
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h'29 16 wir AVO STOP: AVSTOP
bit{10:0] AVO STOP register 0 | AvsTOP
This register defines the end of the AVO signal in respect to the
value of the sync counter.

bit[15:11] reserved for test picture generation
(set to 0 in normal operation)

bit{11] 0/1 disable/enable test pattern generator 0 | coLBaRreN
bit{13:12) luma output mode: 0 | LMODE

00 Y =rampe (240 ... 17)

01 Y =16

10 Y =90

11 Y =255
bit[14] 0/1 chroma output: 422/411 mode 0 | M4t
bit{15] 0/1 chroma output: pseudo color bar/zero 0 | cMODE

h'22 16 w/r NEWLINE:

bit[10:0] NEWLINE register 0 | NEWLIN

This register defines the readout start of the next line in respect
to the value of the sync counter. Value of this register must be
greater than 31 for correct operation. The default value is

AVO START.

In case of 1H bypass mode for scaler block NEWLINE, register
has no function.

bit[15:11} reserved (set to 0)
TEST REGISTER
h'3d 8 w/r Main Test Register
h’3f 8 w/r Front End, Luma
h’2f 8 w/r Front End, Chroma1
h'2e 8 w/r Front End, Chroma2
h'10 8 wir Skew Test
h'3a 8 wir FP Test Register
ITT Semiconductors 21
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Table 3—2: Control Registers of the Fast Processor

— default values are initialized at reset
—* indicates: register is initialized according to the current standard when SDT register is changed.

Standard Selection

h’20 Standard select: 0 sdt
bit[2:0] standard
0 PAL B,G,H,I (50 Hz) 4.433618 pal
1 NTSC M (60 Hz) 3.579545 ntsc
2 SECAM (50 Hz) 4.286 secam
3 NTSC44 (60 Hz) 4.433618 ntsc44
4 PAL M (60 Hz) 3.575611 paim
5 PAL N (50 Hz) 3.582056 paln
6 PAL 60 (60 Hz) 4.433618 pal60
7 NTSC COMB({60 Hz) 3.579545 ntscc
bit[3} 0/1  MOD standard modifier (2-H comb is switched off) sdtmod
PAL modified to simple PAL

NTSC modified to compensated NTSC
SECAM modified to monochrome 625
NTSCC modified to monochrome 525
bit[4] 0/1 PAL+ mode off/on, this mode can be used with palplus
S-VHS mode off and COMB off/on
S-VHS mode on and COMB off: SVHS
SVHS mode on and COMB on: CVBS
bit[5] 0/1{ COMB mode 2-H comb filter off/on comb
bit[6] 0/1 S-VHS mode off/on (2-H comb is switched off) svhs

Option bits allow to suppress parts of the initialization, this can be used
for color standard search:

bit{7] no hpll setup sdtopt
bit{8] no vertical setup

bit[9] no acc setup

bit{10] 2-H comb filter setup only

bit[11] status bit, normally write 0. After the FP has switched to a

new standard, this bit is set to 1 to indicate operation
complete. Standard is automatically initialized when the
insel register is written.

B 4682711 D00bbLLS 33T MW
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Standard Selection
h'21 Input select: writing to this register will also Initialize the standard insel
bit[1:0] luma selector 00 | vis
VING
01 VIN2
10  VIN1
Lk reserved
bit[2] chroma selector 1| cis
0/1  VIN1/CIN
bit[4:3] IF compensation 00 | ifc
00 off
o 6 dB/Okt
10 12 dB/Okt
1 10 dB/MHz only for SECAM
bit[6:5] chroma bandwidth selector 01 | cbw
00 narrow
o1 normal
10 broad
1 wide
bit[7] 0/1  adaptive/fixed SECAM notch filter fntch
bit[8] 0/1  enable luma lowpass filter lowp
bit[10:9] hpil speed hplimd
00 nochange
01 terrestrial
10 wver
1 mixed
bit[11] status bit, write 0, this bit is set to 1 to indicate
operation complete.
h’22 picture start position, this register sets the start point of active video, this 0| sfif
can be used e.qg. for panning. The setting is updated when ’sdt’ register
is updated.
h'23 luma/chroma delay adjust. The setting is updated when 'sdt’ register is 0| Idly
updated.
bit[5:0] reserved, set to zero
bit[11:6] luma delay in clocks, allowed range is +1 ... =7
h’29 helper delay register (PAL+ mode only) 0 { hip_dly
bit[11:0] delay adjust for helper lines adjustable from
—96...96, 1 step corresponds to 1/32 clock
Comb Fiiter
h'27 comb filter control register cmb_uc
bit[0] 0 comb coefficients are calculated for luma/chroma 0| ce
1 comb coefficients for luma are used for luma and
chroma
bit[1] 0 luma comb strength depends on signal amplitude 0| daa
1 luma comb strength is independent of amplitude-
bit[2] 0 reduced comb booster 1| kb
1 max comb booster
bit{4:3] 0..3 comb strength for chroma signal 3| ke
bit[6:5) 0..3 comb strength for luma signal 2] ky
bit[11:7] 0..31 overall limitation of the calculated comb coefficients 0| clim
0 no limitation
31 max limitation (1/2)

ITT Semiconductors
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Color Processing
h'30 ACG reference level to adjust C;, Cy, levels on picture bus. P/N:; 2070* | accref
a value of O disables the ACC, chroma gain can be adjusted via ACCb S: 0%
/ ACCr register .
h'32 ACC multiplier value for SECAM Db chroma componentto adjustCy,level | S: 1155 acchb
on picture bus.
b{10:0} eeemmmmmmmm m*2%®
h’'33 ACC multiplier value for SECAM Dr chroma component to adjustC,level | S: 1496* accr
on picture bus.
b[10:0] eesemmmmmmmm m * 27
h'34 ACC multiplier value for PAL+ Helper Signal acch
b{10:0] eeemmmmmmmm m * 2°®
h'36 ACC PAL+ Helper gain adjust, gain is referenced to PAL burst, 787 | hipgain
allowed values from 256..1023
a value of zero allows manual adjust of Helper amplitude via ACCh
h'39 amplitude killer level (O:killer disabled) 25 | kilvl
h'3a amplitude killer hysteresis 51 kilhy
h'de NTSC tint angle, +512= +n/4 0| tint
Horizontal PLL
h'aa h—pll gain setting, these registers are used to set the h—pli speed, pll
h'ab speed selection is done via the input selection register
h'ac
AGC -DVCO
h'82 sync amplitude reference (0: AGC disabled). 50Hz: 768" agcref
Write O to register h’85 after writing 0 to AGCREF to disable the AGC | 60Hz: 732*
h'8e start value for AGC gain while vertical lock or AGC is inactive, 0..63 27 | sgain
h'83 AGC gain value, 0..63 read only | gain
h'ad agc theshold ( video level x3), agc gain adjust will restart if video signal 740 1 max_thr
is larger than this threshold
n’f8 crystal oscillator center frequency adjust, —2048 ... 2047 -720 | dvco
h'f9 crystal oscillator center frequency adjustment value for line lock mode, read only | adjust
true adjust value is DVCO — ADJUST.
For factory crystal alignment, using standard video signal:
set DVCO=0, set lock mode, read crystal offset from ADJUST register
and use negative value for initial center frequency adjustment via DVCO.
n{7 crystal oscillator line-locked mode, lock command/status 0 | xick
write: 100 enable lock
0 disable lock
read: 4095/0 locked/unlocked
24 I 4582711 000bLL? 102 EN ITT Semiconductors
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FP Status Register
12 general purpose control bits
bit[2:0] reserved, do not change
bit[3] vertical standard force vfrc
bit[11:4]} reserved, do not change
h’13 standard recognition status —| asr
bit[0] 1 vertical lock
bit[1] 1 horizontally locked
bit[2] reserved
bit[3] 1 color amplitude killer active
bit[4] 1 disable amplitude killer
bit[5] 1 color ident killer active
bit[6] 1 disable ident killer
bit[7] 1 interlace detected
bit[8] 1 no vertical sync detection
bit[9] 1 spurious vertical sync detection
bit[12:10} reserved
h’cb number of lines per field, P/S: 312, N: 262 read only | nipf
h’'15 vertical field counter, incremented per field vent
h'74 measured sync amplitude value, nominal: 768 read only | sampl
h’31 measured burst amplitude read only | bampl
h’fo firmware version number read only | —
bit{7:0] internal revision number
bit[11:8] firmware release
Scaler Control Register
h’40 scaler mode register 0 | scmode
bit[1:0] scaler mode pano
0 linear scaling mode
1 nonlinear scaling mode, ’panorama’
2 nonlinear scaling mode, 'waterglass’
3 reserved
bit[2] reserved, setto 0
bit[3] color mode select s411
0/1  4:2:2 mode/ 4:1:1 mode
bit[4} scaler bypass bye
bit[5] reserved, setto 0
bit[6] luma output format yof
0 ITU-R luma output format (16—240)
1 CVBS output format
bit[7] chroma output format cof
0/1  ITU-R (offset binary) / signed
bit[10:8] reserved, setto 0
bit[11] 0 scaler update command, when the registers are
updated the bit is setto 1
h’41 luma offset register 57 | yoffs
bit[6:0] luma offset 0..127
ITU-R output format: 57
CVBS output format: 4
this register is updated when the scaler mode register is written

ITT Semiconductors
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Scaler Control Register

h'42

active video length for 1-h FIFO
bit[11:0] length in pixels
D3000 mode (1296/h) 1080
LLC mode (864/h) 720
this register is updated when the scaler mode register is written

1080

n'43

scaler! coefficient, this scaler is compressing the signal.

For compression by a factor ¢ the value c*1024 is required.
bit{11:0} allowed values from 1024..4095

this register is updated when the scaler mode register is written

1024

scinct

h'44

scaler2 coefficient, this scaler is expanding the signal.

For expansion by a factor ¢ the value 1/c*1024 is required.
bit{11:0] allowed values from 256..1024

this register is updated when the scaler mode register is written

1024

scinc2

h’45

scaleri/2 nonlinear scaling coefficient
this register is updated when the scaler mode register is written

scinc

h'47 -
h'4b

scaler1 window controls, see table
5 12-bit registers for control of the nonlinear scaling
this register is updated when the scaler mode register is written

scwi _0-4

h'4c —
h’50

scaler? window controls see table
5 12-bit registers for control of the nonlinear scaling
this register is updated when the scaler mode register is written

scw2_0—4

LLC Control Register

heo

horizontal offset
bit{11:0] offset between FSY and HS

lic_offset

h'65

vertical freeze start
freeze llc pli for llc_start < line number < lic_stop
bit{11:0] allowed values from —156...+156

lic_start

h'66

vertical freeze stop
freeze lic pli for llc_start < line number < lic_stop
bit[11:0] allowed values from —156...+156

lic_stop

h'69
h'éa

20 bit lic clock center frequency
13.5 MHz
16 MHz
18 MHz

174763
-135927
174763

h*02AAAB
h’'FDEDO8
h'02AAAB

nonn

lic_clockh
lic_clock!

h'ét

pll frequency limiter, 8%
13.5 MH=z 54
16 MHz 48
18 MH=z 54

54

fic_dffimit

h'éd

llc clock generator control word

bit[4:0] hardware register shadow
lle_clke=s —> 13.5 MHz
lic_clke=3 —> 16MHz
lic_clke=3 —> 18MHz
reserved

0/1 enable/disable lic pll

bit{10:5]
bit[11]

2053

lic_clke

26
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3.2.1. Scaler Adjustment

In case of linear scaling, most of the scaler registers
need not be set. Only the scaler mode, active video
length, and the fixed scaler increments (scinc1/scinc2)
must be written.

The adjustment of the scaler for nonlinear scaling
modes should use the parameters givenin table 3-3. An
example for ‘pancrama vision’ mode with 13.5 MHz line-
locked clockis depicted in Fig. 3—2. The figure shows the
scaling of the input signal and the variation of the scaling

border center

factor during the active video line. The scaling factor
starts below 1, i.e. for the borders the video data is ex-
panded by scaler 2. The scaling factor becomes one and
compression scaling is done by scaler 1. When the pic-
ture center is reached, the scaling factor is held
constant. At the second border the scaler increment is
inverted and the scaling factor changes back symmetri-
cally. The picture indicates the function of the scaler in-
crements and the scaler window parameters. The cor-
rect adjustment requires that pixel counts for the
respective windows are always in number of output
samples of scaler 1 or 2.

border . .
y input signal

video signal

output signal

e

scinc,

scinci

compression
ratio

1

scincz/ ‘

1
l
expansion ' compression.
Ll
l

(scaler2) ' (scalert)

scaler window 0. 1
cutpoints

»compression . expansion
' (scaler1) :(scaler2)

2 3 4

Fig. 3—2: Scaler operation for “panorama” mode at 13.5 MHz
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Table 3—3: Set-up values for nonlinear scaler modes

scinct 1643 1427 1024 1024 2464 2125 1024 1024
scinc2 1024 1024 376 611 1024 1024 573 914
scinc 90 56 85 56 202 124 190 126
filim 945 985 921 983 719 719 681 715
scwi -0 110 115 83 94 104 111 29 13
scwi —1 156 166 147 153 104 111 15 117
scwi —2 317 327 314 339 256 249 226 241
scwi -3 363 378 378 398 256 249 312 345
scwl -4 473 493 461 492 360 360 341 358
scw2—0 110 115 122 118 104 m 38 14
sew2 - 1 156 166 186 177 104 111 124 118
scw2 — 2 384 374 354 363 256 249 236 242
scw2 —3 430 425 418 422 256 249 322 346
scw2 -4 540 540 540 540 360 360 360 360
28 B 4682711 000BL?) b33 A ITT Semiconductors
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Table 3—4: Control Registers of the Fast Processor that are used for the control of DDP3300A
— this function is only available in the 50 Hz version (VPC320x)
— default values are initialized at reset
—* indicates: register is initialized according to the current standard when SDT register is changed.

FP Display Control Register

h'130 White Drive Red  (0...1023) 700 | WDR 1)

131 White Drive Green (0...1023) 700 | WDG ¥

h’132 White Drive Blue (0...1023) 700 | wDB "

h’139 internal Brightness, Picture (0...511), the center value is 256, the range 256 | IBR
allows for both increase and reduction of brightness.

h’13¢ Internal Brightness, Measurement {(0...511), the center value is 256, the 256 | IBRM
brightness for measurement can be set to measure at higher cutoff cur-
rent. The measurement brightness is independent of the drive values.

h13a Analog Brightness for external RGB (0...511), the center value is 256, the 256 | ABR
range allows for both increase and reduction of brightness.

h'13b Analog Contrast for external RGB (0...511) 350 | ACT

1) The white drive values will become active only after writing the blue value WDB, latching of new values is indicated
by setting the MSB of WDB.

FP Display Control Register, BCL

h'144 BCL threshold current, 0...2047 (max ADC output ~1152) 1000 | BCLTHR
h’142 BCL time constant 0...15 —»13 ... 1700 msec 15| BCLTM
h'143 BCL loop gain. 0..15 0| BCLG
h'145 BCL minimum contrast 0...1023 307 | BCLMIN
h'105 Test register for BCL/EHT comp. function, register value: 0 | BCLTST
o normal operation
1 stop ADC offset compensation
x>1 use xin place of input from Measurement ADC
FP Display Control Register, Deflection
h'103 interlace offset, —2048..2047 ] 0| INTLC
This value is added to the SAWTOOTH output during one field.
h’102 discharge sample count for deflection retrace, 7 | DSCC
SAWTOOTH DAC outputimpedance is reduced for DSCC lines after ver-
tical retrace.
h'11f vertical discharge value, -1365 | DSCV
SAWTOOTH output value during discharge operation, typically same as
AO init value for sawtooth.
h'10b EHT (electronic high tension) compensation coefficient, 0...511 0| EHT
h'10a EHT time constant. 0..15 —> 3.2..410 msec 15§ EHTTM
ITT Semiconductors 29
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Control registers, continued

FP Display Control Register, Deflection
FP Display Control Register, Vertical Sawtooth
h'110 DC offset of SAWTOOTH output 0| OFS
This offset is independent of EHT compensation.
h11b accuO init value —1365 | A0
h’iic accut init value 900 | At
h'11d | accu2 init value 0| A2
h'tle accu3 init value 0f A3
FP Display Control Register, East-West Parabola
h’12b accu0 init value -1121 | AC
h'12¢c accu init value 219 | A1
h12d accu? init value 479 | A2
h’12e accu3 init value -1416 | A3
h’'12f accu4 init value 1052 | A4

3.2.2. Calculation of Vertical and East-West Deflection Coefficients

in Table 35 the formula for the calculation of the deflec-
tion initialization parameters from the polynominal coef-
ficients a,b,c,d,e is given for the vertical and East-West
deflection. Let the polynomial be

P:a+b(x—05) + o(x — 0.5)?% + dix ~ 0.5 + e(x — 0.5)*

The initialization values for the accumulators a0..a3 for
vertical deflection and a0..a4 for East-West deflection

are 12-bit values. The coefficients that should be used
to calculate the initialization values for different field fre-
quencies are given below, the values must be scaled by
128, i.e. the value for a0 of the 50 Hz vertical deflection
is:

a0 = (@*128 — b*1365.3 + c*682.7 — d*682.7)/128

Table 3-5: Tables for the Calculation of Initialization values for Vertical Sawtooth and East—-West Parabola

d
a0 128 ~1365.3 +682.7 —682.7 a0 128 -341.3 1365.3 -85.3 341.3
al 899.6 -904.3 +1363.4 at 111.9 —899.6 84.8 —454.5
a2 296.4 898.4 a2 586.8 1111 898.3
a3 585.9 ad 7241 -171.7
ad 756.5
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4. Specifications

4.1. Outline Dimensions

1#02y 45 ° 24 16 X 1.2710.1 = 20,32 10.1 ——»
X3 . 1.27+0.1 1.2 % 45°; le—
9 n]’\ 61 i
'—F1I'|I—|l—|r—|l‘!l—|hlr\r—\l‘|l'|r1r‘ll_|ﬂ M ¥ ‘V.
o
104 i b 60
: & P b ,
g 1] b
c 3 1
p 9 3 b -
; ) i
g d h § S
H— B -
i b o
i ‘ s b o
q ]
0
| & & | 1
i a M g
260 | \D_ ‘
uuuuuuuuu PO OO OO T 1.9[1.4 ?
@ a 4.05
25%025 | 4755015 24.2 0.1
Fig. 4-1: 7004372
68-Pin Plastic Leaded Chip Carrier Package
(PLCC68)
Weight approximately 4.8 g
Dimensions in mm
ITT Semiconductors 31
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4.2, Pin Connections and Short Descriptions

NC = not connected
LV = if not used, leave vacant
X = obligatory; connect as described in circuit diagram

SUPPLY Ground, Analog Front-End

GNDg SUPPLY Ground, Analog Front-End
CLKS ouT CCU 5 MHz Clock Output
VsTtBY SUPPLY Standby Supply Voltage
XTAL2 ouT Analog Crystal Output
XTAL1 IN Analog Crystal Input
ASGF Analog Shield GNDg
DSGP Digital Shield GNDp

10 Lv INTLC ouT Interlace Output

12 Lv VS ouT Vertical Sync Pulse

13 Lv FSY ouT Front Sync Pulse

14 Lv MSY/HS IN/OUT Main Sync/Horizontal

Sync Pulse

15 Lv HELPER ouT Helper Line Output

16 v HC INJOUT Horizontal Clamp Pulse

17 Lv AVO ouT Active Video Output

18 Lv LLC2 ouT Double Output Clock

19 Lv LLC1 INFOUT Output Clock

20 GNDp Y7 ouT Picture Bus Luma (MSB)

21 GNDp Y6 ouT Picture Bus Luma

22 GNDp Y5 ouT Picture Bus Luma

23 GNDp Y4 ouT Picture Bus Luma

24 GNDp Y3 ouT Picture Bus Luma

25 GNDp Y2 ouT Picture Bus Luma

28 GNDp Y1 ouT Picture Bus Luma

29 GNDp YO ouT Picture Bus Luma (LSB)

30 Lv CLK20 IN/OUT Main Clock Output 20.25 MHz

31 X Vsupp SUPPLY Supply Voltage, Digital

Circuitry
30 I 4682711 000bbk?S 289 A ITT Semiconductors
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Pin Connections and Short Descriptions, continued

S

34 GNDp SUPPLY Ground, Digital Circuitry

35 GNDp SUPPLY Ground, Output Pad
Circuitry

36 X Vsupp SUPPLY Supply Voltage, Output Pad Supply

38 GNDp Cc7 ouT Picture Bus Chroma
(MSB)

39 GNDp Csé ouT Picture Bus Chroma

40 GNDp C5 ouT Picture Bus Chroma

41 GNDp C4 ouT Picture Bus Chroma

42 GNDp C3 ouT Picture Bus Chroma

43 GNDp Cc2 ouT Picture Bus Chroma

46 GNDp Ci ouT Picture Bus Chroma

47 GNDp Co ouT Picture Bus Chroma (LSB)

48 v PRO INJOUT Picture Bus Priority (LSB)

49 Lv PR1 IN/OUT Picture Bus Priority

50 Lv PR2 IN/OUT Picture Bus Priority (MSB)

- Lv SussT. - GNDF SUPPLY Substrate, leave vacant

51 GNDp TEST2 IN/OUT Reserved for Test, connect to Ground

53 Lv FPDAT IN/OUT Front-End/Back-End Data

54 X RESQ IN Reset Input, Active Low

55 X SDA IN/OUT 12C Bus Data

56 X SCL IN/OUT 12C Bus Clock

57 GNDp TEST IN Test Pin, connect to GNDp

. 59 X ASGF Analog Shield GNDg

60 VRT VIN3 IN Video 3 Analog Input

61 VRT VIN2 IN - Video 2 Analog Input

62 VRT* VIN1 IN Video 1 Analog Input

63 Lv* CIN IN Chroma/Video 4 Analog
Input

64 Lv VOuT ouT Analog Video Output

65 X ASGF Anaiog Shield GNDg

ITT Semiconductors 33
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Sy

Pin Connections and Short Descriptions, continued

66 X VsupPF SUPPLY Supply Voltage, Analog
Front-End
67 X ISGND SUPPLY Signal Ground for Analog Input,
connect to GNDg
68 X VRT OUTPUT Reference Voltage Top,
Analog
8,11 LVORGNDp | NC - Not connected
26, 27
32,33
37, 44
45,52
58
*) chroma selector must be set to 1 (CIN chroma select)
4.3. Pin Descriptions Pin 13 — Front Sync Pulse, ESY (Fig. 4-4)
{pin numbers for PLCC68 package) This pin supplies the front sync information.
Pint- Ground' Ana‘og Front_End GNDF Pin 14— Main SynC/HOI‘izontal SynC Pulse MSY/HS
(Fig. 4—4)
Pin 2 — Ground, Analog Front-End GNDE This pin supplies the horizontal sync puise information

in line-locked mode. in DIGIT3000 mode, this pin is the

Pin 3 — GGU 5 MHz Clock Output CLKS (Fig. 4-11) main sync input.

This pin provides a clock frequency for the TV microcon-
troller, e.g. a CCU 3000 controller. It is also used by the
DDP 3300 A display controlier as a standby clock.

Pin 15 — Helper Line Output, Helper (Fig. 4—4)
This signal indicates a helper line in PAL+ mode.

Pin 16 — Horizontal Clamp Pulse, HC (Fig. 4—4)

Pin 4 — Standby Supply Voltage VsToBY This signal can be used to clamp an external video sig-
In standby mode, only the clock oscillator is active, nal, that is synchronous to the input signal. The timing
GNDE should be as ground reference. is programmable.

Pins 6 and 5 — XTAL1 Crystal Input and XTAL2 Crystal Pin 17 — Active Video Output, AVO (Fig. 4-4)

Output (Fig. 4-8) This pin indicates the active video output data. The sig-
These pins are connected to an 20.25 MHz crystal oscil- nal is clocked with the LLC1 clock.

Jator which is digitaily tuned by integrated shunt capaci-

tances. The CLK20 and CLKS5 clock signals are derived Pin 18 — Double Output Clock, LLC2 (Fig. 4.6)

from this oscillator. An external clock can be fed into

XTAL1. In this case, clock frequency adjustment must Pin 19 — Output Clock, LLG1 (Fig. 4.6)

be switched off. Thisisthe clock reference forthe luma, chroma, and sta-

tus outputs.

Bin 7 — Ground, Analog Shield Front-End GND

in 7 ~ Ground, Analog Shielc Fron F Pins 20 {0 25,28,20 — Luma Outputs YO=Y7 (Fig. 4-4)
- - . These output pins carry the digital luminance data. The
Pin 9 — Ground, Digital Shield GNDp data are clocked with the LLG1 clock.

Pin 10 — Interlace Output, INTLC (Fig. 4-4) Pin 30 — Main Clock Output CLK20 (Fig. 4-5)
This pin supplies the interlace information, 0 indicates This is the 20.25 MHz main ¢

¢ lock output.
first field, 1 indicates second field.
Pin 31 — Supply Voltage, Digital Circuitry VsupD
Pin 12 — Vertical Sync Pulse, VS (Fig. 4-4)
This pin supplies the vertical sync signal. Pin 34 — Ground, Digital Circuitry GNDp

e ——

-
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Pin 35 — Ground, Output Pad Circuitry GNDp
Pin 36 — Supply Voltage, Output Pad Supply Vsypp

Pins 38 to 43,46,47 — Chroma Outputs CO-C7 (Fig. 4-4)
These outputs carry the digital CrCb chrominance data.
The data are clocked with the LL1 clock. The data are
sampled at half the clock rate and multiplexed. The CrCb
multiplex is reset for each TV line.

Pins 48 to 50 — Picture Bus Priority PRO-PR2 (Fig. 4-6)
The Picture Bus Priority lines carry the digital priority
selection signals. The priority interface allows digital
switching of up to 8 sources to the back-end processor.
Switching for different sources is prioritized and can be
on a per pixel basis.

Pin 51 — Test Input TEST2
This pin enables factory test modes. For normal opera-
tion, it must be connected to ground.

Pin 53 — Front-End/Back-End Data FPDAT (Fig. 4-6)
This pin interfaces to the DDP 3300 A back-end proces-
sor. The information for the deflection drives and for the
white drive control, i.e. the beam current limiter, is trans-
mitted by this pin.

Pin 54 — Reset input RESQ (Fig. 4-3)
A low level on this pin resets the VPC 32xx.

Pin 55 — 12C Bus Data SDA (Fig. 4-13)
This pin connects to the 12C bus data line.

Pin 56 — I2C Bus Clock SCL (Fig. 4-13)
This pin connects to the 12C bus clock line.

Pin 57 — Test Input TEST (Fig. 4-3)
This pin enables factory test modes. For normal opera-
tion, it must be connected to ground.

Pin 59 — Ground, Analog Shield Front-End GNDg

Pins 62,61,60 — Video Input 1-3 VIN1-3 (Fig. 4-12)
These are the analog video inputs. A CVBS or S-VHS
luma signal is converted using the luma (Video 1) AD
converter. The VIN1 input can also be switched to the
chroma (Video 2) ADC. The input signal must be AC-
coupled.

Pin 63 — Chroma Input CIN (Fig. 4-10)

This pin is connected to the S-VHS chroma signal. A re-
sistive divider is used to bias the input signal to the
middie of the converter input range. CIN can only be
connected to the chroma (Video 2) A/D converter. The
signal must be AC-coupled.

Pin 64 — Analog Video Output, VOUT (Fig. 4-7)

The analog video signal that is selected for the main
(luma, CVBS) ADC is output at this pin. An emitter fol-
lower is required at this pin.

Pin 65 — Ground, Analog Shield Front-End GNDg

Pin 66 — Supply Voltage, Analog Front-End Vsypr

_ (Fig. 4-9)

Pin 67 — Signal GND for Analog Input ISGND (Fig.4—11)
This is the high quality ground reference for the video
input signals.

Pin 68 — Reference Voltage Top VRT (Fig. 4-9)

Via this pin, the reference voltage for the A/D converters
is decoupled. The pin is connected with 10 uF/47 nF to
the Signal Ground Pin.

ITT Semiconductors
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4.4. Pin Configuration

GNDF
GNDF — VRT
CLKS ISGND
VSTBY VSUPF
XTALZ ASGF
XTAL1 vouT

ASGF CIN
NC ‘\ ( ViN1
DSGP —‘ A\ l_ VIN2

ot W e S s s U e N s | P SN T s O v S s B s S o | s T o T
INTLC%F5765432663676655645362616°JV|N3
NC (1 safl ASGF
vs fhe VPC 3200A ) 1o
Fsy (13 s7[] TEST
MSYHS [114 sg SCL
HELPER 015 s5{] SDA
He [1e s4f) RESQ
avo 017 53 FPDAT
ez (18 s2) NC
et gie s51p TEST2
¥7 Q=20 sof} PR2
ve (21 49p PRI
vs [22 48] PRO
va 023 a7} €O
va 24 460 C1
vz (256 45] NG
ne [26 4a) NC
27 28 20 90 31 32 33 34 35 36 87 38 39 40 41 42 43

NCJH t L e

CLK20 (>3
VSUP! c6
NG c7

NC L NC
GNDD — VSUPP

GNDP

Fig. 4-2: Pinning of the VPC 32xx in PLCC68 package.
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4.5. Pin Circuits

VsupD—1—
iy -
GNDp—+—

Fig. 4-3: Input pins RESQ, TEST

Vsupp V supp
PFW —*—4%

N}J —1N
GNDp

Fig. 4-4: Output pins C0-C7, YO-Y7,FSY,
HC, AVO, HELLPER, VS, INTLC, HS, LLC1,LLC2

fw ST e
w5

0
GNDp
Fig. 4-5: Output pin CLK20

Fig. 4-6: Input/Output pins PRO-PR2, FPDAT

S VsuprF
Vin's o:\ﬁl:i>‘ [P
—} Vout
VRE[F SN

. . GNDfg
Fig. 4-7: Output pin VOUT

B - VsTeY
= ‘IﬁOSM |
L R fECLK
=23 ﬁ% [N
GNDf

Fig. 4-8: Input/Qutput Pins XTAL1, XTAL2

Vsupr
i P
VRT

ADC Reference
Vref

ISGND

Fig. 4-9: Pins VRT , ISGND

Vsupr

To ADC

GNDe
Fig. 4-10: Chroma input CIN

VSTBY

—>—|P

_»_..i N
GNDg
Fig. 4-11: Output pin CLK5

VsupF

To ADC

GNDg
Fig. 4-12: Input pins VIN1-VIN3

cilj i

GNDp

Fig. 4-13: Pins SDA, SCL
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4.6. Electrical Characteristics

4.6.1. Absolute Maximum Ratings

| Ta Ambient Operating Temperature
Ts Storage Temperature - —40 125 °C
Vsup Supply Voltage, all Supply Inputs -0.3 6
Vi Input Voltage, all Inputs -03 Vgup+0.3
Vo Output Voltage, all Outputs -0.3 Vgyp+0.3
Stresses beyond those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This

is a stress rating only. Functional operation of the device attheseorany o
“Recommended Operating Conditions/Characteristics”

mum ratings conditions for ext

4.6.2. Recommended Operating Conditions

ther conditions beyond those indicated in the
of this specification is no
ended periods may affect device reliability.

t implied. Exposure to absolute maxi-

Ambient Operating Temperature
Vgue Supply Voltages, all Supply Pins 4.75 5.0 5.25 \'
Vsurp Supply Volt., Output Pad Supply VSUPP 3.15 - 5.25 Vv
fxraL Clock Frequency XTAL1/2 - 20.25 - MHz
38 ITT Semiconductors
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4.6.3. Recommended Crystal Characteristics

Operating Ambient Temperature

0 - 65 °C
fp Parallel Resonance Frequency - 20.250000 - MHz
with Load Capacitance Cy = 13 pF
Afplip Accuracy of Adjustment - - +20 ppm
Afplfp Frequency Temperature Drift - - +30 ppm
Rr Series Resistance - - 25 Q
Co Shunt Capacitance 3 - 7 pF
Cq Motional Capacitance 20 - 30 fF
Load Capacitance Recommendation
Clext External Load Capacitance 1) from | - 3.3 - pF
pins to Ground
(pin names: Xtal1 Xtal2)
DCO Characteristics 23
CicLoadmin Effective Load Capacitance @ min. | thd 4.3 tba pF
DCO-Position, Code 0,
package: 68PLCC
CicLoadrng Effective Load Capacitance Range, | tbd 12.7 tbd pF
DCO Codes from 0..255

1) Remarks on defining the External Load Capacitance:

External capacitors at each crystal pin to ground are required. They are necessary to tune the effective load capacitance of
the PCBs to the required load capacitance C,_ of the crystal. The higher the capacitors, the lower the clock frequency re-
suits. The nominal free running frequency should match f, MHz. Due to different layouts of customer PCBs the matching
capacitor size should be determined in the application. The suggested value is a figure based on experience with various
PCB layouts.

Tuning condition: Code DVCO Register=—720

2) Remarks on Pulling Range of DCO:
The pulling range of the DCO is a function of the used crystal and effective load capacitance of the IC (CicLoad +ClLoadBoard)-
The resulting frequency f,_ with an effective load capacitance of Cy ot = Cicoad + CLoadBoard i5:

1+05*[Cy/(Cog+CL)]

fiL=fp

1 +0.5*[C1 /(C0+C|_eff)]
3) Remarks on DCO codes
The DCO hardware register has 8 bits, the fp control register uses a range of —2048...2047
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VPC 32xx PRELIMINARY DATA SHEET

4.6.4. Characteristics

at Ta = 0 to 65 °C, Vgupp/F = 4.75105.25 V, Vsupp = 3.15t0 3.5V f=20.25 MHz for min./max. values
at T¢ = 60 °C, Vguppsr =5 V, Vsupp = 3.15V f = 20.25 MHz for typical values

lysurPA Current Consumption Vsupr

lvsuPD Current Consumption VsupD - 125 - mA
lvsupp Current Consumption Vsupp - 40 - mA
lvsTDBY Current Consumption VsTDBY - 1 - mA
Pror Total Power Dissipation - 0.95 1.3 w
IL Input / Output Leakage Current All /O Pins -1 - 1 nA

4.6.4.1. Characteristics, 5 MHz Clock Output

VoL Output Low Voltage CLK5 - - 0.4 \' loL=0.4 mA
VoH Qutput High Voitage 4.0 - VSUP v —HoL=0.9mA
tor Output Transition Time - 50 - ns Croap = 30 pF

DC Average Cioap =30 pF
-0.3 +0.3
Vpp Vourt Peak to Peak 13 1.6 - \'4 CLoap =30 pF
tor Output Transition Time - - 18 ns CLoap = 30 pF
Vit Input Trigger Level 21 25 2.9 A only for test purposes
Vy Clock Input Voltage XTAL1 13 - - Vep capacitive coupling used,
. XTAL2 open

4.6.4.3. Characteristics, Reset Input, Test Input

ViL Input Low Voltage RESQ - - 1.5 \'
TEST
ViH Input High Voltage 3.0 - - v
40 M 4582711 000bLA3 355 H ITT Semiconductors
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4.6.4.4. Characteristics, Priority, FPDAT Input/Output

VoL Qutput Low Voltage PR[2:0] - - 0.5 v oL = 14.4 mA, strength 0
FPDAT loL = 10.8 mA, strength 1
lor = 7.2 mA, strength 2
IpL = 3.6 mA, strength 3
note: FPDAT strength =2
Von Output High Voltage 1.8 2.0 2.5 v =lo. =10pA
CLoap = 70 pF
toH Output Hold Time 6 - - ns
tooL Output Delay Time - - 35 ns CLoap = 70 pF
IL=14.4 mA
strength =3
IpL Output Puli-up Current PR[2:0] 1.2 1.5 1.8 mA VoL=0V
FPDAT
ViL Input Low Voitage - - 0.8 v
Vi Input High Voltage 15 - - A
tis Input Setup Time 7 - - ns
tin Input Hold Time 5 - - ns

20.25 MHz Clock o - - : 4—_\\—%

tig tiH
Prority Bus AR R o
Input S kﬁé&%&é@&é ?)@A@A@A’%&

—] A B A A AR R AP A U A Y V"_
ton
toH Vv
Priority Bus / / / \\\ OHTRI
Output VoL
» topL
Fig. 4-14: Priority, FPDAT input/output
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4.6.4.5. Characteristics, 12C Bus Interface

ViL Input Low Voltage SDA, SCL - - 15 v

ViH Input High Voltage 3.0 - - \Y

VoL Output Low Voltage - - 0.4 v =3 mA
0.6 v =6 mA

Vi Input Capacitance - - thd pF

te Signal Fall Time - - 300 ns Cy =400 pF

R Signal Rise Time - - 300 ns Cy = 400 pF

tscL Clock Frequency SCL 0 - 400 kHz

tlow Low Period of SCL 1.3 - - us

tHiGH High Period of SCL 0.6 - - us

tsu Data Data Set Up Time to SCL high SDA 100 - - ns

tHD Data DATA Hold Time to SCL low 0 - 0.9 us

4.6.4.6. Characteristics, Analog Video Inputs

Analog input Voltage

VIN3
CIN
Cep Input Coupling Capacitor VIN1 - 680 - nF
Video Inputs VIN2
VIN3G
Ccp Input Coupling Capacitor CIN - 1 - nF

Chroma Input

A.6.4.7. Characteristics, Analog Front-End and ADCs

VVvRT Reference Voltage Top 10 pF/10 nF, 1 GQ Probe
Luma ~- Path
Rvin input Resistance VIN1, 1 MQ Code Clamp—DAC=0
CvIN Input Capacitance \\Cllrr:llg tbd pF
VviN Full Scale Input Voltage VIN1, 1.8 20 2.2 Vep min. AGC Gain
VVIN Full Scale Input Voltage \\;lllr:lli, 0.5 0.6 0.7 Vpp max. AGC Gain
AGC AGC step width 0.166 dB 6-Bit Resolution= 64 Steps
l—DNLAec AGC Differential Non-Linearity 105 | LSB f-s‘2=JBMI"::,maX- AGC-Gain J
42 BN 4582711 000bLA5 128 HH ITT Semiconductors
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Characteristics, Analog Front-End and ADCs, continued

VvincL Input Clamping Level, CVBS VIN1, 1.0 v Binary Level = 64 LSB
VIN2, min. AGC Gain
VIN3

Qct Clamping DAC Resolution -16 15 steps | 5 Bit-1-DAC, bipolar

Vyin=1.5V
loL-1s8 Input Clamping Current per step 0.7 1.0 1.3 HA
DNL oL Clamping DAGC Differential Non— +0.5 LSB
Linearity
CicL Clamping—Capacity tbd - - pF Coupling-Cap. @ Inputs

Chroma — Path

Rein Input Resistance CIN 14 2.0 2.6 kQ
SVHS Chroma VIN1

Vein Full Scale Input Voltage, Chroma 1.08 1.2 1.32 Vpp

Veinoe Input Bias Level, - 1.5 - v

SVHS Chroma

Binary Code for Open 128
Chroma: Input

Dynamic Characteristics for all Video—Paths (Luma + Chroma)

BW Bandwidth VINt tbd tbd MHz ~2 dBr input signal level
VIN2
XTALK Crosstalk, any Two Video Inputs VIN3 -56 dB 1 MHz, -2 dBr signal level
CIN
THD Total Harmonic Distortion 50 dB 1 MHz, 5 harmonics,
—~2 dBr signal level
SINAD Signal to Noise and Distortion 45 dB 1 MHz, all outputs,
Ratio —2 dBr signal level
INL Integral Non-Linearity, +1 LSB Code Density,
DC—ramp
DNL Ditferential Non-Linearity +40.8 LSB
DG Differential Gain 43 % —12 dBr, 4.4 MHz signal on DC—
ramp
DP Differential Phase 1.5 deg
Analog Video Qutput
VOUT Output Voltage Out: 1.7 2.0 2.3 VPF VVIN=1 Vpp, AGC=0dB
VvOUuT
AGCyout AGC step width, VOUT IN: VIN1, tbd 1.333 | thd dB 3 Bit Resolution=7 Steps
VIN2, 3 MSB’s of main AGC
DNLagc AGC Differential Non-Linearity VIN3 - 405 | LSB
Voutoc DClevel 1 v clamped to Back porch
BW Vout Bandwidth tbd 10 MHz Input: —2 dBr of main ADC range,
CL< 10pF
THD Vourt Total Harmonic Distortion tbd —40 dB Input: -2 dBr of main ADC range,
CLS 10 pF
1 MHz, 5 Harmonics
CrLvout Load Capacitance vOUT - - 10 pF
lvout Output Current - - 0.1 mA
ITT Semiconductors 43
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4.6.4.8. Characteristics, Output Pin Specification

Output Specification for SYNC, CONTROL, and DATA Pins:

Y[7:0], C[7:0], AVO, HS, HC, HELPER, INTLC, VS, FSY

VoL Qutput Low Voltage - - 04 v see table below
Vou Output High Voltage 2.4 - - \' see table below
ton Output Hold Time 6 - - ns
too Output Delay Time - - 35 ns NOTE 1
NOTE 1: Cioap depends on the selected driver strength which is 12C-programmabile.
. Table 4-1: Driver strength

000 <100 pF <50 pF
001 < 565 pF <28 pF
010 < 37 pF < 20 pF
011 <28 pF < 14 pF
100 <23 pF <12 pF
101 <18 pF <10pF
110 <14 pF <8pF
imn pins tristate

CLK20

20.25 MHz R I - T

in case of DIGIT3000 mode

20V
I{Ié%']MHZ / \ / IR, tF<5ns
in case of LLC Mode 08V
VoH
Output Data valid Data valid
Ton Vou
top
Fig. 4-15: Sync, control, and data outputs
44 W 4542711 000LL&? TTO HA ITT Semiconductors
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4.6.4.9. Characteristics, Input Pin Specification
Input Specification for SYNC, CONTROL, and DATA Pin: MSY (DIGIT3000 mode only)

ViL input Low Voltage - - 0.8 Y

V4 input High Voitage 15 - - v

tis Input Setup Time 7 - - ns

tin input Hold Time 5 - - ns
CLK20

20.25 MHz - T 7 T T Tt o .
in case of DIGIT3000 Mode

ViH
Input X Data valid
ViL

tis iy

2.0V

-8 V

in case of LLC Mode

ViH
Input Data valid
V
hs tH L
Fig. 4-16: Sync, control, and data inputs
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4.6.4.10. Characteristics, Clock Output Specification
Line-Locked Clock Pins: LLC1, LLC2

Load capacitance

13.5 MHz Line Locked Clock
1/Tq3 LLC1 Clock Frequency 125 - 145 MHz
twLia LLC1 Clock Low Time 26 - - ns CL=30pF
twhH13 LLC1 Clock High Time 26 - - ns CL=30pF
1To7 LLC2 Clock Frequency 25 - 29 MHz
twie7 LLC2 Clock Low Time 10 - - ns CL=30pF
twH27 L1 C2 Clock High Time 10 - - ns CpL=230pF

16 MHz Line Locked Clock
1Ta | LLC1 Clock Frequency | l 14.8 l - ‘ 17.2 l MHz ‘
18 MHz Line Locked Clock

1Tya l LLC1 Clock Frequency | l 16.6 l - | 19.4 l MHz I

common timings — all modes
tsk Clock Skew 0 - 4 ns
tre te Clock Rise/Fall Time - - 5 ns C_=30pF
ViL Input Low Voltage - - 0.8 \
ViH Input High Voltage 2.0 - - v
VoL Qutput Low Voltage - - 0.4 v IL=2mA
VoH Qutput High Voltage 24 - - v Iy ==2 mA

Tia
twH13 o twiia
ViH
LLC1
(13.5 MHz +7%) :
tr te L_
—ﬂ - sk - tsx
twhe7 twier - To7
LLc2 ViH
(27 MHz £7%)

tr te

Fig. 4-17: Line-locked clock output pins
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5. Application Circuit
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6. Data Sheet History

1. Advance Information: “VPC 3200 A Comb Filter Video
Processor”, Aug. 2, 1995, 6251-409-1 Al Firstrelease of
the advance information.

2. Advance Information: “VPC 3200 A Comb Filter Video
Processor’, Oct. 10, 1995, 6251-409-2Al. Second re-
lease of the advance information.

Major changes:

— Table 3-1: Control and status registers

_ Table 3-2: Control registers of the Fast Processor
— 4.2. Pin Connections and Short Descriptions

— page 41: Application Gircuit

3. Advance Information: “VPC 32xx Video Processor
Family”, July 12, 1996, 6251-409-3Al. Third release of
the advance information.

Major changes:

— Table 3—1: Control and status registers
— Table 3-2: Control registers of the Fast Processor
_ 4.2. Pin Connections and Short Descriptions

4. Preliminary Data Sheet: “VPG 32xx Video Processor
Family”, Oct. 8, 1996, 6251-409-1PD. First release of
the preliminary data sheet.

Major changes:

— Table 3—2: Control registers of the Fast Processor
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