TMC22X9X

TMC22090/22091
TMC22190/22191

Digital Video Encoders / Layering Engine

The TMC22X9X digital video encoders convert digital
computer image or graphics data (in RGB, YCgCp, or
color indexed format or a CCIR-601 signal into a standard
analog baseband television (NTSC or PAL) signal with a
modulated color subcarrier. PAL-M and NTSC without
pedestal are also available from the TMC22091/191.

Both composite (single lead) and S-VIDEO (separate
chroma and luma) formats are active simultaneously at the
three analog output pins, each of which generates a
standard video-level signal into doubly-terminated 75Q
load.

The TMC22X9X accepts digitized video from the
companion TMC22070 Genlocking Video Digitizer. Soft

switching between video sources is done under either
hardware or programmable data level control.

The TMC22190/191 offers a 4-layer keying capability,
bypassable CLUTs, and 30 overlay colors.

The TMC22X9X is fabricated in a submicron CMOS
process and packaged in 84-lead PLCCs. Performance is

guaranteed from 0°C to 70°C.
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All digital video encoding

Internal digital oscillators, no crystals required
Multiple input formats supported

— Input formats supported

— 24-bit and 15-bit GBR/RGB

— YCgCR422 or 444

— Color indexed

30 overlay colors (TMC22190/191)

Fully programmable timing

Supports input pixel rates of 10 to 15 Mpps

256 x 8 x 3 color look-up tables (bypassable on
TMC22190/191)

8-bit mask register

8-bit composite digital video input

Hardware and 24-bit data keying

Synchronizes with TMC22070 genlocking video
digitizer

8:8:8 video reconstruction

SMPTE 170M NTSC or CCIR report 624 PAL
compatible

TMC22091/191 also supports PAL-M and NTSC
without pedestal

Simultaneous S-VIDEO (Y/C) NTSC/PAL output
10-bit D/A conversion (three channels)
Controlled edge rates

3 power-down modes

Built-in color bars and modulated ramp test signals
JTAG (IEEE Std 1149.1-1990) test interface
Single +5V power supply

84-lead PLCC package

Raytheon Semiconductor 227
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General Description

The TMC22090/091/190/191 are totally-integrated
fully-programmable digital video encoders with
simultaneous composite and Y/C (S-VIDEQ)
outputs. The TMC22x9x video outputs are
compatible with SMPTE 170M NTSC, CCIR Report
624 PAL, PAL-M, and NTSC without pedestal
television standards. No external component
selection or tuning is required.

The encoders accept digital image data at the PD
port in one of several formats, which are matrixed
into luminance and chrominance components. The
chrominance signals are modulated onto a digitally
synthesized subcarrier. The luminance and
chrominance signals are separately interpolated to
twice the pixel rate, and converted to analog levels
by 10-bit D/A converters. They are also digitally
combined and the resulting composite signal is
output by a third 10-bit D/A converter. This
composite signal may be keyed (pixel rate
switching) with a second composite digital video
signal presented to the encoder.

For More Information call 1-800-722-7074.
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The output video frames may be internally timed by
the TMC22x9x, synchronized with the external
frame buffer, or slaved to the companion
Genlocking Video Digitizer (TMC22070). All
operational parameters are fully programmable
over a standard microprocessor port.

Table 1 shows the key features that distinguish the
members of the TMC22x9x family. All of the
information presented in this data sheet applies to
all of the TMC22x9x unless otherwise noted.
Statements, paragraphs, tables, and figures that
apply to only one or two of the encoders will have
notation specifying the applicable part number.

Timing

The encoder operates from a single clock at twice
the system pixel rate. This frequency may be set
between 20 MHz and 30 MHz (pixel rates of 10
Mpps to 15 Mpps). Within this range are included
CCIR-601, D2 NTSC, and square-pixel formats, as
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Table 1. Comparing the TMC22x9x Encoders

Feature 22090 22091 22190 22191
OL4.¢ pixel inputs for 30 overlay colors No No Yes Yes
Number of video layers supported 2 2 4 4
BYPASS\ input for bypassing CLUTs No No Yes Yes
Composite digital video from D5 _g Yes Yes Yes Yes
Luminance data from D_, No Yes No Yes
Luminance I/O processing No Yes No Yes
Extended EH and SL intervals No Yes No Yes
User-controllable SETUP No Yes No Yes
Individual D/A power-down mode No Yes No Yes
NTSC without SETUP No Yes No Yes
PAL-M No Yes No Yes
well as a variety of computer-specific pixel rates. Color Lookup Table

An array of programmable timing registers allows
the software selection of all pertinent signal
parameters to produce NTSC (with or without 7.5
IRE pedestal) and PAL, and PAL-M outputs.

Input Formatting

The input section accepts a variety of video and
graphics formats, including 24-bit GBR and RGB,
15-bit GBR and RGB, YCgCRr422, YCgCRr444, and
8-bit color-indexed data (Figure 1a and 1b).

The input section of the TMC22x9x includes a key
comparator which monitors the pixel data port with
three independent 8-bit comparators, and invokes
a video key when the selected registers match the
incoming data.

Mask Register

A Mask Register is provided which is logically
ANDed with incoming color-index data to facilitate
pixel animation and other special graphics effects.
The Mask Register is ahead of the Data Key
comparators and is enabled only when color-index
input is selected. Mask Register programming and
operation are similar to that of the 171/176 family of
graphics RAMDACS.
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The Color Lookup Table (CLUT)isa256 x 8 x 3
random-access memory, and provides means for
offset, gain, gamma, and color correction in RGB
and YCpCp operating modes. It provides a full 24-
bit color lookup function for color-index mode and
can be loaded in the same manner, with the same
data, as a standard VGA RAMDAC.

ColorSpace Conversion Matrix and interpolator

The matrix converts RGB data (whether from RGB
inputs or color-indexed CLUT data) into Y, B-Y, R-
Y format for encoding. In input configurations
where the pixel input is already in Y, B-Y, R-Y
format, the matrix is bypassed. When pixel data is
input in YCgCR422 format, the interpolation filters
produce YCgCpr444 for encoding.

Sync Generator

The TMC22x9x can operate in Master, Genlock, or
Slave modes. In Master and Genlock modes, the
encoder internally generates all timing and sync
signals, and provides Horizontal Sync, Vertical
Sync, and Pixel Data Control (PDC) to the external
frame buffer circuitry. PDC is independently
selectable to function as an input or an output. In
Genlock mode, the TMC22x9x timing is controlied
by the TMC22070 Genlocking Video Digitizer over
the CVBS; o bus, GVSYNC)\, and GHSYNC\. The

For More Information call 1-800-722-7074.
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Figure 1a. Pixel Data Format

MODE hse 1615 e 7 LS8 Format Control Register
RGB444 00010000
YCgCrdd4 00011100
YCgCrdé22 00011101
COLOR INDEX 0001X011
GBR15 00011010
RGB15 00010010
24300A

Figure 1b. Pixel Data Format (TMC22190/191 when CLUTs are Bypassed)
MODE “2{,?9 16 15 8 7 "%B Forms; BContrcilsl;egister
GBR444  foi | (G | fafoi | (B[ ol { iR igf 01011000
RGBA444 Ri i IR imfai |1 G i iglsi i i Bi s 01010000
YCsCrd44  fvi | 1Y i | ivfoi | 1CBl | eodow | iGR Ik 0101X000
Yootz [ 1TV T Tl | Oh | laed TR o] ototxoos
COLOR INDEX[p,i 1 Pixal | iple,i i Pixal | ip]e,i | Pixel i ip, 0101X011
RGB15 01010010
GBR15 01011010

* Cg and Cp are loaded on alternate LDV cycleé 24393A

For More Information call 1-800-722-7074. Raytheon Semiconductor 2.31



TMC22X9X

encoder, in turn, produces VHSYNC)\, VVSYNC\,
and PDC for the frame buffer interface.

In Slave mode, VHSYNC\, VVSYNC\, and PDC
(optional) are inputs to the TMC22x9x, and
determine when new lings, frames, and active
picture areas begin. It becomes the responsibility
of the external controlling circuitry to establish the
correct timing for these signals.

Horizontal and vertical synchronization signals are
digitally generated by the TMC22x9x with
controlled rise and fall times on all sync edges, the
beginning and end of active video, and the burst
envelope. All elements of horizontal sync timing
are programmable, as are the frequency, phase,
and duration of color burst.

Video Input

The TMC22x9x accepts genlocked synchronization
data and digital composite video signals from the
TMC22070 Genlocking Video Digitizer over the 8-
bit CVBS bus. The encoder synchronizes its digital
subcarrier oscillator to the video input from the
TMC22070 with this data. The composite video
data output from the TMC22070 is passed on to
the internal video switch for keying with the
encoded pixel data.

Chroma Modulator

A 32-bit digital subcarrier synthesizer feeds a
quadrature modulator, producing a digital
chrominance signal. The relative phases of the
burst and active video portions of the subcarrier
can be individually adjusted to compensate for
external phase errors and to effect a hue control.

interpolation Filters

Interpolation filters on the luminance and
chrominance signals double the pixel rate in
preparation for D/A conversion. This band-limited
process greatly simplifies the output filtering
required following the D/A converters and
dramatically reduces sin(x)/x distortion.

2-32
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An interpolation filter on the CVBS data similarly
raises the sample rate of the video signal, for
mixing with the encoded pixel data.

Composite Video Switch

The Composite Video Switch selects between the
composite video input (CVBS) and the composite
encoded pixel data on a pixel-by-pixel basis, under
the control of a key function.

Keying may be managed by hardware or software.
The hardware key input (KEY pin) directly controls
the video switch. The encoder may be
programmed to operate with a data key,
represented by three 8-bit registers that compare
with the 24 input bits. They operate in all input
modes and may be individually enabled or
disabled.

D/A Converters

The analog outputs of the TMC22x9x are the
outputs of three 10-bit D/A converters, operating at
twice the pixel clock rate. The outputs are capable
of driving standard video levels into a doubly-
terminated 75Q coaxial video cable (37.5Q total
load). An internal voltage reference is provided
which can be used to provide reference current for
the three D/A converters. For accurate video
levels, an external fixed or variable voltage
reference source is recommended. The video
signal levels from the TMC22x9x may be adjusted
to overcome the insertion loss of analog low-pass
output filters.

The D/A converters on the TMC22091/191 may be
powered-down via Control Register OE bits 5 and
6. The COMPOSITE D/A is controlled by bit 6 and
the LUMA and CHROMA D/A converters are
controlled by bit 5.

Microprocessor Interface

The microprocessor interface employs a 13 line
format. The RESET\ pin sets all internal state
machines to their initialized conditions, disables the
analog outputs, sets the internal SRESET\ bit LOW
(reset condition), and places the encoder in a
power-down mode. All register and CLUT data are

For More Information call 1-800-722-7074.
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maintained while in power-down mode. Returning
the RESET\ pin HIGH synchronizes the internal
pixel clock. If the HRESET bit is set HIGH, line 1
field 1 is started when RESET\ goes HIGH, and
SRESET\is ignored. If HRESET is LOW, the
encoder remains idle after RESET\ goes HIGH until
Control Register bit SRESET\ is set HIGH, which
initiates line 1 field 1.

Two address lines are provided and decoded for
access to the internal control registers, and CLUT.
Controls and CLUT are reached by loading a
desired address through the 8-bit D75 port,
followed by the desired data (read or write) for that
address. Both the CLUT and the control registers
are self-indexing, allowing continuous reads or
writes to successive addresses.

JTAG Test Interface

The TMC22x9x includes a standard 4-line JTAG
(IEEE Std 1149.1-1990) test interface port,
providing access to all digital input/output data
pins. This is provided to facilitate component and
board-level testing.

Test/Validation Mode

The TMC22x9x may be configured to produce
standard color bars or a 40 IRE modulated (or
unmodulated) video ramp, independent of any pixel
or video data input. Color bars are useful as an
idle system output signal. The test signals may be
employed to verify proper operation of the analog
video signal chain.

Pin Functions

The pins may be divided into nine categories:
Clocks

Frame Buffer Interface

Genlock Interface

Microprocessor Interface

Video Outputs

Analog Interface

JTAG Test Interface

Power and Ground

Factory test (22090/091)

CENOO AN

For More Information call 1-800-722-7074.

Clocks

PXCK

LDV

This 20 to 30 MHz clock is internally
divided by 2 to generate the internal
pixel clock, PCK, which a LOW on
RESET\ forces LOW. PXCK drives the
entire TMC22x9x, except the
asynchronous microprocessor interface
and the semi-synchronous LDV data
input clock. All internal registers are
strobed on the rising edge of PXCK.

On each rising edge of LDV, data on
PD.4 g are latched into the input
preload register, for transfer into the
input demuitiplexer on the next rising
edge of PCK.

Frame Buffer Interface

PD23.o

VHSYNC\

VVSYNC\

Raytheon Semiconductor

in YCgCpr, GBR, RGB, and color-
indexed pixel data enter the TMC22x9x
on PDyg 4. The specific format is found
in Figures 1a and 1b. LDV is the clock
that controls the loading of pixel data.

In Master and Genlock modes, the
TMC22x9x outputs horizontal sync on
this pin. In Slave modes, the
TMC22x9x accepts and locks to
horizontal sync input on this pin (with
vertical sync on VVSYNC\). VHSYNC\
and VVSYNC\ must be coincident such
that they are clocked into the
TMC22x9x on the same rising edge of
PXCK.

In two-line (separate V and H sync
signals) Master and Genlock modes,
the TMC22x9x outputs vertical block
sync (VVSYNC\ LOW for the 2.5 (PAL)
or 3 (NTSC) lines on which vertical
sync pulses occur). In composite sync
(H and V sync on same signal) Master
and Genlock modes, the TMC22x8x
outputs horizontal sync, vertical sync,
and equalization over this pin. In Slave
mode, the TMC22x9x accepts and
locks to vertical sync input on this pin
(with horizontal sync on VHSYNC\).
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PDC

KEY

OLg.o
(22190)
(22190)

BYPASS\
(22190)
(22191)
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VHSYNC\ and VVSYNC\ must be
coincident such that they are clocked
into the TMC22x9x on the same rising
edge of PXCK.

In Master mode, the TMC22x9x forces
PDC HIGH when and only when it
wants active video from the frame
buffer. During blanking ¢syncs,
equalization, burst, and porches), it
forces PDC LOW, signalling that it will
ignore any data presented over PDyg 4.
When PDC is used as an input, forcing
it HIGH puts the TMC22x9x into the
active video state. Forcing PDC LOW
leaves blank and burst unaffected, but
forces the TMC22x9x to output black
burst.

When the HKEN control bit is set HIGH
and hardware key pin, KEY, is HIGH,
video data entering on CVBS; 4 are
routed to the COMPOSITE output.
This control signal is pipelined so the
pixel that is presented to the PD port
when the KEY signal is invoked is at
the midpoint of the soft key transition.
When HKEN is LOW, KEY is ignored.
Like PD data, KEY is clocked into the
TMC22x9x on the rising edge of LDV.

30 of the 256 locations of the CLUTs
may be reserved for overlay operation.
These CLUT locations are directly
accessed by five input pins, OL, 4.
OL, o are entered into the TMC22190
on a pixel-by-pixel basis and select
which of the 30 overlay colors is to be
encoded. When all five OL,_q inputs
are LOW, no overlay occurs.

When BYPASS\ is HIGH, the CLUTs
are in the pixel data path within the
TMC22190/191. When BYPASS\ is
LOW, pixel data bypasses the CLUTSs.

Genlock Interface

GHSYNC\ In Genlock mode, the TMC22x9x will
start a new horizontal line (blank-to-
sync-edge transition) with each falling
edge of GHSYNC\. In non-genlock
modes, the TMC22x9x ignores
GHSYNC\. The internal pixel clock,
PCK, is aligned with the falling edge of
VHSYNC\ or GHSYNC\ (Genlock
mode).

GVSYNC\ In Genlock mode, the TMC22x9x will

start a new vertical sync sequence at

line 1 field 1 whenever GVSYNC\ and

GHSYNC\ are coincident such that they

are clocked into the TMC22x9x on the

same rising edge of PXCK. If

GVSYNC\ falls at any other time, the

TMC22x9x will assume that this marks

the start of field 2, and will ignore it (in

odd-field sync mode) or (in all-field sync
mode) respond by generating a single
vertical sync pulse, followed by 2 (PAL)
or 2.5 (NTSC) lines of vertical sync,
keyed to the next falling edge on

GHSYNC\. See Interface Control

Register bit 0 for odd-field and all-field

operation.

The encoder receives digitized video,
subcarrier phase, and subcarrier
frequency over this 8-bit bus at the
PCKrate. This data may be provided
by the companion TMC22070
Genlocking Video Digitizer. In Genlock
mode, the TMC22x9x expects
subcarrier phase and frequency data
during each line’s horizontal sync
interval, as well as video data when
keying is engaged, transferred at the
PCK rate.

CVBS,,

Microprocessor Interface

BYPASS\ is active only for certain D7, All control parameters are loaded into
modes of the Layering Control Register and read back over this 8-bit port. For
(LCR) when the Format Control digital testing, the five lower bits can
Register bit 6 is HIGH. also serve as a two-cycle 10-bit data
output port. For D/A converter testing,
Raytheon Semiconductor For More Information call 1-800-722-7074.
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Ao

CS\

RM\

RESET\

it can be used as a 10-bit two-cycle
input port, facilitating, for example,
ramp-based D/A converter linearity
tests.

As in a RAMDAC, this control governs
whether the microprocessor interface
selects a table address or reads/writes
table contents. It also governs setting
and verification of the TMC22x9x’s
internal operating modes, also over
port Dy 5.

When CS\ is HIGH, the microprocessor
interface port, Dy, is set to HIGH
impedance and ignored. When CS\is
LOW, the microprocessor can read or
write parameters over D;.5. One
additional falling edge of CS\ is needed
to move input data to its assigned
working registers.

When R/WA and CS\ are LOW, the
microprocessor can write to the control
registers or CLUT over D5 4. When
R/W\ is HIGH and CS\is LOW, it can
read the contents of any CLUT address
or control register over Dy .

Bringing RESET\ LOW sets the
software reset control bit, SRESET\,
LOW, forcing the internal state
machines to their starting states and
disabling all outputs. Bringing RESET\
HIGH synchronizes the internal pixel
clock (PCK = PXCK /2) to maintain a
defined pipeline delay through the
TMC22x9x. If HRESET is set HIGH,
the encoder is enabled when RESET\
goes HIGH. if HRESET is LOW, the
host restarts the TMC22x9x by setting
SRESET\ HIGH. RESET\ does not
affect the CLUT or the control registers,
except SRESET\.

Video Output

COMPO-
SITE

For More Information call 1-800-722-7074.

Analog output of composite D/A
converter, nominally 1.35 volt peak-to-
peak into a 37.5Q2 load.

LUMA

CHROMA

Analog Interface

VREF

COMP

Rrer

Analog output of luminance D/A
converter, nominally 1.35 volt peak-to-
peak into a 37.5Q load.

Analog output of chrominance D/A
converter, nominally 1.35 volt peak-to-
peak into a 37.5Q load.

External voltage reference input,
internal voltage reference output,
nominally 1.235 V.

Connection point for 0.1uf decoupling
capacitor.

Connection point for external current-
setting resistor for D/A converters. The
resistor (392Q2) is connected between
Rrer and Agyp- Output video levels
are inversely proportional to the value
of RREF'

JTAG Test Interface

TDI Boundary scan data input port.

TMS Boundary scan (HIGH)/normal
operation (LOW) selector.

TCK Boundary scan clock.

TDO Boundary scan data output port.

Power Supply

Vbp Positive digital power supply.

Voba Positive analog power supply.

DGND Dlgital Ground.

AGND Analog Ground.

Test

TEST Reserved for factory testing. These

(22090)  pins have no effect on the operation

(22091)  but do function as JTAG registers.

Raytheon Semiconductor

They should be grounded directly or
pulled down to ground with 1kQ or
smaller resistors.
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Table 2. Package Interconnections

Signal Type Name Function Value Package Pin
Clocks PXCK Master Clock Input TTL 79
LDV Pixel Data Load Clock TTL 78
Frame Buffer /O PDas.g Pixel Data Inputs TTL 52-63, 66-77
VHSYNC\ Horizontal Sync /O TTL 12
VVSYNC\ Vertical Sync /O TTL 13
PDC Pixel Data Control TTL 11
KEY Hardware Key Input TTL 4
Ol4o Overlay Data Inputs (22190/191) [ TTL 29, 48-51
BYPASS\ CLUT Bypass Control (22190/191) TTL 28
Genlock /O GHSYNC\ Genlock Horizontal Sync CMOS 83
GVSYNC\ Genlock Vertical Sync CMOS 82
CVBS,, Composite Video Inputs TTL 44-47,84,1-3
uProc I/0 D;, Data I/O Port TTL 14-21
1-0 pProc Port Controls TTL 8-9
CS\ Chip Select TTL 6
RESET\ Master Reset Input TTL 5
R/W\ Bus Read/Write Control TTL 7
Video Output COMPOSITE | NTSC/PAL Video 1VP-P| 33
LUMA Luminance-only Video 1VP-P| 35
CHROMA Chrominance-only Video tvpP-P} 37
Reference VRer Voltage Reference Input +123V| 30
COMP Compensation Capacitor 0.1 uF 39
Rrer Current-setting Resistor 392 Q 31
JTAG I/O TOt Data Input Port TTL 25
T™S Scan Select Input TTL 24
TCK Scan Clock Input TTL 23
TDO Data Output Port TTL 22
Power Vboa Analog Power Supply +H5V 40-43
Voo Digital Power Supply +5V 27, 64, 81
Ground AaND Analog Ground 0.0V 32, 34, 36, 38
Denp Digital Ground ooV 10, 26, 65, 80
Test TEST Factory testing (22090/091) ooV 28, 29, 48-51

2-36
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Control Registers

The TMC22x9x is initialized and controlled by a set
of registers which provide a high degree of control
over the TMC22x9x’s operating parameters. The
registers are organized into 13 categories:

Gilobal Control

Format Control

Interface Control

Test Control

Key Control

Misc. Control (22091/191)
Standards Control (22091/191)
Layering Control (22190/191)
Key Value

10. Timing

11. Subcarrier

12. Test /O

13. Mask Register

©CENOO RN

An external controller loads the Control Registers
through a standard interface port. It also loads the
CLUT and verifies (reads) its contents or those of
the Control Registers. The port is governed by
pins CS\, R/W\, and A, .

Table 3. Microprocessor Port Control

The Address Register for the CLUT and the Control
Register pointer automatically increment to allow
successive writes to sequential addresses. In the
CLUT, the Address Register has two additional bits
which increment in modulo-three to sequentially
access the red, green, and blue portions. All three
colors must be written when any CLUT address is
changed.

The control register autoincrement follows the
sequence indicated in the Control Register Map.
When it reaches address 40, it stops incrementing,
allowing multiple reads or writes of test data from/to
the TESTDAT register. To exit the test mode, reset
the Control Register pointer by setting A, 4, D70,
and R/W\ LOW and then bring CS\ LOW. Address
1F is a read-only status register. It is addressed by
the autoincrement sequencer. Any data may be
written into this port at that time but it will not be
stored. When address 50 is accessed, no
autoincrement takes place, allowing multiple writes
to the Mask Register.

A, o| RW\ [ Action

00 0 Load D;_q into Control Register pointer.
00 1 Read Control Register pointer on D_q.

01 0 Load D, into CLUT Address Register.
01 1 Read CLUT Address Register on Dy q.

10 0 Write D;_o to addressed Control Register.
10 1 Read addressed Control Register on D;.
11 0 Write D;_g to addressed CLUT location.

1 1 Read addressed CLUT location on D,

For More Information call 1-800-722-7074.
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Table 4. Control Register Map

Reg| Bit | Mnemonic | Function Reg| Bit | Mnemonic | Function
Global Control Register 04 | 4 | SKEXT Data key operation select
04 | 3-1| LAYMODE | LSBs of Layer Assignments
00| 75 (reserved) select
00| 4 | SRESET Software reset 04 0 | SKEN Data key enable
00 3 | PAL Standard select, NTSC or PAL
00| 2 | LUMDIS Luminance input disable Key Value Registers
00 1 | CHRDIS Chrominance input disable
00 0 | HRESET Software reset disable 05 | 7-0| DKEY Green/red/Y data key value
06 | 7-0 | EKEY Blue/green/Cq data key value
Format Control Register 07 | 7-0| FKEY Red/blue/Ch sata key value
01 7 (reserved) 08-00 (reserved)
01 6 | LCREN Layering Control Register enable
(22190/191) Misc. Control Register
01 5 | RAMPEN Modulated ramp test
01 4 | CB\ Color bar test OE | 7 | EFEN Register OE and OF enable
01 | 3-2| FORMAT | PDyg g input format select OE | 6 [ COMPD/A | COMPOSITE D/A disable
01 | 1-0| INMODE PD3 ¢ input mode select OE | 5 | SVIDD/A LUMA/CHROMA D/A disable
OE [ 4 | FKREN Luminance processing enabled
Interface Control Register OE [ 3 | RATIO Luminance ratio select
OE | 2 | TFLK Luminance pass threshold select
02 7 | VITSEN VITS lines enable OE 1 | 7512 EH/SL offset select
02 6 | SHCY Short-cycle test mode OE 0 | CB100 NTSC/PAL Color Bars
02 | 5-4| TBASE Time-base source select
021 3 | SOUT Sync output mode select Standards Control Register
02| 2 ]| FBDIS Frame buffer signals disable
02 1 | PDCDIR PDC master, slave select OF | 7 | EFEN Same as Reg OE bit 7 but read-
02 0 | FLDLK Field lock select only
OF { 6 | SIX25 625/525 line per frame select
Test Control Register OF 5 | PALID Phase alternate line select
OF { 4 | SETUP 7.5 IRE Pedestal Enable
03 7 (reserved) OF | 3-2| YGAIN Luminance gain settings
03] 6 | LIMEN Luminance limiter enable OF | 1-0| CGAIN Chrominance gain settings
03 | 5 | TESTEN Test enable
03| 4 | HOLDEN MSBs/LSBs hold select Timing Registers
03 3 | TSTMSB LSBs, MSBs in/out select
03 | 2 | LUMTST LUMA channel test 10 | 70| SY Horizontal sync tip length
03 1 | 8FSUBR 8-field subcarrier reset enable 11 [ 7-0| BR Breezeway length
03 | 0 | CHRTST CHROMA channel test 12 [ 7-0] BU Burst length
13 | 7-0{ CBP Color back porch length
Key Control Register 14 [ 7-0| XBP Extended color back porch 8 LSB
15 [ 7-0| VA Active video 8 LSB
04 7 (reserved) 16 | 7-01 VC Active video start 8 LSB
04 | 6 | HKEN Hardware key enable 17 | 7-0| VB Active video end 8 LSB
04 5 | BUKEN Burst key enable 18 | 7-6 | XBP Extended color back porch 2 MSB
04 | 4 | SKEXT Data key operation select 18 | 5-4| VA Active video 2 MSB
04 | 3 | DKDIS Green/red/Y data key disable 18 | 3-2| VvC Active video start 2 MSB
04 | 2 | EKDIS Blue/green/Cg data key disable 18 | 1-0| VB Active video end 2 MSB
04 1 | FKDIS Red/blue/Cp %ata key disable 19 | 7-0( FP Front porch length
04 0 | SKEN Data key enable 1A | 7-0] EL Equalization puise LOW length
1B | 7-0| EH Equalization pulse HIGH length
Layering Control Register 1C | 7-0| SL Vertical sync LOW length
(22190/191) 1D | 7-0( SH Vertical sync HIGH length
iE | 7-0| CBL Color bar length
04 7 | LAYMODE | MSB of Layer Assignments select 1F | 7-5| FIELD Field identification
04 | 6 | HKEN Hardware key enable 1F | 4-0| LTYPE Line type identification
04 | 5 | BUKEN Burst key enable
Notes: Functions are listed in the order used for reading and writing.
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For each register listed above, ali bits not listed are reserved and should be set to zero to ensure proper

operation.

The meaning of Register 04 (Key Control Register/Layering Control Register) is determined by Format Control

Register bit 6 (22190/191)
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Table 4. Control Register Map (continued)

Reg| Bit | Mnemonlic | Function

Subcarrier Registers

20 | 7-0 | FREQL Subcarrie- frequency 4th byte
(LSBs)
21 | 7-0| FREQ3 Subcarrier frequency 3rd byte
22 | 7-0 | FREQ2 Subcarrier frequency 2nd byte
23 | 7-0 | FREQM Subcarrier frequency 1st byte
(MSBs)
24 | 7-0| SYSPHL Video phase offset LSBs
25 | 7-0 | SYSPHM | Video phase offset MSBs 2
26 | 7-0 | BURPHL Burst phase offset LSBs <
27 | 7-0 | BURPHM Burst phase offset MSBs E
p=}
28-3R (reserved; =
Test VO Register

40 | 7-0 | TESTDAT | Test data input/output
Mask Register

50 | 7-0| MASK Mask register
Y-Component Register
60| 70| Y Y-compor.ent input/output

For More Information call 1-800-722-7074. Raytheon Semiconductor 239
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Control Register Definitions

Reg | Bit | Mnemonic | Function Reg | Bit | Mnemonic | Function
Global Control Register taken LOW. State
machines are reset and
00 |7-5 (reserved) held. When HRESET is
LOW, RESET\ may be
00 | 4 |SRESET\ |Software reset. When taken HIGH at any time.
LOW, resets and holds The TMC22x9x is enabled
internal state machines and and a new frame is begun
disables outputs. When with line 1, field 1 on the
HIGH (normal), starts and next PXCK after SRESET
runs state machines and is set HIGH. The D/A
enables outputs. converters are powered
down while RESET\ is
00 | 3 |PAL Video standard select. LOW. When HRESET is
When LOW, the NTSC HIGH, a new frame is
standard is generated with begun with line 1, field 1 on
7.5 IRE pedestal. When the next PXCK after
HIGH, PAL standard video RESET\ is taken HIGH.
is generated. In the SRESET is ignored. The
TMC22091/191, this bit is D/A converters remain
ignored if Register OE bit 7 active during the reset
is HIGH, enabling the OE sequence.
and OF registers.
Format Control Register
00 | 2 [LUMDIS |Luminance input disable.
When LOW (normal), 01 |7 (reserved)
luminance (Y') data from
external frame buffer is 01 | 6 {LCREN Layering Control Register
enabled. When HIGH, (22190) enable. When LOW, the
luminance (Y) data into the (22191) Layering Control Register
TMC22x9x is forced to O is not available and Key
IRE but sync pulses Control Register functions
continue from the LUMA are enabled. In this mode,
output. the TMC22190/191
functions like the
00 | 1 |[CHRDIS |Chrominance input disable. TMC22090/091. When
When LOW (normal), burst HIGH, the Layering Control
and frame buffer data into Register takes the place of
the TMC22x9x are enabled. the Key Control Register
when HIGH, burst and and enables the layering
frame buffer data are functions. Data loaded into
suppressed, enabling the Key or Layering Control
monochrome operation. Registers will remain but
have a different meaning if
00 | 0 {HRESET |Software reset enable. this bit is changed.
SRESET is forced LOW
when the RESET\ pin is

2-40
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Reg | Bit| Mnemonic | Function Reg | Bit | Mnemonic | Function

01 | 5 [RAMPEN |Modulated ramp test. modes.

When LOW (normal), the 00, 24-bit/pixel GBR, RGB,

TMC22x9x encodes and or YCgCRr444 data

outputs video enters from PDyg g

corresponding to input 01, YCgCRr422 data enters

data. When RAMPEN and from PDy3.g; Cg and Cg|

CB\ are both HIGH, an alternate from PD,g g

internally generated 40 IRE 10, 15-bit/pixel GBR or

modulated ramp is RGB data from PDy, 4

produced, preempting input 11, 8-bit/pixel color

data. indexed data enters

from PDy_q.

01 | 4 |CB\ Color bar test. When HIGH Bits 1 and 0 must be 00,
(normal}, the TMC22x9x 01, or 11 when the
encodes and outputs video Layering Control Register is}
corresponding to input enabled (22190/191).
data. When CB\,

RAMPEN, and Format Interface Control Register

Control Register bit 0 are

LOW, internally generated 02 | 7 [VITSEN VITS lines enable. When

color bars are produced, LOW, all UBB lines in the

preempting input data. vertical interval are black
burst regardless of input

01 |3-2|FORMAT |PDgyq g, input format select. data. When HIGH, all UBB
Two bits select RGB, GBR, lines in the vertical interval
or YCgCpg input data. become UVV active video
When bits 3 and 2 are: and are dependent upon
00, the CLUT outputis input data.

interpreted as RGB and
is converted to YCRCp. 02 | 8 |SHCY Short-cycle test mode.

10, the CLUT output is When LOW, normal
interpreted as GBR, operation is enabled. when
and is converted to HIGH, EH (equalization
YCgCh. pulse HIGH length) and SL

11, the CLUT output is (vertical sync LOW length)
interpreted as YCgCp. are shortened by 256.

01, is reserved

Bits 3 and 2 must be 00 or 02 |5-4| TBASE Time-base source select.

10 when the Layering These two bits set up the

Control Register is enabled TMC22x9x for either

(22190/191). genlock or frame buffer

control of timing. When bits|

01 |1-0{INMODE |PDys ¢ input mode select. 5 and 4 are:

These two bits set up the 00, the encoder counts out

TMC22x9x for either 444, its own time-base from

422, 15-bit, or 8-bit input input clock PXCK.

For More Information call 1-800-722-7074.
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Reg | Bit| Mnemonic | Function Reg | Bit| Mnemonic | Function
01, the encoder locks to 03 | 6 |LIMEN Luminance limiter enable.
synchronizing signals When LOW, all luminance
from external genlock. values are passed to
10, the encoder locks to modulator. when HIGH,
synchronizing signals luminance values are
from frame buffer limited to 101 IRE.
controller.
03 | 5 |TESTEN [Testenable. When LOW,
02 | 3 |SOUT Sync output mode select. normal operation is
When LOW, VHSYNC\ and enabled. When HIGH,
VVSYNC\ output separate TESTDAT._q (Register 40)
horizontal and vertical sync is connected to the
pulses. When HIGH, composite output (READ)
composite sync (H and V) and D/A converters
is output on VVSYNC\ whilg (WRITE) for test.
horizontal sync is output on
VHSYNC\. 03 | 4 |[HOLDEN |MSBs/LSBs hold select.
When LOW, alternates
02 | 2 |[FBDIS Frame buffer signals MSBs and LSBs in test, at
enable. When LOW, PXCK rate. When HIGH,
VVSYNC\ and VHSYNC\ reads/writes only MSBS or
outputs to frame buffer are LSBS in test (per TSTMSB,
enabled. When HIGH, bit 3)
VVSYNC\ and VHSYNC
outputs to frame buffer are 03 | 3 |TSTMSB |LSBS,MSBS hold select.
disabled. When LOW, connects 2
LSBs to TESTDAT, , for
02 |1 |PDCDIR |PDC master/slave select. testing when TESTEN is
When LOW, PDC is an HIGH. When HIGH,
output where the encoder is] connects 8 MSBs to
requesting data from the TESTDAT-, for testing
frame buffer. When HIGH, when TESTEN is HIGH.
PDC is an input, and directg
the encoder to accept data 03 | 2 |LUMTST {LUMA channel test. When
from the frame buffer. LOW (normal), the
luminance D/A converter is
02 | 0 |FLDLK Field lock select. When driven from luminance
LOW, (in Slave mode) the channel. When HIGH, the
encoder locks to each new luminance D/A converter is
field. When HIGH, the driven from TESTDAT for
encoder locks to field 1 testing when TESTEN is
only. HIGH.
Test Control Register 03 | 1 |8FSUBR |8-field subcarrier reset
enable. When LOW, the
03 1|7 (reserved) internal subcarrier
242 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Reg

Bit

Mnemonic

Function

Reg

Bit

Mnemonic

Function

03

04

04

04

CHRTST

HKEN

BUKEN

SKEXT

generator is reset with
frequency and phase data
from FREQ, SYSPH, and
BURPH registers every
eight fields. When HIGH,
the internal subcarrier
generator free-runs on the
basis of frequency and
phase data from the last
time it was reset. When
RESET\ goes LOW, the
subcarrier frequency and
phase will be reset from
FREQ, SYSPH, and
BURPH after field 8.

CHROMA channel test.
When LOW (normal), the
chrominance D/A converter
is driven from chrominance
channel. When HIGH, the
chrominance D/A converter
is driven from TESTDAT
when TESTEN is HIGH.

Key Control Register
(reserved)

Hardware key enable.
When LOW, the KEY input
pin ignored. When HIGH,
the KEY input pin is
enabled.

Burst key enable. When
LOW, output video burst is
generated on TMC22x9x.
When HIGH, output burst is
taken from genlock input
data.

Data key operation select.
When LOW, data keying is
allowed only during active
video. When HIGH, data

04

04

04

04

04

DKDIS

EKDIS

FKDIS

SKEN

LAYMODE

keying is allowed during
active video and blanking.

Green/red/Y data key
disable. When LOW,
green/red/Y input data is
enabled for data keying.
When HIGH, green/red/Y
input data is ignored for
data keying. This function
is enabled when Layering
Control Register is enabled
(22190/191).

Blue/green/Cg data key
disable. When LOW,
Blue/green/Cp input data is
enabled for data keying.
When HIGH, Blue/green/Cg
input data is ignored for
data keying. This function
is enabled when Layering
Control Register is enabled
(22190/191).

Red/blue/Cg data key
disable. When LOW,
redblue/Cg input data is
enabled for data keying.
When HIGH, red/blue/Cq
input data is ignored for
data keying. This function
is enabled when Layering
Control Register is enabled
(22190/191).

Data key enable. When
LOW, data keying is
disabled. When HIGH,
data keying is enabled.

Layering Control Register
(22190/191)

MSB of Layer Assignments
select

For More Information call 1-800-722-7074.
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Reg | Bit | Mnemonic | Function Reg | Bit | Mnemonic | Function

04 | 6 [HKEN Hardware key enable. Misc. Control Register
When LOW, the KEY input (22091/191)
pin ignored. -When HIGH,
the KEY input pin is OE | 7 |EFEN Register OE and OF enable.
enabled. When LOW, the functions

of Register OE and OF are

04 | 5 |BUKEN Burst key enable. When disabled. When HIGH,
LOW, output video burst is Registers OE and OF are
generated on active. When Registers OE
TMC22190/191. When and OF are enabled,

HIGH, output burst is taken Register 00 bit 3 is ighored.
from genlock input data.
For TMC22091/191,

04 | 4 {SKEXT Data key operation select. Register OE bit 7 will read
When LOW, data keying is back whatever value was
allowed only during active written. For
video. When HIGH, data TMC22090/190 Register OF
keying is allowed during bit 7 will only read back
active video and blanking. LOW.

04 |3-1{LAYMODE |three LSBs of Layer OE | 6 |COMPD/A | COMPOSITE D/A disable.
Assignments select When HIGH, the

COMPOSITE D/A converterf

04 | 0 [SKEN Data key enable. When is powered-down. When
LOW, data keying is LOW, the D/A is enabled.
disabled. When HIGH,
data keying is enabled. OE | 5 |SVIDD/A |LUMA/CHROMA D/A

disable. When HIGH, the
Key Value Registers LUMA and CHROMA D/A
converters are powered-

05 |7-0| DKEY Green/red/Y data key down. When LOW, they
value. Eight bits hold the are enabled.
match value which triggers
keying on red/Y. OE | 4 {FKREN Luminance processing

enable. When FKREN is

06 |7-0{EKEY Blue/green/U data key HIGH, the KEY input
value. Eight bits hold the defines the function of
match value which triggers CVBS input data. When
keying on green/U. the KEY input is HIGH,

CVBS data is keyed over

07 |7-0|FKEY Red/blue/V key value. PD input data. When KEY
Eight bits hold the match is LOW, CVBS data is
value which triggers keying assumed to be luminance
on blue/V. data delayed by one field.
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Reg | Bit | Mnemonic | Function Reg | Bit| Mnemonic | Function
When FKREN is LOW, the 256. When HIGH, the true
KEY input operates value for EH and SL is
normally, switching offset by 512.
between CVBS and PD
data. OE | 0 |[CB100 NTSC/PAL color bars
select. When HIGH, color
OE | 3 |RATIO Luminance ratio control bit. bars with 100% white level
When LOW, 1/2 of current are selected. When LOW,
luminance and 1/2 of field color bars will have 75%
delayed luminance from the white level.
CVBS input are added to
yield a new combined Standards Control
luminance value. When Register (22091/191)
RATIO is HIGH, 3/4 of
current luminance is added OF | 7 |EFEN Same as Register OE bit 7,
to 1/4 of the delayed but read-only.
luminance to produce a
new luminance value. OF | 6 [SiX2s Select 625 lines per frame.
When HIGH, the encoder
OE | 2 |TFLK Luminarice-pass threshold. assumes 625 line per
The difference between frame. When LOW, 525
current luminance and lines per frame are
delayed luminance (from assumed.
the CVBS inputs) is
compared against a preset OF | 5 [PALID PAL select. When HIGH,
threshold set by TFLK. Phase alternate line (PAL)
When TFLK is LOW, the operation is selected.
high threshold must be When LOW, operation
exceeded to trigger the conforms to NTSC
combining of current and standards.
delayed luminance
(according to RATIO). If OF | 4 [SETUP Setup enable. When
the higher threshold is not HIGH, a 7.5 IRE Pedestal i
exceeded, current added to the output video.
luminance is passed when LOW, no pedestal is
without modification. added.
When TFLK is HIGH, a OF {3-2| YGAIN Luminance gain settings
lower threshold is used to are adjusted to conform to
trigger the combining of the following NTSC and
current and delayed PAL standards:
luminance. 00 NTSC without SETUP
01 NTSC-A and PAL-M
OE | 1 |T512 EH/SL offset control bit. 10 PAL-l and PAL-N

When LOW, the true value
of EH and SL is offset by

11 (reserved)

For More Information call 1-800-722-7074.
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register 18.

Reg | Bit | Mnemonic | Function Reg | Bit | Mnemonic | Function
OF |1-0{CGAIN Chrominance gain settings 16 |7-0|{VC Active video start 8 LSBs.
are adjusted to conform to This 8-bit register holds the
the following NTSC and LSBs of a 10-bit value
PAL standards: which is the initial half
00 NTSC without SETUP active video length
01 NTSC-A and PAL-M extending from 0 to 1023
10 PAL-l and PAL-N PCK cycles. The two
11 (reserved) MSBs are located in control
register 18.
Timing Registers
17 |7-0(VvB Active video end 8 LSBs
10 |7-0|SY Horizontal sync tip length. This 8-bit register holds the
This 8-bit register holds a LSBs of a 10-bit value
value extending from 0 to which is the end half active
255 PCK cycles. video length extending from
0 to 1023 PCK cycles. The
11 |7-0|BR Breezeway length. This 8- two MSBs are located in
bit register holds a value control register 18.
extending from 0 to 255
PCK cycles. 18 |7-6|XBP Extended color back porch
2 MSBs. These two bits
12 |7-0|BU Burst length. This 8-bit hold the MSBs of a 10-bit
register holds a value value extending from O to
extending from 0 to 255 1023 PCK cycles. The
PCK cycles. LSBs are located in control
register 14.
13 |7-0{CBP Color back porch length.
This 8-bit register holds a 18 |5-4|VA Active video 2 MSB. These
value extending from 0 to two bits hold the MSBs of a
255 PCK cycles. 10-bit value extending from
0 to 1023 PCK cycles. The
14 |7-0| XBP Extended color back porch LSBs are located in control
8 LSBs. This 8-bit register register 15.
holds the LS3s of a 10-bit
value extending from 0 to 18 |3-2(VC Active video start 2 MSBs.
1023 PCK cycles. The two These two bits hold the
MSBs are located in control MSBs of a 10-bit value
register 18. which is the initial half
active video length
15 |7-0| VA Active video 8 LSBs. This extending from 0 to 1023
8-bit register holds the PCK cycles. The LSBs are
LSBs of a 10-bit value located in control register
extending from 0 to 1023 16.
PCK cycles. The two
MSBs are located in control 18 |1-0iVB Active video end 2 MSBs.

These two bits hold the
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Reg

Bit

Mnemonic

Function

Reg

Bit

Mnemonic

Function

19

1A

1B

1C

1D

1E

7-0

7-0

7-0

7-0

FP

EL

EH

SL

SH

CBL

MSBs of a 10-bit value
which is the end half active
video length extending from
0 to 1023 PCK cycles. The
LSBs are located in control
register 17.

Front porch length. This 8-
bit register holds a value
extending from 0 to 255
PCK cycles.

Equalization pulse LOW
length. This 8-bit register
holds a value from O to 255
PCK cycles.

Equalization pulse HIGH
length. This 8-bit register
holds a value extending
from O to 255 PCK cycles.
This value, when added to
256 (or 512), determines
the final pulse length in the
range of 256 to 511 (or
767) PCK cycles.

Vertical sync LOW length.
This 8-bit register holds a
value frem 0 to 255 PCK
cycles. This value, when
added to 256 (or 512),
determines the final pulse
length in the range of 256
to 511 (or 767) PCK cycles.

Vertical sync HIGH length.
This 8-bit register holds a
value extending from 0 to
255 PCK cycles.

Color bar length. This 8-bit
register holds a value which
is the length of each color
bar displayed extending
from 0 to 255 PCK cycles.

1F

1F

20

21

22

23

7-5

40

7-0

7-0

7-0

7-0

FIELD

LTYPE

FREQL

FREQ3

FREQ2

FREQM

Field identification (read
only). These three bits are
updated 12 PXCK periods
after each VHSYNC\. They
allow the user to determine
field type on a continuous
basis.

Line type identification
(read only). These five bits
are updates 5 PXCK
periods after each
VHSYNC\. They allow the
user to determine line type
on a continuous basis.

Subcarrier Registers

Subcarrier frequency 4th
byte (LSBs). This 8-bit
register holds the LSB (bits
7-0) of the 32-bit subcarrier
frequency value (non-
genlock modes). The next
eight most significant bits
are held in Register 21.

Subcarrier frequency 3rd
byte. This 8-bit register
holds bits 15:8 of the
subcarrier frequency value
(non-genlock modes). The
next eight most significant
bits are held in Register 22.

Subcarrier frequency 2nd
byte. This 8-bit register
holds bits 23-16 of the
subcarrier frequency value
(non-genlock modes). The
eight MSBs are held in
Register 23.

Subcarrier frequency 1st
byte (MSBs). This 8-bit
register holds the MSBs

For More Information call 1-800-722-7074.
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Reg

Bit

Mnemonic

Function

Reg

Bit

Mnemonic

Function

24

25

26

27

40

50

7-0

7-0

7-0

7-0

7-0

SYSPHL

SYSPHM

BURPHL

BURPHM

TESTDAT

MASK

(bits 31-24) of the 32-bit
subcarrier frequency value
(non-genlock modes).

Video phase offset LSBs.
This 8-bit register holds the
8 LSBs of color subcarrier
phase offset during active
video.

Video phase offset MSBs.
This 8-bit register holds the
8 MSBs of color subcarrier
phase offset during active
video.

Burst phase offset LSBs.
This 8-bit register holds the
8 LSBs of burst phase
offset for color adjustment.

Burst phase offset MSBs.
This 8-bit register holds the
8 MSBs of burst phase for
color adjustment.

Test I/0 Register

Test data input/output.

This 8-bit register holds
MSBs or LSBs, as
determined by the Test
Control Register. This
control address does not
autoincrement during read
or write operations. To exit
the test mods, reset the
Control Register pointer by
setting A, o and RMA LOW
and then bring CS\ LOW.

Mask Register
Mask register. This 8-bit

register holds an 8-bit word
that is logically ANDed with

60

7-0

the incoming data
presented to the three
CLUTs in color-index mode
This register is a write-only
register.

Y-Component Register

Y-component register. This
register holds the contents
of the luminance value
before the Sync and Blank
Insert circuitry of the
encoder. Loading the
Control Register pointer
with 60}, brings 8-bit Y
values out on the D;_g port.

2-48

Raytheon Semiconductor

For More Information call 1-800-722-7074.



TMC22X9X

Color Lookup Table

The CLUT can be used in a variety of ways,
depending on the data format and source
presented to the PD port.

The CLUT is loaded like a RAMDAC, sequentially
writing one byte to each of the three locations
associated with the selected CLUT address.

These three locations are referred to as Tables D,
E, and F (not R,G, and B because they may or may
not contain RGB information). and are loaded in
that sequence. The address will increment
automatically after the three values at one address
are written or read.

Color-index Modes

In color-index (Cl) mode, the CLUT is used to store
the color look-up data, translating the 8-bit source
pixel data into 24-bit RGB colors. Table D holds
red data, Table E is green data, and Table F holds
blue Data. The incoming data are presented to the
three tables in parallel, and a 24-bit output is
produced.

When the encoder is connected in paraliel with a
RAMDAC in a VGA system, the CLUT can be
loaded simultaneously with the CLUT in the output
RAMDAC. If a 6-bit RAMDAC is employed, 6 bits
can be loaded via data pins D;_, (MSB justified).
The two LSBs should be set to 00 for optimal biack
level representation, but the largest error
introduced by extraneous data in the LSBs is 3/4
LSB (at 6 bits). The encoder will produce the
closest possible translation of the VGA colors in the
encoded video environment.

GBR/RGB Modes
The nominal configuration for GBR/RGB modes is

unity gain (CLUT data = CLUT address) for PAL
and NTSC. Other transfer functions, such as gain

For More Information cali 1-800-722-7074.
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adjustment, offset, and gamma correction, are
easily loaded. The color data is loaded into the
tabies in G-B-R sequence in GBR mode, and R-G-
B sequence in RGB mode.

Luminance/Color Difference Modes

The TMC22x9x expects Y, B-Y, and R-Y signals at
the input to its modulator section. When presenting
CCIR-601 YCgCg or digitized Y, B-Y, R-Y data to
the CLUT, gain and offset factors are needed.
Table 5 specifies the recommended transfer
functions. CLUTSs are loaded in Y-Cg-Cq
sequence.

Overlay Operation

For the TMC22090/091 and TMC22190/191 (when
Format Control Register Bit 6 = LOW), the OL4 4
inputs are inactive. In CCIR-601 operation, the
nominal data range for Y is from 16 to 235 and for
Cg and Cg is from 16 to 240. This means that
CLUT locations 0 to 15 and 241 to 255 are
available for overlay colors. When the overlay
locations are addressed (by forcing CLUT
addresses outside the normal CCIR-601 data
range), the addressed CLUT data is encoded
resulting in the specific color found in that CLUT
location. Overlay colors information stored in the
unused CLUT locations must be Y, B-Y, R-Y
values. Y, B-Y, and R-Y values are found from
RGB values by:

Y= 0299 R + 0587 G + 0.114 B
B-Y = -0299 R - 0.587 G + 0.886 B
R-Y = 0701 R - 0587 G - 0.114 B

For the TMC22190/191, when the Format Control
Register Bit 6 = HIGH, Overlay is controlled by the
OL,.g inputs which directly access CLUT locations,
01 thru OF and F1 thru FF. The values stored in
these CLUT locations are to be in RGB format.
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Table 5. CLUT Transfer Functions for NTSC and PAL.

Input Format (CLUT Address) Output Format (CLUT Data)
Component Data Range Transfer Equations Component Data Range
R 0to 255 1-1 Ro 0to 255
G 0to 255 1-1 Go 0to 255
B 0to 255 1-1 Bo 0to 255
Y 16 to 235 Yo=Y"1.1644 - 18.63 Yo 0to 255
Cg +-112 (B-Y)g=Cpg*1.0126 (B-Y)o +-113
Cr +-112 (R-Y)o=CgR " 0.8011 (R-Y)o +/-90
Y 0to 255 1-1 Yo 0to 255
B-Y +/-127 (B-Y)o = (B-Y) * 0.893 (B-Y)o +-113
R-Y +-127 (R-Y)g = (R-Y) * 0.7065 (R-Y)o +/-90

Table 6. CLUT Locations Addressed by

Overlay Inputs (22190/191)

OL, o | CLUT iocation
00 No Overlay
01 01
02 02
0E 0E
oF OF
10 No Overlay
11 F1
12 F2
1E FE
1F FF

2-50

Color-space Conversion in the Matrix

When the input pixels are in RGB, GBR, or color-
index format and the CLUTs are bypassed
(22190/191), the Matrix remains enabled,
converting RGB data to color-difference format.
When the input pixels are in 444 format
(YCgCpr444, RGB, GBR, Cl), the Interpolator
(which converts 422 to 444) is not active. When
the input pixels are in YCgCp format, the CLUTs
are enabled and scale that data to color-difference
values, leaving the Matrix inactive. In color-index
mode, the Matrix is active, converting the RGB
CLUT output data to color-difference values.

Raytheon Semiconductor
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Table 7. Pixel Input Operation for Format Control Register bit 6 = HIGH (22190/191)

Format Control Register Pixel Data Format
FORMAT | INMODE BYPASS\ = LOW BYPASS\ = HIGH
Bit 3,2 Bit 1,0 CLUTs bypassed CLUTs enabled
00 (RGB) | 00 (444) RGB YCgCRré44
00 01 (422) RGB YCgCpré22
00 10 (15-bit) RGB RGB15 ©
00 11 (Cl) RGB Ci g
01 XX reserved reserved ;5
10 (GBR) { 00 (444) GBR YCpCr444
10 01 (422) GBR YCgCr422
10 10 (15-bit) GBR GBR15
10 11 (Cl) GBR o}
11 XX not allowed not allowed

Figure 2. Pixel Data (PD,, o) Sequence for YCgCgr422

Format Control Register Bit 6 = HIGH

s [TTTVITT ] TR [TTERITT]

pieiz [ T Vil TTICLI T T T T TRl T[]

Pixeia [ 11 1 Vo] Cks Chs

pos [ 111V 11111kl 11111 Rl 1]
III§JII 1"CL111 HK}&"H'

Pixel n n j |

B T YR LI T el LT L1 Fkl 1]

Format Control Register Bit 6 = LOW

Pixet 2 %= 1]

Pixel 3 ====z,r== T

Pixola | | 1 ¥l [ [ ][] [Gri|] %@%@ﬁ%
1 i i

Pein | | [ TV [ [T TTTCed [ FEREEETE]

Pixet ne1 [ [ Valsl T qn_,l {1 Ebbiidg]

27003A

Note that the pixel input sequence begins on the first LDV pulse after PDC goes HIGH.

Gamma Correction

Gamma is built into broadcast television systems
as a correction factor for nonlinearity in the signal
path. These nonlinearities occur in image

acquisition (nonlinear conversion of light into
current in a vidicon) and at the display (nonlinear
conversion of voltage into beam current in a CRT

and phosphor nonlinearity in converting current into

light). To minimize the number of nonlinear
amplifiers needed, these factors were combined

For More information call 1-800-722-7074.
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into a single term, Gamma, which is applied to the
signal at the camera (there are fewer cameras than
receivers).

Gamma is employed in television production to

give a particular "feel” to a picture, hence it is not a
fixed value, even within a given television system.
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A Gamma corrector transfer function takes the form

of
Output = k ( Input )1

where a typical Gamma is 2.2 for NTSC, 2.8 for
PAL.

Computer systems usually ignore Gamma in
driving a display monitor. Each R, G, and B
channel is treated as linear. When encoding a
computer display output to video, the user must
decide whether to apply a gamma correction factor
and, if so, what value. ltis a good assumption that,
since the digital video input over the CVBS bus is
in composite form, it has been Gamma corrected.

Gamma correction is applied in the RGB domain.
When operating in YCgCp, for example when
encoding a CCIR-601 signal, Gamma should have
aiready been applied. Gamma correction is readily
added to the RGB transfer equations shown in
Table 5.

Figure 3. Typlical Gamma Curve for NTSC.
1.0

o
©

o
»

Gamma = 2.2
OUT = (IN)"22

OUTPUT
o
H

0.6
INPUT

08 1.0

24222A
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Video Timing

The TMC22x9x can be programmed to
accommodate a wide range of system timing
requirements. With a line locked pixel rate of 10 to
15 Mpps, the digitally synthesized horizontal
waveforms and subcarrier frequency and phase
are determined from 24 registers that are loaded by
a controller.

Horizontal Programming

Horizontal interval timing is fully programmable,
and is established by loading the timing registers
with the durations of each horizontal element, the
duration expressed in PCK clock cycles. In this
way, any pixel clock rate between 10 MHz and 15
MHz can be accommodated, and any desired
standard or non-standard horizontal video timing
may be produced. Figure 4 illustrates the
horizontal blanking interval with timing register
identification.

Horizontal timing parameters can be calculated as
follows:

t = N x (PCK period )

N x (2 x PXCK period )

where N is the value loaded into the appropriate
timing register, and PCK is the pixel clock period.

Horizontal timing resolution is two PXCK periods.
PXCK must be chosen such that it is an even
integer multiple of the horizontal line frequency.
This ensures that the horizontal line period, H,
contains an integer number of pixels. The
horizontal line comprises the sum of appropriate
elements.

H=FP + SY + BR + BU + CBP + VA
When programming horizontal timing, subtract 5
PCK periods from the calculated values of CBP

and add 5 PCK periods to the calculated value for
VA.

For More Information call 1-800-722-7074.
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Figure 4. Horizontal Blanking Interval Timing
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Table 8. Horizontal Timing Specifications

Parameter NTSC-M PAL-I PAL-M
(ns) (ns) (us)
FP 1.5 1.65 1.9
SY 47 47 4.95
BR 0.6 0.9 0.9
BU 2.5 2.25 2.25
CBP 1.6 2.55 1.8
VA 52.6556 51.95 51.692
H 63.5556 64.0 63.492

Vertical Programming

Vertical interval timing is also fully programmable,
and is established by loading the timing registers
with the durations of each vertical timing element,
the duration expressed in PCK clock cycles. In this
way as with horizontal programming, any pixel rate
between 10 and 15 Mpps can be accommodated,
and any desired standard or non-standard vertical
video timing may be produced.

Like horizontal timing parameters, vertical timing
parameters are calculated as follows:

t = N x (PCK period )

N x (2 x PXCK period )

where N is the value loaded into the appropriate
timing register, and PCK is the pixel clock period.

For More Information call 1-800-722-7074.

The Vertical Interval comprises several different
line types based upon H, the Horizontal line time.

H=(2xSL) + (2x SH) [Vertical sync pulses]
=(2x EL) + (2 x EH) [Equalization pulses]

The VB and VC lines are added to produce the
half-lines needed in the vertical interval at the
beginning and end of some fields. These must
properly mate with components of the normal fines.

vB
vC

CBP + VA - XBP
VA - (EL + EH)

H/2 - CBP
VA - H/2

where Equalization HIGH and LOW pulses ( EL +
EH) = H/2 and the Extended Color Back Porch,
XBP = VA + CBP - VB. XBP begins after the
end of burst, BU, taking the place of CBP in vertical
interval UBV lines.

Figure 5. Vertical Sync and Equalization Pulse
Detall

[

‘_
EL SH
24319A
Table 9. Vertical Timing Specifications
Parameter NTSC-M PAL-I PAL-M
(us) (us) (us)
H 63.5556 64 63.492
EH 29.4778 29.65 29.45
EL 23 2.35 23
SH 47 47 4.65
SL 271 27.3 271

Raytheon Semiconductor
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Figure 6. NTSC Vertical Interval
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Table 10. NTSC Field / Line Sequence and Identification

Fleld 1 Fleld 2 Field 3 Field 4
FIELD ID = x00 FIELD ID = x01 FIELD ID = x10 FIELD ID = x11

Line iD LTYPE| Line ID LTYPE| Line iD LTYPE] Line iD LTYPE

EE 00 264 EE 00
EE 00 265 EE 00
EE 00 266 ES 01
SS 03 267 SS 03
§S 03 268 §S 03
269 SE 02
EE 00 270 EE 00
EE 00 271 EE 0o
EE 00 272 EB 10
usB oD 273 uBB oD

EE 00 264 EE 00
EE 00 265 EE 00
EE 00 266 ES 01
SS 03 267 SS 03
S§S 03 268 §S 03
269 SE 02

EE 00 270 EE 00

EE 00 27 EE 00

EE 00 272 EB 10
usB oD 273 uBB oD

SPXNOUNHWN =
[}
(%)
o
@
SOWONORAWN =
(]
(]
=)
@

20 |{ueB | oo | 282 | ues | oo | 20 |ues | oo | 282 | uss | oD
21 fuw | oF | 283 |usv | oe | 21 |uw | oF | 283 | uBv | oE
22 [uw | oF | 284 |uw | oF | 22 |uw | oF | 284 | uw | oF
262 | uw | ofF | 524 |uw | oF. | 262 | uw | oF | s24 | uww | oF
263 | UVE | oc | 525 | uw | oF | 263 | uve | oc | s25 | uw | oF

EEEqualization pulse

SEHalf-line vertical sync pulse, half-line equalization pulse
SSVertical sync pulse

ESHalf-line equalization pulse, half-line vertical sync pulse
EBEqualization broad pulse

UBB Black burst

UVV  Active video

UVEHalf-line video, half-line equalization pulse
UBVhalf-line black, half-line video

Master and Genlock mode details of VHSYNC\, VVSYNC\, and composite VVSYNC\ (SOUT = HIGH)
outputs are shown in Figures 6 and 7. When VHSYNC\ and VVSYNC\ are used as inputs (Slave mode),
their falling edges mark the beginning of the sync interval and the width of the input pulse is specified under
Operating Conditions.

For More Information call 1-800-722-7074. Raytheon Semiconductor 255
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Figure 7. PAL Vertical Interval
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Table 11. PAL Field / Line Sequence and ldentification

Field1and5 Fleld 2and 6 Field3and 7 Fleld4and 8
FIELD ID = 000, 100 FIELD ID = 001, 101 FIELD ID =010, 110 FIELD ID = 011, 111

Line ID |LTYPE| Lire ID |(LTYPE| Line ID |LTYPE| Line ID |LTYPE

SS 03 313 ES 01 626 S§S 03 938 ES 01
SS 03 314 SS 03 627 SS 03 939 §S 03
SE 02 315 SS 03 628 SE 02 940 S§S 03
EE 00 316 EE 00 629 EE 00 941 EE 00
317 EE 00 630 EE 00 942 EE 00
-BB 05 318 EB 10 631 usB oD 943 EB 10
usB 0D 319 uBeB oD 632 usB oD 944 -8B 05
usB oD 320 uBB oD 633 usB 0D 945 uBB oD

8
-
@
£
E]
=

ONONHAWN =
m
m
[=]
(=]

22 ues 0D 335 usB oD 647 usB oD 960 uBs oD
23 uBv OE 336 uvv oF 648 uBv OE 961 uvwv OF.
24 uvv OF 337 uvv OF 649 uvv OF 962 uvv OF
308 uvv OF 621 uvv OF 933 uvv OF 1246 | UVV OF
309 uvv OF 622 -w 07 934 uvv OF 1247 | UVV OF
310 -vv 07 623 -VE 04 935 uvv OF 1248 -VE 04

311 EE 00 624 EE 00 936 EE 00 1249 EE 00
312 EE 00 625 EE 00 937 EE 00 1250 EE 00

EEEqualization pulse

SEHalf-line vertical sync pulse, half-line equalization pulse
SSVertical sync pulse

ESHalf-line equalization pulse, half-line vertical sync pulse
EBEqualization broad pulse

UBB Black burst

-BBBlack burst with color burst suppressed

UVV  Active video

-VVActive video with color burst suppressed

UVEHalf-line video, half-line equalization pulse
-VEHalf-line video, half-line equalization pulse, color burst suppressed.
UBVhalf-line black, half-line video

For More Information call 1-800-722-7074. Raytheon Semiconductor 257
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Figure 8. PAL-M Vertical interval
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Table 12. PAL-M Field / Line Sequence and Identification

Fleld 1 and 5 Fleld 2 and 6 Fleld3and 7 Fleild4and 8
FIELD ID = 000, 100 FIELD ID = 001, 101 FIELD ID =010, 110 FIELD ID = 011, 111

Line ID LTYPE| Line ID LTYPE| Line ID LTYPE| Line iD LTYPE

SS 03 263 ES 01
S8 03 264 SS 03
§S 03 265 S§§ 03
EE 00 266 SE 02
267 EE 00
EE 00 268 EE 00

SS 03 263 ES 01
S8 03 264 S§S 03
8§S 03 265 S8 03
EE 00 266 SE 02
267 EE 00
EE 00 268 EE 00
-BB 05 269 EB 10 -BB 05 269 EB 10
-BB 05 270 -BB 05 usB 05 270 -BB 05
uUBB oD 271 uBB 1D 271 usB 1D

o
°
o
E
S
=

©CONOALWN =
m
m
o
o
ONONDWN -
m
m
(=]
o

17 uBB 0D 279 ues oD 18 uvv OF 279 uBB oD
18 uvv OF 280 uBv OE. 280 usv OE.
281 uvv OF 258 uvv OF 281 uvv OF
259 uvv OF . 259 -W 07 .
260 -VE 04 521 uvv OF 260 -VE 04 521 uvv OF
261 EE 00 522 A 07 261 EE 00 522 uvv OF
262 EE 00 523 EE 00. 262 EE 00 523 EE 00
524 EE 00 524 EE 00
525 EE 00 525 EE 00

EEEqualization pulse

SEHalf-line vertical sync pulse, half-line equalization pulse
SSVertical sync pulse

ESHalf-line equalization pulse, half-iine vertical sync pulse
EBEqualization broad pulse

UBB Black burst

-BBBlack burst with color burst suppressed

UVV  Active video

-VVActive video with color burst suppressed

UVEHalf-line video, half-line equalization pulse
-VEHalf-line video, half-line equalization pulse, color burst suppressed.
UBVhalf-line black, half-line video

For More Information call 1-800-722-7074. Raytheon Semiconductor 259
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Table 13. Standard Timing Parameters

Fleld Horizontal Pixel PXCK Timing Register (hex)
Standard Rate Freq. Rate Freq. [SY BR BU CBP XBP VA VC VB Note1 FP EL EW2 SL2 SH CBL

(HzZ) (kHz) (Mpps) (MHz) [10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E
NTSC sqr. pixel | 59.94 15734266 1227 2454 [3A 07 1F OF 23 88 05 77 65 12 1C 6A 4D 3A &2
NTSC CCIR-601] 59.94 15734266 1350 2700 |40 08 22 11 3F CB 1E 9D 65 14 1F B8E 6E 3F 59
NTSC 4x Fsc 50.94 15734266 1432 2864 |43 09 24 12 54 F7 30 B5 65 15 21 A6 84 43 SF
PAL sor.pixel | 50.00 15625000 14.75 2950 |45 oD 21 21 6D 03 2B B7 75 19 23 B5S 93 45 61
PAL CCIR601 | 50.00 15625000 1350 2700 |40 OC 1E 1D 4D C3 13 93 65 16 20 90 71 3F 58
PAL 15 Mpps 50.00 15625000 1500 3000 [46 OD 22 21 73 11 31 BF 75 19 23 BD 9A 47 62
PAL-M sqr.pixel | 60.00 15.750000 1250 2501 (3 0B 1C 13 26 8 FE 8B 61 18 1D 70 53 3A 52
PAL-M CCIR-60] 60.00 15750000 1350 2700 |44 OC 1E 13 26 Bf 12 99 6 1A tF BE 6E 3F 57
PAL-M4x Fsc | 60.00 15750000 1430 2860 |47 OD 20 15 4C E8 22 AC 65 1B 21 A5 84 42 SD
Note: 1. XBP, VA, VC, and VB are 10-bit values. The 2 MSBs for these four variables are in Timing Register

18. See Table 4.

2. EH and SL are 9-bit values. A most significant "1" is forced by the TMC22x9x since EH and SL must
range from 256 to 511. Extending the range of EH and SL to 767 is possible in the TMC22091/191.
Only the eight LSBs are stored in Timing Registers 1B and 1C.

3. Every calculated timing parameter has a minimum value of 5 except EH and SL which have minimum

values of 256.

VITS Signal Insertion

in both NTSC and PAL, the TMC22x9x can be set
up to allow VITS signals in the vertical interval in
place of normal black burst lines (UBB). This is
controlled by the Interface Control Register bit 7. If
this bit is LOW, UBB lines are black burst and are
independent of TMC22x9x input data. If the bit is
HIGH, all vertical interval UBB lines become UVV.
UVV lines are active video and depend upon data
input to the TMC22x9x. VITS lines may be used
for inserting special test signals or for passing
captioning data through the encoder.

Edge Control

SMPTE 170M NTSC and Report 624 PAL video
standards call for specific rise and fall times on
critical portions of the video waveform. The
TMC22x9x does this automatically, requiring no
user intervention. The TMC22x9x digitally defines
slopes compatible with SMPTE 170M NTSC or
CCIR Report 624 PAL on all vital edges:

1. HandV Sync leading and trailing edges.

2. Burst envelope.
3. Active video leading and trailing edges.

2-60
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Subcarrier Programming

The color subcarrier is produced by an internal 32-
bit digital frequency synthesizer which is completely
programmable in frequency and phase. Separate
registers are provided for phase adjustment of the
color burst and of the active video, permitting
external delay compensation, color adjustment, etc.

In Master or Slave mode, the subcarrier is internally
synchronized to establish and maintain a specified
relationship between the leading edge of horizontat
sync and color burst phase (SCH). In NTSC and
PAL, SCH synchronization is performed every eight
fields, on field 1 of the eight-field sequence. Proper
subcarrier phase is maintained through the entire
eight fields, including the 25 Hz offset in PAL
systems. See the description of 8FSUBR under
Test Control Register bit 1 for the subcarrier reset
function.

in Genlock mode, the phase and relative frequency
of the incoming video is transmitted by the
TMC22070 Genlocking Video Digitizer over the
CVBS bus at the beginning of each line, which
synchronizes the digital subcarrier synthesizer.
When control register bit BUKEN is HIGH and
digitized burst from the TMC22070 is passed

For More Information call 1-800-722-7074.
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through to the reconstruction D/A converter, the

reference subcarrier for the chrominance modulator

is still synthesized within the encoder.
NTSC Subcarrier

For NTSC encoding, the subcarrier synthesizer
frequency has a simple relationship to the pixel
clock period, repeating over 2 lines: The decimal
value is:

FREQ = (455 / 2)x 2%

( pixels / line )

This value must be converted to binary and split
into four 8-bit registers, FREQM, FREQ2, FREQS3,
and FREQL. The number of pixels / line is:

Pixels / line = ( 2 / PXCK frequency )( H period )

SYSPH establishes the appropriate phase
relationship between the internal synthesizer and
the chroma modulator. The nominal value for
SYSPH is zero.

Other values for SYSPH must be converted to
binary and spilit into two 8-bit registers, SYSPHM
and SYSPHL.

Burst Phase (BURPH) sets up the correct relative

NTSC modulation angle. The value for BURPH is:

BURPH = SYSPH + 8,192 = SYSPH + n/4

Table 14. Standard Subcarrier Parameters

This value must be converted to binary and split
into two 8-bit registers, BURPHM and BURPHL.

PAL Subcarrier

The PAL relationship is more complex, repeating
only once in 8 fields (the well-known 25 Hz offset):
FREQ = _(1135/4)+(1/625) x 2%
( pixels / line)

This value must be converted to binary and split as
described previously for NTSC. The number of
pixels / line is found as in NTSC.

st
=1
I
E
El
=

For PAL, the decimal value for SYSPH is found
from:

SYSPH = FREQ/ 217

This value must be converted to binary and spilit
into two 8-bit registers, SYSPHM and SYSPHL.
Burst Phase in PAL is identical to SYSPH.
Therefore, the same values for SYSPHM and
SYSPHL must be used for BURPHM and BURPHL.

PAL-M Subcarrier

FREQ=(909 / 4)x 232
( pixels / line )

SYSPH = FREQ/ 27 = BURPH

Field Horizontal Pixel PXCK Subcarrlorl Subcarrier Register (hex)
Standard Rate Freq. Rate Freq. Freq. |BURPHM BURPHL SYSPHM SYSPHL FREQM FREQ2 FREQ3 FREQL
(Hz) (kHz) (MH2) (MHz) (MHz) 27 26 25 24 23 22 21 20
NTSC sqr. pixel |59.94 15.734266 12.27 24.54 3.57954500| 20 00 00 00 4A AA AA c7
NTSC CCIR-601{59.94 15.734266 13.50 27.00 3.57954500 20 00 00 00 43 EO F8 3E
NTSC 4x Fsc 59.94 15.734266 14.32 28.64 3.57954500 20 00 00 00 40 00 00 00
PAL sqr. pixel 150.00 15.625000 14.75 29.50 4.43361875 00 00 00 00 4C F3 18 19
PAL CCIR-601 |50.00 15.625000 13.50 27.00 4.43361875 00 00 00 00 54 13 15 96
PAL 15 Mpps 50.00 15.625000 15.00 30.00 4.43361875| 00 00 00 00 48 AA Ccé Al
PAL-M sqr.pixel | 60 15.750 1250 25.01 3.5756114 00 00 00 00 49 45 00 51
PAL-M CCIR-601 60 15,750 13.50 27.00 3.5756114 00 00 00 00 43 DF 3F D7
PAL-M 4x Fsc 60 15750 14.30 28.60 3.5756114 00 00 00 00 40 10 66 F5
For More Information call 1-800-722-7074. Raytheon Semiconductor 261
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SCH Phase Error Correction

SCH refers to the timing relationship between the
50% point of the leading edge of horizontal sync
and the positive or negative zero-crossing of the
color burst subcarrier reference. SCH error is
usually expressed in degrees of subcarrier phase.
In PAL, SCH is defined for line 1 of field 1, but
since there is no color burst on line i, SCH is
usually measured at line 7 of field 1. The need to
specify SCH relative to a particular line in PAL is
due to the 25 Hz offset of PAL subcarrier
frequency. Since NTSC has no such 25 Hz offset,
SCH applies to all lines.

The SCH relationship is only important in the
TMC22x9x when two video sources are being
combined or if the composite video output is
externally combined with another video source. In
these cases, improper SCH phasing will result in a
noticeable horizontal jump of one image with
respect to another and/or a change in hue
proportional to the SCH error between the two
sources.

SCH phasing can be adjusted by modifying
BURPH and SYSPH values by equal amounts.
SCH is advanced/delayed by one degree by
increasing/decreasing the value of BURPH and
SYSPH by approximately B6,. An SCH error of
15% is corrected with SYSPH and BURPH offsets of
AAA,.

Video Test Signals

The TMC22x9x has two standard video test
waveforms available for evaluating video signal
integrity. These are selected and controlled by the
Format Control Register.

Setting the Format Control Register bits 0, 4, and 5

LOW generates standard color bars at the
COMPOSITE output (Figure 9), the luminance
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component stair-step signal at the LUMA output,
and the chrominance component on the CHROMA
output. The six colors are 100% saturated PAL
and 75% saturated for NTSC. The exact location
of each color vector (subcarrier amplitude,
subcarrier phase) can be measured using industry-
standard instrumentation (vectorscope).

The percentage color saturation is selectable via
Control Register OE, bit 0 in the TMC22091/191.

The color bar test pattern produced comprises
eight equal-width bars during VA, the active video
period. The Timing Register value for CBL is found
from:

CBL={(VA+7)/8}

if CBL is larger than this, the color bars are
truncated at the end of VA. If CBL is smaller than
VA / 8, the color bar sequence will repeat, starting
with another white bar. From left to right color bars
1 to 8 should be white, yellow, cyan, green,
magenta, red, blue, and black. See Figures 35, 36,
41,42, 47, 48.

The modulated ramp waveform is enabled by
setting the Format Control Register to 30,. It
comprises constant-amplitude and constant-phase
subcarrier modulation superimposed on a linear
ramp which slews from black to white during the
active video portion of each horizontal line interval
(Figure 10). This waveform is useful in making
differential gain and differential phase
measurements on the video signal. Differential
gain is a measure of the variation in saturation of a
color as the luminance component is varied from
black to white. Differential phase is a measure of
the variation in hue of a color as the luminance
component is varied from black to white.
Differential gain and differential phase are
measured with a vectorscope. See Figures 39, 40,
45, 46.

For More Information call 1-800-722-7074.
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Figure 9. 100% Color Bars With 100% and 75% Chrominance Saturation
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Figure 10. Modulated Ramp Waveform Microprocessor Interface

The microprocessor interface employs a 13-line
interface, with an 8-bit data bus and two address
bits: four addresses are required for device
programming and CLUT/register management.
Address bit 0 selects between control registers and
CLUT memory. Address bit 1 selects between
reading/writing the register addresses and
reading/writing register or CLUT data.

When writing, the address is presented along with
a LOW on the R/W\ pin during the falling edge of
»a3asa CS\. Eight bits of data are presented on D,
during the subsequent rising edge of CS\. One
additional falling edge of CS\ is needed to move
input data to its assigned working registers.

Figure 11. Microprocessor Port - Write Timing
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Figure 12. Microprocessor Port - Read Timing
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In read mode, the address is accompanied by a
HIGH on the R/W\ pin during a falling edge of CS\.
The data output pins go to a low-impedance state
tpoz ns after CS\ falls. Valid data is present on
D+, tpowm after the falling edge of CS\. Because
this port operates asynchronously with the pixel
timing, there is an uncertainty in this data valid
output delay of one PXCK period. This uncertainty
does not apply to tpoz-

The RESET\ pin restores the TMC22x9x to field 1
line 1 and places the encoder in a power-down
state (if HRESET is LOW). Bit 4 of the Global
Control Register (SRESET)\) is set LOW. All other
control words and CLUT contents are left
unchanged. Returning RESET\ HIGH
synchronizes the internal clock with PXCK and
restores power to the device outputs.

Reading Pixel Data from the D, 4 Port

The microprocessor port of the TMC22x9x may be
used to extract digital video pixels. The eight
MSBs of the up-sampled and interpolated pixel
data that go to the COMPOSITE D/A converter can
also be sent to the D;_, port and read for
subsequent processing. When the Test Control
Register is loaded with 28, and the Control
Register pointer is loaded with 40y, the D_, port
will begin outputting 8-bit composite pixels
synchronous with respect to PXCK. To halt the
pixel flow from D;_q, simply bring CS\ HIGH.

264 Raytheon Semiconductor

The TMC22091/191 has an additional feature that
allows luminance pixel data to be read from the
D+.o- In this case the eight MSBs of luminance
found just prior to the Sync and Blank Insert block
are routed to the microprocessor port. When the
Control Register pointer is loaded with 60y, the
D+.o port will begin outputting 8-bit luminance
pixels synchronous with respect to PXCK. To halt
the pixel flow from D5 g, simply bring CS\ HIGH.

Operational Timing
The TMC22x9x operates in three distinct modes:

1. Master mode. The encoder independently
produces all internal timing and provides digital
sync to the host controller.

2. Slave mode. The encoder accepts horizontal
and vertical sync from the controller and
synthesizes the video output accordingly.

3. Genlock mode. The encoder accepts
horizontal and vertical sync from the
companion TMC22070 Genlocking Video
Digitizer, synchronizes itself to the incoming
video, and provides appropriate H Sync and V
Sync to the host. It synchronizes Pixel Data
input in two ways:

a. Internal PDC. The encoder internally
generates the Pixel Data Control (PDC)

For More Information call 1-800-722-7074.



TMC22X9X

Figure 13. Reset Timing - PCK Synchronization
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signal which calls for data input from the
external pixel source.

b. External PDC. The encoder receives a
PDC signal from the host and accepts Pixel
Data based on that input.

Reset Timing

The TMC22x9x operates from a master clock
(PXCK) at twice the pixel rate. Some internal
circuitry employs a clock at the pixel rate, PXCK /
2. In Master mode, the PCK to PXCK timing
relationship is set on the rising edge of RESET\. In
Figure 13, PCK is denoted by odd PXCK counts.

When RESET\ is taken LOW with sufficient setup
time (tgr) before a rising edge of PXCK, the
internal state machines are reset and the device is
put into a mode as dictated by the Global Control
Register bits 0 and 4. In Master mode, when the
RESET\ pin is taken HIGH, the internal clock timing
is established. In Slave and Genlock mode, this
timing is established by VHSYNC\ and GHSYNC\
respectively. The first PXCK following this RESET\
rising edge is designated as PXCK 1. Where it is
significant, reference PXCK timing will

be shown with numbered rising edges. A
designation of 2N clocks refers to an even number
of PXCK rising edges

from device reset. If RESET\ is not shown and
clock numbering does not refer to 2N, timing is
relative to signals shown in the diagram only.

Pixel Data Input Timing

PXCK is internally divided by 2 to generate an
internal pixel clock, PCK which is not accessible
from the pins of the TMC22x9x. To ensure the
correct relationship between PCK and pixel data,
PCK is locked to VHSYNC\ or GHSYNC\ (Slave or
Genlock mode, respectively). In Master mode,
VHSYNC\ is produced on the rising edge of PCK
allowing external circuitry to synchronize the
generation of pixel data and LDV which also
operates at 1/2 the rate of PXCK.

The rising edge of LDV clocks the 24-bit pixel data
into three 8-bit registers while PCK clocks that data
through the pixel data path within the TMC22x9x.

It is therefore necessary to meet the set-up and
hold timing between pixel data and LDV as well as
LDV and PCK.

Figure 14. Slave Mode PD Pcrt Interface Timing (Genlock Mode)
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Figure 15. Master Mode Timing
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Master Mode

In Master mode, initial timing is determined from
the RESET\ input, and subsequent cycles result
from programmed values in the Timing Control
Registers. The Horizontal Sync output, VHSYNC\,
goes LOW 18 PXCK clock cycles after the device
is reset. The 50% point of the falling edge of sync
LOW on line 4 of field 1 (NTSC) or line 1 of field 1
(PAL) occurs at the COMPOSITE and LUMA
outputs 56 clocks after reset, or 38 clocks after
VHSYNC\.

Slave Mode

in Slave mode, the 50% point of the falling edge of
sync occurs 46 PXCK clocks after the falling edge
of VHSYNC\, which is an input signal to the
TMC22x9x. This must be provided by the host to
begin every line. If itis early, the line will be started
early, maintaining the 52 clock delay to output. If it
comes late, the front porch portion of the output
waveform will be extended as necessary.

Figure 16. Slave Mode Timing
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Figure 17. Genlocked Mode Timing

~ o - oN o - o :l?’ 3
g3z %9 25 2233 3% 2 3 3% 3
L Z2 2 2Z Z2 Z Z2 Z2 Z2 2Z z Z 2 Z2 2Z 2Z
N N o N o N N (] (Y] ~N N N N [ N (]
PXCK LI LI LI LI I.
GHSYNCy )
VHSYNC\, ©
)
Q
E
COMPOSITE g
OUTPUT : e ——
50% Sync Amplitude 24356A
Genlocked Mode the active picture area. It may be an input or an
output, as determined by the Interface Control
In Genlocked mode, the encoder receives sync Register bit 1.

signals over the GHSYNC\ and GVSYNC\ inputs,

and provides VHSYNC\ and VVSYNC\ to the host. The position (number of PCK cycles) of the rising
The 50% sync amplitude point occurs 50 PXCK edge of PDC relative to the falling edge of

clocks after GHSYNC\ goes LOW, while VHSYNC\  VHSYNC\ can be found by summing SY, BU, BR,
is produced at clock 13. If GHSYNC\ is late, the and CBP.

front porch is lengthened, if is is early, front porch is

shortened. External Pixel Data Control

Pixel Data Control When used as an input, PDC goes HIGH four
PXCK cycles before the first valid pixel of a line is

The Pixel Data Control (PDC) signal determines presented to the PD input port. If this signal is late

Figure 18. External Pixel Data Control
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(with respect to the horizontal blanking interval
programmed in the timing control registers), the
Color Back Porch (CBP) will be extended. Ifit is
early, incoming pixel data will be ignored until the
end of the CBP.

Internal Pixel Data Control

When programmed as an output, PDC goes HIGH
four PXCK periods prior to the end of CBP (as
programmed in the horizontal timing registers)
which is also four PXCK cycles prior to required

input of the first pixel of a line.

Pixels produced by the encoder appear at the
analog outputs (COMPOSITE, LUMA, CHROMA)
40 clocks after they are registered into the PD port.
Note that the pixels enter at one-half the PXCK
rate. The encoded signal passes through
interpolation filters which generate intermediate
output values, improving the output frequency
response and greatly simplifying the external
reconstruction filter. The interpolated pixels are
designated Pl in the diagram.

Figure 19. Internal Pixel Data Control
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Layering with the TMC22190/191

The "layering" capabilities of the TMC22190/191 4-layer composite image is a very powerful tool in
are powerful and fiexible. Layering is a video the production of computer/live video. The
production concept where various images or TMC22190/191 performs layering operations
patterns are superimposed (keyed) over each other  entirely in the digital domain, enabling precise

to form a final image that is the layered composite digital control.

of the input images. Four layers with the following

priority are defined for the TMC22190/191: A 4-Layer Example

1. The DOWNSTREAM KEY layer keys over all For this layering example, a BACKGROUND image E
other layers. (Figure 20) is generated. This image comprises =

2. The FOREGROUND layer keys over shaded matte levels varying from black at the top =
MIDGROUND and BACKGROUND, but not of the screen to white at the bottom. This could
over DOWNSTREAM KEY. just as well be a color image which will be seen

3. The MIDGROUND layer keys over wherever no other image appears through the

BACKGROUND, but not over FOREGROUND layering process.
or DOWNSTREAM KEY.
4. The BACKGROUND layer never keys over any The MIDGROUND image comprises a happy face

other layer. superimposed over a white rectangle. Only the
happy face and the white rectangle are of interest
It is important not to confuse layers with sources. for this image and therefore, the portion of the

The TMC22190/191 can be programmed to assign  image outside that area will be replaced by the
any of its input sources (RGB, YCrCg, CVBS bus, = BACKGROUND image when MIDGROUND is
Overlay bits) to any of the four layers. keyed over BACKGROUND. A key signal is

generated on a pixel-by-pixel basis. It indicates
The ability to combine various video sources into a

Figure 20. 2-Layer Image Construction
BACKGROUND

2-LAYER COMPOSITE

MIDGROUND

27036A
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which image is active. The key signal for keying
MIDGROUND over BACKGROUND is shown to
the right of the MIDGROUND image. This
represents a single bit signal mapped over the
image. When the signal is black (logic LOW), the
MIDGROUND image is active, when it is white
(logic HIGH), the BACKGROUND is active.

The resuilts of layering MIDGROUND over
BACKGROUND images are shown in the 2-layer
composite image Figure 20.

A FOREGROUND image comprises a shaded
matte rectangle with "Hi KIDS 1" alpha characters
in its center. This is to be superimposed over the
previous 2-layer composite image. The key signal
needed for superimposing FOREGROUND over
other images is shown to the right of the
FOREGROUND image. This represents a single
bit signal mapped over the image. When the signal
is black (logic LOW), the FOREGROUND image is
active, when it is white (logic HIGH), the composite
image is active.

A new 3-layer composite image, FOREGROUND
over MIDGROUND over BACKGROUND, is shown

in Figure 21.

A DOWNSTREAM KEY image comprises the white
alpha characters "HAPPY FACE", and black alpha
characters "Time". This is to be superimposed
over the previous 3-layer composite image. The
key signal needed for superimposing
DOWNSTREAM KEY image over the other
composite images is shown to the right. This
represents a single bit signal mapped over the
image. When the signal is black (logic LOW), the
DOWNSTREAM KEY image is active, when it is
white (logic HIGH), the previous composite image
is active.

The final 4-layer composite image,
DOWNSTREAM KEY over FOREGROUND over
MIDGROUND over BACKGROUND, is shown in
Figure 22.

In this illustration, all four source images are static
(not moving). The images input to the
TMC22190/191 can just as well be "live” (from
video camera or VCR sources) as long as:

1. Data from those sources is in an input format
that the TMC22x9x can accept, and

Figure 21. Adding a 3rd Layer
2-LAYER COMPOSITE

3-LAYER COMPOSITE

FOREGROUND
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Figure 22, Adding a 4th Layer
3-LAYER COMPOSITE
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2. The sources either synchronize the TMc22x9x
{Genlock mode) or are synchronized by the
TMC22x9x (Master or Slave mode).

Key signals may be generated external to the
TMC22x9x (Hardware Keying) and use the KEY
input pin for control. Key signals may also be
generated within the TMC22x9x (Data Keying) by
the comparison of input color data with color data
stored in the TMC22x9x.

2-Layer Keying with the TMC22090/091

The TMC22090/091 facilitates the keying of PD
port input data over the CVBS b;us input data.
Keying is controlled on a pixel-by-pixe! basis by
either the KEY input pin of the internal Data Key
function. The first two layers in the previous 4-
Layer Example apply to the TMC22090/091. The
result

For More Information call 1-800-722-7074.
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of keying is an effect where a MIDGROUND source
image (i.e. Happy Face from PD data) is
superimposed over a BACKGROUND source
image (i.e. variable matte color from CVBS data).

Asslgning Video Sources to Layers with the
TMC22190/191

Digital video inputs to the TMC22190/191 (PD,
CVBS, Overlay) are assigned to the four layers by
choosing one of 16 modes of the Layering Control
Register. OVERLAY is always keyed (switched on
a pixel-by-pixel basis from active to transparent) by
the OL, o inputs. OVERLAY can not be
programmed to the BACKGROUND layer. The
CVBS digital video bus can be assigned to any of
the four layers and is keyed by the KEY input
signal or internal Data Key comparators. In modes
0 thru 7, the CLUTSs are not bypassed and the
BYPASS\ input is ignored.

2-1
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Table 15. Layer Assignments, Image Sources, and Keying Controls (22190/191)

LCR 04 BACKGROUND MIDGROUND FOREGROUND DOWNSTREAM KEY

LAYMODE image Source Image Source Keying Control Iimage Source: Keying Control: Image Source:  Keying Control

0 PD{YCgCp, RGB, CI) CvBS KEY or Data Key .

1 PD(YCyCr, RGB, Cf) CVBS KEY or Data Key OVERLAY Ol - -

2 PD{YCgCp, RGB, CJ) CVBS KEY PD(YCgCr, RGB, Cl) Data KeyA OVERLAY Olyy

3 PD(YCgCp, RGB, C) CvBs KEY PO(YCgCr, RGB, C) Data Key OVERLAY Olyy

4 CVBS OVERLAY Ol PD{YCgCq, RGB,Cl}  KEY or Data Key

5 CvBs PD{YCgCr, RGB, Cl)  KEY or Data Key OVERLAY Ol - -

6 PD(YCRCp, RGB, C) CVBS KEY OVERLAY OLyp PD(YCgCq, RGB,Cl)  Data KeyA

7 PD{YCgCp, RGB, Cl) CVBS KEY OVERLAY Oy PD{YCgCq, RGB,Cl)  Data Key

8 PD{YCgCp, CN) CvBs KEY or Data Key - - -

9 PD(RGB) PD(YCgCp, CI) BYPASS\ CVBS KEY or Data Key OVERLAY Ol

A PD(RGB) CvBsS KEY or Data Key PD(YCgCp, Ch) BYPASS\ OVERLAY Olyy

B PD(RGB) CVBS KEY or Data Key OVERLAY Olyg PD(YCgCp, Ch BYPASS\

[ PD{RGB) PD{YCgCg, Ch BYPASS\ OVERLAY Ol CVBs KEY or Data Key

0 CVBs PD(RGB} KEY PD(YCgCq, CI) BYPASS\ OVERLAY Olyy

E CVBS OVERLAY Ol PD(RGB) KEY PD(YCgCp, CI) BYPASS\

F PD(RGB) OVERLAY Oy CvBS KEY or Data Key PD(YCgCq, Ch BYPASS\
Notes: 1 For LAYMODE = 0 to 7, Pixel Data always passes through the CLUTs. FORMAT, INMODE, and the BYPASS\ pin selects

the input format for PDog o according to Table 7.

2. For LAYMODE = 8 to FF and BYPASS\ = HIGH, Data Key is disabled.
3. Asserting the signal listed under "Keying Control:* enables the corresponding "Signal Source:". Signals with "\" are asserted

by a logic LOW.
Hardware Keying

The KEY input switches the COMPOSITE D/A
converter input from the luminance and
chrominance combiner output to the CVBS data
bus on a pixel-by-pixel basis. This is a "soft"
switch, executed over four PXCK periods to
minimize out-of-band transients. Keying is
accomplished in the digital composite video
domain. The video signal from the CVBS bus is
only present on the COMPOSITE output. The
CHROMA and LUMA outputs continue to present
encoded PD port data when CVBS is active.

Hardware keying is enabled by the Key Control
Register bit 6. Normally, keying is only effective
during the Active Video portion of the waveform (as
determined by the VA registers 15 and 18. That s,
the Horizontal Blanking interval is generated by the
encoder state machine even if the KEY signal is
held HIGH through Horizontal Blanking. However,
it is possible to aliow digital Horizontal Blanking to

2-72
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be passed through from the CVBS bus to the
COMPOSITE output by setting Key Control
Register bit 5 HIGH. In this mode, KEY is always
active, and may be exercised at will.

The KEY input is registered into the encoder just
like Pixel Data is clocked into the PD port. It may
be considered a 25th Pixel Data bit. It is internally
pipelined, so the midpoint of the key transition
occurs at the output of the pixel that was input at
the same time as the KEY signal.

Data Keying

Data Keying internally generates a Key signal that
acts exactly as the external KEY signal. There are
three Key Value Registers 05, 06, and 07 that are
matched against the input data to the three CLUTS.
These tables are designated D, E, and F, because
they contain different information depending on the
input mode selected:

For More Information call 1-800-722-7074.
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Figure 23. Hardware Keying
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The key registers may be individually enabled
using bits 3,2,1 of the Key Control Register. Bit 4
of the same register enables/disables data Keying
in its entirety. Data Keying and Hardware Keying
are logically ORed: when both are enabled, either
one will result in a key switch to the CVBS channel.

The key comparison is based on the input data to
the CLUTs. When operating in color-index mode,
all three CLUTSs receive the same input value, so
any one of the three registers is sufficient to identify
a key value. The outputs of all enabled key
registers are ANDed to produce the KEY signal. If
more than one key register are enabled and their
key values are not identical, no key will be
generated.

Table 16. Table D, E, F Contents

Mode Table D Table E Table F
RGB Red Green Blue
GBR Green Blue Red
YCgCr Y Cg Cr

Ci Cl Ci Ci

For More Information call 1-800-722-7074.
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Genlock Interface

The TMC22x9x can bring digital composite video
into its CVBS port, accompanied by separate
horizontal and vertical sync signals. It has been
designed to couple tightly with the companion
TMC22070 Genlocking Video Digitizer, but other
sources may use this port as well.

Digital composite video is in standard 8-bit binary
format at a PXCK / 2 rate. Synchronization with
the internal PXCK / 2 is established by the phasing
of the GHSYNC\ input.

Subcarrier frequency and phase data are received
by the encoder over the CVBS bus as 4-bit nibbles
on CVBS4 4 during the horizontal sync period.
Field identification is also required for the
TMC22x9x internal sync generator. The 14th
nibble of the sequence contains no relevant data.
The TMC22070 provides these data - the Genlock
Reference Signal (GRS).
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Figure 24. Data Keylng
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Figure 25. Genlock Interface Timing
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Figure 26. Frequency/Phase Data Transfer
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Filtering

The TMC22x9x incorporates internal digital filters
to establish appropriate bandwidths and simplify
external analog filter designs.

Color-Difference Low-Pass Filters

The chrominance portion of a composite video
signal must be sufficiently bandlimited to avoid
cross-color and cross-luminance distortion, and to
preclude exceeding the allowable bandwidth of a
video channel.

The color-difference low-pass filters on the
TMC22x9x establish chrominance bandwidths
which meet the specifications outlined in CCIR
Report 624-3, Table Il, ltem 2.6, for system | over a
range of pixel rates from 12.27 Mpps to 14.75
Mpps. Equal bandwidth is established for both
color-difference channels.

Figure 27. Color-Difference Low-Pass Fliter
Response
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Interpolation Filters

The Chroma Modulator output and the luminance
data path are digitally filtered with sharp-cutoff low-
pass interpolation filters. These filters ensure that
aliased subcarrier, chrominance, and luminance
frequencies are sufficiently suppressed in the
frequency band above base-band video and below
the pixel frequency (fs/4 to 3tg/4, where fg is the
PXCK frequency).

For More Information call 1-800-722-7074.
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Since these are fixed-coefficient digital filters, their
filter characteristics depend upon clock rate.
Figures 25 and 26 show the frequency response
for two pixel rates, 12.27 MHz and 14.75 MHz.

Figure 28. Chroma Modulator and Luminance
interpolatlon Filter Full Spectrum Response
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Figure 29. Chroma Modulator and Luminance
Interpolation Filter Passband Detall
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Virtually all digital-to-analog reconstruction systems
exhibit a high frequency roll-off as a result of the
zero-order hold characteristic of classic D/A
converters. This response is commonly referred to
as a sin(x)/x response. ltis a function of the
sampling rate of the output D/A.

The TMC22x9x’s digital interpolation filters convert
the data stream to a sample rate of twice the pixel
rate. This results in much less high frequency
sin(x)/x rolioff and the output spectrum between
fs/4 and 3fg/4 contains very little energy. Since
there is so little signal energy in this frequency
band, the demands placed on the output
reconstruction filter are greatly reduced. The
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output filter needs to be flat to fg/4 and have good
rejection at 3fg/4. The relaxed requirements
greatly simplify the design of a filter with good
phase response and low group delay distortion. A
small amount of peaking may be used to
compensate residual sin(x)/x rolloff.

Figure 30. Sin{x)/x Response At 1x Pixel-Rate
Conversion
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Figure 31. Sin(x)/x Response At 2X Pixel-Rate
Conversion
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JTAG Test Interface

The JTAG test port accesses registers at every
digital I/O pin except the JTAG test port pins.

Table 17 shows the sequence of the test registers.
The register number (Reg) indicates the order in
which the register data is loaded and read (Reg 1
is loaded and read first, therefore it is at the end of
the serial path). The scan path is 59 registers long.
The six TEST pins of the TMC22090/091 function
as JTAG registers.

The JTAG port is a 4-line interface, following IEEE
Std. 1149.1-1990 specifications. The Test Data
Input (TDI) and Test Mode Select (TMS) inputs are
referred to the rising edge of the Test ClocK (TCK)
input. The Test Data Output (TDO) is referred to
the falling edge of TCK.

For More Information call 1-800-722-7074.
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Table 17. JTAG Interface Connections

Reg Pin | Signal Reg PIn | Signal Reg Pin | Signal
1 28 BYPASS\ (TEST) 21 62 PDy3 41 2 CVBS,
2 29 OL, (TEST) 22 63 PD;5 42 3 CVBS,
3 44 | CVBS, 23 66 PDy4 43 4 KEY
4 45 CvBS;g 24 67 PD4o 44 5 RESET\
5 46 CVBSg 25 68 PDq 45 6 Cs\
6 47 cvBs, 26 69 PDg 46 7 RW\
7 48 OL, (TEST) 27 70 PD, 47 8 Aq
8 49 OL, (TEST) 28 71 PDg 48 9 Ay
9 50 OL, (TEST) 29 72 PDs 49 11 PDC
10 51 OL, (TEST) 30 73 PD, 50 12 VHSYNC\
11 52 PDgg 31 74 PD4 51 13 VVSYNC\
12 53 PDy, 32 75 PD, 52 14 Dy
13 54 PD,, 33 76 PD, 53 15 Dg
14 55 PDyq 34 77 PD, 54 16 Ds
15 56 PDyq 35 78 LDV 55 17 D,
16 57 PDyg 36 79 PXCK 56 18 D3
17 58 PDy5 37 82 GVSYNC\ 57 19 D,
18 59 PDyg 38 83 GHSYNC\ 58 20 D,
19 60 PD;s 39 84 CVBS, 59 21 Do
20 61 PDy4 40 1 CvBS,

Figure 32. JTAG Test Port Timing
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Figure 33. Equivalent Analog Input Clrcult
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Figure 35. Equivalent Digital Input Circuit
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Absolute Maximum Ratings (beyond which the device may be damaged)

Power SUPPIY VORAGE ...ttt et eneese e et et se e ees st -0.5t0 +7.0V
Digital Inputs
ADPHED VOIBGEP..........coooncrrveresesnissnessesesssssssnssssssssssssssessssessenesesesee e sessssees -0.5 to Vpp+0.5V
FOTCBA CUITBNEI A ........oooooeeee et se v es e ses e seesee s ee e se s -20.0 to 20.0 mA
Digital Outputs
Applied Voltage? -0.5 to Vpp+0.5V
FOICEA CUITENEDA........o et eeee e se e es st ees e ee s es e -20.0 to 20.0mA
Short Circuit Duration (Single output in HIGH state 10 GND)........cvveeeeeeeeeees s e, 1 second
Analog Output Short Circuit Duration (Single output 16 GND)...........ooeeemereeereeeeeeee e eee s, infinite
Temperature
OPErating, CASE........cccoveceerieeeiiree ettt et s ts e s s e sese st enan s se s s e see e s -60 to +130°C
Operating, Junction, Plastic PACKAGE. .............ccueuereeereeeiertctees et seeeeeerstees e e eseeee s eee s, +150°C
Lead, S0ldering (10 SECONMAS)......c.oocrrmurrereriicrece ettt ee s es s cee e eeeseesse s enesessessenesesseerosans +300°C
Vapor phase soldering (1 MINULE).........ccceeeririiiiiieteeeereeie et ee et eveseresee et seseeeeeessrsnesees +220°C
SHOTAGE. ...ttt en e ettt st et seesee e s s e s ee st et e eseesesto e s e -65 to +150°C

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters

are within specified operating conditions. Functional operation under any of these
conditions is NOT implied.

2. Applied voltage raust be current limited to specified range, and measured with respect to
GND.

3. Forcing voitage must be limited to specified range.

4. Current is specified as conventional current, flowing into the device.

For Mora Information call 1-800-722-7074, Raytheon Semiconductor
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Operating Conditions
Temperature Range
Standard
Parameter Min Nom Max Units
Vbp Power Supply Voltage 4.75 5.0 5.25 \
VH input Voltage, Logic HIGH
TTL Compatible Inputs, all but PXCK 2.0 Vbp v
TTL Compatible Input PXCK 25 Voo v
CMOS Compatible Inputs {2/3)Vpp Vop \)
ViL Input Voltage, Logic LOW
TTL Compatible Inputs GND 0.8 \
CMOS Compatible Inputs GND (1/3)Vpp \
lon Output Current, Logic HIGH 2.0 mA
oL Output Current, Logic LOW 4.0 mA
VRer External Reference Voltage 1.235 V'
IRer D/A Converter Reference Current 2.1 3.15 4.4 mA
(irer = Vrer / Rpe: flowing
out of the Rrgg pin)
RRer Reference Resistor, Vpgg = Nom. 281 392 588 Q
Rour  Total Output Load Resistance 37.5 Q
Ta Ambient Temperature, Still Air 0 70 °C
Plxel Interface
foxt Pixel Rate 12.27 15 Mpps
fpxck Master Clock Rate, 2x pixel rate 24.54 30 MHz
tpwnpx PXCK Pulse Width, HIGH 10 ns
tpwipx PXCK Pulse Width, LOW 10 ns
For PD,VVSYNC\,VHSYNC\,PDC,KEY
tsp Setup Time 12 ns
thp Hold Time, PD and KEY 0 ns
thp Hold Time, PDC, VHSYNC\, VVSYNC\ 5 ns
L Delay Time, LDV 10 ns
tPWHLDV LDV Pulse Width, HIGH 15 ns
tewipy LDV Pulse Width, LOW 10 ns

2-80 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Operating Conditions

Temperature Range

Standard
Parameter Min Nom Max Units
tpwivn  VHSYNC) Pulse Width, LOW 6 15 PXCK

periods

tPWHVV VVSYNC\ Pulse Wldth. LOW 0.5 3 H
Genlock Interface
tsal Setup Time, GHSYNC\,GVSYNC\,CVBS 10 ns
thal Hold Time, GHSYNC\, GVSYNC\,CVBS 0 ns
Microprocessor Interface
tewLcs  CS\ Pulse Width, LOW, w/ KEY Reg. 95 ns
tewics CS\ Pulse Width, LOW, w/o KEY Reg. 55 ns
tPWHCS CS\ Puise Width, HIGH 30 ns
tsa Address Setup Time 10 ns
tha Address Hoid Time 0 ns
tsp Data Setup Time (write) 15 ns
tvo Data Hold Time (write) 0 ns
tsp Reset Setup Time 24 ns
tHR Reset Hold Time 2 ns
JTAG Interface
frek Test Clock (TCK) Rate 20 MHz
tewLtck TCK Pulse Width, LOW 25 ns
tPWHTCK TCK Pulse Wldth, HIGH 10 ns
tstp Test Port Setup Time, TDI, TMS 10 ns
tyrp Test Port Hold Time, TDI, TMS 3 ns

Note: 1. Timing reference points are at the 50% level.

For Mora Information call 1-800-722-7074.
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Electrical Characteristics

Temperature Range
Standard
Parameter Conditlons Min | Typ Max Units
lop  Power Supply Current’ Vpp=Max,fpxck=30MHz 300 | 350 mA
lopq Power Supply Current’ Vpp=Max,fpxck=30MHz 90 mA
(D/A disabled)

VRo Voltage Reference Output 0.988 |1.235 |1.482 v
lgr  Input Bias Current, Vgeg Vger = Nom 100 HA
IH Input Current, Logic HIGH Vpp = Max, V,y =4.0V 10 HA
I Input Current, Logic LOW Vpp = Max, Vi = 0.4V -10 pA
Vou Output Voltage, Logic HIGH lon = Max 24 v
VoL Output Voltage, Logic LOW loL = Max 04 \
lozq Hi-Z Leakage current, HIGH Vpp = Max, Viy =Vpp 10 HA
lozu  Hi-Z Leakage current, LOW Vpp = Max, Vi = GND -10 HA
C Digital Input Capacitance Tp=25°C,f=1MHz 4 10 pF
Co  Digital Output Capacitance Tp=25°C, f=1MHz 10 pF
Voc Video Output Compliance Voltage -0.3 20 \
Rout Video Output Resistance 15 kQ
Cout Video Output Capacitance loutr=0mA, f=1MHz 15 25 pF

Note 1. Typical Igp with Vpp=+5.0 Volts and T»=25°C, Maximum Ipp with Vpp=+5.25 Volts and T=0°C.

2.82 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Switching Characteristics

Temperature Range
Standard
Parameter Conditions Min TYyp Max Units
PIPES Pipeline Delay3 PD to Analog Out 44 44 44 PXCK
periods
tpoz Output Delay, CS\ to lew-Z 8 23 ns
toom Output Delay, CS\ to Data Valid* with KEY Register 125 ns
toom Output Delay, CS\ to Data Valid* without KEY Register 100 ns
thom Output Hold Time, CS\ to hi-Z 10 ns
tpotp Output Delay, TCK to TDO Valid 30 ns
tyotp Output Hold Time, TCK to TDO Valid 5 ng
tpos Output Delay PXCK to VHSYNC)\, 25 ns
VVSYNC\, PDC
tR D/A Output Current Risetime 10% to 90% of full-scale 2 ns
te D/A Output Current Falltime 90% to 10% of full-scale 2 ns
thov Analog Output Delay 20 ns
Notes: Timing reference points are at the 50% level.

For More Information call 1-800-722-7074.

Analog C gap <10 pF, D7 load <40 pF.

wr =

Pipeline delay, with respect to PXCK, is a function of the phase relationship between the

internally generated PCK (PXCK/2) and PXCK, as established by the hardware reset).
4. tpom (without KEY Register) = 1 PXCK + 54 ns = 100 ns worst-case at PXCK=24.54 MHz.

Raytheon Semiconductor
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System Performance Characteristics

Temperature Range
Standard

Parameter Conditions Min Typ Max Units
RES  D/A Converter Resolution 10 10 10 Bits
E Integral Linearity Error 0.25 %
Ep Differential Linearity Error 0.15 %
Eg Gain Error 15 % FS
dp Differential Phase PXCK = 24.54 MHz,40 IRE Ramp® 0.5 degree
dg Differential Gain PXCK = 24.54 MHz,40 IRE Ramp? 0.9 %
SKEW CHROMA to LUMA Output Skew 0 1 ns
PSRR Power Supply Rejection Ratio Cgopmp=0.1 KF, f=1kHz 0.5 %/%AVpp

Notes 1. TTL input levels are 0.0 and 3.0 Volts, 10%-90% rise and fall times <3 ns.
2. Analog CLOAD <10 pF, D7-0 load <40 pF
3. NTSC

2.84 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Figure 39. NTSC Color Bars Waveform

Figure 38. NTSC Vectors

Multimedia

Figure 43. NTSC Differential Phase
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Figure 44. PAL Vectors Figure 45. PAL Color Bars Waveform

2-86 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Figure 50. Color Bar Luminance Figure 51. Color Bar Chrominance

For More Information call 1-800-722-7074, Raytheon Semiconductor 287
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Figure 56. Recommended Interface Circuit
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Application Notes

The TMC22x9x is a complex mixed-signal VLSI
circuit. It handles TTL digital signals at clock rates
of up to 30 MHz while producing analog outputs
with a resolution of less than a millivolt. To
maximize performance it is important to provide the
product with a quiet operating environment.

References

The circuit shown provides a stable external
1.235V voltage reference to the TMC22x9x. To
use the internal voltage reference source, simply
leave the Vggp pin unconnected except for the 0.1
uF capacitor to ground. The accuracy the internal
voltage reference is approximately £20%. This
variation can be overcome by varying the Rpeg
resistor to get desired video output levels. ltis
recommended that a simple voltage divider from
the power supply NOT be used, as any variations
in power supply voltage would appear directly on

2.88 Raytheon Semiconductor

the video outputs. The reference bandwidth is
limited by the 0.1uF capacitor on the COMP pin,
but low frequency signals (eg 60 Hz, 20 KHz power
supply noise) will be passed through to the outputs.

Filtering

An inexpensive low-pass output filter is shown in
Figure 57. This filter is located in the video signal
path just after the COMPOSITE, LUMA, and
CHROMA outputs of the TMC22x9x. The
TMC22x9x has been designed to output adequate
video levels to overcome the insertion loss of
output filters. Vpegr and Rgee may be varied to
make up for filter loss. Since S-VIDEO comprises
separate and simultaneous luminance and
chrominance, it is important that the filters used on
CHROMA and LUMA have identical group delay.

For More Information call 1-800-722-7074.
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Figure 57. Recommended Output
Reconstruction Fliter
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Figure 58. Response of Recommended Output
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Interface to the TMC22070 Genlocking Video
Digitizer

The TMC22x9x Digital Video Encoder has been
designed to directly interface to the

TMC22070 Genlocking Video Digitizer. The
TMC22070 is the source for TMC22070 input
signals CVBS;_o, GHSYNC\, GVSYNC\, and PXCK
as shown in Figure 59. These signals directly
connect to the TMC22190/191. The
microprocessor interface for TMC22x9x and
TMC22070 are identical. All W/R\, RESET\, data
and address bus signals from the host
microprocessor are shared by the TMC22x9x and
TMC22070. Only CS\ and INT\ signals are
separately driven from the microprocessor bus.

Grounding Strategy

The TMC22x9x has distinctly separate analog and
digital circuits. To minimize digital crosstalk into
the analog signals, the power supplies and grounds
are provided over separate pins (Vpp and Dgnp
are digital power supply pins; Vppa and Agyp are
analog supplies). In general, the best results are
obtained by tying all grounds to a solid, low-
impedance ground plane. Power supply pins
should be individually decoupled at the pin. Power
supply noise isolation may be provided between
analog and digital supplies via a series inductor.

Another approach calls for separating analog and
digital ground. While some systems may benefit
from this strategy, keep in mind that the analog and
digital grounds must be kept within 0.5V of each
other at all times.

Figure 59. TMC22x9x-to-TMC22070 Interface Circuit
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Printed Circuit Board Layout

Designing with high-performance mixed-signal
circuits demands printed circuits with ground
planes. Wire-wrap is not an option. Overall
system performance is strongly influanced by the
board layout. Capacitive coupling from digital to
analog circuits may result in poor picture quality.
Consider the following suggestions when doing the
layout:

1. Keep analog traces (COMP, Vper, RRer
CHROMA, LUMA, COMPOSITE) as short and
far from all digital signals as possible. The
TMC22x9x should be located near the board
edge, close to the analog output connectors.

2. The power plane for the TMC22x9x should be
separate from that which supplies other digital
circuitry. A single power plane should be used
for all of the Vpp pins. if the power supply for
the TMC22x9x is the same for the system’s
digital circuitry, power to the TMC22x9x should
be filtered with ferrite beads and 0.1uF
capacitors to reduce noise.

3. The ground plane should be solid, not cross-
hatched. Connections to the ground plane
should be very short.

4. Decoupling capacitors should be applied
liberally to Vpp pins. For best results, use
0.1uF capacitors in parallel with 0.01uF
capacitors. Lead lengths should be minimized.
Ceramic chip capacitors are the best choice.

5. |If there is dedicated digital power plane, it
should not overlap the TMC22x9x footprint, the
voltage reference, or the analog outputs.
Capacitive coupling of digital power supply
noise from this layer to the TMC22x9x and its
related analog circuitry can have an adverse
effect on performance.

6. The PXCK should be handled carefully. Jitter
and noise on this clock or its ground reference
will translate to noise on the video outputs.
Terminate the clock line carefully to eliminate
overshoot and ringing.

2-90
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Microprocessor I/O Operations

Various CLUT Read/Write operations are shown in
Table 18. Each step in the table requires a CS\
pulse (falling edge followed by a rising edge) to
execute.

For Write operations, R/W\ and A,_o must conform
to setup and hold timing with respect to the falling
edge of CS\. D7 o must meet setup and hold timing
with respect to the rising edge of CS\. These
timing relationships are illustrated in Figure 11.
When writing data into an internal register (i.e.
CLUT Address Register) an extra CS\ falling edge
is required to transfer the input data to that register.
This requirement is usually accomplished by
executing the next step in the sequence. If there is
no planned next step in the sequence, executing a
Control Register Read step will meet the
requirement and terminate the sequence.

For Read operations, R/W\ and A,_5 must conform
to setup and hold timing with respect to the falling
edge of CS\. Read data on D, is initiated by the
falling edge of CS\ and terminated by the rising
edge of CS\ as shown in Figure 12. When reading
Control Registers, valid data appears tpgy after
the falling edge of CS\. When reading CLUT
locations, an extra CLUT Read step is needed to
set up the CLUT Read sequence. This is
accomplished in the table by executing an extra
CLUT Read step just before the CLUT Read
sequence which returns successive d, e, and f
data. CLUT Read sequences must be terminated
an extra CS\ falling edge. This requirement is
usually accomplished by executing the next I/O
step. If there is no planned next step in the
sequence, executing a Control Register Read step
will meet the requirement and terminate the
sequence.

For More Information call 1-800-722-7074.
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Table 18. CLUT Read/Write Sequences

Step|R/W\ A, 5 D, |Function Step(RW\ A, D, |Function
Write Entire CLUT Read CLUT Address
Starting at Address 00 Register Then Write
1 0 01 00 ([Write00into CLUT 1 1 01 addr |Read CLUT Address
Address Register. Register.
2 0 11 di1 |d1writteninto D, CLUT 2 0 11 di1 |d1writteninto D, CLUT
address 00. address addr.
3 0 11 el [elwritteninto E, CLUT 3 0 11 el |elwiritteninto E, CLUT
address 00. address addr.
4 0 11 f1 |l writteninto F, CLUT 4 0 11  f1 |f1writteninto F, CLUT
address 00. address addr.
repeat steps 3,4,5 until 5 1 01 addr+1| Read CLUT Address
CLUT is full. Register. (terminates
7671 0 11 d256 {d256 written into D, CLUT Write sequence)
address FF. 6 0 11 d2 |d2writteninto D, CLUT
768 0 11 e256 |e256 written into E, CLUT address addr+1.
address FF. 7 0 11 e2 |[e2writteninto E, CLUT
769 0 11 {256 |f256 writteninto F, CLUT address addr+1.
address FF. 8 0 11 2 [f2writteninto F, CLUT
770 1 00 xx |Sequence termination. address addr+1.
9 1 00 xx |Sequence termination.
Write CLUT Location Read/Modify/Write CLUT,
addr Location addr
1 0 01 addr |Write addr into the CLUT 1 0 01 addr |Write addr into the CLUT
Address Register. Address Register.
2 0 11 d1 [d1 writteninto D, CLUT 2 1 11 xx |Setup for CLUT Read.
address addr. 3 1 11 di1 |d1read from D, CLUT
3 0 11 el |elwritteninto E, CLUT address addr.
address addr. 4 1 11 el [elreadfromE, CLUT
4 0 11 1 [f1writteninto F, CLUT address addr.
address addr. 5 1 11 1 [f1 read from F, CLUT
5 1 00 xx |Sequence termination. address addr.
X System Modifies d1, el,
Read CLUT Location f1tod1’, et’, f1".
addr 6 0 01 addr | Write addr into the CLUT
Address Register.
1 0 01 addr |Write addr into the CLUT (terminates Read
Address Register. sequence)
2 1 11 xx |Set up for CLUT Read 7 0 11 dt1' |d1 writteninto D, CLUT
sequence. address addr.
3 1 11 d1 |d1 read from D, CLUT 8 0 11 e1" |el writteninto E, CLUT
address addr. address addr.
4 1 11 el {elreadfromE, CLUT 9 0 11 1’ [f1’writteninto F, CLUT
address addr. address addr.
5 1 11 f1 |f1 read from F, CLUT 10 | 1 00 xx |Sequence termination.
address addr.
6 1 00 xx |Sequence termination.

For More Information call 1-800-722-7074.
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Table 19. Pin Assignments for 84-lead PLCC Package (R0)

Pin Name Pin Name Pin Name Pin Name
1 CVBS, 22 TDO 43 Vbpa 64 Vop
2 CVBS; 23 TCK 44 CvBS; 65 Danp
3 CVBS, 24 T™MS 45 CvBSg 66 POy,
4 KEY 25 TDI 46 CvBS;g 67 PDyq
5 RESET\ 26 Danp 47 cvBS, 68 PDg
6 CS\ 27 DD 48 OL4(TEST) 69 PDg
7 R/W\ 28 BYPASS\YTEST)] 49 OL,(TEST) 70 PD;
8 Aq 29 OL4(TEST) 50 OL((TEST) 71 PDg
9 Ag 30 VRer 51 OLL(TEST) 72 PDg
10 Danp 31 RRer 52 PDyj 73 PD,
11 PDC 32 AcND 53 PD,, 74 PD4
12 VHSYNC\ 33 COMPOSITE 54 PD,, 75 PD,
13 VVSYNC\ 34 AcND 55 PDyg 76 PD,
14 D, 35 LUMA 56 PDyq 77 PDy
15 Dg 36 AgND 57 PD,g 78 LDV
16 Dg 37 CHROMA 58 PD,s 79 PXCK
17 D, 38 AgND 59 PDig 80 Denbp
18 Dy 39 COMP 60 PDys 81 oD
19 D, 40 Vooa 61 PDyy 82 GVSYNC\
20 D, 41 Vooa 62 PDyq 83 GHSYNC\
21 Dg 42 Vooa 63 PDy» 84 CVBS,;
Note: Pin names in parentheses apply to TMC22090/091
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TMC22X9X

Ordering Information

Product Temperature Screening Package Package
Number Range Marking
TMC22090R0C Tao=0°Cto 70°C Commercial 84-Lead PLCC 22090R0C
TMC22091R0OC Tap=0°Cto 70°C Commercial 84-Lead PLCC 22091R0C
TMC22190R0C To=0°Cto 70°C Commercial 84-Lead PLCC 22190R0C
TMC22191R0C Tao=0°Cto 70°C Commercial 84-Lead PLCC 22191R0C
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