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PRELIMINARY PRODUCT SPECIFICATION

286128

L21C™ LINE 21
CLOSED-CAPTION CONTROLLER

FEATURES

R Complete stand-alone Line 21 Closed-Caption
Controller which conforms to FCC Line 21 Closed-
Caption Specifications of April 12, 1991

B Simple system interface

B Optional serial interface for mode

W Requires only two inputs to operate

- Composite video
- Any horizontal timing pulse

W On-board Analog Sync and Data Slicer
- No external analog required

® CMOS VLSI design for low power and low cost
B On-board Display RAM

B Odd or even Field Selectable in serial control mode

B On-board character font ROM - 12x18 character
in 16x26 cell

8 Visual Attributes
- Color
- Underline
- ltalic
- Blink
W Smcoth scrolling
B Valid Line 21 input detection

®  Automatic screen blanking after 1.5 seconds
with no valid input (auto blanking)

B Automatic caption display RAM erase after 16 seconds
with no valid input

W 18-pin DIP package

B Automatic erase on channel change

GENERAL DESCRIPTION

The 286128 (Line 21 Closed-Caption Controller) is a single
I.C. designed to provide the functional performance of a
L21C Decoder module (Figure 1). This Superintegration™
VLSl device is completely self contained and only requires
composite video signal, a horizontal SYNC signal as input
and an "external keyer", i.e., video signal switch between
TV video and Closed-Caption video (Figure 5) to produce
captioned video. The Z86128 uses a wired logic approach
to perform the functions selected through its input control
signals. It is fabricated using standard CMOS technology
and designed to achieve the lowest possible cost.

The Z86128 is intended for use in a set-top decoder or in
any television receiver conforming to the NTSC standard.
It is capable of processing and displaying all standard
L21C format transmissions including the codes specified

by the FCC "Report and Order" on GEN Docket No. 91-1,
dated April 12, 1991. If and when PAL and SECAM TV
standards define a protocol using the Line 21 format, this
design will be readily convertible to that standard.

The Line 21 Closed Captioning System

The L21C system provides for the transmission of CAPTION
information and other TEXT material as an encoded
composite data signal. This is during the unblanked portion
of Line 21, field 1, of the standard NTSC video signal. In
addition, a framing code is transmitted during the first half
of Line 21. field 2. The encoded composite video signal for
Line 21, field 1 and 2, is shown in Figure 2. The video signal
conforms to the Standard Synchronizing Waveform for
Color Transmission given in Sub-part E, Part 73 of the FCC
Rules and Regulations.




GENERAL DESCRIPTION (Continued)

Scan Line 21*

Scan Line 22 \ ™

Scan Line 44

Text/Caption Row 1
Text/Caption Row 2
Text/Caption Row 3
Text/Caption Row 4

Scan Line 57

Scan Line 96

Text/Caption Row
Text/Caption Row
Text/Caption Row
Text/Caption Row
Text/Caption Row
Text/Caption Row
Text/Caption Row

Text/Caption Row
Text/Caption Row
Text/Caption Row
Text/Caption Row

Captions Active
or Text Video

Scan Line 187

Scan Line 238
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*Scan Line 21 is the last scan line of the vertical retrace blank interval

Figure 1. Closed-Caption TV Display Format

Start Bit
Clock Pulse /
in Burst
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0 N , 0Odd Field
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20 Clock Run-in Character 1 Character 2
B (7 Cycles)
-40 — Program
IRE*
Units

Notes:

*Iv PP = 140 IRE

1. Line 21 must be in its proper relative position
to the leading edge of the Vsync pulse.

first *clock run-in cycle.”

Figure 2. Encoded Composite Video Signal

Even Field

2. Measured from the mid-point of the leading edge
of Hsync to the midpoint on the rising edge of the
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PIN DESCRIPTION

DONF/SEN E 1 % 18 :l LNG/SCK Pin No. Signal Description
NRESET D 2 17[] cr/spa 17 CT/SDA 1/O (control)
BOX E 3 16 :l NSIN In Pargllel Mode this input, along with the LAG/
SCK input, selects the Data Channe! to be
Lum [ 4 15 [] vpD (Digital) processed. CMOS input with High=CAPTIONS,
R[] s 14 :| VDD (Analog) Low =TEXT. In Serial mode this pin first outputs
G E 6 13 :] HLE the status bit, then becomes the input for serial
control data and is in high impedance state
B[] 7 121] ssL when the L21C is in a power-down state.
HFL[] e 1] cv 2 NRESET
VSS (Digital) E 9 10 :] VSS (Analog) Master reset for the |.C. and must be used in the
‘ Parallel Control Mode. Itmay be tied Highinthe
Serial Mode if reset is to be performed through
the serial data stream.
Figure 3. 18-Pin DIP Pin Assignments
18 LAG/SCK Input (control)
In Parallel Mode this input selects the Data
Pin No. Signal Description Channel to be processed (along with CT/SDA).
— CMOS input High = LANGUAGE I, Low=
i Composite Video Input (CVI) - LANGUAGE Il. In Serial Mode this input is Serial
Composite NTSC video, nominally 1.0V p-p,. Clock In and will be in the high impedance state
b.and hmlted.to 600 kHz. Circuit operates w1tlh when the L21C is in a power-down state.
signal variations between 0.7-1.4V p-p. It is
recommended that this signal pin be driven by 3 Box Output (Box)
an emitter follower through a 0.1 pF capacitor. Active High, CMOS level “black box” keying
. - signal for Caption/Text display area.
{ 12 Sync Slice Level (SSL)
'\\. Capacitor (0.1 uF)to store syncslice levelvoltage. 4 Luminance Output (LUM)
Active High, CMOS level signal.
8 H Flyback Input (HFI) ‘ Character video luminance signal.
Horizontal sync input at CMOS levels, polarity
independent. Typically derived from the H 5,6,7 Colorsignals, RGB Outputs
Flyback pulse or any other horizontal timing Active High, CMOS level color character video
signal. for color receiver use.
13 H Loop Filter (HLF) 15 V,,, Digital Power pin. Connect to +5V source.
Value to be specified Decouple to Gnd with a .1 uF capacitor.
9 V¢ Digital. Digital Ground 14 V,, Analog
Connect to system ground Decouple to Gnd with a .1 uF capacitor.
1 DONF/SEN Input (control) 10 V s Analog. Analog Ground
— Connect to system ground.
in Parallel Mode this input controls the
Decoder On/Off function CMOS input with 16 (NSIN) Input (Controt)
High = On, Selects the mode to be used in interpreting the
Low = Off. In Serial Mode this input is the signals on the three Control pins: High = Parallel
Enable for serial data input. Mode, Low = Serial Mode.
"y




FUNCTIONAL DESCRIPTION
Data Transmission Format

The composite data signal contained within the active
portion of Line 21 consists of a seven cycle sine-wave
clock run-in burst, a start bit and 16 bits of data. These 16
bits consist of two 8-bit alphanumeric characters formulated
according to the USA Standard Code for Information
Interchange (USASCII; x 3.4-1967) with odd parity. The
clock rate is 0.5035 MHz which is 32 fH. The clock burst
and data packet are 50 IRE units peak-to-peak and are
filtered to a “2T" response. Data is sent with the least
significant bit(bit D1) being sent firstand the most significant
bit (bit D8, the parity bit) sent last.

Multiplexed Data Channels

The Line 21 closed-captioned system defines four different
data channels which can be time multiplexed within the
Line 21 data stream. They are Captions - LANGUAGE 1
(C1), Captions - LANGUAGE I (C2), Text - LANGUAGE |
(T1)and Text- LANGUAGE II(T2). Both languages can be
English in either case.

TEXT (optional) is defined as non-video related information
therefore its display can fill the screen. In a full screen,
TEXT mode displays a black box 15 rows high by 34
columns wide which covers the screen. Text appears
starting at the top with a maximum of 32 characters per
row. When all 15 rows have been used, the display scrolis
up as additional information is received.

Captions are video related information so they are not
permitted to overwrite the screen. Captions may be
displayed in any four rows in any combination. Four rows
may be displayed at one time. All the rows in each caption
appear at once in Pop-on Captions mode.

Asecondary Caption display mode, called Rollup Captions,
is also provided. In this mode, caption information is
displayed in any consecutive combination; two, three or
four rows. Data appears in the base row and scrolls up as
new information is received. The data scrolls off the top row
selected as in the TEXT mode. This mode is usually used
for captioning unscripted and fast turnaround programming
such as tatk shows and news.

Data Format

The four data channels are transmitted in Line 21 as a time
multiplexed data stream. The start of a particular channel’s
data stream is identified by the occurrence of one of its
unique command codes. Once a unique command code
is received, all subsequent data is considered to belong
to that data channel until a unique command code is
received for another data channel. The Alarm On and
Alarm Off codes are an exception to this rule. Alarm codes
are ignored by everything except the Alarm output control
circuits.

The 7-bit ASCII tabie defines two types of information,
printing and non-printing. Printable data are data bytes
having values between x0100C00 (20H) and x1111111
(7FH), where x represents the parity bit. Data bytes having
values between x0000000 (00H) and x0011111 (1FH) are
called non-printing characters since they have no
displayable font character in the standard ASCH table.

Displayable Character Set

The specifications* define amodified ASClItable character
set where eight of the alphanumeric characters have been
changed to provide some foreign characters.
Inaddition, 15 additional characters are defined by special
character commands. The changes from the standard
ASCII table characters are shown in Table 1.

* The information presented here essentiaily conforms to the 1985 NCI
specifications with the exception of the changes made in the FCC
document.

Table 1. Different ASCIl Characters

Hex ASCII Line 21

Code Value Value
2A * !
5C \ é
5E A i
5F - 6
60 ' U
7B { ¢
7D } N
7E ~ f




S

o

Fifteen additional displayable characters are sent by
transmitting a two-byte code. The sixteenth code provides
a ransparent space. The byte pair has a non-printing

Table 3. Data Channel Commands
Data Channel = Captions (C1 or C2) Hex

character followed by a printing character, where the non- Print Function
printing character is 11H for LANGUAGE | and 19H for 20 Resume Caption Loading (off screen
LANGUAGE II. The printing character determines the o5 Resume 2 LFi)ne Roll-up 9 )
special font character that will be displayed according to 26 Resume 3 Line Roll-up
Table 2. 27 Resume 4 Line Roll-up

Table 2. Print Character Font Determination 29 Resume Direct Loading (on screen)

) - 2C Erase Displayed Memory

Print Character 2E Erase Non-displayed Memory

30 ® 2F Show Caption (flip memories)

31 °

32 1/2

33 . Data Channel = Text (T1 or T2)

34 ™ Print Function

35 ¢ 2A Start Text

36 £ 2B Resume Text

37 J

38 '‘a

39 (transparent mark) The following commands are shared

by all of the data channels:

3A ‘e

3B a Print Function

gg e} 21 Backspace

. 28 Flash On/Off
3E 0 N
3F g 2D New Line (carriage return)

Commands and Special Information

Data channel commands and special information are
transmitted as two byte pairs consisting of a non-printing
character followed by a printing character. The two bytes
of the pair must be transmitted in the same field and the
pair is transmitted twice in successive frames. This
redundancy provides some immunity for errors due to
noise for contro! information.

Throughout the Line 21 system, bit 4 of the non-printing
character identifies the Language. Bit D4=0 signifies
LANGUAGE | commands and D4 =1 signifies LANGUAGE
IIl. The non-printing characters used in the Line 21 system
are 10H-17H for LANGUAGE | and 18H-1FH for
LANGUAGE 1.

Data Channel Commands. All the data channel command
codes use the non-printing character 14H for LANGUAGE
I and 1CH for LANGUAGE |l. The printing character
determines the particular command function. The
commands are shown in Table 3. The printing character’s
value is given in Hex.

The Alarm circuit command codes are:

Print Function
22 Alarm Off
23 Alarm On

The commands specified in the April 12, 1991
FCC document are:

Print Function

14424 Delete to end of row
17+21 Tab Offset 1 column
17+22 Tab Offset 2 column
17+23 Tab Offset 3 column

The "delete to end of row" ccmmand will erase the memory
contents from the current column position to the end of the
current line. The Tab offset column commands will move
the current column position plus 1, 2, or 3 character
positions from the current column position.




FUNCTIONAL DESCRIPTION (Continued)

Data Location and Attribute Codes. Additional codes are
used for positioning the data on the screen and for
controlling the character attributes. There are two location
attributes, row and column (tab or indent) position and
three character attributes, color, italics and underline. All
attribute information is contained in the Preamble Codes
(Precodes) and Mid-row Codes (Midcodes).

The Precodes identify the display row and character
attributes for the caption data that followsit. These attributes
hold for the entire line unless changed by a Midcode or
Indent code. All the non-printing characters, 10H-17H for
LANGUAGE | and 18H-1FH for LANGUAGE Il are used.
The code pair assignments for the location and character
attributes are given in Table 4.

Table 4. Two Byte Pairs for Location and Character Attributes

14

Non-print M 11 12 12 15 15 16 16 17 17 10 13 13 14
Caption Row 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ATTRIBUTE

Monochrome 40 60 40 60 40 60 40 60 40 60 40 40 60 40 €0
Mono Underline 41 61 41 61 41 61 41 61 41 61 41 41 61 41 61
Green 42 62 42 62 42 62 42 62 42 62 42 42 62 42 g2
Green Underline 43 63 43 63 43 63 43 63 43 63 43 43 63 43 63
Blue 44 64 44 64 44 64 44 64 44 64 44 44 64 44 64
Blue Underline 45 65 45 65 45 65 45 65 45 65 45 45 65 45 65
Cyan 46 66 46 66 46 66 46 66 46 66 46 46 66 46 66
Cyan Underline 47 67 47 67 47 67 47 67 47 67 47 47 67 47 67
Red 48 68 48 68 48 68 48 68 48 68 48 48 68 48 68
Red Underline 49 69 49 69 49 69 49 69 49 69 49 49 69 49 69
Yellow 4A BA 4A BA 4A BA 4A BA 4A 6A 4A 4A BA 4A BA
Yeliow Underline 4B 6B 4B 6B 4B 6B 4B 6B 4B 6B 4B 4B 6B 6B 6B
Magenta 4C 6C 4C 6C 4C 6C 4C 6C 4C 6C 4C 4C 6C 6C 6C
Magenta Underline 4D 6D 4D 6D 4D 6D 4D 60 4D 6D 4D 4D 6D 6D 6D
Italics (mono) 4E B6E 4E 6E 4E 6E 4E 6F 4E B6E 4E 4E 6E 6FE 6F
italics Underline 4F 6F 4F 6F 4F 6F 4F 6F 4F 6F 4F 4F 6F 6F 6F
Indent O (mono) 50 70 50 70 50 70 50 70 50 70 50 50 70 50 70
indent 0 Underline St 71 51 71 81 71 51 71 St 71 581 51 71 51 71
Indent 4 92 72 52 72 52 72 52 70 52 72 52 52 72 852 72
Indent 4 Underline 53 783 53 73 53 73 53 73 583 73 53 53 73 53 73
indent 8 54 74 54 74 54 74 54 74 54 74 54 54 74 54 74
indent 8 Underline 56 75 55 75 55 75 55 75 55 75 55 55 75 55 75
Indent 12 56 76 56 76 56 76 56 76 56 76 56 56 76 56 76
indent 12 Underline 57 77 57 77 57 77 57 77 57 77 57 57 77 57 77
Indent 16 58 78 58 78 58 78 58 78 58 78 58 58 78 58 78
Indent 16 Underline 59 79 59 79 59 79 59 79 59 79 53 59 79 59 79
Iindent 20 5A 7A B5A 7A S5A 7A 5A 7A SA TA B5A 5A 7A 5A 7A
indent 20 Underline 5B 7B 5B 7B 5B 7B 58 7B SB 7B 5B 5B 7B 5B 7B
Indent 24 5¢ 7C sC 7C sC 7 s5¢ 7C 5C 7C 5C 5C 7C s5C 7C
Indent 24 Underline 5D 7D 8D 7D sD 7D 5D 7D O 7D 5D 5D 7D 5D 7D
Indent 28 SE 7E SE 7E S5E 7E S5E 7E SE 7E S5E SE 7E 56 7E
Indent 28 Underline SF 7F S5F 7F sF 7F SF 7F & 7F SF SF 7F 5F 7F




The Midcodes are used to change the character attributes ~ The Midcodes use the non-printing characters 11H and
in the middle of a caption row. The Midcodes occupy a  19H, respectively, for the two languages. The printing
space onthe display screen. Thecharactersfollowingthe  character of the two byte pair contains the character
Midcode are displayed with the attributes assigned by the  attributes as shown in Table 5.

Midcode. These hold until the end of the row unless

changed by another Midcode. The Indent codes listed in

Table 4 actually performinthe same manner as aMidcode.

Table 5. Print Character Attributes

Print Character Attribute Print Character Attribute
20 Monochrome 28 Red

21 Monochrome Underline 29 Red Underlined

22 Green 2A Yellow

23 Green Underlined 2B Yellow Underlined
24 Blue 2C Magenta

25 Blue Underlined 2D Magenta Underlined
26 Cyan 2E Itafics

27 Cyan Underlined 2F italics Underlined

£

AN




DECODER OPERATION

The 786128 provides full function Line 21 performance.
Control inputs are included to enable the decoder to
process and display any of the four data channels (C1, C2,
T1or T2) transmitted in Line 21 of the incoming video. The
Decoder On/Off input (DONF/SEN), controls the display.
When switched to the Decoder Off (TV) state, incoming
data in the selected channel is still processed but not
displayed. Provisions have been made to select Field 1 or
Field 2 operation.

Display Format

Characters are displayed as white or colored, dot matrix
character on a black background. The characters are
described by a 6x9 dot pattern within a character cell
which is 8 dots wide by 13 dots high. This leaves a one dot
border of black around each character and provision for
one scanline for underline, offset by one scanline of black,
between the character and the bottom edge of the cell.
Character luminance is 90 IRE units and the black box
surround, 10 IRE units.

The character ROM consists of a 12x18 dot matrix pattern
per character. Alternate rows and columns are read out of
eachfieldto produce aninterleaved and rounded character.

A display row contains a maximum of 32 characters plus
a leading and trailing blank box, each a character cell in
width, making the overall width of a displayrow 34 x8 = 272
dots. Successive display rows are joined together so that
the total display occupies 195 dots high. The black box is
34 character cells wide by 195 dots high resulting in a box
size of 45.018 psec in width by 195 TV scan lines in height.
When centered in the video display, this box will start 13.2
usec after the leading edge of H in-scan line 43 and
extend-to-scan line 237. This places the display within the
safe title area for NTSC receivers. Character width is 42.37
psec, also centered on the screen, resulting in a leading
and trailing 1.32 usec black border (See Figure 6).

Text Mode Display

When TEXT mode, in either language, has been selected
(and valid Line 21 code has been detected in the incoming
video) the 15-row by 34-character black box appears.
Received TEXT characters are displayed as they are
received starting in row 5. Successive carriage returns
(new line command) moves the display down successive
rows until 7 or 8 display rows have been used. Thereafter,
the text scrolls up as new characters are added to the
bottom row.

If the data for the selected channel is interrupted by a
command for another channel, data processing stops but
the display remains. When a Resume Text command is
received, data processing will resume and the new
characters are added starting at the position that the
display row/cclumn pointer was prior to the interruption of
data processing. If a Start Text command is received, the
display is cleared and new characters are displayed
starting in row 5, column 1 (left side).

When scrolling, the display will shift one scan line per
frame until a complete row has been scrolled. If a carriage
return is received before scrolling is complete, the display
immediately completes the “scroll” by jumping up the
remaining scan lines and starts displaying the new text.

There will never be any transparent boxes in the TEXT
display.

Caption Mode Display

When Captionmode, in either language, has been selected,
the screenistransparent (display box disappears). Caption
data can appear in any of the 15 display rows but a single
captionmay consist of no more than 4 rows. The formof the
caption display depends on the caption mode indicated
by the transmitted caption command, Pop-on, Paint-onor
Roll-up.

Pop-on captions work with two caption memories. One of
them is always being displayed while the other is being
used to accumulate new caption data. A new caption is
popped-on by swapping the two memories (the show
caption command). When the on-screenmemory is erased,
the screenis blank (transparent) and the memory defaults
to the row/column pointer at row 1, column 1 and
monochrome non-underlined.

When caption mode is selected, the decoder processes
any data following the Resume Caption Loading (RCL)
command (or the Show Caption command). Normally, this
command is followed by a Precode to indicate the row,
column and character attributes to be used with the
following data. If no Precode is received the data is added
to the location last indicated by the row/column pointer
prior to the receipt of the RCL command and with the
character attributes previously assigned.




Paint-on caption mode is essentially equivalent to the Pop-
on mode except that the data received after the Resume
Direct Loading (RDL) command is written to the on-screen
memory rather than the off-screen memory. All the rules for
Precodes, Midcodes, etc., are otherwise the same.

Roll-up caption mode presents a “text” like display that is
limited to 2, 3 or 4 rows depending on the Resume Roll-up
(RRn) command used. The precode following the RRn
command will be used to indicate the base row for the roll-
up display. The base row will be the *bottom row" for the
roli-up display. In this case, a black box does not appear
until characters are being displayed and the box is only
wide encugh to provide a leading and trailing box in each
line. The new data appears in the "bottom row" and as each
carriage return is received, the row scrolis up and the new
data added to the bottom. When the number of rows
indicated by the Resume command has been reached,
the data in the top row scrolls off as new data is added to
the bottom.

The TAB (indent) precode permits placing captions starting
at four character boundaries. The TAB offset command
provides the means for adjusting the starting position for
acaption atany column position. The TAB offset command
must immediately follow the TAB command or it will be
ignored.

Display Erase and Autoblanking

The display is erased in the TEXT mode by the Start Text
command (but box is maintained) and in the Caption
mode by the Erase Displayed Memory command. The
non-displayed memory can be erased by the Erase Non-
displayed Memory command.

Three other events can also cause the display to be
erased. First, changing the data channel for processing by
switching between CAPTIONs and TEXT, or between
LANGUAGEs | and I, clears the memory and hence the
display. Second, if the autoblanking circuit is activated
by the loss of valid code, then the display is turned off and
the memory cleared. Last, in the Caption mode, if no valid
caption command in the selected language is received for
a 16 second period, the on-screen memory is erased.

The autoblanking circuit maintains the status of the presence
of valid data. The decoder is held in the Decoder off (TV)
state until data is continuously detected for a period of 0.5
seconds. Once the valid data decision has been made,
and assuming that the user has selected the Decoder on
state, the normal display for the data channel selected is
presented.

The autobtanking circuit will not be activated again until
valid data has been lost for 1.5 seconds. Any valid data
received during the 1.5 second period resets the counter
sothatthe autoblanking willonly be activated on continuous
loss of data for 1.5 seconds.

Decoder Control interface

The L21C can operate in either of two control modes,
Parallel Mode or Serial Mode. Parallel Control Mode permits
the control of the decoder functions by means of simple
switch selections on the three control inputs DONF, CT,
and LNG. Inthe Serial Mode these three inputs are changed
into Serial Enable (EN), Serial Data (SDA) and Serial Clock
(SCK), respectively. The control of the decoder functions
are controlled by clocking in a data word via this serial bus
system.




BLOCK DIAGRAM DESCRIPTION

The 786128 is designed to provide the functional
performance ota L21C decoder with only two input signals
being required, Composite Video and H Flyback or any
other Horizontal timing pulse. The Decoder performs two
basic functions, namely extracting the Line 21 code from
the incoming video and converting the recovered code for
the channel selected, into displayable information. Figure
4 shows the Z86128’s block diagram.

The 286128 generatesitsown Hand V sync signals so that
all internal processing is performed with noise immune
signals. The decoder design has been formulated to
achieve the best performance at the lowest possible cost.

Input Signals

The Composite Video input should be a signal which is
nominally 1V p-p with sync tips negative and band limited
to 600 kHz. The Z86128 will operate with in an input level
variation of £3 dB.

H Flyback is a CMOS level input signal which provides
horizontal sync information for the Phase/Frequency
detector. It maintains a coarse lock of the VCO whether
composite video is present or not. This signal can also be
used in future applications to provide horizontal timing
information in the absence of video. It can be positive or
negative polarity.

Video Input Signal Processing

Comp Video input is AC coupled to the I.C. and the sync
tip is internally clamped to a fixed reference voltage.
Initially, the signal is clamped using a simple clamp, but
improved impulse noise performance is achieved once
the internal sync circuits lock to the incoming signal. Noise
rejection is obtained by making the clamp operative only
during the sync tip. The clamped composite video signal
is fed to both the Data Slicer and Sync Slicer blocks.

The Data Slicer generates a clean CMOS level data signal
by slicing the signal at its midpoint. The slice level is
established on an adaptive basis during Line 21 of the odd
field. The resultant value is stored until the next odd field
Line 21 begins. A high level of noise immunity is achieved
by using this process.

The Data Clock Recovery circuit produces a 32H clock
signal (DCLK) that is locked in phase to the sliced clock
run-in burst obtained from the Data Slicer. The Dot Clock
is locked in phase with H sync but the DCLK phase is not
determined until occurrence of Line 21 data. When Line 21
code appears, DCLK phase lock is achieved during the
clock run-in burst and used to reclock the sliced data.
Once phase lock is established it is maintained until a
change in video signal occurs.

The Sync Slicer processes the clamped Comp Video
signalto extract Comp Sync, which is then used to lock the
internally generated sync to the incoming video. Sync
slicing is performed in two steps. Initially, the sync is sliced
at a fixed offset level from the sync tip. When the internal
vertical counter locks, the slice level reference switches
from a fixed to an adaptive basis. An external capacitor
stores the slice level.

Timing and Synchronizing Circuits

All internal timing and synchronizing signals are derived
from the on-board 12 MHz VCO. lts output is the DOT CLK
signal used to drive the Horizontal and Vertical counter
chains and for display timing. No external components are
required to bring it within the pull-in range of the Phase/
Frequency detector.

10
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BLOCK DIAGRAM DESCRIPTION (Continued)

The Horizontal Counter is a divide-by-768 circuit with
intermediate outputs needed to generate the timing logic
signals used in data recovery and data output (display). It
produces pulse signals at 1H, 2H, 32H and 48H rates as
well as the horizontal square wave, Q768, that is used to
phase-lock the VCO.

The Vertical Counter and Control circuits produce a noise
free vertical pulse by dividing the horizontal signaiin a 525
counter. The internal synchronizing signals are phased up
with the incoming video by comparing the internally
generated vertical pulse to an input vertical pulse derived
from the Comp Sync signal provided by the Sync Slicer.
When proper phasing has been established, this circuit
outputsthe L OCK signal which is usedto provide additional
noise immunity to the slicing circuits.

Thelocked state is established only after several successive
fields have occurred in which these two vertical pulses
remainin sync. Once locked, the internal timing will flywhee!
until such time as the two vertical pulses lose coincidence
for a number of consecutive fields. Until LOCK is
established, the decoder operates on a pulse for pulse
basis.

Data Recovery

The Data Recovery circuits perform the initial processing
of the data in Line 21. The sliced data is relocked using
DCLK and the relocked data stream is checked for the
presence of valid data. When data is present the two bytes
are clocked into the Serial/Parallel register and output in
parallel form.

This block checks the bytes for valid (odd) parity. It also
determines whether the recovered byte pair is a repeat
of the previously received byte pair. That information is
used with the redundancy flag in the Command Processor
to determine whether the command should be executed
or not.

Command Processor

The Command Processor circuits control the manipulation
of the data for storage and display. It decodes the control
inputs (Decoder On/Off, Captions/Text, LANGUAGE /i) to
determine the display status desired and the data channel
selected. This information is then used to perform its most
important function, the control! of the loading, addressing
and clearing of the Display RAM.

During data recovery time (TV lines 21-42), the Command
Processor transfers only the data received for the data
channel selected, to the RAM for storage and display. In
those cases such as special characters, midcodes, parity
errors, etc., where the data stored or action to be taken is
different than the specific bytes received, the Command
Processor converts the input data to the appropriate form.

During the display time (line 43-237), the Command
Processor controls the operations of the Display RAM,
Character ROM and output Logic circuits.

Memory and Display Circuits

These circuits operate together to generate the output
color signals R, G, B and the monochrome signals
Luminance and Box. The character ROM contains the dot
pattern for all the characters but not the underline
characteristic. The output logic provides the hardware
underline control circuits and the italics slant generator.
The smooth scroll display control is also performed in the
output logic block.

Decoder Control Circuit

The Decoder Control Circuit block converts the signals
provided to the three controls into the internal control
signals required to establish the operating mode of the
decoder. The control pin NSIN switches the inputs from
parallel input control to serial input control. This block
performs the serial-to-parallel conversion or the parallel-
to-parallel conversion as the case may be (Figure 5).
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NTSC
Composite
Video _(;1 uF

Notes:
* External Keyer
4]

Line 21 R G B
Closed Caption from TV
Controller
470Q 1 l l l
-t CVi 5 Red Red
R Analog * >
6 Green Video Green
500 pF :=E G Switch J— > T0CRT
7  Blue Color Blue
Any 8 B =
Horizontal ——
Pulse(1) 786128 3  Box
12
_J_ SsL {L21C)
0.1 uF Analog *
I 4 Luminance Video T
= LUM Switch Display
Device
NSIN 16 B&W
a1 NSIN
DONF/SEN 1 E 1
CT/SDA 1; DONF/SEN Composite video
=1 CT/sDA g TomTV
13 Loop filter
LAG/SCK 18 HLF
&1 LAG/SCK
{
VDD vop | 3300PF 6.8 kQ
(Analog) (Digital)
0.082 pF
14 i AuFd 15 i 1 pFd

Figure 5. L21C Application Block Diagram

For VCR or other applications where a horizontal pulse is not

available, simply generate a signal which pulses ata 15.73 kHz rate.
The HFlinput is edge trigger, therefore any polarity and duty cycle
willbe adequate. A 555 timer with the proper compensation is ali that
is needed to maintain +3% variability to 15.73 kHz.

@

The Loop filter capacitors should be good quality film capacitors at

10% tolerance and the resistors at 5% tolerance.
(3) Check with local sales office for loop filter recommended values.
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EMI REDUCTION

The following recommendations are made to enable the  a ground plane shield pattern for those users who preferto
user to minimize EMI radiation from the chip whichtendto  use a double sided printed circuit board. It should be
ocur at 193 MHz (Channel 10). The circuit diagram, noted that the pattern using line widths greater than those

component layout, and single sided pattern needed to  shown for the signal lead must be followed as shown.
achieve the desired effect are shown below. There is also

0.1 f L
i -
- ms\ - o +5V
T ouf L T o.tut
286128 = R = o
1 '\M 11 1
O1uf 1y 2 :E ct =
i
%_TM/V__“-_‘ Video In
560pr 470 Q 0.1,

7L

C = 0.1 uf Ceramic Disk
L = Four turns of #30 wire on ferron cube bead #56 590 65/38
C1, C2, R = Loop Filter

Figure 6. Printed Circuit Layout of
Critical Parts to Reduce RF Interference
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LANG/SCLK
._~eCT/SDATA

® CONFIG

VIDEO
IN

GND

Figure 7. Circuit Layout

Figure 8. Layout Viewed from Component Side

15



EMI REDUCTION (Continued)

o

Figure 9. Layout Viewed from Circuit Side

Figure 10. Layout of Ground Plan
Viewed from Component Side
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DC CHARACTERISTICS
T, =0°Cto +70°C; Voo = +4.75V 10 +5.26V

Sym Parameter Min Max Units Conditions

Vi Input Voltage Low 0 02vy, V

Vi, Input Voltage High 0.7V, Vio \

Vo Output Voltage Low 0.4 \ lo. = 1.00 mA

Vou Output Voltage High V0.4 Vv low = 0.75 MA

he Input Leakage -3.0 30 UA OV, Vg

lee Supply Current 20 mA Estimated

ABSOLUTE MAXIMUM RATINGS

Sym Description Min  Max Units Stress greater than those listed under Absolute Maximum
N Ratings may cause permanent damage to the device. This

Voo Supply Voltage '0'2 +7~OO v is a stress rating only; operation of the device at any

Tsie  Storage Temp -65° +150 C condition above those indicated in the operational sections

Oper Ambient Temp 0°  +70° C

A

Notes:
* Voltages on all pins with respect to GND.

of these specifications is notimplied. Exposure to absolute
maximum rating conditions for an extended period may
affect device reliability.

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. All voltages are referenced to GND.
Positive current flows into the referenced pin (Standard
Test Load).

+5V

2.1 kQ

From Output
Under Test

150 pF :[ (9 250 A
L L

Standard Test Load
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AC AND TIMING CHARACTERISTICS
(Reference Figure 11)

Composite Video Input
Amplitude: 1.0V p-p, £3 dB
Polarity: Sync tips negative
Bandwidth: 600 kHz

Horizontal Signal Input (preferably H Flyback)
Amplitude:  CMOS level signal, Low < 0.2V, High 2 0.7V,
Polarity: Any
Frequency: 15,734.263 Hz, +3%

Line 21" Input Parameters (at 1.0 V p-p) (see Figure 11)

Code Level: 50 IRE +10 IRE
Clock Run-in Start? 10.5 ps, +0.5 ps

Input Signal-to-Random Noise Performance
Unit will function down to a 25 dB ratio (CCIR weighted) with one error per row or better at that level.

internal Sync Circuits

The internal sync circuits will lock to all 525 line signals having a vertical sync pulse that meets the following conditions:
W |tis at least 2.5H long.
R [t starts at the proper 2H boundary for its field.
W If equalizing pulse serrations are present they must be less than 0.125H in width.

Timing Signals
Dot Clock: 768 x FH = 12.0839 MHz
Dot Period: 82.75 nsec
Character Cell Width: 1.324 psec
Width of Row (Box):  45.018 psec
Width of Row (Char):  42.370 psec

18
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AC AND TIMING CHARACTERISTICS (Continued)

The serial input shift register is loaded via the SDA, SCK
and SEN pins as indicated by the timing (Figure 12). When
the SEN pin is Low the serial interface is disabled and the
SDA pin will be an input. On the Low to High transition of
SEN, the state of the Serial Status (SS) bitwill be outputon
the SDA pin. The SEN pin should remain High for the
duration of the data transfer. On the first High to Low
transition of SCK the SDA pin will be restored to the input
mode state. Serial input data may then be driven into the
SDA pin which will be clocked in on the positive transitions
of the SCK signal. The serial data stream consists of eight
data: bits (B0O-B7) and one address bit (AQ). The bit
assignments are given in Table 6.

The AO bit determines if the eight Serial Data bits will be
loaded into the Hardware Control Register or if the Serial
Status bit will be set. If AQ s Low, the contents of the Input
Shift Register will be loaded into the Hardware Control
Register when the SEN pinis brought Low. It AQis High, the
Serial Status bit will be set when the SEN pin is brought
Low. This indicates to the Command Processor that the
Input Shift Register should be serviced. The Command
Processor will clear the Serial Status bit.

The Hardware Register is used to turn the Decoder On or
OFF and to Reset the IC. To do this the AO bit and all
reserved bits must be set to zero (0).

To Reset the part clock in the data with bits B6 and B7 set
to a one (1). Then clock in data with those bits returned
to 0.

To turn the Decoder On, clock in data with bit B1 set to 1
and all other bits set to 0. To turn the Decoder Off, clock in
data with all bits set to 0.

The Input Shift Registeris used to control the Data Channel
to be processed by the Decoder. To set the desired
operation, data must be clocked in with the ZO bit setto 1.
The B1and B2 bits are then usedto control the LANGuage
lor Il and the Captions or Text selections. Al other B bits
much be setto 0. Bit B1 = 1 sets the LANG to language 1
andB1=0setsitto language 2. Bit B2 = 1 sets the Decoder
to recover Captions and B2 = 0 sets Text recovery.

In writing to both the Hardware and Input Shift Registers,
it is recommended that the serial port be rewritten by the
System at some convenient rate. Please refer to the Serial
Mode Timing Diagram (Figure 12) for the details of how to
input the serial data.

Use of the Status Bit

The Status Bit is used to inform the sender that the serial
data previously clocked into the Contro! Port Software
Register has been processed and that new data can now
be clocked in. If only occasional data isbeinginput or if the
Hardware Register is loaded before the Input Shift Register,
then monitoring the STATUS BIT is unnecessary. However,
if repeated data is clocked into the Input Shift Register or
if the Hardware Register is loaded immediately after the
Input Shift Register, then the STATUS BIT output should be
checked or the cata in the Register may be overwritten. It
takes no more than one TV frame time (33msec)toread in
the data from the Input Shift Register.

The STATUS BIT is output when SEN is switched High. If
the bitisa 1, thenthe Command Processor has notyet read
the previously supplied serial data. The SEN signal should
then be switched Low and no clocks should be provided.
Ifthe STATUS BI™ is a 0, then normal serial data clocking
should proceed.

20
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Table 6. Control and Shift Register Bits

Bit No. Hardware Control Register Input Shift Register
BO Reserved Reserved
B1 Decoder On/Off, HI=ON, LO=0OFF LANG Select, Hl=!, LO=li
B2 Reserved C/T Select, HI=F1, LO
B3 Reserved Field Select (1=F2, 0=F1)
B4 Reserved Reserved
B5 Reserved Reserved
B6 Command Processor Reset Reserved
B7 Chip Reset Reserved
AOD 0 1
Note:

Reserved bits must be = 0, Low

Serial Control Mode

The three control pins, DONEN (Pin 1), CTDA (Pin 17) and
LNGCK (Pin 18), control the operating modes of the Line
21 ASIC. They can be operated in either the Parallel
Controlmode or the Serial Control mode. The control mode
is selected by setting the state of NSIN (Pin 16). When
NSIN is Low, the Serial Control mode is selected.

The Serial Control mode controls the operating modes of
the Line 21 ASIC by using a three wire serial bus. (Thisbus
can coexistwith an lIC bus since the DATA pin (Pin 17) and
CLK pin (Pin 18) are high-impedance when the ENA (Pin
1) pin is Low).

The Serial Control Port has two 8-bit internal registers, the
Hardware Control Register (HCR) and the Software Control
Register (SCR). Datais clocked intothe appropriateregister
under the control of a steering bit, AO. When AQ is Low, the
serial data is clocked into the HCR, and when AQ is High,
it is clocked into the SCR.

The readiness of the Serial Control Port to accept data is
indicated by a Serial Status (SS) bit. The SS bitis outputon
the DATA pin when the ENA pin is first brought High. The
status of the SS bit should be read and if itis High, then the
Serial Control Port can not be loaded and ENA should be
brougnt Low.

The portcan be polled until SS is Low, at which time a Serial
Control byte can be entered. The loading sequence is
continued by first generating a High to Low transition on
the CLK pin, which changes the DATA pin from output
mode foinput mode. (CLK may be in either the High or Low
state when ENA is first brought High). The control byte is
then clocked in on the rising edge of CLK, least significant
bit (LSB) first. Once the 8 bits have been clocked in, the
steering bit A0 is read in by bringing the ENA pin Low
again. This ends the load sequence. Each control byte
must te entered using this sequence.
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AC AND TIMING CHARACTERISTICS (Continued)

The Serial Control Port can perform the functions available
in the Parallel Control mode, namely selecting the data
channel to be displayed and the Decoder On/Off state It

Table 6. Serial Control Bytes

Bits Byte

can also be used to Reset the part, to Resetthe Command ~ Function 0123456 7 (Hex)
Processor only and to switch decoder operation from Field _

1 decoding to Field 2 decoding. The control bytes needed ggslthontrol ByTeg (Ag - 8) 00 0 1 1 co
to perform these selections are listed below in Table 1. Decoder ON 01000 0 0 0 02
Inorder to initiate operation when power is firstapplied, the Decoder OFF 0 0 0 6 oooo 00
required procedure is to load HCR with Reset (CO) first.  SCR Control Bytes (A0=1)
Then, load SCR with the appropriate data channel control C1, F1 0O 1 1.0 0 0 0 o 06
byte, for example C1, F1 (06). Followed this by loading  C2, F1 00 1t 00 0 0 o 04
HCR with Decoder ON (02). Subsequent changes in  T1,F1 010 0 0 0 o 0 02
oOperating conditions should be made without resettingthe T2, F{ 00 0 00 0 0 o0 00

art. -
P C1, F2 O 1 1 1 0 0 0 o OE
The timing diagram for the control signals is shown in €2, F2 001 100 0 o0 0cC

: T1, F2 0O 1.0 1 0 0 0 0o 0A
Figure 12

T2, F2 000 1 00 0 0 08
Control Port Descriptions
Port Control

Parallel Mode (NSIN = High)

Serial Mode (NSIN = Low)

Pin 1 = Decoder On/Off, CMOS input, High = On, Low = Off
Pin 17 = Captions/Text, CMOS input, High = Captions, Low = Text
Pin 18 = LANG I/Il, CMOS input, High = LANG I, Low = LANG II

Pin 1 = Serial Enable (SEN)
Pin 17 = Serial Data (SDA)
Pin 18 = Serial Clock (SCK)

Horizontal Timing

Thetiming of the outputsignals; Box, Luminance, and RGB
is set so that the start of the leading box preceding the first
displayable character cell will occur at 13.22 us. This is
afterthe midpointoftheleading edge of the horizontal sync
pulse of the composite video signal is fed to the 600 kHz
low pass filter at the inputtothe Z86128. Itis assumed that
the delay through the filter will be 220 ns (refererence
Figure 11).

There are two ways to execute a FULL RESET of the
Z86128:

1. Hold NRESET Low for 100 ns. This stops all internal
circuits. The part is static and 100 ns is the worst case
time for the NRESET signal to propagate through the
various gates.

2. Send NRESET command through the serial interface.
The result is the same as in number 1.

FULL RESET is useful during power-up. A FULL RESET of
the part during normal operation is not necessary.

A partial reset may also be executed through the serial
interface only. Thisisthe COMMAND PROCESSOR RESET.
Basically, all internal timing circuits continue to operate,
butthe caption display is removed from the screenandthe
286128 waits for new line 21 data. This is useful for
situations such as channel change.
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Figure 12. Serial Mode Timing Diagram

Symbol Description Min. Max. Units
Tour Output enable time, ENA rising edge to Data Out 200 ns
Tore Output disable time, CLK or ENA falling edge to Data Hi-Z 100 ns
Teo Data read time, ENA rising edge to CLK low 200 ns
- Tew CLK low time 200 ns
Ten CLK high time 200 ns
Tosu Data set up time 100 ns
Ton Data hold time 100 ms
Ten ENA low time 200 ns
f'f" Tasu AQ set up time 100 ns
‘§ T AO hold time 100 ns




PACKAGE INFORMATION

sympoL L MILLIMETER INCH
ril OO0 rl_l MIN MAX Ml MAX
| Al 0.51 081 020 032
¢ £l A2 325 | 343 128 135
| B 038 | 053 | o015 o2t
o o e uTd Bl 114 | 165 | 045 | 065
£- 023 | 038 009 015
r j D 2235 | 2337 | 880 920
D £ 762 | 813 300 320
El 622 | 6.48 245 255
t 254 Tvp 100 TYP

oA eh 787 | 889 | .3t0 350
L 318 | 381 125 150
ol 152 | 165 | 060 065
s 089 | 165 | 035 065

-tr® Fe e

- CONTROLLING DIMENSIONS : INCH
1T
Al
— S I3 B

18-Pin DIP Package Diagram

24




ORDERING INFORMATION

286128

12 MHz
18-Pin DIP
28612812PSC

For fast results, contact your Zilog sales office for assistance in ordering the part desired.

Package
P = Plastic DIP

Temperature
S =0°Cto +70°C

Speed
12=12MHz

Environmental
C= Plastic Standard

Example:
Z 86128 12 P S C

=

is an 86128, 12 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix
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