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Advance Information describes products that are not available at the time of printing. Specifications may change in any
manner without notice. Contact Raytheon for current information.

Preliminary Information describes products that are not in full production at the time of printing. Specifications are
based on design goals and limited characterization. They may change without notice. Contact Raytheon for current
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or free from patent infringement is intended or implied. Raytheon reserves the right to change the circuitry and other
data at any time without notice and assumes no liability for inadvertent errors.

Life Support Policy
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malfunction of the component can reasonable be expected to result in personal injury. The user of Raytheon
components in life support applications assumes all risk of such use and indemnifies Raytheon Company against all
damages.

©Raytheon Company Semiconductor Division 1993.
All rights reserved.

In September 1992, Raytheon Semiconductor Division completed the acquisition of TRW LS| Products, Inc. in
La Jolla, California. The TRW products complement Raytheon's growing line of signal processing and
multimedia components. The La Jolla operation will continue to develop and introduce leading-edge products
for the imaging, graphics, data acquisition and digital signal processing markets.
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[
Product Innovations
We have accelerated the development of new products When you have the need for custom mixed-signal ICs,
at Raytheon Semiconductor, to provide complete, cost- our family of Complementary Bipolar Tile Arrays,
effective solutions to complex problems. We have CBICMOS and Standard Cells offer attractive solutions,
developed highly integrated solutions for the Multimedia/ which are also highlighted.

Imaging and Automatic Test Equipment markets.

We have highlighted some of the leading products in
these areas on the following pages.

Contents
Multimedia
Digital Video Encoder ...... e e aeas 1-2
Genlocking Video DIGHIZEN .......veceervreensussrerenseserensesessscsensesesssssssassnasaseses eereereaers e rsans 13
3V/5V Video A/D Converter ............ Eehh et AR RE SRS SRR RRSHS S AR S SRR RS RO BRSO R RRSS .13
Automatic Test Equipment Pin Electronics
Pin Drivers ............
Fast Comparators
Parametric Measurement UNit .........ccevinunnnsescnmmnniscnnsisssisssssmsssssssssssssmssssoses
Communications
ATWESCON™/Fibre Channel/SSA™ Transceiver ........ ererreeenenesnnens “ 1-6
STS-3/STM-1 SynChronizer @nd FIAMEN ........ceeeeeesrsrersesssennessssssssnsssesssssassssssssesssessssssssssssssssssssssasssssasess 16
ASICs
CBICMOS LINEAT THlE AITAYS ....cvvreecrerseersseresesessssssssessssssssssessasssssssssssesssssssssssssessssssssssssssssssnsssasessssssssass 17
CBICMOS Standard Cells ettt et es s s AR e R e e Re R SRS R e AR SRR e s SRR st s 18

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



Section 1 — Product Innovations

TMC22090/22190/TMC22190/22191 Digital Video Encoder and Layering Engine

Features
¢ Al digital video encoding ¢ 8-bit composite digital video input
¢ NTSC-M, PAL-B, G, H, |, M, N formats ¢ Hardware and 24-bit data keying
¢ Internal digital oscillators, no crystals required 4 Synchronizes with TMC22071 Genlocking Video
¢ Multiple input formats supported: Digitizer
— 24-bit and 15-bit GBR/RGB 4 8:8:8 video reconstruction
— YC,C, 42:2/4:4:4 4 SMPTE 170M NTSC or CCIR report 624 PAL
— Color indexed compatible
4 30 overlay colors (TMC22190/TMC22191) 4 PALM
¢ Fully programmable timing 4 Simultaneous S-Video (Y/C) NTSC/PAL output
¢ Supports pixel rate of 10 to 15 Mpps 4 10-bit D/A conversion (three channels)
¢ 256 x 8 x 3 color look-up tables (bypassable on ¢ Controlled edge rates
TMC2218X) ¢ Power-down mode
¢ 8-bit mask register < Built-in color bars and modulated ramp test signals
¢ JTAG (IEEE Std 1149.1-1990) test interface
¢ Single +5V power supply
4 84 lead PLCC package
av:L:s’S\ BYPASS\and OL, ; on TMC22190 only.
LPF
GRYMAP BY NT
Formatter, —m———b Interpolator
PO Mask, Kor —m:-—-b 422444 warix [P iyl o Chama
Pﬂﬁm Y 5 A w §
Sync 108
Key
e ¢ m [L' s Luna é
wono < * n i
Yyy
GHSYNG\ ] Digital
GVSING: > o |y | Subcaror || > m ph Camposiie
m ‘
%5 T » [ "
cLOCK CONTROL JTAG hiriom Rt
L— Veer
—=
——— Ragr
55 goros Pepg I
CLOCKS MICROPROCESSOR JTAG TEST 65-27006A
INTERFACE INTERFACE
1-2 Raytheon Semiconductor For More Information call 1-800-722-7074.




Section 1 — Product Innovations

TMC22071 Genlocking Video Digitizer

Features

4 Fully integrated acquisition .
— 3-Channel video input multiplexer ,:‘;
— Two-stage video clamp Vo
— Automatic gain adjustment

— Sync detection and separation
— Genlock to NTSC or PAL inputs
— Clock generation

— 8-bit video A/D converter
Microprocessor interface

L R J

— 12.27 MHz NTSC

— 13.5 MHz NTSC or PAL

— 14,75 MHz and 1.50 MHz PAL
Direct interface to TMC22090/TMC22190 encoders
Built-in circuitry for crystal oscillator

No tuning or external voltage reference required

68 lead PLCC package

MICROPROCESSOR
INTERFACE

L K 2K 2K 2

TMC1173 2.7 to 3.6 Volt 8-Bit 10 Msps Converter

Line-locked pixel rates ﬁ et g &

ANALOG
INTERFACE

New Products

INTERFACE 65-24381A

Features
8-bit resolution in T COARSE
5 and 10 Msps conversion rate o ‘Q;ﬁvf;_ﬁ
Integral track/hold Ve, _
Differential linearity error <:0.5 LSB LS
Single +2.7 to +3.6 volt power supply VR <€

Three-state 3V TTL compatible outputs CONV 3

VREF
MATRIX

DIGITAL
ERROR
CORRECTION

ANI

OUTPUT
DRIVERS

<80 mW power dissipation at 3.6 volts i i
Differential phase <0.5° FINE
Differential gain <1% wcow?ema

L

L R 2K 2K 2R 2R 2% 2R % 2% J

Very low cost

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

65-27048A
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Section 1 — Product Innovations

RC7311 250 MHz ATE Pin Electronics Driver

Features

4 High output slew rate (2 V/ns minimum) Voo Ve +SRC -SRC  Veco

4 Wide output voltage range (-3.0V to +8V), and up to ;L I; T T T
10 Vp-p swings Refs & Temp | [Positive Slew] [ Negative Siew

¢ 250 MHz minimum operation for ECL swings Vieo Compensation| | Rate Control | | Rate Control

¢ Wide input common mode range for ease of v I—Ff - © OF
interface to ECL as well as TTL and CMOS Ho— —{}L_ Ofiset Control —o cm

4 Output short-circuit protection with current limiter v andSwichia | | Quiput LoV
and thermal shutdown Ve o]

4 100 mA dynamic switching current drive | —0 CiM2

¢ Absolute slew rate control Vo } | | [—© Vero

¢ Available in 28-pin PLCC Vie o] ; |

¢ Low output voltage offset (30 mV) and output offset  gng o—! Temperature 0TS
drit (0.1 mV/°C typ.) ST 00— Sensing

4 Low input bias current (1 pA typ.) and current drift
(40 nA°C) for output level program allows direct s
coupling to a DAC output

RC7315/RC7315T Three-State ATE Pin Electronics Driver

Features

# High output slew rate (1.8 V/ns typ.) NG B

4 Wide output voltage range (-2.5V to +7V), and upto ™ DJ Foodback
9.5 Vp-p swings P— e

# Three-state/high impedance output o — Conva < Ve

4 High repetition rate (250 MHz for ECL swings) > ot | Oupul

& Low output offset (20 mV typ.) and output offset drift  “* =TS B! | et Rmerten
(0.1 mV/°C typ.) oo >—+—T Tepen] YT 1 o%

¢ Low leakage (10 nA typ.) and low output capacitance v, D— ! : 0 Van }mcmsm,,
(3 pF typ.) in high impedance inhibit mode o e | — ath

4 RC7315TEL is pin-for-pin compatible with AD1322 ehibit l Rols 8Temp I:“L-"Vw

# High speed differential inputs with wide common "> et Componssion |10 Ver

mode range for ease of interface to ECL as well as wem
TTL and CMOS levels

Output short circuit protection (safe operating area

protection with current limiting and thermal shutdown)

100 mA typ. dynamic current drive capability

Absolute slew rate control

Available in 28-pin PLCC or 16-pin guliwing lead

package

Packaged parts available unterminated (RC7315) or

50Q series terminated (RC7315T) configurations

® S0 o

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



Section 1 — Product Innovations

RC7341/RC7342 High Speed Dual Comparator iy
Fm -1
Vi o4—r-
Features ol | A il -
¢ 12V max differential input voltage b o % I
¢ Low propagation delays: 2.0 ns maximum Viom© ; N I
¢ Low delay dispersion (50 ps typ.) and drift (4 ps/°C max.) T Lach [—0 0B
+ 15 mV maximum input offset and 10 pV/°C max. drift Ve. o—r 8 o
& 2 pA typical bias current; 250 pA typ. in disable mode l—— 1T —l— -l -1
¢ Common mode rejection 270 dB Voo GND Vig LEB (EB
¢ Input disable mode el
¢ 2 pF maximum input capacitance (RC7341)
¢ Optional latch function
¢ Available with common threshold input V,,; for lowest [—————
input capacitance (RC7341) or two independent |
comparators (RC7342) Yoo A
¢ RC7342 is pin-for-pin compatible with 9687 comparators ‘:'* °_'"'"| >
¢ Available in 16-pin SOIC, 20-pin PLCC or 16-pin PDIP Viow o : f
V. O—f—
Ve o_l_
J

Vec GND V. LEB LEB 655266

RC7351 Parametric Measurement Unit

Features

4 Force voltage/measure current and force current/
measure voltage functions

4 Forced voltage range (-5V to +15V)

¢ Four programmable measured current ranges:

500 nA to £20 pA, 12 pA to $200 pA,

+10 pA to 21 mA, £500 pA to 140 pA

High resolution current force/measure +0.05%

Internal control circuitry for selecting ranges

High accuracy: 12 bit linearity and 0.5% gain error

Low current tempco: 5 pA/°C

L 2K 2R 2R 2

o>
—_——

1
o3
;.
-
3

New Products

¢

] = T

o & ol

Output
Range Control Disable
Circutt Circult

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

T TYE

SIV RS, RS, C+C- IV4IV, Vos +Vs Vs GND
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RCC700 ATM/ESCON™/Fibre Channel/SSA™ Transceiver
200 or 265.625 Megabaud

Features

L 2R 28 2K 2K 2K 2K 2% 2% 2% 2% JR 2% 4

200 or 265.625 Megabaud data rates

Compliant wit the Fibre Channel and ESCON standards

PLL clock and data recovery

Clock synthesizer

On-chip lock detect circuitry

8b/10b encode/decode

Parity generate/check

Low power dissipation: 600 mW (typ.) @ 200 Mb
Byte sync on K28.1, K28.5 or K28.7

Single power supply — +5V

TTL compatible parallel data inputs/outputs
PECL compatible serial data inputs/outputs
Available in 68-pin PLCC and 64-pin PQFP

DOL
ETX

TBC

KIN
Dlo-DI7
PIN
PE
LSEL
LD
RBC
RST
EF . RECEIVER
KOUT 2

D00-D07 &——
POUT
BSYNC
SYNCEN

GND

VCC FS SDOUT

RCC521 STS-3/STM-1 Synchronizer and Framer

Features

L 4

L 2K 2N 2K 2

Transmits/Receives at the STS-3/STM-1 serial data
rate of 155.52 Mb/s

Single supply (+5V) operation

On-chip clock synthesis and clock and data recovery
PECL VO for direct interface to fiber-optic modules
Detects framing sequence in serial data from network
and provides deserialized byte data and 19.44 MHz
byte clock to terminal

Receives 19.44 MHz byte clock and byte data from
terminal and provides serial data to network
Transmit clock may be directly coupled in at 155.52
MHz or synthesized from external 19.44 MHz source
Receive PLL retains lock even in the absence of
transitions in 70 consecutive bit positions

L 4

Scrambling/descrambling and BIP-8 calculation/
checking with optional bypass mode

Generates LOS (loss of signal), OOF (out of frame),
LOF (loss of frame), and RFE (receive frame error)
alarms

Loopback capability at both network and terminal ends
Test mode allows chip to be tested using an
abbreviated frame

1.0 W maximum power dissipation

Fabricated in Raytheon's High Performance CMOS
process

Conforms to ANSI T1.105-1991, CCITT G.708 and
Belicore TR-NWT-G00253

TERMINAL SIDE NETWORK (LINE) SIDE
Transmit byte
Transmit Section Transmit serial
Ref. clock (Clock synthesis,Scrambling,BIP-8 g bit stream
Control
Alarms
Receive byte- Recaive Section Receive serial
clock and framing (Clock & data recovery, Framing & byte angnmem) clock-embedded
Recsive byte g, BIP-8 checking bit stream
$5-0001

Raytheon Semiconductor

For More Information call 1-800-722-7074.
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VRSA-Tile RPA160 Precision Complementary Tile Array

Features

SO e & SOOGS0

L 2K 2

16 tiles in a 4 x 4 grid pattern

24 NPN and 18 PNPs per tile

Two high speed Schottky diodes per tile

Two programmable MOS capacitors per tile

13 programmable thin film resistors per tile
Two metal layer programmability

Analog pre-designed and characterized macrocells
SPICE models available for all components and
macrofunctions

Complementary process with f; of 4 GHz for NPNs
and 1.5 GHz for PNPs

Minimum geometries of 2 micron

Breakdown voltage BV, 13 volts, typical
Voltage noise for NPN, 2 nV/AHz

SiCr thin film resistors:

— Sheet resistance 1500 C¥sq.

— Tempco of 50 ppm/°C typical

PtSi Schottky diodes

MOS capacitors

— Capacitance 0.2 fF/um?

— Temperature stable characteristics

Resistor/Transistor Blocks in Repetitive Pattern

/

| \

E'III"
olllg

E'III”

(u]

olllo

EIIII“‘ IJIIIC'

(8] (]

alllo) |alllg

ol
alllg

ol

a

ol 15

ol (anne

(m]

DIIID DIIID

ol

n}

ollla

ol
allla

oL EIE

0

EIIIIEI DIIIEI

ol
ollla

e
alllo

ol (ane

olllg nIIIn

New Products

oP
ANP

PLL CMP

Function-Defining
Varlous Maci

VRSA-Tile RPA90 Precision Complementary Tile Array

Features

PSS & SO0 00

L K 2

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

9 tiles in a 3 x 3 grid pattern

24 NPN and 18 PNPs per tile

Two high speed Schottky diodes per tile

Two programmable MOS capacitors per tile

13 programmable thin film resistors per tile
Two metal layer programmability

Analog pre-designed and characterized macrocells
SPICE models available for all components and
macrofunctions

Complementary process with f; of 4 GHz for NPNs
and 1.5 GHz for PNPs

Minimum geometries of 2 micron

Breakdown voltage BV, 13 volts, typical
Voltage noise for NPN, 2 nVAHz

SiCr thin film resistors:

— Sheet resistance 1500 $¥sq.

— Tempco of 50 ppm/°C typical

PtSi Schottky diodes

MOS capacitors

— Capacitance 0.2 fF/um?

— Temperature stable characteristics

g Metal Masks With
rocell Overlays

Reslstor/Transistor Blocks In Repetitive Pattern
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Section 1 — Product Innovations

RSC4000 CBiCMOS Standard Cells

Features

Complementary process with f; of 4 GHz for NPNs
and 1.5 GHz for PNPs

Minimum geometries of 2 micron
Breakdown voltage BV, 13 volts, typical
Voltage noise for NPN, 2 nVAHz

SiCr thin film resistors:

— Sheet resistance 1500 ¥sq.

— Tempco of 50 ppm/°C typical

PtSi Schottky diodes

MOS capacitors

— Capacitance 0.2 fF/um?

— Temperature stable characteristics

CMOS Features

¢ Minimum geometry of 2.5 micron with L. for PMOS/
NMOS transistors of 1.8 microns

Breakdown voltage BV, 13 volts typical

Internal gate delay <1.5 ns

3.3V or 5.0V supply voltage

oo o

L 2K 4

L 2K 2K J

Cells Available
Amplifiers

Buffers

Voltage comparators
Voltage references
Signal conditioning

Data recovery

Data conversion

Gates, Inverters, Buffers
Flip-flops, Latches
Input/Output Translators
Multiplexer, Decoder, Bandgap References
CMOS gates

L 2K 2K 2% 2R 2% 2K 2K 2% 2% 2% 2K J

1-8 Raytheon Semiconductor For More Information call 1-800-722-7074.



Section 2 — Application Speclfic Standard Products

Section 2
Application Specific Standard Products

S
-
@
E
>
=

Modern electronic systems are at once becoming more Raytheon Semiconductor has developed families of
flexible and more specialized. As a particular systems- Application Specific Standard Products (ASSPs) that
level technology develops, key functional elements can address the specialized needs in six market areas:

be identified that are appropriately tailored to the Multimedia/Video/Imaging, ATE, Instrumentation, Signal
SPECIFIC demands of that APPLICATION. This Synthesis, Avionics Communications and High Speed
provides a higher level of integration than can be Communications. Through the use of leading-edge
employed in a building block approach to system design. mixed-signal design and processing expertise, our
Yet these products serve a sufficiently broad market that families of ASSPs offer a winning combination of high
they can be offered as STANDARD PRODUCTS. performance, high integration, and low cost.
Contents

Multimedia/Video/imaging 22

ATE 2-247
Instrumentation 2-311

Signal Synthesis 2-313

Avionics Communications 2-333

High Speed Communications 2-371

For More Information call 1-800-722-7074 Raytheon Semiconductor 2-1



Section 2 — Application Specific Standard Products

Multimedia/Video/Imaging

Raytheon has provided image processing components to
the television broadcasting industry since the mid 1970s;
many of the products in this selection guide have
applications in this area.

The TMC22071 Genlocking Video Digitizer includes
everything needed to convert analog NTSC or PAL video
into digitized composite video, all on a single CMOS IC.
The TMC22X9X and TMC22190 Digital Video Encoders
take images in RGB, YCgCR, or color-indexed space and
converts them to NTSC or PAL in both composite and S-
Video formats.

Specifically designed for image processing are the Image
Resampling Sequencers (TMC2301 ,TMC2302). These
address generators are given an image manipulation
transfer function representing a shift, rotate, warp, or zoom.
They produce sets of memory pixel addresses that
translate to the desired pixel in the output image. High-
speed processing elements such as the TMC2249 Mixer
and TMC2250 Matrix Multiplier accept these input pixels
and compute the values of the output pixels.

2.2 Raytheon Semiconductor

The TMC2272 Colorspace Converter is a completely
programmable device that can convert between any two
color image representations (working in conjunction with
the TMC2330 Coordinate Transformer when dealing with
HSl-type formats).

The TMC2330 itself is tailored to convert between vector
and rectangular coordinate systems — as is necessary to
put a radar or ultrasound image on a raster scan display. It
is used in general vector image processing, as well as
reconstructing CAT and NMR images.

The TMC2311 Fast Cosine Transform is the fundamental
element in the common approaches to image
compression.

Other products include a Half-Band Filter, Image
Convolver, Digital Mixer, and Image Filters — all designed
to process images efficiently in real-time.

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



Section 2 — Application Specific Standard Products

Video Image Processing Products

cR!ao‘ﬁ Power!

Product _ Description Size (MHz) (Watts) Package  Grade2 Notes Page
TMC22071  Genlocking Digitizer _ 8bit 30 Ri C Genlocking digitizer with input MUX, 25
clamp, sync separator, clock generator,
subcarrier PLL
TMC22090 Digftal Video Encoder 100t 30 1.1 RO Cc All-Digital Encoder, RGB/YCRCg/Color 227
Index Input. NTSC/PAL Composite and
S-Video Output.
TMC22091 Digital Video Encoder 10 bit 30 1.1 RO C TMC22090 with PAL-M,N and NTSC Japan.
©
TMC221%0 Digital Video Encoder 10bit 30 1.1 RO C TMC22090 with added layering engine._ 227 2
TMC22191 Digital Video Encoder 10bit 30 1.1 RO [ TMC22091 with added layering engine. g
3
TMC2242-1 Half-Band Digital Filter 12/16 bit 40 05 R2 Cc 2:1 interpolate or decimate. 2:95 =
- 30 05 R2 C Low-pass (-6 dB @ 0.25F).
TMC2243 Video Filter 10x10x3 20 05 GB,H8 C.V Cascadeable. 2-109
TMC2246-1 Image Filter 10x11bit 40 05 H5LS C,V Four-pixel interpolator. 2123
- 30 05 H5LS C,V
TMC2249-1 Digital Mixer 12x12x2 30 05 H51L5 (A Cascadeable. 2135
- 25 05  H5Ls, cVv Programmable Delays.
TMC2250-2 Matrix Multiplier 12x10x9 40 1.2 HS C 2D convolution 3x3, 2x4. 3-335
-1 36 1.2 HS, G1 cVv 1D convolution, 9 taps.
- 30 1.2 H5, G1 C,V 3x3 matrix x 3x1 vector
TMC2255-1 2D Convolver 5x5x8 bit  12.5 06 Ri1 C 3x3, symmetric 5x5. 2-149
- 10 0.6 R1 C. 2D convolver.
TMC2272-2 Color Space Converter 3x12bit 40 1.2 H5 [ 3x3 matrix x 3x1 vector. 2-169
-1 36 1.2 HS Cc
- 30 1.2 HS5 C
TMC2301-2 Image Resampling 4Kx4K pixels 20 0.5 G8, Rt c Second order. -2-187
-1 Sequencer 18 04  G8,Ri1 C,V,SMD  2-dimension.
- 15 04 G8RLLI CV
TMC2302-1 Image Manipulation 65Kx65K 40 04 H5 C Third order. 2-2-213
Sequencer pixels 30 0.4 HS Cc 3-dimension.
TMC2311-2 Fast Cosine Transform 12bit  17.8 07 Rt Cc Data compression processor. 3-301
-1 145 07 Rt (¥ Meets CCITT specification.
- 17.8 07 Rt c 8 x 8, 2-dimension.
TMC2330-1 Coordinate Transformer16x16 bit 25 0.7 H5L5 CV Cartesian « polar conversion 3-319
- 20 0.7 H5L5 C
Resolution DE"rl'ioHn ﬁg?o"f T':l.rlli.z1
‘Product  (bits) (1%) (Msps) (ns) Package Grade(2) Notes Page
Digital Frequency Synthesizers
TMC2340-1 25 0006 106 Dual16Bit GI,H5,L5 C,V AM, FM, PM inputs. 2315
- 2 0006 106 Dual16Bit GI,H5Ls C,V Quadrature outputs.
Associated D/A Converters
TDC1041-1 10 0.048 20 4 R3 Cc Low cost 10-bit video D/A TTL interface. ~ 3-195
- 10 0.096 20 4 R3 C .
~ TDC3310° 10 0,096 40 10 N6, R6 C Single +5V power supply. 3-239
TDC1141-1 10 0.048 50 4 R3 [ Low cost 10-bit video D/A 3-225
- 10 ) 0.0% 50 4 R3 C ECL interface.
TDC1012-3 12 0.012 20 4 J7,N7,R3 Cc Signal synthesis D/A. 3-153
2 12 0024 20 4 J7,N7,R3 C,V,SMD 70 dBc SFDR. Very low glitch.
112 0048 20 4 J7,N7,R3 C,V,SMD  Drives 25Qdirectly.
- 12 0048 20 4 J7,N7,R3 C,V TTL interface.

For More Information call 1-800-722-7074 Raytheon Semiconductor 23



Section 2 — Application Specific Standard Products

o ner:ﬁtt'yd Conv
Resolution Error! Rate! Rise
Product  Bits (4%) (Msps) Time! Package Grade? Notes Page
TDC11123 12 0012 50 4 N7,R3 c Signal synthesis D/A. 70 dBc SFDR. Very 3207
low glitch.
2 12 0.024 50 4 JI,N7,R3 C,V,SMD  Drives 25Qdirectly. ECL interface. 335
-1 12 0.048 50 4 J7,N7,R3 C,V,SMD
- 12 0.048 50 4 J7,N7,R3 c.V
TDC1044 4 25 —_ B9, N9 C,V,SMD 3-35
TDC1046 6 25 33 B8 C, V, SMD 3-45
TDC1047 7 20 39 B7 C,V 3-53
TDC1147 7 15 36 B7 C\V No pipeline delay. Well suited to subranging 395
converter applications.
TDC1035 8 - - B7 (A Peak digitizer. Digitizes peak value of pulses as  3-17
narrow as 12 ns.
TDCi038 8 20 45 B6, N6, R3 C.V Low power version of TDC1048. 325
E1
TDC1048 8 20 45 B6, N6 C,V,SMD Industry standard video A/D. 3-63
C3,E1
TDC1058 8 20 45 B6, N6, R3, c New industry standard video AD. Single +5V  3-83
E1 power supply. TDC1048 performance equivalent.
TMC1173-10 8 10 45 N2, M7, R3 [] Low power CMOS video A/D w/ integral 3-105
Track/Hold.
058 5 45 M7, N2, R3 C +2.7V to +3.3V power supply.
TMC117520 8 20 25 B2, N2, C3, C.V Low power CMOS video A/D with integral 3121
Track/Hold.
M7, R3
-30 8 30 45 M7, N2, R3 (A
408 40 45 M7, N2, R3, cv
Et Includes D/A
TDC1049 9 30 48 Jo, 43, C1, C.V,SMD  ECLinterface 373
L1, G8, E1 C,V,SMD
TDC1020 10 20 55 J1, GO, E1 C.V Monolithic video A/D, TTL interface. £2V input range. 3-5
DAC-08 8 0.1 1.0 — ND C, V,SMD, JAN 3139
TDC1018-1 8 0.20 200 17 B7,C3 C Low cost ECL. Graphics-ready. 3183
- 8 0.20 125 1.7 B7,C3 C
TDC1016-10 10 0.05 20 4 N7,N5,B7,B5 [ Industry standard video DAC.
9 10 0.10 20 4 N7,N5,B7,B5 C.,A Operates with TTL or ECL logic.
. 8 10 0.20 20 4 N7,N5,B7,B5 C,A
TDC1041-1 10 0.048 20 4 R3 c Low cost 10-bit video D/A TTL interface. 3198
- 10 0.096 20 4 R3 C
TDC3310 10 0.09% ) 0 N6, R6 c Single +5V power supply 3239
Notes:

1. Guaranteed. See product specifications for test conditions.
2. A = High reliability, Tg =-55°C to 125°C.

B = Industrial, Tg = -25°C to 85°C

C = Commercial, Tp = 0°C to 70°C.

F = Extended Temperature Range, Tg = -55°C to 125°C

V = MIL-STD-883 Compliant, Tg = -55°C to 125°C.

SMD = Available per Standardized Military Drawing, Tg = -55°C to 125°C.
3. A = High reliability, Tg =-20°C to 95°C.

24 Raytheon Semiconductor For More Information call 1-800-722-7074



T™C22071

TMC22071
Genlocking Video Digitizer

The TMC22071 Genlocking Video Digitizer converts Features
standard baseband composite NTSC or PAL video into

8-bit digital composite video data. It extracts horizontal ¢ Fuly integrated acquisition
and vertical sync signals and generates a pixel clock for ¢ 3-channel video input multiplexer
the on-board 8-bit A’D converter and a 2X clock for the 4 Two-stange video clamp
transfer of data to subsequent video processing or ¢ Automatic gain adjustment
encoding with the TMC22X9X Digital Video Encoder ¢ Sync detection and separation
family. It also measures the color subcarrier phase and ¢ Genlock to NTSC or PAL inputs
frequency, and provides this data to the Encoder (for ¢ Clock generation
genlocked color NTSC or PAL encoding), or a frame ¢ &-Dit video A/D converter
buffer (for frame capture) over the digital composite ¢ Microprocessor interface
video port. ¢ Line-locked pixel rates
— 12.27 MHz NTSC
The TMC22071 includes a three-channel video input — 13.5 MHz NTSC or PAL
multiplexer, analog clamp, variable gain amplifier, and — 14.75MHz and 15.0 MHz PAL
digital back porch clamp. The on-board oscillator circuitry ¢ Direct interface to TMC22X9X encoders
generates the clock from a 20 MHz crystal or the clock ¢ Built-in circuitry for crystal oscillator )
source may be an external oscillator. It is programmable ¢ No tuning or external voltage reference required
over a microprocessor interface for NTSC or PAL ¢ 68-lead PLCC package
operation. No external component changes and no
production tuning or service adjustments are ever v
required. Applications
The TMC22071 is fabricated in an advanced CMOS ¢ Frame Grabber
process, and is packaged in a 68-lead PLCC. Its ¢ Digital VCRVTR
performance is guaranteed from 0°C to 70°C. ¢ Desktop Video
o5 Ve — > > cves,, 35
og Ve —] | —>» aHsYNG D
>2 Ve —> > avswer BS
. L3 INT 8
By mesen | TMC22071 [ > P
gz ~ 23 cenwocking [ V= EH
é‘é‘ oS\ —>» VIDEO — :; 28
s AW —>1  DIGITIZER m
CLK IN——)] g
@ CLK OUT <€— 14
8 e > 20T 2z
©  EXT PXCK —— «—— PFDIN 7 ﬁ
PXCK SEL ——»f % §
243808

Figure 1. Logic Symbol
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Figure 2. Functional Block Diagram
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General Description
The TMC22071 is a fully-integrated genlocking Timing

video A/D converter which digitizes NTSC or PAL
baseband composite video under program control. The TMC22071 operates from an internally-
It accepts video on three selectable input channels,  synthesized clock, PXCK, which runs at twice the

adjusts gain, clamps to the back porch, and pixel data rate. The nominal pixel rates may be set
digitizes the video at a multiple of the horizontal to 12.27 Mpps for NTSC, 13.5 Mpps for NTSC and
line frequency. It extracts horizontal and vertical PAL, and 14.75 Mpps or 15.0 Mpps for PAL

sync, measures the subcarrier frequency and operation.

phase (relative to the sampling clock), and provides

this data along with digital composite video data Video Input

over an 8-bit digital video port. Two sync outputs
(GHSYNC\ and GVSYNC)\) are also provided. It Three high-impedance video inputs are selected by

generates 1x (LDV) and 2x (PXCK) pixel clocks an internal multiplexer under host processor
(PXCK) for data transfer. PXCK also serves as a control. The device accepts industry-standard
master clock for the companion TMC22x9x video levels of 1.23 Volts (sync tip to peak color).
Encoders. Good channel-to-channel isolation allows active
video on all three inputs simultaneously. Anti-
Operating parameters are set up via a standard aliasing filtering (if used) and line termination

microprocessor port. Provisions have been made resistors must be provided externally. The input
for internal or external voltage reference operation.  selection is controlled by two bits in the Control
Register.

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



TMC22071

Analog Clamp

The front-end analog clamp ensures that the input
video falls within the active range of the A/D
converter. The digitized composite video output is
clamped to the back porch by a secondary digital
clamp.

Automatic Gain Adjustment

Since video signals may vary substantially from
nominal levels, the TMC22071 performs an
automatic level setting routine to establish correct
signal amplitudes for digitizing.

The TMC22071 relies upon the presence of the
sync tip-to-back porch voltage to determine the
gain required for the input video signal.

Sync tip compression or clipping is often affected
by APL (Average Picture Level) variation. Rather
than tracking minor variations in sync tip amplitude
and constantly adjusting video gain, the TMC22071
establishes proper signal amplitudes during initial
genlock acquisition, and then (optionally) holds the
gain constant. This results in a stable picture
under variable signal conditions.

Improper termination of video cables (usually
double termination) is handled in the TMC22071 by
a selectable gain of +1.0 or +1.5. The higher gain
is used to amplify a doubly-terminated signal which
is reduced in amplitude by 2/3.

If the input signal levels are well controlled, the
automatic gain adjustment can be disabled and the
gain held at its nominal value (+1.0 or +1.5).

Analog-to-Digital Converter

The TMC22071 contains a high-performance 8-bit
A/D converter. Its gain and offset are automatically
set as a part of the automatic gain adjustment
process during initial signal acquisition, and require
no user attention.

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

The reference voltages to the A/D converter are set
up by internal D/A converters under automatic
control during genlock acquisition. These voltages
determine the gain and offset of the A/D converter
with respect to the video level presented at its
input.

Low-pass Filter

The digitized composite video stream is digitally
low-pass filtered to remove chrominance
components from the sync separator. Filtering
provides robust operation by optimizing the signal-
to-noise ratio of the synchronizing/blanking portion
of the video, improving the accuracy of the back
porch blanking level detector.

8
°
@
E
]
b=

A digital sync separator provides the output sync
signals, GHSYNC\ and GVSYNC), and times
internal operations.

Horizontal Phase-Locked Loop

A phase-locked loop generates PXCK, at twice the
pixel rate. The reference signal for the horizontal
phase-locked loop is generated by the Direct
Digital Synthesizer (DDS). The DDS output is
constructed with an internal D/A converter and is
output from the TMC22071 via the DDS OUT pin.
This signal is passed through an external LC filter
and input to the horizontal phase-locked loop.

The phase of the DDS output is proportional to the
phase difference between PXCK and the horizontal
sync of the incoming signal.

A 20 MHz clock is required to drive the DDS. This
may be input to the TMC22071 via CMOS levels on
the CLK IN pin. Alternately, a 20 MHz crystal may
be directly connected between CLK IN and CLK\
OUT with tuning capacitors to activate the internal
crystal oscillator circuitry.

Raytheon Semiconductor 27
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Subcarrier Phase-Locked Loop

A fully-digital phase-locked loop is used to extract
the phase and frequency of the incoming color
burst. These frequency and phase values are
output over the CVBS bus during the horizontal
sync period.

Clocks
Back Porch Digital Clamp
CLKIN 20 MHz CMOS clock input to DDS.
A digital back-porch clamp is employed to ensure a This pin may also be used along with
constant blanking level. It digitally offsets the data CLK\ OUT for cirectly connecting
from the A/D converter to set the back porch level crystals.
to precisely 40,, for PAL and 3C,, for NTSC.
CLK\OUT Inverted DDS clock output. This pin
Digitized Video Output may also be used along with CLK IN for
directly connecting a crystal.
The digitized 8-bit video output is provided over an
8-bit wide CVBS data port, synchronous with PXCK LDV Delayed pixel clock output. LDV runs
and LDV. Subcarrier frequency, and subcarrier at 1/2 the rate of PXCK and its rising
phase data are transmitted over CVBS;_, during edge is useful for transferring CVBS
the horizontal sync tip period. digital video from the TMC22071 to the
TMC22x9x Digital Video Encoders.
Microprocessor Interface
PXCK 2x oversampled line-locked clock
Since microprocessor buses are notoriously "noisy" output.
from a wide-band analog point of view, the
microprocessor interface bus is only one bit wide, EXT PXCK Input for external PXCK clock source.
rather than the more customary eight. The
operation of this bus is similar to other bus- PXCK SEL Select input for internal or external
controlled devices except that the TMC22071 PXCK. When HIGH, the internally
internal Control Register is accessed one bit at a generated line-locked PXCK is
time. selected. When LOW, the external
PXCK source is enabled.
A sequence of 47 bits is written to or read from the
LSB of a standard microprocessor port. Writing to VALID This output, when HIGH indicates that
or reading from the secondary address results in incoming horizontal sync has been
the transfer of data to or from the internal shift detected and is within the +/-16 pixel
register. window in time established by previous
sync pulses. When LOW, it indicates
The RESET\ input, when LOW, sets all internal that incoming horizontal sync has not
state machines to their initialized conditions. bee found within the expected time
Returning the RESET\ pin HIGH starts the signal frame.
acquisition sequence which lasts until locking with
the gain-adjusted and clamped video signal is
achieved. INT\ This output is LOW if the internal
horizontal phase lock loop is unlocked
with respect to incoming video for 128
or more lines per field. After lock is
established, INT\ goes HIGH.
28 Raytheon Semiconductor For More Information call 1-800-722-7074.

Pin Functions
Video Input

Video inputs, 1.25 Volts peak-to-peak,
sync tip to peak color.
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TMC22071

Digital Video Interface

GHSYNC\

GVSYNC\

CVBS,,

When the TMC22071 is locked to
incoming video, the GHSYNC\ pin
provides a negative-going pulse after
the falling edge of the horizontal sync
pulse. There is a fixed number of
PXCK clock cycles between adjacent
falling edges of GHSYNC\.

When the TMC22071 is locked to
incoming video, the GVSYNC\ pin
provides a negative-going edge after
the start of a vertical sync pulse.

8-bit composite video data is output on
this bus at 1/2 the PXCK rate. During
the horizontal blanking interval, field ID,
subcarrier frequency, and subcarrier
phase are available on this bus.

Microprocessor Interface

Do

CS\

RESET\

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

Microprocessor data port. All control
parameters are loaded into and read
back from the Control Register over this
1-bit bus.

Microprocessor address bus. A LOW

RW\

When R/W\ and A, are LOW, the
microprocessor can write to the Control
Register over D,. When R/W\ is HIGH
and A, is LOW, the contents of the
Control Register are read over D,

Analog Interface

VREF

COMP

Rt Rg

+1.23 Volt reference. When the
internal voltage reference is used, this
pin should be decoupled to Agyp With
a 0.1 pF capacitor. An external +1.2
Volt reference may be connected here,
overriding the internal reference
source.

Compensation for DDS D/A converter
circuitry. This pin should be decoupled
to Vppa with a 0.1 pF capacitor.

Decoupling points for A/D converter
voltage references. These pins should
be decoupled to Agyp with a 0.1 uF
capacitor.

Loop Filter Interface

DDS OUT  Analog output from the internal Direct

Digital Synthesizer D/A converter.

on this input loads the I/O Port Shift PFD IN Analog input to the Phase/Frequency
Register with data from Dy and CS\. A Detector of the horizontal phase-locked
HIGH transfers the 1/O Port Shift loop
Register contents into the Control
Register on the last falling edge of CS\.  Cgyp Decoupling point for the internal
comparator reference of the

When CS\is HIGH, Dy is in a high- Phase/Frequency Detector. This pin
impedance state and ignored. When should be decoupled to Agyp with a
CS\ is LOW, the microprocessor can 0.1 pF capacitor.
read or write D, data into the Control
Register. Power Supply
Bringing RESET\ LOW forces the Vopa Positive power supply to analog
internal state machines to their starting section.
states, loads the Control Register with Voo Positive power supply to digital section.
default values, and disables outputs. AGND Ground for analog section.
Bringing RESET\ HIGH restarts the Danp Ground for digital section.
TMC22071.
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Table 1. Package Interconnections

Signal Type| Name Function Value Package Pin
Video Input | Vini3 Composite Video Input 1.23Vp-p | 34,31,29
Clocks CLKIN 20 MHz DDS clock input CMOS 51
CLK\OUT Inverted clock output CMOS 53
PXCK 2x Pixel clock output CMOS 19
LDV Pixel clock output CMOS 17
EXT PXCK External PXCK input CMOS 54
PXCK SEL PXCK source select CMOS 46
Digital Video| GHSYNC\ Horizontal sync output CMOS 12
GVSYNC\ Vertical sync output CMOS 13
CVBS;, Composite output bus CMOS 11-9, 6-2
WP /O Do Data I/0 port TTL 66
Ag WP port control TTL 60
Cs\ Chip select TTL 62
RESET\ Master reset input TTL 64
RW\ Bus read/write control TTL 61
INT\ Interrupt output TTL 67
VALID HSYNC locked flag TTL 14
Analog VRer Vgeg input/output +1.23V 38
COMP Compensation capacitor 0.1 uF 48
R1.Rp A/D V, 4 decoupling 0.1 uF 36, 28
PLL Filter DDS OUT Internal DDS output 45
PFD IN Horizontal PLL input 43
Cgyp Comparator bypass 0.1 uF 42
Power Vbpa Analog power supply +5V 23, 25, 26, 30, 33, 40, 47
Vop Digital power supply +5V 1,7,18, 22, 52,
58, 59, 63
Ground AeND Analog ground oov 24,27, 32, 35, 37, 39,
41, 44, 49,
Danp Digital ground oov 8, 15, 16, 20, 21, 50,
55-57, 65, 68
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Control Register Bit Functions

TMC22071

Bit | Mnemonic| Function Bit | Mnemonic| Function
0 SRESET | Software reset. When LOW, LDV cycles. Bit24 is the
resets and holds internal MSB.
state machines, resets
Control Register with 25 | AGC AGC operation control.
previously written values, After initial H and V sync
and disables output drivers. acquisition, AGC operation
When HIGH, SRESET starts is continuous for two fields
and runs state machines, and then held when this bit
PXCK, and enables outputs. is LOW. When HIGH, AGC
is triggered for two fields
1-3 | FORMAT | Input signal format select. and then held.
000 NTSC at 12.27 Mpps. 26 | FRERUN | When HIGH, a free-running
001 NTSC at 13.5 Mpps. PXCK is generated,
010 PAL, at 14.75 MPPS. independent of incoming
011 PALg at 15.0 Mpps. video. When LOW, PXCK is
i1xx PAL at 13.5 Mpps. locked to incoming video.
4-6 | TEST Factory test control bits. 27-29| TEST Factory test control bits.
These should be set LOW. These should be set LOW.
7,8 | SOURCE | Video source select. 30 | BLOCK Block sync enable. When
HIGH, block sync is
00 VN1 accepted and sync tip
01 Vina clamping during the vertical
1x VN3 interval is disabled.
9 VGAIN Video gain. When LOW, 31 | CVBSEN | CVBS bus enable. When
gain is setto +1.0. When LOW, the CVBS,.,,
HIGH, gain is set to +1.5. GHSYNC)\, and GVSYNC\
outputs are in a high-
10-16 | TEST Factory test control bits. impedance state. When
These should be set LOW. HIGH, they are enables.
17-24 | LEADLAG | This control word allows the 32 | TEST Factory test control bit. This
HSYNC to be time-shifted should be set LOW.
-122 to +132 LDV cycles.
When LEADLAG is 7By, 33 | BPFOUT\ | Burst phase / frequency
HSYNC and incoming video output control. When HIGH,
are in alignment. A value of GRS is disabled. When
83y, delays HSYNC eight LOW, burst phase and
LDV cycles. A value of 73, frequency information is
advances HSYNC eight output on CVBSg, 4.

For More Information call 1-800-722-7074.
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T™MC22071

Bit | Mnemonic| Function Bit | Mnemonic| Function
34 | DCLAMP | Digital clamp enable. The The presence of GRS also
digital clamp is enabled depends upon bit 33.
when DCLAMP is HIGH and
disabled when LOW. Status Bits (read only)
35-39 | TEST Factory test control bits. 47 | COLOR Burst present status bit.
These should be set LOW. This bit is LOW when no
burst is present on the input
40-43 | STVAL Sync tip value. When video. Itis HIGH when
DCLAMP is HIGH and burst is present.
STVAL is set to its default
value 3, the output sync 48-55 | BLKAMP Blanking amplitude status
level is 3;, for NTSC and 7, bits. These eight bits report
for PAL. Bit 43 is the MSB. the actual blanking level.
44-45| TEST Factory test control bits. 56 | LOCK Genlocked status bit. When
These should be set LOW. LOW, the TMC22071 is not
locked to an input signal.
46 | GRSONLY [ When the horizontal phase When HIGH, lock has been
lock loop is unlocked and achieved.
this Control Bit is LOW, all
CVBS data is forced LOW 57-58 | TEST These are read-only bits for
except the GRS signals. testing purposes only.
Figure 3. Control Register Map
0 7 8 15 16 23
[ i foioioi | | ioloioioioiofol il i
NN Z> v 7\ \/ >
g = = w % 5 ) e
g = & £°3 g 3 3
6 L 2 <
2 ? 4
24 31 32 39 40 A
toioioiol P | ! oioloioioiof § it i0:0:
€83y SgBs: r ¥ &bz
a%w @ perP g i s FFQ
5 FE " "5 &s Z 5
27031B
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Control and Status Registers

The TMC22071 is controlled by a single 47-bit
long Control Register. Access to the Control
Register is via the 1/O Port Shift Register
arranged as shown in Figure 4. The Control
Register can be read and written, permitting
software modification and examination of its
contents. The 12-bit Status Register is read-only
and accessed through the same 1/O Port Shift
Register. Reading the Status Register yields
information about blanking level, subcarrier
presence, and whether or not PXCK is locked or
unlocked with respect to the line rate.

The host processor writes data into the
TMC22071 using only one bit of the
microprocessor’s data and address bus. Once
the shift register has input and positioned the 47
bits of desired data (bit 46 first, bit 0 last), a HIGH
on Ay and a LOW on R/W\ when CS\ falls
transfers the I/O Port Shift Register contents to
the Control Register. The I/O Port Shift Register,
Control Register and Status Register are
governed by CS\, RW\, and A,. RM\and A,
are latched by the TMC22071 on the falling edge
of CS\ and data input D, is latched on the rising
edge of CS\. Data read from Dy, is enabled by the
falling edge of CS\ and disabled by the rising
edge of CS\.

The full sequence of 47 bits of Control Register
data must be written each time a change in that
data is desired. All or a few of the Control and
Status Register bits may be read, but the
sequence always begins with bit 58 of the Status
Register.

Table 2. Microprocessor Port Control

Figure 4. Control and Shift Register Structure

VO Port Shift Register —-—|

D, <

47 58
Status

Register

46)
Control Register

24349A

For More Information call 1-800-722-7074.
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Aq RW\ Action

0 0 Write data from Dy into 1/O
Port Shift Register

0 1 Read D, data from last stage 2
of I/O Port Shift Register .

1 0 Transfer 1/0O Port Shift =
Register contents to Control =
Register

1 1 Enables continuous update of
status bits in I/O Port Shift
Register

Figure 5. Data Write Sequence

ACXCAXXAXXOCORXARXAXE

o QI « X = ¥ X| ° JAOnomy
Ao % T\
|4 25006A

Figure 6. Data Read Sequence

AR

25002A
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Horizontal Timing

Horizontal line rate is selectable, and is determined
by the FORMAT control bits (12.27 Mpps for NTSC,
13.5 Mpps for NTSC and PAL, and either 14.75 or
15.0 Mpps for PAL). Figure 7 illustrates the
horizontal blanking interval. Figure 8 completes the
definition of timing parameters with vertical blanking
interval detail.

Programming the TMC22071

Upon power-up after bringing RESET\ LOW, the
TMC22071 Control Register is set to default values
as shown in the top entry of Table 4. These default
values do not necessarily render the TMC22071
operational in any specific application. Before the
TMC22071 is expected to acquire input video, its
Control Register must be loaded with data that is
specific to its use.

Figure 7. Horizontal Sync Timing

25004A

Video In

R

GHSYNC\

Figure 8. Vertical Sync Timing

< H N
< B

. C

Equalizing Pulse l€—— 05H—»

l I é&%%%%j f

Video In

Figure 9. Output Data vs. Input Video Level

[NTSC[_PAL
Peak Chrominance_

/ FE, | FF,
D2, | CF,

Peak Luminance

Back Porch

¢ Blanking ac, | 4o,

Sync Tip

<&
<

27035A

GVSYNC\ T
GHSYNC\ U
(Odd Field)
GHSYNC\ U
(Even Field) 25005A
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Table 3. TMC22071 Timing Options

Field Line Pixel PXCK Pixels
Standard Rate Rate Rate Frequency Per
(Hz) (kHz) (Mpps) (MH2) Line
NTSC 59.94 15.734264 12.2727+ 24.54+ 780
NTSC-601 59.94 15.734264 13.50 27.0 858
PAL, 50.00 15.625 14.75 29.5 944 =
PALg 50.00 15.625 15.00 30.0 960 E
PAL-601 50.00 15.625 13.50 27.0 864 =
=

Table 4. Control Register Example Data

Standard | Control Register Data (Bit 56 ................ Bit 0)
46 42 38 34 30 26 22 18 14 10 6 2

DEFAULT | 0000 0110 0000 1001 0000 0010 0000 0000 0000 0000 0000 001

NTSC 0000 0110 0000 1001 0000 0010 0000 0000 0000 00xx 0000 000
NTSC-601| 0000 0110 0000 1001 0000 0010 0000 0000 0000 0O0xx 0000 010

PAL, 0000 0110 0000 1001 0000 0010 0000 0000 0000 00xx 0000 100
PALg 0000 0110 0000 1001 0000 0010 0000 0000 0000 00xx 0000 110
PAL-601 | 0000 0110 0000 1001 0000 0010 0000 0000 0000 0Oxx 0001 000

For More Information call 1-800-722-7074. ‘Raytheon Semiconductor 215
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CVBS Bus Data Formats

The CVBS bus outputs a Genlock Reference Signal
(GRS) along with the 8-bit digital composite video
data. The range of output data versus versus video
input voltage is illustrated in Figure 9 where sync tip
and blanking levels are controlled by the digital back-
porch clamp of the TMC22071. During horizontal
sync, the TMC22071 outputs field identification,
subcarrier frequency, and subcarrier phase
information on the CVBS bus.

Field identification is output on CVBS, . The LSB,
CVBS,, will be LOW during odd fields and HIGH for
even fields. When NTSC operation is selected,
CVBS, o count 00,01,10,11 for fields 1 through 4

respectively. When PAL operation is selected,
CVBS,_q count 000,001,010, etc. to 111 for fields 1
through 8, respectively.

Subcarrier frequency is sent out in a 24-bit binary
representation in six 4-bit nibbles on CVBS4 .
Subcarrier frequency data, f»5_q, is identical to the
pre-programmed BSEED value used in the
TMC22071 to lock the subcarrier phase-locked loop
to the incoming subcarrier frequency.

Subcarrier phase, ®,3_0, is also sent out in a 24-bit
binary representation in six 4-bit nibbles on CVBS, .
Bit ®,5 is the MSB.

Figure 10. Genlock Reference Signal (GRS) Format.

PXCK

57 58 59/ €0 61
GHSYNG\ |

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76

y
x PIXEL XFID x‘azoxfmmxfwnzx f11:ox fra x fao X¢a2¥¢mn*’1sn*¢nxx b7 x $30 x

x PIXEL XPIXEL

CVBS;, x PIXEL x PIXEL

FIELD IDENTIFICATION

I(-r)'(— FREQUENCY —)l(— PHASE ———)i

24383A

Figure 11. CVBS Bus Video Data Format

€& townpx townpx PHe——— 1pxck
PXCK J { \
[€— tpo—>
GHSYNC\
—> ta —» tw
LDV /
to >  |je—
CVBS;, ( PIXEL 0 XXX PIXEL 1
24382B
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Figure 12. Microprocessor Port - Write Timing
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Figure 13. Microprocessor Port - Read Timing
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Figure 14. Equivalent PFD IN Circuit

Figure 16. Equivalent DDS OUT Circuit

VDD

Voo
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VDD
PFD INO 2a |»~—$——<-|
Cove O P P
BYP ] > DDS OUT
v24v f f % % ’
l 27032A
= 27033A
Figure 15. Equivalent Digital Input Circuit Figure 17. Equivalent Digital Output Circuit
VDD VDD
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1, :
Input 37 Output
q n n
‘;‘ 27014A = 27011A
Figure 18. Transition Levels for Three-State Measurements
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Absolute maximum ratings (beyond which the device may be damaged)1

POWETr SUPPIY VOIAGE ...oveenireiiiictieesiec ettt s s e sre e e s ene e e s srte st s sse e satesenesnnessnanasnen -0.5to +7.0V
INPUE VORAQE....ce ettt e e e -0.5to Vpp+0.5V
Digital Outputs
APPHEA VORBGE?.......ccrvvmreeeimnerieeeitse s et ssssssss e ssssesssssss e ssses s cessnessseesseenes -0.5 to Vpp+0.5V
FOrCEA CUITENIIA ..ottt es e sess st assas st ssas s s basess s s s snsans -6.0t0 6.0 mA
Short Circuit Duration
(Single output in HIGH state to GND).....c.cccoiiiiiinntiineisccc s 1 second
Temperature
L0/ oT-T =1 (11To I o T = SRS -60 to +130°C
Operating, JUNCHON. ..ottt e sttt ee s s st e e sae e s ssae s s ot e e me e smmsaname e mnresenressan +150°C
[ICT=To E=To] o [T g1 ool HOIET=ToTo oo ) F +300°C
Vapor phase soldering (1 MINUIE).......coveieveiieicnenecterre ettt e sr e e s nes +220°C

153 (e =T 1= T OO -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 must be current limited to specified range, and measured with respect to
GND.

3. Forcing voltage must be limited to specified range.

4. Currentis specified as conventional current, flowing into the device.

For More Information call 1-800-722-7074. Raytheon Semiconductor 2-19
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Operating conditions

Temperature Range
Standard

Parameter Min Nom Max Units
Vop Power Supply Voltage 4.75 5.0 5.25 \
Vi Input Voltage, Logic HIGH

TTL Inputs 2.0 A/ \'

CMOS Inputs 2/3 VDD VDD \"
ViL Input Voltage, Logic LOW

TTL Inputs DGND 0.8 \"}

CMOS Inputs Danp 1/3 Vpp \'
loH Output Current, Logic HIGH -2.0 mA
loL Output Current, Logic LOW 4.0 mA
VIN Video Input Signal Level 1.0 \'

Sync Tip to Peak White
VRer External Reference Voltage 1.235 \'
Ta Ambient Temperature, Still Air 0 70 °C
Microprocessor Interface
tPWLCS CS\ Pulse Width, LOW 35 ns
tPWHCS CS\ Pulse Width, HIGH 35 ns
tsa Address Setup Time 4 ns
tha Address Hold Time 25 ns
tsp Data Setup Time 80 ns
tvo Data Hold Time 2 ns

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

220 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Electrical Characteristics

Temperature Range
Standard

Parameter Conditions Min Typ Max Units
lpp Power Supply Current! Total Current TBD | TBD | mA

VDD=M3X,prCK=30MHZ %
Irgr  Reference Input Current VRer = +1.235V 100 HA %

=

iy Input Current, Logic HIGH Vpp = Max, Vi = 4.0V +10 HA
. Input Current, Logic LOW Vpp = Max, V) = 0.4V +10 HA
Vou Output Voltage, Logic HIGH loy=-2.0mA 24 v
VoL Output Voltage, Logic LOW lop =4.0mA 0.4 \'
lozy Hi-Z Output Leakage current, HIGH Vpp=Max, V|y=Vpp +10 MA
lozL Hi-Z Output Leakage current, LOW Vpp=Max, Vi\=GND 10 HA
C, Digital Input Capacitance Tp=25°C, f=1MHz 4 15 pF
Co Digital Output Capacitance Tp=25°C, f=1MHz 10 pF
Cy Input Capacitance, Vyq.3 Ta=25°C, f =3.58 MHz 15 pF
Ry Input Resistance, V1.3 50 kQ

Note 1. Typical Ipp with Vpp=+5.0 Volts and T4=25°C, Maximum Ipp with Vpp=+5.25 Volts and T,=0°C,

For More Information call 1-800-722-7074. Raytheon Semiconductor 2.21
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Switching Characteristics

Temperature Range

Standard

Parameter Conditions Min Typ Max Units
tDO Output Delay Time CLOAD =35 pF 2 15 ns
tho Output Hold Time 3 8 ns
fpck  Pixel Rate 12 156.3 | MHz
fexck  Master Clock Rate 24 30.6 | MHz
tPWLPX PXCK Pulse Width, LOW 12 ns
tpwhpx PXCK Pulse Width, HIGH 12 ns
toy Horizontal Sync to GHSYNC\ 45 pixels
tvp Vertical Sync to GVSYNC\ 45 pixels
txL PXCK LOW to LDV HIGH ns
txv PXCK LOW to LDV LOW ns
toom Do enable time ns
thom Do disable time ns
tpoz  CS\LOW to D, output driven ns

System Performance Characteristics

Temperature Range

Standard
Parameter Conditions Min Typ Max Units
Escy Sync time-base variation' 30 | ns
Escp  Subcarrier Phase Error! 15 degrees
taL Line-lock Acquisition Timé 2 frames
Vxt Channel-to-Channel Crosstalk @3.58 MHz -35 dB

Notes 1. NTSC/PAL compliant black burst at nominal input level £10%, frequencies nominal + 10 ppm.

2:22 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Figure 19. Typical Interface Circuit
+5V

6.8 pF
10 uH
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Application Notes

The TMC22071 is a complex mixed-signal VLSI
circuit. It produces CMOS digital signals at clock
rates of up to 15 MHz while processing analog video
inputs with a resolution of less than a few millivolts.
To maximize performance it is important to provide
an electrically quiet operating environment. The
circuit shown in Figure 19 provides an optional
external 1.2V reference to the Ve input of the
TMC22071. The internal Ve source is adequate
for most applications.

Filtering

Inexpensive low-pass anti-aliasing filters are shown
in Figures 20 and 20. These filters would normally
be inserted in the video signal path just before the
75Q terminating resistor and AC-coupling capacitor
for each of the three video inputs, Viy4.3. The filter
of Figure 20 exhibits a 5th-order Chebyshev
response

with -3dB bandwidth of 6.7MHz and a group delay of
140 nanoseconds at 5MHz. The filter of Figure 21
has been equalized for group delay in the video
signal band. Its -3dB passband is 5.5MHz while the
group delay is constant at 220 nanoseconds through
the DC to 5MHz frequency band.

Figure 20. Simple Anti-aliasing Filter

2.2uH 22uH
o— oYY Y Y
= 470 pF T 1000pF I 470 pF
O L 2 O

25007A
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Figure 21. Group Delay Equalized Filter

33uH  33uH  47uH  4T7uH
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Using a 20 MHz Crystal

In systems where a 20 MHz clock is not available, a
crystal may be used to generate the clock to the
TMC22071. The crystal must be a 20 MHz
"fundamental” type, not overtone.” Specific crystal
characteristics are listed in Table 5 and the
connections are shown in Figure 22.

Table 5. Crystal Parameters

Parameter Value
Fundamental frequency | 20 MHz
Tolerance +30 ppm @ 25°C
Stability +50 ppm, 0°C to 70°C
Load Capacitance 20 pF
Shunt Capacitance 7 pF Max.
ESR 50Q, Max.

Figure 22. Direct Crystal Connections

Grounding

The TMC22071 has separate analog and digital
circuits. To minimize digital crosstalk into the analog
signals, the power supplies and ground connections
are provided over separate pins (Vpp and Vppp are
digital and analog power supply pins; Dgyp and
Agnp are digital and analog ground pins). 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
ferrite bead inductor. Ultimately all +5 Volt power to
the TMC22071 should come from the same power
source.

Another approach calls for separating analog and
digital ground. While some systems may benefit
from this strategy, analog and digital grounds must
be kept within 0.1V of each other at all times.

Interface to the TMC22x9x Encoder

The TMC22x9x Digital Video Encoders have been
designed to directly interface to the TMC22071
Digital Video Genlock. The TMC22071 is the source
for TMC22x9x input signals CVBS5_o, GHSYNC\,
GVSYNC\, LDV, and PXCK as shown in Figure 23.
These signals directly connect to the TMC22x9x.
The microprocessor interface for TMC22x9x and
TMC22071 are identical. All W/R\, RESET\, data
and address bus signals from the host
microprocessor are shared by the TMC22x9x and
TMC22071. Only CS\, VALID, and INT\ signals are
separate from the microprocessor bus.

33 pF TMC22071

— CLKIN >
20MHz | —— 1MQ
Crystal 300Q

— CLK\OUT

'  33pF :
270308
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Figure 23. TMC22x9x Interface Circulit

CVBS, , 8, CVBS,,
GHSYNC\ GHSYNC\
GVSYNC\ GVSYNC\
TMC22071  PXK ek TMC22x9x
GENLOCKING VIDEO DIGITIZER DIGITAL VIDEO ENCODER
& &
7,1 —~ D o o =
gs5<L8 § es8< 8 § s
Tt EEEE :
2, :5
7 }/ =
]w
MICROPROCESSOR
INTERFACE 270098

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 influenced 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 the critical analog traces (COMP, Ve,
Ry, Rg, DDS OUT, PFD IN, Cgyp, and V|y1.3)
as short as possible and as far as possible from
all digital signals. The TMC22071 should be
located near the board edge, close to the analog
output connectors.

2. The power plane for the TMC22071 should be
separate from that which supplies the rest of the
digital circuitry. A single power plane should be
used for all of the Vpp pins. If the power supply
for the TMC22071 is the same as that of the
system’s digital circuitry, power to the
TMC22071 should be decoupled with ferrite
beads and 0.1uF capacitors to reduce noise.

3. the ground plane should be solid, not cross-

For More Information call 1-800-722-7074.
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hatched. Connections to the ground plane
should have very short leads.

Decoupling capacitors should be applied
liberally to Vpp pins. Remember that not all
power supply pins are created equal. They
typically supply adjacent circuitry on the device,
which generate varying amounts of noise. For
best results, use 0.1uF capacitors in parallel
with 0.01puF capacitors. Lead lengths should be
minimized. Ceramic chip capacitors are the
best choice.

If the digital power supply has a dedicated
power plane layer, it should not overlap the
TMC22071, the voltage reference or the analog
outputs. Capacitive coupling of digital power
supply noise from this layer to the TMC22071
and its related analog circuitry can have an
adverse effect on performance.

CLK should be handled carefully. Jitter and
noise on this clock or its ground reference may
degrade performance. Terminate the clock line
carefully to eliminate overshoot and ringing.

2-25
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Pin Assighments

Pin| Name Pin Name Pin Name Pin Name
1 Vpp 18 Vpp 35 AcnD 52 Vpp
2 CVBS, 19 PXCK 36 Ry 53 CLK\OUT
3 CVBS; 20 DenD 37 AcnD 54 EXT PXCK
4 CVBS, 21 Denp 38 VRer 55 Dand
7 | Voo 24 AaND 41 AcND 58 Voo
8 | Danp 25 Vooa 42 BYP 59 Voo
9 CVBSg 26 Vopa 43 PFD IN 60 0
10 | CVBSg 27 AGND 44 AcnD 61 RM\
11 CVBS; 28 Rg 45 DDS OUT 62 CS\
12 [ GHSYNC\ 29 Ving 46 PXCK SEL 63 Vop
13 | GVSYNC\ 30 VDA 47 Vppa 64 RESET
14 | VALID 31 Ving 48 COMP 65 Denp
15 | Danp 32 AcnD 49 Aanp 66 0
16 | Dganp 33 Vppa 50 Dend 67 INT\
17 | LDV 34 Vini 51 CLKIN 68 DaND
60 44
o T o I s T o T o s e O e O o 6 I o I I e O o
61 0 ] 43
O i
E ]
i ]
O 1
0 ]
0 [
68 % i]
1 i
[
g i
0 i
O 1
0 i
g i]
0 1
9 [ 0 27
| N N SO N O [y S D Ry N W N S [ N [ NG [ S Sy Sy e )
10 26 27023A
Ordering Information
Product Temperature Screening Package Package
Number Range Marking
TMC22071R1C Tpo=0°Cto 70°C Commercial 68-Lead PLCC 22071R1C

40GO7281 Rev E 8/93
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TMC22090/22091
TMC22190/22191

Digital Video Encoders / Layering Engine

The TMC22X9X digital video encoders convert digital
computer image or graphics data (in RGB, YCgCh, 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 752
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 CLUTSs, 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.

24
P 74 = e 5
wEg oS <> composie 23
§§§ VHSYNC\ <€—>
La VVSYNC\
z oy <> TMC22x9x B
BYPASS —>  piamAL | Veer ﬁg
8 VIDEO |——— comp 2
g2 ows, —»  ENCODER  f—— P §3
2E aHsynal — 8
gg GVSYNC\ —)» o0 Eg
: e 22
% y RESDET\M _’4—21) ToK 2
§E A — P o
n.E CS\ ———Jp j€—— LoV §
g_ AW — l€—— Pxck g
= BYPASS\ and OL, 5 on TMC22190/491 only. 27008A
Logic Symbol
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Features

*
¢
*

COPPOPOPOPOSO & 46 G600 G000

All digital video encoding

Internal digital oscillators, no crystals required
Multiple input formats supported

— Input formats supported

— 24-bit and 15-bit GBR/RGB

— YCgCRr422 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
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Functional Block Diagram
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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-VIDEO)
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
OL .o 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 _q 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, YCgCr422, 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) is a 256 x 8 x 3
random-access memory, and provides means for
offset, gain, gamma, and color correction in RGB
and YCgCRp 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 YCgCRr422 format, the interpolation filters
produce YCgCRr444 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 controlled
by the TMC22070 Genlocking Video Digitizer over
the CVBSy_, bus, GVSYNC)\, and GHSYNC\. The

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

MODE % 16 15 s 7 ry
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M
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Format Control Register
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00011000

Figure 1b. Pixel Data

Format (TMC22190/191 when CLUTs are Bypassed)
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COLOR INDEX[r,] | PiX8l | 1o, | P8l Ipel | PX@l ] In,

RGB15

GBR15

* Cg and Cg are loaded on alternate LDV cycleé
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Format Control Register

MSB
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0101X001
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01010010

01011010

24393A

LSB
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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 lines, 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.
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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 (37.5Q2 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.



TMC22X9X

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 D, 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~
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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,g_ g are latched into the input
preload register, for transfer into the
input demultiplexer on the next rising
edge of PCK.

Frame Buffer Interface

PD23

VHSYNC\

VVSYNC\

Raytheon Semiconductor

In YCgCgr, 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 TMC22x9x
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\).

- e
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PDC

KEY

Ol4.g
(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 PDog .
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; g 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.

CVBS; 4
30 of the 256 locations of the CLUTs
may be reserved for overlay operation.
These CLUT locations are directly
accessed by five input pins, OL4.¢.
OL,4.¢ 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 4.4 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.
BYPASS\ is active only for certain D7.
modes of the Layering Control Register

(LCR) when the Format Control

Register bit 6 is HIGH.

Raytheon Semiconductor

GVSYNC\

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).

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 puise, 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
PCK rate. 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.

Microprocessor Interface

All control parameters are loaded into
and read back over this 8-bit port. For
digital testing, the five lower bits can
also serve as a two-cycle 10-bit data
output port. For D/A converter testing,

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

Cs\

RW\

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 D;.,.

When CS\is HIGH, the microprocessor
interface port, D7_q, is set to HIGH
impedance and ignored. When CS\is
LOW, the microprocessor can read or
write parameters over D;_o. One
additional falling edge of CS\ is needed
to move input data to its assigned
working registers.

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

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 37.5Q load.

LUMA

CHROMA

Analog Interface

VRer

COmMP

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 (39212) is connected between
Rper and Agyp- Output video levels
are inversely proportional to the value

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

Vop Positive digital power supply.

Vopa Positive analog power supply.

DanD Digital 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 PDog o Pixel Data Inputs TTL 52-63, 66-77
VHSYNC\ Horizontal Sync /O TTL 12
VVSYNC\ Vertical Sync I/O TTL 13
PDC Pixel Data Control TTL 11
KEY Hardware Key Input TTL 4
OL,o Overlay Data Inputs (22190/191) | TTL 29, 48-51
BYPASS\ CLUT Bypass Control (22190/191) TTL 28
Genlock I/0 GHSYNC\ Genlock Horizontal Sync CMOSs 83
GVSYNC\ Genlock Vertical Sync CMOS 82
CVBS;, Composite Video Inputs TTL 44-47,84,1-3
wProc /O Do Data I/0 Port TTL 14-21
1-0 uProc 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 1VP-P| 37
Reference VRer Voltage Reference Input +1.23V| 30
COMP Compensation Capacitor 0.1 uF 39
RRer Current-setting Resistor 392 Q 31
JTAG /O TDI Data Input Port TTL 25
T™MS Scan Select Input TTL 24
TCK Scan Clock Input TTL 23
TDO Data Output Port TTL 22
Power Vbpa Analog Power Supply +5V 40-43
Voo Digital Power Supply +5V 27, 64, 81
Ground Acnp Analog Ground VAY 32, 34, 36, 38
Danp Digital Ground ooV 10, 26, 65, 80
Test TEST Factory testing (22090/091) 0.0V 28, 29, 48-51
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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. Testl/O

13. Mask Register

CoOoNONRWON A

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;_g, D7.0,
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.

Aio| RW\ | Action
00 0 Load D5_q into Control Register pointer.
00 1 Read Control Register pointer on Dy q.
01 0 Load D5_q into CLUT Address Register.
01 1 Read CLUT Address Register on Dy_q.
10 0 Write D7_g to addressed Control Register.
10 1 Read addressed Control Register on D q.
11 0 Write D;_q to addressed CLUT location.
11 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| 7-5 (reserved) select
00 | 4 | SRESEN Software reset 04| O | 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/Cg data key value
Format Control Register 07 | 7-0| FKEY Red/blue/Cg %ata 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 | PDog g input format select OE | 6 | COMPD/A | COMPOSITE D/A disable
01 | 1-0| INMODE PD,g g 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 | T512 EH/SL offset select
02 [ 6 | SHCY Short-cycle test mode OE | 0 | CB100O NTSC/PAL Color Bars
02 | 5-4| TBASE Time-base source select
02 | 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
i 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 | 7-0| 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 | 70| 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 | 7-0| VC Active video start 8 LSB
04 6 | HKEN Hardware key enable 17 1 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| VC 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, data key disable 19 | 70| FP Front porch length
04 0 | SKEN Data key enable 1A | 7-0| EL Equalization pulse LOW length
1B | 7-0{ EH Equalization pulse HIGH length
Layering Control Register 1C | 7-0| SL Vertical sync LOW length
(22190/191) iD| 7-0| SH Vertical sync HIGH length
1E | 7-0| CBL Color bar length
04 | 7 | LAYMODE | MSB of Layer Assignments select 1F | 7-56| FIELD Field identification
04 | 6 | HKEN Hardware key enable 1F | 40| 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, all 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 | Mnemonic | Function

Subcarrier Registers

20 | 7-0 | FREQL SLubé:arrie" 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 Q

27 | 7-0 | BURPHM Burst phase offset MSBs E

3

28-3F (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 2-39
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Control Register Definitions

Reg

Bit

Mnemonic

Function

Reg

-

Mnemonic

Function

00
00

00

00

00

00

SRESEM

PAL

LUMDIS

CHRDIS

HRESET

Global Control Register
(reserved)

Software reset. When
LOW, resets and holds
internal state machines and
disables outputs. When
HIGH (normal), starts and
runs state machines and
enables outputs.

Video standard select.
When LOW, the NTSC
standard is generated with
7.5 IRE pedestal. When
HIGH, PAL standard video
is generated. In the
TMC22091/191, this bit is
ignored if Register OE bit 7
is HIGH, enabling the OE
and OF registers.

Luminance input disable.
When LOW (normal),
luminance (Y) data from
external frame buffer is
enabled. When HIGH,
luminance (Y) data into the
TMC22x9x is forced to 0
IRE but sync pulses
continue from the LUMA
output.

Chrominance input disable.
When LOW (normal), burst
and frame buffer data into

the TMC22x9x are enabled.

when HIGH, burst and
frame buffer data are
suppressed, enabling
monochrome operation.

Software reset enable.
SRESET is forced LOW
when the RESET\ pin is

01

01

LCREN
(22190)
(22191)

taken LOW. State
machines are reset and
held. When HRESET is
LOW, RESET\ may be
taken HIGH at any time.
The TMC22x9x is enabled
and a new frame is begun
with line 1, field 1 on the
next PXCK after SRESET
is set HIGH. The D/A
converters are powered
down while RESET\ is
LOW. When HRESET is
HIGH, a new frame is
begun with line 1, field 1 on
the next PXCK after
RESET\ is taken HIGH.
SRESET is ignored. The
D/A converters remain
active during the reset
sequence.

Format Control Register
(reserved)

Layering Control Register
enable. When LOW, the
Layering Control Register
is not available and Key
Control Register functions
are enabled. In this mode,
the TMC22190/191
functions like the
TMC22090/091. When
HIGH, the Layering Control
Register takes the place of
the Key Control Register
and enables the layering
functions. Data loaded into
the Key or Layering Control
Registers will remain but
have a different meaning if
this bit is changed.

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 o

corresponding to input 01, YCgCRr422 data enters

data. When RAMPEN and from PDyg_g; Cr and Cgl

CB\ are both HIGH, an alternate from PD5.g

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

modulated ramp is RGB data from PD44.¢
produced, preempting input 11, 8-bit/pixel color

data. indexed data enters

from PD7_,.

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 |PDys 4 input format select. data. When HIGH, all UBB
Two bits select RGB, GBR, lines in the vertical interval
or YCgCpr input data. become UVV active video
When bits 3 and 2 are: and are dependent upon
00, the CLUT output is input data.

interpreted as RGB and
is converted to YCgCp. 02 | 6 [SHCY Short-cycle test mode.

10, the CLUT outputis When LOW, normal
interpreted as GBR, operation is enabled. when
and is converted to HIGH, EH (equalization
YCgCr- 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\ while) (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 directy
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 |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

generator is reset with keying is allowed during

frequency and phase data active video and blanking.

from FREQ, SYSPH, and

BURPH registers every 04 | 3 [DKDIS Green/red/Y data key

eight fields. When HIGH, disable. When LOW,

the internal subcarrier green/red/Y input data is

generator free-runs on the enabled for data keying.

basis of frequency and When HIGH, green/red/Y

phase data from the last input data is ignored for

time it was reset. When data keying. This function

RESET\ goes LOW, the is enabled when Layering

subcarrier frequency and Control Register is enabled

phase will be reset from (22190/191).

FREQ, SYSPH, and

BURPH after field 8. 04 | 2 |EKDIS Blue/green/Cg data key
disable. When LOW,

03 | 0 |CHRTST |CHROMA channel test. Blue/green/Cg input data is
When LOW (normal), the enabled for data keying.
chrominance D/A converter When HIGH, Blue/green/Cgl
is driven from chrominance input data is ignored for
channel. When HIGH, the data keying. This function
chrominance D/A converter is enabled when Layering
is driven from TESTDAT Control Register is enabled
when TESTEN is HIGH. (22190/191).

Key Control Register 04 | 1 [FKDIS Red/blue/CR data key
disable. When LOW,

04 |7 (reserved) redblue/Cp input data is

enabled for data keying.

04 | 6 |HKEN Hardware key enable. When HIGH, red/blue/Cg
When LOW, the KEY input input data is ignored for
pin ignored. When HIGH, data keying. This function
the KEY input pin is is enabled when Layering
enabled. Control Register is enabled

(22190/191).

04 | 5 [BUKEN Burst key enable. When
LOW, output video burst is 04 | 0 [SKEN Data key enable. When
generated on TMC22x9x. LOW, data keying is
When HIGH, output burst is disabled. When HIGH,
taken from genlock input data keying is enabled.
data.

Layering Control Register

04 | 4 [SKEXT Data key operation select. (22190/191)

When LOW, data keying is
allowed only during active 04 | 7 [LAYMODE | MSB of Layer Assignments
video. When HIGH, data 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 ignored.
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 OE
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 converter]

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 |SIX25 Select 625 lines per frame.
When HIGH, the encoder
OE | 2 |TFLK Luminance-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 iy
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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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 O 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 Iength. 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 0O to
extending from O 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 |1-0|VB Active video end 2 MSBs.
register 18. These two bits hold the
246 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Reg | Bit| Mnemonic | Function Reg | Bit | Mnemonic | Function
MSBs of a 10-bit value 1F |7-5|FIELD Field identification (read
which is the end half active only). These three bits are
video length extending from updated 12 PXCK periods
0 to 1023 PCK cycles. The after each VHSYNC\. They
LSBs are located in control allow the user to determine
register 17. field type on a continuous
basis.
19 |7-0|FP Front porch length. This 8-
bit register holds a value 1F |4-0|LTYPE Line type identification
extending from 0 to 255 (read only). These five bits
PCK cycles. are updates 5 PXCK
periods after each
1A |7-0|EL Equalization pulse LOW VHSYNC\. They allow the
length. This 8-bit register user to determine line type
holds a value from 0 to 255 on a continuous basis.
PCK cycles.
Subcarrier Registers
iB |7-0(EH Equalization pulse HIGH
length. This 8-bit register 20 |7-0(FREQL Subcarrier frequency 4th
holds a value extending byte (LSBs). This 8-bit
from 0 to 255 PCK cycles. register holds the LSB (bits
This value, when added to 7-0) of the 32-bit subcarrier
256 (or 512), determines frequency value (non-
the final pulse length in the genlock modes). The next
range of 256 to 511 (or eight most significant bits
767) PCK cycles. are held in Register 21.
1C |7-0|SL Vertical sync LOW length. 21 |7-0| FREQ3 Subcarrier frequency 3rd
This 8-bit register holds a byte. This 8-bit register
value frem 0 to 255 PCK holds bits 15:8 of the
cycles. This value, when subcarrier frequency value
added to 256 (or 512), (non-genlock modes). The
determines the final pulse next eight most significant
length in the range of 256 bits are held in Register 22.
to 511 (or 767) PCK cycles.
22 |7-0(FREQ2 Subcarrier frequency 2nd
1D |7-0{SH Vertical sync HIGH length. byte. This 8-bit register
This 8-bit register holds a holds bits 23-16 of the
value extending from O to subcarrier frequency value
255 PCK cycles. (non-genlock modes). The
eight MSBs are held in
1E |(7-0{CBL Color bar length. This 8-bit Register 23.
register holds a value which
is the length of each color 23 |7-0| FREQM Subcarrier frequency 1st
bar displayed extending byte (MSBs). This 8-bit
from 0 to 255 PCK cycles. 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

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/O 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 R/W\ 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

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 60y, brings 8-bit Y
values out on the D;_q port.
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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 parallel 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 black
level representation, but the largest error
introduced by extraneous data in the LSBs is 3/4
LSB (at 6 bits). The encoder wiil 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 call 1-800-722-7074.
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adjustment, offset, and gamma correction, are
easily loaded. The color data is loaded into the
tables 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. CLUTs are loaded in Y-Cg-CRr
sequence.

Overlay Operation

For the TMC22090/091 and TMC22190/191 (when
Format Control Register Bit 6 = LOW), the OL, 4
inputs are inactive. In CCIR-601 operation, the
nominal data range for Y is from 16 to 235 and for
Cg and Cgis 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 - 0587 G + 0.886 B
RY = 0.701 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
o +-112 (B-Y)g=Cg * 1.0126 (B-Y)o +-113
Cr +-112 (R-Y)g = Cr* 0.8011 (R-Y)o +/-90
Y 0to 255 1-1 Yo 0to 255
B-Y +-127 (B-Y)p = (B-Y) * 0.893 (B-Y)o +-113
R-Y +-127 (R-Y)p = (R-Y) * 0.7065 (R-Y)o +/-90

Table 6. CLUT Locations Addressed by

Overlay Inputs (22190/191)

OL,;o | CLUT location
00 No Overlay
01 01
02 02
OE 0E
OF OF
10 No Overlay
1 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 CLUTSs are bypassed
(22190/191), the Matrix remains enabled,
converting RGB data to color-difference format.
When the input pixels are in 444 format
(YCgCRr444, RGB, GBR, Cl), the Interpolator
(which converts 422 to 444) is not active. When
the input pixels are in YCgCg 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.

Raythecn 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 YCgCr444
00 01 (422) RGB YCgCr422
00 10 (15-bit) RGB RGB15 «
00 11 (Cl) RGB Cl E
01 XX reserved reserved E
10 (GBR) | 00 (444) GBR YCgCpr444
10 01 (422) GBR YCgCr422
10 10 (15-bit) GBR GBR15
10 11 (Cl) GBR Cl
11 XX not allowed not allowed

Figure 2. Pixel Data (PD,3_¢) Sequence for YCgCr422

Format Control Register Bit 6 = HIGH

it 23 - 1615 C1—l 8 7 o 0

mmz% CL.] | Ch

Pieis [ 11 | Vo Chs Cis

Poela | | [ [ ¥ J[]1 ! Choi I 1]/} Crol!]
| l?f_] || LHi t

Pixel n n Cﬁl il ‘ ‘ pihn_i l i

B L YL [L T TRl T[T TTRRI ]

Format Control Register Bit 6 = LOW

msB
23 16 15

Pixel 1
Pixel 2
Pixel 3

Pixel 4

Pixel n I

| — | —

Pixel n+1 |

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

Figure 3. Typical Gamma Curve for NTSC.
1.0

o
o

Gamma = 2.2
OUT = (IN)22

OUTPUT
o
H

0 02 04 06 08 1.0
INPUT 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) (us) (ns)
FP 15 1.65 1.9
SY 4.7 4.7 495
BR 0.6 0.9 0.9
BU 25 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.

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

H=(2x SL) + (2 x SH) [Vertical sync pulses]
=(2 x 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 lines.

vB
vC

where Equalization HIGH and LOW pulses ( EL +

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

= H/2 - CBP
= VA - H2

8
-
@
E
=]
=

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-l PAL-M
(us) (us) (us)
H 63.5556 64 63.492
EH 29.4778 29.65 29.45
EL 2.3 235 23
SH 47 4.7 4.65
SL 271 27.3 271
253

For More Information call 1-800-722-7074. 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 Field 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§S 03 268 §S 03
269 SE 02

EE 00 270 EE 00

EE 00 27 EE 00

EE 00 272 EB 10
uBB oD 273 uBB 0D

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

EE 00 270 EE 00

EE 00 271 EE 00

EE 00 272 EB 10
uBB oD 273 uBB oD

SOXNONHWN =
[}
(%]
Q
@
cOONONAWN =
[}
(%]
=)
@

ues | oo | 282 | uss | oo | 20 | uss | oo | 282 | uBB | oD
283 | uBv | oe | 21 |uw | oF | 283 | uev | oE
uw | oF | 284 | uw | oF | 22 | uw | oF | 284 | uw | oF

NN
N=-0O:
C
<
<
o
m

262 | uw | oF | 524 |uw | oF. | 262 | uw | oF | 524 [ uww | oF
263 | UVE | oc | 525 [ uw | oF | 263 | UvE | oc | 525 | 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

Field 1 and 5
FIELD ID = 000, 100

Field 2and 6
FIELD ID = 001, 101

Fleld3and7
FIELD ID =010, 110

Field 4and 8
FIELD ID = 011, 111

Line ID |LTYPE

Lire ID LTYPE

Line ID |LTYPE

Line ID LTYPE

1 SS 03
2 S§S 03
3 SE 02
4 EE 00
5 EE 00
6 -BB 05
7 uBB oD
8 uBB oD

22 uBB oD
23 uBv OE
24 uvv OF
308 uvv OF
309 uvv OF
310 'A% 07

311 EE 00
312 EE 00

313 ES 01
314 S§S 03
315 SS 03
316 EE 00
317 EE 00
318 EB 10
319 uBB oD
320 uBB oD
335 uBB 0D
336 uvv OF
337 uvv OF
621 uvv OF
622 -V 07
623 -VE 04

624 EE 00
625 EE 00

626 SS 03
627 S§S 03
628 SE 02
629 EE 00
630 EE 00
631 uBB oD
632 uBB oD
633 uBB oD
647 uBB oD
648 uBv OE
649 uvv OF
933 uvv OF
934 uvv OF
935 uvv OF

936 EE 00
937 EE 00

938 ES 01
939 SS 03
940 SS 03
941 EE 00
942 EE 00
943 EB 10
944 -BB 05
945 uBB oD
960 uBB oD
961 uvv OF.
962 uvv OF
1246 | UVV OF
1247 | UVV OF
1248 | -VE 04

1249 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.
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Figure 8. PAL-M Vertical Iinterval
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Table 12. PAL-M Field / Line Sequence and Identification

Fleld1 and 5 Field 2and 6 Fleld 3and 7 Fleld 4 and 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
§S 03 264 SS 03
§S 03 265 SS 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 uBB 05 270 -BB 05
uBB oD 271 uBB iD 271 usB iD
17 UBB 0D.
17 uBB 0D 279 usB oD 18 uvv OF 279 usB oD
18 uvv OF 280 uBv OE. 280 usv OE.
281 uvv OF 258 uvv OF 281 uvv OF
259 uvv OF . 259 -wW 07 -
260 -VE 04 521 uvv OF 260 -VE 04 521 uvv OF
261 EE 00 522 -W 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

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

S
he
@
E
=}
=

O©CONOOAWN =
m
m
(=]

o
ONONEWN =
m
m
o
o

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

-BBBIlack 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 EH2 SL?2 SH CBL

(H2) (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 8B 05 77 65 12 1C 6A 4D 3A 52
NTSC CCIR-601| 59.94 15.734266 1350 27.00 |40 ©08 22 11 3F CB 1E 9D 65 14 1IF BE 6E 3F 59
NTSC4xFsc | 59.94 15734266 14.32 2864 |43 09 24 12 654 F7 30 B5 65 15 21 A6 84 43 ©5F
PAL sqr. pixel | 50.00 15625000 14.75 2950 [45 OD 21 21 6D 03 2B B7 75 19 23 BS 93 45 61
PAL CCIR-601 | 50.00 15625000 1350 27.00 |40 OC 1E 1D 4D C3 13 93 65 16 20 90 71 3F 58
PAL15Mpps | 50.00 15625000 1500 30.00 |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 |3E OB 1C 13 26 8 FE 8B 61 18 1D 70 53 3A 52
PAL-M CCIR-60] 60.00 15750000 13.50 27.00 {44 OC 1E 13 26 Bf 12 99 65 1A 1IF 8E 6E 3F &7
PAL-M4xFsc | 60.00 15750000 14.30 2860 [47 OD 20 15 4C E8 22 AC 65 1B 21 A5 84 42 8D
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. Burstenvelope.
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 horizontal
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, FREQ3,
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 split 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.

8
°
@
E
=]
b=

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

SYSPH = FREQ/ 217

This value must be converted to binary and split
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)x2%
( pixels / line )

SYSPH = FREQ/ 2'7 = BURPH

Field Horizontal Pixel PXCK Subc:arrlel'I Subcarrier Register (hex)
Standard Rate Freq. Rate Freq. Freq. |BURPHM BURPHL SYSPHM SYSPHL FREQM FREQ2 FREQ3 FREQL
(Hz)  (kHz) (MHz) (MHz) (MHz) 27 26 25 24 23 22 21 20
NTSC sqr. pixel [69.94 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 15734266 14.32 28.64 3.57954500 20 00 00 00 40 00 00 00
PAL sqr. pixel [50.00 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 156 Mpps  |50.00 15.625000 15.00 30.00 4.43361875 00 00 00 00 4B AA cé Al
PAL-M sqr.pixel | 60 15750 1250 25.01 3.57561149] 00 00 00 00 49 45 00 51
PAL-M CCIR-601 60 16,760 13.50 27.00 3.5756114 00 00 00 00 43 DF 3F D7
PAL-M 4x Fsc 60 15,750 14.30 28.60 3.57561149| 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 madifying
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
150 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
2438sa CS\. Eight bits of data are presented on D4
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 s after CS\ falls. Valid data is present on
D+ tbowm 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, o Port

The microprocessor port of the TMC22x9x may be

The TMC22091/191 has an additional feature that
allows luminance pixel data to be read from the
D7, Inthis 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 60;, the
Do port will begin outputting 8-bit luminance
pixels synchronous with respect to PXCK. To halt
the pixel flow from D5_q, 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.

used to extract digital video pixels. The eight 3. Genlock mode. The encoder accepts

MSBs of the up-sampled and interpolated pixel horizontal and vertical sync from the

data that go to the COMPOSITE D/A converter can companion TMC22070 Genlocking Video

also be sent to the D, port and read for Digitizer, synchronizes itself to the incoming
subsequent processing. When the Test Control video, and provides appropriate H Sync and V
Register is loaded with 28,, and the Control Sync to the host. It synchronizes Pixel Data
Register pointer is loaded with 40, the D;_, port input in two ways:

will begin outputting 8-bit composite pixels

synchronous with respect to PXCK. To halt the a. Internal PDC. The encoder internally

pixel flow from D5_,, simply bring CS\ HIGH. generates the Pixel Data Control (PDC)
264 Raytheon Semiconductor For More Information call 1-800-722-7074.
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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 (tgg) 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

8
°
@
£
=
=

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,
PCKis 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 Port 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 it is 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
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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 input of the first pixel of a line.

programmed in the timing control registers), the

Color Back Porch (CBP) will be extended. Ifitis Pixels produced by the encoder appear at the
early, incoming pixel data will be ignored until the analog outputs (COMPOSITE, LUMA, CHROMA)

end of the CBP. 40 clocks after they are registered into the PD port.
Note that the pixels enter at one-half the PXCK
Internal Pixel Data Control rate. The encoded signal passes through

interpolation filters which generate intermediate
When programmed as an output, PDC goes HIGH output values, improving the output frequency

four PXCK periods prior to the end of CBP (as response and greatly simplifying the external
programmed in the horizontal timing registers) reconstruction filter. The interpolated pixels are
which is also four PXCK cycles prior to required 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 flexible. 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 g
other layers. (Figure 20) is generated. This image comprises =
2. The FOREGROUND layer keys over shaded matte levels varying from black at the top 2
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 results 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 !" 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

¥ KEY

4-LAYER COMPOSITE

DOWNSTREAM KEY

e
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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-pixel 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).

Assigning 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.

2-71
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Table 15. Layer Assignments, Image Sources, and Keying Controls (22190/191)

LCR 04 BACKGROUND MIDGROUND FOREGROUND DOWNSTREAM KEY

JLAYMODE Image Source Image Source Keying Control Image Source: Keying Control: Image Source:  Keying Control

0 PD(YCgCR, RGB, Cl) CvBS KEY or Data Key - -

1 PD(YCgCp, RGB, C) CVBS KEY or Data Key OVERLAY Olyy - -

2 PD(YCgCp, RGB, CI) CVBS KEY PD(YCgCp, RGB, Cl) Data Key\ OVERLAY Olyy

3 PD(YCgCr, RGB, Ci) CvBS KEY PD(YCgCr, RGB, Cl) Data Key OVERLAY Olyo

4 CvBS OVERLAY Olyy PD(YCgCq, RGB, Cl)  KEY or Data Key

5 CvBs PD(YCgCp, RGB, Cl)  KEY or Data Key OVERLAY Olyy - -

6 PD(YCgCp, RGB, Cl) CVBS KEY OVERLAY Olyy PD(YCgCr, RGB,Cl)  DataKey\

7 PD(YCgCg, RGB, C) cves KEY OVERLAY Olyg PD(YCgCq, RGB, Cl)  Data Key

8 PD(YCgCp, C) CVBS KEY or Data Key - - -

9 PD(RGB) PD(YCgCg, CI) BYPASS\ cvBs KEY or Data Key OVERLAY Olyy

A PD(RGB) CvBS KEY or Data Key PD(YCgCp, C) BYPASS\ OVERLAY Olyy

B PD(RGB) CvBsS KEY or Data Key OVERLAY Olyy PD(YCgCp, CI) BYPASS\

c PD(RGB) PD(YCgCp, Ci) BYPASS\ OVERLAY CvBS KEY or Data Key

D CcvBS PD(RGB) KEY PD(YCgCp, CI) BYPASS\ OVERLAY [0/

E CVBS OVERLAY Olyg PD(RGB) KEY PD(YCgCp, C) BYPASS\

F PD(RGB) OVERLAY Olyy CvBs KEY or Data Key PD(YCgCp, C) 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 PDg o according to Table 7.

2. For LAYMODE = 8 to F 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 is,
the Horizontal Blanking interval is generated by the
encoder state machine even if the KEY signal is
held HIGH through Horizontal Blanking. However,
itis possible to allow 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 CLUTSs.
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 Genlock Interface

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

Cl Cl Cl (o]

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

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_, 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).

Raytheon Semiconductor 273
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Figure 24. Data Keying
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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 Filter
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 (fg/4 to 3fg/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
Interpolation Filter Full Spectrum Response
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Figure 29. Chroma Modulator and Luminance
Interpolation Filter Passband Detail
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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. It is 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 rolloff and the output spectrum between
fg/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

2-75



TMC22X9X

output filter needs to be flat to fg/4 and have good JTAG Test Interface
rejection at 3fg/4. The relaxed requirements

greatly simplify the design of a filter with good The JTAG test port accesses registers at every
phase response and low group delay distortion. A digital I/0 pin except the JTAG test port pins.
small amount of peaking may be used to Table 17 shows the sequence of the test registers.
compensate residual sin(x)/x rolloff. 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
Figure 30. Sin(x)/x Response At 1x Pixel-Rate the serial path). The scan path is 59 registers long.

Conversion The six TEST pins of the TMC22090/091 function
as JTAG registers.

[}

4 M— ] s 4.7-5iMpps The JTAG port is a 4-line interface, following IEEE
5 2 ST Std. 1149.1-1990 specifications. The Test Data
T 3 f=12.27 Mpps DN Input (TDI) and Test Mode Select (TMS) inputs are
s = ~ \\ referred to the rising edge of the Test ClocK (TCK)
8 5 \\ input. The Test Data Output (TDO) is referred to
5 ™ the falling edge of TCK.
<, \\
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Figure 31. Sin(x)/x Response At 2X Pixel-Rate
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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,4 (TEST) 22 63 PDy5 42 3 CVBS,,
3 44 | CVBS; 23 66 PD44 43 4 KEY
4 45 CVBSg 24 67 PDyo 44 5 RESET\
5 46 CVBS; 25 68 PDg 45 6 CS\
6 47 | CVBS, 26 69 PDg 46 7 R/WA
7 48 OL; (TEST) 27 70 PD, 47 8 A,
8 49 OL, (TEST) 28 Al PDg 48 9 A
9 50 | OL (TEST) 29 72 PDg 49 11 PDC
10 51 OL, (TEST) 30 73 PD, 50 12 VHSYNC\
11 52 PDy; 31 74 PDg 51 13 VVSYNC\
12 53 PD,, 32 75 PD, 52 14 D,
13 54 PDy4 33 76 PD, 53 15 Dg
14 55 PDyg 34 77 PDg 54 16 Dg
15 56 19 35 78 LDV 55 17 D4
16 57 PDyg 36 79 PXCK 56 18 Dj
17 58 PDy5 37 82 GVSYNC\ 57 19 D,
18 59 PDyg 38 83 GHSYNC\ 58 20 D,
19 60 PDys 39 84 | CVBS; 59 21 Do
20 61 PDy4 40 1 CVBS,

Figure 32. JTAG Test Port Timing

tpwitek —Ff— tewntck
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Figure 33. Equivalent Analog Input Circult
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Figure 34. Equivalent Analog Output Circuit
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Figure 35. Equivalent Digital Input Circuit

Figure 36. Equivalent Digital Output Circuit
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Figure 37. Transition Levels for Three-State Measurements
. foom
CS\ \
thom tboz
o5V
~] Hi-z 20V
D7, Pt i e
? o8V
o5V
27029A
2.78 Raytheon Semiconductor

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



TMC22X9X

Absolute Maximum Ratings (beyond which the device may be damaged)

POWEr SUPPIY VOIAGE .....oovimeiiereiiiie st see e s se e sseseese s ae e saessesansnesessaseennens -0.5t0 +7.0V
Digital Inputs
ADPHET VORAGEP. ......covevecrenesseseeaseesmsseessssseesesssseesesssssesessaseesessssesssssssessssssssnesees -0.5 to Vpp+0.5V
FOrced CUITENE3 ...ttt saee s saes s s sasesaes s ase s e saesasesnes -20.0 to 20.0 mA
Digital Outputs
APPIEA VOIRAGE?........oeceeveceecrcieceseeesseseesssesssases s sssssssssssssssssassssssssssssssssssssssess -0.5 to Vpp+0.5V
FOTCEd CUITENE3A.........eoeeeverrceeeeassecessse st sess et ss s e st sb e ses -20.0 to 20.0mA
Short Circuit Duration (Single output in HIGH state to GND)..........cccoecerneinenicenneccrccrnnnne 1 second
Analog Output Short Circuit Duration (Single output to GND)........c.ccocceniiicnnieiiciiccicceeeeceeeenee infinite
Temperature
OPErating, CASE......cccveeriiiiireiriertets sttt st st e sr et st e e st s e sa e ane e -60 to +130°C
Operating, Junction, Plastic package.........c.cceerirrereerenniciicniiniintees st enene +150°C
Lead, soldering (10 SECONAS)........couemerirrirrerirereee ettt st s s sss et s b e aeseesans +300°C
Vapor phase soldering (1 MiNULE)......c.ccccvvirriiicininiectccnte et seen e saees +220°C
] (o] ¢- Lo [= TR R OO SRRSO RO -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.
Forcing voltage must be limited to specified range.

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

For More Information call 1-800-722-7074.
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Operating Conditions
Temperature Range
Standard
Parameter Min Nom Max Units
Voo Power Supply Voltage 4.75 5.0 5.25 \
ViH Input Voltage, Logic HIGH
TTL Compatible Inputs, all but PXCK 2.0 Vob \
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 Vv
CMOS Compatible Inputs GND (1/3)Vpp v
loH Output Current, Logic HIGH -2.0 mA
loL Output Current, Logic LOW 4.0 mA
VRer External Reference Voltage 1.235 \
IRer D/A Converter Reference Current 21 3.15 44 mA
(Iner = Vrer / Rper flowing
out of the Rggg pin)
RRer Reference Resistor, VRgg = Nom. 281 392 588
Rour  Total Output Load Resistance 37.5 Q
Ta Ambient Temperature, Still Air 0 70 °C
Pixel Interface
fPXL Pixel Rate 12.27 15 Mpps -
fexck Master Clock Rate, 2x pixel rate 24.54 30 MHz
tpwnpx  PXCK Pulse Width, HIGH 10 ns
tPWLPX PXCK Pulse Width, LOW 10 ns
For PD,VVSYNC\,VHSYNC\,PDC,KEY
tsp Setup Time 12 ns
typ Hold Time, PD and KEY 0 ns
thp Hold Time, PDC, VHSYNC\, VVSYNC\ 5 ns
txL Delay Time, LDV 10 ns
tPWHLDV LDV Pulse Width, HIGH 15 ns
tPWLLDV LDV Pulse Width, LOW 10 ns

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



TMC22X9X

Operating Conditions

Temperature Range
Standard
Parameter Min Nom Max Units
tewivn VHSYNC\ Pulse Width, LOW 6 15 PXCK
periods
tewhvv VVSYNC\ Pulse Width, LOW 0.5 3 H
Genlock Interface
tsai Setup Time, GHSYNC\,GVSYNC\,CVBS 10 ns
thal Hold Time, GHSYNC)\, GVSYNC\,CVBS 0 ns
Microprocessor Interface
tpwics  CS\ Pulse Width, LOW, w/ KEY Reg. 95 ns
tpwics CS\ Pulse Width, LOW, w/o KEY Reg. 55 ns
tpwHcs CS\ Pulse Width, HIGH 30 ns
tsa Address Setup Time 10 ns
tHa Address Hold Time 0 ns
tsp Data Setup Time (write) 15 ns
tho Data Hold Time (write) 0 ns
tsr Reset Setup Time 24 ns
thR Reset Hold Time 2 ns
JTAG Interface
frok Test Clock (TCK) Rate 20 MHz
tPWLTCK TCK Pulse Width, LOW 25 ns
tPWHTCK TCK Pulse Width, HIGH 10 ns
tstp Test Port Setup Time, TDI, TMS 10 ns
thte Test Port Hold Time, TDI, TMS 3 ns
Note: 1. Timing reference points are at the 50% level.
For More Information call 1-800-722-7074. Raytheon Semiconductor 2-81
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Electrical Characteristics

Temperature Range
Standard
Parameter Conditions Min | Typ Max Units
lop  Power Supply Current’ Vpp=Max,fpycx=3CMHz 300 350 mA
lopq Power Supply Current! Vpp=Max,fpxck=30MHz 90 mA
(D/A disabled)

Vgo Voltage Reference Output 0.988 11.235 |1.482 v
IBR Input Bias Current, VREF VREF =Nom 100 l,lA
g  Input Current, Logic HIGH | Vpp = Max, Vi =4.0V 10 HA
e Input Current, Logic LOW Vpp = Max, Viy = 0.4V -10 MA
Von Output Voltage, Logic HIGH lon = Max 24 \'
VoL Output Voltage, Logic LOW loL = Max 0.4 \
lozyn Hi-Z Leakage current, HIGH Vpp = Max, Viy =Vpp 10 HA
lozu  Hi-Z Leakage current, LOW Vpp = Max, V)y = GND -10 HA
C Digital Input Capacitance Tp=25°C, f=1MHz 4 10 pF
Co  Digital Output Capacitance Tpo=25°C, f=1MHz 10 pF
Voc Video Output Compliance Voltage -0.3 20 \
Rout Video Output Resistance 15 kQ
Cout Video Output Capacitance lour=0mA, f=1MHz 15 25 pF

Note 1. Typical Ipp with Vpp=+5.0 Volts and Tp=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.



TMC22X9X

Switching Characteristics

Temperature Range
Standard

Parameter Conditions Min Typ Max Units
PIPES Pipeline Delay® 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
thotp Output Hold Time, TCK to TDO Valid 5 ng
tpog 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
tpov Analog Output Delay 20 ns

Notes:

wn =

Timing reference. points are at the 50% level.
Analog C pap <10 pF, D¢ load <40 pF.
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.

For More Information call 1-800-722-7074.
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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
Ey Integral Linearify Error 0.25 %

E p 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 puF, 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 C, pap <10 pF, D7 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
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Figure 44. PAL Vectors

Figure 45. PAL Color Bars Waveform
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Figure 51. Color Bar Chrominance

Figure 50. Color Bar Luminance

Multimedia
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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 Vg 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. It is
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. Vgep and Rpee 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 Filter

TMC22070 Genlocking Video Digitizer. The
TMC22070 is the source for TMC22070 input

signals CVBS;_ 5, GHSYNC\, GVSYNC\, and PXCK

Video (. Video
'aaaat O
Encader 1.8 uH , output
2 750 270F 70
A Eg:‘:‘gg:FWpF = 330 pF
v \v/ \v/ 270254

Figure 58. Response of Recommended Output
Filter

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.

0 &= '\\ [
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Interface to the TMC22070 Genlocking Video
Digitizer

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

Grounding Strategy

as shown in Figure 5§9. These signals directly
connect to the TMC22190/191. The
microprocessor interface for TMC22x9x and

i 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.

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

CVBS;, 8, »fcves,,
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For More Information call 1-800-722-7074.

Raytheon Semiconductor

2-89



TMC22X9X

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 influenced 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, Vger, Rgep
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
0.1pF 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 handied 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 |/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,_, must conform
to setup and hold timing with respect to the falling
edge of CS\. D, 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;_, must conform
to setup and hold timing with respect to the falling
edge of CS\. Read data on D g 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 tpoy after
the falling edge of CS\. When reading CLUT
locations, an extra CLUT Read step is needed to
set up the CLUT Read sequence. Thisis
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 /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, D, |Function Step|R/W\ A, D7, |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 di |d1 writteninto D, CLUT 2 0 11 d1 |d1 writteninto D, CLUT
address 00. address addr.
3 0 11 el |elwritteninto E, CLUT 3 0 11 el [elwritteninto E, CLUT
address 00. address addr.
4 0 11 f1 |f1writteninto F, CLUT 4 0 11 f1 [flwritteninto 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 O 11 {256 |f256 written into F, CLUT address addr+1.
address FF. 8 0 11 f2 [f2writteninto F, CLUT
7701 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 di '|d1 writteninto D, CLUT 2 1 11 xx [Setup for CLUT Read.
address addr. 3 1 11 di |d1read from D, CLUT
3 0 11 el |elwiritteninto E, CLUT address addr.
address addr. 4 1 11 el [eilreadfromE, CLUT
4 0 11 f1 |1 writteninto F, CLUT address addr.
address addr. 5 1 11 {1 |f1read from F, CLUT
5 1 00 xx |Sequence termination. address addr.
- System Modifies d1, e,
Read CLUT Location fitodt’, e1’, 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 |Setup for CLUT Read 7 0 11 di’ |d1 writteninto D, CLUT
sequence. address addr.
3 1 11 di1 |d1read from D, CLUT 8 0 11 el |[ef 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 1 |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 Vbp
2 CVBS; 23 TCK 44 CVBS; 65 DenDp
3 CVBS, 24 T™S 45 CVBSg 66 PDy4
4 KEY 25 TDI 46 CVBS;g 67 PDyq
5 RESETM 26 Danp 47 CVBS, 68 PDg
6 CS\ 27 DD 48 OL,(TEST) 69 PDg
7 RM\ 28 BYPASS\(TEST)| 49 OL,(TEST) 70 PD;
8 A, 29 OL4(TEST) 50 OL(TEST) 71 PDg
9 A 30 VRer 51 OLy(TEST) 72 PDg
10 Danp 31 RRer 52 PDyg 73 PD,
11 PDC 32 AgND 53 PDo, 74 PDg
12 VHSYNC\ 33 COMPOSITE 54 PD,, 75 PD,
13 | VVSYNC\ 34 AGND 55 PDyg 76 PD,
14 D, 35 LUMA 56 PDyg 77 PDy
15 Dg 36 AcnD 57 PDyg 78 LDV
16 Dg 37 CHROMA 58 PD47 79 PXCK
17 D, 38 AcnD 59 PDyg 80 Denp
18 Dg 39 COMP 60 PDys 81 DD
19 D, 40 Vboa 61 PDy4 82 GVSYNC\
20 D, 41 Vbpa 62 PDy3 83 GHSYNC\
21 Do 42 Vbpa 63 PDy5 84 CVBS;

Note: Pin names in parentheses apply to TMC22090/091
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Ordering Information

Product Temperature Screening Package Package
Number Range Marking
TMC22090R0C Ta=0°Cto 70°C Commercial 84-Lead PLCC 22090R0C
TMC22091R0OC Tp=0°Cto 70°C Commercial 84-Lead PLCC 22091R0C
TMC22190R0C Tp=0°Cto70°C Commercial 84-Lead PLCC 22190R0C
TMC22191R0C Tp=0°Cto 70°C Commercial 84-Lead PLCC 22191R0C
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TMC2242

Half-Band Interpolating/Decimating Digital Filter

12 Bits, 40 MHz

Description

The TMC2242 is a fixed-coefficient, linear-phase half-
band (low-pass) digital filter VLSI circuit which can also
be used to halve or double a digital signal’s sample rate.
When used as a decimating post-filter with a double-
speed oversampling video A/D converter, it greatly
reduces the cost and complexity of the associated
analog antialias pre-filter, such as that required for
broadcast video chrominance bandwidth limiting. When
used as an interpolating pre-filter, such as that required
for broadcast video chrominance bandwidth limiting.
When used as an interpolating pre-filter with a double-
speed oversampling D/A converter, the TMC2242 can
simplify the corresponding analog reconstruction post-
filter. The only user “programming” required is selection
of mode (interpolate, decimate, or neither) and rounding.

The TMC2242 accepts 12-bit iwo’s complement data at
up to 40 million samples per second and outputs
saturated, two’s complement or inverted offset binary
data, rounded to 9 to 16 bits. Within the 40 MHz 1/0
limit, the TMC2242’s output sample rate can be 1/2, 1,
or 2 times its input sample rate.

The filter is flat within £0.02 dB from 0 to 0.22 Fg, with
stopband attenuation of greater than 59.4 dB from 0.28
Fs to the Nyquist frequency. The response is 6 dB down
at 0.25 Fg. Symmetric-coefficient FIR filters such as the

Logic Symbol

TMC2242 have linear phase response. Although most
users will be pleased with the results obtained with one
TMC2242 in the system, full compliance with the
SMPTE 601 standard of -12 dB at 0.25 Fg requires two
devices cascaded serially.

Fabricated using a one-micron CMOS process, the
TMC2242 operates at a guaranteed clock rate of 40
MHz over the standard temperature and supply voltage
ranges and is available in a 44-lead plastic chip carrier.

Features

40 MHz guaranteed maximum clock rate
User-selectable 2:1 decimation, 1:2 interpolation
Frequency response 40.02 dB in passband
Stopband (0.28 to 0.5 x Fg) rejection 59.4 dB
Two-device cascade meets CCITT recommendation
601 low-pass filter requirements

Dedicated 12-bit two’s complement input data port
and 16-bit output data port with user-selectable
rounding to 9 through 16 bits

¢ Two’s complement or inverted offset binary output
format

Built-in limiter prevents overflow

Single +5V power supply

Compact 44-lead plastic chip carrier package

L 2K 2K 2K 2K 3

L 4

L 2K 2R 2

12
DATA g
IN 11-0

DEC >——P
TIMING INT > >
CONTROLS \ SYNC >——P
CLK >——

& DATA
$0150 gyt
I \ l«—< OF

OUTPUT

TMC2242 «—=< TCO FORMAT
CONTROLS

e—3— RND,

21565A

For More Information call 1-800-722-7074.
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Applications
o Low-Cost, Industry-Standard Video Chrominance
Bandwidth Limiting (Anti- Aliasing)

o Simple, High-Performance Video Reconstruction
Post-Filtering

¢ General Digital-Domain High-Performance Low-Pass
Filtering, Requiring:
— Passhand Below (0.22) x Fg
— Stopband Above (0.28) x Fg

e General Digital-Domain Waveform Reconstruction
Post-Filtering

e Telecommunications Systems
¢ Digitally Synthesized Radio
® Radar

Functional Description

The TMC2242 implements a fixed-coefficient linear-phase
Finite Impulse Response (FIR) filter of 55 effective taps,
with special rate-matching input and output structures to
facilitate 1:2 decimation and 2:1 interpolation. In the

straight-through mode (equal input and output clock rates),

the filter and input and output registers will operate at the
guaranteed maximum clock rate of 40MHz. The total
internal pipeline latency from the input of an impulse to
the corresponding output peak is 33 cycles; the 55-value
output response begins after 6 clock cycles and ends after
60 cycles.

To perform interpolation, the chip slows the effective input
register clock rate to half the internal and output rates. The
TMC2242 internally inserts zeroes between the incoming
data samples to “pad” the input data rate to match the
output rate.

To perform decimation, the chip sets the output register
clock rate to half of the input and internal rates. One output
is then obtained for every two inputs.

In interpolation or decimation mode, the SYNC control is
first held HIGH, then brought LOW with the first data input
value. SYNC is held LOW until resynchronization is desired.
For interpolation, input values should be presented at the
first rising edge of CLK for which SYNC=0 and at every
alternate CLK rising edge thereafter.

Figure 1. Functional Block Diagram

12 12
Sl w 12 12 55 TAP ROUND | 16 16 16
FIR AND so.
12 y
c FILTER LIMIT 150
z 3-57 58, 5;\ A A 5
X , o
INTERPOLATE: 0-1-0-1 -
DEC >—>! ELSE 1111 l«—< TCO
— 3
INT >—{ CONTROL a [¢—< RND 5
CLK/2 IF DECIMATING; ELSE CLK
SYNC >—P A 1

CLK >——> TO ALL REGISTERS
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Figure 2A. Transfer Function of TMC2242 Half-Band

FIR Filter
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The input data word format is always two's complement.

The output data format is two’s complement when TCO is

HIGH and inverted offset binary when TCO is LOW. The
output data can thus be processed further or routed

directed to a Digital-to-Analog converter for reconstruction.

The user can tailor the output data word width to his

system requirements using the Rounding control. As shown
in Table 1, the output is half-LSB rounded to the resolution

selected by the value of RND-q. The bits below the LSB
are then zero-filled. The asynchronous three-state output
enable control simplifies interfacing to a bus.

Signal Definitions

Clock

Figure 2B. Passhand Detail of TMC2242 Transfer
Function

0.03

w N AN
AVAATATAY

2 001 V
%
0.00 =
5
=
—0.01
0 05015 1006 1506 20015 25015
Frequency 21568A
Inputs
Sl11-0 Data presented to the registered 12-bit twa's
complement data input port Sl11-g will be
latched internally on the current Clock, or on
every other Clock if in INTERPOLATE mode.
Slq1 is the MSB.
Outputs
S015-0 The current result is available at the

registered 16-bit output port SO15-0, half-
LSB rounded as determined by the rounding
control word RND2-q. SO15 is the MSB.

Note:  TMC2242’s limiter ensures that an internal overflow will generate a valid full-
scale (7FFF positive or 8000 negative) output. The chip’s D.C. gain is

CLK

SYNC

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

The TMC2242 operates from a single master
Clock. Al internal registers (except output
register in decimate mode) are strobed on
the rising edge of Clock, and all timing
specifications are referenced to the rising
edge of Clock.

The user synchronizes the incoming data
with the TMC2242 by holding SYNC HIGH on
Clock N, and then LOW on Clock N+1, when
the first data word is presented to the input
SI11-0. If DEC=INT (passthrough mode),
SYNC is inactive. SYNC may be held LOW
until resynchronization is desired, or it may
be toggled at 1/2 the clock rate.

1.0015=0.0126dB; 0.5007 = —3.004dB in INTERPOLATE mode.

Controls
TCO

—|

When the Two's Complement format Control
TCO is HIGH, all output data are presented in
signed two's complement format. When
LOW, the output is inverted offset binary,
obtained inside the chip by inverting bits
S014 through SQp, leaving SO15 unchanged.

When the input interpolation control INT is
LOW, the input register is driven at full clock
speed and the chip inserts zeroes between
samples, “padding” the input to match the
output rate and effectively halving the input
data rate and the output amplitude. The
TMC2242 then interpolates between these

Raytheon Semiconductor 297
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alternate input data points to achieve a full
output data rate.

DEC When the decimation output control DEC is
LOW, the output register is driven at half
clock speed, decimating the output data
stream.

Note:  When INT=DEC, both the input and output registers run at the full clock rate.

RND2-q These three pins set the position of the
effective least significant bit of the output
port by adding a rounding bit to the next
lower internal bit and zeroing all outputs
below the rounding bit. See Table 1.

Note:  The above contrals, TCO, DEC, INT, and RND2.q determine the device function,
numeric format, and rounding of the data. The user must exercise caution when
changing them, since they will impact work in progress in the chip’s 60 clock
internal pipeline.

Power

Vpp, GND

Table 1. Input and Output Data Formats and Bit Weighting, T(20=11

Bit Weight - Output Port During Interpolation Only2

The output data port SI15-g is in the high-
impedance state when the asynchronous
output enable is HIGH. When OE is LOW, the
port is enabled.

The TMC2242 operates from a single +5V
supply. All power and ground pins must be
connected.

| o1 ‘ 20 Lz-I L [ 2-6 ’ 97 ‘ 2-8 | 2-9 | 2-10’

511 | 512 | 2-13J 2-14J

Bit Weight - All other I/0

| 0 ’ 21 L 22 L e ‘ 27 | 28 | 29 ‘ 2-10 ‘ 211 ‘ 212 | 213 ‘ 214 ' 2-15 I EKI‘B"Z“_‘(;’Q

Input

Sl Slip  Slg oo Slg Si3 Sl Slq Slp —
Output

S015  SO14 S013 oo SOg S07 SOg SOs5 S04 S03 S0z SO1q SOqr 000
SO15  SO14  SO13  eee S0g S0y SOg SOs S04 S03 S02 SOir 0 001
SO15 SO014 S013 eee SOg S07 S0p SOs S04 S03 "SO2r 0 0 010
S015  SO14  SO13  eee SOg S0y SOp SO5 S04 SO3r 0 0 0 011
SO15  SO014  SO13 e SOg S07 SOg SOs5 SOy4r 0 0 0 0 100
SO15 S014 S013 (X S0g S0y S0 SOsr 0 0 0 0 0 101
SO15 S014 S013 (X SOg S07 SOgr 0 0 0 0 0 0 110
SO15  SO14 SOj3  ees SO SOy O 0 0 0 0 0 0 m

Note: 1. When TCO=0, most significant bit of output is positive instead of negative.

2. During interpolation, device DC gain is approximately 0.5.

3. Where “r" indicates the half-LSB-rounded bit, 0 the zeroed LSBs, and a minus sign a sign bit.

2-98 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Table 2. Hexadecimal Impulse Response and
Decimal Equivalents of Coefficients

Table 3. Input Transition Response

INPUT OUTPUT

" INT=0 INT=1
Inpulse Decimal INT-DEC  INT-DEC DEC-1 DEC0
Out! Equivalent TCO=0  TCO=1  TCO=1  TCO=1
FFF2 —.000875473 coef #1, 55 200 XX XX XX XX
0000 .0 coef #2, 54=0 400 XX XX XX XX
0017 001390457 >55cycles . . . .
0000 .0 . . . . .
FFDB -.002265930 M . . ° .
0000 0 400 3FE7 4018 2008 4018  DC gain!
0039 1003501892 400 3FE7 4018 2010 4018
0000 000
FFA8 -005355835
0000 000 3B90 446F 245F 446F  Max
007D .007621765 finging
0000 000 3890 a46F 2010 446F
FF51 -.01071167 000 4FEB 3014 1004 1004
0000 000 6FFB 1004 0000 1004
00F3 .01483154 000 846F FBA9 FBAS FBAS Min
0000 ringing
FEB5S -.02018738 " * .
0000 * * *
01CA .02796364 * * °
0000 000 TFFF 0000 0000 0000 Steady
FD79 03949928 state
0000 Note: 1. Ininterpolation, steady-state output will oscillate approximately 0.1%, as
03CD 05937767 here between 2008 and 2010.
0000
F95E -.1036148
0000
145B .3180542 coef #27,29
2010 .5009766 coef #28 (center)
Note: 1. Input=0,040000,...

=DEC=1

Table 4. Steady-State Output Values and Limiter Triggers (L) versus Input Data

INT\= 1 0r DEC\= 0 INT\ = 0 and DEC\ = 1
Input TCO=0 TCO=1 TCO=0 TCO=1 Interpretation
7FF 0000 (L) FFFF () 3FF7/ 3FE7 4008/ 4018 + fullscale
400 3FE7 4018 5FF7 / 5FEF 2008/2010 + 1/2 scale
001 7FEF 0010 TFF7 0008 +1LSB
000 TFFF 0000 TFFF 0000 Zero
FFF 800F FFFO 8007 FFF8 -1LSB
C00 co17 BFES8 A007 / AOOF DFF8/ DFFO -1/2 scale
800 FFFF () 8000 (L) COOF / COTF BFF1/BFEO - Fulkscale
For More Information call 1-800-722-7074. Raytheon Semiconductor 2-99
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Package Interconnections

Signal
Type Name Function R2 Package
Timing Controls INT Interpolate 4
DEC Decimate 1
SYNC Synchronization 43
CLK System Clock 42
Data Inputs Si11-0 Input Data Port 40, 37, 36, 35, 34, 33,
32,31,30,27,26,25
Data Qutputs S015-0 Output Data Port 4,5,6,7,8,910, 11,
14,15, 16, 17, 18, 19,
20,21
OE Output Enable 3
Output Controls RND2-g Rounding 22,23,24
Power Vpp Supply Voltage 13,29,38
GND Ground 12,28, 39, 41
Figure 3. Timing Diagram — Equal Rate Mode INT=DEC
tpwH  tpwi

. T
N I B I A B O |

|
smo XK= JOOOK 3 OO = XXX = YOOOK 7 XX
| |
sine X XXX XXX XXX XX XXX XX XXX XXX X XXX XXXX
g
$045.0 X 1 X 2 X 3 X a X

Note:  Values at SO45,.q are impulse response centers (peaks) corresponding to inputs bearing
the same numbers. Thus, the input-to-center latency is 33 registers (clock cycles). 21569A

tsllH

2-100 Raytheon Semiconductor For More Information call 1-800-722-7074.



Figure 4. Timing Diagram - Decimination INT=1, DEC=0

w L L L L LT
|
RO+ XXX+ XXKK = XXRK+ XXRK = XX)

sme XXX | AXXXXXXXX)

XA

Shio

$015.0 X 1 X 3 X

21570A

Figure 5. Timing Diagram - Interpolation INT=0, DEC=7

w_ | L L1 LI L1 L[

stio QXXX XK1 X XXXXXXXXK 2 XXXXXXXXXX

21571A

For More Information call 1-800-722-7074. Raytheon Semiconductor
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Figure 6. Impulse Response - Equal I/0 Rate Mode INT=DEC

X XX XX XX o
XXX wmAo'0'o'o'o'o'o'o'o'o'o'o'o'o'o'o

! > <ty

SYNC

L
[ >

55 TAP IMPULSE RESPONSE 21572A

s0 i ,—rzsl 1 X2 s Xz XXaX 5 XsXXsXX

Figure 7. Impulse Response - Interpulate Mode DEC=1, INT=0

0 1 2 3 4 5 6 7

s X1 XXX o XXX

[N — R
pES——— -

Vo Y VATV gy
s XXX 2X* X=X
21573A
Figure 8. Impulse Response - Decimate Mode DEC=0, INT=1
0 1 2 3 4 5 6 7 8 32 3 34 60 61 62

s|XoX1XoXoXo
$045.0 CXE X 2 X2 X s X

21574A
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Figure 9. Equivalent Input Circuit Figure 10. Equivalent Output Circuit
Vbb Vbp
o « o
n S”BSTRATE* i 7 n SUBSTRATE
D1 P . D1
p+
CONTROL p P+
INPUT —>
n
y — n+ o
A D2 F<n 3
— D2 g
p WELL - . p WELL =
— GND - ‘ < GND =
21120B 21121A
Figure 11. Threshold Levels for Three-State
Measurement
tENA
OEN |
tois 0.5V —
THREE-STATE ~ X 20V
OUTPUTS ™" HIGHIMPEDANCE 08V
0.5V 21123A
Absolute maximum ratings (beyond which the device may be damaged)’
Supply Voltage -0.5to +7.0V
Input Voltage -0.5to (Vpp +0.5)V
Output
Applied voltage? -0.5t0 (Vpp + 0.5)V2
Forced current34 —6.0 to 6.0mA3.4
Short-circuit duration
(single output in HIGH state to ground) 1sec
Temperature
Operating case —60 to +130°C
junction 175°C
Lead soldering (10 seconds) 300°C
Storage —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 must be current limited to specified range, and measured with respect to GND.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

For More Information call 1-800-722-7074. Raytheon Semiconductor 2-103
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Operating conditions
Temperature Range
Standard
Parameter Min Max Units
VbpD Supply Voltage 4.75 5.25 \Y
ViL Input Voltage, Logic LOW 0.8 V
VIH Input Voltage, Logic HIGH 20 Vv
oL Output Current, Logic LOW 8.0 mA
I0H Output Current, Logic HIGH 4.0 mA
tcy Cycle Time
TMC2242 33 ns
TMC2242-1 25 ns
tPWL Clock Pulse Width, LOW 10 ns
tPWH Clock Pulse Width, HIGH 10 ns
s Input Setup Time
TMC2242 10 ns
TMC2242-1 8 ns
tH Input Hold Time 0 ns
TA Ambient Temperature, Still Air °C 0 70 °C
Electrical characteristics within specified operating conditions!
Temperature Range
Standard
Parameter Test Conditions Min Max Units
Ippa Supply Current, Quiescent Vpp=Max, V|N=0V 5 mA
Ipbu Supply Current, Unloaded Vpp=Max, 0E=Vpp,
f=10MHz mA
f=20MHz 140 mA
L Input Current,Logic LOW Vpp=Max, ViN=0V +10 pA
IIH Input Current,Logic HIGH Vpp=Max, VIN=VDD +10 VA
VoL Output Voltage,Logic LOW Vpp=Min, Ig . =Max 0.4 \
VoH Output Voltage,Logic HIGH Vpp=Min, IgH=Max 24 \
lozL Hi-Z Output Leakage Vpp=Max, V|N=0V +40 pHA
Current, Qutput LOW
10ZH Hi-Z Output Leakage Vpp=Max, VIN=VDD +40 PA
Current, Output HIGH
los Short-Circuit Output Vpp=Max, Output HIGH, 20 80 pA
Current one pin to ground,
one second duration max.
Cy Input Capacitance Ta=25°C, f=1IMHz 10 pF
Co Output Capacitance TA=25°C, f=IMHz 10 pF
Note: 1. Actual test conditions may vary from those shown, but specified operation is guaranteed.

2-104
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Switching characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
D Output Delay Vpp=Min, C =25pF

TMC2242 20 ns

TMC2242-1 16 ns
tHO Output Hold Vpp=Max, C| =25pF 3 ns g
tENA Output Enable Vpp=Min, C=25pF g

TMC2242 20 ns =

TMC2242-1 15 ns =
IS Output Disable Vpp=Min, CL=25pF

TMC2242 20 ns

TMC2242-1 15 ns

Applications Discussion

Digitizing Composite NTSC Video

The TMC2242 is well suited for filtering digitized
composite NTSC-encoded analog video. Figure 12 shows
a simple and cost-effective circuit built around the device.
The TDC1049 9-bit Analog-to-Digital converter is a popular
choice for digitizing high-quality video, offering a 30MHz

maximum clock rate and 16MHz input bandwidth at
moderate cost. The relative timing of the TDC1049 and
TMC2242 clocks must accommodate the delay through the
10125 ECL-to-TTL converter, the TDC1049 output delay,
and the TMC2242 input setup and hold times.

Figure 12. Digitizing NTSC Video Using the Decimation Mode

]

Clock
28.636 MHz
An CONV D, Slyy CLK
2pH 2uH 1,8 8 TM™C 2242 10 Digitized
Analog TDC 1049 Doo Shos 15.6 NTSC
NTSC 4 S50 4fsc
Composite “[300 pF 300 pF 1300 pF < sl DEC INT
In (750) P! [ P AGND 3x 10125 10
or Equiv.
O—s . 4 +5V
iR 2K
Antialiasing TCD 1049 ADC TMC 2242
Prefilter Half-Band Filter
-0.012dB @ 5.75 MHz 15 MHz Input BW 2:1 Decimation Mode
-3dB @ 9.3 MHz 28.636 MSPS Clock Data in @ 28.636 MSPS
-48dB @ 21.5 MHz D, = MSB, Dg=LSB Data Out @ 14.318 MSPS
Sly, = MSB. SI; = LSB
Slys = MSB, SOg = LSB
10 Bits Output Precision
TCO =1 65-6407
For More Information call 1-800-722-7074. Raytheon Semiconductor 2105
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In Figure 13, an interpolating TMC2242 drives a fast correct timing between the TTL Clock and the ECL Clock,
D/A converter to reconstruct an analog NTSC composite including the delay introduced by the 10124 TTL-ECL
waveform. The TDC1112 12-bit Digital- to-Analog converter  converter. See the Timing Diagram and the TDC1012
features extremely low glitch energy for accurate datasheet. Lower-speed applications can employ the
waveform generation, and settling to + 1/2 LSB in less TTL-input TDC1012 DAC without the level translators
than 30nsec. The same (Figure 12) 75-ohm analog filteris  (Figure 14).

used, this time after the DAC. The user must maintain the

Figure 13. High Speed Interpolation Application

CLOCK
28636 MHz |
.
CLK | CLK 2H 24H
Agut o “"("0
DIGITIZED _ 11 TMC 2242 12 12 TDC 1112
NTSC sl L] DI
143 MSPS 100 132 112 o | AwnaLog
(UNSIGNED) RND = 010 | 70" W0pFSR SI0pFS 300pF R NTSC
— — e 50
DEC INT 3x 10124 AGND
| OREQUIV.
vy <M\ L -
|

T™MC2242 I TDC1112 Reconstruction
Half-Band Filter 12-Bit DAC Postfilter

1:2 Interpolation Mode "Hakém 28.6136MSPS Data Input —0.012dB @ 5.75MHz

Data in @ 14.318MSPS DI1=MSB, Dl =LSB ~3dB @ 9.3MHz
Data Out @ 28.636MSPS ECL Inputs -48dB @ 21.5MHz
Sl49=MSB, Sly=LSB
80,3 =MSB, SO, =LSB
12 Bits Output Precision
TCO=0 21576A
For Unsigned Input Use
Sl10-0- 50132
or invert
MSB input to TMC2242 and

use Sly19and SO143

Figure 14. Medium Speed Interpolation Application

cLocK
215 MHz
Y | J
CLK | CLK 2H 2H
Agur ~ Y
DIGITIZED _ 11 TMC 2242 12 TDC 1012
S eisPs Sho-o S0132 Diy.g L | anawos
(UNSIGNED) RND = 010 | o= 30pF R SI0pF SR 00pF S NTSC
DEC L AGND 750
+5V 4—'\N\l—l J_ I o
= | y | i 21577A
EXTERNAL LIMITER
HERE
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Pin Assignments — 44 Lead Plastic Chip Carrier - R2 Package

139 GND
1138 Vpp

Pin Name Pin Name Pin Name Pin Name
1 DEC 12 GND 23 RNDj 34 Sly Slyy 40 128 GND
2 TCO 13 | Vpp 24 | RNDg |35 | Sig GND 41 [27 s,
3 | O 14 | so7 25 | Sl 3% | Sl CLK 22 126 Siy
4 | soi5 |15 | sog % | sh 37 | sho g “ g:ﬁ S
5 SO14 16 | SO5 277 | Si 38 | vop 5 1 |0 s nun?
6 S013 17 S04 28 GND 39 GND €0 2 (22 RND,
7 S012 18 S03 29 VbD 40 Sin OE 3 (21 50 B
8 | SO 19 | S0y 30 | Sig a1 | GND :gw 4 [0 so; =g
9 | sog |20 | so 31| Sl 2 | oK P g:g bl =
10 | sog 21 | sop 2 | Sk 3 | SYNC 13 I =
1 SOg 2 RND2 | 33 Slg 4 | INT oo OO OO
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TMC2242R2C STD-TA=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 2242R2C
TMC2242R2C1 STD-TA=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 2242R2C1
40G06433 Rev B 8/83
For More Information call 1-800-722-7074. Raytheon Semiconductor 2107
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TMC2243

CMOS FIR Filter
10 x 10 Bit, 20 MHz

Description

The TMC2243 is a video speed three stage 10 x 10 bit
FIR (Finite Impulse Response) filter integrated circuit
composed of three registered multiplier-adders
concatenated into a one-dimensional systolic array.
Utilizing two’s complement representation, the TMC2243
accepts one 10-bit data point, updates one 10-bit
coefficient, and produces one 16-bit rounded, filtered
output point every 50 nanoseconds.

The TMC2243 has features which facilitate longer FIR
filters, a 16-bit Sum-In port and user programmable
pipeline registers. Enabling these registers allows the
insertion of a zero-coefficient stage before each regular
filter stage for up to six stages per TMC2243. Larger FIR
filters can be built by cascading Sum-in and Sum-Out.

Coefficients are stored in 3 registers and are addressed
via the 2-bit Write Enable control, allowing one
coefficient to be changed per clock cycle. All Data, Sum-
In, Sum-Out and instruction inputs are registered on the
rising edge of clock.

The 16 MSBs of the 23-bit internal summation path are
available at the Sum-In and Sum-Out ports. Six bits of
cumulative word growth are provided internally. Data
Overflow is indicated by an output flag.

Built with Raytheon Semiconductor’s one-micron double
level metal OMICRON-C™ CMOS process, the
TMC2243 is available in a 68-pin grid array.

Features

4 20 MHz data input and computation rate

4+ 10 x 10 bit multiplication with 23-bit extended
precision sum of products (overflow, plus 16 output
and 6 guard bits)

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

L 2R 2K 2K 2K 2K 2K 2% 2R 4

Up to 3 zero and 3 non-zero stages per device
Two’s complement arithmetic

16-bit Sum-In and Sum-Out ports for cascading
Internal 1/2 LSB rounding

All inputs and outputs are registered

One coefficient update per clock cycle

Low power consumption CMOS process

Single +5V supply

Available in 68-pin grid array and 69-pin plastic PGA
packages

Applications

L 2K 2% 2R 2K 2R 2% 2

FIR filters

Adaptive filters

Multi-bit correlation

One and two dimension video filtering

Radar signal processors

One and two dimension convolution

Arithmetic element for systolic array processors

Raytheon Semiconductor 2-109



T™M(C2243

Functional Block Diagram

10
Clg—g

CWE;_g DECODER

CLK Y———————> T0 ALL REGISTERS

Pin Assignments

€3 Pin Grid Array — G8 Package LKJHGFEDCBA
69 Pin Plastic Pin Grid Array — H8 Package 1 O0OCOC 00 ste— Ky
210 OCOCOOC O
Pin | Name | Pin | Name | Pin | Name | Pin | Name 3120 P
() ()
B2 | GND K2 ol Ko | GND B10 | OV ; 55 S
Bl | Vpp 2 | og ki | osng | A | soy glove | TopView =5
@ | o K| o g0 | sy | Be | sop lea | iyl 2 s
0 | 13 Ch M o| S A9 | SOyg 8| D Qo
0 | Ka Ch HID | Shg B8 | SOy 9|0 OO
ot | u | oy it | sy | A8 | SO OGO Q000
R | oW | k5 | oy 610 | Sk B7 | SO nf oooooony
B | owg 15 Clg 611 | Shy A | SO
R| oy K | Vpp FIo | Sk B | SOy o go .
1
Fl | Dig L6 Clg FIl | Sk A5 | SOj3 o oo ls
6 | Dy k7 th EID | Sk B5 | SOp ° 0o |s
61 | D b Cl EN | Sy A5 | SOy o 00 |7
TOPVIEW
H2 | Dig K8 Clg o | Sk B4 | SOy o CAVITY 0P 0o |s
W[ D 8 Sl on | Sl M| SOg o 00 (s
2| Dy K8 | Sy o | Vg B3 | SOg g gg ¢
3
a | o 19 Sl 1n |y X o=
K1 m&n L10 cd? gn G?u[l]n A2 237 00000000000 |2
6 ( ©00000000 1
Note: Pin D4 is a mechanical orientation pin on the H8 package at AB CDETFGHIJKIL

manufacturer’s option. 21044A
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Functional Description

General Information

The TMC2243 consists of three identical arithmetic cells, each
of which contains a 10 x 10 two's complement multiplier and
a 23-bit adder. Each cell receives the current data (DI) from
the Data input register, multiplies it by a locally stored
Coefficient (Cl;), and adds it to the Sum Sljj_1) received from
the previous cell. The result,

Sl = DI x Ci + Ski-q),

then goes to the next cell via two serial pipeline registers.
When only one pipeline register is enabled, stages fi-1) and i
are sequential. When both registers are enabled, there is a
stage with a zero coefficient between them.

The input arithmetic cell receives Slj_1) via the 16-bit
Sum~-In port (registered when FT1 = LOW], filling the six
lower bits with 100 000 (1/2 LSB) for internal rounding. The
output cell outputs the 16 MSBs (V91 through Vgl of SO;
through a register to the Sum-0ut port. The Overflow flag is
set when the final output exceeds 16 bits and resets with the
output of the next nonoverflowing result. Sum-0Out and the
Overflow Flag can be forced to high-impedance with the
Output Enable control. See Figure 1.

The two-bit Write Enabie control specifies the loading of the
three coefficient registers (one per arithmetic celll with data
appearing at the Coefficient Input port.

Signal Definitions

Power

Vpp. GND The TMC2243 operates from a single +5V
supply.

Clock

CLK The TMC2243 has a single clock input. The
rising edge of CLK strobes all enabled registers.
All timing specifications are referenced to the
rising edge of clock.

Inputs

Dig—g Dlg through Dig is the 10-bit registered Data
Input; Dlg is the MSB (sign bit) and Dl is the
LSB. Data is in two's complement
representation, and is clocked into the data
register on each rising edge of clock. See
Figure 1.

Slo1-6 Slpq through Slg is the 16-bit Sum-In port.

Slp1 is the MSB (sign bitl. Sum~In is truncated

to bit Slg (plus the 1/2 LSB rounding bit in
Slgland is in twa's complement representation.

Unique input setup requirements must be
observed when operating in the feedthrough
mode (FTq = HIGH). See text.

Clg through Clg is the 10-bit registered
Coefficient Input; Clg is the MSB (sign bit] and
Cly is the LSB. Each coefficient and its write
enable address (CWE1_3) are registered on the
same clock. The coefficient is then latched into
the indicated register (C1_3) at the rising edge
of the next clock. The contents of this bus are
ignored if a coefficient register is not selected
(CWE = 00). The format of Clg—q is identical to
that of Dlg_g.

Clg—p

Outputs

S091 through SOg is the three-state 16-bit
registered Sum~-0ut port; SO97 is the MSB
(sign bit). For maximum precision, the internal
products and accumulations are 23 bits but
Sum-0ut is internally truncated to 16 bits, and
excludes the overflow bit and the 6 LSBs. The

S021-

See Figure 1. The Sum-In port is registered, on
the rising edge of clock, only when FT1 =LOW.

For More Information call 1-800-722-7074.
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format is identical to that of Sloq_g. See
Figure 1.
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Controls
CWE1_g

The two bits of the registered Coefficient Write

Enable control indicate which of the coefficient
registers is to receive a new coefficient at the

beginning of the next clack cycle.

CWE1_p

FT3-1

Coefficient Register Selected

Holds all coefficients unchanged.

These registered Feed Through controls select

Flags

clocked (FT; = LOW) or feedthrough
(FT; = HIGH) operation for each of the pipeline

Package Interconnections

registers. Setting FT; = LOW inserts a zero
coefficient stage, or additional register, before
the ith non-zero stage.

Output Enable is a registered three-state enable
control which forces the Sum-0ut port and
Overflow to the high-impedance state when
HIGH. These outputs are enabled when OF is
LOW.

The Overflow Flag is a registered three-state
output which goes HIGH whenever the
summation result exceeds 16 bits and is reset
to LOW on the next nonoverflowing result.

Signal Signal
Type Name Function G8, H8 Package Pins
Power Vpp Supply Voltage B1, K6, C10, C11
GND Ground B2, K1, K10, B11
Inputs Dig_g Data Input F2, F1, G2, G1, H2,
H1, J2, J1, K2, 12
Sly1_g Sum Input L8, K9, L9, K11, J10,
J11, H10, H11, G10, GM1,
F10, F11, E10, E11, D10, D11
Clg_g Coefficient Input K8, L7, K7, L6, L5,
K5, L4, K4, L3, K3
Outputs $091-g Sum Output A10, BY, A9, B8, A8, B7, A7, BS,
AB, B5, A5, B4, A4, B3, A3, A2
Clock CLK Master Clock L10
Controls CWEy_p Coefficient Write Enable El, E2
Fla_1 Feedthrough D1, 02, C1
OF Output Enable C2
Flag ov Overflow B10
2112 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Figure 1. Data Formats and Internal Busing 9
-

B Ag A7|A5|A5|A4|A31A2] A1[Aulumm

X I By I aﬂ B | B | B5TB4 I 83| B [ Bﬂ By I COEFFICIENT IN

~
|
« =]

SIGN EXTENSION
o N 0, 9-13 2-18

P1g l"wl"ml"ml Pml"nl"wlpwl PMI P13|P1z| Pd Prs\l Pg |T7| ‘ﬂ “5] Pa [PS I P2 IJ PoJ FIRST PRODUCT
+ I521|Szdsznji1;rs1srsnlsﬂ 515|314|313|S1z|s11JS|qu9_] S8 I 5 I Ss] 1 ] nlu I ﬂTﬂ m SUM-IN

[Tzzl ™ szuITw] Tis [7171TE[TETTMITH[THTTH | Tml Ty | Ta] T7| Tsl Ts] Ta |T3| T l Tﬂ TUJ FIRST PARTIAL SUM
+ Iﬂs l“mlﬂwlﬂmlﬂ13|017|ﬂ1s|0151014lﬂ13|01z|011|ﬁ1u| 0g | Qg I o I ﬂsl ﬂsl mluabz—[ 0 W] SECOND PRODUCT

F‘zz] Uz1l"zu|”19| Uml“nh’mlU15l”ﬂ“13|“1ﬂ7”11|Uml Ug l UsJ Uz [ Ug I Usl Ug | U3 l Uz—r‘h l Ug I SECOND PARTIAL SUM
+ [Nsl"wl“wl"wl"mI"nhm|"15|"14[R13[H12|R11I"m] Rg [Ra |/R7 l Rg l Rs] Ry | Ry l "zl Ry | “o] THIRD PRODUCT

[szIVz1|V2u|V19|Vla|V17lV1s|V15IV14|V13 |V12|V11|V1an9 l Vs I V7 [Vs IVs IV4 lva IVz l Y I Vo | FINAL SUM

L3 v
? I§z1 I Szulsmlsm F17|31ﬁ lswrttlsulsu |-°>J Sml Sg I Sg [?7 Sg | (TRUNCATE 6 LSBs) OUTPUT

_23 20,21 212

Where:
ov S = Sum-—In, Sum-Qut
P, Q, R = Products
T, U, V = Partial Sums

Because the Sum-In and Sum-Out ports are truncated by sum of products, effecting half-LSB rounding relative to the
6 bits relative to the external accumulation pipeline, the output format. The chip internally utilizes all lower-order bits,
TMC2243 rounds internally by adding 2-13 10 each emerging t0 218,

For More Information call 1-800-722-7074. Raytheon Semiconductor 2-113
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Figure 2. Timing Diagram Demonstrating Basic Operation with FT{1_3 = HIGH (no zero stages)
0 1 3 4 6

I o N e I e N s s N s O
e | .
o X Dy XXX D XXX Dl Xg(X Dy XXX Dl XXX Dl XXX Dig X

lzyé»méi}éa»m»

a X or "YXX oz XXX o3

I LOAD NEW COEFFICIENTS

‘S(sn' S Note 1
[

SOy = SIN-3 + CqDIN—5 + CoDIN—4 + C3DIN-3

Notes:
1. Setup and Hold requirements for the Sum Input are similar to the other registered inputs when when FTq = LOW. See text.

2. Sum Out and Overflow timing are shown with OF = LOW.

2114 Raytheon Semiconductor For More Information call 1-800-722-7074.
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The basic equation describing the function of the TMC2243
operating in a fixed state is:

SOINY = SN — 6 + FT1 + FT2 + FT3)
+ Cyx DN -7 + F12 + FT3)
+ Cox DN -5 + FT3
+ L3 x DIN-3)

Careful observation of the clock delays shown is basic to
construction of a filter algorithm. The operating sequence for
the common application with FTq_3 = HIGH (no zero stages!
is shown in Figure 2. The simplified block diagram
demonstrates the clock stages in this configuration. When

FT1 = HIGH, the input feedthrough register is bypassed, and
care must be taken to observe the setup requirements on the
input of the first adder. Due to the absence of the input
register buffer, note that the adder operates on data stable
just prior to the arrival of the next clock, and not that setup

at the rising edge of the current clock. When FT1 = LOW the
input register latches the input data, and the Sum Input

follows setup and hold requirements similar to the other

registered inputs of the TMC2243. When FT1 = HIGH, tgg)) is
guaranteed to allow 20MHz pipelined operation, assuming that
input setup is observed, including cascaded operation. See the
AC Characteristics table, and Figure 9, Applications Discussion.

Figure 3 shows the effects of the feedthrough registers on
filter operation, with two different configurations. The inputs
are those presented at the corresponding rising edge of clock,
excepting the delayed setup requirements of the Sum Input
when FT1 = HIGH. The outputs are those available up to and
including the corresponding edge of clock. Applications utilizing
the TMC2243's ability to modify coefficients dynamically are
demonstrated in Figure 4, showing the operation of a typical
adaptive filter. Note that the Sum Qutput will be zero in the
first few clock cycles of all examples only if the Coefficient
Registers are initialized to zero beforehand.

Figure 3. Impulse Response Filter Operation Sequence with FT3 3 = LOW

Cycle SHA) FTy = LOW SIB) FTq = HIGH DI cl CWE SO
1 0 0 0 Kg 01 0
2 0 0 0 K 10 0
3 0 0 0 K9 " 0
4 Slg 0 Dig 0 00
5 Sh Slp Dl 0 00 0
6 Sl Sh Dy 0 00 0
7 Sly Sy D3 0 00 DigKy
8 Sly Sl3 Dy Ko 01 Di1Kg
9 Slg Sy Dig 0 00 DigKy + DigKy
10 Slg Slg Dig Ky’ 10 Slg + DlKy + DigKy
" Sl Slg Dl 0 00 Sly + Digkg + DKy + Digky
12 Slg Sk Dig Ky’ " Sly + DlyKp + DigKy + DigKy
13 Slg Slg Dig 0 00 Slg + DljKg + Digky + Digky
i\ 0 Sig 0 0 00 Sly + DigKg + DigKq + DiyKy
15 0 0 0 0 00 Slg + DigKg + DigKy + DigKy
16 0 0 0 0 00 Slg + DlsKg' + DKy + DigKy'
17 0 0 0 0 00 Sly + DigKg' + Digky’
18 0 0 0 0 00 Slg + DiKg' + DigKy'
19 0 0 0 0 00 Slg + DigKy'
2 0 0 0 0 00 DigKp'
7 0 0 0 0 00 0

For More Information call 1-800-722-7074.
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SI(A} is the sequence of Sum Input data with FT1_3 = LOW fthree zero stages).

ol

cws)—b[z“ r—
By i

Si S0

SOy = SIy-g + C1DINy—7 + CoDIN-5 + C3DIN-3

SIiB) is the sequence of Sum Input data with FT1 = HIGH and FTp3 = LOW ftwo zero stages).

WA\

CWE D LE" I— ‘ ‘

cl >

SO\ = SIN-5 + C1DIN-7 + CoDIy—5 + C3DIN-3

2-116 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Figure 4. Typical Adaptive Filter Operation Sequence

Cycle Sl DI cl CWE S0

0 Sy Dig M o 0

1 Shy Dy Ay 10 0

2 Sy Dy Ay 1 0

3 Slg Dig By 0 0

4 Sly Dly By 10 0

5 Slg Dig By n 0

§ Slg Dig ¢y n Sly + AD + AgDly + AgDlg =3
7 s Dy c 0 Slg + ApDly + AgDly + AqDiy g
8 Slg Dig 0y " Slg + AqDlg + AgDly + AgDls £
9 Slg Dig 0 Sl + ByDly + ByDig + ByDlg =
10 Sho Diyg 00 Slg + ByDlg + ByDlg + ByDh

1 Shy Diyy 0w Siy + ByDlg + ByDly + B4Dlg

12 Slyp Diyp 00 Slg + CqDly + CyDlg + C3Dlg

13 Sli3 Diy3 00 Slg + CqDIg + CyDIg + C3Dlqp

with FT1 = LOW and FTp 3 = HIGH (one zero stagel

SON = SIN-4 + C1DIN-5 + CoDIN-4 + C3DIN-3

For More Information call 1-800-722-7074. Raytheon Semiconductor 2117
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Figure 5. Equivalent Input Circuit

n SUBSTRATE

Figure 6. Equivalent Output Circuit

Vop
. 3
::j n SUBSTRATE
P =n
p+
b OUTPUT
n+
N
Il:q p WELL
>
< gnp

Figure 7. Test Load

Figure 8. Transition Levels For Three—State Measurements

T0 t
outpur pin I — YW Vim0 ENA
I P CLK' tois | osv I
4 |
GND THREE-STATE 3n—T " 200
OUTPUTS 7~ HIGH IMPEDANCE 08V
0.5V
Note: _
1. Assumes OF has gone LOW, within the Input Setup requirements.
2118 Raytheon Semiconductor
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Absolute maximum ratings (beyond which the device may be damaged)

Supply Voltage -05 to +7.0V
Input Voitage -05 to (Vpp +0.5V)
Output
Applied voltage? -05 to (Vpp +0.5V)
Forced current34 -1.0 to 6.0mA
Short-circuit duration (single output in HIGH state to ground) 1 sec
Temperature
Operating, case -60 to +130°C
junction 175°C
Lead, soldering (10 seconds) 300°C
Storage -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 must be current limited to specified range, and measured with respect to GND.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Vpp  Supply Voltage 475 50 5.28 45 5.0 55 v

iL Input Voltage, Logic LOW 20 20 )
Vin Input Voltage, Logic HIGH 08 08 v

oo Output Current, Logic LOW 40 40 mA
lon  Output Current, Logic HIGH -20 -20 mA
Tn  Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature -55 125 °C

For More Information call 1-800-722-7074. Raytheon Semiconductor 2119
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DC characteristics within specified operating conditions '

Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
Ipp  Supply Current, Quiescent Vpp = Max, Vjy = OV, OE = HIGH 15 1B | mA
Ippy  Supply Current, Unloaded Vpp = Max, OE = HIGH

f = 20MHz 90 90 mA

f = 10MHz 8 8 mA
L Input Current, Logic LOW Vpp = Max, Vjy = OV -75 75 -15 75 uA
™ Input Current, Logic HIGH Vpp = Max, Vjy = Vpp -75 75 -75 75 uA
Vg Output Voltage, Logic LOW Vpp = Min, lg; = Max 04 04 Vv
Voy  Output Voltage, Logic HIGH Vpp = Min, gy = Max 24 24 v
lgzt  Hi-Z Output Leakage Current, Output LOW | Vpp = Max, Vjy = OV -40 L] -40 L] UA
lgzq  Hi-Z Output Leakage Current, Output HIGH | Vpp = Max, Vjy = Vpp -40 40 -40 40 uA
lgs  Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to ground, -150 -150 mA

one second duration max

Cy Input Capacitance Tp = 25°C, f = TMH:z 10 10 pF
Cy  Output Capacitance Tp = 25°C, f = IMHz 10 10 pF
Note:

1. Actual test conditions may vary from those shown, but guarantee operation as specified.

AC characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
oy Cycle Time Vpp = Min 50 50 ns
tPWL Clock Pulse Width LOW Vpp = Min 2 20 ns
tPWH Clock Pulse Width HIGH Vpp = Min 20 20 ns
tg Input Setup Time 15 2 ns
tgs)) Input Setup Time, Sly1_g, FT1 = HIGH 25 28 ns
Ty = LOW 18 20 ns
tq Input Hold Time 2 3 ns
tHis)) Input Hold Time, Sly1_g 5 5 ns
tp Output Delay Vpp = Min, Cigap = 40pF 30 30 ns
oe Output Delay, Cascaded Vpp = Min, Cgpp = 10pF 20 20 ns
tHo Output Hold Time Vpp = Max, Cigap = 40pF 5 5 ns
, tENA Three-State Output, Enable Delay' Vpp = Min, Cigpp = 40pF 20 25 ns
tois Three-State Output, Disable Delay ' Vpp = Min, Cigpp = 40pF 15 20 ns
Note:

2-120

1. All transitions are measured at a 1.6V level except for tpg and teya-

Raytheon Semiconductor

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



TMC2243

Application Discussion

Loading and Updating of Coefficients

Because of the TMC2243's internal architecture, its impulse
response is Cg, Cy, C1, where Cg is the rightmost coefficient
and Cq is the leftmost. However, for glitchless performance,
coefficients must be updated from left to right: Cq then Cy
then C3. ‘

For example, consider an adaptive filter whose first set of
coefficients is A;, second set is Bj and third set is C; (Figure
4). First, the TMC2243 is initialized with Aj. If these are loaded
in numerical (left to right} sequence, two of the first three
data points can be loaded with them, as shown in Figure 4.
Immediately after the third coefficient is loaded, the first
coefficient of the next set can be loaded, if desired, along with
the third data point.

Table 1. Impulse Response

FT3_4 Response

000 C3 0 Gy 0 € 0
001 Cq 0 Cy 0 Gy

010 C3 0 Cy Cy 0

o C3 0 Cy Gy

100 C3 Cy 0 Gy 0

101 C3 Cy 0 Gy

10 Cq Cy Cq 0

m C3 Cy Cq

Notes:

1. C5 is the rightmost coefficient, Cq is the leftmost.

2. FTy is relevant only if SUMIN is used. When multiple chips are
cascaded, FTq = LOW places a zero stage between their concatenated
impulse responses.

Building Longer Filters

To build a filter of more than three non-zero stages, merely
concatenate a series of TMC2243s. The coefficient inputs may
be connected to the data bus, a separate common coefficient
bus, or separate buses, depending on system architecture,
memory and bus resources, and coefficient updating
requirements. The data inputs are connected to a common bus.
If the first feedthrough register is used (and a zero stage is
not desired therel, an external register should be inserted in
the data input path for proper timing [Figure 9.

The 16-bit Sum-0Qut port of each TMC2243 is connected to
the Sum-In port of the next TMC2243 in the chain; the filter
output is the Sum-0Out port of the last TMC2243. Since the

6 LSBs of each TMC2243's accumulation pipeline are not

output, each TMC2243 incorporates a rounding increment of 1
into the sixth bit, to minimize bias.

When TMC2243s are cascaded in this fashion, the minimum
permissible clock period is the sum of the output delay and
the Sum-In port’s input setup time. When the Input Registers
are enabled (that is, FTy = LOW), full 20MHz performance can
be obtained.

All data and coefficient inputs and outputs are two's
complement representation, whose relative scaling is presented
in the Data Formats table, Figure 1. Although the data values
are shown in fractional format, the user can arbitrarily rescale
them, as long as consistency is maintained.

Figure 9. Basic Diagram for Stacking the TMC2243 for High—Speed Operation
{no zero tap desired between each TMC2243, all FT{ = LOW)

(>
SvstEm 4 »;gmrmnm
SYSTEM
BUS > »lo TMC283 ol ™MC2283 oo ™™C243 » [ sTaGes

g LU DI = o
L)—»ss N s N s A S
T T ]
CLK >———> T0 ALL REGISTERS
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Ordering Information

Product Temperature Range Screening Package Package

Number Marking

TMC2243G8C STD-Tp=0°C to 70°C Commercial 68 Pin Grid Array 2243G8C

TMC2243G8V EXT-Tg=-55°C to 125°C MIL-STD-883 68 Pin Grid Array 224368V

TMC2243H8C STD-Tp=0°C to 70°C Commercial 69 Pin Plastic Pin Grid Array 2243H8C
40G02174 Rev D 8/93

2-122 Raytheon Semiconductor For More Information call 1-800-722-7074.
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TMC2246

CMOS Image Filter
11 x 10 Bit, 40 MHz

Description

The TMC2246 is a video speed The TMC2246 is a video
speed convolutional array composed of four 11 x 10 bit
registered multipliers followed by a summer and an
accumulator. All eight multiplier inputs are accessible to
the user and may be updated every clock cycle with
integer or fractional two’s complement data. A pipelined
architecture, fully registered input and output ports, and
asynchronous three-state output enable control simplify
the design of complex systems.

The data or coefficient inputs to the multipliers may be
held over multiple clock cycles, providing storage for
mixing and filtering coefficients. The 25-bit accumulator
path of the TMC2246 allows two bits of cumulative word
growth which may be internally rounded to 16 bits.
Output data are updated very 25 ns clock cycle, and
may be held under user control. All data inputs, outputs,
and controls are TTL compatible and are registered on
the rising edge of clock, except the three-state output
enable.

The TMC2246 is uniquely suited to performing pixel
interpolation in image manipulation and filtering
applications. As a companion to the Raytheon
Semiconductor TMC2301 Image Resampling
Sequencer, the TMC2246 Image Filter can execute a
bilinear interpolation of an image (4-pixel kernels) at
real-time video rates. Larger kernels or other more
complex functions can be realized with no loss in
performance by utilizing multiple devices.

With unrestricted access to all data and coefficient input
ports, the TMC2246 offers considerable flexibility in
applications performing digital filtering, adaptive FIR
filters, mixers, and other similar systems requiring high-
speed processing.

For More Information call 1-800-722-7074.
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Fabricated using Raytheon Semiconductor’s proprietary
OMICRON-C™ one-micron CMOS process, the
TMC2246 operates at a guaranteed clock rate of 40
MHz over the full temperature and supply voltage
ranges, and is available in a 120-pin plastic pin grid
array.

Features

4 40 MHz data and coefficient input and computation
rate

¢ Four 11 x 10 bit multipliers with individual data and
coefficient inputs and 25-bit accumulator

¢ User-selectable fractional or integer two’s

complement data formats

Input and output data latches, with user-

configurable enables

User-selectable 16-bit rounded output

Internal 1/2 LSB rounding

Fully registered, pipelined architecture

Low power consumption CMOS process

Single +5V supply

Available in 120-pin plastic grid array

*

L 2R 2K 2K 2K 2 4

Applications

Fast pixel interpolation

Fast image manipulation

Image mixing and keying

High-performance FIR filters

Adaptive digital filters

One and two dimensional image processing

L 2K 2K 2K 2% 2K 2
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Functional Block Diagram

Dig—g
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W/

Clg_1g ENB1 D2y_g C2%_1p ENB2 D3g_g C3g_1p ENB3 D4y_g Clg_1p ENB4
Y

\

vy

y \ A A

Y
y y Vv, 4 A l I

>

P>

1b

] b | b 1

ACC >—p!

FSEL )—]

JAN

CLK )——————— T0 ALL REGISTERS

0N )—

S15-0

Functional Description

General Information

The TMC2246 Image Filter is a flexible multiplier-
summer array which computes the accumulated sum of
four 11 x 10 bit products, allowing word growth up to 25
bits. The inputs are user-configurable, allowing latching of
either the 10 or 11-bit input data. The data format is
user-selectable between integer or fractional two's
complement arithmetic. Total latency from input registers
to output data port is five clocks. The output data path
is 16 bits wide, providing the lower 16 bits of the
accumulator when in integer format or the upper 16 bits
of the 25-bit accumulator path when fractional two's
complement notation is selected. One-time rounding to
16 bits is performed when accumulating fractional data,
which is disabled when operating in integer format to
maintain the integrity of the least-significant bits.

2-124
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Signal Definitions

Power

Vpp. GND  The TMC2246 operates from a single +5V
supply. All pins must be connected.

Clock

CLK The TMC2246 operates from a single
master clock input. The. rising edge of clock
strobes all enabled registers. All timing
specifications are referenced to the rising
edge of clock.

Inputs

D1gg— D1 through D4 are the 10-bit data input
Ddg_g ports. The LSB is Dxq. See Figure 1.

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



TMC2246

Inputs (cont.)

C110-0-
C410-0

Outputs
$15-0

Controls
FSEL

ENSEL

ENB1-
ENB4

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

C1 through C4 are the 11-bit coefficient
input ports. The LSB is Cxq. See Figure 1.

The current 16-bit result is available at the
Sum output. The LSB is Sp. See Figure 1.

Data input during the current clock is
assumed to be in fractional two's comple-
ment format, rounding to 16 bits is per-
formed as determined by the accumu-

lator control ACC, and the upper 16 bits of
the accumulator are output when the
registered Format Select input is LOW.
When FSEL is HIGH, two's complement
integer format is assumed, and the lower
16 bits of the accumulator are presented at
the output. No rounding is performed when
operating in integer mode. See Figure 1
and the Applications Discussion.

The registered Enable Select determines
whether the data or the coefficient input
registers may be held on the next rising
edge of clock, in conjunction with the
individual input enables ENB1—ENB4. See
Figure 2.

When ENBi (i=1, 2, 3, or 4) is LOW,
registers Ci and Di are both strobed by the
next rising edge of CLK. When ENBi is
HIGH and ENSEL is LOW, Di is strobed, but
Ci is held. When ENBi and ENSEL are both
HIGH, Di is held and Ci is strobed. See
Figure 2. Thus, either or both input
registers to each multiplier are updated on
each clock cycle.

Figure 2. Input Register Control

ENB1-4 ENSEL Input Register Held
1 1 Data i
1 0 Coefficient i
0 None

Where X denotes a “Don’'t Care” condition. Any register
not explicitly held is updated on the next rising edge of

clock.

ACC

|

(@)
(]
™
=Z|

(@)
m
=Z|

Raytheon Semiconductor

When the registered Accumulator control is
LOW, no internal accumulation will be
performed on the data input during the
current clock, effectively clearing the prior
accumulated sum. If operating in fractional
two’s complement format (FSEL=LOW),
one-half LSB rounding to 16 bits is
performed on the result. This allows the
user to perform summations without
propagating roundoff errors. When ACC is
HIGH, the internal accumulator adds the
emerging product to the sum of previous
products, without performing additional
rounding.

The output of the accumulator is latched
into the output register on the next clock
when the registered Clock Enable is LOW.
When OCEN is HIGH the contents of the
output register remain unchanged, however
accumulation will continue internally if ACC
remains HIGH.

Data currently in the output registers is
available at the output bus S15.g when
the asynchronous Output Enable is LOW.
When OEN is HIGH, the outputs are in the
high-impedance state.
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Figure 1. Data Formats

Fractional Two's Complement Format (FSEL=LOW)

[15]w]nm{2[n]fw|s|s]|s]s]s[a[a]za]1]o]enr
-20|. 21|22 |23 | 24 | 25| 26 | 27 |28 | 29| DATA D1y
—21) 20 | .21 22|23 |24 |25 | 26 | 27 | 28 | 29 | COEFFICIENT (Cq_g)
|_zﬁ| 25 | 24 | zﬂ 22 21 | 20 [ .2-1] 2-2 2-3 2-4 2-5 2-5 2-7 2-8 2-9 SUM
Integer Two's Complement Format (FSEL=HIGH)
—29| 28 27 |26 | 25 | 28 | 23 | 22 | 21 | 20 | DATA (Dyq)
_z".l 29 zs 27 25 25 24 23 22 21 20 COEFFICIENT (C1_4)
|_215| 214 | 213 | 212 I a1 [210] 28 | 8 | 97 [ 26 [ 25 | 28 | 23 | 22 | 21 | 20 | sum
Note: A minus sign indicates the sign bit.
Package Interconnections
Signal Signal
Type Name Function H5 Package Pins L5 Package Pins
Power Vbp Supply Voltage F3, H3, L7, C8 13, 21, 50, 112
GND Ground E3, G3, J3, L6, H11, C7 9, 17, 25, 46, 79, 116
Clock CLK System Clock C3 2
Inputs Dig_g D1 Input M1, K3, L2, N1, L3, 28, 29, 30, 31, 35,
M2, N2, L4, M3, N3 36, 37, 38, 39, 40
D29_g D2 Input J12, K13, J11, K12, L13, 71,76, 75, 74, 73,
L12, K11, M13, M12, L11 72, 7, 70, 69, 68
D3g_¢ D3 Input J13, H12, H13, G12, G11, 78, 80, 81, 82, 83,
G13, F13, F12, F11, E13 84, 85, 86, 87, 88
Ddg_g D4 Input B4, C5, A4, B5, A5, 125, 124, 123, 122, 121,
C6, B6, A6, A7, B7 120, 119, 118,.117, 115
Clio—o C1 Input M4, L5, N4, M5, N5, Ms, 41, 42, 43, 44, 45, 47,
N6, M7, N7, N8, M8 48, 49, 51, 52, 53
C219—9 C2 Input N13, M11, L10, N12, N11, 64, 63, 62, 61, 60, 59,
M10, L9, N10, M9, N9, L8 58, 57, 56, 55, 54
C310-0 C3 Input E12, D13, E11, D12, C13, B13, 89, 90, 91, 92, 93, %4,
D11, C12, A13, C11, B12 95, 96, 97, 101, 102
Chg_g C4 Input A8, B8, A9, BY, Al0, C9, 114, 113, 111, 110, 109, 108,
B10, A11, B11, C10, A12 107, 106, 105, 104, 103
Outputs Si5-0 Sum Output C1, D2, D1, E2, EY, F2, F1, G2, 7,8 10, 11, 12, 14, 15, 16, 18,
G1, H1, H2, J1, J2, K1, K2, L1 19, 20, 22, 23, 24, 26, 27
Controls FSEL Format Select B2 3
ENSEL Enable Select Al 130
ENB1-ENB4 Input Enables C4, A2, A3, B3 128, 127, 126, 129
ACC Accumulate Bl 4
0 Output Register Enable D3 5
0 Output Enable c2 6
No Connect Not Connected D4 (Index Pin) 1, 32, 33, 34, 65, 66, 67,
98, 99, 100, 131, 132
2126 Raytheon Semiconductor For More Information call 1-800-722-7074.




Figure 3. Timing Diagram
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Figure 4. Equivalent: Input Circuit Figure 5. Equivalent Output Circuit
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Absolute maximum ratings (beyond which the device may be damaged) !

Supply Voltage -05to +7.0V
Input Voltage -0.5 to (Vpp+0.5V
Output
Applied voltage ? -05 to (Vpp+0.5)V
Forced current 34 —6.0 to 6.0mA
Short-circuit duration (single output in HIGH state to ground) 1 Second
Temperature
Operating, case —60 to +130°C
junction 175°C
Lead, soldering (10 seconds) 300°C
Storage —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 must be current limited to specified range, and measured with respect to GND.

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

Operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Nom | Max Min Nom | Max | Units
Vbp Supply Voltage 4.75 5.0 5.25 45 5.0 55 |V
ViL Input Voltage, Logic LOW 0.8 08 |V
\um Input Voltage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 4.0 40 | mA
loH Output Current, Logic HIGH -20 -20 | mA
toy Cycle Time Vpp=Min

TMC2246 33 ns

TMC2246-1 25 ns
tpwL  Clock Pulse Width, LOW Vpp=Min

TMC2246 15 ns

TMC2246-1 10 ns
tpwH  Clock Pulse Width, HIGH Vpp=Min 10 ns
tg Input Setup Time TMC2246 10 ns

TMC2246-1 8 ns
ty Input Hold Time 2 ns
TA Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature —-55 125 °C

2128 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min | Max | Min | Max | Units
Ippa Supply Current, Quiescent Vpp=Max, ViN=0V 6 mA
Ippy Supply Current, Unloaded Vpp=Max, OEN=5Y, f=30MHz 100 mA
L Input Current, Logic LOW Vpp=Max, V=0V -10 -10 A
iy Input Current, Logic HIGH Vpp=Max, Viy=Vpp 10 10 A %

<7}
VgL Output Voltage, Logic LOW Vpp=Min, lg| =Max 0.4 04 |V £
Vgy Output Voltage, Logic HIGH Vpp=Min, lgy=Max 24 24 \ é
lgzL  Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vjy=0V —-40 —-40 uA
lgzy Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Viy=Vpp 40 40 A
lpg  Short-Circuit Output Vpp=Max, Output HIGH, one pin to 60 60 mA

ground, one second duration max.

G Input Capacitance Tp=25°C, f=1MHz 10 10 pF
Co  Output Capacitance Tp=25°C, f=1MHz 10 10 pF

Note: 1. Actual test conditions may vary from those shown, but operation is guaranteed as specified.

Switching characteristics within specified operating conditions

Temperature Range
Standard Extended 2

Parameter Test Conditions Min Max Min Max | Units
tp Output Delay Vpp=Min, C_ gpp=25pF

TMC2246 15 ns

TMC2246-1 13 ns
tHo Output Hold Time Vpp=Max, C gap=25pF 5 ns
tenya  Three-State Output Enable Delay ! Vpp=Min, C gap=25pF 15 ns
tpis Three-State Output Disable Delay ! Vpp=Min, C gpp=25pF 20 ns

Notes: 1. Al transitions are measured at a 1.5V level except for tpg and tey-
2. Consult factory for extended temperature specifications.

For More Information call 1-800-722-7074. Raytheon Semiconductor 2129
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Applications Discussion

Demonstration of Operation

The versatile input clock enables and unrestricted data
and coefficient inputs provided on the TMC2246 allow
considerable flexibility in numerous image and signal
processing architectures. Figure 7 shows a typical
sequence of operations which clarifies the inherent clock
latencies of the device and illustrates fixed coefficient

storage, product accumulation, and device reconfigura-
tion prior to beginning a new accumulation. This
assumes that the device is set to fractional two's
complement mode (FSEL=LOW), with OCEN=LOW,
OEN=LOW, and the input registers configured to hold
coefficients only (ENSEL=LOW). X="don't care.’

Figure 7. Typical TMC2246 Operation Sequence

CLK| D1 | C1 |ENBg| D2 | C2 | ENB| D3 | C3 | ENB3| D4 | C4 | ENB4| ACC Sum

0 -l -l o | -|=-{o|l-=0={ol-=-f=-=]90o]- -

1 o |om| 1 |pam|cam| 1 |psm|cam| 1 |pam{cam| 1 0 -

2 o] x| o |pe@| x| o [ps@| x| 1 |pay| x | 1 1 -

3 |m@|cie| o |pxm|ced| o [p3s@| x | o |pam| x| o 1

4 |pus|cia| - |pa@|caw| - (o3w|caw| - |pDaw|cam| - | o

5 S(5)=D1{C1(1)+ D2()C2(1)
+D3(1)C3(1)+ Da(tica(n) + 2710

6 S(6)=S(5)+ D1(2)C1(1) + D2(2)C2(1)
+D3(2)C3(1) + Da()cA(1)

7 S(7)=51(6)+ D1{3)C1(3) + D2(3)C2(3)
+D3(3)C3(1) + DA(3ICA(1)

8 S(8) = D1(4)C1{4) + D2(4)C2(4)
+D3(8)C3(4) + DA@A)CA(4) + 2710

Notice in this example, operating in fractional twa's
complement mode, that rounding is imposed on the first

cycle only of an accumulation. This avoids the propaga-
tion of accumulated roundoff errors.

Using the TMC2246 for Pixel Interpolation

As a companion product to the TMC2301 Image
Resampling Sequencer, the TMC2246 offers an excellent
tool for performing high-speed pixel interpolation and
image filtering. Any pixel resampling operation with
multiple-pixel kernels must utilize some parallel-
processing technique, such as memory banding, in order
to maintain high-speed image throughput rates. Memory
Banding utilizes adders to generate parallel offset
addresses, allowing the user to access multiple pixel

2-130
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locations simultaneously. Using such technigues, one
TMC2246 can perform bilinear interpolation (four-pixel
kernel) with no loss in system performance. Larger
kernels can be realized in similar systems with additional
TMC2246s. See TRW Application Brief AB-4,
“Performing Bilinear Interpolation Using the
TMC2301”. Figure 8 illustrates a basic pixel inter-
polation application.

For More Information call 1-800-722-7074.
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Figure 8. Bilinear Interpolation Using the TMC2246
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TMC2246 Applications in Digital Filtering

Unrestricted access to all input ports of the TMC2246 Longer filters, with more taps, are realized by including
allows the user considerable flexiblity in realizing an external adder {such as the common 74381 type) to
numerous digital filter architectures. Figure 9 illustrates cascade multiple TMC2246s. Alternatively, two additional
how the device may be utilized as a flexible high-speed ~ taps and a cascading adder are available in the TRW ~
FIR Filter with the ability to modify all of the filter TMC2249 Digital Mixer.

coefficients dynamically or to store a fixed set if desired.

Figure 9. Utilization of the TMC2246 for FIR Filtering
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Pin Assignments — 120 Pin Plastic Pin Grid Array, H5 Package

Pin | Name | Pin | Name | Pin | Name | Pin Name | Pin | Name Pin | Name | Pin { Name | Pin | Name
C3 CLK G3 GND L3 Dig L7 Vbp L1 D2y G11 D3y cn €34 C7 GND
B2 | FSEL | @& | & M2 | Dy [N7 [ Ciy M2 | D2 613 | D34 B2 | €3 | A7 | D4

Bl | ACC HT | Sg N2 [ Dl | N8 | C1y M3 | D2y F13 | D3 A2 | cag | As | D4y
D3 | OCEN | H2 | Sg L4 | b1y M8 | Cig K11 | D23 F12 | D3, clio | ca B6 | D4s
C2 | OEN | H3 | vpp | M3 | Dy L8 | Cz L12 | D2 Fi1 | D3 BI1 | C4 | C6 | D4y
Cl | S5 JU| 8 N3 | Dl | N3 | c2 113 | D2g E13 | D3g | A1 | C43 | A5 | D4g
D2 | Sy4 J2 | sg Ms | Clyg | Mo | C2 Ki2 | D2g E12 | €339 | B1O | C4y | B5 | Dag
B3 [ GND | K1 | S L5 | Cig No | ez juin | D2y D13 | C3q Co- | Cag | A4 | D4y
DI | Sy3 J3 | GND | N4 | Cig L9 | cq |3 | D2 EN | C3g A0 | cag | cs | Dag
B2 | Sy K2 | M5 | Cly M0 | C25 | J12 | D2g D12 | €3 BY | C4y B4 | Dig
Bl | Sy L | S N5 | Cig N1 | C2g | 13 | D3g 13 | C3g A9 | Cag | A3 | ENB3
B3 | vpp | M1 | Dig L6 | GND | N2 | C2 H11 | GND B13 | C35 c8 | vpp | A2 | EnB2
F2 | Sy K3 | Dig | M6 | Clg Lo | Czg H12 | D3g DIl | C34 B8 | C4g | C4 | ENBI
F1 39 L2 D17 N6 C14 M1 C29 H13 D37 C12 C33 A8 C410 B3 ENB4
G2 | Sg Nt | Dig M7 | cig N13 | €29 |12 | D3g A13 | €3y B7 | Dag | A1 | ENSEL

2-132 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Pin Assignments — 132 leaded CERQUAD, L5 Package

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name
1 NC 23 S3 45 Clg 67 NC 89 30 i Clg
2 CLK % Sy 46 GND 68 D2g 90 C3q 2 VoD
3 FSEL 25 GND 47 Clg 69 D2 91 C3g 13 Clg
4 ACC 26 S1 48 C14 70 D22 92 C37 14 C410
5 OCENB 27 So 49 Cl3 n D23 93 C3g 115 Dég
6 0ENB 28 Dig 50 Voo 7 D24 9 C35 116 GND
7 St5 29 Dig 51 cly 3 D25 95 C34 17 D4y
8 S1a 30 D1, 52 cy 7 D2g 96 C33 18 D4,
9 GND 31 Dig 53 Clg 75 D2; 97 €3y 19 Dds
10 S13 32 NC 54 €2, 76 D2g 98 NC 120 D4y
1 S12 33 NC 55 2 77 D2g 99 NC 121 Dég
12 Sy 34 NC 56 c2, 78 D3q 100 NC 122 Ddg
13 Vpp 35 Dig 57 €23 79 GND 101 c3 123 D4y
14 Sw 36 D14 58 C24 80 D38 102 C30 124 D48
15 Sg 37 D13 59 C25 81 D37 103 C40 125 D49
16 38 38 D12 60 CZS 82 D36 104 C4q 126 EN3B
17 GND 39 D14 61 €2y 83 035 105 C42 127 EN2B
18 Sy 40 D1y 62 C2g 84 D34 106 Cdg 128 ENIB
19 Sg 4 Clyg 63 C2g 8 D33 107 Cly 129 EN4B
20 S5 a2 Clg 64 210 86 D3, 108 Clg 130 ENSEL
21 Vpp 43 Cig 65 NC 87 D3, 109 Clg 131 NC
2 Sy a4 Cly 66 NC 88 D3 110 C4y 132 NC
132 100

2l 00000000000 O0O0

1loooooooo0o00000 'D\ ®

1] © 0 © 00O =———

9l oo o 000 _— PIN 1 IDENTIFIER

: g g g TOP VIEW g 2 g TOP VIEW
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210414 3 66 21062A

120 Pin Plastic Pin Grid Array — H5 Package
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Ordering Information

Product Temperature Range Screening Package Package

Number Marking

TMC2246H5C STD-Tp=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2246H5C

TMC2246H5C1 STD-Tp=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2246H5C1

TMC2246L5V EXT-Tg=—55°C to 125°C MIL-STD-883 132 Leaded CERQUAD 224615V

TMC2246L5V1 EXT-Te=-55°C to 125°C MIL-STD-883 132 Leaded CERQUAD 2246L5V1
40G06126 Rev E 8/93

2-134 Raytheon Semiconductor For More Information call 1-800-722-7074.
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TMC2249

CMOS Digital Mixer
12 x 12 Bit, 30 MHz

Description

The TMC2249 is a high-speed digital arithmetic circuit
consisting of two 12-bit multipliers, an adder and a
cascadeable accumulator. All four multiplier inputs are
accessible to the user, and each includes a user-
programmable pipeline delay of up to 16 clocks in
length. The 24-bit adder/subtractor is followed by an
accumulator and 16-bit input port which allows the user
to cascade multiple TMC2249s. A new 16-bit
accumulated output is available every clock, up to the
maximum rate of 30 MHz. All inputs and outputs are
registered except the three-state output enable, and all
are TTL compatible.

The TMC2249 utilizes a pipelined, bus-oriented structure
offering significant flexibility. Input register clock enables
and programmable input data pipeline delays on each
port offer an adaptable input structure for high-speed
digital systems. Following the multipliers, the user may
perform addition or subtraction of either product,
arithmetic rounding to 16-bits, and accumulation and
summation of products with a cascading input. The
output port allows access to all 24 bits of the internal
accumulator by switching between overlapping least and
most-significant 16-bit words, and a three-state output
enable simplifies a connection to an external system
bus.

All programmable features are utilized on a clock-by-
clock basis, with internal data and control pipeline
registers provided to maintain synchronous operation
between incoming data and all available functions within
the device.

The TMC2249 has numerous applications in digital
processing algorithms, from executing simple image
mixing and switching, to performing complex arithmetic

For More Information call 1-800-722-7074.
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functions and complex waveform synthesis. FIR filters,
digital quadrature mixers and modulators, and vector
arithmetic functions may also be implemented with this
device.

Fabricated using a one-micron CMOS process, the
TMC2249 operates at a guaranteed clock rate of 30
MHz over the standard commercial temperature and
supply voltage ranges, and is available in a low-cost 120
pin plastic pin grid array.

Features

¢ 30 MHz input and computation rate

¢ Two 12-bit multipliers with spearate data and
coefficient inputs

Independent, user-selectable pipleline delays of 1 to
16 clocks on all inputs ports

Separate 16-bit input port allows cascading or
addition of a constant

User-selectable rounded output

Internal 1/2 LSB rounding og products

Fully registered, pipelined architecture

Low power consumption CMOS process
Single +5V power supply

Available in 120-pin plastic grid array

L 2

*

L 2R 2K 2K 2% 2% 2

Applications

Video switching

Image mixing

Digital signal modulation
Complex frequency synthesis
Digital filtering

Complex arithmetic functions

L 2R 2K 2K 2% R 4
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Functional Block Diagram
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Functional Description accumulator by swapping overlapping registers. The
output bus has an asynchronous high-impedance enable,
General Information to simplify interfacing to complex systems.

The TMC2249 performs the summation of products

described by the formula: Signal Definitions

SIN+6) = AIN—ADEL)«B{N—BDEL)[— TNEGTIN) Power

+CIN—CDEL)-DIN— DDEL}-(— 1NEG2IN) -+ CASIN + 3.F1) Vpp. GND  The TMC2249 operates from a single +5V
where ADEL through DDEL range from 1 to 16 pipe zzﬁ?gctﬁ(lil power and ground pins must be «
delays. All inputs and controls utilize pipeline delay ) ?
registers to maintain synchronicity with the data input Clock E
during that clock, except when the Cascade data input is 2
routed directly to the accumulator by use of the CLK The TMC2249 operates from a single
Feedthrough control. One-half LSB rounding to 16 bits master clock input. The rising edge of clock
may be performed on the sum of products while strobes all enabled registers. All timing
summing with the cascade input data. The user may specifications are referenced to the rising
access either the upper or lower 16 bits of the 24-bit edge of clock.

For More Information call 1-800-722-7074. Raytheon Semiconductor 2-137
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Inputs indicate the operation to be performed on
. data input during the current clock, when
A11.0- A through D are the four 12-bit regis- =
D11-0 tered data input ports. Ag-Dg are the LSBs. ;gtreolength controls ADEL—DDEL are set to
See Table 1. Data presented to the input )
ports is clocked in to the top of the RND When the roundin .

_ o g control is HIGH, the
th;a%ia%izy RIpL?Shhniﬁ o dtahtg gﬁﬁncm( sum of products resulting from data input
ister stack pushing during that clock is rounded to 16 bits.

g : Rounding is performed only during the

. . ) first cycle of each accumulation sequence,
CAS15.0  CAS is the 16-bit Cascade data input port. g .
CASq s the LSB. See Table 1 Z?rca)\r/s(,)ld the accumulation of roundoff
Outputs T When the Feedthrough control is HIGH, the
S15-0 The current 16-bit result is available at the pipeline delay through the cascade data
Sum output. The LSB is S. The output path is minimized to simplify the cascading
may be the most or least significant 16 bits of multiple devices. When FT is LOW and
of the current accumulator output, as ADEL through DDEL are all set to 0, the
determined by SWAP. S is the LSB. See data inputs are aligned, such that
Table 1. S(n+6) = CAS(n) + A(n)B(n) + C(n)D(n).
See Table 2.
Controls
—_— = . . CASEN Data presented at the cascade data input
ENA—END  Input data presented.to port i11-0 ('.=A.' B, port aF;e latched and accumulated inter‘:]ally
C. or D) are latched into delay pipeline i, when the input enable CASEN during that
and data already In pipeline | advance by clock is LOW. When CASEN is HIGH, the
one register position, on each rising edge : o '
of CLK for which ENi is LOW. When ENi is cascade input port is ignored.
ngH'hthe Idata in r?'p?“"e i do not _lr;l(éve ACC When the registered Accumulator control
and the value at the Input port | will be is LOW, no internal accumulation will be
lost before it reaches the multiplier. performed on the data input during the
ADEL3 0~ ADEL thiough DDEL are the four-bi Cecumuted sum. When ACC & HIGH
DDEL3-g reglstered input data pipe delay select wprd the internal accumulator adds the emérging
inputs. Data to be presented to the mufti- product to the sum of previous products.
_pllers is selected from one of sixteen stages
in the input data delay pipe registers, as SWAP The user may access bath the most and
indicated by the delay select word least-significant 16 bits of the 24-bit
presented o the respective Input port accumulator by utilizing SWAP. Normal
during that clock. The minimum delay is operation of the device, with SWAP = HIGH,
one clock (select word=0000), and the outputs the most significant word. Setting
maximum delay is 16 clocks (select SWAP=LOW puts a double-register
word=1111). Following powerup these structure into “toggle” mode, allowing the
values are indeterminate and must be user to examine the LSW on alternate
initialized by the user. clocks. New output data will not be clocked
NEG1, NEG2 The products of the multipliers are negated, mgche output registers until SWAP returns
causing a subtraction to be performed '
during the internal summation of products, OF Data currently i ; ;

y in the output registers is
when the Negate controls are HIGH. NEG1 available at the output bus S15.q when the
negates the product Ax B, while NEGZ acts asynchronous Output Enable is LOW. When
on the output of the multiplier which OF is HIGH, the outputs are in the high-
generates the product C x D. These controls impedance 'state.

2-138 Raytheon Semiconductor For More Information call 1-800-722-7074.
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Table 1. Data Formats and Bit Weighting

|15[14|13|1z nfwo|{s|{s|7|6|5|[a[3]2]1]0]smr
U2 210 | 29 | 2B | 27 | 26 | 25 | 28 | 23 | 22 | 21 | 20 | DATA INPUT (Aqqg-Dqq0)
[-223] 222 | 221 | 520 | 219 | 518 | 17 [ 216 | 15 [ 514 [ 13 [ 212 | 11 [210 | 59 | 8 | cascapE NPT (CASysg)
SUM (S5.g)
215 214 213 212 oM 210 29 28 | 27 | 26 25 24 23 | 22 21 20 LSW
_223 222 221 220 219 218 217 215 215 214 213 212 211 210 29 28 MSW
8
Note: 1. A minus sign indicates the sign bit. E
E
Package Interconnections =
.
Signal Signal
Type Name Function H5 Package Pins L5 Package Pins
Power Vpp Supply Voltage F3, H3, L7, C8 13, 21, 50, 112
GND Ground E3, G3, J3, L6, H11, C7 9, 17, 25, 46, 79, 116
Clock CLK System Clock c3 2
Inputs Al‘I-O A Input N8, M8, L8, N9, M9, N10, 52, 53, 54, 55, 56, 57,
L9, M10, N11, N12, L10, M1 58, 59, 60, 61, 62, 63
B11-0 B Input N7, M7, N6, M8, N5, M5, 51, 49, 48, 47, 45, 44,
N4, L5, M4, N3, M3, L4 43, 42, 41, 40, 39, 38
C"_O C Input A9, B9, A10, C9, B10, A11, 111, 110, 109, 108, 107, 106,
B11, C10, A12, B12, C11, A13 105, 104, 103, 102, 101, 100
DH-O D Input B8, A8, B7, A7, A6, B6, 113, 114, 115, 117, 118, 119,
C6, A5, B5, A4, C5, B4 120, 121, 122, 123, 124, 125
ADEL3_0 A Delay L11, M12, M13, K11 68, 69, 70, 71
BDEL3 o B Delay M2, L3, N1, L2 36, 35, 31, 30
CDEL3 g C Delay D11, B13, C13, D12 95, 94, 93, 92
DDEL3_0 D Delay A2, C4, B3, Al 127, 128, 129, 130
CAS15.0 Cascade Input L13, K12, J11, K13, J12, J13, 13, 74, 75, 76, 71, 18, 80, 81,
H12, H13, G12, G11, G13, F13, 82, 83, 84, 85, 86, 87, 88, 89
F12, F11, E13, E12
Outputs S15.0 Sum Output C1, D2, D1, E2, E1, F2, F1, G2, 7, 8,10, 11, 12, 14, 15, 16,
G1, H1, H2, 01, J2, K1, K2, L1 18, 19, 20, 22, 23, 24, 26, 27
Controls ENA—END Input Enables N13, N2, C12, A3 64, 37, 96, 126
NEG1, NEG2 Negate B1, D3 4,5
RND Round C2 6
FT Feedthrough EN 91
CASEN Cascade Enable D13 90
ACC Accumulate B2 3
SWAP Swap Output Words K3 29
OF Output Enable M1 28
No Connect NC None L12 1, 32, 33, 34, 65, 66, 67,
72, 98, 99, 100, 131, 132
Index Pin D4

For More Information call 1-800-722-7074.
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Figure 1. Timing Diagram

1 7

L N s I s W s i
A11-o-°11-uX)<l IIJA lXXXX 0B XX
CONTROLS XX xxxx xz }" 'HO“"

—ltg D
| |

ok |

X

Notes: 1. Except OE.
2. Assumes OE=LOW, and ADEL—DDEL set to 0.

Figure 2. Equivalent Input Circuit Figure 3. Equivalent Output Circuit
v
li“ Voo
r > \ I
n SUBSTRATE ;:j Do o SUBSTRATE
ot ’ :ﬂ" ¥ Y
P+ b
CONTROL
INPUT p—o OUTPUT
n+
s .
PWELL : I
p WELL
F
i =+ 6o

Figure 4. Threshold Levels for Three-State Measurement
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Absolute maximum ratings (beyond which the device may be damaged) !

Supply Voltage -05to +7.0V
Input Voltage —05 to (Vpp+0.5V
Output
Applied voltage 2 -05 to (Vpp+05)V
Forced current 34 —6.0 to 6.0mA
Short-circuit duration (single output in HIGH state to ground) 1 Second
Temperature
Operating, case —60 to +130°C
junction 175°C
Lead, soldering (10 seconds) 300°C
Storage —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 must be current limited to specified range, and measured with respect to GND.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

Temperature Range
Standard Extended '

Parameter Test Conditions Min Nom Max Min Nom Max | Units
Vop Supply Voltage 4.75 5.0 5.25 45 5.0 5.5 )
ViL Input Voltage, Logic LOW 0.8 0.8 \
ViH Input Voltage, Logic HIGH 20 20 \
loL Output Current, Logic LOW 4.0 4.0 mA
IoH Output Current, Logic HIGH -20 -2.0 mA
toy Cycle Time Vpp=Min

TMC2249 40 ns

TMC2249-1 33 ns
tpwL  Clock Pulse Width, LOW Vpp=Min 15 ns
tpwH  Clock Pulse Width, HIGH Vpp=Min 10 ns
tg Input Setup Time 8 ns
ty Input Hold Time 4 ns
TA Ambient Temperature, Still Air 0 70 °C
T Case Temperature -55 125 °C
Note: 1. Consult factory for extended temperature specifications.

For More Information call 1-800-722-7074. Raytheon Semiconductor 2-141
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DC characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min | Max | Min | Max | Units
Ippa  Supply Current, Quiescent Vpp=Max, VjN=0V 6 mA
Ippy Supply Current, Unloaded Vpp=Max, 0EN=5V, f=25MHz 100 mA
L Input Current, Logic LOW Vpp=Max, Vjy=0V -10 -10 A
iy Input Current, Logic HIGH Vpp=Max, Vin=Vpp 10 10 A
VgL Output Voltage, Logic LOW Vpp=Min, lg; =Max 0.4 041V
Voy Output Voltage, Logic HIGH Vpp=Min, lgy=Max 24 24 v
lgzL  Hi-Z Output Leakage Current, Output LOW | Vpp=Max, Vjy=0V —-40 —-40 A
lozy Hi-Z Output Leakage Current, Output HIGH | Vpp=Max, Vjy=Vpp 40 40 pA
lpg  Short-Circuit Output Vpp=Max, Output HIGH, one pin to 60 60 mA
ground, one second duration max.

Ci Input Capacitance Tp=25°C, f=1MHz 10 10 pF
Co  Output Capacitance Tp=25°C, f=1MHz 10 10 pF

Note: 1. Actual test conditions may vary from those shown, but operation is guaranteed as specified.

AC characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
tp Output Delay Vpp=Min, C gpp=25pF

TMC2249 17 ns

TMC2248-1 15 ns
tHo Output Hold Time Vpp=Max, C;gap=25pF 5 ns
teya  Three-State Output Enable Delay ' Vpp=Min, C gap=25pF 15 ns
tpis Three-State Output Disable Delay ' Vpp=Min, C_ gap=25pF 20 ns
Note: 1. Al transitions are measured at a 1.5V level except for tpig and teya.-
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Applications Discussion

Basic Operation

The TMC2249 is a flexible signal and image processing  operation of the device, demonstrating the various
building block with numerous user-selectable functions features available to the user and the timing delays
which expand it's usefulness. Table 2 clarifies the incurred.

Table 2. TMC2249 Operation Sequence

CLK| ADEL A‘l 1-0 BDEL B1 1-0 CDEL 01 1-0 DDEL D] 1-0 NEG1 | NEG2 (:As1 5-0 FT | ACC| RND| SWAP S1 5-0

t]lo|Aan|ofBm|ofecn|lo|om| L |L — Ll Ly]omH -

20 (A2 | 0|B2|0|ca| o |Da|L|H N T A -

3ol A® | o B3| o0 |ca| o |DA|HI|L — Ll L] oH -

4| o A® | 0o |BH| o |ca]| o |om| L | L [casa|L|{L|L]| H -

5| 0| AB | 0 |BE | o0 [cs| o |Ds| L |L — L] ow -

6| 0| A6 | o |BeE [0 [ce| o De| L |L — {L{ L] H| H [ A0)B1+CDps

7{olam]o|Bm|o]cm| ojom| L |L — |L|{H|H|[ H [AQ2B@2-C2D@Ips

8| o A® [ o [B@ | o0 [ce| o |De| L | L |CAS® |H|L|L| L |(~A®-B@3)+Ci3+DE)ns

9| ol A9 ] o|Bo|o {ca| o |D9| L |L — L L] L H [/(A49B@+Cia)D@)+CAS@)pg
10 (A(5)+B(5) + C(5)« D(5) + CAS(8))ns
1 {A(6)+B{(6) +C(6) D(6) +2)
12 {A(7)+B(7)+ C(7)+ D(7) + S{11) g
13 (S(12))
14 (A(9)+B(8) + C(7)+ DBl s
Where H=HIGH, L=LOW. "ms" indicates most indicates that port not enabled. Note that the output

significant output word (bits 23—8), “Is” indicates least ~ data summation including A(8)—D(8) is lost, since the
significant word (bits 15—0). The appropriates enables output on cycle 13 is swapped to the LSW of S(12} on
for the indicated data are assumed, otherwise -’ cycle 8.

Digital Filtering
The input structure of the TMC2249 demonstrates great  products of the desired taps have been summed, the

versatility when all four multiplier inputs and the pro- resultant is available at the output. The user then
grammable delay registers are utilized. Tables 3 and 4 “pushes” a new time-data sample on to the appropriate
demonstrate how a direct-form symmetric FIR filter of even or odd data register “stack” and reiterates the

up to 32 taps can be implemented. By utilizing the four ~ summation. Note that the coefficient bank “pointers”,
input delay registers as pipelined storage banks, the user the BDEL and DDEL delay words, are alternately
can store up to 32 coefficient-data word pairs, split into  incremented and decremented on successive filter passes

alternate “even” and “odd” halves. Two taps of the to maintain alignment between the incoming data
filter are calculated on each clock, and the user then samples and their respective coefficients. The effective
increments/decrements the delay words (ADEL— DDEL). filter speed is calculated by dividing the clock rate by
The sums of products are successively added to the one-half the number of taps implemented.

global sum in the internal accumulator. Once all of the

For More Information call 1-800-722-7074. Raytheon Semiconductor 2143
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Table 3. Using the TMC2249 to Perform FIR Filtering — Initial Data Loading

Even Data 0dd Data Coefficient Storage
Register Position (Hex) A [ B D
0 x(31) x(30) h{0) h(1)
1 x(29) x(28) h(2) h(3)
2 x(27) x(26) h(4) h(5)
3 x(25) x(24) h(6) h(7)
4 x(23) x(22) h(8) h(9)
5 x(21) x(20) h(10) h{11)
6 x(19) x(18) h(12) h(13)
7 x(17) x(16) h{14) h(15)
8 x(15) x(14) h(15) h{14)
9 x(13) x(12) h(13) h(12)
A x(11) x(10) h(11) h(10)
B x(9) x(8) h(9) h(8)
C x{7) x(6) h(7) h(6)
D x(5) x(4) h(5) h(4)
E x(3) x(2) h(3) h(2)
F x(1) x(0) h(1) h(0)

Table 4. FIR Filtering — Operation Sequence

Push Push Resultant
Cycle| A | B| C | D| ADEL| CDEL| BDEL| DDEL | ACC| ENA| ENC| ENB| END| Convolution Sum Output
1 - -1 - |- 0 0 0 0 H H H H H | x(31)«h{0)+x(30)+h(1)
2 - - - |- 1 1 1 1 H H H H H | +x(29)<h(2) +x(28)<h(3)
3 - -1 - |- 2 2 2 2 H H H H H | +x(27)<h(4) +x(26)+h(5)
4 - -1 - |- 3 3 3 3 H H H H H | +x(25)<h(6) +x(24)«h(7)
5 - -1 - |- 4 4 4 4 H H H H H | +x(23)+h(8) +(22)+h(9)
6 - -1 - |- 5 5 5 5 H H H H H [ +x(21)=h(10)+x(20)«h{11)
7 - -1 - |- 6 6 6 6 H H H H H | +x(19)<h(12)+x(18)+(13)
8 - -1 - |- 7 7 7 7 H H H H H | +x(17)<h(14)+x(16)<h(15)
9 - -1 - |- 8 8 8 8 H H H H H | +x(15)<h(15)+(14)<h(14)
10 - -1 - |- 9 9 9 9 H H H H H 1 +x(13)<h(13)+x(12)+h(12)
n - |- - |- A A A A H H H H H | +x(11)«h(11)+x{10)<h(10)
12 - -1 - |- B B B B H H H H H [ +X(9)+h(9)+x(8)+h(8)
13 - e C c C c H H H H H | +x(7)«h(7) +x(6)«h(6)
14 | - -1 - |- D D D D H H H H H | +x(5)<h(5)+x(4)+h(4)
15 - |-l - |- E E E E H H H H H [ +x(3)+h(3)+x(2)+h(2)
16 - -1 x32) | - F F F F H H L H H | +x({1)+h(1)+x(0)«h(0)
17 - - - |- 0 0 F F H H H H H | x(31)+h{1)+x(32)+h(0)
18 - e 1 1 E E H H H H H | +x(29)+h(3)+x(30)+h(2)
19 - -1 - |- 2 2 D D H H H H H | +x(27)+h(5)+x(28)h(4)
20 - -1 - |- 3 3 c c H H H H H | +x(25)+h(7)+x(26)«h(6) 31
21 - -1 - |- 4 4 B B H H H H H | +x(23)+h(9)+x(24)+h(8) |S=X h(k)x(n—k)
k=0
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Digital Filtering (cont.)

Alternatively, non-symmetric FIR Filters can be
implemented using the TMC2249 in a similar fashion.
Here, a shift register is used to delay the incoming data
fed to the A input by an amount equal to one-half the
length of the filter (the length of the A delay register).
As shown in Figure 5, the data is then sent to the C
input, thus “stacking” the A and C delay registers to
create a single N-tap FIR filter. The incremented delay
words (ADEL—DDEL) for all four inputs are identical.
Again, the filter throughput is equal to the clock speed
divided by one-half the number of taps implemented.

Figure 5. Non-Symmetric 32-Tap FIR Filtering
Using the TMC2249

TMC2011
> 16— STAGE v
SHIFT REGISTER
x(m)
> A B c D
o | xm + 0) o) xim + 16)§  h{16)
xim + 15) w15) xim + 31)] hi31)
> TMC2249
S15-0
FILTER
OUTPUT

Complex Arithmetic Functions

The TMC2249 can also be used to perform complex
arithmetic functions. The basic function performed by the
device, ignoring the delay controls,

SUM = (+AeB) + (+Ce<D),

can realize in two steps the familiar summation:

(P+jR)IS+jT) = (PS—RT) + j(PT+SR)
(M (2)

by loading the TMC2249 as follows:

TMC2249 Inputs

Step| A | B| C | D | NEG1 | NEG2 | Resultant Output
1 P S|R| T L H (PS—RT)
2 P T R S L L (PT+SR)

where H and L indicate a loaic HIGH and LOW.

For More Information call 1-800-722-7074.
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Thus we can perform a complex multiplication in two

clock cycles. Notice that the user must switch the two
components of the second input vector between the B
and D inputs to obtain the second complex summation.

Calculating a Butterfly

Taking advantage of the complex multiply which we
implemented above using the TMC2249, we can expand
slightly to calculate a Radix-2 Butterfly, the core of the
Fast Fourier Transform algorithm. To review, the Butterfly
is calculated as shown in Figure 6.

Figure 6. Signal Flow Diagram of Radix-2 Butterfly

A X
ri —1
B Y
Where X = A+B(WN")
Y = A-BWy)

and W' is the complex phase coefficient, or “twiddle
factor” for the N-point transform, which is:

Wy = e—i2a/N)
= cos{2w/N) + jlsin(2x/N))
= Re(W) + jim(W),

with Re and Im indicating the real and imaginary parts
of the vector.

Expanding the complex vectors A and B to calculate X
and Y, we get:

X = (Re[A) +jim(A}) + (Re(B)Re(W) — Im(B)Im{W) + j(Re(B)Im(W) + Im{B)Re W)
(Re(A) + Re(B)Re(W) — Im(B}Im(W)) +j(Im(A) + Re(B)Im(W) + Im(B)Re(W))
Re(X) +jim(X)

and,

Y = {Re(A) +jIm(A)) - (Re(B)Re (W) — Im(B)Im(W) + j(Re(B}Im(W) + Im(B)Re(W))
= (Re(A) —Re(B)Re(W) + Im(B)im(W)) + j(Im(A] — Re(B}Im(W) — Im(B)Re(W))
= Re(Y)+jlm(Y)
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Calculating a Butterfly (cont.)

The butterfly is then neatly implemented in four clocks,

as follows:
TMC2249 Inputs

CAS Resultant
Step|] A B D |Input | NEG1| NEG2| Output
1 Re(B)| Re(W)|Im(B)| Im(W) | Re(A) L H Re(X)
2 Re(B)| Re(W)|Im(B)| Im(W) | Re(A) H L Re(Y)
3 Re(B)| Im(W)|Im(B)| Re(W) | Im(A) L L Im{X)
4 Re(B)| Im(W)|Im(B)| Re(W)| Im(A) H H Im(Y)

Notice again that the components of the second vector
must be switched by the user on the second half of the
computation, as well as the parts of the vector
presented to the cascade input.

Quadrature Modulation

The TMC2249 can also be used to advantage as a
digital-domain complex frequency synthesizer, as
demonstrated in Figure 7. Here, orthogonal sinusoidal
waveforms are generated digitally by sequentially
addressing Sine and Cosine ROMS. These quadrature
phase coefficients can then be multiplied with two input
signals, such as digitized analog data. The TM(C2249
then adds these products, which could be output directly
to a high-speed digital-to-analog converter such as the
TRW TDC1012 for direct waveform synthesis. This 12-bit,
20MHz DAC is ideally suited to waveform generation,
featuring extremely low glitch energy for low spurious
harmonics.

Figure 7. Direct Quadrature Waveform Synthesizer Using the TMC2249
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Pin Assignments — 120 Pin Plastic Pin Grid Array, H5 Package

Pin | Name | Pin | Name | Pin | Name | Pin Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name
€3 | ClK |G |GND | L3 |BDELy|L7 | Vpp [Li1 | ADELg | 611 | cAsg | cnt | ¢ C7 | GND
B2 | ACC |Gl | M2 | BDEL; | N7 | By M12 | ADEL, | G13 | cAs; | B12 | C A7. | Dg

Bl | NEGI | HI | Sg N2 | ENB | N8 | Ay M13 | ADEL; | F13 | CASy | A12 | C3 A6 | Dy

D3 | NEG2 | H2 | Sg 4 | By M8 | Aip K | ADELy | F12 | CAS3 | Cl0 | C4 B6 | Dg

2 | RND | H3 [ Vvpp | M3 | B 18 | Ag L2 | Ne Fil | cAs, | B | Cg c6 | Dg

¢ | S5 || s N3 | By N9 | Ag L13 | cASys | E13 | cAS; | A1 | cg A5 | Dy

D2 S-|4 J2 S3 M4 Bs M9 A7 K12 CASM E12 CASU B1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>