ZiLOG

Totally Logical

PRELIMINARY PRODUCT SPECIFICATION

Z90371/376

DUAL-SCAN DIGITAL TV CONTROLLER FOR
PROGRESSIVE DOUBLE-SCAN APPLICATIONS

DESCRIPTION

Supporting progressive-scan, double-scan, and interlaced
modes of operation, ZiLOG’s Z9037X family of microcon-
trollers provide a highly-integrated solution for any TV. As
a stand-alone controller, the Z9037X provides the most
cost-effective TV control and On-Screen Display (OSD)

available. Designed with a high-speed 16-bit DSP control-
ler, this device allows the ultimate OSD flexibility for digital
VBI data capture. The power of the Z9037X architecture is
supported by a variety of OSD applications including V-
Chip, XDS, and Line 21 closed captioning.

FEATURES
On Screen Display (OSD) Features

* Supports three modes: OSD progressive-scan non-inter-
laced mode, OSD double-scan interlaced mode, and OSD
interlaced-scan standard mode

* Programmable foreground and background colors by
character

* Relocates the CGROM with the number of fonts and char-
acters only limited by the available ROM memory

* Supports 16x16, 16x18, and 16x20 pixel size

* OSD support programmable, with 4 colors per pixel hard-
ware cursor (sprite) and pixel-by-pixel position control

* Supports semi-trandparent, blinking, multi-color icon,
italic, bold, and underline on a character-by-character ba-
sis

¢ Supports Closed Captioning and display in accordance
with the FCC Report and Order on GEN Docket No. 91-1
(dated April 12, 1991). This feature allows Extended Data
System (XDS) capability to be easily implemented

* Advanced TV controller IC with sophisticated OSD capa-
bility and integral VBI data decoding

TV Control Features

¢ Infrared remote (IR) capture register that facilitates reli-
able capture of remote data—even in high-noise environ-
ments

* 6-Channel, 4-bit Analog-to-Digital Converter (ADC)

* 6 PWM (Pulse Width Modulator) outputs that allow low-
cost digital to analog conversion

 Master/Slave Inter-Integrated Circuit! (1>C) bus interface
that provides a serial system interconnect to common pe-
ripheral functions

* Bit-programmable 1/O ports that provide flexibility for
miscellaneous digital input/output functions

Microcontroller Features

* 16-Bit single-cycle instruction execution DSP core that
provides fast instruction throughput

¢ 24.0-MHz nominal Phase Lock Loop (PLL) controlled os-
cillators that provide stable system and video clocks. Only
one external capacitor is required for the loop filter func-
tion. A 32.768-KHz oscillator is used for reference

* Available in 52-pin SDIP with 64K Words ROM size

Development Tools & Support

¢ Available in One Time Programmable (OTP) and MASK
ROM versions to fulfill prototype and production require-
ments

* Supported by ICEbox’ in-circuit tools for programming
and debug.

¢ ZiLOG Application Programmer Interface (API) is a set
of device drivers, state machines, and collection of library
object code’.

UPhilips standard serial interface.

2ZiLOG, Inc. family of in-circuit emulators,

3The API deals directly with the proper sequence and timing when
interfacing with the hardware, shielding the user application program
from tedious and error prone details.
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Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

ZiLOG

GENERAL DESCRIPTION

This controller supports progressive-scan, double-scan,
and interlaced OSD modes. ZiLOG’s Z9037X family pro-
vides a highly-integrated solution for TV design.
Designed with a high-speed 16-bit DSP controller, this
device provides the ultimate in OSD flexibility. This

architecture is supported by a variety of OSD capabilities
including hardware cursor, semi-transparency, and pro-
grammable color palettes. The Z9037X supports V-Chip,
Extended Data System (XDS), and Line 21 closed cap-
tioning in software. No additional hardware is required.

Table 1. Z9037X Device Selection

2X IR
ROM RAM Pixel Captur Bitl/O
Device Application (words) (words) Pkg. I2C Cursor Rate e ADC (max) PWM
Z90371 TV receiver controller 64K 1024 52-pin 1M/1S Yes Yes Yes 6¢ch 25 6
OoTP SDIP
290376 TV receiver controller 64K 1024 52-pin 1M/1S Yes Yes Yes 6¢h 25 6
ROM SDIP
Parameters
Progressive scan (noninterlaced)
HSYNC(NTSC) = 31,468 Hz (31.78 ps)
HSYNC(PAL) = 31,250 Hz (32 ps)
VSYNC (NTSC) = 60 Hz (16.67 ms)
VSYNC (PAL) = 50 Hz (20 ms)
Double scan (interlaced)
HSYNC(NTSC) = 31,468 Hz (31.78 ps)
HSYNC(PAL) = 31,250 Hz (32 ps)
VSYNC (NTSC) = 120 Hz (8.33 ms)
VSYNC (PAL) = 100 Hz (10 ms)
Interlaced scan (standard)
HSYNC(NTSC) = 15,734 Hz (63.56 ps)
HSYNC(PAL) = 15,625 Hz (32 ps)
VSYNC (NTSC) = 60 Hz (16.67 ms)
VSYNC (PAL) = 50 Hz (10 ms)
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This controller supports progressive-scan, double-scan,and A block diagram of the Z9037X is illustrated in Figure 1.
interlaced OSD modes. ZiLOG’s Z9037X family provides
a highly-integrated solution for TV design. Designed with
ahigh-speed 16-bit DSP controller, this device providesthe =~ Note: All Signals with an overline are active Low. For exam-
ultimate in OSD flexibility. This architecture is supported ple, B/W, in which WORD is active Low), and B/W, in
by a variety of OSD capabilities including hardware cursor, which BYTE is active Low.

semi-transparency, and programmable color palettes. The
Z9037X supports V-Chip, Extended Data System (XDS),
and Line 21 closed captioning in software. No additional
hardware is required.

B PORTY
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PORTOD : .| FORTIO
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Figure 1. Functional Block Diagram
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Z90371/376

Dual-Scan Digital TV Controller for Progressive Double-Scan Applications ZiLOG
GENERAL DESCRIPTION (Continued)
Table 2. Z90371/376 52-SDIP Pinout
Pin Name Pin # Pin Name Pin # Pin Name Pin # Pin Name Pin #
P16/SCLK 1 LPF 14 OVL 27 GND 40
IRIN 2 AGNDF 15 HSYNC 28 PWM1 41
POC 3 ADC5 16 VSYNC 29 PWM2 42
POB 4 P04/ADC4 17 P12/12CMD2 30 PWM3 43
POA 5 PO5/ADC3 18 P11/I2CMC2 31 PWM4 44
P09 6 PO0O/ADC2 19 POE 32 PWM5 45
POD 7 P17/ADC1 20 [2CMD1 33 PWM6 46
PO7/CSYNC 8 AGND 21 2cMCA 34 P10/R<0> 47
PO6/CNTR 9 AVCC 22 RESET 35 P0O8/R<1> 48
P0O3/1xHSYNC 10 POF/SOVL 23 XTALA1 36 P18/G<0> 49
PO1/12CSC 11 V3 (B) 24 XTAL2 37 P13/G<1> 50
P02/I°CSD 12 V2 (G) 25 GND 38 P14/B<0> 51
CVI/ADCO 13 V1 (R) 26 VCC 39 P15/B<1> 52
\—/
Port16/SCLK 1 52 Port15/B1
IRIN 2 518 Port14/B0O
PortOC &4 3 50R Port13/G1
PortOB M 4 49 A Port18/G0
Port0OA 5 48 A Port08/R1
Port09 6 47 A Port10/R0O
PortOD 7 46 @ PWM6B/HSYNC2
Port07/CSYNC 8 458 PWM5
Port0O6/CNTR &9 44 0 PWNM4
Port02/12CSD 31 41\ PWM1
CVADCD HTs sa-pin Soip 40 ACNDX
i cc
aonoF 15 (TP View) b b
ADC5 416 378 XTAL2
Port04/ADC4 17 36 3 XTAL1
Port05/ADC3 418 358 RESET
Port0O0/ADC2 419 3418 12CMC1
Port17/ADC1 =420 338 12cMD1
AGND 421 328 PortOE
AVge 22 31 Port11/12CMC2
PortOF/SOVL 23 308 Port12/12CMD2
v3/B 24 293 VSYNC
Vv2/G 25 288 HSYNC
V1/R 26 27p ovL
Figure 2. Z9037X Family Pin Diagram
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Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

FUNCTIONAL DESCRIPTION

The Z9037X Digital Television Controller is an application
specific controller designed to provide complete audio and
video control of television receivers and video recorders,
and advanced on screen display facilities.

Applications

Figure 3 illustrates a typical application of the Z9037X Dig-
ital Television Controller as an embedded controllerina TV

set. It provides the ability to decode closed-caption trans-
missions and display characters on the screen. Analog and
digital control circuits can be manipulated. Keypad and in-
frared signals can be monitored directly. The Z9037X, for
OSD generation, must receive vertical and horizontal syn-
chronization signals.

FM Audi I:
ueo | Audio
A Ii R
RGB
. Color >
Decoder 7 RGB RGB -
MUX otLngt é CRT
Television Composite ¢ EEEaCc/k T
Tuner — Video
A Deflection H & V Deflection
Unit
A ©SP Overlay, S Overl
, SYNC/ verlay, S Overlay
Tuning Flyback Control
Control l
Z9037X Digital Television 2
Controller (DTC) > I°C Bus
Keypad *
I/R
Detector

Figure 3. Z9037X Digital Television Controller System Application

In a typical system, normal transmission is received and de-
modulated. The CRT display is controlled by the signals re-
ceived from the color decoder and deflection unit. In order
to display characters generated by the Z9037X, a video mul-
tiplexor must be provided which enables the CRT display’s
RGB signals and synchronization to be controlled by the
video outputs from the processor. When the controller must
display a character on the screen, the multiplexor is
switched, and the processor’s video signals appear on the
display.

The band-limited, A/C-coupled composite video signal is
clamped internally to the negative reference voltage (REF—)
during the back porch interval. It is then passed to the an-
alog-to-digital converter through a 6:1 multiplexor. The
digital signal is then decoded to extract the closed-caption
text embedded in the video signal. The characters received
are generated as video signals and are then passed to the dis-

play.
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ZiLOG

When a detectable composite video signal is received, the
SYNC separator extracts the horizontal and vertical syn-
chronization signals and passes them to the deflection mod-
ule of the TV set. The FLYBACK signals from the deflec-
tion coils are fed back to the Z9037X. The controller uses
these signals to align its video signals with those of the nor-
mal display. In the case where the composite video signal
is not present, video synchronization is able to be provided
by the controller. In this case, the SYNC signal pins are set
to be outputs. The pins then feed to the deflection unit, which
controls the display. The SYNC generators can be config-
ured to provide either HSYNC and VSYNC, or H-FLY-
BACK and V-FLYBACK.

Analog functions such as volume and color controls can be
controlled by the pulse width modulated outputs from the
79037X. Other digital controls such as channel fine tuning
can be controlled via the serial I’C bus.

An infrared remote control receiver can be directly decoded
through the capture register, and keypad input can be
scanned by directly controlling 1/O pins as keyscan ports.

The processor clock is provided by referencing an internal
phase locked loop to an external 3.2768-kHz crystal oscil-
lator. This oscillator enables EMI emissions from the clock
circuitry to be minimized. The internal system clock fre-
quency can be software selected to be 12.058 MHz in nor-
mal operation or 3.2768 kHz in low power consumption
(SLEEP)mode (which is usually used in case of general sys-
tem power failure). The Z9037X can also be placed inSTOP
mode, suspending processor clocking for power-down sus-
pension of operation.

Program, display, and character graphics memory are on the
chip, eliminating the requirement for any external memory
components. Characters can be displayed as two or three
times normal size. Smoothing and fringing circuits are pro-
vided to enhance display appearance.

Core Processor

The processor core is a high-performance DSP processor.

The powerful 12-MHz Z89C00 DSP processor core allows
the user to control the on-board peripheral functions and
registers using the standard processor instruction set. The
Z9037X controller processor core is a Z89C00 high-per-
formance 16-bit DSP processor optimized for data process-
ing and transfer. 16-bit peripheral registers are programmed
to control the operation of the peripheral devices. Four
banks of 256 words each (total RAM in the processor core)
can be used for video character sequence storage. Program
and character graphics are stored in the PROM.

Note: The Z89C00 core used in Z9037X family devices is
modified. The multiplier is disabled and is not accessible
for the user, while X and Y registers of the multiplier are
still available and can be used in software as general pur-
pose registers.

Clocking Operation

The processor is able to operate from a number of clock
sources.

* Primary Phase Locked Loop VCO source (PVCO)
* 3.2768-kHz oscillator clock (OSC)

In addition, the processor clock may be halted temporarily
to allow clock selection or ROM accesses to be performed
without disrupting normal operation of the processor.

An external crystal controls the internal 3.2768-kHz oscil-
lator. The crystal is used as the clock reference for the in-
ternal 24-MHz Phase Locked Loop (PLL). The PLL pro-
vides the internal 12-MHz PVCO (primary VCO) clock for
processor operation. SCLK is generated internally by di-
viding the frequency of an appropriate oscillator (PVCO)
by 2. The frequency of the SCLK after POR is 12.058 MHz.
In SLEEP mode, the controller uses the 3.2768-kHz clock
for the SCLK to reduce power consumption. The processor
can be suspended by placing it into STOP mode when main
power is not available for minimal power consumption.

The SCLK signal can be brought out to the Port16 output
pin under S/W control by setting a bit in the control register.
The SVCO is used for display by the OSD only.

Read Only Memory (ROM)

The programmable ROM is designed to provide storage for
both program memory (PROGROM) and character set
graphic pixel arrays (CGROM). The address boundaries be-
tween these applications is dependent on the storage re-
quired for character graphics.

The program ROM section can, in theory, be accessed any-
where in the addressable ROM space; however, because
CGROM usually starts at location 0000h, PROGROM will
reside in the higher address locations. The maximum avail-
able ROM space for program memory depends on the ROM
reserved for CGROM (for an application) and the ROM size
of the device selected.

The size of memory used as CGROM depends on the num-
ber and resolution of characters stored in memory. An “n”
represents the number of characters stored, ranging from 0
to 256. If characters are 16<symbols> x 18 pixels, then the
upper region of memory starting at the 4K boundary is used
for character storage. If not, that region can be used as pro-
gram memory.
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ZiLOG Dual-Scan Digital TV Controller for Progressive Double-Scan Applications
Table 3. ROM Organization cated together in bank 3. In this document, all external reg-
isters are referred to as follows:
Hex
Memory Program ROM Address RX(Y)<Z>,
64K int0 vector %FFFF b
int1 vector %FFFE where:
int2 vector %FFFD X is a register number within a register bank;
reset vector %FFFC Y is a bank number; and
up to 5K CGROM program ROM %1400 Zis a bit field number
up to 4.5K- CGROM—Bank0, pixels 19, 20 or %1200 The user can select a register by first setting the user bits to
Bank1 define the bank that the register is in and then specifying
4K CGROM—BankO, pixels 17, 18 or %1000 the address of the register on the external register address
Bank1 bus.
to4K CGROM program ROM %10*n ) .
up Prog 5 > The external registers reside on the chip and are used to con-
0 ;SSSO,II\AT(SBanKO (n characters) %0000 trol the operation of all of the peripheral modules of the de-

Random Access Memory (RAM)

RAM is organized in banks of 256 words consisting of 16
bits each. Bankl.0 is always accessible. Bank0.0 is mapped
to other bank(s); only one gauge from 0.X is active through
bit selection.

—

|
256
256 256 256

words words

BankO0.2

BankO0.1

Bank1.0 Bank0.0

Figure 4. Random Access Memory (RAM)

External Registers

The C00 module is capable of directly accessing up to eight
external registers using only the three external register ad-
dress signals that are normally available. In this implemen-
tation, two user signals are combined with the register ad-
dress signals to provide the ability to address four banks of
eight registers each. The most speed critical registers are lo-

vice. By reading or writing to the fields in the external reg-
isters, the user can interact with the peripheral devices of
the chip.

The control is performed by ORing selected attributes from
the Latched Attribute Register (value equal to R3(3)<8>).
Attributes not selected are controlled by the Latched At-
tribute Register only.

Interrupt Control

The Z89CO00 core exhibits three external interrupt signals
that are used to provide interrupt signalling from the
79037X peripheral modules to the core. There are four in-
terrupt sources: horizontal sync (HSYNC), vertical sync
(VSYNC), capture timer and external event (Port09). All
interrupts are nonvectored. The capture timer and Port09 are
multiplexed to the same interrupt.

Interrupt priorities are programmable. Each interrupt can be
masked by setting fields in the external registers.

When the Z9037X receives an interrupt request from one
of the interrupt sources, it directly executes the interrupt ser-
vice routine for that source.

Timers

On-chip timers support IR captioning, real time clock, and
watch-dog functions.

The capture timer is used to measure time between edges
ofthe IR signal. This timer is programmable to measure tim-
ing from positive-to-positive, negative-to-negative, posi-
tive-to-negative, or negative-to-positive edges.

DS005600-TVX1298
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ON-SCREEN DISPLAY (OSD) (Continued)

ZiLOG

CAP_Gilitch CAP_Edge
R5(1)<3:2> R5(1)<5:4> Halt capture timer
+ + l R5(1)<6>
Glitch Edge Capture Capture Captured data
IR ! Eijjer (=il Dotector ™= Timer [l Register - R5(3)
Falling edge is captured/
—p Reset R5(1)<e>
Prescaler Capture iai ;
SCLK e | Raising edge is captured/
P> Fiags Reset R5(1)<f>
Timeout/Reset
* - > R5(1)<c>
CAP_speed into
. in
R5(1)<1:0> L R5(1)<7>

Figure 5. IR Capture Register Block Diagram

A clock timer, in real time, generates ticks every 1000, 250,
62.5 or 15.625ms.

A watch-dog timer is used in critical applications where ex-
ternal conditions like voltage spikes and/or noise might lock
the CPU. In the latter case, the WDT will reset the CPU and
restore its functionality.

ON-SCREEN DISPLAY (OSD)

The extensive character attributes can be controlled in two
modes by the on screen display controller: character control
mode for maximum display control flexibility and closed-
caption mode for optimum display of closed-caption text.

The character control mode provides access to the full set
of attribute controls. Each word of RAM specifies a single
displayed character and basic character attributes, allowing
the modification of attributes on a character-by-character
basis. The insertion of control characters allows control of
other character attributes.

The fully customizable character bank, available in multi-
ples of 256 characters, can be displayed with a host of dis-
play attributes, including underlining, italics and blinking,
eight foreground and background colors, character position
offset delay, and background transparency. The 16-bit dis-
play character representation allows the modification of
some key attributes on a character by character basis. A
character’s pixel array is stored as a 16, 18 or 20 word rep-
resentation in Character Graphics ROM (CGROM). The
ROM contents are referenced by a 16-bit word stored in vid-
¢0 RAM (VRAM) defining the character type and its key
attributes.

Additional hardware provides the capability to display two
or three times the normal size of typical characters. The
smoothing logic contained in the on screen display circuit
improves the appearance of larger fonts. Fringing circuitry
can be activated to improve the visibility of text.

RGB outputs provide the direct video signals, and a blank-
ingoutput is provided to control the video multiplexor. RGB
outputs are available in two modes: digital and analog. In
digital mode, the output video signal corresponds to a pri-
mary colors palette. Analog mode supports 16 different pal-
ettes (8 programmable and 8 fixed) which can be chosen un-
der software control (for more detail, see Additional Control
Registers section, page 40. In case of an analog mode, each
of the RGB outputs is generated by a 2-bit DA converter.
The user can switch those 2-bit digital inputs of the DA con-
verter to Port pins P10, P13, P14, P15, P18 and P08 under
S/W control by setting a bit in the control register.

The dot clock and vertical line synchronization is normally
obtained from H_FLYBACK and V_FLYBACK.

OSD is completely software-controlled. There is hardware
support for optimum generation of the character based
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OSD; however, the CPU can bypass it and access pixels and
attributes directly. The block diagram of the OSD data flow

is illustrated in Figure 6.

Video RAM CGROM N SI'!ift )
OSD:At7Ch8 Pixels: 1x Register a —» 3 —>R
or : X
Attr15 O *rerre
CCD:Char7 3x § Attribute ; —»| C > B
or T
Attr7 Full attrib L d
MemoryRd  R3(3) R4(3) R3(3) RO@3): RO@3) R2(3) R6(3) R7(3) CPU
. A . R1(3):.. 4 _RIQGA
L Re@) Y
Figure 6. OSD Data Flow
Shadows/Fringing AttributeWR Register and AttributeRD registers

Shadows/fringing if enabled are active on both transparent
and nontransparent backgrounds. Two bits in the

R2(3)<1:0>,

R3(3)<1:0> Function

00 No shadows

01 Left shadow

10 Right shadow

" Both shadows (fringing)

(R2(3)<1:0> and R3(3)<1:0> control the shadow type
selection as indicated below.

Background

Foreground

Right shadow

Left shadow

Figure 7. Table Settings

The smoothing attribute has been moved to R7(3)<5>.

The bit assignment in the Latched Attribute follows the bit
assignment in R2(3).

The left and right shadow colors are independently con-
trolled by R6(2)<d:b> and R6(2)<a:8>.

Note: The smoothing control bit R7(3)<5> must be set to a “1”
in order to activate fringing.

DS005600-TVX1298
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ON-SCREEN DISPLAY (OSD) (Continued)

Semi-Transparency

Support for both semi-transparency (pin name: SOVL) and
transparency (pin name: OVL) attributes have been imple-
mented. The semi-transparency mode can be enabled
through either latched or unlatched attributes. Latched at-
tributes remain set until they are reset. Unlatched attributes
remain set for only one character; therefore the attribute
must be constantly refreshed on a character-by-character
basis.

Activation. To activate the semi-transparency output, two
bits must be properly set. Port OF must be in output mode
[R6(0)<f> = 0], and the SOVL/portOF control bit must be
in SOVL mode [R3(1)<6>=1].

Latched semi-transparency. The latched semi-transpar-
ency attribute is controlled by bit [R2(3)<6>].

Unlatched semi-transparency. The unlatched semi-
transparency attribute is controlled by bit [R3(3)<8>]. This
bit can take on 1 of 4 possible assignments depending on
how it is setup in [R7(3)<7:6>]. The 4 assignments are un-
derline, semi-transparency, blinking, and CGROM bank se-
lect.

Notes: Transparency and Semi-Transparency:

1. The semi-transparency signal (SOVL), when active,
is only valid during the background color. During the
foreground color SOVL is inactive. Therefore,
characters do NOT take on a semi-transparent
appearance (only the background does). This condition
allows characters to be read without interference.

2. If both the transparency (background and foreground
color are equal) and semi-transparency are activated,
the transparency will take precedence over the semi-
transparency. The OVL signal is High and the SOVL
signal is Low.

Attribute_8 Assignment

Depending on R7(3)<7:6>, bit 8 of the Attribute_Data reg-
ister, R3(3) (in character mode) can be assigned to control

either “Ist underline”, “semi-transparency”, “blinking”, or
“CGROM bank select™:

Table 4. Attribute Assignment

R7(3)<7:6> R3(3)<8>

00 1st underline (POR)
01 Semi-transparency

10 Blinking

1 CGROM bank1 select

CGROM (Character Generation ROM)

CGROM can be placed anywhere in the 64k ROM address
space by setting the CGROM address offset register R7(2).
This offset is added to the CGROM address before access-
ing ROM. By modifying the CGROM offset, several fonts
can be accessed (limited by ROM size only). Upon reset,
R7(2) = 0 (no offset) for backward compatibility is imple-
mented with the existing software from Z903XX and
Z893XX.

The required Character Graphics ROM size is dependent on
the number of characters that are stored in memory.
CGROM can be configured as multiple banks selectable by
setting a CGROM offset register. Each bank provides up to
256 characters with 16x16-, 16x18-, or 16x20-pixel matri-
ces.

Each character pixel array is represented as 16, 18 or 20
words of ROM storage. Each word represents 16 pixels.
Pixel lines 1 to 16 are mapped sequentially to ROM ad-
dresses, referenced by the character pointer and a line num-
ber offset.

In 16x18 mode, pixel lines 17 and 18 are offset by 1000h
(referenced to pixel line 1). In 16x20 mode, pixel lines 19
and 20 are offset by 1200h. Initially, if the offset of a bank
is 0, then that bank is in 16x18 mode. This bank overlaps
the first 32 characters of the next bank. If the first bank is
in 16x20 mode, it overlaps the first 64 characters of the next
bank. Because the first character in each bank should be a
space character, it is recommended that the first bank char-
acters be defined with a 16x16 matrix. If the application re-
quires the first bank characters to be in 16x18 or 16x20 pixel
format, the first 32 (64 for 16x20) characters of the next
bank should be sacrificed. These characters should not be
used, because lines 17 and 18 (19 and 20 for 16x20) of the
first bank characters are mapped in their addresses. Also,
the first 8 (16 for 16x20) characters of the first bank should
not have any active pixels in lines 17 and 18 (and 19 and
20 for 16x20) in order to have a blank first (space) character
in the next bank.

If only one CGROM is used, there is no limitation on char-
acter definitions.
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The contents of the R0O(3), R1(3), and R2(3) registers will
contain a sequence of bits that represent whether the pixels
on the pixel line currently being accessed for that character
are on or off. This representation can be modified by the
character multiplier to be two or three times normal char-
acter size. By duplicating each bit in the word and expand-
ing the representation to two or three of the character mul-
tiplier registers, this condition is possible.

CGROM Relocation

CGROM can be placed anywhere in the 64k ROM address
space by setting the CGROM address offset register R7(2).
This offset is added to the CGROM address before access-
ing the ROM. By modifying the CGROM offset, several
fonts can be accessed (limited by ROM size only). Upon
reset, R7(2) = 0 (no offset), making the register backward-
compatible with existing software.

16
ROM data {

CGROM data
capture register

16

Character control
Multiplier x1, x2, x3
Multiplexor

16
RO(3) {

16
R1(3) {

16
R2(3) {

| char_mult_high

char_mult_mid

char_mult_low |

| |
—y v v

Processor EXTERNAL bus

Figure 8. Character Multiplier

The design is based on the Z9035X/Z29037X with the addi-
tion of a line buffer. The latter one is organized as two in-
dependent memory arrays each capable of storing one video
line. While one buffer fills with pixels at “normal” speed
(12-MHz pixel rate), the other one displays previously
stored pixels at twice the “normal” speed (24 MHz). Be-
cause filling the buffer takes twice as long as displaying,
every line musteither be displayed twice (referred to as “fast

progressive mode”) or be interleaved with a black line (“fast
interlaced mode”).

Memory Buffer Size Calculation

The current implementation ofthe Z9037X exists in two ar-
rays of 1024 bytes each. The minimum size of the buffers
depends on the OSD size. The current APl requires 512 pix-
els (though some custom software may require more—up
to 640 pixels).

Table 5. CGROM Offset Registers

Register Field Bit Position R W

Data Description

CGoffset fedcba9876543210 R

W xxxx

CGROM offset—POR=0000

DS005600-TVX1298

PRELIMINARY 11

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Z90371/376

Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

ZiLOG

ON-SCREEN DISPLAY (OSD) (Continued)
Character Size Multiplier Multiplexor

The character size multiplier multiplexor can be controlled
to double or triple the size of the pixel data presented to it
from the CGROM capture register. It does not perform a
numerical multiplication. The bits of the word contained in

the capture register are duplicated to enlarge the character
as itwould be displayed horizontally on the screen. A model
of the operation of the character multiplier multiplexor is
indicated in Table 6.

Table 6. Character Size Multiplier Format

capture register contents char_mult_high

char_mult_mid char_mult_low

x1 operation abcdefghijkimnop
X2 operation aabbcceddeeffgghh iijjkklmmnnoopp
x3 operation aaabbbcccdddeeef ffggghhhiiijjjkk klllmmmnnnoooppp
12 MHz 24/12 MHz [\
OoSsD ROR1, GOG1, BOB1, OVL, SOVL A DAC
_I\ o _I\\
ﬂ/ ﬁ/ M
>u
—I\ RAMA1 j/
2X HSYNC ==l CONTROL

Figure 9. Display RAM

Fast Progressive Mode Operation

In fast progressive mode, every OSD line is displayed twice.
The refresh rate of the OSD stays the same as the refresh

rate of the video signal. The effective vertical resolution of
the OSD reduces by a factor of two. This mode works for
a progressive signal only.

12 PRELIMINARY

DS005600-TVX1298

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



ZiLOG

Z90371/376

Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

FEAAN

Video line N is displayed
First half of BufferO is filled
No OSD is displayed

Video line N+1 is displayed
Second half of BufferO is filled
No OSD is displayed

Video line N+2 is displayed
First half of Buffer1 is filled
Buffer0 is displayed

Video line N+3 is displayed
Second half of Buffer1 is filled
Buffer0 displayed again
Video line N+4 is displayed
First half of BufferO is filled
Buffer1 is displayed

Figure 10. Fast Progressive Mode

Fast Interlaced Mode Operation

In fast interlaced mode, every OSD line is displayed one
time, followed by a black line. The field black line is dis-
played first, followed by an OSD line. The refresh rate of
the OSD is less than twice the refresh rate of the video signal

BARR

(the effective vertical resolution of the OSD does not re-
duce). The OSD brightness decrease must also be compen-
sated. This mode works for both a progressive and a double-
scan signal. In the case of double-scan, there are four inter-
laced fields of OSD.

Video line N is displayed
First half of BufferO is filled with OSD line 1
No OSD is displayed

Video line N+1 is displayed
Second half of BufferQ is filled with OSD line 1
No OSD is displayed

Video line N+2 is displayed

First half of Buffer1 is filled with OSD line 3
BufferQ is displayed, next field—black line
Video line N+3 is displayed

Second half of Buffer1 is filled with OSD line 3
Black line is displayed, next field—Buffer0

Video line N+4 is displayed
First half of Buffer0 is filled with OSD line 5
Buffer1 is displayed, next field—black line

Figure 11. Fast Interlaced Mode

Mode selection is controlled by R1(1)<3> (“0”—progres-
sive, “1”—interlaced).

Every field hardware should be initialized by writing a “1”
into R1(1)<5> one time per every VSYNC.

Interleaving is performed by writing to “1/0” R1(1)<4> to
select BLACK/OSD line to be displayed first. This execu-
tion must be performed one time per every VSYNC.

In order to get in sync with a “normal” (1x) HSYNC, a “skip
next 2x HSYNC” function is implemented. Writing a “1”
to R1(1)<6> results in skipping one HSYNC pulse. This ac-
tion is recommended upon power-up and after a channel-
switch. If 1IxHSYNC is available externally, the data can
feed inthrough the Port03 pin. R1(1)<7> controls the source
of 1IxHSYNC. Port03 should be assigned as an input.

Clock switching should always be disabled (R6(1)<4>=1).

DS005600-TVX1298
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Horizontal position adjustment R6(1)<3:0> should be set
to “F”. Actual adjustment should be performed by
RI(1)<c:7>.

OSD in internal HSYNC/VSYNC mode is supported only
for standard interlaced mode.

If the OSD disable bit R3(1)<5> is set to “0”, both OSD and
line buffers are shut down to reduce EMI when no OSD is
displayed.

If R1(1)<2> is set to “1”, RGB output current is doubled.

Table 7. R1(1) Speed Control Register

Reg field Bit position R W Data Description Note
Reserved - reserved
L R W 1 Standard interlaced mode (single scan mode)
0 Double-scan mode—POR
H_SHIFT ——dcba98-———————- R W %D shift right in 4 pixels increment—-POR = 0
1XHSYNC ~  —————— T R W 1 1xHSYNC is connected to Port03
0 1xHSYNC is 2xHSYNC/2-POR
Skip_ HSYNC ~ ————————— 6-—————— N/A W 1  Skip next HSYNC
0 Do not skip next HSYNC
Frame_start ~ -—————— 5————= N/A W 1  Field start initialization 1
0 No effect
osb_black @ @-—————- 4———— R W 1 next output line is OSD 2
0 next output line is black
Line_buffer_mode - ——————————- 3—— R W 1 interlaced (OSD/black)
0 progressive (OSD/OSD)-POR
2x RGB 2—-— R W 1 Double RGB output
0 Normal RGB output—-POR
Fast_enable @ -—-————————— 1- R W 1 PVCO/SVCO enabled
0 PVCO/SVCO disabled—POR
Fast_slow - -———————————— 0 R W 1 SCLKis 12.058 MHz
0 SCLKis 32.768 KHz—POR
Notes:

1. Frame_start should be set to “1” in the beginning of every field.

2. OSD_black controls interlacing in interlaced mode.

Cursor

The cursor is implemented as a one-line pixel buffer. The
cursor buffer is loaded via the DMA on every line where
the cursor is to be displayed (no software support is re-
quired). Horizontal size is programmable at 16, 32 or 48 pix-
els wide, and vertical size is programmable from 1 to 63
lines per field. The color depth is 2 bits per pixel—3 pro-

grammable colors and the transparency. Depending on
R1(0)<d>, the cursor’s colors can be selected either from
a current palette (R1(0)<d> = 0) or from Palette #6 (refer
to Table 41) (R1(0)<d> = 1). The cursor image is stored in
ROM as a bitmap. The number of different cursors is limited
by ROM size only.

14 PRELIMINARY
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L] (00) transparent
L1 (01) color 1
(10) color 2
M (11) color 3

Focus

(X,Y) Horizontal position (X: 1-1023)

Vertical
position
(Y: 1-1023)

63 lines max

(2*63 in progressive
scan mode)

48 pixels max .J

Figure 12. Cursor

Cursor positioning is performed by initializing cursor pa-  Initialization is performed by first setting the

rameters in the beginning of every field.

Cursor_Info_Load bitR7(3)<4>to“1”, followed by writing
sequentially to the R3(3) 16-bit parameters—COLOR,
HPARAM, VPARAM and CADDR—respectively.

DS005600-TVX1298
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ON-SCREEN DISPLAY (OSD) (Continued)

Example: LD SR,%#60
OR EXT7#%0010
Cursor_Info_Load
LD EXT3#(3*64 +7*8 +2);
color3 =3, color2 =7, colorl =2
LD EXT3.#(2*1024 + 120);
hsize = 2 (32 pixels), hpos = 120
LD EXT3,#(28*%1024 + 55);
vsize =28, vpos =55
LD EXT3,#%6000 ;
bitmap address
AND EXT7 #%FFEF ; disable
Cursor_Info_Load, ready for OSD

; select RegBank3
; enable

load CCOLOR:
load HPARAM:
load VPARAM:

load CADDR—cursor

Table 8. Cursor Parameters

Parameter Reg field Bit position Data Description
CADDR CADDR fedcba9876543210 %DDDD Cursor bitmap address
(pointer to cursor bitmap in ROM)
VPARAM VSIZE fedcba—————————- 1-63 Vertical size (lines in one field)
vPOS @ ————- 9876543210 1-1023 Vertical position (lines in one field)
HPARAM n/a fede———————————~ n/a Reserved
HSIZE -——-ba-—————————- 00 No cursor
01 16 pixels wide
10 32 pixels wide
1" 48 pixels wide
HPOS  —————- 9876543210 1-1023 Horizontal position (pixels from
trailing edge of HSYNC)
CCOLOR n/a fedcba9-————————- n/a Reserved
Color3  ———— 876—————— 0-7 Cursor Color 2 assignment
Color2 - —————— 543——-— 0-7 Cursor Color 1 assignment
Colort  —————— 210 0-7 Cursor Color 0 assignment

The cursor buffer is loaded from ROM at the leading edge
of HSYNC wherever this horizontal line should have a cur-
sor. This process halts the CPU for 3/5/7 cycles depending
on the cursor’s horizontal size. The cursor bitmap address
pointer (CADDR) is incremented automatically.

Though the cursor can be displayed anywhere on the screen,
it is recommended to limit the cursor to the OSD area. Out-
side of the OSD area, the cursor may jitter or become dis-
torted.

The cursor bitmap is organized as pixel data sequentially
placed in the ROM. The data format is described below.

For the interlaced mode, even and odd cursor bitmaps
should be separately defined. Proper selection is performed
during the cursor’s initialization at the beginning of every
field.

16
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MEMORY ALLOCATION FOR CURSOR’S BITMAP
16 Pixels Wide Mode

AddrN: LO_P15_BO, LO_P14_BRO, LO_P13_BO, ... ,
AddrN+1: LO_P15_BR1, LO_P1l4_R1, LO_P13_B1, ... ,
AddrN+2: L1_P15_BRO, L1_Pl4_RO, L1_P13_BO, ... ,
AddrN+3: L1 _P15_BI1, L1_pPl4_BI1, L1_P13_B1, ... ,
AddrN+2n: Ln_P15_BRO, Ln_Pl4_RO, Ln_P13_BO, ... ,
AddrN+2n+1:Ln_P15_BI1, Ln_P1l4_B1, Ln_ P13_B1, ... ,
32 Pixels Wide Mode
AddrN: LO_P31_BRO, L0_P30_BRO, LO_P29_BO, ... ,
AddrN+1: LO_P31_BR1, LO_P30_R1, LO_P29_B1, ... ,
AddrN+2: LO_P15_RO, L0_P1l4_BO, LO_P13_BO, ... ,
AddrN+3: LO_P15_B1, LO_P14_BRI1, LO_P13_B1l, ...,
AddrN+4: LO_P31_RO, LO_P30_BRO0, LO_P29_RO, ... ,
AddrN+5: LO_P31_B1, LO_P30_BR1, LO_P29_B1, ... ,
AddrN+4n: Ln_P31_B0O, Ln_P30_RO, Ln_P29_BRO, ,
AddrN+4n+l1:Ln_P31_BI1, Ln_P30_R1, Ln_P29_BI1, ,
AddrN+4n+2:Ln_P15_ RO, Ln_P1l4_RO, Ln_P13_BO, ... ,
AddrN+4n+3:Ln_P15_BI1, Ln_P1l4_B1, Ln P13 _B1, ... ,
48 Pixels Wide Mode
AddrN: LO_P47_BO, L0_P46_BO, LO_P45_BO, ... ,
AddrN+1: L0_P47_B1, LO_P46_R1, LO_P45_BR1, ... ,
AddrN+2: LO_P31_BRO, L0_P30_BO, LO_P29_BO, ... ,
AddrN+3: L0_P31_B1, LO_P30_B1, LO_P29_B1l, ... ,
AddrN+4: LO_P15_RO, L0_P1l4_BO, LO_P13_BRO, ... ,
AddrN+5: LO_P15_BR1, LO_P1l4_R1, LO_P13_B1, ... ,
AddrN+6: L0_P47_BO, LO_P46_BRO, LO_P45_BRO, ... ,
AddrN+7: LO0_P47_B1, LO_P46_R1, LO_P45_B1, ... ,
AddrN+6n: Ln_P47_B0O, Ln_P46_RO, Ln_P45_BO, ... ,
AddrN+6n+l1:Ln_P47_B1, Ln_P46_R1, ILn_P45_B1, ... ,
AddrN+6n+2:Ln_P31_B0O, Ln_P30_RO, Ln_P29_BO, ... ,
AddrN+6n+3:Ln_P31_BI1, Ln_P30_R1, Ln_ P29 _B1, ... ,
AddrN+6n+4:Ln_P15_BRO, Ln_P1l4_BO, Ln_P13_BO0, ... ,
AddrN+6n+5:Ln_P15_B1, Ln_P1l4_RI1, Ln_P13_B1, ... ,
Where:

Lx_Py_Bz = line X, pixel Y, bit Z;

Line O = first (top) cursor’s line;

Pixel O = first (left) cursor’s pixel

Bit 1, Bit 0 = most and least significant bit of the
cursor’s color defined as:

00 = transparent

= 01 =Color 1
= 10 = Color 2
= 11 =Color 3

L0_P1_BO,
LO_P1_B1,
L1_P1_BO,
L1_P1_B1,

Ln_P1_RO,
Ln Pl BI1,

1L0_P17_BO,
L0_P17_B1,
L0_P1_BO,
L0_P1_B1,
1L0_P17_BO,
1L0_P17_B1,

Ln_P17_BO,
Ln_P17_B1,
Ln_P1l_BO,
Ln_P1l_BI,

L0_P13_BO,
L0_P33_B1,
L0_P17_BO,
1L0_P17_B1,
L0_P1_BO,

LO_P1_B1,

LO_P33_B0,
L0_P33_B1,

Ln_P33_BR0,
Ln_P33_Bl1,
Ln_P17_BO,
Ln_P17_B1,
Ln_P1_ RO,
Ln Pl B,

LO_PO_BO
LO_PO_B1
L1_PO_BO
Ll _PO_BI1

Ln_PO_BO
Ln_PO_B1

LO_P16_BO
LO_Pl6_Bl1
LO_PO_BO
LO_PO_B1
LO_Pl16_BO
LO_Pl6_Bl1

ILn_P16_BO
Ln_Pl6_R1
In_PO0O_BO
ILn_PO_BR1

LO_P32_BO
L0_P32_Bl1
LO_P16_BO
LO_Pl6_Bl1
LO_PO_BO

LO_PO_B1

L0_P32_BO
LO_P32_Bl1

ILn_P32_ B0
Ln_P32_ Bl
ILn_Pl6_BO
Ln_Pl6_B1
ILn_PO_RO
In_PO0O_B1l
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Tuner Control

Serial interfacing with the television tuner is provided via
the industry standard 1°C port.

Video and Sound Attribute Control

Basic receiver functions (such as color and volume) can be
directly controlled by six 6-bit pulse-width modulated ports
and one 14-bit pulse-width modulated port.

One 14-bit and up to six 6-bit pulse-width modulated out-
puts are available to provide PWM control of analog signal
levels such as volume or color.

Vertical Blank Interval Data Capture

Closed-caption text can be decoded directly from the com-
posite video signal with the assistance of the processor’s
digital signal processing capabilities and displays on the
screen. The character representation in this mode allows for
simple attribute control through the insertion of control
characters, with each word of RAM specifying two dis-
played characters.

The 4-bit flash A/D converter, with proper clamping, pro-
vides the ability to directly receive the composite video sig-
nal and process the closed-caption text embedded in the sig-
nal. Signal processing can be applied directly to the signal
to improve decoder performance.

ADC and Clamp Circuit

This function employs a 4-bit resolution, flash A to D con-
verter. The six-to-one analog input multiplexor and conver-
sion start circuits are controlled by the user program. The
4-bit conversion result is available to be read by the CPU
at the end of each conversion.

One input channel (ADCO) is dedicated for quantizing VBI
(vertical blank interval) data for subsequent digital signal
processing. Another channel, ADCS5, is typically used for
VSYNC separation from the composite TV signal. These
channels (ADCO0 and ADC5)have aspecial video clamp cir-
cuit that provides DC restoration of the composite video in-
putsignal. Typical VBI applications include Line 21 Closed
Caption, Electronic Data Services, and StarSight Telecast.
The range of ADCO and ADCS is from 1.5 to 2.0 V.

The four remaining channels of ADC (ADC1, ADC2,
ADC3, and ADC4) are general purpose. They are typically
used for implementation of tuner automatic frequency con-
trol and analog key entry. The range of ADC1-ADC4 is
from 0 to 5.0 V.

In the Z9037X, the range of ADCs is programmable from
1.5t0 2.0V or 0 to 5V.

The 4-bit ADC implemented in the Z9037X features six
multiplexed inputs.

The allowed range of the input signals is different for dif-
ferent ADC inputs according to the Table 9.

Table 9. ADC Inputs Typical Range

Input Range (V) Clamping Typical application

CVI/ADCO 1.5-2.0 Yes (Ref-) CCD sampling input

ADC1/P17 0-5.0 No AFC input

ADC2/P00 0-5.0 No Key scanning input

ADC3/P05 0-5.0 No Key scanning input

ADC4/P04 0-5.0 No Key scanning input

ADC5 1.5-2.0 Yes (Ref+) VSYNC decoder sampling input

18 PRELIMINARY DS005600-TVX1298
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79037X
REF+
CLAMP
ADC5 (VSYNC decoder) —| I -
ADC4/P04 - 4
ADC3/P05 o 6x1 ADC
ADC2/P00 > MUX 1 CONVERTER [P
ADC1/P17 >
ADCO (CCD decoder) ‘” -
CLAMP
REF—

Figure 13. ADC Block Diagram

Internally generated reference voltages define the maxi-
mum range of the input signal of the ADC. Nominal values
of Ref+=2.0 V;Ref-=1.5V @ V= 5.0 V. For different
values of V¢, the reference voltages should be prorated as:
Ref+ =04 * VCC; Ref-=0.3~* VCC
The maximum sampling rate of the ADC converter is 3
MHz. Ittakes 4 SCLK cycles for the valid data at the output
of the ADC to become available. This matter should be tak-
en into consideration especially if the application is utilizing
a single shot mode.

15 11 10 8

The ADC converter exhibits guaranteed monotonous con-
version characteristics with a nonlinearity of less than
0.5 LSB. ADCO0 and ADC35, which exhibit a range of 0.5V
(from 1.5V to 2.0V), are directly multiplexed to the input
of the ADC. The remaining ADC inputs (ranging from 0V
to 5V) use AGND and AV voltage as an reference.

ADC Data Packing

Up to four 4-bit ADC data samples can be packed into one
16-bit word without software overhead. If R4(1)<9> =1,
every reading of R4(1) will return the result, Where High
12 bits are the three previous ADC samples, and the Low
4 bits are the current one:

ADC sample (T-3) ADC sample (T-2)

ADC sample (T-1) ADC sample (T)

Figure 14. ADS Data Packing
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MEMORY ALLOCATION FOR CURSOR'’S BITMAP (Continued)
Example: NOPs between ADC accesses are omitted. Example: LD SR.#%20 ; Select RegBankl

LD SR,%#20 ; select RegBankl

LD AJEXT4 ;turn “ADC data packing” mode on
OR A, #%0200 ;

LD EXT4, A ;

LD A, EXT4 ;read first ADC sample, A = %0005
LD A EXT4 ;read second ADC sample, A =
%005E

LD A,EXT4 ; read third ADC sample, A =
%05E7

LD A EXT4 ; read forth ADC sample, A=
%5E74

LD A, EXT4 ;read fifth ADC sample, first sam-

ple is thrown away, A = %E741

LD A,EXT4

ed shift” mode on
AND A, #%9FFF ;
OR A, #%4000 ;

; turn “hardware support-

LD EXT4, A ; select “4-bit right ro-
tate”

LD A, #%3ED7 ; load A = %3ED7

LD %IFE, A ; write A to the RAM
LD A, %IFE s A=%73ED

LDA EXT4; turn “hardware supported rotate” mode
on

OR A, #%6000 ;

LD EXT4, A ; select “byte swap”

LD A, %IFE s A=%D73E

Capture Function

The capture function is intended for Infrared Remote Con-
trol data capture. It employs a capture register that holds the
time value from one transition of IR data to the next.

Software can periodically check the capture status and read
the value if a new capture occurs. Subsequent decoding and
command passing of the received IR signal is under soft-
ware control.

Hardware Accelerated 4-Bit and 8-Bit Shifts

Hardware accelerated byte and nibble shifts significantly
reduce software overhead. Shifts are implemented by as-
signing one particular RAM location (%1FE) a special
meaning. Depending on the R4(1)<e:d> settings data read
from this address is either unmodified, rotated 4 bits left, 4
bits right or byte swapped.

Table 10. R4(1)<e:d> Settings

Pulse Width Modulators (PWMs)

Pulse Width Modulation is used in conjunction with exter-
nal low-pass filters to perform digital to analog conversion.
Six PWMs, (8-bit resolution each) find application in gen-
erating signals for the control of video and sound attributes.
One 14-bit PWM (PWM9) may be used with an external
circuit to generate controlling voltage for voltage synthesis
tuners. In case of a chassis employing a frequency synthesis
tuner, these PWMs may also control video or sound at-
tributes.

Each PWM circuit features a data register whose contents
are set under program control. The data in the register de-
termines the ratio of PWM High to PWM Low time. PWM
dataregisters are not initialized upon reset. In order to elim-
inate a potential glitch on a PWM output, itis recommended
to initialize PWM data registers before enabling the VCOs.

I/0 Ports

User control can be monitored either through the keypad

R4(1)<e:d> F i . . .
(1)<ed unction scanning port, or the 16-bit remote control capture register.
00 Direct (unmodified)-POR
01 4-bit left rotate Two input/output port blocks are available for general pur-
T pose digital 1/0 application. Each port bit is programmable
10 4-bit right rotate to be either input or output. To conserve the device pin
11 Byte swap count, some port pins are mapped to provide 1/0 to the ADC
converter block and I°C interface block.
The 25 configurable 1/O pins are general purpose pins that
can be utilized to provide functions such as serial data 1/0,
LED control, key scanning, power control and monitoring,
and I°C serial data communications.
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I2C Interface’

There are two completely independent H/W modules which
support a standard 1°C bus protocol according to the I Cbus
specification published by Phillips in 1992, entitled PC Pe-
ripherals for Microcontrollers Data Handbook. The first
module, referred to as a “master”, can be configured for fast

1Philips Standard Serial Interface.

(400 kHz) or slow (100 kHz) bit rates and can be used in
applications with a single master. The second module, re-
ferred to as a “slave”, supports a 7-bit addressing format
with both fast and slow bit rates. The Z9037X addstwo ad-
ditional nonstandard bit rates (50kHz and 10kHz) and an
add1t1onal multiplexed master port that is controlled by the
I’CM_mux control bit.

Table 11. Master I12C Bus Bit Rates

Mode I2C mode Bit rate Actual bit rate
LO/Slow — 0-10kHz 10kHz

Hl/Slow — 0-50kHz 44kHz

LO/Fast Slow 0-100kHz 91kHz

Hl/Fast Fast 0—400kHz 334kHz

In order to suppress possible glitches on both data (SDA)
and clock (SCL) lines, digital filters (with a time constant
equal to 3Tgerk = 250 ns) are implemented on all inputs
of the 1°C bus interface.

If the master or slave 12C interface is enabled, the corre-
spondent 1/Os (Port01 and Port02 for the slave, Portl 1 and
Port12 for the master) must be assigned as outputs.

Though both master and slave modules operate indepen-
dentl\z/ and can be used for simultaneous communication via
two 1°C buses, from the software viewpoint they still share
one control register. The software activates I’C modules by

writing appropriate commands into the control register. In
order to control the I>C bus interface, the control register
R3(0) toggle bit <c> should point to a desired interface
(Master or Slave).

M_disable (S_disable) bits allow either of the I>C interfaces
(Master or Slave) to be disabled and not to mtelfere with
any activity of the Port pins. Upon POR, both of the I°C in-
terfaces are enabled. In order to use the I°C interface, the
corresponding Port pin (which is multiplexed with the C
Data and Clock) should be configured as an input, while
M_disable (S_disable) bits should be reset to “0”.
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MEMORY ALLOCATION FOR CURSOR'’S BITMAP (Continued)

Table 12. Master I12C Bus Interface Commands

Command

Notes/Function

000

This command sends a start bit, followed by an address byte specified in the “data” field (bits <7:0>),
then fetches an acknowledgment in bit <0>. This command is used to initialize communication, and
generates 9 SCL cycles.

001 This command sends one byte of data specified in the “data” field (bits <7:0>), then fetches an
acknowledgment in bit <0>. This command is used in a WRITE frame, and generates 9 SCL cycles.

010 This command sends bit <7> as an acknowledgment (ACK = 0, NAK = 1), then receives a data byte.
This command is used in a READ frame when the next data byte is expected, and generates 9 SCL
cycles. Received data is read in the “data” field (bits <7:0>).

011 This command sends bit <7> as an acknowledgment (ACK = 0, NAK = 1). This command is used in a
READ frame to terminate data transfer, and generates one SCL cycle.

100 A NULL operation. This command must be used together with a “RESET” bit <b> and/or “TOGGLE” bit

101 <¢>. If "RESET” and/or “TOGGLE” bits are used in conjunction with any other command, the
functionality of the I°C interface logic is not guaranteed.

110 This command receives one data byte. This command is used in a READ frame in order to receive the
first data byte after the address byte is transmitted, and generates 8 SCL cycles.

111 This command sends a stop bit, and generates one SCL cycle.

Table 13. Slave IC Bus Interface Commands
Command Notes/Function

000 Reserved—cannot be used.

001 This command sends a bit <7> as an acknowledgment (ACK = 0 only), then receives one data byte.
This command is used in a WRITE frame. Requires 9 SCL cycles. Received data is read in “data” field
(bits <7:0>).

010 This command sends one byte of data specified in “data” field (bits <7:0>), then fetches an
acknowledgment in bit <0>. This command is used in a READ frame, and requires 9 SCL cycles.

011 Reserved. Can not be used.

100 A NULL operation. This command must be used together with a “RESET” bit <b> and/or “TOGGLE” bit

101 <c>. If "RESET” and/or “TOGGLE” bits are used in conjunction with any other command, the
functionality of the I°C interface logic is not guaranteed.

110 This command sends a bit <7> as a not acknowledgment (NAK = 1 only) in a WRITE or READ frame.
This command is used to terminate the 1°C communication, and requires one SCL cycle. The
“Sulfonamide” bit <a> is automatically reset upon a “busy” bit <9> going Low.

This command sends a bit <7> as an acknowledgment (ACK = 0 only) in a READ frame, and requires
one SCL cycle. The Send data command (010) must be executed next. This command is used to
acknowledge an address byte in a READ frame.

111 Reserved—cannot be used.
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( START )

|
no Read R3(O)<8> Ye€S  Send a start bit followed
usy' ==0 be a 7-bit Address byte
Write R3(0)
{0000 .0xxx, Addr. RAN}
-

p MO yes |
\/ @

Read R3(0)<0>
(Read Ack bit)

R3(0)<0>== no (Nak)

Write frame Read frame

More bytes
to send?

L

Write R3(0)
{1100, 0%, X6XX, XXX}
(Ask slave to send Data byte)

Ll B

= -l

g no

. Ls e
XXXX XXXX,
{Read Data byte)

Write R3(0 Write R3(0
{0110,0xxx Ox>(<x)xxxx} {9110,0xxx,1XX>§,>2XXX} Receive more bytes?
(Ack Data byte) (Nak Data byte)
= . yes
Write R3(0
yes no {0100,0xxx,0x§<x),xxxx}
 J f (Acknowledge Data byte)
Write R3(0) |
110, 006X, XXXX, XXX X}
Note: (Send a “Stop” bit)
Shaded blocks are executed in S/W

Figure 15. Master Mode
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MEMORY ALLOCATION FOR CURSOR'’S BITMAP (Continued)

Reset R3(0)<a> |

“Start” condition
detected

yes

Set R3(0)<9>

Reset R3(0)<9>

Set slave modeR3(0
Hold the bus
Stretch clock

{1100,0xxx, 1006, xxxx}

Reset slave busyR3(0

no
Address matches
y<a>

)<9>

(Nak Master)
Write R3(0)

Read frame
R3(0)<0>=1

(R bit)

{Ack Master)

Write R3(0)
{1100,0%xxx, 0%, X606

(Send data)
White R3(0)
{0100,0xxx,Data},

Slave = 1,Busy =0
Wait for Ack Relbra s

from master yes

no (Nak) Read R3(0)<0>

Ack==0? '
oto
yes (Ack) gend
next
byte

| < Ignore master | Ack master

Read R3(0)<0>

Write frame
R3(0)<0>=0 -

(Nak master) (Ack master)
— Write R3(0) Write R3(0)
1100,0xxx, 1xxx, xxxx| 10010,0xxx,0xxx,X

Slave = 1,Busy =0
R3(0)<a:9>

yes

hold the bus
stretch clock

!

(Get Data)
Read R3(0)

goto Ack Master

hold the bus

Note:

stretch clock

Shaded blocks are executed in SW

Figure 16. Slave

Mode

Note: If a “Stop” condition is detected at any point, the hard-
ware resets the “Slave” bit (R3(0)<a>, and releases the

12C bus.
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REGISTER SUMMARY

Table 14. Register Utilization

palette_color

Display palette color/underline color

capture_data

12C slave addr.

Capture register data

BANK Sub
BANK Address READ Register WRITE Register Description
BankO 7 dir1 16-bit 1/0 port 1 direction control
6 dir0 16-bit /0O port 0 direction control
5 port1 9-bit 1/0 port 1
4 port0 16-bit I/O port 0
3 12C_int I°C interface register
2 pll_freq PLL frequency control
1 write control register Cursor palette gauge Write control register
0 pwm_data9 14-bit PWM9 data
Bank1 7 wdt_smr_ctl SMR and WDT control
6 clock_ctl Clock control (switch VCO/DOT)
5 cap_1s_ctl Counter timers control
4 ADC_ctl A/D converter control
3 standard_ctl Output H/VSYNC/bInk control
2 9-bit counter STOP/WDT Stop and WDT instructions, 9-bit counter
1 sclk_freq Stop/sleep/normal mode
0 clamp_pos Defines position of video clamp pulse
Bank2 7 CGROM offset register CGROM offset register
6 Reserved Reserved
5 pwm_data6 8-bit PWM 6 data
4 pwm_data5 8-bit PWM 5 data
3 pwm_data4 8-bit PWM 4 data
2 pwm_data3 8-bit PWM 3 data
1 pwm_data2 8-bit PWM 2 data
0 pwm_data1 8-bit PWM 1 data
Bank3 7 output palette Output palette
6
5
4
3
2
1
0

osd_control On screen display control

attribute_data vram_data Character attribute/video RAM data
ch_x1_lo_x3 cg_attribute Character multiple/character graphics attribute
lo_x2_mid_x3 cg_nxt_prv Character multiple/next or previous data
hi_x2_hi_x3 cg_current Character multiple/current data

DS005600-TVX1298
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REGISTER DESCRIPTION

The register file of the Z9037X is organized into four banks,
selectable by writing to bits 5 and 6 (“bank switch” bits) in
the Status Register of the Z89CO00 core. All registers are
mapped into an external register space of the Z8§9C00 DSP
core and each bank consists of 8 registers. The Status reg-

ister is available for reading or writing at any time. In order
to access the register file, the appropriate bank of registers
should be selected. The software effectively keeps track of
which register bank is accessible at any time.

Table 15. Bank Assignments

Bank Status Register Bank Functionality

Bank0  xxxx xxxx x00x xxxx b I/O ports, I12C interface, PLL frequency

Bank1 xxxx xxxxX x01x xxxx b Control registers

Bank2 xxxx xxxX x10x xxxx b PWM1-PWM6—S8 bit CGROM Offset Register
Bank3 XXXX xxxX x1lx xxxx b OSD, palette control

BankO (I/O Ports, 12C Interface, PLL Frequen-

cy, PWM9)

The Port/PWM bit defines the mode of the PWM9 output.
When setto a“1”, the PWM9 output monitors the data spec-

ified by the Port_data field. Otherwise, the PWM _data field
defines the waveform on the PWM9 pin.

Table 16. Register2—R2(0) PLL Frequency Data Register

Reg Field Bit Position R W Data Description
M_disable o R W 1 [°C Master interface disabled

0 I°C Master interface enabled—POR
S_disable R -._a aaetiioii RW 1 I“C Slave interface disabled

0 I°C Slave interface enabled—POR
Reserved -—dcba98-———————- R Return “0”

W No effect
2CM mux ——d-—————————— R W 1 Select ’MSD2, I’“MSC2-POR
- 0  Select PMSD1, I°’MSC1
I2C Out ———C———————————— R W 1 600Q output resistance
Resistance 0 Normal CMOS port output resistance—POR
I2C_speed -———b-——————— R W 1 Low speed range (10 kHz, 50 kHz)
range - 0 High speed range (100 kHz, 400 kHz)-POR
Reserved ~ ————- a—————————— R Return “0”
W No effect

P46/HSYNC ~ —————— 9 R W 1 HSYNC logic takes input from Pin 46

0 HSYNC logic takes input from HSYNC pin—-POR
PO07/ComSYNC ——————- 8———————— R W 1 Composite Sync Output

0 P07 /O-POR
PLL_data @ —————- 76543210 R W XX PLL divider = 256 + xx
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If the master or slave 12C interface is enabled, the corre-
spondent 1/0s (Port01 and Port02 for the slave, Portl 1 and
Port12 for the master) must be assigned as outputs.

The VCO, DOT, and SCLK frequency are defined as:
Fvco = Fpot = Fscik = XTAL * (256 + PLLpata)
Therefore,
XTAL = 3.2768 kHz
Upon PO,R the PLL frequency data register is preset to

%70, which corresponds to the VCO frequency of 12.058
MHz.

The PLL_data field can be loaded with any value from %00.
This value corresponds to an SCLK = 256*XTAL up to
%FF, which corresponds to an SCLK = 511*XTAL. Be-
cause the SCLK frequency is proportional to the frequency
ofthe XTAL, itis impossible to specify the maximum value
that can be written into the PLL_data field. It is the custom-
er’s responsibility not to exceed the SCLK frequency of
12.5 MHz. For common applications incorporating a
32768-Hz XTAL oscillator, the maximum setting of the
PLL_data field in R2(0) is %7D, which corresponds to:

SCLK = 381*XTAL = 12.485 MHz.

Table 17. Register3—R3(0) I2C Interface Register

Reg Field Bit Position R W Data Description
Command fed—-———————————— R Return “0”
W $D See full description Table 12.
Toggle -——Cc——————— R 1 Slave interface
0 Master interface—POR condition
W 1 Toggle active I2C interface
0 No effect
Reset ————b—————————— R Return “0”
W 1 Reset Slave I2C interface if bit <c> = 1
0 Reset Master 12C interface if bit <c> = 0
No effect
Slave_mode @ ————- a—————————— R 1 Slave mode is active
0 Slave mode is inactive
w No effect
SlaveBusy ~  -—-————- 9 R 1 Slave I2C interface is busy
W 0 Slave I2C interface is idle
No effect
MasterBusy =~ ————-—- g-——————— R 1 Master I2C interface is busy
W 0 Master I12C interface is idle
No effect
Data - ———— 76543210 R XX Received data
W XX Data to be sent

Data written to R3(0)<cb> requires 4 cycles before being
applied. Consecutive writings to these bits require at least
a 6-cycle delay.

The received data is available for reading only when the
“busy” bit is reset to a ““0”. Upon POR, the speed of the I°C
interface is set to “Low”.
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REGISTER DESCRIPTION (Continued)

Table 18. Register4—R4(0) Port 0 Data Register

Reg Field Bit Position R W Data Description
Port_data fedcba9876543210 R XXXX If a port is configured in Input mode, then
enter the input data onto the port pins.
If a port is configured in Output mode, then
the data is written directly to the port data.
W XXXX
Table 19. Register5—R5(0) Port 1 Data Register
Reg Field Bit Position R W Data Description
Port_data @ -———— 876543210 R XKXKXX If a port is configured in Input mode, then
enter the input data onto the port pins.
If a port is configured in Output mode, then
W XXXX the data is written directly to the port data.
Table 20. Register6—R6(0) Port 0 Direction Register
Reg Field Bit Position R W Data Description
Port_direction fedcba9876543210 R W XKXXXK 1: Input mode for corresponding bit

0: Output mode for corresponding bit

Table 21. Register7—R7(0) Port 1 Direction Register

Reg Field Bit Position R W Data Description
Port_directon @ -————- 876543210 R XXXXX 1: Input mode for corresponding bit
W 0: Output mode for corresponding bit

Bank1 (Control Registers)

Table 22. Register0—RO(1) Clamp Position Register

Reg Field Bit Position R W Data Description
Disable_clamp_1 f———— R W 1 ADCO Clamp generation is disabled
0 ADCO Clamp generation is enabled
Disable_clamp 2 @~—-e——--—--————- R W 1 ADC5 Clamp generation is disabled
0 ADCS5 Clamp generation is enabled
Reserved -—dgc———————————~ R Return “0”
W No effect
Disable_tip_clamp --d——————————- R W 1 ADCO Tip clamp is disabled—-POR
0 ADCO Tip clamp is enabled
Counter_input ———Cc—————————— R W 1 Counter takes input from PO6—POR
0 Counter takes input from internal HSYNC
Separator
ARenable -—b——— R 1 AR enabled
w 0 AR disabled—-POR
Positon @ —— 6543210 R W XX Position of clamp pulse (from leading
edge of the H-FLYBACK)
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Upon PO,R both disable clamp bits are set to a “1”.

The clamp pulse is generated if it is Enabled (bit <f>) and
the SCLK frequency is switched “back”to PVCO. Also, the
SVCO/PVCO flag in R6(1) should be reset to “0” before
the current HSYNC, regardless whether the SVCO is en-
abled or disabled.

ToeLay = Position X

1
TSCLK

The clamp position is defined by the “Position” field. The
width of the clamp pulse cannot be modified and is set to
lus. The value that can be assigned to the “Position” field
should be >%10 and <%7F. The time interval between the
leading edge of the H-FLYBACK and the beginning of the
clamp pulse can be calculated from:

= Position X 82ns

Table 23. R1(1) Speed Control Register

Reg Field Bit Position R W Data Description
Reserved - Reserved
—e— R W 1 Standard interlaced mode (single scan
mode)

0 Double scan mode—POR
H_SHIFT ——dcba98-———————- R W sp Shiftrightin 4 pixels increment—-POR = 0
1IXHSYNC - T R W 1 1xHSYNC is connected to Port03

0 1XHSYNC is 2xHSYNC/2-POR
Skip HSYNC = @ —————- 6—————— nfa W 1 Skip next HSYNC

0 Do not skip next HSYNC
Frame_stat @ @ -—————— 5————— nfa W 1  Field start initialization

0  No effect
osb_black = @ ——————- 4———— R W 1 Nextoutputline is OSD

0  Next output line is black
Line_buffer_mode @ --——-————— 3——-— R W 1 Interlaced (OSD/black)

0  Progressive (OSD/OSD)-POR
2xRGB = 2—— R W 1 Double RGB output

0  Normal RGB output—-POR
Fast_enabe - - —-—-—-—"—— 1- R W 1 PVCO/SVCO enabled

0 PVCO/SVCO disabled—-POR
Fast_ slow = & @-—— 0 R W 1 SCLKis12.058 MHz

0 SCLKis 32.768 KHz—POR

When a POR, SMR, or WDT reset occurs, both the
Fast_enable and Fast/Slow are reset to “0”. This event cor-
responds to an SCLK frequency of 3.2768 kHz.

In order to switch from a 3.2768-kHz SCLK to 12 MHz,
the following procedure is required:

* Set the H_Position field R6(1)<3:0> to a nonzero value

* FEnable the primary and secondary VCOs (set the
Fast_enable bit R1(1)<1> to “1”)

*  Wait for one second (1s) for the 12-MHz PLL to stabilize
(approximately 50000 clock cycles). That delay depends
on the external PLL filter and may vary significantly

* Switch the SCLK to a fast clock (set Fast/Slow bit
R1(1)<0> to “17)

¢ Simultaneously set the H Position field R6(1)<3:0> to
OFH and the No_Switch field R6(1)<4> to 1 (no clock
switch)

In order to switch from the 12-MHz SCLK to 3.2768 kHz,
the following procedure is required:

¢ Switch the SCLK to a 32768-Hz clock (set Fast/Slow bit
RI(1)<0> to “0”)

* Wait for more than R2(0)<7:0> + 256 clock cycles (ap-
proximately 32 uS) for the SCLK to be switched

¢ Setthe HSYNC DELAY field R6(1)<3:0> to “OFH”

* Disable the primary and secondary VCOs (set the
Fast_enable bit R1(1)<1> to “0”)
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Table 24. Register 2—R2(1) WDT/STOP Mode Control Register

Reg Field Bit Position R W Data Description
Counter_value fedcba987-——————- R Counter on Port06 value
W No effect
Reserved = 0——————— 65432—— R Return “0”
Y No effect
WDT_instr = @-————————————— 1- R 1 Return “0”
W 0 WDT enable, WDT reset
No effect
STOP_instr = —————————————— 0 R 1 Return*®0”
W 0  STOP instruction
No effect

When a POR, SMR or a WDT reset occurs, the WDT is dis-
abled. The WDT can be reenabled only after the PVCO and
SVCO are enabled, and the part is switched into a Fastmode

(SCLK = 12 MHz). Upon switching the part into a SLOW

mode (SCLK = 3.2768 kHz), the WDT halts. Upon return-
ing to the Fast mode, an additional reinitialization of the
WDT is necessary.

Table 25. Register 3—R3(1) Standard Control Register

Reg Field Bit Position R W Data Description
Counter_ reset f————— R 1 Return “0”
W 0 Reset Counter on Port06
No effect
Counter_ON/OFF —e—————— RW 1 Counter on Port06 is ON
0 Counter is OFF-POR condition
Mask_HVSYNC -—d-————— R W 1 Disable HVYSYNC output
0 HVSYNC IN/OUT-POR condition
Char_size_16_18/20 -——c—-——————- RW 1 16x20 character matrix
0 16x16 or 16x18 character matrix-POR
BankO_128/Bank0_256 ———-b-——————————- RW 1 Extended RAM-128 words
0 Basic Bank—256 words—POR condition
PO7/ComSYNC ———- a—————————— RW 1 Composite SYNC output
0 P07 I/O-POR condition
BankO_sel ————ba-—————————— R W 00 RAMBank 00-POR
01 RAM Bank 01
10 RAM Bank 02
11 Reserved
RGBC/Portt ~ —————— 9————— R W 1 SCLK, R<1:0> G<1:0>, B<1:0>
0 P16,P08,P10,P13,P18,P15,P14
2C_HIILO_speed  ————— B R W 1  Hlspeed (400 kHz)
- - 0  LO speed (100 kHz)-POR condition
I°C_HI/LO_speed = ~——————— B———————— R W 1  HIspeed (400 kHz/50 kHz)
- - 0 LO speed (100 kHz/10 kHz)-POR
CGROM bank ~  ———--—— T——————= R W 1  Bank1 is selected (starts @%1000)
0  BankO is selected (starts @%0000)
sovL/pPOf 0000 e 6—————— RW 1 Semi-transparency output
0 POf output
OSD_on/off o 5————- R W 1 OSDisenabled
0 OSD is disabled—POR
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Table 25. Register 3—R3(1) Standard Control Register (Continued)

Reg Field Bit Position R W Data Description
RGB_polarity @~ @ ————————— 4———- RW 1 Negative
0 Positive
Positive/Negative @ @ -———————— 3——— RW 1 Negative HYSYNC in output mode
0 Positive HYSYNC in output mode
SYNC/BLANK @ —— o ———— 2-— R W 1  HVBLANK outputs
0 HVSYNC outputs
25/30_ Hzand = @ -——————————— 10 R W Internal mode only (TV Standard)
HV_polarity 10 50 Hz/625 lines support
00 60 Hz/525 lines support—POR
External mode only (HV Polarity)
11 Positive
01 Negative

There are two different bits which define the polarity of the
HVSYNC signals. Bit <3> defines polarity of the signals
when they are configured as outputs (it does not affect the
internal HV-SYNC signals). Bit <1> defines the polarity
of the external HV-SYNC signals, affecting the synchro-
nization of the device.

Notes: The composite SYNC is active in internal mode only.

When using the internally-generated COMPOSITE
SYNC signal, be sure the SCLK is set to 12.09MHz
(R2(0)<7:0> = %71). This action helps ensure the best
HSYNC frequency approximation.
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Table 26. Register4—R4(1) ADC Control Register

Reg Field Bit Position R W Data Description
HW_shift —ed————————————— R 00 Direct (unmodified)-POR
W 01 4-bit shift left
10 4-bit shift right
11 Byte swap
Reserved ———Cb——————————= R Return “0”
W No effect
HSYNC_edge* ———C—————————=—— R W 1 HSYNC is leading edge active
- HSYNC is trailing edge active-POR
ADC_ref ————b-———————= R W 1 ADCs use AV and AGND as reference
voltage
0 ADCs use 2.0V and 1.5V as reference
voltage-POR
ADC_select ~ ————- a—————————- R W 1 ADC4, ADC5 select
0 ADCO, ADC1, ADC2, ADC3 select—-POR
condition
Reserved =~  -—————- 98-———————~ R Return “0”
w No effect
ADCspeed @ -———————- 76—————— R W 00 Single conversion—POR condition
01 SCLK/4
10 SCLK/6
11 SCLK/8
ADCsource ~ -—————————- 54-——— R W 00 ADCO (CVI)/ADC4 (P04)-POR
01 ADC1 (P17)/ADC5
10 ADC2 (P00)
11 ADC3 (P05)
ADCdata @ -——--—v 3210 R %D ADC data
W No effect

Note: *If HSYNC is Leading Edge Active (R4(1)<c> = 1),the actual interrupt is delayed from the leading edge of HSYNC by 72 cycles
(~6uS @12MHz).

ADCO features a signal range from 1.5 to 2.0 V. This field  input, the corresponding port should be set up as an input
is always connected to the Composite Video Input pin ofa  (refer to R4(0) and R6(0)).

device and can be clamped to a Ref— voltage (1.5V).
ADCS5 features a signal range from 1.5 to 2.0 V. For this

ADCI1, ADC2, ADC3, and ADC4 have a signal range from  field, the input signal can be clamped to a Ref+ voltage
0to 5.0V. ADC1, ADC2, and ADC3 are multiplexed with ~ (2.0V).
P17, P00, and P05 ports. In order to use the pin as an ADC
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Table 27. Register5—Timer Control Register
Reg Field Bit Position R W Data Description
CAPInt_r fo———————— R 1 Rising edge is captured
0 No rising edge is captured
w 1 Reset flag
0 No effect
CAPiInt_f - B R 1 Falling edge is captured
0 No falling edge is captured
W 1 Reset flag
0 No effect
Tout_1s - R 1 Timeout of 1s timer
0 No timeout of 1s timer
W 1 Reset flag
0 No effect
Tout_CAP ———Cm——— R 1 Timeout of Capture timer
0 No timeout of Capture timer
W 1 Reset flag
0 No effect
Reserved ————ba-—————————~ R Return “0”
W No effect
Speed_1s  —-————- 98-———————= R w 00 1s
01 250 ms
10 62.5 ms
11 15.625 ms
Port09/ - T=————== R W 1 int2 source is Port09
CAP_int* 0 int2 source is Capture timer
CAP_halt*  ———--———- 6—————— R w 1 Capture timer is halted
0 Capture timer is running
CAP_edge* --—-—-—-—-————- S54-——-— R w 00 No Capture
01 Capture on rising edge only
10 Capture on falling edge only
11 Capture on both edges
CAP_glitch*  -———---—--—— 32-- R w 00 Glitch filter is disabled
01 <8TSCLK is filtered out
10 <32TSCLK is filtered out
11 <128TSCLK is filtered out
CAP_speed® - ————————————— 10 R W 00 SCLK/4
01 SCLK/8
10 SCLK/16
11 SCLK/32

Note: *Resetting of any Capture Timer flags does not modify Capture Counter and/or Capture register data. When the glitch filter is
enabled, the duration of the pulse is decreased by CAP_glitch value.
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REGISTER DESCRIPTION (Continued)
Table 28. Register6—Clock Switch Control Register

Reg Field Bit Position R W Data Description
Reserved fedcba9876—————- R Return “0”
W No effect
sSvco/PvcO - 5————- R 1 SCLK = SVCO (flag)
0 SCLK = PVCO (flag)
w 1 Switch SCLK to PVCO
0 No effect
No_Switch @ ——-————— 4——— R W 1 SCLK = PVCO, no clock switching—POR
0 Clock switching is enabled
H_Positon @ @ -—————————- 3210 R W D Defines delay of Hint by 4D SCLK cycles

The Clock switch control register defines the source of the
SCLK fed into the Z89CO00 core. The block diagram of the
clock switch circuit is presented in Figure 17.

12-MHz
SvCO SVCO/PVCO Fast/Slow
SWITCH1 No_Switch SWITCH3 SCLK
0 SWITCH2 0
3.2768-kHz 12 MHz N S -
; - o PLL . 2 0 L 2
oscillator PVCO TP 1 _/2——> 1
J * |
f"tLeLr Divider
R6(1)<5> R6(1)<4> R1(1)<0>

Figure 17. Clock Switching Block Diagram

H_Position No_Switch

When a fast clock is enabled, the H_Position mustbe setto ~ The No_Switch bitis set to “1” (no clock switch) upon pow-

OFH. The actual adjustment of the horizontal position  er-up reset. The No_Switch bit must be set to 1 (no clock

should be performed by R1(1)<c:8>. switch) if a fast clock is enabled. In such a case, the system
clock is permanently set to a primary VCO (PVCO) in the
Z9037X and does not require a software clock control
switch within a HSYNC_ISR.
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Table 29. Register7—R7(1) Interrupts/WDT/SMR Control Register
Reg Field Bit Position R W Data Description
Int_priority fed———————————- R W X See Table 30
Int_mask -——cba-—————————- R W 1xx int2 is enabled
Oxx int2 is disabled
x1x int1 is enabled
x0x int1 is disabled
xx1 int0 is enabled
xx0 int0 is disabled
WDTspeed @ —-————- 98———————- R W 00 1.83 ms
01 7.68 ms
10 31.12 ms
11 124.8 ms
SMRflag @ -———- 7 R 0 No Stop-Mode Recovery—POR
1 Stop-Mode Recovery
W No effect
SMR = 6—————— R W 0 OR of all SMR sources
polarity 1 NAND of all SMR sources
SMRsource @~ -————————- 543210 R XX Bit which corresponds to a “1” in xx binary
representation is active
smr5 00— S————-— p09
smrd 00— 4———— p14
smr3 0 3-—- p13
smr2 0 2-- p12
smrlf 1- p11
smrf0 0 p10

The final result of the Stop-Mode Recovery (SMR) is RE-
SET. Ports selected for SMR must be assigned as inputs,
while the other SMR ports must be assigned as outputs ex-
hibiting a nonactive value. If any SMR source is active, and
the Stop Mode is executed, the part resets immediately.

The priority of the Z§9C00 core interrupts is set to intQ >
intl > int2. These priorities can not be changed and are em-

bedded into the core. However, the Z9037X architecture
provides the customer with an ability to change the priority
the of interrupts by switching the interrupt sources between
interrupt inputs of the Z89C00 core. The priority table pro-
vides the correspondence between HSYNC, VSYNC and
1s/CAP interrupts sources, and int0, intl and int2 interrupts
inputs of the Z89C00 core (Table 30).

Table 30. Interrupt Priority

HSYNC Is VSYNC Is 1s/CAP Is
Int_Priority Field Switched To: Switched To: Switched To:
000 int0 int1 int2
001 int0 int2 int1
010 int1 int0 int2
011 int2 int0 int1
100 int1 int2 int0
101 int2 int1 int0

DS005600-TVX1298
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REGISTER DESCRIPTION (Continued)
Bank2 (PWM Registers)

Table 31. Register0—Register5—R0(2)-R5(2) PWM 1-6 Registers

Reg Field Bit Position R W Data Description
Reserved fedcba98-———————- R Return “0”

W No effect
PWM_data @  -—-—-———- 76543210 R W XX 8-bit PWM data

All of the PWMs feature push-pull. The outputs of all  Upon reset, the PWM_data registers are not initialized;

PWMs are staged by one PVCO clock. The repetition fre-  however, the PWM output is set to “0”. Because the PWM

quency of the PWM output signals can be calculated from: is clocked with PVCO, it is recommended to initialize the
PWM_data before enabling PVCO.

_ Fpvco _ 12MHz

FPwm = 256 = 2048 OKHZ

Bank3 (On Screen Display [OSD] registers)

Table 32. Register0—Register2—R0(3)-R2(3) Character Multiple Registers, Read Only

Reg Name CGROM Data zzgress Description

cgrom_x2_hi ffeeddccbbaa9988 RO(3) High word of double size character R4(3)<6> =0
cgrom_x3_hi fffecedddecchbbba High word of triple size character R4(3)<6> = 1
cgrom_x2_lo 7766554433221100 R1(3) Low word of double size character R4(3)<6> =0
cgrom_x3_mid 2299988877766655 Middle word of triple size character R4(3)<6> = 1
cgrom_x1 fedcba9876543210 R2(3) Single size character R4(3)<6> =0
cgrom_x3_lo 5444333222111000 Low word of triple size character R4(3)<6> = 1

The detailed description of the Character multiplier regis-
ters is provided on page 12.

Table 33. Register0—Register1—R0(3)—R1(3) Shift Registers, Write Only

Reg
Reg Name CGROM Data Address Description
current_reg fedcba9876543210 RO(3) current line shift register
next/previous_reg fedcba9876543210 R1(3) next/previous line shift register

Registers R3(3) and R0O(3) must be loaded with the video  ister should be loaded only if smoothing/fringing attributes
data one time every 16 cycles. To support smoothing, reg-  are activated for the current character. Ifneither of thesereg-
ister R1(3) must be updated every 16 cycles. The current  isters are loaded, the space character is displayed. There is
line register should be loaded first, followed by next/previ-  no difference between loading “0000”h into either of the
ous register during the next cycle. The next/previous reg-  registers or not loading them at all.
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Table 34. Register2—R2(3) Attributes Register, Write Only

Reg Field Bit Position Data Description
Reserved fr—————————— x No effect
Background color -edc———————————— 000 Black

001 Blue

010 Green

011 Cyan

100 Red

101 Magenta

110 Yellow

111 White
Foreground color NOT -——-ba9-————-——-- %D Same as Background mode
PALETTE MODE
Palette selection ———ba-——————- 00 PaletteO

PALETTE MODE

01 Palette1
10 Palette2
11 Palette3

2nd_underline = —————- 9 1 Second Underline is active
PALETTE MODE 0 Second Underline is NOT active
1st_underline - —————- g———————— 1 First Underline is active
0 First Underline is NOT active
Shift_video @ === ——————- T 1 Video signal is delayed by 8 pixels
0 Standard character positioning
Semi-Transparent =~ ————————- 6—————— 1 Transparent background
0 Background color defined by “background color”
field
Blinking === ————————— 5————— 1 Blinking character
0 Not blinking character
ltaic 4———- 1 Italic character
0 Not italic character
Color_delay @ @ -—————————- 32—- 00 Character color changes instantly
01 Color changes with 4 pixels delay
10 Color changes with 8 pixels delay
11 Color changes with 12 pixels delay
Left Shadow == 0———-——-————- 1- 1 Left Shadow
0 No left shadow
Right Shadow = @ -——---—-"---——- 0 1 Right Shadow
0 No right shadow

Note: The shadow is inactive if smoothing is off.

There is no special attribute bit for S_Overlay. The
S_Overlay signal is multiplexed with PortOF and goes High
when the background is transparent. S_Overlay can be used
to generate a semi-transparent OSD if the external hardware
supports both the mixing of background signals and OSD.

The attributes register should be loaded 8 cycles after the
current line register RO(3) is loaded. Loading of the at-
tributes register enables the OSD logic during the next 16
cycles. If the attributes register is not loaded, there is no ac-
tive OSD, even if the current line register RO(3) is loaded.

Table 35. Register3—R3(3) Attributes Register, Read Only

Reg Field Bit Position Data Description
Same as R2(3)
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REGISTER DESCRIPTION (Continued)

The data read from the attribute register is a combination
of attribute fields of themostrecent displayed character and
control character codes loaded into the attribute data reg-
ister. The character codes are fetched from Video RAM and
should be loaded into the attribute _data register R3(3). Bit

<f> of the attribute data register (upon reading) indicates
whether the mostrecent character was acontrol or displayed
character. The data read from the attribute_data register
must be directly loaded into an attribute register R2(3).

Table 36. Register3—R3(3) Attribute Data Register, Write Only

Reg Field Bit Position

Data

Description

VRAM_data fedcba9876543210

XXXX

Character code fetched from VRAM

Loading VRAM data into an attribute_data register will ini-
tialize a CGROM access cycle. Four clock cycles after the
LD instruction, the Z89CO00 core is halted for three clock
cycles in order to fetch the data from CGROM and latch it
into a CGROM data capture register. After the CGROM

data is latched, the core operations are resumed. When a
control character code is loaded into the attribute data reg-
ister, the CGROM data from address “0000”h is fetched.
Therefore, it is recommended to place a space character at
location “0000”’h in CGROM.

Table 37. Registerd—R4(3) OSD Control Register

Reg Field Bit Position R w Data Description
Underline fe—————————————— R w 1x Second underline is active
0x Second underline is inactive
x1 First underline is active
x0 First underline is inactive
Oosbh/CCD ——d-—————————— R W 1 OSD mode
0 CCD mode
CCD_top/btm ——— R W 1 The upper byte in VRAM is used
0 The lower byte in VRAM is used
Italic_shift ———-ba98-———————- R W x Defines delay of the character
Blink_offon @  -—————- 7= R W 0 Blinking character is displayed
1 Blinking character is NOT displayed
(hidden)
MPX_bus = 65————~- R w 00 x1 character size
01 X2 character size
10 x3 character size
11 Reserved
CGROM scan_line ——————--—— 43210 R \ %D Defines CGROM addressing

The Underline field should be set by the firmware during
the line/lines of the OSD when the second/first underline
is active. The bits are ANDed with the 2nd/1st underline ac-
tive fields of data loaded into an attribute register R2(3), al-
lowing the screen character to be underlined.

The Italic shift field defines the delay of current video data.
Typically, it is used to generate italic characters. The firm-
ware decrements by “1” (the value of the Italic_shift field)
for each consecutive line. The video signal is delayed only
for those characters for which the R2(3)<4> (“italic”) bit is
setto a “1”.

38 PRELIMINARY

DS005600-TVX1298

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Z90371/376

ZiLOG Dual-Scan Digital TV Controller for Progressive Double-Scan Applications
Table 38. Register5—R5(3) Capture Register, Read Only
Reg Field Bit Position R W Data Description
Cap_data fedcba9876543210 R $RKKX 16-bit captured data
Reserved fedcba98—-—————- 0 R Return “0”
w No effect
12C_saddr ~ ——----—- 7654321~ w %DD I°C Slave interface address
Table 39. Register6—R6(3) Palette Control Register
Reg Field Bit Position R W Data Description
Palette o R W 1 Palette mode is active
0 Palette mode is INACTIVE

Underline -edg——————————— R W 000 Black
color 001 Blue

010 Green

011 Cyan

100 Red

101 Magenta

110 Yellow

111 White
Palette1 ————ba9-————————- R W %D Same as Underline color
Palette0 @ @ ——————- 876—————— R W %D Same as Underline color
Palette3 @ @ ——————— 543-—— R W %D Same as Underline color
Palette2 @ --—-"-—"—-"——— 210 R W %D Same as Underline color

Upon POR the palette control register is reset to “0”.

Table 40. Register7—R7(3) Output Palette Control Register

Reg Field Bit Position R W Data Description
OVERLAY_delay fedc———————————- R W OVL and SOVL delay value—%00-POR
condition
Background_on/off -———b-—————————- R W 1 Master background is on
0 Master background is off-POR condition
Background_color ————- a98———————- R W %D Defines the color of the Master background
(the same as the Palette)
MBG_color ~  ————- a98———————- R W %D Defines the color of the Master background
(the same as the Palette)
AttrSelect @~ 0—————- 76—————— R W 00 1st underline—POR
01 Semi-transparency
10 Blinking
11 CGROM bank select
Smoothing @ —-———————- 5————- R W 0 Smoothing logic disabled—POR
1 Smoothing logic enabled
Cursor Write @ —————————- 4———— R Return “0”
Enable W 0 Cursor parameters write disabled—POR
1 Cursor parameters write enabled
Palette# @ ———————— 3210 R W %D Palette number

Upon POR, the Output palette register is set to “0”—digital

output.
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ADDITIONAL CONTROL REGISTERS (AR)

Additional Control Registers (AR) are implemented to con-
trol new peripheral blocks like palette banks and memory
management. To activate ARs, RO(1)<b> should be set to
“1”. ARs can be disabled by setting RO(1)<b> = 0, (POR)
for software backward compatibility, or if access to the
RAM location %]1FF is required.

15 14

128 eight-bit control registers (referred as AR or
ARx<y:z>) are implemented utilizing RAM mapped 1/0
access. Location %1FF in the RAM is used to address up
to 128 byte-width ARs. The AR number and written data
are encoded into the data field as illustrated in Figure 18:

87 0

DWB AR number

data

Figure 18. AR Register Format

Upon writing to the address %1FF, the Data Write Bit
(DWB) and AR number are latched (depending on whether
the DWB data field is either written to the selected port or
discarded). The AR number and correspondent data are read
after reading from the previously-latched DWB address
%I1FF.

In order to write to the AR, the next data should be written
to the address %1FF; DWB should be set to “1”, the port
number should be specified in bits 8—14, and actual data
should be specified in bits 0—7.

Example: LD A, #(%8000 + 29*256 + %57); write 57 (hex)
into the AR29
LD %IFF, A ;

Note: The DWB and port number is latched for possible further
reading.

In order to read from the AR, the address should be previ-
ously latched by writing it to the address %1FF with DWB
set to “0”. Bits 0—7 have no meaning. The bits are not going
to be written in this mode, so only the portnumber is latched.

Example: LD A, #%I1E0Q0 ; latch AR30, data is not

written
LD %IFF, A ;
LD A, %IFF ; read from  AR30-

%I1EXX, where XX is current content

Atleast one cycle delay (NOP) is required between two con-
secutive accesses to the AR. If access is performed by two-
cycle instruction, no delay is necessary.

External memory should exhibit access times less than
60 ns.
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Color Palette Assignment ble. Palette selection is performed by setting R7(3)<3:0>.

The Z9037X features a total of 16 color palettes. The first Fixed palettes are indicated in Table 41.

8 of them are fixed, while the remaining 8 are programma-

Table 41. Fixed Palate Color Assignment
(Color0 is Black; Color7 is White)

Color1 Color2 Color3 Colord Colors Coloré
Palette # Description R G B R G B R G B R G B R G B R G B
0 Digital RGB 00 00 11 00 11 00 OO 11 11 11 00 00 11 00 MM 11 11 00
1 Analog RGB 00 00 11 00 11 00 OO 11 11 11 00 00 11 00 1M 11 11 00
2 Greyscale_1 01 01 01 10 10 10 11 11 11 00 00 00O 01 01 01 10 10 10
3 Greyscale_2 00 00 00 01 01 01 01 01 01 10 10 10 10 10 10 1 11 M
4 RGB_Cyan_2Grey 00 00 11 00 11 00O OO 11 1M1 11 00 00 01 01 01 10 10 10
5 RGB_Magenta_2Grey 00 00 11 00 11 00 01 01 01 11 00 00O 11 00 11 10 10 10
6 RGB_Yellow_2Grey 00 00 11 00 11 00O 01 01 01 11 00 00 10 10 10 11 11 00
7 StarSight o0 1 11 10 11 10 10 10 10 11 01 01 11 11 10 11 11 00

lzg N/A — E—N/A— /A — /A — /A — /A — /A — /A —
AR I I B B B i B i B
oo Feod BEeod Fed Fed Fod Fed Eod
S I R I I B S B S R R
Color0 Color1 Color2 Color3 Color4 Colorb Color6 Color7
AR24 AR25 AR26 AR27 AR28 AR29 AR30 AR31

Figure 19. Programmable Palette Control at AR Register

Programmable palettes (# 8—15) are mapped to ARO—AR63  if another palette from the same bank is displayed. If on-

(8 registers per palette). The register and bit assignments for  the-fly palette modifications are required, an interleaving

Palette # 11 are indicated Figure 19. palette bank access should be implemented. In this imple-
mentation, one palette bank is used to display 4 colors, while

Programmable palettes are grouped into 2 banks (palettes  the other bank is intended for updating.

8—11 and 12-15). Palettes in the bank cannot be modified
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Table 42. Additional Control Registers

AR # Name Bit position Data Function
0 Palette_8 T6—————— %D  Reserved

543210 %DD  Palette8/Color0—R1R0G1G0B1B0
1 Palette_8 76—————— %D Reserved

543210 $pD  Palette8/Color1—R1R0G1G0B1B0
2 Palette_8 76—————— %D Reserved

543210 $DD  Palette8/Color2—R1R0G1G0B1B0
3 Palette_8 T6—————— %D  Reserved

513210 $pD  Palette8/Color3—R1R0G1G0B1B0
4 Palette_8 T6—————— %D Reserved

543210 DD Palette8/Color4—R1R0G1G0B1B0
5 Palette_8 76—————- %D Reserved

543210 %DD  Palette8/Color5—R1R0G1G0B1B0
6 Palette_8 76—————— %D Reserved

543210 DD  Palette8/Color6—R1R0G1G0B1B0
7 Palette_8 T6—————— %D  Reserved

543210 $DD  Palette8/Color7—R1R0G1G0B1B0
8-15 Palette_9 76543210 $DD  Same as AR 0-7 for Palette9
16-23 Palette_10 76543210 $DD  Same as AR 0-7 for Palette10
24-31 Palette_11 76543210 $DD  Same as AR 0-7 for Palette11
32-39 Palette_12 76543210 %DD  Same as AR 0-7 for Palette12
40-47 Palette_13 76543210 $DD  Same as AR 0-7 for Palette13
48-55 Palette_14 76543210 %DD  Same as AR 0-7 for Palette14
56-63 Palette_15 76543210 %DD  Same as AR 0-7 for Palette15
64-123 Reserved
124 PgLocation0 7= 0 Page0 is located internally—-POR

1 Page0 is located externally
—6—————— 0 Internal ROM is enabled-POR
1 Internal ROM is disabled (low power consumption)

-—543210 DD  PageO—external (physical) page number

125 PglLocation1 T—————— 0 Page1 is located internally—-POR
1 Page1 is located externally
—6—————= 0 Reserved
-—543210 1 Page1—external (physical) page number
$DD

126 PgLocation2 76543210 $DD  Same as above for Page2
127 PgLocation3 76543210 $DD  Same as above for Page3
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VIDEO RAM SPECIFICATION (SUPPORTED DATA FORMATS)

The H/W ofthe Z9037X supports two different data formats
in the VRAM. The first one supports a standard OSD with
full set of features (OSD mode—R4(3)<d> = 1). The second
format supports reduced features which comply with the
recommendations of the FCC on Closed Caption support
(CCDmode, R4(3)<d>=0). In CCD mode, the background
color of the characters can not be changed, and the charac-
ters are always preset to “black”.

In OSD mode, each character occupies a 16-bit word in
VRAM. There are two possible character formats defined:
a “display” character and a “control” character. The code
stored in a “display” character format defines a character
code and up to 7 attributes of the character. The “control”
character defines up to eight attributes of the next character
and is presented on-screen as a space character. The com-
bination of “display” and “control” characters allows the
generation of a versatile OSD.

Table 43. Display Character Format—Attribute Data Register R3(3)/Write (OSD Mode)

Reg Field Bit Position Data Description
Control bit f—— 0 Display character
Background color* -edg———————————- 000 Black
001 Blue
010 Green
011 Cyan
100 Red
101 Magenta
110 Yellow
111 White
Foreground color* -——ba9-————- %D Same as Background_color
(Not palette mode)
Foreground palette 00x Palette 0 (defined in R6(3)<8-6>
(Palette mode) 01x Palette 1 (defined in R6(3)<b-9>
10x Palette 2 (defined in R6(3)<5-3>
11x Palette 3 (defined in R6(3)<2-0>
Second underline xx1 Second underline attribute is active
(Palette mode) xx0 Second underline attribute is inactive
Attribute8 === 0 ———— g———————— 1 Selected attribute (R7(3),76>) is active
0 Selected attribute (R7(3),76>) is inactive
Charactercode @  —————- 76543210 %$DD Defines the character in CGROM

Note: *If both the background and foreground colors of a character are set to be the same, the character’s background is displayed

as transparent.
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VIDEO RAM SPECIFICATION (SUPPORTED DATA FORMATS) (Continued)
Table 44. Control Character Format—Attribute Data Register R3(3)/Write (OSD Mode)

Reg Field Bit Position Data Description
Control bit f———— 1 Control character
Reserved -edcba98-———————- x Reserved—do not effect OSD
Shift_video = 0——————- T 1 Video signal is delayed by 8 pixels
0 Standard character positioning
Semi-Transparent = -——————— 6—————— 1 Semi-Transparent background
0 Background color defined by “background
color” field
Blinking = -—— 5-———— 1 Blinking character
0 Not blinking character
talic 4———— 1 Italic character
0 Not italic character
Color_delay @ ——————- 32—— 00 Character color changes instantly
01 Color changes with 4 pixels delay
10 Color changes with 8 pixels delay
11 Color changes with 12 pixels delay
Right Shadow -—-—————————- 1- 1 Right Shadow logic is enabled
0 Right Shadow logic is disabled
Left Shadkow = @ -——-——-—"—-"—-— 0 1 Left Shadow logic is enabled
0 Left Shadow logic is disabled

Smoothing is supported for double-size (x2) and triple-size
(x3) characters only.

Upon reset, the background color in OSD mode is “black”.
The foreground color, background color, blinking, and ital-
ic attributes are delayed by a % character. The smoothing
attribute is enabled.

In CCD mode, each character occupies 8 bits (one byte) in
VRAM. The CCD characters should be mapped into a 16-
bit VRAM data field. The H/W supports the compressed
placement of the characters in VRAM. Each word in VRAM

is represented by a High byte and a Low byte. The currently
active byte is selected by R4(3)<c>. The format and data
representation in both bytes is exactly the same.

There are two possible character formats defined: a “dis-
play” character and a “control” character. The code stored
in a“display” character format defines a character code. The
“control” character defines up to seven attributes of the next
character and is presented on screen as a space character.
The combination of “display” and “control” characters al-
lows the generation of a CCD OSD according to the FCC
specification.

Table 45. Display Character Format—Attribute Data Register R3(3)/Write (CCD Mode)

Reg Field Bit Position Data Description

Control bit T Display character

Character code -6543210 DD Defines the character in CGROM.
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Table 46. Control Character Format—Attribute Data Register R3(3)/Write (CCD Mode)
Reg Field Bit Position Data Description
Control bit T 1 Control character
Transparent —6—————- 1 Transparent background
0 Background color defined by “background color”
field
Blinking ——5————= 1 Blinking character
0 Not blinking character
Italic ———4——— 1 Italic character
0 Not italic character
Foreground color -———321- 000 Black
001 Blue
010 Green
011 Cyan
100 Red
101 Magenta
110 Yellow
111 White
First underline - —-—————- 0 1 Underline attribute is active
0 Underline attribute is inactive
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DC AND AC CHARACTERISTICS

Table 47. Absolute Maximum and Minimum Ratings

Sym Parameter Min Max Units Conditions

Vee Power supply voltage 0 7 \Y

Vip Input voltage -0.3 Vget+0.3 \ Digital inputs

Via Input voltage -0.3 Veet0.3 \ Analog inputs (A/D0-A/D4)

Vo Output voltage -0.3 Vect0.3 \Y All push-pull digital outputs

Vo Output voltage -0.3 Veet0.3 \Y PWM outputs (PWM1-PWMS8)

loH Output current high -10 mA  one pin

loH Output current high -100 mA  all pins

loL Output current low 20 mA  one pin

loL Output current low 200 mA  all pins

Ta Operating temperature 0 70 oc

Ts Storage temperature -65 150 oc

Table 48. DC Characteristics
(Ta = 0°C to 70°C; Vo = 4.75V to 5.25V; Fogc = 32,768 Hz)

Symbol Parameter Min Typ Max Units Conditions

Ve Power supply voltage 4.75 5.00 5.25 \Y

Vi Input voltage low 0 0.4 0.2 Vee \

VIH Input voltage high 0.7Vee 3.6 Voo \4

VIHR Input voltage High on Reset pin  0.75 V¢ 4.2 Ve \%

Vpy Maximum pull-up voltage Vee \Y For PWMO-PMWS8 only
VoL Output voltage low 0.16 0.4 V. @lo=1mA

VoH Output voltage high Vec—0.4 4.75 V. @lop=-0.75mA

loL Output current low 7.2 12 mA @ VoL =04y

loL1 Output current low 12 20 mA @ Vo =0.8v

loH Output current high 4.0 7.0 mA @ Von = Vcc—0.4

loH1 Output current high 16 20 mA @ Vou=2.4v

loL Output current Low 0.35 0.65 mA @ VoL =0.4v

loL1 Output current Low 0.65 1.1 mA @ VoL =0.8v

loH Output current High 0.35 0.65 mMA @ Von = Vec—0.4

lon1 Output current High) 1.1 25 mA @ Von = 2.4V

VL Input voltage XTAL1 low 0.3 Ve V  External clock generator driven
VxH Input voltage XTAL1 high 0.6 Vg \Y

Ir Reset input current 40 90 150 HA Vi =0V

m Input leakage -3.0 0.01 3.0 WA @ OV and Ve

lcc Supply current 60 100 mA  All ports are inputs, RGB is in

analog mode
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ZiLOG Dual-Scan Digital TV Controller for Progressive Double-Scan Applications
Table 48. DC Characteristics (Continued)
(Ta = 0°C to 70°C; Ve = 4.75V to 5.25V; Fogc = 32,768 Hz)
Symbol Parameter Min Typ Max Units Conditions
lce Supply current 30 50 mA  All ports are inputs, RGB is in
analog mode
lccq Supply current 5 10 mA  Sleep mode @ 3.2768 kHz
lceo Supply current 50 100 wA  Stop mode all PWM outputs
are @ V=0V
Table 49. AC Characteristics™
(Ta = 0°C to 70°C; V¢ = 4.75V to 5.25V; Fogc = 32,768 Hz)
Sym Parameter Min Typ Max Units
Tpc Input clock period 16 32 100 us
Tre Tro Clock input Rise and Fall 12 ns
TDpoRr Power on reset delay 0.8 1.2 S
TWREs Power on reset minimum width 5TPC uS
TDys HSYNC incoming signal width 1 10 15 us
TDysg VSYNC incoming signal width 1 200 10000 usS
TDgg Time delay between leading edge of VSYNC and -12 0 +12 us
HSYNC in EVEN field
TDos Time delay between leading edge of VSYNC and 20 32 44 usS
HSYNC in ODD field
TWhvs HSYNC/VSYNC edge width 0.5 2.0 usS
Note: *All timing of the I12C bus interface are defined by related specifications of the 2C bus interface.
Table 50. V1, V2, and V3 (R,G,B) Analog Output
Output Voltage (30kQ Load) Settling Time

70% of DC Level,

@ VCC =4.75V @ VCC = 5.00V @ VCC = 5.25V 10pF Load
data = 00 0.00V—0.65V 0.00V=0.70V 0.00V=0.75V
data = 01 1.70V=0.20V 1.80V=0.20V 1.90V=020V
data = 10 2.80V—0-25V 2.90V—025V 3.00V—0.25V <50ns
data = 11 3.90V—0.30V 4.00V—0.30V 410V=0.30V
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Dual-Scan Digital TV Controller for Progressive Double-Scan Applications ZiLOG
DC AND AC CHARACTERISTICS (Continued)
Table 51. ADCO, ADC5/Small Range*

(1.5-2.0V; T, = 0°C to 70°C; V¢ = 4.75V to 5.25V)
Sym Parameter Min Typ Max Units
Ur_ Clamping voltage at ADCO 1.0 1.5 2.0 \Y
Ugr+ Clamping voltage at ADC5 0.4+Ug_ 0.5+UR_ 0.6+Ugi_ \Y
ADCy Input voltage for level 0 Ur—(Ur++UR_)/15 Ur- Ur_+(Ur+—URr-)/15 \%
ADC; Input voltage for level 1 Ur- Ur_+(Ur+—UR_)/15 Ur_+2(Ug4+—UR)/15  V
ADC, Input voltage for level 2 Ur-_+(Ur+—UR_)/15 Ur+2(Ur+—UR)15  Ur_+3(Ugs—Ugr)/15 V
ADC3 Input voltage for level 3 Ur_+2(Ug+—Ugr)/15 U +3(Ugy—Ugr_)15 Ur_+4(Urs—Ugr)/15 V
ADC, Input voltage for level 4 Ur_+3(Ug+—Ugr-)/15  Ugr_+4(Ug—Ugr_)/15 Ur_+5(Urs+—Ugr_)/15 V
ADCg  Input voltage for level 5 Ur_+4(Ur+—Ugr_)/15  Ug_+5(Ug—UR_)15  Ugr_+6(Ugi—Ugr_)15 V
ADCg  Input voltage for level 6 Ur_+5(Ur+—Ugr_)15  Ugr_+6(Ug—Ugr_)15 Ur_+7(Urs—Ugr)15 V
ADC; Input voltage for level 7 Ur_+6(Ug+—Ugr_)/15  Ugr_+7(Ug—Ugr_)15 Ugr_+8(Urs—Ugr_)/15 V
ADCg  Input voltage for level 8 Ur_+7(Ug+—Ur)15  Ur_+8(Ug—Ugr_)15 Ur_+9(Urs—-Ugr)/15 V
ADCg Input voltage for level 9 Ur-+8(Ur+—Ugr_)/15  Ur_+9(Ug,—Ugr_)/15 Ur_+10(Ur;—Ugr_)/15 V
ADC, Input voltage for level A Ur_+9(Ug+—Ur_)/15  Ur_+10(Urs—Ugr_)/15 Ugr_+11(Ug+—Ugr_)/15 V
ADCg Input voltage for level B Ur_+t10(Ug+—Ur_)/15 Ugr_+t11(Ug+—Ugr_)/15 Ur_+12(Ugr4—Ugr_)/15 V
ADCq  Input voltage for level C Ur_+11(Ug+—Ugr_)15 Ug_+12(Ug;—Ugr_)/15 Ugr_+13(Ugrs—Ug_)/15 V
ADCp  Input voltage for level D Ur_+12(Ur4—Ur_)15 Ur_+13(Urs—Ugr_)/15 Ug_+14(Ug,—Ugr_)/15 V
ADCg  Input voltage for level E Ur_+13(Ur+—Ur_)/15 Ur_+14(Ur,—Ugr_)/15 Ug_+15(Ug,—Ug_)/15 V
ADCEg  Input voltage for level F Ur_+14(Ug4+—UR_)/15 Ugy Ur_+16(Ug4+—UR)/15 V
Rin Input impedance 1 MQ

Note: *The Input voltage level indicated in the table is a switch point from one ADC level to another. In order to be in the middle o
the level half, LSB ((Ur+—UR_)/(15*2)) should be added. The Input voltage should be prorated accordingly if V¢ is changed
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ZiLOG Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

ANALOG RGB

The RGB outputs in analog mode are implemented as con-
trolled current sources with an internal load. These outputs
display gamma-corrected, Vc-prorated characteristics.

Table 52. RGB Voltage Specifications™

Parameter Min Typical Max Units
Supply voltage 4.5 5.0 55 \
Full scale voltage 1.8V 2.00V (0.40 * Vo) 2.2V \%
2/3 scale voltage 1.5V 1.65V (0.33 * Vi) 1.815V \Y/
1/3 scale voltage 1.125V 1.25V (0.25 * Vg0) 1.375V \%
Zero scale voltage — 0.00V (0.00 * Vge) +0.1V \

Note: *Measured with 3.9 kQ load.

Table 53. RGB Time Specifications™

Parameter Min Typical Max Units
Output rise time 50 65 ns
Output fall time 50 65 ns

Note: *Measured with 3.9 kQ resistor in parallel with 30 pF capacitor load.

R1
R(G,B) 0

R2

R1+R2 = 3.9K
Vout = 2 *R2/3.9

Figure 20. Recommended Application Schematic
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Dual-Scan Digital TV Controller for Progressive Double-Scan Applications

ZiLOG

HIGH-SPEED OTP PROGRAMMING GENERAL DESCRIPTION

The 290371 EPROM features 1M bits that are arranged as
64k by 16.

The Z90371 OTP supports programming of one or two
words with one programming pulse that is ultimately 4
times faster than the Z89331 programming. High-speed
double-word programming is performed by latching two
words of data and writing them with one programming
pulse. In this mode, the first word should always have
ADDR15=1 and the second word should exhibit
ADDR15=0. In low-speed single-word programming
mode, the address must be incremented sequentially. It is

possible to mix both programming modes during one pro-
gramming operation.

To enter programming mode:

1. Power the chip up (Ve = Vy).
2. Bring WE, OE, PCHG to “1”.

3. Bring the RESET(Vpp) to Vpp and XTALIl
(TESTMODE) to 10.5 +£0.25V.

4. Apply 32 negative pulses to the PCHG pin.
5. Start programming.

Table 54. Pin-Out

User EPROM User EPROM User EPROM User EPROM User EPROM
Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode
PWM6 Data0 PWM3 Data8 Port08 AddrO Port16 Addr8 PortOF ModeO
Port18 Datal PWM2 Data9 Port09 Addr1 HSYNC  Addr9 PortOE Mode1
Port02 Data2 PortOA  Data10 Port10 Addr2 VSYNC  Addr10 2CMSD1 Mode2
Port03 Data3 PortOB Data11 Port11  Addr3 V1 Addr11 [2CMSC1 Mode3
Port0O4 Data4d PortOC Data12 Port12 Addr4 V2 Addr12 Xtal2 PCHG
Port05 Datab5 PortOD Data13 Port13 Addr5 V3 Addr13 PWM1 WR
PortO6 Data6 ADCO Data14 Port14 Addr6 OVL Addr14 Port17 OE
Port07 Data7 ADC5 Data15 Port15 Addr7 PWM4 Addr15 PWM5 PGM
Xtal1 TstMode Reset  Vpp IR GND ADC2 TstROM

DETAILED PIN DESCRIPTIONS FOR EPROM MODE

The following is the description of the pinouts and functions
for the pins when the device is placed in one of the EPROM
modes. Two of the pins are mapped as a High Voltage De-
tector (HVD) which isacircuit to detect inputvoltage higher
than Vpp. This high voltage is referred as “Vy;”. The output

of the HDV is a logic “1” or “0”, respectively, depending
on whether the input is above or below Vy. The two pins
which exhibit HVD are Vpp and TstMode. Each are includ-
ed in the descriptions in Table 55.
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ZiLOG Dual-Scan Digital TV Controller for Progressive Double-Scan Applications
Table 55. EPROM Pin Description

Name Direction Description

Vpp Input This pin supplies the programming voltage and current to program the EPROM. It is also
used to place the part in program/verify mode when HDV outputs are High. When not in
the EPROM program/verify mode, the input should be either Vpp or GND.

TstMode Input This pin is used to place the part in program/verify mode when HDV output is High. When
not in the EPROM program/verify mode, the input should be either Vpp or GND.

PGM Input An Active Low programming pulse that applies Vpp to the EPROM during programming.

OE Input Active Low output enable. When Low, the output data pins contain data from the EPROM.
When High (Vpp), the data outputs are tri-stated.

/WE Input Active Low write. Upon trailing (positive), edge data is internally latched and ready to be
written into EPROM. In double-word program mode, two WE pulses are required in order
to latch both data words.

PCHG Input Active Low precharge. A negative pulse is required in order for data being read to become
valid.

A15-A0 Input Address bits. In single-word program mode it must be sequentially increment. In double-
word program mode first data word should be always written at upper address (A15 = 1),
second—at lower address (A15 = 0).

D15-D0 In/Out Contain data to the EPROM in program mode and from EPROM in read mode.

Mode3—-ModeO Input Has to be grounded.

TstROM Input Has to be grounded.

IR Input Has to be grounded.

Unused n/a Pins other than mentioned above are not used in EPROM mode and may be left floating.

They have internal autolatches which will force the input to either rail.

EPROM MODE DESCRIPTIONS

User Mode:

Program/Verify Mode

This mode is entered by raising the Vpp pin to Vi, which
reconfigures the pins for EPROM mode (allowing access

The standard internal Z90371 mode is accessed from to the
EPROM only through the Z89CO00 core processor. The ex-
ternal pins are configured as ports, and no access is available
to the EPROM from the outside.

from the outside through external pins). In program mode,
the Vpp pin supplies voltage and current to the EPROM. The
Vpp pinisraised to Vv to ensure enough programming mar-
gin.
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ZiLOG

DC CHARACTERISTICS
Table 56. DC Characteristics

Read Operating Voltage Vpp =4.5V-5.5V
Read Operating Voltage Fo = 750kHz-12MHz
Read Operating Voltage To = 0°C-70°C
Programming Voltage Vpp =13.0V £0.25V
Programming Current (single-word mode) lpp =10mA
Programming Current (double-word mode) lpp =20mA
Prog/verify Vpp Vy =6.3V 0.1V
Programming Temperature Tep =20°C-30°C
Supply Current lcc = 120mA max
Notes:

1. During transitions between 5V and 9V, Vpp features a transitional leakage path, where Vpp shares some of the Vpp load.

2. The best-case condition for programming the EPROM is at the upper limit for both Vpp and V.

Table 57. DC Pin Characteristics

Pin Parameter Conditions Units Min Typ Max
All Vun, High Voltage Detect active Vpp = 5.0V Volts 8.5 — Vpp
All VhL, High Voltage Detect off Vpp = 5.0V Volts Vss — 6.5
All V|H1 Standard VDD =50V Volts 3.0 —_ VDD
All V|, Standard Vpp = 5.0V Volts Vss — 0.8
TestMode liL, Input Leakage Vin = 5.5V uA 0 0.1 1.0
Viy = 12.5V uA 80 100 110
Vpp liL. Input Leakage VN = 5.5V uA 0 0.1 1.0
9<V|N<5.5V mA 0 8 10
VIN =12.5V uA 80 100 110
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Data Latch  Program Verify Overprogram

VDD_/ e
Vpp_:/— -
oE_/
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Note: Programming should start with writing to address 0000.
Figure 21. EPROM Programming in Single Word Mode
DS005600-TVX1298 PRELIMINARY 53

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Z90371/376

Dual-Scan Digital TV Controller for Progressive Double-Scan Applications ZiLOG
DC CHARACTERISTICS (Continued)
Data Latch  Program Verify Overprogram
Vb _/"' A
A\

wE ThE

PGM

PCHG .

B s

Ao-A14 N1 .
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Figure 22. EPROM Programming In Double Word Mode
Table 58. Program/Verify Waveform Timing

Parameter Description Min Typ Max Units
Tsu Vpp CEB MODE TESTROM su 1 — — us
Tas Address set up 0.5 — — us
Tps Data set up 0.5 — — us
TwrT Write pulse width 300 — — ns
TaH Address 15 hold time after write 100 — — ns
Tppw Program pulse width 0.95 1.00 1.05 ms
Tovp Overprogram Pulse Width 2.85 3.00 3.15 ms
Tos PGM High to OE low 1 — — us
Tpc OE to PCHG 0 — — ns
TecH PCHG High width 150 — — ns
TpcL PCHG Low width 300 — — ns
Tov PCHG High to data valid 150 — — ns
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PACKAGE INFORMATION

P o B 8 S8 B R ik oo Sl B A S B

Figure 23. Z90371/6 52-Pin SDIP Package Dimensions
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ORDERING INFORMATION

For fast results, contact your local ZiLOG sales office for
assistance in ordering the part required.

Codes

Package P = Plastic DIP
Temperature S=0°Cto+70°C
Speed X = xx MHz

Environmental C = Plastic Standard

Example:
Z 90376 12 P S C is a Z90376, 12 MHz, DIP, 0°'C to 70 C, Plastic Standard Flow

| I— Environmental Flow
Temperature
Package
Speed
Product Number

ZiLOG Prefix
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