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Powerful Scan-Rate Converter
including Multistandard Color Decoder

Release Note: Revision bars indicate significant
changes to the previous edition.

1. Introduction

The VSP 94x2A (PRIMUS) is a new component of the
Micronas MEGAVISION® IC set in a CMOS embed-
ded DRAM technology. The VSP 94x2A comprises all
main functions of a digital featurebox in one monolithic
IC. The number of features is limited in favor of a low-
cost solution, but no trade-off has been made concern-
ing picture quality.

| Table 1-1: PRIMUS’ versions

The family is ideally suited to work in conjunction with
the deflection processors SDA 9380 (9402/32) and
DDP 3315C (9412/42). In combination with the ’digital
TV decoder MDE 9500, double-scan iDTV is possible.

The package is upward pin-compatible to other
medium-range and high-end devices of the VSP 94xy
family. A 50/60 Hz derivative is also available (9432,
9442). The device comprises a digital multistandard
color decoder, an RGB interface with fast-blank capa-
bility (SCART), digital ITU656 input, scaling units
including panorama, embedded DRAM for upconver-
sion, picture improvements, temporal noise reduction,
as well as A/D and D/A converters.

Version Scan Rate Digital Input Digital Output Analog Output
Conversion

9402A (B13) 100i/120i )" )" v

9412A (B14) 100i/120i v v

R Input and output cannot be used at same time (pin sharing)

| Table 1-2: Hardware Compatibility and Suited Backend ICs

Hardware Compatible 1)

Suited Backend IC

DDP 3315C SDA 9380
VSP 9402A, v v
VSP 9405B, VSP 9435B (No ITUB56 input possible)
VSP 9407B, VSP 9437B
VSP 9412A, v
VSP 9415B, VSP 9445B
VSP 9417B, VSP 9447B
VSP 9425B, VSP 9427B v v

1) With some restrictions. Please refer to pin description and/or respective application note

4 Aug. 16, 2004; 6251-552-1DS
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1.1. Features

Integrated video matrix switch
¢ Up to seven CVBS inputs, up to two Y/C inputs,

e Three CVBS outputs (Y/C inputs signals are com-
bined to CVBS output format)

¢ 9 bit amplitude resolution for CVBS, Y/C A/D con-
verter

* AGC (Automatic Gain Control)

Multi-standard color decoder

e PAL/NTSC/SECAM including all substandards
¢ Automatic recognition of chroma standard

* Only one crystal necessary for all standards

RGB-FBL or YUV-H-V input

¢ 8 bit amplitude resolution for RGB or YUV

* 8 bit amplitude resolution for FBL or H

ITUB56 support (version dependent, refer to next
chapter)

¢ |TUB56 input/output

¢ DS656 output (double-scan ‘656-like’ output)

Letterbox detection

Noise reduction
e Temporal noise reduction

¢ Field-based temporal noise reduction for lumi-
nance and chrominance

¢ Different motion detectors for luminance and
chrominance or identical

¢ Flexible programming of the temporal noise
reduction parameters

¢ Automatic measurement of the noise level

Horizontal scaling of the 1f signal

¢ Split-screen possible with additional PiP or Text
processor

Flexible digital horizontal scaling of the 2fy signal

e Scaling factors: 3, ..., 0.75 including 16:9 compat-
ibility

¢ 5 zone panorama generator

Embedded memory

¢ On-chip memory controller

¢ Embedded DRAM core for field memory

¢ SRAM for PAL/SECAM delay line

Data format 4:2:2

Flexible clock and synchronization concept
* Horizontal line-locked or free-running mode
* Vertical locked or free-running mode

Scan-rate-conversion

e Simple interlaced modes (100/120 Hz): AABB,
AAAA, BBBB (9402A/9412A only)

* No scan-rate-conversion modes (50/60 Hz): AB,
AA, BB (9432A/9442A only)

Flexible output sync controller

* Flexible positioning of the output signal

* Flexible programming of the output sync raster

* ‘Blank signal’ generation

Signal manipulations

 Still field

* Insertion of colored background

* Windowing

¢ \Vertical chrominance shift for improved VCR pic-
ture quality

Sharpness improvement

 Digital color transition improvement (DCTI)

¢ Peaking (luminance)

Three D/A converters

¢ 9 bit amplitude resolution for Y, -(R-Y), -(B-Y) out-
put

e 72 MHz clock frequency

* Two-fold oversampling for anti-imaging

» Simplification of external analog postfiltering
1920 active pixel/per line in default configuration
I°C-bus control (400 kHz)

* Selectable I°C address

1.8 V £5% and 3.3 V 5% supply voltages

PMQFP80-1 package

Micronas
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2. Functional Description

All I12C bus registers mentioned are printed in bold and
italics (e.g. YCDEL).

2.1. CVBS Front-end

The CVBS front-end consists of the color decoding cir-
cuit itself, a sync processing circuit for generation of H/
V signals out of the CVBS signal, and the luminance
processing. The main task of the luminance process-
ing is to remove the color carrier by means of a notch
filter. For PAL and SECAM operation a baseband delay
line is used for U and V signals. This can be used as
comb filter in NTSC operation (only for chrominance).
The RGB input can either be used as an overlay for the
CVBS channel (RGB+FBL) or as a full master channel
(RGB+H/V). The overlay is done by means of a soft-
mix and can be used e.g. for ‘SCART’ connector. This
block contains a matrix (for RGB signals) which is
switched off for YUV (e.g. YPbPr) input signals. A CBS
(contrast, brightness, saturation) control makes the
input signal adjustable.

2.1.1. Source Select

Fig. 2-1 shows the analog front-end. The analog
CVBS signal can be fed to the inputs CVBS1...7 of
VSP 94x2A (amplitude 0.5...1.5 V;). One signal is
selected via CVBSEL1 and fed to the first ADC. A sec-
ond signal is selected via CVBSEL2 and fed to the
other ADC. CVBS4&5 or CVBS6&7 are intended to be
use as separate Y/C inputs (YCSEL). After clamping
to the back porch both signals are AD-converted with
an amplitude resolution of 9 bit. The AD conversion is
done using a 20.25 MHz freerunning stable crystal
clock. Before the A to D conversion the signals are
lowpass filtered to avoid antialias effects. Three inputs

can be looped back to output CVBSO1-3
(CVBOSEL1, CVBOSEL2, CVBOSEL3). A signal
addition is performed to output a CVBS signal even
when separate Y/C signals are used at input. Inputs
that are not used are roughly clamped to fit in the
allowed voltage region. For stand-by operation (power-
down mode), A/D and D/A converter are switched off
by STANDBY keeping the source-selector operational.

2.1.2. Signal Levels and Gain Control

To adjust to different CVBS input voltages a digitally
working automatic gain control is implemented. Input
voltages in the range between 0.6 to 1.8 V, can be

applied to the CVBS inputs.

For best signal-to-noise ratio the maximum available
CVBS amplitude is recommended.

The AGC behavior can be chosen from four possible
modes (AGCMD) (see Table 2—-1).

Table 2—-1: AGC Modes

AGCMD | AGC Operation Mode

00 AGC uses the height of the sync pulse
as a reference and additionally reduces
amplification when ADC overflows

01 AGC uses the height of the sync pulse
as a reference

10 AGC uses only ADC overflows

11 AGC is disabled and the ADC fits to the

values given in AGCADJ1

CVBS 1

CVBS 2

CVvBS 4/Y1

CvBS5/C1

cvess — [

CVBS6/Y2

CVvBS 7/ CZT
Clamping pulse of ADC_CVBS1

or ADC_CVBS2.
Shifting of signal to required
input voltage range for m m
CvBSO1..3

ADC_CVBS1 ADC_CVBS2 CVBSO1

Fig. 2-1: Input Selection

CVvBS0O2 CVvBS03
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Fig. 2-2: CVBS, Y and C Amplitude Characteristics.

When using the sync height based AGC mode, the A/D
gain increases or decreases depending on the incom-
ing signal. When using overflow detection only, the
gain is set to maximum and is reduced whenever an
"overflow’ occurs.

The signal is low pass filtered so that chrominance and
noise are not used for detection. The threshold can be
adjusted by PWTHD. A setting of ’11’ equals 511 and
means an overflow of the ADC. Other settings react for
a lower level. The gain only becomes higher when a
change of the channel is detected or is manually reset
by AGCRES. AGCFRZE holds the current AGC value.

A manual setting of the ADCs gain control is possible
using the parameters AGCADJ1 and AGCADJ2.

The conversion range (CR) is bigger than the signal

range (SRY, SRC) leaving a headroom for overshoots
(see Fig. 2-2).

Gain Control Characteristic

19
1.8
1.7
1.6
1.5
1.4
13
12
1.1

Conversion Range [V]

0.9
0.8
0.7
0.6
0.5

0 8 16 24 32 40 48 56 64
AGCADIJ1, AGCADIJ2 (I’C)

Fig. 2-3: CVBS ADC Characteristic

2.1.3. Clamping

The timing of the clamping (pulse) control signals for
the analog inputs are derived from its corresponding
CVBS input signal. The clamping algorithm works with
a split measurement pulse and a clamping pulse. The
measurement pulse is used to detect the clamping
error. The clamping pulse is used to enable current
sources for reducing the detected clamping errors. The
start and length of the measurement signals are inde-
pendently adjustable for both channels (CLMPSTI1,
CLMPD1, CLMPST2, CLMPD?2).

The same applies for the clamping signals
(CLMPST1S, CLMPD1S, CLMPST2S, CLMPD2S).
Clamping and measurement signals for RGB channel
are not separate. Clamping for these ADC are con-
trolled by CLMPST2S and CLMPD2S only. Clamping
can be suppressed for some lines by CLMPLOW and
CLMPHIGH to ignore copyprotection information. No
external sync signals are required.

=

CLMPD1

CLMPST1 |

4CLMPST1S:FCLMPD1S:|

LMPD2

Measurement ADC1

Clamping ADC1

CLMPST2 1

<cLMPsT1s>|¢CLMPD25:|

Measurement ADC2

Measurement and Clamping RGBF
Clamping ADC2

Fig. 2-4: Clamping Signals
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Table 2-2: Clamping Adjustment

Signal Description

CLMPST1 Measurement pulse start for ADC1

CLMPD1 Measurement pulse duration for ADC1

CLMPST1S Clamping pulse start for ADC1

CLMPD1S Clamping pulse duration for ADC1

CLMPST2 (Measurement pulse start for ADC2)

CLMPD2 (Measurement pulse duration for ADC2)

CLMPST2S Measure and clamp start for RGBF-ADC (clamping start for ADC2)
CLMPD2S Measure and clamp duration for RGBF-ADC (clamping duration for ADC2

2.1.4. Synchronization

After elimination of the high frequent components of
the CVBS signal by a low pass filter, horizontal and
vertical sync pulses are separated. Horizontal sync
pulses are generated by a digital phase locked loop.
The time constant can be adjusted between fast and
slow behavior in four steps (PLLTC) to accommodate
different input sources (e.g. VCR). The time-constant
can be changed during normal operation without visi-
ble picture degradation. A fine tuning of the PLL time
constant can be done by NSRED.

Additional weak input signals from a satellite dish
(fish’) become more stable when SATNR is enabled.
Vertical sync pulses are separated by integration of
equalizing pulses. A vertical flywheel mode improves
vertical sync separation for weak signals (VFLYWHL,
VFLYWHLMD).

Additionally, v-syncs may be gated by VTHRL and
VTHRH to reject invalid v-syncs (independently adjust-
able for 50 and 60 Hz sources) if no input signal is con-
nected the device switches to a freeruning mode. The
device can be configured to switch-on background
color when no or only a weak signal is applied (NOS-
IGB). 50 Hz or 60 Hz operation for sync separation
may be forced separately or selected to work automat-
ically (FLNSTRD).

2.1.5. Chroma Decoder

The digital multistandard chroma decoder is able to
decode NTSC and PAL signals with a subcarrier fre-
quency of 3.58 MHz and 4.43MHz (PAL B/N/
60T NTSC M/4.4) as well as SECAM signals with auto-
matic standard detection. Alternatively a standard can
be forced. The demodulation is done with a regener-
ated color-carrier. To enable a factory adjustment of
the crystal frequency, the frequency of the regenerated
subcarrier can be adjusted via SCADJ. For this pur-
pose the crystal deviation (SCDEV) can be read out
via 1°C after chroma PLL locking (indicated by
SCOUTEN) and can be stored in uC ROM for SCADJ.
For test purposes, CPLLOF allows the opening of the
chroma PLL loop.

For adjustment to the specific operational area an
automatic norm detection is selectable. Available
50 Hz color standards are PAL B, PAL N and SECAM.
Available 60 Hz color standards are NTSC M, PAL M,
PAL60 and NTSC44. For each line standard, one or
more color standards can be enabled for automatic
chroma standard detection. Please refer to Table 2—
3: and Table 2—4: for allowed combinations.

The standard detection process can be set to slow or
fast behavior (LOCKSP). In slow behavior, 25 fields
are used to detect the standard, whereas 15 fields are
used in fast behavior. If the detection was not success-
ful during this time frame, the system will switch to the
next enabled TV Standard.

* PAL B is representative for PAL B/G/H/I/N
1 PAL60 and NTSC44 are nonstandard signals which
are generated by some VCR or DVD player

Micronas
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Table 2-3: Allowed combinations for color-standard
search (50 Hz)

Standard CSTAND

(50 Hz) D2 D1 DO
None 0 0 0
PAL N 0 0 1
PAL B 0 1 0
SECAM 1 0 0
Automatic 1 1 0
PAL BG / SECAM

Table 2—4: Allowed combinations for color-standard
search (60 Hz)

Standard CSTAND

(60 Hz) D6 D5 D4 D3
PAL M 0 0 1 0
NTSC M 0 1 0 0
NTSC44 1 0 0 0
Automatic 0 1 1 0
PAL M/NTSC M

Automatic 1 1 0 o(!)
NTSC M/

NTSC44/PAL60

In addition, a standard can be forced as well.
AMSTD50 selects whether PAL B or SECAM s tried
first in the automatic routine. AMSTD60 selects
whether NTSC44/PAL60 or NTSC M is tried first. Both
bits can also be set for automatic detection, then the
last detected chroma standard will be used. For
SECAM detection, a choice between different recogni-
tion levels is possible (SCMIDL, SCMREL) and the
evaluated burst position is shiftable (BGPOS).

Color standard (STDET), line standard (LNSTDRD)
and color killer status (CKSTAT) can be read out.

An Automatic Chroma Control (ACC) produces a sta-
ble output for input chroma variations from (approxi-
mately) -30 dB to +6 dB compared to nominal burst
value. The ACC reference value is programmable for NTSC
and PAL independently (NTSCREF, PALREF) to ensure
correct color saturation. With ACCFIX, the ACC is dis-
abled and a constant value (dependent on NTSCREF
and PALREF) is used instead.

ACCFRZ holds the current ACC value. The maximum
amplification of the ACC can be limited by ACCLIM.

This results a smooth attenuation of color intensity for
weak color carrier (see Fig. 2-5).

VA
+0dB
| color of | | | | .
T T T T T ™
+6dB -4dB :
CKILL § -
~ ACCLIM attenuation of
color-carrier
PAL, NTSC operation
VA
CONS
-
+0dB .
L]
1
]
1
]
1
]
1
1
1
1
1
1
1
1
Icoloroﬂ I I I I I : } } -
+6dB -4dB
-
CKILLS attenuation of
color-carrier

SECAM operation

Fig. 2-5: Color Killer Adjustment
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If the chrominance signal is below an adjustable
threshold (CKILL (PAL; NTSC) or CKILLS (SECAM))
the color is switched off. To prevent on / off switching, a 5
hysteresis is given by CON or CONS which is the
value of switching on the color. COLON switches on
the color under any circumstance.

Chroma filter

Damping (dB)

The output of the color decoder can be set to UV or
CrCb data by CRCB. For NTSC only, the color impres-
sion (tint) can be adjusted by the Hue Control between
-88° and 90° in steps of 0.7° (HUE). Low chrominance

values (+/- 1...3 LSB) may be deleted by UV-coring ’ " Frequency (M)
(UVCOR). The Chroma bandwidth can be adjusted by
CHRF. The setting value of CHRF has no linear Fig. 2—6: Chroma Filter Characteristics

impact to the chroma bandwidth. The frequency
response of the Chroma bandfilter are shown in Figure
2-7. Also a filter with asymmetrical characteristic

around the color carrier is available (IFCOMP) " IF Prefilter

(Figure 2-7). For SECAM mode, the de-emphasis filter ) 38| aap

can be adjusted by DEEMPFIR and DEEMPIIR. The ) l ‘

bell filter can be adjusted by BELLFIR and BELLIIR. 0 |

IFCOMP="011"

The delay between Y and C is well aligned and can
also be adjusted in steps of 50 ns (YCDEL). No picture
shifting occurs when switching between different color

Damping (dB)
|
=)

standards (e.g. SECAM -> PAL). A delay-line is imple- 20
mented for PAL and SECAM signals. It acts as a sim- -25
ple chrominance comb-filter for NTSC and can be dis- o
abled by COMB. This improves the vertical chroma 0 ! : } ¢ ’ ¢

Frequency (MHz)

resolution, but cross-color remains.
Fig. 2-7: IF Prefilter
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2.1.6. Luminance Processing

A luminance notch filter is implemented to separate
the chroma information from the luminance. Depend-
ing on the color standard, one out of three different
notch characteristics is chosen (‘PAL, ‘NTSC’,
‘SECAM’) automatically.

For PAL and Secam the respective notch filters have 5
different characteristics each. The luminance notch fil-
ter for NTSC can be set to 4 different filter response
curves. They can be selected by NTCHSEL. Alterna-
tively, no notch should be used for Y/C input
(NOTCHOFF). The filter characteristics can be found
in Figure 2—-8. In SECAM operation, the notch filter can
be fixed to one frequency or toggle between 4.4 MHz
and 4.25 MHz depending on the transmitted color (Dr,
Db) (SECNTCH).

A simple lowpass-filter can be enabled by LPPOST to
further reduce high-frequency noise component from
the CVBS signal.

characteristic for NTSC

attenuation [dB]

0 05 1 15 2 25 3 35 4 45 5 55 6
frequency [MHz]

Fig. 2-8: Filter Characteristics for NTSC, PAL M and
PAL N

characteristic for PAL

attenuation [dB]

20

-25

-30

0 05 1 1.5 2 25 3
frequency [MHz]

Fig. 2-9: Filter Characteristics for PAL B/G, NTSC44,
PAL60

characteristic for SECAM (4.25 MHz)
T
425
|

attenuation [dB]

20

25

-30 I
0 05 1 5 2 25 3 35 4 45 5 55 6

frequency [MHz]

Fig. 2—-10: Filter Characteristics for SECAM
(SECNTCH="01’, 4.25 MHz)

characteristic for Y/C

0 [CPPOST=0_}—

T

attenuation [dB]

20

25

=30

05 1 15 2 25 3 35 4 45 5 55 6
frequency [MHz]

Fig. 2—11: Filter Characteristics for Y/C mode.

The black level can be shifted by the parameter
LMOFST. This is required to compensate 7.5 IRE off-
sets in some input signals (e.g. NTSC) The positive or
negative offset is added to the Y signal before scaling.

BLACK
BLANKING BLACK BLANKING
e e ~—_LMOFST="10'
[MOFST="10' [MOFST='00'
X LMOFST=00 N\LMOFST="11'
\ LMOFST="11' LMOFST=01'
LMOFST='01'

Input signals without 7.5IRE offset Input signals with 7.5IRE offset

Fig. 2—12: Adjustment of ‘Black’ to ‘Blankingvalue’ at
Analog Output.
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2.2. RGB Front-end

An analog RGB input port for an external RGB or YUV
source is available. The incoming signal is clamped to
the back porch by a clamping pulse. As the memory is
only able to store a 4:2:2 picture, the YUV input signal
is downconverted to 4:2:2. There are two operation
modes available. The first one uses this input as an
overlay input (soft mix). The RGB or YUV signal must
then be synchronized to the main CVBS/YC signal.
The second so called independent mode uses RGB /

Table 2-5: Possible input signals for RGB Front-end

YUV including sync or H/V signals. This can be used,
for example, for a DVD player or set-top-box. When
using H sync from a non CVBS input (e.g. separate H-
sync) this must be indicated by HINP. The usage of
separate V sync must be set by VINP.

The delay of luminance and fast-blank can be adjusted
by YFDEL, and chrominance can be delay adjusted by
UVDEL. If necessary, a fine adjustment of the fast
blank can be set by the parameter FBLDEL.

Input Signal FBL N Vin Sync Separation Remark Hinp | Vinp
RGB cvs! Sync on CVBS 1 0
YUV cves? Sync on CVBS 1 0
RGB HY Y% Sync on H E.g. set-top-box 1 1
YUV HY) v Sync on H E.g. set-top-box 1 1
RGB FBL Synchron to CVBS/YC Soft mix 0 0
YUV FBL Synchron to CVBS/YC Soft mix 0 0
RGB (incl. sync) Sync on G (maybe on R/B) | No external sync 1 0
YUV (incl. sync) SynconY No external sync e.g. DVD| 1 0
1 Instead of FBL input, CVBS input can be used when Hinp=0
from VINP pin )
sgzrmc: :e?esct ADC2 ‘«AGCAD‘EI:,;—> HI‘NP AGC‘ADJT AG:‘:MD
le—256 ¥ i
I I ] Sync
soucssaee | ADCT e——cuev— processing
[— 1 "
[ADCSEL— W\NP
o RGE l«-aGcapsr— O] 1 .
s o) ADCR Pap——— oaar 1 R Process|ng I to soft-mix—p»
|4 RBOFFSET—
) CLAMPSIGNALS2
s, ADCG o oma —> G Processing —osotm—s
< |4—GOFFSET—
[sonee,) ADCB [ ome -+ B Processing —usotmi—s»
R |« RBOFFSET—
oo, ADCF omr 1+ F Processing —osim—s»
Fig. 2-13: Signal and Clamping Organization
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2.2.1. Source Select

Two inputs are available. The choice between the first
or second input is made by RGBSEL.

2.2.2. Signal Magnitudes and Gain Control

The gain adjustment of the four ADCs can be done

with the parameters AGCADJR, AGCADJG, AGC-

ADJB, AGCADJF

ggg ] upper headroom /‘[ ;gg ] upper headroom /}
g & g §
> 3 N
- o o S
o ! ?
> >
>
o7 ‘Lr ********** 55 5 &
16 v 16
0 lower headroom 4 0 4 lower headroom , 4
Fig. 2-14: Y/RGBF Amplitude Characteristics (with or without sync)
255 255 x
240 A upper headroom..4/ 240 upper headroom A
212 i 100% UL 1 55 ] ! HM00% V. |-
o <%
= 5%V & &
ol |
g ~| ®
128 2ot o1
> > >
2 5 2
o 12
©] % O
44 1 - 4o 5 --
16 lower headroom 16 : lower headroom ¥ A
0 0 4

Fig. 2-15: UV Amplitude Characteristics

Gain Control Characteristic

DC Gain Control Characteristic

0.9

Conversion Range [V]

0.8

0.7

0.6
0.5

Conversion Range [V]

0.4

Fig. 2-16: RGB ADC Characteristic, Fast-blank ADC

8 16 24

32 40
AGCADIR, AGCADJG, AGCADJB, AGCADIJF (I*C)

with Clamping (DCLMPF=0)

48

ADC output=255

conversion range

56 64

24 32 40 48 56 64
AGCADIJF (I*C)

Fig. 2-17: Fast-blank ADC Characteristic without
Clamping (DCLMPF=1)
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Table 2—-6: Configurations of input signals

Mode CLMPVG CLMPVRB | GOFST RBOFST DCLMPF
YUV, synconY 80 128 64 128 Don’t care
YUV, sync on H,V 16 128 0 128 0 (clamping enabled)
RGB, sync on G 80 16 64 0 Don’t care
RGB, sync on RGB 80 80 64 64 Don’t care
RGB, sync on H,V 16 16 0 0 0 (clamping enabled)
RGB with fast-blank, synchron to CVBS | 16 16 0 0 1 (clamping disabled)
YUV with fast-blank, synchron to CVBS | 16 128 0 128 1 (clamping disabled)
2.2.3. Clamping

When using the dynamic softmix-mode with fast-blank,
clamping of fast-blank input must be disabled by
DCLMPF. The analog clamping value of red and blue
input (V and U resp.) can be adjusted by CLMPVRB.
The analog clamping value of green input (Y resp.) can
be adjusted by CLMPVG. Depending on the input sig-
nal format (YUV, RGB, sync signal or not) these bits
must be set accordingly. On the digital side, a correc-
tion of the analog clamping value must be performed
to reconstruct the blacklevel. This is achieved by RBO-
FST and GOFST. (see Table 2-6 on page 15)

2.2.4. Digital Prefiltering

A digital prefiltering can be enabled. A band limitation
is required, because the following deskewing filter per-
forms best at frequencies of below 14 MHz. The filter-
ing is performed in all four channels and can be dis-
abled by AABYP For signal conversion to 4:2:2, an
additional chrominance lowpass can be enabled by
CHRSF. The deskewing filter can be disabled by
SKEWSEL. This is necessary when using the H50-pin
in connection with a Micronas picture-in-picture device
(e.g. SDA 938x, SDA 948x, SDA 958x). In this applica-
tion, the RGB input (in1, in2, in3) of the PiP can not be
used for other RGB/YUV signals (e.g. ‘SCART’ is not
possible). As there is a pixel skew on H50, this pin is
NOT suited to synchronize any IC, except for the
above mentioned PiP ICs

RGB-prefiltering

attenuation [dB]

Frequency [MHZ]

Fig. 2—18: Digital Prefiltering of RGB Input

2.2.5. RGB — YUV Matrix

RGB or YUV signals are selected by YUVSEL. The
matrix coefficients are set according to ITU recommen-
dations.

Y R 0,299 0,587 0,114
Ul = |G| |-0,147 -0,289 0,436
14 B 0,615 -0,515 -0,100

Fig. 2—19: RGB to YUV Matrix
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2.2.6. Contrast, Brightness and Saturation Control
of Input Signal

The YUV signal can be manipulated in order to fit to
the main channel. The contrast can be adjusted
between 0 and 1.97 in 64 steps (CONADJ). The
brightness is adjustable in 255 steps (BRTADJ). Due
to the independent chroma adjustment of U and V (64
steps each, USATADJ, VSATADJ), UV as well as
CrCb input signals can both be displayed correctly.

2.2.7. Soft Mix
The soft-mixer circuit consists of a Fast Blank (FB)

processing block supplying a mixing factor k (0... 128)
achieving the output function:

Yuv,

YUVmix= main (128—k)+ YUV.

inserted’ k
128

k= ‘0’ means that only the main signal is fed through to
the output. k= 128’ means that only the inserted signal
becomes visible. The soft mixer supports four modes
that are selected by MIXOP and SMOP.

Table 2-7: RGB operation modes

MIXOP | SMOP | Soft Mix mode
00 0 Dynamic Soft Mix
(DECTWO must be set to '1’)
00 1 Static Soft Mix
(DECTWO must be set to '1’)
01 X Only RGB/YUV path visible
10 X Only CVBS path visible
11 X (Reserved)

2.2.8. Static Switch mode

In its simplest and most common application the soft-
mixer is used as a static switch between YUVmain and
YUVinsert. This for instance the adequate way to han-
dle a DVD component signal. By using MIXOP, k is
internally set to 0 or 128 respectively.

2.2.9. Static Mixer mode

The signal YUVmain and the component signal YUVin-
sert may also be statically mixed. In this environment,
k is manually controlled via FBLOFFSET and MIX-
GAIN.

k = MIXGAIN - (31 - FBLOFFST) + 32

All necessary limitation and rounding operations are
built-in to fit the range: 0 < k < 128

Considering MIXGAIN=3, k is obtained by

k = 158-3 - FBLOFFST
[k limited to 0 and 128]

The mixing is only controlled by FBLOFFST.

In the static mixer mode as well as in the previously
mentioned static switch mode, the softmixer operates
independently of the analog fast blank input.

2.2.10. Dynamic Mixer mode
In the dynamic mixer mode, the mixer is controlled by

the Fast Blank signal. The VSPA provides a linear mix-
ing coefficient

_ MIXGAIN(FB - FBLOFFST -2)
2

k +64

The dynamic mode is used for mixing which is depen-
dent on FB input. FB is the preprocessed digitized fast-
blank input in the range from 0...127. FBL manipulation
is done both for luminance and chrominance FBL sig-
nal.

Fast blank is delay adjustable by FBLDEL in the range
of -2...4 clock cycles.

2.2.11. FBL Activity and Overflow Detection

It is important to know whether the FBL input is used
or not. Therefore a detection circuit gives information
via the 12C bus to the microcontroller. The circuit uses
the FBL value as input. If it is greater than a threshold
for one or five clock cycles (FBLCONF), the 12C regis-
ter FBLACTIVE is set. This register is reset after a
read access by the microcontroller. PFBL, PG, PR, PB
indicate an overflow of the corresponding ADC (upper
limit: ADC= 255) exceeding 5 clock cycles duration.
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2.3. Input Processing

HSYNC
_I1 [

(- Complete picture area NALPF_IP
(not active
lines input)

% ALPFIP

o Active picture (Active lines

> input)

E‘

NAPPLIP APPLIP
(not active (active

pixel per pixel per
line input) line input)

Fig. 2-20: Image Format before Memory

2.3.1. Horizontal Prescaler

The main application of the horizontal prescaler is the
conversion of the number of pixels coming form the
40.5/20.25 MHz pixel clock domain down to the num-
ber of pixels stored in the memory (factor 2/3). Gener-
ally the number of incoming pixels can be decimated
by a factor between 1 and 64 in a granularity of 2 out-
put pixels. The horizontal scaler reduces the number of
incoming pixels by subsampling. To prevent the intro-
duction of alias distortion low pass filters are used for
luminance and chrominance processing (Fig. 2-22). In
case of ITU656 input, the lowpass filter must be dis-
abled by HAAPRESC.

The horizontal prescaler consists of two main subsam-
pling stages. The first stage is a scaler for rational dec-
imation factors in a range of 1 to 2, controlled by
HSCPRESC. The second stage decimates in integer
steps (1,2,3,4...32), controlled by HDCPRESC.

Y-decimation filter

” ™

Attenuation [dB
'
7
L~

0 125 25 3.75 5 625 75 8.75