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Multistandard Digital Video Decoder
Three-Line Adaptive Comb Decoder Family, 8 & 10 bit

Features

» Very high performance, low cost
» Adaptive comb-based decoding
» Multiple pin-compatible versions
- 3-line, 2-line, and band-split
- 8- and 10-bit processing
* Internal digital linestores
» Supports field- and frame-based decoding

e Multiple input formats
- CCIR-601/624 (D1), D2, CVBS, YC

» Multiple output formats
- CCIR-601/624 (D1), RGB, YECR

e 10-18 Mpps data rate
« Parallel and serial control interface
 Single +5V power supply

Applications

 Studio television equipment
» Personal computer video input
 MPEG and JPEG compression inputs

Block Diagram

Description

The TMC22x5y family of Digital Video Decoders offers
unprecedented, broadcast-quality video processing perfor-
mance in a single chip. It accepts line-locked or subcarrier-
locked composite, YC, or D1 digital video and produces dig-
ital components in a variety of formats.

An internal three-line adaptive comb decoder structure pro- 'U
duces optimal picture quality with a wide range of source
material. Field- and frame-based decoding is supported wit
external memory. Full comb programmability allows the —
user to tailor the decoder’s response to a particular system§'
goals.

A family of products offers 3-line, 2-line, and simple decod- ===
ers in 8-bit and 10-bit versions—all in a pin and software- :
compatible format. Serial and parallel control ports are pro-m
vided. These submicron CMOS devices are packaged in a
100-lead Metric Quad Flat Pack (MQFP).
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General Description three-line comb fier can be programmed to emulaty ah
o . the other partsAll prototyping can be performed with this
TheTMC22x5y digital decoder can be used as aensal version to ealuate performance tradémfand lever-cost

input to digital video processing systems by decoding digitalersions are easily substituted in production.
composite video and transcoding digital component inputs
into a common data format. Input Pr ocessor

The digital comb fter decoder implements one of sixteen 1 he digitized video and clocks prided to the decoder can
comb fiter architectures to produce luminance and color dife either lockd to the line frequegcor the subcarrier fre-
ference component signals which are virtually free of the ~dueny of the digitized vaveform, praviding broadcast qual-

cross-color and cross-luminance artis associated with ity decoding from the NTSC square gixate of 12.27 MHz
simple bandsplit ier decoders. to the RL four times subcarrier ped rate of 17.73 MHz.

Table 1. TMC22x5y Decoder F amily MSB LSB
VA9 | VAs VA2 | VA1 | VAo
TMC2215y | TMC2205 VB9 | VBg VB2 | VB1 | VBo
Function 3|12 |13 |21 G/Yg | G/Yg | eee G/Y2 | G/Y1 | G/Yo | 10 bit
10-bit Data Ololo B/CB9 |B/CBS B/CB2 | B/CB1 | B/CB0O
- R/CR9|R/CRS8 R/Cr2 |R/CR1 |R/CRO
8-bit Data g|o|of|lo|o|D0
D1 Interface |0 (o |ogoj|jo)|od

; VA9 | VAsg VA2 | N/C | N/C
Line-Locked Mode O O O O O O VB9 VBsg VB2 N/C N/C
fsc-Locked Mode o|o|of|lo)|oO|0 G/Y9 | G/Yg | oo G/Y2 | N/C | N/C | 8hit

B/Cgo |B/CB8 B/CB2| N/C | N/C
Genlock Mode o|0O (o0 |0O|0d R/Cro|R/CRS R/Cr2| N/C | NIC
Frame-Based Comb ad O
Field-Based Comb 0 0 Figure 2. Pixel Data Format
3-Line Comb O O Inputs containing embedded GRS (Raythémeo Input
: Processors)IRS words (D1 multipleed component sig-
2-Line Comb o |0 o|ad b .

. ! nals), andrRS-1D words (deserialized D2 signals) can be
Line Grab u o oo used to lock the internal horizontal arertical state
Pixel Grab olololololo machines to the embedded information. If this information is

not provided, external horizontal andertical syncs are

required for all line-lockd input formats, and are optional
for NTSC inputs lockd to four times the subcarrier (4*Fsc).
A simple sync separator is pided for digitized inputs
'locked to the subcarrier frequendhe internal sync separa-
tor locks to the mid point of syncs during thertical field
group, then flwheels during the aeg portion of the &ld.

Because the cost/performance trafleafies among applica-
tions, theTMC22x5y decoder has beernvetped as aaim-

ily of six parts.They are all assembled in the same package
and ft the same footprinThe reister maps are identical.

VIDEOAg.g —— —» G/Y9.0 For this reason, thBHSYNC andDVSYNC operations are
VIDEOBg.0 ——»| — B/CB9-0 not guaranteed in subcarrier mode.
—— R/CR9-0
CLOCK —— Adaptive Comb Filter
LDV =—= — FID2-0 . . .

HSYNG TMC22x5y AVOUT The line based adapé comb fiter in theTMC22x5y adds
VSYNG — L . DASYNC or subtracts the high frequgndata from three adjacenefi
MASTER —|  Multistandard |——— DVSYNC lines to produce thevarage of the high frequeptuminance
BUFFER —* Digital e by canceling the chrominance signals, whichanfields of

Video ~—— SER color are 180 dgrees apart. Unfortunatehaflfields of color
D7.0 ~a—w Decoder -—— SET are rare and, wherextical transitions in the picture ocgur
AlQ ~—m ~—— RESET the output of the combltiér contains a mixture of both high
. +——— SA20 frequeng luminance and chrominance, at which time the
_CS — «— SDA comb hils. To avoid the comb fter artifacts that occur when
RIW =— - SCL this happens, three sets of error signals are sent to-proser
65-22x5y-02 grammable lookup table, allang the output of the combli
Figure 1. Logic Symbol ter to be mird with the output of an internal bandsplit
decoder

The d@ices come in 8- and 10-bit resolutioarsions (see _ _ )

Figure 2 for data alignment between 8- and 104isions).  T0 produce these comaiferror signals, the video on each
Within each resolutionersion there are three modeldeof ~ Of the inputs to the combter is passed through a simple
ing three-line adapte comb fitering, two-line adaptie bandsplit decodefhe lonv-frequeny portion of the signal is
comb fltering, and simple decodinfhe TMC22153 10-bit ~ assumed to be luminance and the high frequenction is
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processed as chrominance talfthe magnitude and phase of
the chrominanceactor These three components are then
compared across the (OH & 1H) and (1H & 2H) taps of the
comb fiter to produce the di#rence in luminance, chromi-
nance magnitude, and chrominance phésese diferences
are then translated in the uggogrammable lookup table to
produce the “K” signal which controls the complementary
mix between the output of the combbefi and the simple
bandsplit decodelhat is, the “K” signals controls o

much of the combed high frequgrlaminance signal is sub-
tracted from the simple bandsplit chrominance for chroma
combs, or added to theddrequeng output of the bandsplit
for luma comb fiers.

Output Pr ocessor

The demodulated chrominance signal and the luminance
signal are passed through a programmable output matrix,
producing RGBYUV, orYCBCR. When the clock is at

27MHz, a D1 signal can be produced on the R/V output withtialized conditions and places the decoder invagpalown

the embeddedRS words fked to the gternalHSYNC and
VSYNC timing.

Pin Assignments

00000000 RN

65-22x5y-03

Parallel and Serial Micr oprocessor Interfaces

The parallel microprocessor intace emplgs 12 pins, the
serial port uses & single pin,SER selects between thedw
interface modes.

In parallel interhce mode, one address line is decoded for
access to the internal controgister and its pointer

Controls are reached by loading a desired address through
the 8-bit Dr-g port, folloved by the desired data (read or
write) for that addres3he control rgister address pointer
auto-increments to address 3Fh and then remains there.

A 2-line serial interfice may also be used for initialization
and controlThe same set of gésters accessed by the paral-
lel port is aailable to the serial porthe deice address in
the serial intedce is selected via pins 3A.

The RESETpin sets all internal state machines to their ini-

mode All register data are maintained while inygr-down
mode.

uoljeuwnioju] Ateurwiijaid

Pin | Name Pin | Name Pin | Name Pin | Name

1 G/Y1 26 | R/Crq 51 | RESET |76 | GND

2 | G/No 27 | R/Crg 52 | SET 77 | VIDEOAp
3 | LDV 28 | GND 53 | SER 78 | VIDEOA1
4 | GND 29 | Vbb 54 | SAp 79 | VIDEOA2
5 | Vbp 30 | AVOUT |55 | SA4 80 | VIDEOA3
6 | B/Chg 31 | FIDp 56 | SA2 81 | VIDEOA4
7 | B/Cbg 32 | FID4 57 | GND 82 | VIDEOAs
8 | B/Cby 33 | FID2 58 | SDA 83 | VIDEOAs
9 | B/Cbs 34 | DHSYNC | 59 | SCL 84 | VIDEOA7
10 | B/Cbs 35 | DVSYNC | 60 | CS 85 | VIDEOAs
11 | B/Ch4 36 | Do 61 | R/W 86 | VIDEOAg
12 | B/Cbhs 37 | Dy 62 | Ao 87 | MASTERg
13 | B/Cbh2 38 | D2 63 | Af 88 | MASTER1
14 | B/Cb1 39 | GND 64 | GND 89 [ CLOCK
15 | B/Chp 40 | Vbp 65 | Vbp 90 | GND

16 | GND 41 | D3 66 | VIDEOByp | 91 | Vpp

17 | Vbp 42 | D4 67 | VIDEOB1 | 92 | GND

18 | R/Crg 43 | Ds 68 | VIDEOB2 | 93 | G/Yg

19 | R/Crg 44 | Dg 69 | VIDEOB3 | 94 | G/Ys

20 | R/Cry 45 | D7 70 | VIDEOB4 | 95 | G/Y7

21 | R/Crg 46 | GND 71 | VIDEOBs | 96 | G/Ys

22 | R/Crs 47 | Vbp 72 | VIDEOBs | 97 | G/Ys

23 | R/Crg 48 | HSYNC |73 | VIDEOB7 | 98 | G/Ya

24 | R/Cr3 49 | VSYNC |74 | VIDEOBg | 99 | G/Y3

25 | R/Crg 50 | BUFFER | 75 | VIDEOBg | 100 | G/Y2
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Pin Descriptions

Pin Name | Pin Number Value Pin Function Description

Inputs

VIDEOA9-0 | 86, 85, 84, 83, TTL Video input A. An 8 or 10 bit data input to the input multiplexer.

82, 81, 80, 79, For 8-bit versions (TMC2205y) the data are left-justified (VIDEOA9-2).
78,77

VIDEOB9-0 | 75,74,73,72, TTL Video input B. An 8 or 10 bit data input to the input multiplexer.

71, 70, 69, 68, For 8-bit versions (TMC2205y) the data are left-justified (VIDEOBg9-2).
67, 66

VSYNC 49 TTL Vertical sync input. A vertical sync signal (active low) occurring at the
start of the first vertical sync pulse in a vertical field group. A falling edge
of VSYNC which is coincident with a falling edge of HSYNC indicates
field 1. This signal is active only when SPGIP1-0 = 00.

HSYNC 48 TTL Horizontal sync input. A horizontal sync signal (active low) occurring
at the falling edge of the video sync. This signal is active only when
SPGIP1-0 = 00.

MASTER1-0 88, 87 TTL Master decoder control.

00 Adaptive comb decoder

01 Simple bandsplit decoder

10 Non adaptive comb filter

11 Flat notched luma and simple bandsplit chroma

BUFFER 50 TTL Control register select.  This signal switches between two sets of
registers which control the gain or hue values in the output matrix.
When BUFFER = 0, registers 17-1F are active. When BUFFER =1,
registers 27-2F take control.

CLOCK 89 TTL Master processing clock. The clock signal can either be at twice the
pixel data rate in the line locked modes, or at four times the subcarrier
frequency in the subcarrier mode. The interpretation of the CLOCK
signal is set by the CKSEL register bit.

SET 52 TTL Programmable function pin.  The function specified by the SET
register is active when SET is low. The decoder returns to its previous
operation when SET goes high.

Outputs

G/Y9-0 93, 94, 95, 96, TTL Green or Luminance digital output.  For 8-bit versions (TMC2205y)

97, 98, 99, 100, the data are left-justified (G/Y9-2).
1,2
B/CB9-0 6,7,8,9, 10, TTL Blue or C g digital output. For 8-bit versions (TMC2205y) the data are
11, 12, 13, 14, left-justified (B/CB 9-2).
15
R/CR9-0 18, 19, 20, 21, TTL Red or C digital output. For 8-bit versions (TMC2205y) the data are
22, 23, 24, 25, left-justified (R/CR 9-2).
26, 27

DVSYNC 35 TTL Vertical sync output. The DVSYNC signal occurs once per field and
lasts for 1 video line.

DHSYNC 34 TTL Horizontal sync output. The DHSYNC signal occurs once per line and
lasts for 64 clock periods.

LDV 3 TTL Data synchronization output. LDV can be an internally or externally
generated clock signal. The internal LDV signal is produced when the
CLOCK input is at twice the pixel data rate (PXCK); and is a pixel data
rate clock phase locked to the falling edge of the HSYNC. The external
LDV can be selected under software control, and must be at the
CLOCK, or a sub multiple of the CLOCK, frequency.
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Pin Descriptions  (cont.)

Pin Name Pin Number Value Pin Function Description

AVOUT 30 TTL Active video output flag.  The active video output is HIGH during the
video portion of each line and LOW during the horizontal and vertical
blanking intervals.

FID2-0 33,32,31 TTL Field identification output. A 3 bit field ident from the DRS signal.

WP Interface

D7-0 45, 44, 43, 42, TTL Parallel control port data I/0.  All control parameters are loaded into

41, 38, 37, 36 and read back over this 8 bit data port.

A1-0 63, 62 TTL Parallel control port address inputs.  These pins govern whether the
microprocessor interface selects a table/register address or reads/
writes table/register contents.

Cs 60 TTL | Parallel control port chip select. ~ When CSiis high the microprocessor
interface port, D7-0, is set to HIGH impedance and ignored. When CS
is LOW, the microprocessor can read or write parameters over D7-0.

R/W 61 TTL Parallel control port read/write control. ~ When R/W and CS are LOW,
the microprocessor can write to the control registers or XLUT over
D7-0. When R/W is HIGH and CS is LOW, it can read the contents of
any selected XLUT address or control register over D7-0.

RESET 51 TTL Chip master reset. Bringing RESET LOW sets the software reset
control bit, SRESET, LOW and disables the digital outputs. If HRESET
is LOW the decoder outputs remain disabled after RESET goes HIGH
until the SRESET bit is set high by the host. If HRESET is HIGH when
RESET goes HIGH the decoder the internal state machines are
enabled.

SER 53 TTL Serial/parallel interface select.  This pin will select between a parallel
(HIGH) or serial (LOW) interface port.

SDA 58 R-Bus | Serial data interface. Bi-directional serial interface to the control port.

SCL 59 R-Bus | Serial interface clock.

SA2-0 56, 55, 54 TTL Serial Address. Three bits providing the Isbs of the serial chip ID used
to identify the decoder.

Power Suppl y

VDD 5, 17, 29, 40, +5V Power Supply. Positive power supply for digital circuits, +5V.

47, 65, 91
GND 4, 16, 28, 39, o0V Ground. Ground for digital circuits, OV.
46, 57, 64, 76,
90, 92

uoljewoju] Ateuiwijdid
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Contr ol Register Map

TheTMC22x5y is initialized and controlled by a set ajige
ters which determine the operating modes.

An external controller is empieed to write and read the
Control Reisters through either the 8-bit parallel or 2-line
serial interéce portThe parallel port, R-g, is governed by
pinsCS, R/W, andA1-0. The serial port is controlled by 3D
and SCL.

Reg| Bit | Name Function
Global Contr ol

00 7 | SRST Software reset
00 6 | HRST Hardware reset
00 | 5-3 | SET SET pin function
00 2 | DHVEN Output H&V sync enable
00 | 1-0 | STD Selects video standard
Input Pr ocessor Contr ol
01 7 reserved, set to zero
01 6 | IPMUX Input mux control
01 5 | IP8B 8 bit input format
01 4 | TDEN TRS detect enable
01 3 | TBLK TRS blank enable
01 2 | IPCMSB Chroma input msb invert
01 1 | ABMUX AB mux control
01 0 | CKSEL Input clock rate select
Bur st Loop Contr ol
02 7 reserved, set to zero
02 6 | VIPEN Video Input Processor
enable
02 | 5-4 | LOCK Global lock mode
02 3 | BLM BLL lock mode
02 2 | KILD Color kill disable
02 1 | DMODBY Demod bypass
02 0 | CINT CBCR interpolation enable
Chroma Processor Contr ol
03 | 7-5 | BLFS Burst loop filter select
03 4 | CCEN Chroma coring enable
03 | 3-2 | CCOR Chroma coring threshold
03 1 | GAUBY Gaussian filter bypass
03 0 | GAUSEL Gaussian filter select
Bur st Threshold
04 | 7-0 | BTH | Burst threshold
Pedestal

05 | 7-0 | PED | Pedestal level

Reg| Bit | Name

Function

Luma Processor Contr ol

06 | 7-6 reserved, set to zero
06 5 | ANEN Adaptive notch enable
06 4 | ANR Adaptive notch rounding
06 | 3-2 | ANT Adaptive notch threshold
06 1 | ANSEL Adaptive notch select
06 0 | NOTCH Notch enable
Comb Processor Contr ol
07 7 | LS1BY Line store 1 bypass
07 6 | LS1IN Line store 1 input
07 5 | LS2DLY Line store 2 delay
07 4 | SPLIT Line store 2 data width
07 3 | BSFBY Bandsplit filter bypass
07 2 | BSFSEL Bandsplit filter select
07 1 | BSFMSB Inverts msb of bandsplit
filter
07 0 | GRSDLY Delays input to GRS
decode by 1H
Mid-Sync Le vel
08 | 7-2 | MIDS Mid-sync level
08 | 1-0 | CLMP Black level clamp selection
Extended DRS
09 | 7-4 | PCKF Clock rate
09 | 3-0 | VSTD Video standard
Output Contr ol
OA | 7 | OP8B Output rounded to 8 bits
0A | 6-5 | OPLMT Output limit select
OA | 4-3 | MSEN Mixed sync enable
OA | 2 | OPCMSB Chroma output msb invert
0A 1 | YBAL Luma color correction
OA | 0 | BUREN Output burst enable
0B 7 | FMT422 Enables CBCR output mux
0B 6 | CDEC CBCR decimation enable
0B 5 | YUVT Enables D1 output
0B | 4-2 reserved, set to zero
0B 1 | DRSEN DRS output enable
0B | 0 | DRSCK DRS data rate
Comb Filter Contr ol
0C | 7-6 | ADAPT Adaption mode
0OC | 5 | YCES YC input error signal
control
0C | 4 | YCSEL luma/chroma comb filter

select




PRODUCT SPECIFICATION

TMC22x5y

Reg | Bit | Name Function Reg | Bit | Name Function
0C | 3-0 | COMB Comb filter architecture 19 | 7-0 | UGO7-0 U gain, 8 Isbs
OD | 7-6 | CEST Chroma error signal 1A | 7-0 | VGO7-0 V gain, 8 Isbs
transform 1B | 7-6 | YGOo-8 Y gain, 2 msbs
OD | 5 | CESG Chroma error signal gain 1B | 5-3 | UG010-8 U gain, 3 msbs
OD | 4 | YESG Luma error signal gain 1B 2 reserved, set to zero
OD | 3 | CESTBY g;;ggjsa error signal 1B | 1-0 | VGOg-8 V gain, 2 msbs
0D | 2 | XFEN XLUT filter enable 1€ | 7-0 | YOFFO7.0 | ¥ offset, 8 Isbs
0D 1 | FAST Adaption speed select b |73 reserved, set to zero
oD | 0 | YWBY Luma weighting bypass 1D | 2 | YOFFOs Y offset, msb
OE | 76 | XIP XLUT input select 1D | 1-0 | SG07.0 Msync gain, 2 msbs
OE | 54 | XSF XLUT special function 1E | 7-0 | SYSPHO7.0 | 8sbs of phase
OE | 3-2 | YMUX Y output select S gYSPHOlS' 8 msbs of phase
OE | 1-0 | CMUX C output select Normaliz ed Subcarrier Frequency
OF | 7 reserved, set to zero 20 | 7-4 | FSCa-0 Bottom 4 bits of fsC
OF | 6-5 | CAT Adaption Threshold 20 | 3-0 reserved. set to zero
OF 4 | DCES D1 CBCR error signal 21 | 7-0 | FSC11-4 Lower 8 bits of fsc
OF | 3-2 | IPCF Comb filter input select 22 | 7-0 | ESC19-12 Middle 8 bits of fsc
OF 1 | YCCOMP \S(je%rt' Composite input 23 | 7-0 | FSC27-20 Top 8 bits of fsc
OF 0 | SYNC Sync processor select 222 -0 reserved, set to zero
Sync Pulse Generator Output Format Contr ol
10 | 7-0 | STS7-0 Sync to sync 8 Isbs 26 | 7-6 reserved, set to zero
11 | 70| STB Sync to burst 26 | 5 | LDVIO LDV clock select
12 | 70 | BTV Burst to video 26 OPCKS Output clock select
13 | 7-0 | AV7-0 Active video line 8 Ishs 26 3 | DPCEN DPC enable
14 | 76 reserved, set to zero 26 | 2-0 | DPC Decoder product code
14 | 5-4 | AVo-g Active video line 2 msbs Buff ered register set 1
14 3 reserved, set to zero Active when BUFFER pin set HIGH
14 | 2-0 | STS10-8 Sync to sync 3 msbs 27 | 7-0 | SG17-0 Msync gain, 8 Isbs
15 7 reserved, set to zero 28 | 7-0 | YG17-0 Y gain, 8 Isbs
15 | 6-2 | VINDO Number of lines in vertical 29 | 7-0 | UGl7-0 U gain, 8 Isbs
window 2A | 7-0 | VG17-0 V gain, 8 Isbs
15 | 1 | vDIv Action inside VINDO 2B | 7-6 | YGlog Y gain, 2 msbs
15 | 0 | vDOV Action outside VINDO 2B | 5-3 | UGL10.8 U gain, 3 msbs
16 | 7-6 reserved, set to zero 2B 2 reserved. set to zero
16 | 5-4 | NFDLY new field detect delay 2B | 1-0 | VGlog V gain, 2 msbs
16 | 3-2 | SPGIP SPG input select 2C | 7-0 | YOFF17-0 | Y offset, 8 Isbs
16 | 1-0 | MSIP g/leilﬁzti sync separator input D | 7-3 reserved. set to zero
Buff ered register set 0 2D | 2 | YOFFis ¥ offset, msb
Active when BUFFER pin set LOW 2D | 1-0 | SG17-0 Msync gain, 2 msbs
17 | 7-0 | sGo7.0 Msync gain, 8 Isbs 2E | 7-0 | SYSPH17-0 | 8 Isbs of phase
18 | 7-0 | YGO07-0 Y gain, 8 Ishs 2F | 7-0 | SYSPH115- | 8 msbs of phase
8
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Reg | Bit | Name Function Reg | Bit | Name Function

Video Measurement 41 6 | BGST Start of burst gate
30 7 set to zero 41 5 | VACT2 Half line flag
30 6 | LGF Line grab flag 41 4 | PALODD PAL Ident
30 5 | LGEN Line grab enable 41 3 | VFLY Vertical count reset
30 4 | LGEXT Ext line grab enable 41 2 | FGRAB Field grab
30 3 reserved, set to zero 41 1 | LGRAB Line grab
30 2 | PGG Pixel grab gate 41 0 | PGRAB Pixel grab
30 1 | PGEN Pixel grab enable 42 7 | FLD Field flag (F in D1 output)
30 0 | PGEXT Ext pixel grab enable 42 6 | VBLK Vertical blanking (V in D1
31 | 7-0 | PG7-0 Pixel grab, 8 Isbs output)
32 | 7-:0 | LG7.0 Line grab, 8 Isbs 42 5 HBLK Horizontal blanking (H in

D1 output)
3317 rPTserved, setfo zero 42 | 4-0 | LID Line identification
33 | 64 | FG Field gr:?tb number 31 7 [veo /G overflow
33| 3 |Lcs M_Sb of line grab 43 | 6 | YGU Y/G underflow
33 | 2-0 | PG10-8 Pixel grab, 3 msbs 23 | 5 | uBo Ca/B overflow
34 | 70 | GY92 G/Y grab, 8 msbs 43 | 4 | UBU CB/B underflow
35 | 7-0 | BUg-2 B/U grab, 8 msbs 13 3 TVRO CRIR overflow
36 | 70 | RVo-2 RIV grab, 8 msbs 43 | 2 | VRU CR/R underflow
87 | 76 reserved 43 | 1-0 reserved
37 | 54 | 6Y10 G/Y grab, 2 Isbs 44 | 7 | MONO Color kill active
37 | 32 | BU10 B/U grab, 2 Isbs 44 | 6-0 | FPERR Frequency/Phase error
37 | 1-0 | RV1-0 R/V grab, 2 Isbs 25 |70 | DRS DRS signal
38 | 70| Yo Luma grab, 8 msbs 46 | 7-0 | PARTID Reads back xxh
39 | 70 | Mo-2 Msync grab, 8 msbs 47 | 7-0 | REVID Revision number
3A | 7-0 | Ug-2 U grab, 8 msbs 281 70 oserved
3B | 7-0 | Vo-2 V grab, 8 msbs AA
3C | 7-6 | Y10 Luma grab, 2 Isbs 4B | 7 | PKILL Phase kill from comb fail
3C | 5-4 | M1-0 Msync grab, 2 Isbs 4B | 6-5 | CFSTAT Comb filter status
3C | 3-2 | U1-0 U grab, 2 Isbs 4B | 4-0 | XOP XLUT output
3C | 1-0 | V1-0 V grab, 2 Isbs 4C- | 7-0 reserved
Test Contr ol FF
3D- | 7-0 | TEST set to zero Notes:
3F 1. Functions are listed in the order of reading and writing.
B e co e o o o ey

Status - Read Onl y proper operation.
40 | 7-0 | DDSPH DDS phase, 8 msbs
41 7 | LINEST Pixel count reset

10



PRODUCT SPECIFICATION

TMC22x5y

Contr ol Register Defi nitions

Global Contr ol Register (00)

7 6 | 4 3 2 1 0
SRST HRST SET DHVEN STD

Reg Bit Name Description

00 7 SRST Software reset. When LOW, resets and holds internal state machines and
disables outputs. When HIGH (normal), starts and runs state machines and
enables outputs. This bit is ignored while HRST is high.

00 6 HRST Hardware reset. When HRST is HIGH, SRST is forced low when RESET pin
is taken LOW. State machines are reset and held. When HRST is low the
RESET pin can be taken HIGH at any time. The state machines remain
disabled until SRST is programmed HIGH. When HRST is high the state
machines are enabled as soon as the RESET pin goes HIGH.

00 5-3 SET SET pin function. These bits control the set function when the SET pin goes
low.
A = all outputs high-impedance
B = internal state machines
C = burst locked loop

SET Function

000 Reset and hold A, B, & C.

001 Set output to BLUE and flywheel B & C. (RGB outputs)

Set output to "color" and flywheel B & C (YCBCR outputs)

010 Hold A, lock B & C to external input

011 Reset C only

100 ResetB & C

101 Set output to BLUE and lock B & C to input video (RGB output)

110 Line and pixel grab depending on VMCRe-0 (reg 30)

111 Toggle reset function of SET = 010. For each SET = 0 pulse the
chip operation will change from normal to that of SET = 010 or
visa versa.

The first SET pulse after a software or hardware reset, with SET = 111,
causes a toggle to SET = 010.

00 2 DHVEN Output H&V sync enable. Disables DHSYNC and DVSYNC signals when
HIGH.

00 1-0 STD Selects video standard. Selects video standard.

SET Function

00 NTSC

01 reserved

10 PAL/M

11 All PAL standards except PAL/M

11
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PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Input Pr ocessor Contr ol (01)

7

6

5

4

2

Reserved

IPMUX

IP8B

TDEN

TBLK

IPCMSB

ABMUX

CKSEL

Reg

Bit

Name

Description

01

7

Reserved

Reserved, set to zero.

01

6

IPMUX

Input mux control. Used to select the Video Input Processor, D1, or D2 data
as the VA input to the input processor.

VIDEOA is selected for VA and VIDEOB is selected for VB when IPMUX is
set LOW. VIDEOB is selected for VA and VIDEOA for VB when IPMUX is set
HIGH. For YC inputs, the luma data must be passed through the VA input and
chroma through the VB input.

IPMUX should be set LOW for line locked composite inputs.

01

IP8B

8 bit input format. Bottom two bits of inputs VIDEOAg-0 and VIDEOB9-o are
set to zero when HIGH.

01

TDEN

TRS detect enable. When HIGH, the TRS words embedded in incoming
video are used to reset the horizontal and vertical state machines. When LOW
the externally provided or internally generated HSYNC and VSYNC are used
to reset the horizontal and vertical state machines.

01

TBLK

TRS blank enable. Blanksthe TRS and AUX data words when HIGH. For line
locked and D1 data, the TRS and AUX data words are set to the luma and
chroma blanking levels as appropriate. For D2 (4*fsc) data, the TRS and
AUX data words are set to the sync tip level.

01

IPCMSB

Chromainput msbinvert. The msb of the chroma or CBCR data are inverted

when HIGH.

01

ABMUX

AB mux control. Selects the primary and secondary inputs to the decoder
from the DA and DB outputs of the input processor. When ABMUX is LOW,
DA is selected as the primary and DB as the secondary decoder input.

01

CKSEL

Input clock rate select. Set HIGH for line locked clocks and LOW for
subcarrier locked clocks. Line locked clocks should be at twice the pixel data
rate, and the subcarrier clock should be at four times the subcarrier
frequency.

12




PRODUCT SPECIFICATION

TMC22x5y

Contr ol Register Defi nitions (continued)

Bur st Loop Contr ol (02)

7 6 | 4 3 2 1 0
Reserved VIPEN LOCK BLM KILD DMODBY CINT
Reg Bit Name Description
02 7 Reserved Reserved, set to zero.
02 6 VIPEN Video Input Processor enable.  Selects interface protocol for Raytheon
video input devices. Active only when LOCK1-0 = 10.
VIPEN | Function
0 Video Input Processor Interface
1 TMC22071 Interface
02 5-4 LOCK Global Lock mode. Sets the decoder locking mode.
LOCK | Function
00 Line Locked Mode
01 Subcarrier Locked Mode
10 Video Input Processor Mode
11 D1 Mode
02 3 BLM BLL lock mode. Sets the decoder burst locking mode.
BLM | Function
0 Frequency Lock
1 Phase Lock
02 KILD Color kill disable. Color killer is disabled when HIGH.
02 DMODBY Demod bypass. Chroma data bypasses the demodulator when HIGH.
02 CINT CBCR interpolation enable. Interpolation of CBCR input data from 0:2:2 to
0:4:4 is enabled when HIGH.

13
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PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Chroma Processor Contr ol (03)

7 | 6 | 5 4 3 2 1 0
BLFS CCEN CCOR GAUBY GAUSEL
Reg Bit Name Description
03 7-5 BLFS Burst loop filter select.
BLFS |fs (Mpps) Recommended Criteria
000 13.5 PAL, Line-Locked YC
000 15 PAL, Line-Locked YC
001 12.27 NTSC, Line-Locked YC
001 13.5 PAL, Line-Locked Composite
010 135 NTSC, Line-Locked YC
010 15 PAL, Line-Locked Composite
011 14.32 NTSC, Subcarrier-Locked YC
011 17.73 PAL, Subcarrier-Locked Composite
100 17.73 PAL, Subcarrier-Locked YC
101 13.5 NTSC, Line-Locked Composite
110 12.27 NTSC, Line-Locked Composite
111 14.32 NTSC, Subcarrier-Locked Composite
03 4 CCEN Chroma coring enable. Enables Chroma Coring when HIGH.
03 3-2 CCOR Chroma coring threshold.  Sets the Chroma Coring threshold.
CCOR Function
00 1llsb
01 21sb
10 3lsb
11 4 1sb
03 1 GAUBY Gaussian filter bypass. The chroma data bypasses the Gaussian LPF when
HIGH.
03 0 GAUSEL Gaussian LPF select. Selects the Gaussian filter response to be used on the

demodulated chrominance.

GAUSEL Function
0 Select Gaussian LPF resp. 2
1 Select Gaussian LPF resp. 1

See Figure 6 for filter responses.

14




PRODUCT SPECIFICATION TMC22x5y
Contr ol Register Defi nitions (continued)
Bur st Threshold (04)
7 | 6| | 4 | 3 2 1 0
BTH
Reg Bit Name Description
04 7-0 BTH Burst threshold. The 8 bit value to be compared against the demodulated
U and V component data. If over 127 lines occur in a field in which the burst
is below this threshold, then the color is set to chroma black for the next field.
Pedestal (05)
7 | 6 4 3 2 1 0
PED
Reg Bit Name Description
05 7-0 PED Pedestal level. An 8 bit magnitude subtracted from the luma data to remove

the setup before processing by the output matrix.

Luma Processor Contr ol (06)

7 6 5 4 3 2 1 0
Reserved ANEN ANR ANT YSEL NOTCH
Reg Bit Name Description
06 7-6 Reserved Reserved, set to zero.
06 5 ANEN Adaptive notch enable. Enables adaptive notch when HIGH.
06 4 ANR Adaptive notch rounding.  Sets adaptive notch rounding point.
ANR Function
0 Round to 10 bits
1 Round to 8 bits
06 3-2 ANT Adaptive notch threshold level.  Sets the adaptive notch threshold.
ANT Function
00 Magnitude difference less than 32
01 Magnitude difference less than 24
10 Magnitude difference less than 16
11 Magnitude difference less than 8
06 1 YSEL Adaptive notch select. Selects adaptive notch filter response.
YSEL Function
0 Adaptive notch response ANF1
1 Adaptive notch response ANF2
06 0 NOTCH Notch enable. Adaptive notch filter ANF3 selected when HIGH and ANEN is

HIGH, non-adaptive notch filter selected when HIGH and ANEN is LOW.
Function may be overridden by XSF (Reg OE, bits 5-4).

15

uoljewoju] Ateuiwijdid



ion

Informat

iminary

Prel

TMC22x5y

PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Comb Pr ocessor Contr ol (07)

7 6 5 4 3 2 1 0
LS1BY LS1IN LS2DLY SPLIT BSFBY BSFSEL BSFMSB GRSDLY
Reg Bit Name Description
07 7 LS1BY Line store 1 bypass. Bypasses linestore 1 when HIGH.
07 6 LS1IN Line store 1 input. Selects the input of linestore 1:
LS1IN Function
0 Primary Input
1 Secondary Input
07 5 LS2DLY Line store 2 delay. LSTOREZ2 uses STS to store 1H when LOW and uses
VL to store SAV to EAV (or max count) when HIGH.
07 4 SPLIT Line store 2 delay. Splits data through LSTOREZ2, 9 bits chroma and 7 bits
luma when HIGH (chroma combs) and 8 bits chroma and 8 bits luma when
LOW (luma comb).
07 3 BSFBY Bandsplit filter bypass. Bandsplit filter is bypassed when HIGH.
07 2 BSFSEL Bandsplit filter select.  Selects the bandsplit filter to be used:
BSFSEL Function
0 Select bandsplit filter response 1
1 Select bandsplit filter response 2
07 1 BSFMSB Inverts msb of bandsplit filter. ~ When HIGH, inverts the msb of the input to
the bandsplit filter.
07 0 GRSDLY Delays input to GRS decode. When HIGH, delays the input to the GRS
extraction circuit by 1H.

Mid-Sync Le vel (08)

7 | 6 | 5 4 3 2 1 0
MIDS
Reg Bit Name Description
08 7-2 MIDS Mid sync level. Sets the mid point of syncs in the mixed sync separator, in
the subcarrier locked mode.
08 1-0 CLMP Clamp input selection

CLMP[1:0] Function

00 Clamp disabled, black level set to 240

01 Clamp disabled, black level set to 256

10 Clamp enabled, use VIDEOB as reference

11 Clamp enabled, use internal LPF as reference

Notes: 1. CLMP[1:0] controls the clamp algorithm in silicon revision G only. For silicon revisions A through F these two bits
provide the Isbs of the sync level selection.

16




PRODUCT SPECIFICATION TMC22x5y
Contr ol Register Defi nitions (continued)
Extended DRS (09)
7 | 6| | 4 3 2 0
PCKF VSTD
Reg Bit Name Description
09 7-4 PCKF Clock rate.
PCKF Function
0000 13.50 MHz
0001 reserved
0010 reserved
0011 reserved
0100 14.32 MHz
0101 17.73 MHz
0110 reserved
0111 reserved
1000 12.27 MHz
1001 14.75 MHz
1010 15.00 MHz
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved
09 3-0 VSTD Video Standard. Selects the video standard.

VSTD Function
0000 NTSC-M

0001 NTSC-EIAJ

0010 reserved

0011 reserved

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 PAL-B, G, H, |

1001 PAL-M

1010 PAL-N (Argentina, Paraguay, Uruguay)
1011 PAL-N (Jamaica)

1100 reserved

1101 reserved

1110 reserved

1111 reserved

17
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PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Output Contr ol (0A)

7

6

a | 3 2 1 0

0P8B

OPLMT

OPLMT

MSEN OPCMSB YBAL BUREN

Reg

Name

Description

O0A

OP8B

Output rounded to 8 bits.
Isbs are set to zero.

Rounds the outputs to 8 bits when HIGH. The two

O0A

OPLMT

Output limit select.  Sets the output format and limiters:

OPLMT Function

00 RGB output format
Limited to O to 1023

01 YCBCR output format
Y limited to 0 to 1023
CBCR limited to £511

10 RGB output format
Limited to 64 to 940

11 YCBCR output format
Y limited to 64 to 940
CBCR limited to +448

0A

4-3

MSEN

Mixed sync enable. Sets composite sync output format:

MSEN Function

00 No sync, & “super blacks” disabled

01 No sync, & “super blacks” disabled

10 Sync on G/Y output only, & “super blacks” enabled

11 Sync on RGB outputs, & “super blacks” enabled

O0A

OPCMSB

Chroma output msb invert.
when HIGH.

Inverts the msb of the CBCR or Chroma output

0A

YBAL

Luma color correction.  Setting this bit HIGH forces the chroma to zero
whenever the luma equals or exceeds the luma limit.

0A

BUREN

Output burst enable. When HIGH, passes the burst through on the chroma
channel. Sets the burst region to zero when LOW.

Notes: 1.

To enable “super blacks” and disable syncs of the output simply set MSEN[1] HIGH and the sync gain to zero.

18




PRODUCT SPECIFICATION

TMC22x5y

Contr ol Register Defi nitions (continued)

Output Contr ol (0B)

7 6 5 a | 3 2 1 0
FMT422 CDEC YUVT Reserved DRSEN DRSCK
Reg Bit Name Description
0B 7 FMT422 Enables C BCRr output mux. When HIGH, multiplexes the C and CR data
onto the same data bus. The chroma or multiplexed CBCR output appears on
the B/CB output. The R/CR output is forced low.
0B 6 CDEC CBCR decimation enable. When HIGH, the CBCR data are decimated to
0:2:2 in the output processor.
0B 5 YUVT Enables D1 output. When HIGH, enables 4:2:2 multiplexed YCBCR onto the
R/CR data output with TRS words inserted into the output data stream. The Y
data are still available on the G/Y output and multiplexed CBCR is available on
the B/U output.
0B 4-2 Reserved Reserved, set to zero.
0B 1 DRSEN DRS output enable. When HIGH, enables the DRS onto the G/Y output.
0B 0 DRSCK DRS data rate. Sets the DRS output data rate.
DRSCK Function
0 Embeds data bytes (8 bits) at PCK
clock rate
1 Embeds data nibbles (4 bits) at
PXCK clock rate

19
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PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Comb Filter Contr ol (0C)

7 | 6 5 4 3 2 1 0
ADAPT YCES YCSEL COMB
Reg Bit Name Description
oc 7-6 ADAPT Adaption mode. Sets the 3-line comb filter adaption mode in NTSC.
ADAPTI[1:0] Function
00 Adapts to best of 3 types of line based comb filters in NTSC
only.
01 Adapts to the best of two field or frame based comb in
NTSC only.
10 3 line (tap) comb only. Never adapts to a 2 line (tap) filter.
The higher set of comb filter error signals are sent to the
XLUT. NTSC or PAL comb filter.
11 Adapts to best of two 3 line chroma comb filters in PAL only.
oc 5 YCES YC input error signal control.  Error signal control for YC input, luma comb.
YCES Function
0 LPF and HPF error signal, between (OH & 1H) or (1H & 2H) in
NTSC or between (OH & 2H) in PAL,are sent to XLUT
1 LPF error signal, between (OH & 1H) and (1H & 2H) in NTSC or
between (OH & 2H) in PAL, are sent to XLUT
ocC 4 YCSEL Luma/chroma comb filter select.  Selects luma or chroma comb filter.
YCSEL Function
0 Chroma comb filter
1 Luma comb filter
ocC 3-0 COMB Comb filter architecture.
COMB | Function
YC or composite comb filter architectures
0000 PAL or NTSC 3 line comb
0001 NTSC 3 line comb (OH & 1H)
0010 NTSC 3 line comb (1H & 2H)
0011 NTSC 2 line comb (OH & 1H)
0100 NTSC (2 line) field comb
0101 NTSC or PAL field comb
0110 NTSC (2 line) frame comb
0111 NTSC or PAL frame comb
D1 comb filter architectures
1000 3 line comb
1001 3 line comb (OH & 1H)
1010 3 line comb (1H & 2H)
1011 3 line comb (OH & 2H)
1100 (2 line) field comb
1101 field or 2 line (OH & 1H) comb
1110 (2 line) frame comb
1111 frame comb

20




PRODUCT SPECIFICATION TMC22x5y
Contr ol Register Defi nitions (continued)
Comb Filter Contr ol (OD)
7 | 6 5 4 3 2 1 0
CEST CESG YESG CESTBY XFEN FAST YWBY
Reg Bit Name Description
(0]} 7-6 CEST Chroma error signal transform.
CEST Video Standar d Clock Rate (MHz)
00 PAL/NTSC 4*Fsc & 13.5MHz
01 NTSC 12.27MHz
10 PAL 14.75MHz
11 PAL 15MHz
(0]} 5 CESG Chroma error signal gain.
CESG Function
0 Normal chroma fail signal levels
1 Double the chroma error signal levels
(0]} 4 YESG Luma error signal gain.
YESG Function
0 Normal luma fail signal levels
1 Double the luma error signal levels
(0]} CESTBY Chroma error signal bypass. When HIGH, bypasses chroma error signal.
oD XFEN XLUT filter enable. When HIGH, enables the LPF on the XLUT output.
oD FAST Adaption speed select. When HIGH, the 3 line comb filter selects between
comb filter architectures on a pixel by pixel basis. When LOW, the selection
is filtered.
oD 0 YWBY Luma weighting bypass. When HIGH bypasses the luma fail weighting.

21
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PRODUCT SPECIFICATION

Contr ol Register Defi nitions (continued)

Comb Filter Contr ol (OE)

7 | 6 | 4 3 2 1
XIP XSF YMUX CMUX
Reg Bit Name Description
OE 7-6 XIP XLUT input select. Selects the comb fail signals presented to the XLUT:
XIP[1:0] Input to XLUT
00 2 bits of phase error (X[7:6]), 3 bits of chroma
(X[5:3]) and luma magnitude error (X[3:0]).
01 4 bits of chroma (X[7:4]) and luma magnitude
error (X[3:0]).
10 3 bits of phase error (X[7:5]), 3 bits of chroma
magnitude error (X[4:2]), and 2 bits of luma
magnitude error (X[1:0]).
11 4 bits of phase error (X[7:4]) and chroma
magnitude error (X[3:0]).
OE 5-4 XSF XLUT special function.
XSF Luma Chroma
00 Comb Simple
01 Simple Comb
10 Flat with notch Simple
11 Flat with notch Comb
OE 3-2 YMUX Y output select. Output selection of luma 4:1 mux
YMUX Output
00 Comb
01 Flat - Comb
10 Flat
11 Simple
OE 1-0 CMUX C output select. Output selection of chroma 4:1 mux

CMUX Output
00 Comb
01 Flat - Comb
10 Flat
11 Simple
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Contr ol Register Defi nitions (continued)
Comb Filter Contr ol (OF)
7 6 | 5 4 3 2 1 0
Reserved CAT DCES IPCF YCCOMP SYNC
Reg Bit Name Description
OF 7 Reserved Reserved, set to zero.
OF 6-5 CAT Adaption threshold. Fixes threshold at which different comb filters are selected.
0 0 5% of max error
0 1 15% of max error
1 0 25% of max error
1 1 50% of max error
OF 4 DCES D1 CBCR error signal. When set LOW for D1 chroma comb filters:

a) In 3 line comb filter architectures, the magnitude error between the component
data for that pixel selects the 3 line comb or adapts to a
2 line comb. On a “Cg pixel” the error signal selected on pixel (x+4) is sent to
the XLUT with the magnitude difference between “CR pixels” on the same piar
of lines, but from pixel (x+3). Likewise on a “CR pixel” the error signal selected
on pixel (x+5) is sent to the XLUT with the magnitude difference between “Cp
pixels” on the same lines but from pixel (x+4).

b) In 2 line comb filters the magnitude differences between the same pair of lines
is always sent to the XLUT, On a “Cp pixel” the error from the preceding “CRr
pixel” is used and on a “CR pixel” the preceding “Cp pixel” would be used.

When set HIGH for D1 chroma filters:

This is used for 3 line comb filter architecture that are inhibited from adapting to 2

line comb filter architectures. The input to the XLUT is the magnitude error in CR

between (OH & 1H) and (1H & 2H) on “CR pixels” and the magnitude error
between (OH & 1H) and (1H & 2H) on “Cp pixels”.
OF 3-2 IPCF Comb filter input select.  Selects primary inputs to the comb filter.
IPCF | Function
00 Flat video
01 LPF output
10 HPF output
11 Reserved
OF 1 YCCOMP YC or Composite input select.  Selects YC inputs when HIGH and composite
inputs when LOW.
OF 0 SYNC Sync processor select.  The syncs are obtained by a LPF when HIGH and by the
comb filter when LOW.

Sync Pulse Generator (10)
7 6 5 4 3 2 1 0
STS7 STSe STSs STS4 STS3 STS2 STSH STSo
Reg Bit Name Description
10 7-0 STS7-0 Sync to sync 8 Isbs. Bottom 8 bits of the number of pixels between sync
pulses.
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Contr ol Register Defi nitions (continued)

Sync Pulse Generator ( 11)

7 | 6 | s | 4 | 3 2 1 0
STB
Reg Bit Name Description
11 7-0 STB Sync to burst. Controls the number of pixels from sync to burst. This signal
starts the burst sample and hold. In SC mode, subtract 25 from the desired
delay to generate this value.
Sync Pulse Generator ( 12)
7 6 | 5 4 3 2 1 0
BTV
Reg Bit Name Description
12 7-0 BTV Burst to video. Controls the number of pixels from STB to the start of active
video.
Sync Pulse Generator ( 13)
7 6 5 4 3 2 1 0
A\ AVe AVs AV4 AV3 AV2 AV7 AVo
Reg Bit Name Description
13 7-0 AV7-0 Active video line 8 Ishs. Bottom 8 bits of the number of pixels during the
active video line.
Sync Pulse Generator ( 14)
7 6 5 4 3 2 1 0
Reserved AVg Avg Reserved STS10 STS9 STS8
Reg Bit Name Description
14 7-6 Reserved Reserved, set to zero.
14 5-4 AVo-s Active video line 2 msbs. Two most significant bits of AV.
14 3 Reserved Reserved, set to zero.
14 2-0 STS10-8 Sync to sync 3 msbs. Three most significant bits of STS.
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TMC22x5y

Contr ol Register Defi nitions (continued)

Sync Pulse Generator ( 15)

7 6 | | 4 | 3 2 1 0
Reserved VINDO VDIV VDOV

Reg Bit Name Description

15 7 Reserved Reserved, set to zero.

15 6-2 VINDO Number of lines in vertical window.  The number of lines (0 to 31) after the
last EQ pulse that the decoder passes through the Vertical INterval winDOw.

15 1 VDIV Action inside VINDO. The vertical data inside the "VINDO' is passed
through a simple decoder when LOW, or is passed unprocessed on the luma
channel with the chroma channel set to zero when HIGH.

15 0 VDOV Action outside VINDO. The vertical data after the "VINDO' and before the
end of vertical blanking is blanked (YUV = 0) when LOW, or passed through
the simple decoder when HIGH.

Sync Pulse Generator ( 16)

7

6

Reserved

NFDLY SPGIP MSIP

Reg

Bit

Name

Description

16

7-6

Reserved

Reserved, set to zero.

16

5-4

NFDLY

new field detect delay. NTSC frame detect delay:

NFDLY Function
00 pixel count =0

01 pixel count =1

10 pixel count = 2

11 pixel count = 3

16

3-2

SPGIP

SPG input select. Selects the input to the Sync Pulse Generator;

SPGIP Input
00 External HSYNC and VSYNC
01 Digitized sync (subcarrier mode)
10 TRS words embedded in the D1 data stream
11 TRS words embedded in the D2 data stream

16

MSIP

Mixed sync separator input.  Set HIGH for external VIDEOB reference or
LOW for output of Low Pass Filter.

16

SMO

State Machine Offset. Set HIGH for a 1H offset and LOW for a OH offset.
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Contr ol Register Defi nitions (continued)

Buff ered register set 0 (17) Active when BUFFER pin set LOW.

7 6 5 4 3 2 1 0
SGO7 SGO0s SG0s SGO04 SGO03 SG02 SGO1 SGO0o
Reg Bit Name Description
17 7-0 SGO07-0 Msync gain, 8 Isbs. Bottom 8 bits of mixed sync scalar
Isb = 1/256
Buff ered register set 0 (18) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
YGO7 YGOg YGO5 YGO4 YGO3 YGO2 YGO1 YGO0o
Reg Bit Name Description
18 7-0 YGO07-0 Y gain, 8 Isbs. Bottom 8 bits of the luma gain
Isb = 1/256
Buff ered register set 0 (19) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
uGo7 UGOs UGO5 UGO04 UGO03 UGO02 UGO1 UGOo
Reg Bit Name Description
19 7-0 UGO07-0 U gain, 8 Isbs. Bottom 8 bits of the U gain
Isb = 1/256
Buff ered register set 0 (1A) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
VGO7 VGOs VGOs VGO4 VGO3 VG02 VGO1 VGOo
Reg Bit Name Description
1A 7-0 VGO07-0 V gain, 8 Isbs. Bottom 8 bits of the V gain
Isb = 1/256
Buff ered register set 0 (1B) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
YGOg YGOg UGO10 UGOg UGOs Reserved VGOg VGOg
Reg Bit Name Description
1B 7-6 YGO0g9-8 Y gain, 2 msb. Top 2 bits of the Y gain. msb = 2
1B 5-3 UGO010-8 U gain, 3 msbs. Top 3 bits of the U gain. msb =4
1B 2 Reserved Reserved, set to zero.
1B 1-0 VGO0g-8 V gain, 2 msbhs. Top 2 bits of the V gain. msb =2
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Contr ol Register Defi nitions (continued)

Buff ered register set 0 (1C) Active when BUFFER pin set LOW.

7 6 5 4 3 2 1 0
YOFF07 YOFFOs YOFFO5 YOFFO4 YOFF03 YOFF02 YOFFO1 YOFFOo
Reg Bit Name Description
1C 7-0 YOFF07-0 Y offset, 8 Isbs. Bottom 8 bits of luma or RGB offset
Buff ered register set 0 (1D) Active when BUFFER pin set LOW.
7 6 | 5 4 3 2 1 0
Reserved YOFFOg SGO1 SG0o
Reg Bit Name Description
1D 7-3 Reserved Reserved, set to zero.
1D 2 YOFFO0g Y offset, msh. msb of YOFF
1D 1-0 SGO01-0 Msync gain, 2 msbs. Top 2 bits of mixed sync scalar.
msb =2
Buff ered register set 0 (1E) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
SYSPHO7 SYSPHOg SYSPHO5 SYSPHO4 SYSPHO3 SYSPHO2 SYSPH04 VAXISo
Reg Bit Name Description
1E 7-1 SYSPHO07-1 7 Isbs of phase. Bottom 7 bits of the system phase offset
1E 0 VAXISo V axis Flip. The PAL V axis sign bit is flipped when HIGH.
Buff ered register set 0 (1F) Active when BUFFER pin set LOW.
7 6 5 4 3 2 1 0
SYSPHO15 SYSPHO14 SYSPHO013 SYSPHO012 SYSPHO11 SYSPHO010 SYSPHO9 SYSPHOs
Reg Bit Name Description
1F 7-0 SYSPHO;5.4 8 msbs of phase offset. Top 8 bits of 15 bit phase offset.
Normaliz ed Subcarrier Frequenc y (20)
7 6 5 4 3 2 1 0
FSC3 FSC2 FSC1 FSCo Reserved
Reg Bit Name Description
20 7-4 FSC3-0 Bottom 4 bits of fsc. Bottom 4 bits of the 28 bit subcarrier SEED
20 3-0 Reserved Reserved, set to zero.
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Contr ol Register Defi nitions (continued)

Normaliz ed Subcarrier Frequenc y (21)

7 6 5 4 3 2 1 0
FSC11 FSC10 FSCo FSCs FSC7 FSCe FSCs FSC4
Reg Bit Name Description
21 7-0 FSC11-4 Lower 8 bits of fsc. Lower 8 bits of the 28 bit subcarrier SEED
Normaliz ed Subcarrier Frequenc vy (22)
7 6 5 4 3 2 1 0
FSC19 FSC18 FSC17 FSC16 FSC15 FSC14 FSC13 FSC12
Reg Bit Name Description
22 7-0 FSC19-12 Middle 8 bits of fsc. Middle 8 bits of the 28 bit subcarrier SEED
Normaliz ed Subcarrier Frequenc vy (23)
7 6 5 4 3 2 1 0
FSCo7 FSC26 FSCa25 FSC24 FSC23 FSC22 FSC21 FSC20
Reg Bit Name Description
23 7-0 FSC27-20 Top 8 bits of fsc. Top 8 bits of the 28 bit subcarrier SEED
Normaliz ed Subcarrier Frequenc y (24-25)
7 6 5 | 4 3 2 1 0
Reserved
Reg Bit Name Description
24-25 | 7-0 Reserved Reserved, set to zero.
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Contr ol Register Defi nitions (continued)

Output Format Contr ol (26)

7 | 6 5 4 3 2 1 0
Reserved LDVIO OPCKS DPCEN DPC

Reg Bit Name Description

26 7-6 Reserved Reserved, set to zero.

26 5 LDVIO LDV clock select. LDV is an output when LOW and an input when HIGH
26 4 OPCKS Output clock select. The output data are clocked by the CLOCK pin when
LOW and by the LDV pin when HIGH.

26 3 DPCEN DPC enable. When HIGH on the TMC22153, the Decoder Product Code is
enabled: a value written into DPC determines the decoder product emulated
by the TMC22153. In all other versions of the decoder, DPC is read-only, and
returns the code of the particular encoder version installed.

26 2-0 DPC Decoder product code

DPC Function

000 Reserved

001 TMC22051
010 TMC22052
011 TMC22053
100 Reserved

101 TMC22151
110 TMC22152
111 TMC22153

Read/Write in the TMC22153 only. Read-only in all other devices.

Buff ered register set 1 (27) Active when BUFFER pin set HIGH.

7 6 5 4 3 2 1 0
SG17 SG16 SG15 SG14 SG13 SG12 SG11 SG1o
Reg Bit Name Description
27 7-0 SG17-0 Msync gain, 8 Isbs. Bottom 8 bits of mixed sync scalar

Isb = 1/256

Buff ered register set 1 (28) Active when BUFFER pin set HIGH.

7 6 5 4 3 2 1 0
YG17 YG16 YG15 YG14 YG13 YG12 YG14 YG1o
Reg Bit Name Description
28 7-0 YG17-0 Y gain, 8 Isbs. Bottom 8 bits of the luma gain
Isb = 1/256
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Buff ered register set 1 (29) Active when BUFFER pin set HIGH.

ion

Informat

iminary

Prel

7 6 5 4 3 2 1 0
UGty UG16 UG15 UG14 UG13 UG12 UG14 UG1o
Reg Bit Name Description
29 7-0 UG17-0 U gain, 8 Isbs. Bottom 8 bits of the U gain
Isb = 1/256
Buff ered register set 1 (2A) Active when BUFFER pin set HIGH.
7 6 5 4 3 2 1 0
VG17 VG16 VG15 VG14 VG13 VG12 VG14 VG1o
Reg Bit Name Description
2A 7-0 VG17-0 V gain, 8 Isbs. Bottom 8 bits of the V gain
Isb = 1/256
Buff ered register set 1 (2B) Active when BUFFER pin set HIGH.
7 6 5 4 3 2 1 0
YG19 YG18 UG110 UG1g UG1s Reserved VG19 VG1s
Reg Bit Name Description
2B 7-6 YGlo-8 Y gain, 2 msbs. Top 2 bits of the Y gain
msb = 2
2B 5-3 UG110-8 U gain, 3 msbhs. Top 3 bits of the U gain.
msb =4
2B Reserved reserved, set to zero
2B 1-0 VGlo-8 V gain, 2 msbhs. Top 2 bits of the V gain
msh = 2
Buff ered register set 1 (2C) Active when BUFFER pin set HIGH.
7 6 5 4 3 2 1 0
YOFF17 YOFF1g YOFF15 YOFF14 YOFF13 YOFF12 YOFF11 YOFF1g
Reg Bit Name Description
2C 7-0 YOFF17-0 Y offset, 8 Isbs. Bottom 8 bits of luma or RGB offset
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Contr ol Register Defi nitions (continued)

Buff ered register set 1 (2D) Active when BUFFER pin set HIGH.

7 6 | 5 | 4 | 3 2 1 0
Reserved YOFF1g SG17 SG1o
Reg Bit Name Description
2D 7-3 Reserved Reserved, set to zero.
2D 2 YOFF1s3 Y offset, msb. msb of YOFF
2D 1-0 SG17,0 Msync gain, 2 msbs. Top 2 bits of mixed sync scalar
msb = 2
Buff ered register set 1 (2E) Active when BUFFER pin set HIGH.
7 6 5 4 3 2 1 0
SYSPH17 SYSPH16 SYSPH15 SYSPH14 SYSPH13 SYSPH12 SYSPH14 SYSPH1g
Reg Bit Name Description
2E 7-1 SYSPH17-0 8 Isbs of phase. Bottom 8 bits of the system phase offset
2E 0 VAXISo V axis Flip. The PAL V axis sign bit is flipped when HIGH.
Buff ered register set 1 (2F) Active when BUFFER pin set HIGH.
7 6 5 4 3 2 1 0
SYSPH115 SYSPH114 SYSPH143 SYSPH112 SYSPH111 SYSPH110 SYSPH19 SYSPH13
Reg Bit Name Description
2F 7-0 SYSPHO;5, 8 msbs of phase offset. Top 8 bits of 15 bit phase offset.
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Contr ol Register Defi nitions (continued)

Video Measurement (30)

7 6 5 4 3 2 1 0
Reserved LGF LGEN LGEXT RESERVED PGG PGEN PGEXT

Reg Bit Name Description

30 7 Reserved Reserved, set to zero.

30 6 LGF Line grab flag. Set HIGH when the decoder has grabbed a line, and must be
reset LOW before another line can be grabbed.

30 5 LGEN Line grab enable. When HIGH, the line grabber is used to freeze the
contents of the line store, at the programmed line and field count. The phase
and frequency of the frozen line are also stored from the DRS, and are
continually used to reset the DDS, once per line, until LGF is set LOW. When
LGEN is LOW, the line freeze is disabled, the internal loops operate normally,
and the line grab signal is used only to gate the pixel grab.

30 4 LGEXT Ext line grab enable. The SET pin is used to produce the line grabber pulse
when HIGH and the internal line decode is used when LGEXT is LOW.

30 Reserved Reserved, set to zero.

30 PGG Pixel grab gate. When HIGH the pixel grab is gated by the field and line grab
signals to enable one pixel per four fields in NTSC and 8 field in PAL to be
grabbed. This function is disabled if PGEN is set LOW.

30 1 PGEN Pixel grab enable. When HIGH the 10 bit G/Y, B/U, and R/V data, and the
mixed sync and luma data after the comb filter, and the demodulated (B-Y)
and (R-Y) color difference signals are grabbed once every line at the
programmed pixel grab number. When LOW the contents of the pixel grab
registers are held and the pixel grab pulse is ignored.

30 0 PGEXT Ext pixel grab enable. The SET pin is used to produce the pixel grab pulse
when HIGH and the internal pixel decode is used when PGEXT is LOW.

Video Measurement (31)
7 6 5 4 3 2 1 0
PG7 PGs PG5 PG4 PG3 PG2 PG1 PGo
Reg Bit Name Description
31 7-0 PG7-0 Pixel grab, 8 Isbs. Bottom 8 bits of the pixel grab.
Video Measurement (32)
7 6 5 4 3 2 1 0
LG7 LGe LG5 LG4 LG3 LG2 LG4 LGo
Reg Bit Name Description
32 7-0 LG7-0 Line grab, 8 Isbs. Bottom 8 bits of the line grab.
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Contr ol Register Defi nitions (continued)

Video Measurement (33)

7 6 5 | 4 3 2 1 0
Reserved FG LGs PG10 PGo PGs
Reg Bit Name Description
33 7 Reserved Reserved.
33 6-4 FG Field grab number. Field grab number
33 3 LGs Msb of line grab. msb of line grab
33 2-0 PG10-8 Pixel grab, 3 msbs. 3 msbs of pixel grab
Register s 34-3C are Read-Only
Register (34)
7 6 5 4 3 2 1 0
GYa GYs GY7 GYs GYs GY4 GY3 GY2
Reg Bit Name Description
34 7-0 GY9-2 G/Y grab, 8 msbs. Top 8 bits of the "grabbed" G/Y data
Register (35)
7 6 5 4 3 2 1 0
BUg BUs BU7 BUs BUs5 BU4 BU3 BU2
Reg Bit Name Description
35 7-0 BUg-2 B/U grab, 8 msbs. Top 8 bits of the "grabbed" B/U data
Register (36)
7 6 5 4 3 2 1 0
RVa RVg Rv7 RVe RV5 RV4 RV3 RV2
Reg Bit Name Description
36 7-0 RVg-2 R/V grab, 8 msbs. Top 8 bits of the "grabbed" R/V data
Register (37)
7 | 6 5 4 3 2 1 0
Reserved GY1 GYo BU1 BUo RV1 RVo
Reg Bit Name Description
37 7-6 Reserved Reserved.
37 5-4 GY1-0 G/Y grab, 2 Ishs. Bottom two bits of G/Y data
37 3-2 BU1-0 B/U grab, 2 Isbs. Bottom two bits of B/U data
37 1-0 RV1-0 R/V grab, 2 Isbs. Bottom two bits of R/V data
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Contr ol Register Defi nitions (continued)

Register (38)

7 6 5 4 3 2 1 0
Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2
Reg Bit Name Description
38 7-0 Y9-2 Luma grab, 8 msbs. Top 8 bits of the "grabbed" luma data after YPROC
Register (39)
7 6 5 4 3 2 1 0
Mg Ms M7 Me Ms M4 M3 M2
Reg Bit Name Description
39 7-0 Mag-2 Msync grab, 8 msbs. Top 8 bits of the "grabbed" mixed sync data after
YPROC
Register (3A)
7 6 5 4 3 2 1 0
Ug Us Uz Us Us U4 Us U2
Reg Bit Name Description
3A 7-0 Ug-2 U grab, 8 msbs. Top 8 bits of the "grabbed" U data
Register (3B)
7 6 5 4 3 2 1 0
Vg Vs V7 Ve V5 V4 V3 V2
Reg Bit Name Description
3B 7-0 Vo-2 V grab, 8 msbs. Top 8 bits of the "grabbed" V data
Register (3C)
7 6 5 4 3 2 1 0
Y1 Yo M1 Mo U1 Uo AU Vo
Reg Bit Name Description
3C 7-6 Y1-0 Luma grab, 2 Isbs. Bottom 2 bits of luma data
3C 5-4 M1-0 Msync grab, 2 Isbs. Bottom 2 bits of mixed sync data
3C 3-2 U1-0 U grab, 2 Isbs. Bottom 2 bits of U data
3C 1-0 V1-0 V grab, 2 Isbs. Bottom 2 bits of V data
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Contr ol Register Defi nitions (continued)

Test Contr ol (3D-3F)

7 | 6 5 | 4 | 3 2 1 0
TEST
Reg Bit Name Description
3D-3F | 7-0 TEST Must be set to zero. Auto increment stops at 3F

Status - Read Onl y (40)

7 | 6 5 4 3 2 1 0
DDSPH
Reg Bit Name Description
40 7-0 DDSPH DDS phase, 8 msbs. The top 8 bits of the sine data generated in the internal
DDS.
Status - Read Onl y (41)
7 6 5 4 3 2 1 0
LINEST BGST VACT2 PALODD VFLY FGRAB LGRAB PGRAB
Reg Bit Name Description
41 7 LINEST Pixel count reset. Pixel count reset
41 6 BGST Start of burst gate. Start of burst gate
41 5 VACT2 Half line flag. Half line flag
41 4 PALODD PAL Ident. PAL Ident (low on NTSC lines)
41 3 VFLY Vertical count reset. Vertical count reset
41 2 FGRAB Field grab. Field grab
41 1 LGRAB Line grab. Line grab
41 0 PGRAB Pixel grab. Pixel grab

Status - Read Onl y (42)

7 6 5 a | 3 | 2 | A |0
FLD VBLK HBLK LID
Reg Bit Name Description
42 FLD Field fl ag (F in D1 output). Field flag (F in D1 output)
42 VBLK Vertical blanking (V in D1 output). ~ Vertical blanking (V in D1 output)
42 HBLK Horizontal blanking (H in D1 output).  Horizontal blanking (H in D1 output)
42 4-0 LID Line identification. Line identification
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Contr ol Register Defi nitions (continued)

Status - Read Onl y (43)

7 6 5 4 3 2 1 0
YGO YGU UBO uBU VRO VRU Reserved
Reg Bit Name Description
43 7 YGO Y/G overflow. Y/G overflow
43 6 YGU Y/G underflow. Y/G underflow
43 5 UBO Cg/B overflow. Cg/B overflow
43 4 UBU CB/B underflow. Cg/B underflow
43 3 VRO CR/R overflow. CR/R overflow
43 2 VRU CR/R underflow. CR/R underflow
43 1-0 Reserved Reserved.
Status - Read Onl y (44)
7 6 5 4 3 2 1 0
MONO FPERR
Reg Bit Name Description
44 7 MONO Color kill flag. High when burst detected and LOW when monochrome
signal is detected.
44 6-0 FPERR Frequency/Phase error. Top 7 bits of the modulo two pi frequency or phase
error. Reported once per line.
Status - Read Onl y (45)
7 | 6 5 4 3 2 1 0
DRS
Reg Bit Name Description
45 7-0 DRS DRS signal. The 8-bit Decoder Reference Signal.
Status - Read Onl y (46)
7 | 6 5 4 3 2 1 0
PARTID
Reg Bit Name Description
46 7-0 PARTID Part family ID. Reads back the 8-bit part ID number. Read-only. Returns
CDh.
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Contr ol Register Defi nitions (continued)

Status - Read Onl y (47)

7 | 6 | | 4 | 3
REVID
Reg Bit Name Description
47 7-0 REVID Revision number. The 8-bit chip revision number.

Status - Read Onl y (48-4A)

7 | 6 | 4 3
Reserved
Reg Bit Name Description
48-4A | 7-0 Reserved Reserved.
Status - Read Onl y (4B)
7 6 | 4 3
PKILL CFSTAT X0P
Reg Bit Name Description
4B 7 PKILL Phase kill from comb fail.  Phase kill from comb fail.
4B 6-5 CFSTAT Comb fi lter status. Comb filter status.
CFSTAT STATUS
00 3 tap comb
01 3 tap [lower] comb
10 3-tap [upper] comb
11 2 tap comb
4B 4-0 XOP XLUT output. XLUT output.

Status - Read Onl y (4C-FF)

7 | 6 | 4 3
Reserved
Reg Bit Name Description
4C-FF| 7-0 Reserved Reserved.
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Decoder Intr oduction

All composite video decoders perform fundamentally the
same operatiorf.he frst stage is to separate the luminance
and chrominancehe second stage is to lock the internally
generated sine and cosineweforms to the brst on the
decoded chrominance signal, demodulate, and thentfie
chrominance signal to produce the colofeténce signals.
The last stage either scales the luminance and cofer-dif
ence signals, or cearts them into red, green, and blue
component video signal¥hese three stages arewhdn

Oy

Figure 3.

Composite

—

The complete separation of composite video signals into
pure luminance (luma) and chrominance (chroma) signals is
practically impossible, especially when the input source
contains intraframe motioftherefore, the luminance (luma)
signal will generally contain some high frequgrbromi-
nance, termedross lumaand the chroma signal will
contains some of the high frequgrama signal, centered
around the subcarrier frequentermedcross color

The dgree of cross luma and cross color is directly propor
tional to the fiter used for th& C separation, the picture con-
tent, and the complity of ary post processing of the
decoded signals.

YC Separation

The relationship between the chrominance and luminance
bandwidths is shen for both RL and NTSC in Figure 4,
wherein the shaded area denotes the part of the composite
video frequeng spectrum shared by both the chrominance

Luminance Gl—
v Y Green —
YC Filter Matrix
RIF—
Cc X — U
Chrominance
\% BI—
Demodulation _'_Lrl-"L_ Blue
Burst Locked M
Loop cos(wt+q)
65-22x5y-44

Figure 3. Fundamental Decoder Block Diagram

and high frequencluminance signals.

The Luma Notc h and Chr oma Bandpass Technique f or

YC Separation

The simplest method of separating these chrominance and
luminance signals, is to assume the chroma bandwidth is
limited to a fev hundred kilohertz around the subcarrier
frequeng. In this case a notcHtér designed to renve just
these frequencies from the composite video frequenc
spectrum preides the luma signal, while a bandpakeffi

PAL NTSC
Amplitude Amplitude
(dB) A Chrominance (dB) A Chrominance
Subcarrier . Subcarrier .
0 Sound Carrier 0 Sound Carrier
Center Frequency Center Frequency
3 1 -3 i
Luminance E Luminance E
i i
1 1
1 1
Chrominance | Chrominance i
(& High Frequency i (& High Frequency i
Luminance) ! Luminance) !
i :
\
-20 T T T T T T - -20 T T T T T g
1 2 3 4 5 6 Frequency (MHz) 1 2 3 4 4.5 Frequency (MHz)

Figure 4. Comparison of the Frequency Spectrum of NTSC and PAL Composite Video Signals
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Notch Filter Bandpass Filter
Amplitude . Amplitude
(dB) Chrominance (dB) ]
A Subcarrier '\ Chrominance
Subcarrier
0 0
3 -3
Luminance
Chrominance Chrominance
(& High Frequency (& High Frequency
Luminance) Luminance)
-20 T T T T T - -20 -

Frequency

Figure 5. Examples of Notch

centered at the subcarrier frequgepcoduces the chroma
signal.This simple technique evks well in pictures contain-
ing lage flat areas of colphowever this is rarely the case.
If, as is generally true, the picture contains high frequenc
luma and chroma transitions, foraenple herring bone suit
jackets, branches of treesxtgetc., cross color and cross
luma artifacts are ddent.

The presence of cross color or cross luma is generally
acceptable when wang the decoded picture on a monitor
from several feet, as wuld be the case in most homes on
commercial teleision sets. Havever, these artdcts become
increasingly dificult to process, or ignore, when the image is
to be compressed or manipulated. In these cases more
sophisticated methods of separating the luma and chroma
signals, such as frameglid, or line based combtér decod-
ers, are required.

Another important disadntage of the “luma notcHtér and
bandpass chroma” technique is that once a ndtehliias

been used on the luminance channel this portion of the lum

nance frequencspectrum is losiThis efect becomes

increasingly objectionable if the decoder component outputs

are subsequently re-encoded into a composite video signal

Comb Filter Ar chitectures f or YC Separation

A comb fiter uses the relationship between the number of
subcarrier gcles per line period, to cancel the chrominance
signal aver multiple line periodsThis is shavn for an NTSC
two line comb fiter in Figure 6. In NTSC there a 227.5 sub-

Frequency

and Bandpass Filters

theV component of the chrominance sigrihis document
refers to line based comb decoders when discussing decod
that use inputs from sequential scan lines, i.e. lines from th
same feld, field based comb decoders when describing
decoders that use inputs from sequent&di§, and fially
frame based comb decoders wheamining decoders that
use inputs from sequential frames.

aijjead

Delay = 1/T 1/2

Amplitude

1/2T AT 3/2T 2T 5/2T 3T 7/2T 4T 9/2T 5T 11/2T 6T
Frequency

Figure 6.
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Composite Line-Based Comb Decoder s

The phase relationship of the quadrature modulated chromi-
nance signal can also be represented as in Figlitethree

line comb based decoder is clearly biasedhtds 1H which
illustrates the inherent one line delay through a 3 line comb,

while a two line comb based decoder is biasetaals OH.

In the following discussions adt color represents video of

carrier gcles per line period, therefore the subcarrier can beonstant luma and chroma magnitude and phase.

canceled by simply adding tnconsecutie field scan lines.
In PAL(B/I/ etc.) there are 283.7516 subcarrigcles per

line period, ignoring the 0.001§de adwance caused by the
25Hz ofset, the RL subcarrier can be canceled by adding
the frst and third line of three consewatifield scan lines.
Due to the 270 dgee adance, it is not possible to use infor
mation from consecute field lines without adding aA®.
modifier. A PAL modifier produces a 90 deee phase shift in
the chrominance signal by multiplying the chrominance
signal by a signal at twtimes the subcarrier frequgnibhat

is phased loadd to the subcarriembst reference in the com-
posite video wveform. In addition theAL modifier inverts

In NTSC, adding tw adjacent lines ofdt color will cancel
the chroma and lea the luma whereas subtractingtlines

of flat color will cancel the luma and leathe chroma. Ina 3
line comb fiter the fat color on OH and 2H is added to pro-
vide the fat color @erage before adding or subtracting from
1H.

In PAL, adding the it color from OH and 2H will cancel the
chroma and les the luma while subtracting thatficolor
from OH and 2H will cancel the luma andveahe chroma.
However, chroma generated in this manner has no simple
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phase relationship to the chroma on THerefore normally
OH and 2H are added together to produce tieeage luma

across 3 lines and this is then subtracted from 1H to produc

the combed chroma.

FIELD LINE no PAL NTSC
u |
0 N L Lp Q
\%
1 M
\Y)
Q
0 N+1 U 2H <_l
1 M+1
\%
0 N+2 1H
1 U
1 M+2
u Q
0 N+3 OH
1 \% l |
1 M+3 U |
0 N+4 L \% Q

65-22x5y-48
Figure 7. Chrominance Vector Rotation in PAL and NTSC

YC Line-Based Comb Filter s

The luminance and chrominance signals, are byitiefi,
already separated f¥IC inputs. Hovever, if the original

NTSC Frame and Field Based
Qecoders

Composite Frame-Based Comb Filter s

In NTSC the chrominanceegtors adance by 180 dgees

every line, therefore after 525 lines the 2 adjacent frame lines
OH and FROH and the twconsecutie field lines FROH and
FR1H are 180 dgees apariThe flat color on FROH and

FR1H can be added or subtracted tovjate the luminance

or chrominance to subtract from OH.

LINE no FIELD 2

283 lT—»Q Q

(1H)

ST
284 Q4_l

(OH) |

; Q<—l| I (FOH) :
285 | T_, Q Q<—l
[

23 T—»Q Q<—l|

286
24 Q<—l IT—» Q
|

FIELD 1 FIELD 3 FIELD 4

o (FRIH) I
(F1H) <—l| TI_> o

I (FROH)

o Lo

65-22x5y-49

source vas composite, there is a distinct possibility that there
is some residual luminance (cross color) in the chrominance
signal and some residual chrominance (cross luma) in the

Figure 8. Chrominance Vector Rotation Over 4
Fields in NTSC

luminance signal. It is thereforegiéimate to treat these
signals as if thewere simply the output from bandsplit

Composite Field-Based Comb Filter s

filters and process the luma and chroma signals acconolinglyn NTSC feeld based comb decoders. there isdaraal

D1 Line-Based Comb Filter s

A D1 data stream consists of multipéglY, Cp and R
component data. If the original sourcasncomposite there
maybe luminance (cross color) iBCR and chrominance
(cross luma) irY. In the frst case anluminance that as
passed through a demodulator along with the chroma to
produce the baseban@CR color difference signals auld
have the same characteristics as chrohtmt is to saythe
cross color wuld adwance by 18Devery line in NTSC and
every 2 lines in RL. It is therefore possible to reme this
cross color in a combltér. In the latter case srchromi-
nance that is still in theé data can oliously be remeed in a
comb fiter as well.

The original source for the D1 signal could alseehbeen
computer graphics. In this case, the corterfcan be used

to remave the picture ftker and cowert the output to RGB.

delay of 263 lines, therefore the 2 adjacent picture lines OH
and FOH and the twconsecutie field lines FOH and F1H

are 180 dgrees apariThe flat color on FOH and F1H can be
added or subtracted to pide the luminance or chromi-
nance to subtract from OH.

PAL Frame- and Field-Based
Decoder s

Composite P AL Frame-Based Comb Filter s

In PAL the chrominanceectors adance by 270 dgees
every line.After 625 lines the te adjacent frame lines OH
and FROh are 90 deses apart. It is therefore necessary to
delay the FROH data by an addition line so that OH and
FROH are 180 dgees apariThe flat color on OH and FROH
can nav be added to pride the luminance or subtracted to
produce chrominance.
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Figure 9. Chrominance Vector Rotation

Over 4 Fields in PAL

In fields 5, 6, 7, and 8 the U aWdrectors are 180 deees
adwanced from flds 1, 2, 3, and 4.

Composite , PAL Field-Based Comb Filter s

In FAL field based comb decoders, there isxtareal delay

of 312 lines, therefore the 2 adjacent picture lines OH and FOH
are 180 dgrees apart. Indlds 5, 6, 7, and 8 the U axid

vectors are 180 deees adanced from #lds 1, 2, 3, and 4.
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The TMC22x5y Comb Filter
Architecture

TheTMC22x5y; when implementing a line based comb
filter, has a core architecture aswhan Figure 10The con-
cept of the complementary bandspliii is also obseed in
the complementary combtér architecture. It is therefore
possible to adapt between the complementary cdtab fi
and bandsplit fier without thraving avay ary of the
original composite video frequenspectrum.

The frst step in the complementary comitefiis to separate
the high frequencluminance from the chrominance signal.
This combed high frequepduma signal is shen as

in Figure 10The last step is to pvale a complementary
cross &de between thé COMBsignal and the output of the
complementary bandsplittér, shavn asSIMPLEIn Figure
10.TheFLAT signal is simply a delayeckxsion of the input
to the comb fier, therefore the sum @utputlandOutput2
will always be equal to tHeLAT video input.

TheTMC22x53 comb fter architecture has three taps.
These taps are three conseaifield lines in a line based
comb, three consecué picture lines in adid based comb,
or lines that are one frame and ordfiline apart in the
frame based comln addition to these ddrent inputs to the
comb flter, NTSC and RL video signals comb\er differ-

ent taps in dierent architectures, as described in the comb

YCOMBIn Figure 10The second step is to produce an arrayfilter introduction.

of comb flter error signals that indicate thegdee of confi
dence that th¥ COMBsignal is just the high frequentuma
and not a combination of high frequgriama and chroma
smeared eer the number of lines used in the conlterfiThe
signal representing this gieee of confience is termed “K”

The total internal pipeline latenés 1H + 38 piels for 3 line
comb fiters, for all other comblfer and simple decoder
architectures the pipeline latgnis 38 pixels.

XLUT —_ Outputl
Input SIMPLE
L‘I 1H
Bandsplit COMB YCOMB /_\
Filters Filter X + Output2
QlH Simple +/- {k * Ycomb}
K
XLUT

Figure 10. TMC22x5y Line Based Comb Filter Architecture
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TMC22x5y Functional Description

Input Pr ocessor

The input processor selects between theexternal video Input LPF LPF Output
sources oVIDEO A andVIDEO B. If theTRS stripper or ({

GRS stackr is actve, then the user must select the input
with either the GRS (in genlock mode) or with the embeddec — HPF Output
TRS words as outpWA. If the input data are separate luma
and chroma or and BCR data the input processor must be 65-22xBy-53
programmed to put the chrominance @GR onto output

VB and the luminance of ontoVA. Figure 12. Complementary Bandsplit Filter

To ensure that the chrominance data or tB€&data are in
two’s complement arithmetic format, thejister bit MSBI
inverts the msb of the DB inputoFcomposite inputs, the
IPCMSB rayister bit should be set M as theABMUX
register bit is used to select the input(s) to the coitey.fi

The complementary bandsplitéir separates the base band
composite video into tavbands by passing it through avlo
pass fiter and subtracting thewopass (luma) data from the
composite video to produce the high pass (chroma) Alata.
the base bandwidths and subcarrier frequencies of fiee- dif
- ent NTSC and &L video formats are so ddrent, and the
Bandsplit Filter (BSF) decoder has to be capable afrking over a lage frequeng

In its simple mode of operation, tAMC22x5y uses a com- range, it is necessary to pide two low pass fters.These

plementary bandsplitlfer, instead of a notchlfer for the filters are selectable by the BSFSEgister bit and are inde-
luma and a bandpass for the chroiffze notch and band- pendent of the video standafdcomparison of the diérent
pass fiicer technique, remes frequeng bands from the data rates to normalized subcarrier frequencies i8d®d in
composite video spectrum which carveebe retriged. Table 2.

The complementary bandsplitéir technique, shen in )

Figure 12, allis the decoded component video signals to belhe complementary bandsplittgass frequencresponse
re-encoded into a composite video signal with the minimumis shavn in Figure 13 and Figure 14.

of losses to the composite video spectrum.

msb Input Processor Control Register Isb

X IPMUX IP8B TDEN | TBLK |ICPMSB|ABMUX | CKSEL

VA TRS Stripper (D1/D2/D3) DA
VidEOA el —- and - —]-

GRS Stacker (TMC22071)

uoljewoju] Ateuiwijadid

Primary Data
to Comb Filter

2:2 MUX 2:2 MUX

) VB MSB DB Secondary Data
VideoB === > vert > P> to Comb Filter

65-22x5y-52

Figure 11. Input Processor
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Figure 13. Bandsplit Filter, Full Frequency Response
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Figure 14. Bandsplit Filter, Passband Response

Table 2. Normalized Subcarrier Frequency as a Function of Pixel Data Rates

Pixel Rate (MHz) (l\l/:ISHCz) Normaliz ed Fg¢ Comments
12.27 3.57954545 0.2917 NTSC square pixel rate
13.50 3.57954545 0.2652 NTSC D1 pixel rate
13.50 4.43361875 0.3284 PAL-1 D1 pixel rate
14.32 3.57954545 0.2500 NTSC four times subcarrier (D2/D3)
14.75 4.43361875 0.3006 PAL-I square pixel rate
15.00 4.43361875 0.2956 PAL-I square pixel rate
17.73 4.43361875 0.2500 PAL-I four times subcarrier (D2/D3)
135 3.57561149 0.2649 PAL-M D1 pixel rate
135 3.58205625 0.2653 PAL-N D1 pixel rate
14.30 3.57561149 0.2500 PAL-M four times subcarrier (D2/D3)

Comb Filter Input

The inputs to the comttier are selected from either the high

frequeny outputs of the bandsplittgrs, if using a chroma
comb fiter, or the full composite aeforms when imple-
menting a luma comf@he two sets of high and Vo fre-
guengy signals from the bandsplittérs are used for both the

luma and chrom&IMPLEsignals, and in the generation of
the comb &il signals.These signals are denoted xHL, xHH,
and xHF where L denotes theMdrequeng portion of the
signal, H the high frequegpgortion of the signal and F the
full frequeny spectrum of the input signal from line x; and
are shan in Figure 15.
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» OHF
Primary _ -
Input > LPF > OHL
I
BSFSEL
- — = 1HH
—
2:1 _| LSTORE1 _ > 1HF
MUX [9:0]
Secondary 2:1 - o
Input T MUX > LPF » 1HL
LS1IN I
T BSFSEL
LS1BY - _ » 1HH
1HH > LSTORE2 » 2HH
2HH
Y
+ 2:1
1HH (Isbs) [ 2HF
21 T MUX
ox—= LSTORE2 —
1HL (Isbs) 2HX
[}
LSTORE2
> » 2HL
1HL 2HL
Split
> DELAY e \/| DEOB

Figure 15. Block Diagram of Comb Filter Input

65-22x5y-56

The primary and secondary inputs are selected within the luma error signals. In the case of luma combs an equal
input processoi he primary input is normally the undelayed number of bits of the 1HH and 1HL signals are delayed and
composite video signal in linegfd, and frame based comb summed together to produce the 2HF signal for the outer tap
filters or either the luma or chroma channel when processingf the luma comb lier. The confguration of LSTOREZ2 is
YC or D1 signalsThe secondary puides the fld or frame
delayed composite input foefd and frame based comb
filters and the chroma or luma channel when proce¥$ing

or D1 signals.

When implementing a line based conitefithe outputs of
1H bandsplit fier, ie 1HH, 1HL, are delayed through the
second line store, LSIRE2.The number of bits delayed is
dependent upon the type of conltefi being implemented.
For chroma comb ltiers all the bits of the 1HH signal are
delayed, as this information supplies the outer tap of the
chroma comb fier, while only the upper bits of 1HL are
delayed as this data is used only in the generation of the

determined by the SPLIT gester bit.

It is important to note that when implementingeddior
frame based comttir the secondary input must be selected

by setting the LSIN mster bit HIGH, and therft line store,

LSTORE1, must be bypassed by setting the LS1Rj¥ster

bit HIGH.

uorjeuniojuj Ateuiwijdid

ForYC and D1 processing the secondary input bypasses the
comb flter completely and prades theV/IDEOB signal
input the 3:1 multipleer used to select the FILAignal,
see Figure 16.
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Adaptive Comb Filter VIDEOBdata is alays selected when tN€COMP rayister

The IPCF[L:0] rgister bits select the inputs to the adapti bit is HIGH, ie forYC inputs.The selection of 1HF or OHF

. depends upon the SIMP selection bit only when the
comb fiter, this would normally be xHH for chroma combs, - o .
xHF for luma combs, and xHL if the luminance signabwo YCCOMP ragister bitis LQV. Therefore, wheNCCOMP is

LOW and OHx is selected by SIMP then OHF is selected for
be sampled dropped on the output of TIMC22x5y The : )
Gaussian fiers in the sample drop mode already limit the theFLAT signal, and when 1Hx is selected by SIMP then

chrominance bandwidth to 1.3MHz alling a [2:1:1] data 1HF is selected for thELAT signal.This ensures that the

format on the output, with the luminance signalihg been SLIAT a(;l%SI:\r/]IPLEdata selecied ftohr a(r;:c;mb flter is dth h
vertically filtered by a fted 3 line comb fier. clayed by the same amount as the data processed throug

the comb fier to produce th€ OMB output.

The SIMP selection bit is an internally generated signal
based upon the comlitdéir selected. If a 3 line chroma, luma,
or D1 comb fiter is selected, due to the internal 1H delay
inherent with this type of comHtér, the 1HL and 1HH
signals are selected for the respextuma and chroma
SIMPLEdata signalsihen ary other type of comblfer is
selected OHL and OHH are selected.

The final selection is the output required for the combed
luminance and chrominance dathe output selection can
be SIMPLE COMB, FLAT-COMB, or FLAT. Generally
COMBis selected based upon whether a luma or chroma
comb vas selected and the complementary output selects
FLAT-COMB. In theYC andY & CbCr data modes theL AT
signal selects the secondary data @hdPLEor COMBcan

The DLYF selection bit is also internally generated from the € USed to select the primary signal. In these modes the
type of comb fter selected and whether or not the input is in 22ndsplit fiter can be bypassed or used to reentow fre-

either therC orY & CbCr (ie D1 input) data format3he queng noise from the chrominance signal if chromesw
selected as the primary signal.

A
SIIYIP
2:1
MUX B
4:1
MUX — Y Data
IPCF[1:0]
|
OHF ¢
31
OHH MUX
=D
OHL ‘
YMUX[1:0]
IPCF[1:0]
Il
1HF
1
1HH N?UX Adaptive
Comb A: Comb
Filter B: Simple
1HL C: Flat - Comb
D: Flat
IPCF[1:0]
|
2HF
31
2HH MUX
CMUX[1:0]
2HL |
SIMP A
]
2:1
MUX B
4:1
/o) MUX — C Data
DLYF —_ C
|
31
MUX D
VideoB 65-22x5y-57

Figure 16. Signal Flow Around the Adaptive Comb Filter.
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The comb fter architecture performs chrominance or lumi- several comb fier architecturesThese comb ltier architec-
nance comb ffiering on AL or NTSC video signals, by
implementing one of sixteen independent chroma and lumaupon the dgree of picture correlation between the inputs to
comb flter algorithmsThe highest leel of the adaptie
comb fiter confguration is determined by the &[B:0]
register bits as shven in Table 3.

Table 3. Comb Filter Ar chitecture

STA[3:0] Comb Filter Description

0 YC or Composite, PAL or NTSC, 3 line
comb

1 YC or Composite, NTSC, 3 line comb (OH
& 1H)

2 YC or Composite, NTSC, 3 line comb (1H
& 2H)

3 YC or Composite, NTSC, 2 line comb (OH
& 1H)

4 YC or Composite, NTSC, (2 line) field
comb

5 YC or Composite, NTSC or PAL, field
comb

6 YC or Composite, NTSC, (2 line) frame
comb

7 YC or Composite, NTSC or PAL, frame
comb
D1, Y or CBCR, 3 line comb

9 D1, Y or CBCR, 3 line comb (OH & 1H)

10 D1, Y or CBCR, 3 line comb (1H & 2H)

11 D1, Y or CBCR, 3 line comb (OH & 2H)

12 D1, Y or CBCR, (2 line) field comb

13 D1, Y or CBCR, field or 2 line comb (OH &
1H)

14 D1, Y or CBCR, (2 line) frame comb

15 D1, Y or CBCR, Frame

The COMBsignal can be produced indwvays.The frst

tures weight the three lines bgirying dgrees depending

the comb fier. The simple rample inTable 4 shas hawv

this process arks, in which upper denotes error compari-
sons between the twlines stores ander denotes error
comparisons between the input and the&t fine storeThe

OH, 1H, and 2H terms used in the mathematical description
of the comb fter selection refer to the position with respect
to the internal line store$he OH term is the undelayed

input, 1H is the output of line store 1, and 2H is the output of
line store 2.

In this kample a 3 line comb is implemented when in the
flat areas of blue or yello However, when a diference
between the inputs is detected the 3 line cottdy idapts to
the 2 line comb Kier whose inputs h& the smallest dir-
ence.This illustrated on line n+4, at which time the comb
filter adapts to inputs from 1H (blue) and 2H (blue) and
ignores the OH (yellw) inputs. In cases where there is a
difference between all inputs to the contiefja 3 line comb
filter is selected and the highest set of coailbsfgnals are
sent to the XLUT input logic.

This technique wuld work well if pictures only contained
vertical transitions, which is @musly not the cas@here-
fore the weighting of these combtdr taps, (OH, 1H, and
2H), are rarely just the simple ratios smoin Table 4. It is
worth noting that comblfers that use arven number of
lines in the comb lier architecture produce chrominance
and luminance signals that arertically offset by one pic-
ture line, i.e. in the middle of theen number of lines used
in the comb fter input.While comb fiters that use an odd
number of lines, in the combtér architecture, the chromi-
nance and luminance produced is referenced to the center °
i.e. the middle line, of the combtér. This approach can —
consequentially cause aliasing in decoding composite video3

juj Adeuruaijaid

signals containing high frequendiagonal transitions he
FAST register bit, when set L, filters the comb Itier
selection to decrease the sengitiof the adaption algo- m
rithm. The second method completely disables the adaptiongsja
between dierent comb fters, by setting thADAPT[1:0] -
register bits accordinglyseeTable 5.

=

method uses the comailfdetection circuits to select one of

Table 4. Simple Example of an Adaptive Comb Filter Ar  chitecture
Error signals

Line |[Inputcol- | upper | upper | upper | lower | lower | lower
no. or luma sat. hue luma sat. hue Comb fi lter selection
n+6 | blue X X X X X X unknown without line n+7
n+5 | blue 0 0 0 0 0 0 [OH/4] + [1H/2] + [2H/4]
n+4 | blue 0 0 0 >0 0 180 | [0] + [1H/2] + [2H/2]
n+3 | yellow >0 0 180 0 0 0 [OH/2] + [1H/2] + [0]
n+2 | yellow 0 0 0 0 0 0 [OH/4] + [1H/2] + [2H/4]
n+l | yellow 0 0 0 >0 >0 >0 [0] + [1H/2] + [2H/2]

n black X X X X X X unknown without line n-1
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In either of these methods, th€' signal can be used to cross errors in the demodulated picture. In thismple, the
fade between théCOMBandthe SIMPLEbandsplit signals.  chrominance signal @uld be demodulated with a 180

The resulting comblfer equation can bexpressed as: degree phase errodnlike the “simple” decoder technique
ary errors in the comblfer decoding produce components
Combed Luma =Simple+ (K * Combed High that if re-encoded will ner reproduce the original compos-
Frequeng Luma) ite video vaveform. It is therefore imperag that the num-
ber and magnitude of comails be lept to its absolute
Combed Chroma Simple- (K * Combed High minimum.This is not possible with non-adagticomb fiter
Frequeny Luma) architectures, and alkevtical and diagonal transitions in the

picture will cause irreersible picture dgradation. Br this

In the case of the chroma comb, the weighted combed highyeason, all th@MC22x5y comb fter decoders implement
frequeny luma is subtracted from t®MPLEhigh pass 4, adaptie comb fiter architecture.

ter output to produce th_e combed chroma signal, and for
luma comb fters the weighted combed high frequghima  To aid in this decision making process, comprelvensimb
is added to th&IMPLElow pass fier OUtpUt to prUIde the fail Signa]s are generated and fed to a_psegrammame

combed luminance signal. lookup table (XLUT).The output of the lookup table pro-
vides the control for the crosade between the comb and
Comb Fails simple bandsplit decoder

The inputs to the combtiér are monitored to detect discon- Comb F ail Detection
tinuities that vould cause the combtér operation todil.
Whenever a signiftant &ilure is predicted, the combtér
architecture is modifid and an error signal proportional to
the discontinuity is producedoFflat areas of colgit is a
relatively simple to produce an error signal that switches
between the outputs of the comlkefi and the simple band
split filter without visibly softening the picture horizontally
or vertically. However, as horizontal frequencies increase
during \ertical transitions, so the decision for switching
between the comb and simple bandsplit decoder becomes
more complg.

The traditional approach of using thevlfrequeng data to
look for vertical luma transitions, and rectifying the high
frequeny data to estimateevtical transitions in the chroma
provides adequate comhif detection. Hwever, chroma
signals that are equal in magnitude b80 dgrees apart in
phase, which can alsovea small dierence in luma leel,
for example green and magenta, can produce undetected
comb fils in the comb fier output.

To overcome problems with simpler condilfmeasurement
techniques, th# MC22x5y generates an array of patented
comb il and comb fter control signalsTo produce these
signals each input to the comhefi is passed through a sim-
ple bandsplit decoderhis pravides a luma signal from the
low frequeny portion of the comb itier input, and the hue
(phase) and saturation (magnitude) from the high frequenc
portion of the comb ltier input. These signals are compared
and the diferences in luma, hue, and saturation are used to
determine the type of comlitéir used to generate the
YCOMBSsignal and to pnide the crossade control signal

“K” . The“K” signal can be weighted within the XLUT
lookup table, allwing the user to tailor the comb

filter response to their system requirements.

A line based comblfer can separate the luma and chroma
signals from line repetite composite video signals, with no
loss of luma or chroma bandwidth. \ever, if there is a er
tical transition, i.e. a change from one scan line to tkg ne
as shwn for a NTSC tw line comb in Figure 17, @mb

fail occurs.The comb &il shavn in Figure 17, clearly illus-
trates the resultingertical smearing of the luma and chroma
signals.

In addition to the smearing, the resulting phase of the
chrominance signal with respect to thedi can cause hue

[
5 )—‘ -—4 }—‘ -—4 )—- {f {
65-22x5y-58

Figure 17. Example of a Comb Fail Using a NSTC Two Line Comb Filter
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three high-passlfers, OHH, 1HH, and 2HH, are passed
through simple demodulatorBhe outputs from which
; Il provide the phase and magnitude of the in-phase and quadra-
Generation of the Comb F ail Slgnals ture components of the high frequgmata.These compo-
. nents are compared to determine thé&ediince in phase and
Luma Err or Signals magnitude between OH & 1H in all cogdirations]. ME and
The signals from the 3wopass fiers, OHL, 1HL, and 2HL  LPE, and between 1H & 2H in NTSC or OH & 2H iAR,
are subtracted from one another to produce an error signal UME andUPE. The magnitude error signals can be doubled
proportional to the luma comhif. The resulting signals to facilitate inputs with la picture levels by setting the
(OHL - 1HL), produce4 YE,and either (1HL - 2HL) in CESG rgister bit HIGH.The doubled magnitude error
NTSC or (OHL - 2HL) in RL producesUYE TheLYEand signals are limited to ensure neeoflow occurs.
UYEIluma error signals are recél if negative. In cases
where the luminance component is constant, the error will bdhe algorithm used to separate the quadrature components
zero.Where the luminance goes from black to whiterc®? depends upon the relationship between the normalized sub-

lines, the error signal will go to its maximuralue. carrier frequeng and the number of p&s per lineThis
algorithm is preset for either a NTSC/M &&LP| subcarrier

The luma error signals can be doubledatilitate inputs frequeng and a piel data rate of 13.5MHz. It is therefore

with low picture levels by setting th¥ ESG reyister bit necessary to compensate for otheepdata rates by select-

HIGH. The resulting signal is clipped to ensure nerfiow ing the appropriate dadlt using the CEST[1:0] géster bits.
occurs
Picture Correlation

Hue and Saturation Err or Signals The dgree of picture correlation depends upon thiedif

In the past, comb decoders/haelied upon comparing the  ences between théYE, UME,andUPE upper error signals
difference in chroma magnitude between times to deter and theLYE, LME,andLPE lower error signals, and is mea-
mine a combdil. In fact, this chroma signal is normally the sured as a percentage of full scale etroflat fields of color
output of the high-pass or band-pa#ieffiand therefore con- you would hare 0% error in picture correlation, \wever in
tains all the high frequegiduminance information as well.  sharp ‘ertical transitions say between y&liand blue you
As this signal vas neer demodulated, the sign bits would have lage % errors betweddYEandLYEand
immaterial and \&s used only to rectify the chroma signal. betweenJPE andLPE, while there wuld be 0% error

This alloved chroma signals which where equal in magni- betweenUME andLME.

tude lut opposite in phase, and high frequehaninance

signals, to fool the comlai circuit. Adapting the Comb Filter

In NTSC it is possible to switch from a 3 line comb to a 2
line comb, and then to a simple decoder oufple 3 line
comb to 2 line comb switch can be disabled, forcing the 3

The TMC22x5y uses a ng innovative approach tower-
come this problenTo detect combdilures in the high-
frequeng portion of the video signal the outputs from the

OHL Luma UYE
1HL ;
SHL Comparison L . vE

uorjeuniojuj Ateuiwijdid

I I
YESG  YWBY

OHH ————» Hue —= UPE
Chroma Comparison
Demodulation LPE
&
1HH »| Rectangular
to Polar
Conversion
Saturation UME
-~ Comparison LME
I I
| CESG CSETBY 65-22x57-59
CESTI[1:0]

Figure 18. Generation of Upper and Lower Comb Fail Signals
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ADAPT[1:0]  YCSEL FAST
UYE :
LYE N?le —— CFSEL[3:0]
Filter
UPE Comb
LPE Fail
Logic VERR
PERR
UME
LME MERR
STA[3:0] CAT[1:0] 5.22:67.50
Figure 19. Comb Filter Selection
line comb to switch directly to simpl&€he switching Table 5. Adaption Modes
between these tvcomb architectures is independent of the - -
mix signal, K. r 3-lineY/C comb flters, an gternal 1H ADAPTI[1:0] Function
delay is required in the uncombed channel to compensate for 00 Adapts to the best of 3 types of line
the comb fter delay based comb filters in NTSC only.
This principle is equally true for NTSC frame areldibased 01 3 line (tap) comb always adapts to
comb decoderdhe feature is notvailable for ay of the lower 2 line (tap) comb, when the 3 line
PAL comb fitter architectures. (tap) comb fails. Normally used with
NTSC field and frame based comb
The Comb fier AdaptionThreshold rgister bits CA[1:0] filters.
determine if 5%, 15%, 25%, or 50% errors in picture correla- ;
tion is required to adapt the NTSC conitefi In NTSC, due 10 ggnl?n(ézg)p(;c;m;o;lgé T]?gvﬁ erras(,j(;atp;? t©
to the 180 dgree adance in subcarrier phase per line, it is comb filter error S'i nals are sent to the
possible to switch between the 3 line comb and the choice of XLUT. NTSC or P?AL comb filter
either the upper twline comb or the leer two line comb If : ner.
this switching occurs on a gikby pixel basis the picture 11 Adapts to best of two 3 line comb filters
will contain \ertical alias component$his artifact can be in PAL only.
reduced by either setting thAET register bit LON, which
filters the comb fiier selection, and/ or setting the TA:0] XLUT

register bits to a higher percentage threshold.

The comb fier adaption is further controlled by the
ADAPT[1:0] reggister bit selection, when the COMBJ3:0]
register bits select a 3 line conthese bits control if the

or lower 2 line combs, from a 3 line comb to just thedo 2
line comb, performs axed 3 line comb, or implements a
best of tvo 3 line combs inA&L. If the COMB[3:0] register
bits select one of the 2 line comhis, theADAPT[1:0]
register bits are ignored, and no adaption is implemented.
The CFSEL[1:0] signal, sm in Figure 19, controls which
comb fiter is selected on a gkby pixel basis, and can be
externally monitored by reading CFAT[1:0] in register
4Bh.

The comb &il signals control both the comliitér adaption
and the crossafle between the adamicomb fiter output
YCOMBand theSIMPLEbandsplit signaMhich of the &il
signals is fed to the XLUT is determined by which comb

comb fiter adapts from a 3 line comb to the best of the uppefilter is selected in NTS@Vhen a 3 line combilfer is

selected, the lger set of error signals are sent to the X|.UT

when a upper 2 line comb is select¥dE, UME, andUPE
error signals are selected, and whernveelawo line comb
filter is selected theYE, LME, andLPE error signals are

selected.
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FAST
YERR — = > 91
PERR — | INPUt  fpp XLUT 1 Filter [—
Select
MERR ———
65-22x5y-61
XIP[1:0]

Figure 20. XLUT Input Selection

For PAL comb fiters theLYE LME, andLPE errors signals  Table 7. XLUT Output Function. (cont.)
are alvays selected by datdlt. In this vay the error signals
into the XLUT alvays represent the combidr being imple- XLUT
mented.The resolution of the error signals.selected is con- | OUTPUT K

trolled by the XIP[1:0] rgister bits as shan in Table 6: 16 16 - 50% Bandsplit, 50% Comb

XLUT Input SelectionThe position of these error signals on
the XLUT input address X[7:0] is also sio.

29 29
30 30
31 32 - 100% Comb

Table 6. XLUT Input Selection

XIP[1:0] Function

00 2 bits of phase error (X[7:6]), 3 bits of - - - - '
chroma (X[5:3]) and luma magnitude error The special function assigned to K = 0 is programmed into

uolnjewiojuj Ateurwijaid

(X[3:0]). the XSF[1:0] rgister bits, as shan in Table 8.
01 4 bits of chroma (X[7:4]) and luma Table 8. XLUT Special Function Definitions
magnitude error (X[3:0]). - - -
10 3 bits of phase error (X[7-5]), 3 bits of KIP1-0 XLUT special function selection
chroma magnitude error (X[4:2]), and 2 Y C
bits of luma magnitude error (X[1:0]). 00 comb simple
11 4 bits .of phase error (X[7:4]) and chroma 01 simple comb
magnitude error (X[3:0)). 10 flat with notch simple
The selected comiail signals are translated by the user 11 flat with notch comb
programmed corduration within the 256*5 XLUT into the . ] " ) i
mix signal (K) which controls the 30Vels of crossdde The “Flat with notch” selection passes feAT input
between the weighted comtidr and the band splitiférs. through onto the luminance channel and selects the notch

The 1 to 31 mix signal is modii on the input to the cross- filter, centered at 0.25 of the normalized clock freqyenc

fade to produce a 0 to 32 control signal, asvshia Table 7. This mode is therefore only useful with inputs at 4*Fsc or in
cases when a notch at 0.25 of the normalized clock

Table 7. XLUT Output Function. frequeny is adequate for application.
XLUT The XLUT output, is fed through a bypassabls-jzass
OUTPUT K filter KLPF to aoid switching between comb and simple
- - decoders on a p&k by pixel basisWhen the special function
0 Special function (e.g. lumacomband HPF | s selected (K = 0) the input to the KLPF is held and ttes fi
on chroma) is automatically bypasset@ihe output of the XLUT can be
1 0 - 100% Bandsplit externally monitored by reading XOP[4:0] ingister 4Bh.
2
3 3
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il (X

sin(wt)

Gaussian
LPF

U Data
——

Gaussian

Chrominance m

Burst

cos(wt+
Locked Loop (wt+o)

LPF

V Data |—' |
——»

65-22x5y-62

Figure 21. Block Diagram of Digital Burst Locked Loop

Digital Bur st Loc ked Loop

Frame Bit

The digital burst locked loop provides sine and cosine signal TSC

which are phase locked to the incoming burst signal. Theseb
sine and cosine signals are used to demodulate the chromi
nance data, producing the U and V color-difference signals

The U data are phase-referenced to sin(wt) and the V data

cos(wt). The demodulated signal is passed through a low pa

filter to remove signals at twice the subcarrier frequency.

he middle bit (frame bit) of thedid count is determined,

by the phase of the subcarrier onsegipixel and on a gen

line. The signal used to determine this is NFDETWNeeld

BETect), and occurs when the line count is zero and thet pix
ount is one of four programmable piyositions, zero, one,

0, or three.

The magnitude of the U and V data within the demodulated

burst signal provides the error signal which, after filtering, is

used to adjust the frequency and/or phase of the subcarrie

DDS. The output of the subcarrier DDS is translated into sin

and cosine signals in ROM-based lookup tables.

The RALODD signal is lav on lines without the 180 dece
phase adance in the modulatéd signal, termed NTSC
lines, and high for lines with the 180gitee phase adwce,
termed RL lines. This signal is used in theilst locled loop
to adwance the phase of the cosine table Ah khes. PAL-
ODD is alvays lav for NTSC.

Color Kill Counter

The demodulated U andlcomponents are compared to a
programmable trst level threshold. If both the U andldata
fall belaw this threshold, a color killdlg is set highThe

color kill counter is incremented once per line if the color
kill flag is high. If the count reaches 127 within oeélfithe
color Kill circuit becomes aaté during the ne field group.
When this occurs, the input video will be passed unaltered
on the luminance channel and the colofedénce signals

will be set to chroma black.

The color kill signal remains aeé until a feld with less

than 127 lines withouturst is encountered, at which time,
during the ngt vertical blanking period, the decoder is reset.
The operation of the color kill logic can be monitoratee
nally by reading the MONO gister bit in rgister 44hThe
MONO bit is HIGH for composite andC video signals and
LOW for monochrome signals.

Field Fla g, FLD

The FLD signal is the Isb of thesfd count FIR-p and is
LOW for fields where theffst vertical sync occurs in thedi
half of the line and is HIGH fordids when it occurs in the
second half of the lin@his signal is synchronized with the
frame and color framedys in the FID generator

I

The frame bit in RL is detected through the Bruch blanking
sequenceThe error signal control circuit generates a color

ill fI ag wheneer a line is detected without anst. It is

therefore possible to compare this signal with spekife
idents to determine theefd sequence in botrAB-I and
PAL-M. A set of specifi patterns determine the correct
phase of FIQ; if any of these patterns is detected then +ID
is forced to a knen state and thenyfivheels until the ne
fixed pattern is detected.

Table 9. PAL-B,G,H,l Bruc h Blanking Sequence

Internal Bur st Internal
line # present frame # Internal fi eld #
5 No Oor2 Oor4
309 No Oor2 Oor4
6 Yes Oor2 lor5
309 No Oor2 lor5
5 Yes lor3 20r6
309 Yes lor3 20r6
6 No lor3 3or7
309 Yes lor3 3or7

The frame bit is I for frames 0 and 2 and high for frames 1
and 3.
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Table 10. PAL-M Bruc h Blanking Sequence

Internal Bur st Internal 0
line # present frame # Internal fi eld # 10 S
i ~
7 No Oor2 0or 4 0 S
258 Yes Oor2 Oor4 g o \\\\Demodulator Filter 1
< - \-
7 No Oor2 lor5 2 40 \ \
259 No Oor?2 lor5 § " Demodulator Fil{er 2 \
< - [92]
7 Yes lor3 20r6 60 \ \ s
258 No lor3 20r6 . \ N
7 Yes lor3 3or7 8 =] S Q <] 3
S o S o o =
259 Yes lor3 3or7 Normalized Frequency
The frame bit is lwv for frames 0 and 2 and high for frames 1 Figure 22. Gaussian Low Pass Filters v
and 3. =
PAL Color Frame Bit 0 m
The PAL color frame bit is the msb of the field count, £ID TR _-.
In NTSC this is always low, as NTSC has only a 4 field se- = 2 DN Demodulator Filter 1
qguence. For both PAL-I and PAL-M inputs, the PAL color cJ \\\
frame bit is determined in the same way the frame bit is de- § “ N 1]
termined in NTSC, by using the phase of the subcarrier on & NN :
given pixel and on a given line. i 6 NN
< 8 Demodulator Filter 2 [\ \ 3 m
Hue Contr ol \\ ) i
One of two programmable 16 bit system phase offsets can t .10 N I <
added to the subcarrier oscillator between SAV and EAV. s 8 & 8 8 g ¥ I 9§ —
The selection is made by the BUFFER pin. This feature © © © o o o o o o :
allows the user to change the picture hue on known frames Normalized Frequency
without affecting the burst locked loop. Figure 23. Gaussian LPF Passband Detail ?
System Monitoring of the Bur st Loop Err or Bypassing the Chr ominance Demodulator [
. . L .The demodulation of the chrominance signal needs to be
The burst loop error signal is stored once per line in an 8 b'bypassed when the decoder is processiBGrEcomponent 5
register that can be accessed over the MiCroprocessor portyzi- o when ¥C output is requiredThe bypass operation
This allows the user to check for non-mathematical PAL in-i5 .o ntrolled by the DMODBY mgister bit m
puts and to the change the decoder architecture from frame- ' i
based to line-based or simple decoder depending on this ingypassing the Demodulation Lo w Pass Filter -
formation. The demodulation Lo pass fier needs to be bypassed when @)
Demodulation Lo w Pass Filter processing ECR component data or wherY& output is :

; : required.The BCR data can also be passed through the
There are tw different demodulation @ pass fiers that Gaussian fier if the bandwidth needs to be reducBe

can be selected under sofing. For FAL inputs with normal- L : .
ized subcarrier frequencies greater than 0.3 of the samplingbypass operation is controlled by the GBY register bit.

frequeng, it is recommended you use “demodulatiberfi2”
to stop aliasing of the second harmonic of the demodulatio
chrominance signal and the baseband coléerdifice sig-
nals. Gaussianlfers are used for both demodulatidtefis

Chrominance Coring
'Ehrominance coring, when agi sets the Isbs of the
chroma channel (beloa programmable threshold) to zero.

as thg have no neative coeficients and therefore bano VMCRs5 Operation
ﬁggﬁghoms onershoots which could cause in-band WhenVMCRSs is HIGH, the decoder will grab one line of

video in LSTOREL.This efectively remwes the comb ltier
from the decoding process, and the cortérfoutput is
forced to simple mode.
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Output Pr ocessor

Mixed Sync
@ + |
SGx[9:0]
Adaptive Luma m
¥ bata - - Notch Filter \)fj +
? ! } } * : — G/Y Data
VIDEOB ——+] PED[7:0] ANT YSEL ANEN YGx[9:0] YOFF[8:0]
LPF — | clamp [1:0] Output
e Formatter
256 | Circuit m
240 —| X
¥ ¥ — B/Cb Data
CLMP MSIP
(20 Fixed (B-Y)
U Data />_<\ Gain Stage — R/Cr Data
UGXx[10:0] /5(\
Fixed (R-Y)

m Gain Stage
V Data X

\J 65-22x5y-65

VGx[10:0]

Figure 24. Output Processor Block Diagram
Clamp Cir cuit Adaptive Notc h Filter

A clamp pulse generated by the Burst Gate signal is used t
grab either a sample of thengpass-fitered luma during the

video back porch, the signal ®DEOB, or one of tvo

internally generated Vels
CLMP[1:0] register bits.

.The selection is made by the

Table 11. Blanking Le vel Selection
CLMP[1:0] Blanking Selection
00 Internal 240 level
01 Internal 256 level
10 External VIDEOB Input
11 Internal LPF Output

The blanking lgel is subtracted from the decoded luma.

If the sign is ngative, the result is assumed to be etbsync

and is passed through a

within the output matrix. If the sign is posij the result is

delay and into the sgimcggage

Jhe FAL line-locked comb decoder canvez provide

perfect subcarrier cancellation due to the 25Hgedfin the
subcarrier frequenycThis 25Hz ofset causes residual and
phase modiéd subcarrier to be left on the luminance signal
which can produce a visible dot wrizon flat areas of color
However, for all comb fiter structures, the quality of the

comb depends on the quality of the sampling clock, as line to
line clock jitter will also cause small phase changes between
the inputs to the combltir. It is therefore possible that

NTSC comb decoders may also require some coring of the
luma outputTo meet the wide range of sample frequencies
that the decoder must deal withohseparate coringltiers

are selectable.

The luma signal from the pedestal stripper is compared
against the preceding mxto detect the magnitude change
between pigls.This magnitude diérence will be almost
zero for fht areas of picture, and d¢gr for high frequenc
changes in the picturéhe magnitude diérence is com-
pared to one of four programmable thresholde program-

assumed to be pure luma (blanking to peak white) and is feghable threshold is selected by &i¥T1-0 register bits as
to the pedestal remaal circuit.

Pedestal Remo val

The 8 bit programmable pedestal is subtracted from the pure
luma signalThe ngative super black signals are clipped to
zero when rgister OAh bit 4 is set L@, or the super black
signals are passed through the luma scalar wiggstee 0Ah

bit 4 is HIGH.

shown in Table 12.

Table 12. Adaptive Notc h Threshold Contr ol

ANT1-0 Magnitude diff erence
00 less than 16
01 less than 12
10 less than 8
11 less than 4
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If either of the error signals indicates that the magnitude
difference is abee the programmed threshold, oANIEN is
LOW, the adaptie notch fiter is bypassed.he output of the
adaptve notch fiter is rounded to 8 or 10 bits, or the luma
data that bypasses the corirftgefiis truncated to 8 or 10 bits
depending upon the C@Rrgyister bit.

0

it
/’-

-10 % — ]
20 \ N7 //,
a0 1 Adaptive Notch Adaptive Notch
30 " -

Filter 32 | Filter 1

-40

Attenuation (dB)
e ==L
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-50
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Filter 2
L

65-22x5y-09

-70

o
N

)

o
(32

<)

0.00
0.10
0.40
0.50

Normalized Frequency
Figure 25. Adaptive Notch Filters

Luma Notc h Filter

The simple luma notchlfér is centered at 0.25 of normal-
ized frequeny, it therefore intended for use only in the sub-
carrier mode (4 * fSC) and for limited use with 13.5MHz
NTSC as the subcarrier sits at 0.265 of normalized fre-
gueng. The notch fier is enabled by setting the NOH
register bit HIGH.

P
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c \/
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S 40
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Z 50 -
©
>
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o S <] S o o
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Figure 26. Luminance Notch Filter
Matrix

The magnitude of the decoded luminance and colterdif
ence signals will &y, not only with the standardubalso
with the input mode. &t this reason the output matrix
contains programmable multipliers, and not justdi
scaling fctors.The folloving sub sectionsxlain the difer-
ent scalar in the output matrikhe gain term in thér, mixed
sync, U and/ scalar is the same - only the weighting emk
them diferent.The scalar are capable of independently
providing 6dB of @in if required.

Programmab le U Scalar

The U scalar (UGx) prades the weighting required to
produce (B-Y) or @ from the demodulated U signal.

hence
(B-Y) =UGx *U

where UGx = gin / 0.493, and
CB=UGx*U
where UGx = (gin * 448) / Umax

UGx has a scaling range of 0 to (2047/256).

Programmab le V Scalar

TheV scalar (\Gx) provides the weighting required to
produce (R-Y) or @ from the demodulated signal.

hence

19id

(R-Y) =VGx *V

whereVGx = gain / 0.877, and

CR=VGx*V
whereVGx = (gain * 448) Vmax

VGx has a scaling range of 0 to (1023/256).

Aeuiu

Programmab le Y Scalar

TheY scalar (YGx) proides the scaling for the luminance
signal if the output i¥ CBCR, or controls the magnitude of
the RGB output along with the U scalar adhsicalar It is not
possible to control the magnitude of the RGB signals inde-
pendently

YGx has a scaling range of 0 to (1023/256).

Programmab le MS Scalar

The sync scalar (SGx) prinles the scaling for the sync
signal if the output requires sync on R@Bie programmed
sync scalingdctor is used during the horizontal aredtical
burst blanking periods. During the aeilines, the luma
scaling fctor is used to alw scaling of “super blacks” etc.,
which will be passed dae the mided sync path because yhe
fall below the clamp leel.

jeuwnioju]

uol

SGx has a scaling range of 0 to (1023/256).

Fixed (B-Y) and (R-Y) Scalar s

These tw scalars are zero when the outpf@gCR and
provide the (B-Y) and (R-Y) weighting when the output is
RGB. These are fied scalingdctors and are degd from
the folloving equations.

(G-Y) = - [(0.299/0.587) * (R-Y)]
- [(0.114/0.587) * (B-Y)]

or

(G-Y) = - [(1043/2048) * (R-Y)]
- [(398/2048) * (B-Y)]
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Y Offset

The 8 bitY offset adds anoffset required in th¥ or RGB

data outputs. & example 64 (16) for the 64 (16) to 940

(235) 10 bit (8 bit) 601 output¥/hen the output ¥CBCR

this offset is applied to the luminance data ofiilyeY offset
also praides the blanking lel for RGB

outputs with syncs.

Matrix Limiter s

The diferent limiters are listed bedg 10 bit data is
assumed.

Table 13. Matrix Limiters

Decoder Output CCIR 601 Spec
Color Y Cs Cr Y Cs Cr

LMT1-0 Comments

00 RGB output format, limited from 0 to 1023

01 YCBCR output format, Y limited from O to
1023 and CBCR limited to +/- 511.

10 RGB output format, limited from 64 to 940

11 YCBCR output format, Y limited from 64 to
940 and CBCR limited to +/- 448

Red 325 | -150 | 447 | 326 | -151 | 448
Blue 163 | 448 | -73 | 164 | 448 | -72
Black 64 0 0 64 0 0

PAL digital composite input and RGB (0-1023) outputs:

Color Y U
White 572 0 0
Yellow 507 -250 57
Cyan 401 84 -352
Green 336 -165 -295
Magenta 236 165 295
Red 171 -84 352
Blue 65 250 -57
Black 0 0 0

Examples of Output Matrix Operation
From the SMPTE-170M speaifition:

Color Y U
White 584 0 0
Yellow 523 -236 54
Cyan 423 79 -332
Green 361 -156 -278
Magenta 267 156 278
Red 205 -79 332
Blue 105 236 -54
Black 44 0 0

YCBCR data ranges are:

Y data range is 64 to 940 (876)
CBCR data ranges are 64 to 960 (+/- 448)

Matrix programming:

YGx = (876 / 540) = 1 + (159/256)
UGx = (448 / 236) = 1 + (230/256)
VGx = (448 / 332) = 1 + (89/256)
YOFF = 64

PED = 44

Decoder Output CCIR 601 Spec
Color Y Ce | Cr Y Cs CRr

White 939 0 0 940 0 0

Yellow | 841 | -448 | 73 | 840 | -448 | 72

Cyan 678 | 150 | -447 | 678 | 151 | -448

Green 578 | -296 | -376 | 578 | -296 | -375

Magenta | 426 | 296 | 376 | 426 | 296 | 375

The nominal scalinggictors are simply:

YGx = 1023/572 = 1 + (202/256)
UGX = (1023/572)*(1/0.492) = 3 + (163/256)
VGx = (1023/572)*(1/0.877) = 2 + (10/256)

YOFF=0
PED=0
Color G R B
White 1023 1023 1023
Yellow 1023 1023 0
Cyan 1023 0 1023
Green 1023 0 1
Magenta 0 1023 1022
Red 0 1023 1
Blue 0 0 1023
Black 0 0 0

It is also possible with the architecture supplied to use the
limiters on the output of the matrix to clip the output video
deliberately by using a slightly ge&r gain than is required.
TheY_Offset can achiee the same by setting italue to be
one Isb less than the minimum clipéé

Buff er Register s

The BUFFER pin allovs the user toxeéernally switch
between tw sets of internal gsters that hae the same
function.This register luffering allovs the matrix gin,
picture hue, and lumafsgt to be changed at a kmotime
relative to the input data.

Registers 17 to 1D are selected when thé-FBER pin is

LOW and rgisters 27 to 2D are selected when tiéFBER

pin is HIGH. If the msb of the decoder product code PRC
LOW, an 8 bit decoder has been selected and the bottom 2
bits of registers 17 to 1A and 27 to 2A are forced to zero.
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Simple Luma Color Correction

If the YBAL register bit is set HIGH, and the luma data
reaches oneeeds the luma limits, there should be mCE

or UV data at that time; therefore the color data are set to
ZERO. If YBAL is set LON then the @CR/UV data are
unafected by the luma data.

CBCR MSB Inversion

The msb of the 8CR data can be irerted by setting the
MSBO ragister bit HIGH.As this would afect the chroma
blanking level, this circuit appears at the output of the

MATRIX circuit.

Output Rounding

For compatibility with 8 bit systems, the output of the matrix Y, CB, and R component data are multiged into a single
can be rounded to 8 bits by setting the RNOfister bit

HIGH.

Output Formats

RGB Outputs

The RGB data are simply passed through to the decoder oltovided. The TRS words will be generated with respect to
put.When the DRSEN ggster bit is HIGH the DRS data are the HSYNC\ signal as per tAeNSI/SMPTE 125M-1992
inserted into the green data path only

YUV Outputs

TheYUV data are simply passed through to the decoder outrhey ¢ data are passed through to the decoder otghen
put.When the DRSEN gister bitis HIGH the DRS data are {he pRSEN rgister bit is HIGH the DRS data are inserted

inserted into the luminance data path only

YCBCR Outputs

TheYCBCR data can be output in 3aws, depending upon
the CDEC, F422, andUVT register bitsThese output
modes are summarized in .

When CDEC is HIGH and F422 is HIGH, the G/Y output is (PCK) or at twice the p&{ clock rate (PXCK). In the cases
set to 64 and the B/U output is set to 512 between the EA where the clock praded is PXCK, for gample the genlock

TRS data wrd and the fst preamble wrd of the SH TRS,

i.e. during the digital horizontal blanking peridtihen
YUVT is HIGH, R/V is set to 512, 64, 512, 64, etc., starting vided if the LDVIO register bit is LQV, if LDVIO is HIGH

after the EAX TRS data wrd and finishing before the SA

preamble.

Table 14. Output Format

Decimating C BCR Data

Wheneer the CDEC rgister bit is set HIGH the B/U and

R/V data are simply sample dropped, with respect to
CBSEL, to produce the multipled GBBCR data stream at the
PCK clock rate. If the input as initially D1 then the

dropped samples will be the interpolated samples produced
by the chroma interpolatioritér. If however the GCR data

are simply weighted UV data then the sample dropped
demodulated color dérence signals (UV) will alias around
0.25 of the normalized sample frequgnc

Multiple xed YCBCR Output (TRS Words
Inser ted)

When both the CDEC anJVT register bits are HIGH the

27MHz (PXCK) data stream with embeddERS words.
TheTRS words are generated based onK8YNC or
VSYNC pulses proided to the decodeand the internally
derived horizontal blankingHBLK), vertical blanking
(VBLK), and the #ld flag (FLD).This mode of operation is
only available if a line lockd PXCK clock, at 27MHz, is

and CCIR 656 specifations.

YC Outputs

into the luminance data path onfjhe luminance appears on
GlY, chrominance is on B/U and the R/V output is set to
zero, by setting th€_scalar to zero.

The LDV Clock

The decoder can accept clocks at either thel gbock rate

wiioju] Ateuiwijaid

mode, the output data still needs to be at the PCK clock ratw
To aid in the design ofxéernal circuitry a LIV clock is pro- p—t

then the LIV pin becomes an input for arternal clock. .

o

If an external LDV clock is emplged the user must ensure :
that the rising edge of theternal LDV meets the specéd

setup and hold times reladi to the input CLOCK pinThe
selection of which clock to use on the decoder output is set

by the OPSEL mgister bitWhen OPSEL is set LW the

output is clockd at the same rate as the clock on the

CLOCK pin, and when OPSEL is set HIGH the output is
clocked by the internal oréernal clock on the LW pin.

CDEC YUVT F422 GlY B/U RIV Comments
0 X X GorY B or C R or Cr [4:4:4] data
1 0 0 Y Cs Cr [4:2:2] data
1 0 1 Y CBCR 0 [4:2:2] data
1 1 X Y CBCR D1 data [4:2:2] data & D1 output
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Sync Pulse Generator

The \ertical and horizontal references to the decoder can b
from externalVSYNC and HSYNC pulses, decoded from

TRS andl'RS-ID words, or from the internal sync separator
which etracts the sync information from the digitized input

video.

The sync pulse generator (SPG)vpdes all the clock and
enable pulses required to synchronize the decoder operati
to the incoming video signalhese pulses are described

belaw, along with the microprocessor data required to

control them.

Internal Field and Line Numbering Sc

heme

The internal line numbering of the digital decodefed
from the standard video line numbering aswaiin the ) )
following tablesThe internal line numbers for a 3 line comb MBLK (Mixed Blanking)

adwance the numbering by 1 line with respect to the input, This signal is used in the matrix to switch between the
but are identical with respect to the internally one line
delayed decoded video.

Table 15. NTSC Field and Line Numbering

(o]

Standard | Standard Internal Internal Line
Field # Line # Field # #
1&3 1-3 1&3 260 - 262
1&3 4 - 263 0&2 0-259
2&4 264 - 265 0&2 260 - 261
2&4 266 - 525 1&3 0-259

Table 16. PAL B,G,H,I Field and Line Numbering

Standard | Standard Internal Internal Line
Field # Line # Field # #
1&5 1-312 0&4 0-311
2&6 313-625 1&5 0-312
3&7 626 - 937 2&6 0-311
4&8 938 - 1250 3&7 0-312

Table 17. PAL M Field and Line Numbering

Standard | Standard Internal Internal Line
Field # Line # Field # #
1&5 1-262 0&2 0-261
2&6 263 - 525 1&3 0-262
3&7 1-262 0&2 0-261
48&8 263 - 525 1&3 0-262

HSTBG (Bur st gate) ”
The lurst cate starts the 16 clock periodeaage of the

demodulated lirst ewelope.The position of the lrst cate is
programmed into a géster as the number of clock periods

from the &lling edge of sync to theubst enelope.

" Signal is available over the microprocessor data bus.

HBLK (Horizontal Blanking P eriod) *
The horizontal blanking period is LOW between the start of

SAV and the end of EAV. This signal is used in several

places:

a) To clear the SYSPH offset when LOW, this is required
for correct operation of the subcarrier phase locked loop,

b) To aid in the comb filter management,

c) Toremove the burst envelope on the demodulated UV

data,

c% To remove the syncs on the BLUE and RED outputs.

BBLK (Vertical Bur st Blanking P eriod)

The vertical burst blanking blanks the lines with no burst
from the burst phase locked loop. This signal is decoded from
the line ident, LIDy-g, and is modified by the video standard
and the field count.

sync scalar and the luma scalar. MBLK signal is active
wheneveHBLK is active or becomes active whéBLK
becomes activdMBLK is also active in PAL on line 310
when both VACT1 and FLD are HIGH and in NTSC and
PAL M on line 259 when VACT?2 is HIGH and FLD is LOW.

FLD"
The FLD is LOW for field 1 and HIGH for field 2.

LID4-0"

The line ID signals are used in the vertical comb filter
management to control the comb filter on the leading and
trailing lines of active video around the vertical blanking
period, to start and stop the VINDO operation, and in gener-
ating the vertical blanking and burst blanking periods.

VACT2"
VACT2 is HIGH during the second half of all active lines.

GRABF"

The GRABEF signal goes HIGH when the internal field count
is equal to the programmed field number for the GRAB
operation. f a pixel grab is being, this signal is held HIGH to
not inhibit the GRABS signal on each line.

GRABL"

The GRABL signal goes HIGH when the internal line count
is equal to the programmed line number for the GRAB
operation. If a pixel grab is being performed, this signal is
held HIGH to not inhibit the GRABS signal on each line.

GRABP"

The GRABP signal goes HIGH when the internal pixel count
is equal to the programmed pixel number for the GRAB
operation.

DVSYNC and DHSYNC (Output Pins)

TheDVSYNC andDHSYNC signals are active when GER

is LOW. When GCRis HIGH these signals are three stated.
Three line comb based decodersehan inherent line delay
therefore the inp0¢ SYNC andHSYNC signals can not be

just delayed by a e registers and output &3VSYNC and
DHSYNC.: they need to be delayed by one complete line. In

all other comb fter confgurations thddVSYNC and
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DHSYNC are referenced to the input data (OHA).And not
the output of the LSOREL, i.e. 1HFLA.

The duration of th®VSYNC signal is fked to one line and
the duration of th©HSYNC signal is 64 clock periods.

Both these signals are generated by the internal horizontal
and \ertical state machines.

The falling edge of these signals relatito the data matches
the requirements of tHEMC22x91 family of digital encod-
ers.

AVOUT Active Video (Output Pin)

The decoder produces an getvideo signal starting 4 PCK
before the programmed start of &etvideo and ending 4
PCK after the programmed end of getvideo.This signal is
used in both the video nméx (TMC22x8x) amily and the
digital encoder (TMC22x9x)imily. The end points of this
signal are figged by the internally generated\Sand EA/
signals.

VBLK (Vertical Blanking P eriod) ™

The \ertical blanking period conforms to the CCIR 656
speciftation for D1 component data streaifisis signal is
decoded from the line ident, LHX, and is actie low.

Table 18. Vertical Blanking P eriod

Internal fi eld no Internal line no

NTSC 0,2 0-5
260 & 261

1,3 0-6
260 - 262

PAL 0,2,4,&6 0-21
310 & 311

1,3,5 &7 0-22
311 & 312

PAL-M 0,2,4,&6 0-5
260 & 261

1,3,5 &7 0-6
260 & 262

BBLK (Vertical Bur st Blanking P eriod)

The \ertical lurst blanking blanks the lines with narbt
from the lurst phase load loop.This signal is controlled by
the video standard and thelfl count.The hurst blanking
signal is actie low.

™ Signal is available over the microprocessor data bus.

Table 19. Vertical Burst Blanking Period

Internal fi eld no Internal line no
NTSC 0,2 0-5
259 - 261
1,3 0-6
260 - 262
PAL 0&4 0-5
309 - 311
1&5 0-5
309 - 312
2&6 0-4
310 & 311
3&7 0-6
310-312
PAL-M 0&4 0-7
259 - 261
1&5 0-7
259 - 262
2&6 0-6
258 & 261
3&7 0-6
260 - 262

LID4-0 List of Line Idents

The line numbers required to produce all the decoder contr

signals are summarized in

Table 20. Table of Line Idents, LID[4:0]

Line no: LID4-0
0 00
1-4 01
5 02
6 03
7 04
8 05
9-16 06
17 07
18 08
19-21 09
22 O0A
23 0B
24 ocC
25 - 257 0D
258 OE
259 OF
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Table 20. Table of Line Idents, LID[4:0] (cont.)
Line no: LID4-0
260 & 261 10
262 11
263 - 307 12
308 13
309 14
310 15
311 16
312 17

Timing P arameter s

Subcarrier Pr ogramming

STS:The number of pigls between sync pulses

STB: The number of pigls between the nominal mid point

of sync and the start of the 16 @bourst cate.This value is
modified depending upon the mode of operation.

Table 21. Timing Offsets

Standar d Mode Offset required
X Genlock -8
X Line locked -8
X Subcarrier -22
PAL D2 mode -12
NTSC D2 mode -8
X D1 mode +12

BTV: The number of pigls between the start of the 16gdix

The color subcarrier is produced by an internal 28 bit Directourst gate and the nominal start of agtivideo.

Digital Synthesizer (DDS) which is phase ledko the brst
signal of the digitized video inputhe nominal frequerncis
programmed into the DDS as fols:

FREQ = (number of subcarrieyaes per line / number of

pixels per line) * 228

An example wuld be NTSC subcarrier mode

FREQ = (227.5/910) * 2728 = 400000xhe

Horizontal Timing

AV: The number of adte pixels in the actie video line.

The diference between the sum of STB+BTW+Aub-
tracted from STS prades the nominal front porch.

The horizontal video line is brek davn into four horizontal

timing parameters.

st8 | BTV |

AV

STS

Figure 27. Horizontal Timing

65-22x5y-68
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Vertical Blanking
0812891260 0 L2 8 4 s 8 48t
YT e Y
eSocl [ R I

FLD |

FIELDS 1 AND 3 17 18

258 259

Appaptiiity
S | T

VSYNG l

FLD |

FIELDS 2 AND 4

65-22x5y-69

Figure 28. NTSC Vertical Interval
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FIELDS 1 AND 5

sl T T T T 0T T T T T T 0T T T T 1
VEYNE | i

I\
FLD | A

| 00 0 T 0 T 1 1 |
VSYRC L )

65-22x5y-70

Figure 29. PAL-B,G,H,I,N Vertical Interval
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VINDO Operation

TheVINDO circuit uses the line idents on L4y, and the
blanking signals to control the comhdi output and the
blanking of therUV data in the output matrix during the
vertical blanking period.

The \ertical windav VINDO starts on the ffst line after the
last equalizing pulse, at LYo = 02.TheVINDO stays
HIGH from this line until th&/INDO count =VINDO4-0, or
theVBLK signal goes HIGH, at which time ti@dNDO goes
LOW. While theVINDO is HIGH the decoder operation is
controlled byvDIV, and during the time thé¢iINDO and
VBLK are LQV the decoder operation is controlled by
VDOV.

Table 22. PAL VINDO operation

Video Measurement

The TMC22x5y supports a compreheresiset of video
measurement techniques to aid the user in setting up the
gain, phase, etc. of the decoder and in trackingndeystem
errors.

Pixel Grab

The pixel grab allevs the user to grab one pbevery line,

or one piel out of the four 8ld sequence in NTSC or the 8
field sequence inAL, under softvare controlThe SET pin
can also be used to produce thesprab pulse if SEX0=
110 and PGEXT is set HIGH.

The 10 bit G/YB/U, R/V outputs are stored in one set of
four 8 bit registers in the FORMA block, while the 10 bit
luma and mird sync data and the 10 bit demodulated U and

LID4-0 | VINDO | VDIV | VDOV Y C V color difference signals are stored in a setw# 8 bit
00-01 X X X normal | normal registers in the GRAB circuit blockhe piel grab signal,
- - PIXEL, whether internally ongernally generated, is inter
02 - 0A 1 0 X simple | simple nally delayed to ensure that the all the grabbed data are from
02 - 0A 1 1 X flat black the same pigl relative to the line sync puls&éhe PIXEL
signal is equal to PGRAB or the logi@eD of PGRAB
02 - 0A 0 X 0 black | black with FGRAB and LGRAB, and is controlled by the LPGEN,
02 - OA 0 X 1 simple | black PGEN, and PGEXT ggster bits.
0B -17 X X x | normal | normal The luma and mied sync signals are multipied on the
. YMS data lis and the U and signals are multipbeed on
NTSC VINDO operation the UV data bs, at the PXCK clock rat&he pixel grab
signal accommodates for this when grabbing these
LID4-0 | VINDO | VDIV | VDOV Y C components.
00 -02 X X X normal | normal
- : An example of the pigl grab feature, is grabbing a ebin
03-06 1 0 X simple | simple the center of theurst period allwing the user to check the
03 - 06 1 1 X flat black burst height by reading the magnitude of the demodulated U
03-06 0 N 0 black | black andV componentsThis allovs the user to compensate for
ary chrominance gin errors in the output matrix.
03 -06 0 X 1 simple | black
07 -17 X X X normal | normal
C Dat !
; ata Luma 1 YMS
Video A —» dT |—~
Luma and Proc | ms |
, ch
Video B - Se;r)%rg:tlion ¢ Data U ——GIY
—> %ﬁt‘ﬁ,‘f Output
Chroma uv Formatter —— = B/U
Demodulation and Buffer
[ -y

register 3A/3C

Grab

register 3A/3C

register 3A/3C

MS Data|
Grab

register 3A/3C

,
Grab

Grab

Pixel

[or]
L

Figure 31. Pixel Grab Locations
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Table 23. Pixel Grab Contr ol

LGEXT | PGEN | PGEXT | LGEN | GRABS signal

0 0 X X GRABS =0

0 1 0 GRABS =
PGRAB

0 1 0 1 GRABS=FGRAB
& LGRAB &
PGRAB

0 1 1 X GRABS = NOT
(SET pin)

1 X 0 X GRABS =
PGRAB

1 X 1 X GRABS = NOT
(SET pin)

If a single pixel every 4 fields in NTSC and 8dids in AL is
required to be grabbed, PGG and PGEN gister 30h
should be set HIGHThe pixel grab signal is the logical
AND of the GRABRPGRABL, and GRABF signals. GRABP
goes HIGH wheneer the pixel count equals the programmed
pixel grab numbeitGRABL goes HIGH for one line when-
ever the line count equals the programmed line number
and the GRABF goes HIGH for &fil whenger the feld
number equals the programmeealdi count.

If the same pi&l on &ery line is required to be grabbed, then
PGG should be set M@, which internally forces GRABL
and GRABF to be forced HIGH enabling theegdigrab
when&er GRABP goes HIGH.

The SET pin can be used to pide an eternal grab signal
when PGEXT is set HIGH in géster 30h and the SET
function in rgister 00h, SET[2:0] is programmed to 110
(binary). In this mode theafling edge on the SET pin
triggers the pigl grab

The GRABR GRABL, and GRABF signals areailable on
bits 0,1, and 2 respeetily of the read only gister 41An
example of the pi&l grab feature, auld be grabbing a pét
in the center of theusst period allwing the user to check
the hurst height by reading the magnitude of the demodu-
lated U and/ componentsThis would then allev the user to
compensate for grchrominance @in errors in the output
matrix.

The pixel grab alue is delayed by 28 ps from the pigl
count.This is the delay for all the pgkgrab rgisters. Figure
32 shavs this delay relate to GHSYNCThis means that if
28 is placed in the PGalue, the actual pét grabbed is
pixel 0.

The top tw bits of the PG alue preide the quadrant and
the bottom 9 bits prade the ofset within that quadrant.

The intgyer part of STS/4 ges the maximum count for each

quadrant while the fractional result (bottonothits)
provides the 0,1,2, or 3 countfsét for the last quadrant.

For pixels \alue <= 4*Int(STS/4)
PG[10:9] = quadrant number
PG[8:0] = max quadrant count - Int(STS/4) +adinffset

For pixels \alue > 4*Int(STS/4)

The quadrant is alays number 3, ie PG[10:9] = 11 while the

pixel in excess of 4*Int(STS/4) is added to 1536.

Pixel STS-1

STS-1 -4-- -
Pixel Count
0 -- e T T T T
i\ Pixel 0
GHSYNC 1 L] U
STS-1

Pixel Grab

Pixel Grab !

value 0

28 pixels

Pixel Grab
value 28

Figure 32: Relationship Between Pixel Count and Pixel Grab Value
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Examples:

NTSC std with STS programmed to 858.
Base piels per quadrant = Int(858/4) = 214

Pixel 0O:

1. Pixel 0 <= 4*Int(858/4)

2. Required piel 0 < 214 therefore quadrant = 0,
[PG[10:9] = 00]

3. PG[10:0] =511 - 214 + (0+[0*214]) = 297

Pixel 56:

1. Pixel 56 <= 4*Int(858/4)

2. Required pirl 56 < 214 therefore quadrant =0
[PG[10:9] = 00]

3. PG[10:0] =511 - 214 + (56-[0*214]) = 353

Pixel 250:

1. Pixel 250 <= 4*Int(858/4)

2. Required piel 250 > 214 therefore quadrant =/= 0

3. Required pirl 250 < 428 therefore quadrant = 1,
[PG[10:9] = 01]

4. PG[10:0] = 1023 - 214 + (250-[1*214]) = 845

Pixel 800:

Pixel 800 <= 4*Int(858/4)

Required piel 800 > 214 therefore quadrant =/=0
Required piel 800 > 428 therefore quadrant =/= 1
Required piel 800 > 642 therefore quadrant =/= 2
Required piel 800 < 858 therefore quadrant = 3,
[PG[10:9] = 11]

PG[10:0]= 2047 - 214 + (800-[3*214]) = 1991

o

Pixel 856:

. Pixel <= 4*Int(858/4)
Required piel 856 > 214 therefore quadrant =/= 0
Required piel 856 > 428 therefore quadrant =/= 1
Required piel 856 > 642 therefore quadrant =/= 2
Required piel 856 < 858 therefore quadrant = 3,
[PG[10:9] = 11]
6. PG[10:>0] = 2047 - 214 + (856-[3*214]) = 2047

akrwbdE

Pixel 857:

1. Pixel 857 > 4*Int(858/4)

2. Therefore quadrant = 3, [PG[10:9] = 11]
3. PG[10:0] = 1536 + (857-[4*214]) = 1537

Composite Line Grab

The composite line grab is onlyailable in the 3 line comb
based decoders (TMC22053 aidC22153), and alles

the user to grab grine from the 4 &ld sequence in NTSC
or 8 field sequence inA. when LGEN is set HIGHWhen

the LGEN rgister bit is set HIGH the decoder automatically
switches to operate as a “simple” bandsplit decdder

SET pin can also be used to produce the line grab pulse if
SET2-0= 110 and LGEXT is set HIGH.

Once the line grab has been eatid the subcarrier oscilla-
tor is frozen with the SEED and phase from thgitr@ng of
the line, and the composite video in the 1H line store is
frozen by disabling the write signals in LORE1.The read

cycle for the frozen line store is still cloatt by PCKThe
subcarrier DDS and the internal read onlyisters will be
updated once per clock period as normalt,vall reload the
DRS SEED and PHASEalues at the lggnning of each line.
The G/Y, B/U, and R/V outputs will remain aeéi, and the
DHSYNC andDVSYNC signals will remained load to the
input or fywheel if the input has been reveal.

The pixel grab function can be used in conjunction with the
frozen line to gamine indvidual pixels inside the decoder

Parallel Micr oprocessor Interface

The parallel microprocessor intace, actie whenSERis
HIGH, emplgs a 12-line intedce, with an 8-bit datauls
and one address bit: tvaddresses are required fovide
programming and pointeegister managemeniddress bit
0 selects between reading/writing thgiséer addresses and
reading/writing rgister dataWhen writing, the address is
presented along with a M@ on theR/W pin during the dil-
ing edge ofCSEight bits of data are presented op@dur
ing the subsequent rising edgeG@8. One additionaldlling
edge ofCSis needed to me input data to its assigned
working registers.

In read mode, the address is accompanied by a HIGH on the
R/W pin during adlling edge oS The data output pins go

to a lav-impedance stat@bz afterCSfalls.Valid data are
present on R.otpowm after the &lling edge ofCS. Because

this port operates asynchronously with theeptiming,

there is an uncertainty in this datid output delay of one
PXCK period.This uncertainty does not apply ©dz.

Writing data to specidi control rgjisters of th@MC22x5y
requires that the 8-bit address of the contrgister of inter

est be writtenThis control rgister address is the base
address for subsequent write operatidiie base address
autoincrements by one for each byte of data written after the
data byte intended for the base address. If more bytes are
transferred than there areadlable addresses, the address

will not increment and remain at its maximuadwe of 3Fh.

Table 24. Parallel P ort Contr ol

A1-0| RIW Action

00 0 Load D7-0 into Control Register pointer
(block 00)

00 1 Read Control Register pointer on
D7-0

01 0 Load D7-0 into addressed XLUT
Location pointer (block 01)

01 1 Read addressed XLUT Location pointer
on D7-0.

10 0 Write D7-0 to addressed Control
Register

10 1 Read addressed Control Register on
D7-0

11 0 Write D7-0 to addressed XLUT Location

11 1 Read addressed XLUT Location on D7-0
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tPWLCS —»

=— tPWHCS —»

o TR

000000 Q000000000000 4

ADR
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65-22x5y-16

Figure 33. Microprocessor Parallel Port — Write Timing

— tPWLCS —

~— tPWHCS —

CS /
tsA tHA
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le— tDOM —» tHOM
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Figure 34. Microprocessor Parallel Port — Read Timing

Serial Contr ol Port (R-Bus)

In addition to the 12-wire parallel port, a 2-wire serial
control interhce is pruided, and actie whenSERis LOW.
Either port alone can control the entire chip. Up to eight
TMC22x5y deices may be connected to the 2-wire serial
interface with each dece hasing a unique address.

The 2-wire interfice comprises a clock (SCL) and a bi-direc-,

tional data (SB) pin. The Decoder acts as asdor recei-
ing and transmitting dataver the serial intedice.When the
serial inter&ce is not acie, the logic leels on SCL and
SDA are pulled HIGH by xernal pull-up resistors.

Data receied or transmitted on the $Dine must be stable
for the duration of the posit-going SCL pulse. Data on
SDA must change only when SCL is WD If SDA changes
state while SCL is HIGH, the serial intack interprets that
action as a start or stop sequence.

There are six components to seriasloperation:

Start signal

« Slave address byte

Block Pointer

Base rgister address byte
» Data byte to read or write
Stop signal

uoijewniojuj Ateuiwijaad

When the serial inteaite is inactie (SCL and SB are

HIGH) communications are initiated by sending a start sig-
nal. The start signal is a HIGH-to-\@ transition on SB
while SCL is HIGH.This signal alerts all sled deices that

a data transfer sequence is coming.

The first eight bits of data transferred after a start signal com-
prise a seen bit slae address (therfit seren bits) and a sin-
gle R/W bit (the eighth bit)The R/W bit indicates the

direction of data transferead from or write to the sla

device. If the transmitted ske address matches the address
of the deice (set by the state of the 3Ainput pins inTable

20), theTMC22x5y acknwledges by bringing S®&LOW

on the 9th SCL pulse. If the addresses do not match, the
TMC22x5y does not ackmdedge.
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Table 25. Serial Port Ad dresses

bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl
A6 As A4 A3 A2 A1 Ao
(MSB) (SA2) | (SA1) | (SA0)
1 0 1 1 0 0 0
1 0 1 1 0 0 1
1 0 1 1 0 1 0
1 0 1 1 0 1 1
1 0 1 1 1 0 0
1 0 1 1 1 0 1
1 0 1 1 1 1 0
1 0 1 1 1 1 1

Data Transf er via Serial Interface
For each byte of data read or written, the MSB s tise it
of the sequence.

If the TMC22x5y does not ackmdedge the master diee
during a write sequence, the SBemains HIGH so the mas-
ter can generate a stop signal. If the masteicdeloes not
acknavledge theTMC22x5y during a read sequence, the
Decoder interprets this as “end of dafehe SDA remains
HIGH so the master can generate a stop signal.

Writing data to specii control rgisters of thef MC22x5y
requires that the 8-bit address of the contrgister of inter
est be written after the sfta address has been established.

Reading (thdR/W bit of the slae address byte HIGH)

begins at the pngously established base addreEse

address of the readgister autoincrements after each byte is
transferred.

To terminate a read/write sequence toTtNEC22x5y; a stop
signal must be serA stop signal comprises a Mato-
HIGH transition of SIA while SCL is HIGH.

A repeated start signal occurs when the mastécelelriv-

ing the serial integce generates a start signal withorst fi
generating a stop signal to terminate the current communica-
tion. This is used to change the mode of communication
(read, write) between the slaand master without releasing
the serial intedce lines.

Serial Interface Read/Write Examples
Write to one control igister

 Start signal

+ Slave Address byteR/W bit = LOW)
» Block Pointer (00)

* BaseAddress byte

» Data byte to base address

» Stop signal

Write to four consecute XLUT locations

 Start signal
» Slave Address byteR/W bit = LOW)
* Block Pointer (01)

This control rgister address is the base address for subse- *+ BaseAddress byte
guent write operation3.he base address autoincrements by « Data byte to base address
one for each byte of data written after the data byte intended pgtg byte to (base address + 1)

for the base address. If more bytes are transferred than theye
are aailable addresses, the address will not increment and

remain at its maximumalue of 3FhAny base address
higher than 3Fh will not produce A€CKnowledge signal.

Data are read from the controgisters of th&fMC22x5y in
a similar manneReading requires twdata transfer opera-
tions:

The base address must be written with the R/W\ bit of the
slave address byte LU to set up a sequential read opera-
tion.

SDA /

= IBUFF

tDHO tDSU —»|

[—

{STAH
~— tDAL

SCL

~—tBAH

Data byte to (base address + 2)
» Data byte to (base address + 3)
» Stop signal

Read from one XLUT location

 Start signal

 Slave Address byteR/W bit = LOW)
* Block Pointer (01)

» BaseAddress byte

» Stop signal

A A

tsTASU

tsTosu

/\

65-22x5y-18

Figure 35. Serial Port Read/Write Timing
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Read from four consecué control rgisters

Start signal » BaseAddress byte

Slave Address byteR/W bit = HIGH) « Stop signal

Data byte from base address  Start signal

Stop signall  Slave Address byteR/W bit = HIGH)

» Data byte from base address
» Data byte from (base address + 1)

Start signal » Data byte from (base address + 2)
Slave Address byteR/W bit = LOW) » Data byte from (base address + 3)
Block Pointer (00) » Stop signal

SDA \ A Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 X Bit 6 X Bit 7 X Bit 8 X ACK x

65-22x5y-19
Figure 36. Serial Interface — Typical Byte Transfer
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Equiv alent Cir cuits and Threshold Le vels

Vbb Vop
O @)
—e —e
A —(—r — A&
Digital Digi
gital
nput O }— H_O Output
A= ——{r" A&
|_. |_
i i 27011B
- 270148 N
GND GND
Figure 37. Equivalent Digital Input Circuit Figure 38. Equivalent Digital Output
\| tois /
SET or RESET -
tena
0.5V
Three-State —NI—_J —-20v
Outputs " N A _~ 0.8V
0.5V 65-22X5y-76

Figure 39. Threshold Levels for Three-state
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Absolute Maxim um Ratings (beyond which the device may be damaged)®

Parameter Min. Max. Unit
Power Suppl y voltage -0.5 +7.0 \Y,
Digital Inputs
Applied Voltage -0.5 VDD+0.5 \Y
Forced current 3 4 -20.0 +20.0 mA
Digital Outputs
Applied voltage 2 -0.5 VDD+0.5 Y,
Forced current 3 4 -3.0 +6.0 mA
Short circuit duration (single output in HIGH state to ground) 1 second
Analog Output Shor t cir cuit duration (all outputs to gr  ound) infinite
Temperature
Operating, ambient -20 110 °C
junction 140 °C
Lead, soldering (10 seconds) 300 °C
Vapor Phase soldering (1 minute) 220 °C
Storage 150 °C
Notes:
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating

w

conditions. Functional operation under any of these conditions is NOT implied. Performance and reliability are guaranteed
only if Operating Conditions are not exceeded.

Applied voltage must be current limited to specified range.
Forcing voltage must be limited to specified range.
Current is specified as conventional current flowing into the device.

tPWHCK

H ///////;////////////;///////////////////////////////
CVBS XXXX ; PIXEL O I

)()()O( IPIXEL 1 )(X)(X PIXEL 2
|
Internal —/—\—/—\E—/—\—
PCK i
I
|

HSYNC

uoljeuwnioju] Ateurwiijaid

65-22x5y-77

Figure 40. Input Timing Parameters
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Operating Conditions

Parameter Min. Nom. Max. Units
VDD Power Supply Voltage 4.75 5.0 5.25 \%
VIH Input Voltage, Logic HIGH

TTL Compatible Inputs 2.0 VDD \%

Serial Port (SDA and SCL) 0.7*VDpD \%
VIL Input Voltage, Logic LOW

TTL Compatible Inputs GND 0.8 \%

Serial Port (SDA and SCL) GND 0.3*VDD \%
IOH Output Current, Logic HIGH -2.0 mA
loL Output Current, Logic LOW 4.0 mA
TA Ambient Temperature, Still Air 0 70 °C
Pixel Interface (input)
fcLK Pixel Rate (CKSEL = 0) 10 18 MHz

Master Clock Rate = 2X pixel rate (CKSEL = 1)1 20 36 MHz
tPWHCK | CLOCK pulse width, HIGH 8 ns
tPwLCK | CLOCK pulse width, LOW 13 ns
tsp Pixel Data Input Setup Time 8 ns
tHP Pixel Data Input Hold Time 2 ns
tsp HSYNC, VSYNC, and BUFFER setup time 5 ns
tHP HSYNC, VSYNC, and BUFFER hold time 6 ns
Notes:

1. Tested at fcLk = 30MHz

To aid in the understanding of the timing relationship between the PXCK avi¢lobk, when the LY signal is used as the
TMC22x5y output clock, the folleing block diagram of th@ MC22x5y output stage is primed.

Data In —— | D Q D Q —— GIJY, B/U, and R/V
Output Data

PXCK ———[> Ck Ck

2:1
mux

LDV ——MMMM
65-22x5y-78

Figure 41. Functional Block Diagram of the TMC22x5y G/Y, B/U, and R/V Output Stage
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Operating Conditions  (continued)

Parameter | Min. | Nom. | Max. | Units
Pixel Interface (output)
tPoD | CLOCK to DHSYNC and DVYSNC, AVOUT, and FID[2:0] Propagation 4 15 18 ns
Time
troD | CLOCK to data, Propagation Time 4 15 18 ns
tpoD | Int. or Ext. LDV to data, Propagation Time 4 15 18 ns
tHoD | Clock to DHSYNC and DVSYNC, AVOUT, and FID[2:0] Hold Time 25 ns
tHoD | Clock to Data, Hold Time 25 ns
tHOD | Int. or Ext. LDV to Data, Hold Time 2.5 ns
tENA | Enable to Low Z on Output Data 23 30 ns
tbis | Disable to High Z on Output Data 23 30 ns
tcLH | CLOCK to LDV (i/p) signal HIGH 9 0 ns
tcLH | CLOCK to LDV (o/p) signal HIGH 10 14 ns
| |
ItPOD I tPODI
|<—>: :<—>I
srsvie ) o
DHSYNC - | |
L
GIY, BIU |
RV Data )()(}(X PIXEL O ! )()(}(){ PIXEL 1 )()(XX PIXEL 2
. .
|
TMC22x5y |
Internal PCK
|t
I<—>

65-22x5y-79

Figure 42. Output Timing Parameters

73

uoljewoju] Ateuiwijdid



ion

Informat

iminary

Prel

TMC22x5y PRODUCT SPECIFICATION

Operating Conditions  (continued)

Parameter | Min. | Nom. | Max. | Units
Parallel Micr oprocessor Interface
tpwLcs | CS Pulse Width, LOW 2 Pixels
tpwHcs | CS Pulse Width, HIGH 3 Pixels
tsA Address Setup Time 8 ns
tHA Address Hold Time 2 ns
tsp Data Setup Time (write) 8 ns
tHD Data Hold Time (write) 2 ns
Serial Micr oprocessor Interface
tDAL SCL Pulse Width , LOW 1.0 us
tDAH SCL Pulse Width, HIGH 0.48 Us
{STAH Hold Time for START or Repeated START 0.48 us
tSTASU | Setup Time for START or Repeated START 0.48 us
tsTOsu | Setup time for STOP 0.48 Us
tBUFF Bus Free Time Betweeen a STOP and a START condition 1.0 us
tbsu Data Setup Time 80 ns
Electrical Characteristics
Parameter Conditions Min. Typ. Max. Units
IDD | Power Supply Currentt VDD = Max, fPxck = 27MHz 225 275 mA
IDDQ | Power Supply Current, Disabled VDD = Max 50 mA
lIH Input Current, HIGH VDD = Max, VIN = VDD +10 KA
hL Input Current, LOW VDD = Max, VIN = 0V +10 HA
lozH | Hi-Z Output Leakage Current, VDD = Max, VIN = VDD +10 UA
Output HIGH
lozL | Hi-Z Output Leakage Current, VDD = Max, VIN = 0V +10 HA
Output LOW
los | Short-Circuit Current -20 -80 mA
VOH | Output Voltage, HIGH G/Y9-0, etc?., IoH = MAX 2.4 v
VoL | Output Voltage, LOW GIY9-0, etc?., oL = MAX 0.4 \%
SDA, loL =3mA 0.4 \Y
SDA, loL = 6mA 0.6 \%
Ci Digital Input Capacitance 4 10 pF
Co Digital Output Capacitance 10 pF

Notes:
1. Typical Ipp with Vpp = NOM and Ta = NOM, Maximum Ipp with Vpp = 5.25V and Ta = 70°C
2. GIY[9:0], B/Y[9:0], R/V[9:0], DVSYNC, DHSYNC, LDV, AVOUT, FID[2:0]
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Switc hing Characteristics

Parameter Conditions Min. Typ. Max. Units
tpoz | Output Delay, CS to low-Z 9 ns
tHom | Output Hold Time, CS to high-Z 10 ns
tpom | Output Delay, CS to Data Valid 30 40 ns

Note:

Timing reference points are at the 50% level, digital output load <40pF.

System P erformance Characteristics
Parameter Conditions Min. Typ. Max. Units
RES Video Processing Resolution | TMC2205x 8 bits

TMC2215x 10 bits
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Programming Examples

Standard:
Mode:

Input Format:
Output Format:
Decoder:

Register Map:

NTSC-M
Line-Locked

13.5 Composite

RGB (0-1023) Sync on Green

Adaptive 3-Line Chroma Comb Filter

0 1 2 3 4 5 6 7 8 9 A B C D E F
D8 00 00 Al 20 28 00 10 40 00 12 02 00 04 24 09
5A 56 2E D2 23 00 00 2C | 1B 90 13 49 FO 01 00 00
40 F8 EO 43 00 00 07 XX XX XX XX XX XX XX XX XX
Standard: NTSC
Mode: Line-Locked
Input Format: NTSC Composite
Output Format: D1 Component
Decoder: 3 LineAdaptive Chroma Comb
Register Map:
0 1 2 3 4 5 6 7 8 9 A B C D E F
(00] 01 00 Al 20 00 ocC 10 40 40 34 00 80 14 24 09
1 BA | 47 35 D2 23 00 01 00 15 35 3D 51 C6 01 00 00
40 F8 EO 43 00 00 00 XX XX XX XX XX XX XX XX XX
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Programming Examples (continued)
Standard: NTSC
Mode: Line-Locked
Input Format: 13.5 MHz Composit®¥ideo
Output Format: YUV
Decoder: Adaptive 3-Line Comb
Register Map:
0 1 2 3 4 5 6 7 8 9 A B C D E F
Co | 01 00 | Al 20 00 | OC 10 40 00 34 00 80 14 24 09
5A | 50 2E | D6 | 23 00 01 00 15 35 | 3D | 51 | C6 | 01 00 00
40 F8 EO 43 43 43 00 XX XX XX XX XX XX XX XX XX
Standard: PAL
Mode: Line-Locked
Input Format: Composite
Output Format: YUV
Decoder: Adaptive 3-Line Comb
Register Map:
0 1 2 3 4 5 6 7 8 9 A B C D E F
DB | 01 00 24 08 00 00 15 40 08 36 00 | CO | 04 14 09
1 60 53 32 | CO | 23 00 01 00 00 07 24 51 00 05 00 00
90 15 13 54 24 25 07 XX XX XX XX XX XX XX XX XX
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Programming Examples (continued)
Standard: PAL

Mode: Line-Locked
Input Format: PAL-YC
Output Format: Y, Cb, Cr (D1 Out)
Decoder:

Register Map: No Comb

0 1 2 3 4 5 6 7 8 9 A B C D E F
D3 | 07 00 00 20 00 00 | OC | 40 08 24 60 03 00 0B | OA
1 60 53 44 D2 23 00 00 00 88 BF | 3C | 49 40 00 00 00
90 15 13 54 00 00 00 XX XX XX XX XX XX XX XX XX

Standard: NTSC-M
Mode: D1 Mode
Input Format: D1, GBYCR [Y] multiplexed data w/embedd&dRS words
Output Format: D1 Output
Decoder: 2 Line Chroma comb of gCR data

Register Map:

0 1 2 3 4 5 6 7 8 9 A B C D E F
Co | 1F | 37 E3 | 20 00 00 | OC | 40 40 34 60 09 04 F8 02

iminary

Prel

1 5A | 47

35

D2

23

00

0A

00

00

00

00

00

00

00

00

00

00 | 00

00

00

00

00

00

XX

XX

XX

XX

XX

XX

XX

XX

XX
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Programming Examples (continued)
Standard: NTSC-M
Mode: D1 Mode
Input Format: D1, GBYCR [Y] Multiplexed Data w/TRS
Output Format:  YCBCR, Output DHSync + BSync
Decoder: SimpleTranscoder
Register Map:
0 1 2 3 4 5 6 7 8 9 A B C D E F
CoO | 1F | 37 | E3 | 20 | OO | OO | OC | 40 | 40 | 34 | 00 | 09 04 | OA | 02
5A | 47 35 | D2 | 23 | 00 | OA | 00 | 00 00 | 00 00 | 00 00 | 00 00
00 00 00 00 00 00 00 XX XX XX XX XX XX XX XX XX
Standard: NTSC-M
Mode: D1 Mode
Input Format: YCBCR
Output Format: D1, GBYCR [Y] Multiplexed Data withTRS
Decoder: SimpleTranscoder
Register Map:
0 1 2 3 4 5 6 7 8 9 A B C D E F
CO | OF | O7 | A3 | 20 00 | OO | OC | 40 00 | 34 | 60 09 04 | OA | 02
1 5A | 47 35 | D2 | 23 00 00 | 00 00 00 | 00 00 00 00 | 00 00
00 00 00 00 00 00 00 XX XX XX XX XX XX XX XX XX
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Programming Worksheet
Standard:

Mode:

Input Format:
Output Format:
Decoder:

Register Map:

0 1 2 3 4 5 6 7 8 9 A B C D E F
XX XX XX XX XX XX XX XX XX
The DRS appears on the output at the rate.
Bandsplit Filter Demodulation Filter
RN 0~
.10 ™N _ .\
N\ 10 ~
@ -20 \ — & -20 \
o \Bandspllt Filter 2 <) N \\Demodulator Filter 1
S -30 c -30 AN
5 \ Py 5 NN
S 40 __ \ £ S .40
g Bandsplit Filter 1 \ / 7 \ [ £ Demodulator Filter 2 \
g 50 [\ A 2 5 \ \ )
\[ 1 e VO
60 AT XA\ R 60 \ g
| \‘?‘ \ a
-70 \I lrv \' 3 70 \ B
8 3 8 8 g 3 8 9 S 8 S 3
S o o S S o p= o )2 o o o
Normalized Frequency Normalized Frequency
Adaptive Notch Filter Non-Adaptive Notch Filter
0 l — 0 ——— e
-10 N /,— —= -10
& 20 N @ 20
g TN\ s g
= o | Adaptive Notch { \ Adaptive Notch =
c -30 - - c -30
Xe] Filter 3 ’ | Filter 1 S
T ©
5 -40 S -40
c c
g ) g
2 50 \ y Z 50 o
-60 Adaptive Notch —] f:‘ -60 g
Filter 2 2 N
-70 L © -70 8
8 3 8 3 g 3 8 ] R 8 g 3
=) (=} S} o o o o (=} o o o o

Normalized Frequency

Normalized Frequency
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Related Pr oducts

» TMC22071 GenlockingVideo Digitizer
* TMC22x9x Digital Video Encoders

» TMC2081 Digital Video Mixer

* TMC3003 Triple 10-bit D/A Cowerter

81
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Mechanical Dimensions — 100 Lead MQFP P ackage
Inches Millimeters Notes:
Symbol - - Notes 1. All dimensions and tolerances conform to ANSI Y14.5M-1982.
Min. Max. Min. Max. . . L
2. Controlling dimension is millimeters.
A — 134 — 3.40 . . . .
3. Dimension "B" does not include dambar protrusion. Allowable

Al 010 — 25 — dambar protrusion shall be .08mm (.003in.) maximum in excess of
A2 .100 .120 2.55 3.05 the "B" dimension. Dambar cannot be located on the lower radius

B .009 .015 .23 .38 3,5 or the foot.

C .005 .009 .13 .23 5 4. "L" is the length of terminal for soldering to a substrate.

D .904 .923 22.95 23.45 5. "B" & "C" includes lead finish thickness.

D1 .783 791 19.90 20.10

E .667 .687 16.95 17.45

E1l .547 .555 13.90 14.10

e .0256 BSC .65 BSC

L .025 .037 .65 .95 4

N 100 100

ND 30 30

NE 20 20

a 0° 7° 0° 7°

cce — .004 — .10

D

E1l

L T

< .20 (.008) Min.
~~ 0° Min.

Datum Plane

13(30) .
.005 (.012)

.13 (.005) R Min.

0.063" Ref (1.60mm) —{-=—»

— [T]

Lead Detail

; ; See Lead Detall
[ /
A A2 | T, )| e e
L -—B Seating Plane —/ 'C'_
Al Lead Coplanarity

S [c]
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Ordering Inf ormation

Temperature
Product Number Range Decoding Resolution Package Package Marking
TMC22051KHC 0°Cto 70°C Simple 8 bit 100-Lead MQFP 22051KHC
TMC22052KHC 0°C to 70°C 2-Line Comb 8 bit 100-Lead MQFP 22052KHC
TMC22053KHC 0°C to 70°C 3-Line Comb 8 hit 100-Lead MQFP 22053KHC
TMC22151KHC 0°Cto 70°C Simple 10 bit 100-Lead MQFP 22151KHC
TMC22152KHC 0°C to 70°C 2-Line Comb 10 bit 100-Lead MQFP 22152KHC
TMC22153KHC 0°C to 70°C 3-Line Comb 10 bit 100-Lead MQFP 22153KHC

The information contained in this data sheet has been carefully compilealieinat shall not by implication or otherwise become part of the
terms and conditions of wrsubsequent sale. Raythemhiability shall be determined solely by its standard terms and conditions of sale.
No representation as to application or use or that the circuits are either licensed or free from patent infringemend isrimtgolicel.
Raytheon resess the right to change the circuitry ang ather data at gntime without notice and assumes no liability for errors.

LIFE SUPPORT POLICY:
Raytheors products are not designed for use in life support applications, wheagimra 6r malfunction of the component can reasonably
be expected to result in personal injuithe user of Raytheon components in life support applications assumes all risk of such use and
indemnifies Raytheon Compgragninst all damages

Raytheon Electronics
Semiconductor Division
5580 Morehouse Drive
San Diego, CA 92121
619.457.1000
800.722.7074

Fax 619.455.6314
applications@Ij.sd.ray.com
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