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Philips Semiconductors Microcontroller Products
]

Microcontroller for television and video (MTV)

DESCRIPTION

The Microcontroller for Television and Video
(MTV) applications is a derivative of Philips’
industry-standard 80C51 microcontroller that
is intended for use as the central control
mechanism in a television receiver or tuner.
Providing tuner functions and an On Screen
Display facility, it represents a
next-generation repiacement for the currently
available parts.

The MTV is available in either a 16K masked
ROM, or a 16K One Time Programmabie
(OTP) EPROM version.

FEATURES

® 16384 x 8 masked ROM (83C055), or
16384 x 8 OTP/EPROM (87C055)

® 256 x 8 RAM
® On Screen Display (OSD) Controller
® Three digital video outputs

® Multiplexer/mixer and background intensity
controls

® Flexible formatting with OSD New Line
Option

® 128 x 10 display RAM

® Designed for reduced RFI (Radio
Frequency Interference)

® 60 x 18 x 14 character generator ROM
® Eight text-shadowing modes

@ Taxt color selectable per character

® Background color selectable per word

® Background color vs. video selectable per
character

@ Eight 6-bit pulse width modulators for
analog voltage integration

® One 14-bit PWM for high-precision voltage
integration

® D/A converter and comparator with
three-input multiplexer

@ Nine dedicated 1/Os plus 28 port bits

® 15 port bits have alternate uses

® Four high-current open-drain port outputs
@ 12 high-voltage (+12V) open drain outputs

® Programmable video input and output
polarities

® 80C51 instruction set

® No external memory capability

® 42-pin shrink Dual In-Line Package
(0.07-inch center pins)

® High-speed CMOS technology
® 5V + 10% operation
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PIN CONFIGURATION
Vpp/TDAC/PO.0[ ~ 43 vee
PROG/PWM1/P0.1[ 2 _‘_ll P37
ASELPWM2P0.2[ 3] 4 Pas
PWM3P0.3[ 4] 39 Pas
PWM4/P0.4[ 5] 28] Pa.4
PWMS/P0.5[6 37] Pa.aNTo
PWMG/PO.B% 39 Pa.2mo
PWM7/P0.7 (8| ag] Pa.1aNTy
ADIIP1.0[ @] 34 Pao
ADIP1.1[T9 DUAL 33 RsT
aopi2[n]  NUNE 2] xta

[31] xTaLt
39 BF

E VCLK2
E VCLK1

27] vsyne
26] HSYNG
25] veTRL
E viD2
23] vip1
22] vioo

ORDERING INFORMATION
) TEMPERATURE RANGE °C FREQUENCY DRAWING
ROM EPROM AND PACKAGE MHz NUMBER
P83C0SSBBP NB P87C055BBP NB | 0 to +70, 42-Pin Plastic Dual In-Line Package 35t012 1680
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BLOCK DIAGRAM
FIXED INTERNAL ﬁ%;;'}?; TIMER 1
[—— REGISTERS RAM
INTERRUPT A B, PSW, 256 x B TIMER O
LOGIC :\\ e
CPU 1 i .| DispLay
[ RAM
128 x 10
1
/ A \J y y
O PORT PULSE WIDTH
INTERRUPT LATCHES, MODULATORS: SOFTWARE ON-SCREEN CHARACTER
LOGIC DRIVERS, ONE 14-BIT CONTROLLER DISPLAY “—1 GENROM
RECEIVERS EIGHT &-BIT AD FACILITY 60x18x14
PORT
MULTIPLEXING
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PIN DESCRIPTIONS
PIN NO.
MNEMONIC DIP TYPE | NAME AND FUNCTION

VCLK1 28 I Video Clock 1: Input for the horizontal timing reference for the On Screen Display facility. VCLK1
and VCLK2 are intended to be used with an extemal LC circuit to provide an on-chip oscillator.
The period of the video clock is determined such that the width of a pixel in the On Screen Display
is equal to the inter-line separation of the raster.

VCLK2 29 (o] Video Clock 2: Qutput from the on-chip video oscillator.

HSYNC 26 I Horizontal Sync: A dedicated input for a TTL-leve! version of the horizontal sync pulse. The
polarity of this pulse is programmable; its trailing edge is used by the On Screen Display facility as
the reference for horizontal positioning.

VSYNC 27 | Vertical Sync: A dedicated input for a TTL-level version of the vertical sync pulse. The polarity of
this pulse is programmable, and either edge can serve as the reference for vertical timing.

viD2:0 22-24 (o) Digital Video bus: Three totem pole outputs comprising digital RGB (or other color encoding)
trom the On Screen Display facility. The polarity of these outputs is controlled by a programmable
register bit.

VCTRL 25 (o] Video Control: A totem-pole output indicating whether the On Screen Display facility is currently
presenting active video on the VID2:0 outputs. This signal should be used to control an external
multiplexer (mixer) between normal video and the video derived from VID2:0. The polarity of this
outputs is controlled by a programmable register bit.

BF 30 o Background/Foreground: A totem-pole output which, when VCTRL is active, indicates whether

the current video data represents a foreground (low) or background (high) dot in a character. This
signal can be used to reduce the intensity of the background color and thus emphasize the text. If
a 40-pin version of this part is ever produced, BF will not be pinned out.

P0.0-P0.7 1-8 o Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision
Pulse Width Modulator functions. For each PWM block, a register bit controls whether the
corresponding pin is controlied by the biock or by port 0; port 0 controls the pin immediately after
a Reset. Regardless of how each pin is controlied, it can be externally pulled up as high as
+12V15%, and the state of the pin can be read from the Port O register by the program.

Vpp (P0.0) - This pin receives the 12V programming supply voltage during EPROM
programming.

| PROG (P0.1) - This pin receives the programming pulses during EPROM programming.

1 ASEL (P0.2) - input which indicates which bits of the EPROM address are applied to port 2.

o TDAC (P0.0) - This is the output for the 14-bit high-precision PWM.

(o) PWM1-7 (P0.1-P0.7) - Outputs for the 6-bit PWMs 1 through 7.

pury

&—*QN

2

P1.0-P1.3 9-12 I{s) Port 1: A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float, and in
that state can be used as high-impedance inputs. P1.3 can also serve as the eighth
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as
+12V15%. P1.2:0 have optional alternate use as ADI2:0, inputs to the Software A/D conversion
facility. If a 40-pin version of this part is ever produced, P1.3/PWMO will not be pinned out.

Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for

P1.3 only, if the TDAC module presents a 0. The state of the pin can always be read from the port
register by the program.

9-11 ! ADI0-2 (P1.0~P1.2) - Inputs for the software A/D facility.
12 (o] PWMO (P1.3) - Output for the PWMO 6-bit PWM.

P2.0-P2.7 2013 fle} Port 2: An 8-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and

in that state can be used as high-impedance inputs. P2.3:0 have high current capability (10 mA at
0.5V) for LEDs.

Any of the port 2 pins are driven low if the port register bit is written as 0. The state of the pin can
always be read from the port register by the program.

P3.0-P3.7 3442 710 Port 3: An 8-bit open-drain bidirectional port. Port 3 pins that have ones written to them float, and in
that state can be used as high-impedance inputs. P3.0, P3.4, and P3.7 can be externally pulled up
as high as +12V+5%, while P3.5 and P3.6 have 10mA drive capability. Some of the port 3 pins can
also serve alternate functions, as follows:

35 | INT1 (P3.1) - External Interrupt 1.

36 1 T0 (P3.2) - Timer 0 external input.

37 | INTO (P3.3) - External Interrupt 0.
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PIN DESCRIPTIONS (Continued)

PIN NO.
MNEMONIC Dip TYPE NAME AND FUNCTION

RST 33 ! Reset: If this pin is high for two machine cycles (24 oscillator periods) while the oscillator is running,
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode,
as on the 87C751.

XTAL1 31 | Crystal 1: Input to the inverting oscillator amplifier and clock generator circuit that provides the timing
refarence for all MTV logic other than the OSD facility. XTAL1 and XTAL2 can be used with a quartz
crystal or ceramic resonator to provide an on-chip oscillator. Aiternatively, XTAL1 can be connected
to an external clock, and XTAL2 left unconnected.

XTAL2 32 o] Crystal 2: OQutput from the inverting oscillator amplifier.

Vee | Power Supply: This is the power supply for normal and power-down modes.

Vss 1 Ground: OV reference.

Table1. 8XC053/54/55 Special Function Registers

SYMBOL DESCRIPTION AII)JISFEQE;S MBSI; ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTIO::ISB RESET VALUE
ACC* Accumulator EOH E7 E6 ES E4 E3 E2 E1 EO | 0OH
B* B register FOH F7 Fé F5 F4 F3 F2 F1 FO |OOH
DPTR Data pointer (2 by-
tes)
DPH Data pointer high 83H 00H
DPL Data pointer low 82H 00H
AF AE AD AC AB AA A9 A8
IE* Interrupt enable AsH EA - | - [evs ] em | exi | ero | exo |oxooo0008
OSAD On-screen address 9A
OSAT On-screen attributes 98
0osDT On-screen data 99 Cc7 C6 Cs C4 C3 c2 C1 co
OSCON" | On-screen display Cco Iv Pv Lv Ph Pc Po DH BFe
control
OSMOD | On-screen display (03] Wc - Mode | Mode - SHM2 | SHM1 | SHMO
mode 1 0
OSORG | On-screen display cz2 HS4 HS3 | HS2 HS1 HSC | vs2 VSt VS0
origin
87 86 85 84 83 82 81 80
Po* Port 0 soH  [Pwm7 | PwMs | Pwms | Pwma4 [ Pwma [rwmz [ Pwmt [ Toac | Frn
97 96 95 94 93 92 N 90
P1* Port 1 90H - | - 1 - 1 - [pwmo] Aoz T aon [ aow |FrH
p2* Port 2 AQH A7 AB A5 A4 A3 A2 At A0 FFH
B7 B6 B5 B4 B3 B2 B1 BO
P3* Port 3 BOH - - - - INTO TO INTT - FFH
PCON Power control 87H - - - - GF1 GF0 PD 0xx0000B
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Table 1.  8XC053/54/55 Special Function Registers (Continued)

DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION
SYmBoL DESCRIPTION ADDRESS | MsB LSB RESET VALUE

D7 D6 Ds D4 D3 D2 D1 Do

psw' | Program statusword | DoH cy | ac | Fo |mrst|mso]ov] - TP Joon
PWMD Lo-res pulse width D4
modulators )
PWM1 Lo-res pulse width i D5
modulators ]
PWM2 Lo-res pulse vi. 3 D6
modulators
PWM3 Lo-res pulse width D7
modulators
PWM4 Lo-res pulse width DC
modulators
PWMS Lo-res pulse width DD
modulators
PWME6 Lo-res pulse width DE
modulators
PWM7 Lo-res pulse width DF
modulators
DF DE DD DC DB DA D9 D8
SAD* D/A and voltage D8 VHi CH1 CHO St SAD3 | SAD2 | SAD1 | SADO
comparator
SpP Stack pointer 81H 07H
TDACH Hi-res puise width D3
modulators
TDACL Hi-res pulse width D2
modulators
8F 8E 8D 8C 8B 8A 89 a8
TCON* | Timer control 88H TFi | TR [ TFo [ tRO [ iE1 [ m [ ueo T mo
THO Timer high 0 8CH O0H
TH1 Timer high 1 8DH 00H
TLO Timer low 0 BAH 00H
TL1 Timer low 1 B8BH 00H
TMOD | Timer mode 8oH [catE | cm | mt | mo Jeate[ er T w1 T mo Joon
* Bitaddressable
ROM CODE SUBMISSION ROM CODE SUBMITTAL
When submitting a ROM code for the REQUIREMENTS
83C055, the following must be specified:
1. The 16k byte user ROM program. ADDRESS | CONTENT COMMENT
2. The OSD ROM space. 000H to
pace 3FFFH DATA | User ROM data
This information can be submitted in an (83C055)
87C055, or in two EPROMs (2764), or CO00H to On-_Screen
electronically on the ROM Code Bulletin CFEFH 0sD Display
Board (see your local sales office for the character table
number).
February 11, 1994 308
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PROGRAMMING THE OSD
EPROM

Overview

The OSD EPROM space starts at location
COO00H and ends at location CFFFH.
However, not all locations within this space
are used, due to the addressing scheme of
the OSD.

The start location of the next character can
be calculated by adding 40H to the start
location of the previous character. For
example, character #1 starts at COO0OH; then
characters 2, 3, and 4 start at CO40H,
C080H, and COCOH, respectively.

Character Description
Each character is 14 bits wide by 18 lines
high.

A character is split about a vertical axis into

that the LOWER section contains 1~7 and
the UPPER section contains bits 8—14.

NOTE: During programming and verification,
each section is programmed using
bytes of DATA. The MSB of the
DATA is not used; however, the MSB
location physically exists, and so will
program and verify.

The LOWER section of the character is
programmed when the LSB of the program
address equals 0, and the UPPER section
when the LSB equals 1.

Character Programming

An example of an OSD character bit map,
and the program DATA to obtain that
character is shown in Table 2.

OSD EPROM Bit Map
The mapping for the full OSD EPROM is
shown in Table 3.

Example

To program the character given above into
the first character location of the OSD
EPROM would require the following

address/DATA sequence;

C000/00H; C001/00H; C002/00H;
C003/00H; C004/0CH; CO05/1EH;
C006/0CH,; CO07/1EH; C008/0CH;
CO09/1EH; CO0A/OCH,; COOBMEH;
C00C/0CH; COOD/MEH; COOE/OCH,;
COOF/1EH; C010/7CH; CO11/1FH;

C012/7CH; CO13/1FH; C014/7CH;
C015/1FH; C016/0CH; CO17/1EH;
CO018/0CH; CO19/1EH; CO1A/OCH;
CO1B/1EH; C01C/0CH; CO1D/1EH;
CO1E/0CH,; CO1F/MEH; C020/00H;

C021/00H; C022/00H; C023/00H

two sections, UPPER and LOWER. Each
section contains 7 bits of the character, such

Table 2. Example of an OSD Character Bit Map

CHARACTER BIT MAP PROGRAM DATA
UPPER LOWER UPPER LOWER
—_— —e— —
11111
43210987654321
Linet — 00000000000000 X0000000 X0000000
tmgg —  00000000000000 X0000000 X0000000
Line 4 > 00111100001100 X0011110 X0001100
Line5 — 00111100001100 X0011110 X0001100
Line6 —— 00111100001100 X0011110 X0001100
bne7  —  45911100001100 X0011110 X0001100
Line8 —
Line9 —s 00111100001100 X0011110 X0001100
Line10 —  00111100001100 X0011110 X0001100
Linet1 —  g504911111111100 X0011111 X1111101
Line12 —
Line 13 . 00111111111100 X0011111 X1111101
Line1d4 —s  00111111111100 X0011111 X1111101
tmg}g — 00111100001100 X0011110 X0001100
Line 17 > 00111100001100 X0011110 X0001100
Line18 ——» 00111100001100 X0011110 X0001100
00111100001100 X0011110 X0001100
00111100001100 X0011110 X0001100
00000000000000 X0000000 X0000000
00000000000000 X0000000 X0000000

NOTE:
X can be 0 or 1, and will program and verify correctly.
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Table 3. OSD EPROM Bit Map

CHARACTER NO. ADDRESS CHARACTER LINE NO. COMMENTS
1 C000 1 Lower byte
Co01 1 Upper byte
€002 2 Lower byte
C003 2 Upper byte
L ] L] L]
[ 3 * L ]
L ] L] L ]
C022 18 Lower byte
C023 18 Upper byte
C024-CO3F Unused
2 C040-C063 1-18
C064-CO7F Unused
3 C080-C0A3 1-18
CO0A4-COBF Unused
L] L ] * [ ]
* [ ] L ]
L ] [ ] L ®
62 CFCO-CFE3 1-18 NEWLINE
CFE4-CFFF Unused
CFCO-CFE3 1-18 BSPACE
CFE4-CFFF Unused
CFCO-CFE3 1-18 SPLITBSPACE
CFE4-CFFF Unused
NOTE:

Locations 62, 63, and 64 should be programmed to 0's.

COMPARISON TO THE 80C51 MTV, three port 3 bits have some of the same 2. The VSYNC input used by the On Screen
The elements of the MTV are shown in the alternate uses as on the 80C51 but not . Display facility can generate an interrupt.
Block Diagram. The features of the MTV are necessarily on the same pins, while five pins The active polarity of the pulse is
identical to those of the BOC51, except as are open-drain and unallocated. programmable, as described in a later
noted herein. section. The interrupt occurs at the
Idle Mode leading edge of the pulse.
Pinout and Testing The idle mode is not implemented on the ) i
. . . MTV 3. Extemal Interrupt 1 is modified so that an
Since neither data nor program memory is . . . X
interrupt is generated when the input
externally expandabie on the MTV, the . L S
: Power-Down Mode switches in either direction (on the 8051,
80C51 pins ALE, EA, and PSEN are not A . . g
implemented on the MTV. The power-down mods is not implemented there is a programmable choice between
on the MTV, The PCON register has the interrupt on a negative edge or a low level
/O Ports following format: on INT1). This facility allows for software
On both the 80C51 and the MTV, port 0 is PCON pulse;wndmtmleasurement handling of a
open-drain, but on the 80C51 it can be used 7 8 5 4 3 2 1.0 remote control.
for external memory expansion while on the L - | - ! _ ! _ | GF1 | GFo I - [ - ] 4. The IP register is not used, and the |IE
MTV its alternate use is for Pulse Width register is similar to that on the 80C51:
Modulated output‘s._ Interrupts .
On the BOCS1, port 1 is 8 bits, is mostly The interrupt facilities of the MTV differ from 7 . 5 4 3 2 0
unallocated (general purpose), and is those of the 80C51 as follows: - -
quasi-bidirectional (that is, having a weak 1. Since there is no serial port, there are no Lea | - | - Jevsen Jexs [em Jexo |
pullup transistor that can be overdriven). On interrupts nor control bits relating to this
the MTV itis a 4-bit open-drain port, and interrupt. The interrupts and their vector
includes alternate uses for analog inputs and addresses are as follows:
a PWM output. Program Memory
) o Event Address
On the 80C51, port 2 is quasi-bidirectional Reset 000
and can be used for external memory External INTO 003
expansion; on the MTV, port 2 is open-drain Timer 0 0oB
and unallocated. External INT1 013
Timer 1 018
On the 80C51, port 3 is quasi-bidirectional VSync Start 023

and all eight bits have altemate uses. On the
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Six-Bit PWM DACs

The structure of these modules is shown in
Figure 2. First, the basic MCU clock is
divided by 4 to get a waveform that clocks a
6-bit counter which is common to all the
PWMs, including the 14-bit one. This divided
clock is hereafter called the PWM counter
clock.

Each PWM block has a special function
register PWMn arranged as follows:

PWMO-PWM7
7 ] 5 4 3 2 1 0

[pwe | - [pvs [pva [pva [pv2 [Pvi [pvo |

If the PWE bit for a particular PWM block is 1,
the block is active and controls its assigned
port pin; if PWE is 0 the corresponding port
pin is controlled by the port. The “value” field
(PV5S ... PVO) of each PWM register is
compared to (the LS 6 bits of) the common
counter. When the value matches, the output
FF is cleared, so that the output pin is driven
low. When the value rolls over to zero, the
output FF is set, so that the output pin is
released. Thus the output waveform has a
fixed period of 64 PWM counter clocks; its
duty cycle is determined by PWMn.5:0.

Three of the nine total PWMs operate as
described above; for three others, both the
rising and falling edges of the output are
delayed by one PWM clock; for the remaining
three, both edges are delayed by two PWM
clocks. This feature reduces the
radio-frequency emission that would
otherwise occur when the counter rolled over
to zero and all nine open-drain outputs were
released.

14-Bit PWM DAC (TDAC)

This feature was partially described in the
preceding section. As shown in Figure 4, the
6-bit counter used for the lower precision
PWNMs is in fact the least significant part of a
14-bit counter used for this facility. The nature
of the counter is such that it can achieve a
stable output value through its MSB, and the
value can propagate through logic like that
shown in Figure 4,.and the logic output can
be stable within one period of the PWM
counter clock (e.g., 250 ns) if edge-triggered
logic is used to capture the logic output, or
within one phase of the PWM counter clock
(e.g., 125 ns) if a phase of the PWM counter
clock is used to capture the logic output. For
cost and die-size reasons, it is preferable that
the TDAC counter be a ripple counter.

This feature is controlled by two special
function registers:

TDACL
7 [ 5 4 3 2 1 0

[107 700 [ 01 [0z | 703 J7oa [7os [Tos |

February 11, 1994
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When software wishes to change the 14-bit
value (TDO - TD13), it should first write
TDACL and then write TDACH. Alternatively,
if the required precision of the duty cycle is
satisfied by 6 bits or less, software can
simply write TDACH. Note from Figure 4 that
this block includes an “extra” 14-bit latch
between TDACL/H and the comparator and
other logic. The programmed value is clocked
into the operative latch when the 7 low-order
bits of the counter roll over to zero, provided
that the software is not in the midst of loading
a new 14-bit value (that is, it is not between
writing TDACL and writing TDACH).

In a similar fashion to the lower-precision
PWNMs, this facility has an output FF that is
set when the lower 7 bits of the counter
overflow/wrap. The more significant 7 bits of
the operative latch’s programmed value are
compared for equality against the /ess
significant 7 bits of the counter, and the
output FF is cleared when they match. Thus
this output has a fixed period of 128 PWM
counter clocks, and the duty cycle is
determined by the programmed value.

For the higher-precision aspect of this
teature, the 7 more-significant bits of the
counter are used in a logic block with the 7
less-significant bits of the programmed value.
The 7th LSB (binary value 64) of the
programmed value is ANDed with the 7th
MSB (128) of the counter, the 6th LSB of the
value is ANDed with the counter’s 6th and
7th MSBs being 10, and so on through the
LSB of the programmed value being ANDed
with the counter's 7MSBs being 100000.
Then these 7 ANDed terms are ORed. If the
result is true/1 at the time the 7 LSBs of the
counter match the MSBs of the programmed
value, the output is forced high for 1
(additional) PWM counter clock.

The result is that, if the value-64 bit of the
14-bit value is programmed to 1, every other
cycle of 128 PWM counter clocks has its duty
cycle stretched by one counter clock; if the
value-32 bit is programmed to 1, every 4th
cycle is stretched, and so on through, if the
value-1 bit is programmed to 1, one cycle out
of each 128 is stretched.

Assuming the external integrator can handle
all this, the net effect is a PWM DAC that has
the period of a 7-bit design (which makes the
integrator easier and more feasible to design)
with the accuracy of a 14-bit one. There is
some question whether all of the least
significant bits can be effectively integrated,
or whether they simply act as a source of

an

ripple in the integrated voltage. An obvious
prerequisite for such precision is that the load
on the voltage must be very light, like a single
op amp or comparator.

The TDAC feature differs from the

corresponding features of predecessor parts

in several ways:

1. The 14-bit value is functionally composed
of major and minor portions of 7 bits each.

2. The 14-bit value is programmed as a
contiguous multi-register value that can
be manipulated straight-forwardly via
arithmetic instructions.

3. As discussed for the 6-bit DACs, both of
the preceding parts had a feature
whereby the PWM output could be
inverted, redundantiy with compiementing
the 14-bit value. This feature has been
eliminated.

Software A/D Facility
This facility is shown in Figure 5. It
represents an alternate use whereby any of
the P1.0 through P1.2 pins can be selected
as one input of a linear voltage comparator.
The block includes one special function
register:
SAD

7. 6 5 4 3 2 1 0

(v Jem [cro | st [sapa]sanz[sani]saol

As shown in Figure 5 the other input of the
comparator is connected to a 4-bit D/A that is
controlled by the 4 LSBs of the SAD register,
producing a reference voltage nominally
0.15625V to 4.84375V by steps of 0.3125V.
The output of the comparator (high/low) can
be read by the program as the MSB of the
register, which is bit addressable.

The St bit should be written as 1 in order to
initiate a voltage comparison. After writing
St=1, the program should include intervening
instructions totalling at least six machine
cycles (72 CLK periods or 6 microseconds at
12MHz), before the instruction that accesses
and tests VHi.

The chan field controls which pin, if any, is
connected to this facility:

CH1 CHO pin
0 0 none
0 1 P1.0
1 0 P11
1 1 P1.2

"Port 1 has open-drain drivers which will not

materially affect an analog voltage as long as
any and all pins used for software A/D
measurement have corresponding ones in
the port register.
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ADDRESS TYPE
DIRECT BIT REGISTER USE
00-07 RO-R7 On-chip RAM (R0-7 if PSW.4-3 = 00)
08-0F RO-R7 On-chip RAM (R0-7 if PSW.4-3 = 01)
10-17 RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 10)
DATA 18-1F RO-R7 On-chip RAM (R0-7 if PSW.4-3 = 11) )

MEMORY 20 07-00 . On-chip RAM
21-2E 77-08 On-chip RAM
2F 7F-78 On-chip RAM
30-7F On-chip RAM
80 87-80 PO Port 0
81 SP Stack Pointer
82 DPL Data Pointer LSBYTE
83 DPH Data Pointer MSBYTE
87 PCON Power Control
88 8F-88 TCON Timer Control
89 TMOD Timer Mode ON-CHIP RAM
8A TLO Timer 0 LSBYTE iF ACCESSED
8B U Timer 1 LSBYTE INDIRECTLY
8C THO Timer 0 MSBYTE
8D THt Timer 1 MSBYTE
90 97-90 P1 Port 1

SPECIAL 98 OF-98 OSAT On Screen Attributes

FUNCTION 99 osDT On Screen Data
REGISTERS 9A OSAD On Screen Address
A0 A7-A0 P2 Port 2
A8 AF-A8 | IE Interrupt Enable
80 B7-B0 | P3 Port 3
Cco C7-Co | OSCON On Screen Display Control
C1 OSMOD On Screen Display Mode
c2 OSORG On Screen Display Origin
c3 RAMCHR For Test Use Only v
Cc4 RAMATT For Test Use Only
Do D7-DO | PSW Program Status Word
D2 TDACL Hi-Res Pulse Width Modulator
D3 TDACH Hi-Res Pulse Width Modulator
D4-D7 PWMO0-3 Lo-Res Pulse Width Modulators
D8 DF-D8 | SAD D/A and Voltage Comparator
DC-DF PWM4-7 Lo-Res Pulse Width Modulators
EO E7-E0 | A Accumulator
FO F7-FO | B B Register
Figure 1. Data Memory and Special Function Registers on the MTV
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{COUNTED A PART OF THE 14-8T PWM DAC FEATURE)

14-BIT COUNTER

DIVIDE
8y 4

r

LS6BITS

ETC.

Figure 2. 6-Bit PWM Logic

' j
ZERO
BOND o || ( l:
PAD '
' ! '
) A< \ h <]
PWM ' .L ' —l 1
! 07 . C = 6-BIT COMPARE !
] ' .
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. . OF 9 MODULES .
. PWMO.5:0
OCCURS IN 3 OF
9 MODULES
+ MCU Bus ]
‘_ 1ST PWM MODULE _J
I —
] r
|
l_ . _ . 2ND PWM MODULE . . R I
R Ty
’ +
I_ | -
- - - - 28D PWM MQDULE - - - - —

On Screen Display (OSD) Module
Figure 3 is a conceptual drawing of the OSD
block on the 8XC053/54/55.

It shows the CPU writing into the 128 x 10
display RAM, which is dual-ported to allow
the CPU to write into it at any time, including
when it is being read out by the OSD logic.
The 10-bit wide data coming out of the
display RAM is used to access the
appropriate character in the Character
Generator memory (6-bits) and to specify
character and display control functions
(4-bits). Timing for the OSD is controlled by
the HSYNC, VSYNC, and dot clock inputs.

The 8XC053/54/55 features an advanced

OSD function with some unique features:

1. User-definable display format: The OSD
does not restrict the user to a fixed
number of lines with a fixed number of
characters per line as other competing
alternatives do.

Using a fixed number of lines restricts the
generation of displays that can be
differentiated from others that use the

February 11, 1994

Powered by ICminer.com Electronic-Library Service CopyRight 2003
SN

same chip and places limits on screen
content.

Using a fixed number of characters per
line wastes display RAM if a line has less
than the full number of displayable
characters (it has to be padded with
non-visible characters).

The OSD on the 8XC053/54/55 defines a
control character (New Line) that has the
same function as a Carriage Return and
Line Feed. When the OSD circuitry
fetches this character from display RAM it
stops displaying further characters, waits
for the next horizontal scan line, and
starts displaying the next character in
display RAM after the New Line character
was received. The number of lines is thus
up to the user, within the limits of the
display and memory, as are the number of
characters per line. This allows far better
control of the appearance of the On
Screen Display.

313

3.

4.

Dual-Ported Display RAM: The OSD has
a true display RAM instead of a character
line buffer. This display RAM is dual
ported to allow updating the display RAM
at any time instead of having to wait for a
vertical retrace. Vertical Sync interrupts
are supported if flicker-free updates are
required.

Colors selectable by character:
Characters can be displayed on a
background of the base video or a
programmable background color. The
background color is selectablie by word
and the choice of background (base
video/user programmed color) by
character.

Programmable character size: Normal
characters are displayed as 18 x 14
bit-maps. In an interlaced display, 2 fields
are displayed so that one actually sees a
36 x 14 pixel size character. The part has
a double height and width mode which
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displays 36 x 28 pixel size bit maps per
field. For use in non-interlaced systems,
the part has a double height mode so that
the displayed characters have the same
pixe! size (36 x 14) as on an interlaced
display.

5. Character shadowing: When characters
are displayed overlaid on a background of
base video, a black border around the
characters makes them highly legible.
This feature is called shadowing. The
8XC053/54/55 has 8 shadowing modes to
aliow the user to select various partial
shadow modes as well as full surround
shadow.

6. Short Rows: This mode only displays 4
horizontal lines. it is used for generating
underlines.

7. Programmable polarities: Inputs to the
OSD can be programmed to be
recognized as Active-LOW or
Active-HIGH, also the outputs from the
OSD. Coupled with the 12V outputs, this
allows direct interfacing to most video
signal processing circuits.

8. Programmable horizontal and vertical
positions: A pair of registers allow defining
the starting point of the display.

9. HSYNC locked dot-clock oscillator: The
chip is designed to use an L-C oscillator
circuit that is started at the trailing edge of
HSYNC and stopped at its leading edge.
In practice, this gives a highly consistent
delay from HSYNC to oscillator start and
is stable from scan line to scan line so
that no left margin effects are seen.

10. Character Generator memory in EPROM:
On the 87C054/55, the Character
Generator memory is in EPROM. This
teature allows quick and inexpensive font
development and refinement against the
alternative of doing a masked ROM
version to see how the final fonts will
appear.

This block is the largest of the additions that
are specific to this product. Its basic function
is to superimpose text on the television video
image, to indicate various parameters and
settings of the receiver or tuner. External
circuitry handles the mixing (multiplexing) of

The overall OSD block has four input pins:
two for a video clock, plus the horizontal and
vertical sync signais. The video clock pins
are used to connect an LC circuit to an
on-chip video oscillator that is independent of
the normal MCU clock. The L and C values
are chosen so that a video pulse, of a
duration equal to the VCLK period, will
produce a more-or-less square dot on the
screen, that is, a dot having a width
approximately equal to the vertical distance
between consecutive scan lines.

The video osciilator is stopped (with VCLK2
low) while horizontal sync is asserted, and is
released to operate at the trailing edge of
horizontal sync. This technique heips provide
uniform horizontal positioning of
characters/dots from one scan line to the
next.

The block has four outputs, three color video
signals, and a control signal. Since this block
is the major featura of the part, its main
inputs and outputs are dedicated pins,
without alternate port bits.

the text and the TV video.
socst |7 R das 7 | osp
cru DUAL-PORTED Loaic
4 ATTRIBUTE
CONTROL [ ™
DIGMAL |
VIDEO OUT
CHARACTER
GENERATOR { & .| GENEAATOR |— o
LoGIc S0X18X 14
Figure 3. On-Screen Display (OSD) Block
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PWM CLOCK
14-BIT COUNTER OMDE | osc.
LS 7BITS
Nl
O PORT <]
ZERO,
4
BOND g
PAD '
. = 7-BIT COMPARATOR
* $ wms?
TODACH.7 <~
14-BIT LATCH
TDACH.5:0 TDACL.7:0
MCU
BUS
Figure 4. 14-Bit PWM (TDAC) Logic
Vo RORT VOLTAGE
P1.O/ | COMPARATOR
ADIO
+
VOPORT | ANALOG
1A/ | MUX
ADIt I =
/O PORT 4-BH D/A
| CONVERTER
P12/
ADI2 |
SAD.6:5 SAD.3:0
MCU Bus y
Figure 5. Software A/D Facility
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Display RAM

The OSD of the MTV differs from that in
preceding devices in one major way: It does
not fix the number and size of displayed rows
of text. Several predecessor parts allowed
two displayed rows of 16 characters each.
The MTV simply has 128 locations of display
RAM, each of which can contain a displayed
character or a New Line character that
indicates the end of a row. A variant of the
New Line character is used to indicate the
end of displayed data.

The three major elements of the OSD facility”
are shown in the Block Diagram. Each
display RAM location includes 6 data bits and
4 attribute bits. The 6 data bits from display
RAM, along with a line-within-row count, act
as addresses into the character generator
ROM, which contains 60 displayable bit maps
(64 minus one for each of New Line and
three Space characters). Each bit map
includes 18 scan lines by 14 dots. The
character generator ROM is maskable or
programmable along with the program ROM
to allow for various character sets and
languages.

For a standard NTSC TV signal with an
HSYNC frequency of 15,750kHz and a
VSYNC of nominally 60Hz, there are roughly
50 microseconds of active horizontal scan
line available. For a typical pixel clock
frequency is BMHz, and therefore roughly
400 pixels of resolution can be obtained. At
14 dots per character, this means 28
character times per horizontal scan. If the 12
dot per character display mode is used, that
means 33 character times per horizontal
scan. Allowing for edge effects, 26 characters
(14 across) or 31 characters (12 across) can
be displayed.

Note that VGA rates and higher can be used.
The minimum character dot size will be a
function of the VGA frequency used. For a
640 x 480 display, running at 33kHz, the
equivalent 8XC055 pixel resolution is about
160 across (because of the 8MHz clock and
allowing for overscan). This means that
status and diagnéstic information can be
displayed on video monitors.

The programming interface to display RAM is
provided by three special function registers:

0SAD
7 8 5 4 3 2 1 ]

Hgsmslosms( osma{osmabsmzlos‘\m losmol

osoT
7 @ 5 4 3 2 1 0

L—_L- [osurs[oson] osoTa [osm';ﬁason losoTo]
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OSAT (with OSDT = New Line)
7 ] 5 4 3 2 1 [

- -Je]-Jsa]o]sn]

OSAT (with OSOT = BSpace or SplitBSpace)

[il:]i|s i]a‘:z[s:n[m:ol
OSAT (with OSOT = any :Itm) . 3
[-1-1-[s[-[refrerfren]

OSAD (*On Screen ADdress”) contains the
address at which data will next be written into
display RAM, while the ten active bits in
OSDT (“On Screen DaTa") plus OSAT (“On
Screen ATtributes™) correspond exactly to the
10 bits in each display RAM location. FColor
indicates the color of foreground (1) pixels in
the ROM bit map for this character, while 8
indicates whether background (0) pixels
should show the current background color
(B=1) or television video (B=0). Thus, for the
1 bits in a character’s bit map, the VID2:0
pins are driven with (FColor) and VCTRL is
driven active, while for 0 bits VID2:0 are
driven with the background color (except for
shadow bits) and VCTRL is driven with the B
bit.

Writing OSAT simply latches the attribute bits
into a register, while writing OSDT causes the
data bus information, plus the contents of the
OSAT register, to be written into display
RAM. Thus, for a given display RAM location,
OSAT should be written before OSDT. If
successive characters are to be written into
display RAM with the same attributes, OSAT
need not be rewritten for each character, only
prior to writing OSDT for the first character
with those particular attributes.

In reality, there is a potential conflict between
the timing of a write to OSDT and an access
to display RAM by the OSD logic for data
display. This is resolved by the use of a true
dual-ported RAM for display memory.

OSAD is automatically incremented by one
after each time OSDT and display RAM are
written. Except in special test modes that are
beyond the scope. of this spec release,
display RAM cannot be read by the MCU
program.

The OSAT attribute bits associated with the
BSpace (data=111110), SplitBSpace (111111),
and New Line (111101) characters are
interpreted differently from those that
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accompany other data characters. With
BSpace and SplitBSpace, B is interpreted as
described above, but the 3 color bits specify
the Background color (BColor) for
subsequent characters. For BSpace, a
change in B and BColor becomes effective at
the left edge of the character’s bit map. For
SplitBSpace, a change in B and BColor
occurs halfway through the character
horizontally. The normal Space character
(111100) has no effect on the BColor value.

BColor values 000 and 111 minimize the
occurrence of transient states among the
VID2:0 outputs.

The background color defined by the most
recently encountered BSpace or SplitBSpace
character is maintained on the VID2:0 pins
except at the following times:

1. During the active time of HSYNC,

2. During the active time of VSYNC,

3. During those pixels of an active character
that correspond to a 1 in the character’s
bit map,

4. During a “shadow” bit.

The BColor value is not cleared between
vertical scans, so that if a single background
color is all that is needed in an application, it
can be set via a single BSpace character
during program initialization, and never
changed thereafter. In order for such a
BSpace to actually affect the MTV's internal
BColor register the Mode field of the OSMOD
register must be set to 01 (or higher) so that
the OSD hardware is operating.

With a New Line character, if the E bit is 1, no
further rows are displayed on the screen. If E
is 0 and D is 1, all of the characters in the
following row are displayed with Double
height and width. If E is 0 and Shiis 1, ali of
the characters in the following row are
displayed with shadowing, as described in a
later section. If E is 0 and SR is 1, the next
row is a “short row™: It is only 4 or 8 scan
lines high rather than 18 or 36. Short rows
can be used for underlined text.

The latches in which the E, D, Sh, and SR
bits are captured are cleared to zero at the
start of each vertical scan. This means that if
the first text line on the screen is a short row,
or if it contains either double size or
shadowing, the text must be preceded by a

-New Line character. Like all such characters,

this initial New Line advances the vertical
screen position; the VStart value (see below)
should take this fact into account.
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Other OSD Registers

A number of changes in the OSD architecture

have reduced the number of other special

function registers involved in the feature,

below the number needed with predecessor

devices:

1. The elimination of certain options such as
4, 6, or 8X character sizes and alternate
use of two of the video outputs.

2. The moving of certain other options from
central registers to display RAM, such as
foreground color codes and background
selection.

OSCON
7 ] 5 4 3 2 1 [}

[w]ev]w]en]| pc]|ro[on|er]

The IV bit is the interrupt flag for the OSD
feature. It is set by the leading edge of the
VSYNC pulse, and is cleared by the
hardware when the VSYNC interrupt routine
is vectored to. it can also be set or cleared by
software writing a 1 or 0 to this bit.

NOTE
it is theoretically possible that a VSYNC
interrupt could be missed, or an extra one
generated, if OSCON is read, then
modified internally (e.g., in Ac), and the
result written back to OSCON. However,
none of the other bits in OSCON are
reasonable candidates for dynamic
change. Special provisions are included in
the MTV logic so that IV will not be
changed by a single “read-modify-write”
instruction such as SETB or CLR, unless
the instruction specifically changes IV.

A 0 (1) in Pv designates that the VSYNC
input is high-active (low-active). One effect of
this bit is that the VID2:0 and VCTRL outputs
are blocked (held at black/inactive) during the
active time of VSYNC. The IV bit is set on the
leading edge of the VSYNC pulse; thus Pv
controls whether the OSD interrupt occurs in
response to a high-to-low or low-to-high
transition on VSYNC.

A 0 (1} in Lv designates that the leading edge
(active level) of VSYNC, as defined by Pv,
clears the state counter that is used to
determine the vertical start of on-screen data.
In effect, Lv=0(1) says that the leading
(trailing) edge of VSYNC is the time
reference for the video field.

A 0 (1) in Ph designates that the HSYNC
input is high-active (low-active).

A 0 (1) in Pc designates that a high (low) on
the VCTRL output means “show the color on
viD2:0". -
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A 0 (1) in Po designates that a 0 (1) intemnal
to the MTV corresponds to a low on one of
the VID2:0 pins. This control bit is needed
only because the Shadowing feature needs
to generate black pixels without reference to
a register value: Internally, the 3-bit code 000
always designates black. '

If DH is 1, character sizes are doubled
vertically but not horizontally. This feature
aliows the MTV to be used in “‘improved
definition” systems that are not interlaced.
The vertical doubling imposed by DH does
not affect the VStart logic described below: it
operates in HSync units regardless of DH or

If BFe is 1, the BF output tracks whether
each bit in displayed characters is a
foreground bit (low) or a background bit
(high). If BFe is 0, the BF pin remains high.

OSORG
7 ] 5 4 3 2 1 0

Usa.[ Hs3 | ns2| st | nso | vs2 [ vs1] vsa |

The HStart field (HS4 — HSO0) defines the left
end (start) of all of the on-screen character
rows, as a multiple of four VCLKSs. Active
display begins 4(HStart)+1 VCLKSs plus one
single-sized character width after the trailing
edge of HSYNC. Counting variations in Wc,
there may be 17 to 143 VCLKSs from the end
of HSYNC to the start of the first character of
each row.

The VStart field (VS2 — VS0) defines the top
(start) of the first on-screen character row, as
a multipie of four HSYNC pulses. Active
display begins 4(VStart)-1 HSYNCs after the
field's time reference point, a range of 3 to
31. Subsequent character rows occur directly
below the first, such that the last scan line of
one row is directly followed by the first scan
line of the next row. Successive New Line
characters (with or without the Short Row
designation) can be used to vertically
separate text rows on the screen.

Neither the HStart nor VStart parameter is
affected by the D line attribute that is used to
display double-sized characters.
OSMOD

7 6 5 4 3 2 1 0

[We| - [mocet [Modeo| - | sHm2] sum1 [ sumo]

If the mode bits (Mode 1, Mode 0) are 00, the
OSD feature is disabled. The VCLK oscillator
is disabled, VID2:0 are set to black, and
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VCTRL is held inactive.This is the mode to
which the MTV OSD logic is reset. A direct
transition from this mode to active display
(1x) would result in undefined operation and
visual effects for the duration of the current
video field (until the next VSYNC).

if the mode is 01, the VCLK oscillator is
enabled and the OSD logic operates normally
internally, but VID2:0 are set to black and
VCTRL is held inactive. The OSD feature can
be toggled betwesen this state and 1x as
dasired to achieve real-ime special effects
such as “vertical wiping.”

Mode 10 represents normal OSD operation.
Active characters can be shown against TV
video (for characters with B=0) or (for
characters with B=1) against a background of
the color defined as an attribute of BSpace
and SplitBSpace characters.

In mode 11, characters can be displayed but
all of the receiver's normal video is inhibited
by holding VCTRL asserted throughout the
active portion of each scan line. Since VID2:0
are driven with the current background color
during this time, except during the foreground
portion of displayed characters, this produces
text against a solid background. This mode is
useful for extensive displays that require user
concentration.

if We is 1, then each displayed character is
horizontally terminated after 12 bits have
been output, as opposed to after 14 bits if We
is 0. This allows text to be “packed” more
tightly so that more characters can be
displayed per line. In effect, the 2 bits out of
the display ROM, which would otherwise be
the rightmost 2 of the 14, are ignored when
Wec is 1. Clearly, if this feature is to be used, it
must be accounted for in the design of the bit
maps in the display ROM.

The 3-bit ShMode field (SHM2 — SHMO)
determines how characters are shadowed in
rows for which the SH row attribute is 1. As
shown in Figure 6, the values 000-110
indicate an apparent light source position
ranging from the lower left clockwise to the
lower right, while the value 111 indicates
full-surround shadowing.

Under some conditions writing to OSMOD
while the display is active can cause a
temporary flicker during that display field.
This can be avoided by only writing to

OSMOD during the verticat sync interval.
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BBEBBBEBBBBBEB
BBBBBBBBBBBBBB
BBFFFFFFFFFFBB
BBFFFFFFFFFF*B
BBF"..'...'.B
BBF* BBBBBBBBBB
BBF* BBBBEBBBES
BBF* BBBBEBBBBBB
BBFFFFFFFFBBBB
BBFFFFFFFF* BBB
BBF""".'BBB
BBF* BBBBBBBBRBB
BBF* BBBBBBBBBEB
BBF* BBBBBBBBBB
BBFFFFFFFFFFBB
BBFFFFFFFFFF* B
BBB.".."'.'B
BBBBBBBBBBBBEB

ShMode=010

BBBB8BBBEBBBBEB
BeBebeeesBBBBBB
BBFFFFFFFFFF* B
BBFFFFFFFFFF* B
BBFF* BBBBBBBEB
BBFF* BBBBEBEBEB
BEFF* BBBBBEBBB
BBFF* BBBBBBBBB
BBFFFFFFFF* BBB
BBFFFFFFFF* BBB
BBFF* BBBBBBBBB
BBFF* BBBBBBBBB
BBFF* BBEBBBBBB
BBFF* BBEBBBBBB
BBFFFFFFFFFFFB
BBFFFFFFFFFF* B
BBBEBBBEBEBBBBB
B8BBBBBBBBBBBBB

ShMode=001

BBBEBBBBBBBBEB
BBB".'ﬁ""'B
BBFFFFFFFFFF* B
BBFFFFFFFFFFBB
BBFF* BBBBBBBBB
BBFF* BEBBBBBBS
BBFF’ BBBBBBBBB
BBFF...'."BBB
BBFFFFFFFF* BBB
BBFFFFFFFFBBEB
BBFF* BEBBBBBEB
BBFF* BEBBBBBBB
BBFF* BBBBBBBES
BBFF......"'B
BBFFFFFFFFFF* B

BBBBBBBBBBEBBB
BBBBBBBBBBBBBB
BBFFFFFFFFFFBB
BBFFFFFFFFFFBB
BBFFI'.'."'BB
BBFFBBBBBBBBBB
BBFFBBBBBBBBBB
BBFFBBBBBBBBBB
BBFFFFFFFFBBBB
BBFFFFFFFFBBBB
BBFF******BBBB
BBFFEBBBBBBBBB
BBFFBBBBBBEBBB
BBFFBBBBBBBBBB
BBFFFFFFFFFFBB
BBFFFFFFFFFFBB
BB""..’..'BB
BBBBBBBBBBBBEB

ShMode=011

BpspepbeeBBBBBE
BBeBBBBBBBBBEBB
BBFFFFFFFFFFBB
BBFFFFFFFFFFBB
BBFFBEBBBBBBBBB
BBFFBBEBBBBBBBB
BBFFBBBEBBBBBB
BBFFBBBBBBBBBB
BBFFFFFFFFBBBB
BBFFFFFFFFBBBB
BBFFBB8BBBBBBBB
BBFFB8BEBBBBBBEBB
BBFFBBBBBBBBBB
BBFF8BBEBBBBBBB
BBFFFFFFFFFFBB
BBFFFFFFFFFFBB
BBBBBBBBBBBBBB
BBBEBBBBBBBEBB

No Shadowing

BEBBBBBBBBEBES
Bl.'.."...'iB
B* FFFFFFFFFF* B
B* FFFFFFFFFF* B
BﬁFF"'Q.'I.'B
B* FF* BBBBEBBBB
B* FF* BBBBBBBBB
B.FF"."'!BBB
B* FFFFFFFF* BBB
B* FFFFFFFF* BBB
BiFF""".BBB
B* FF* BEBBBBBBB
B* FF* BBBBBBBBB
B’FF'..""'QB
B* FFFFFFFFFF'B

BBBBBEBBBBBBEB
BEBBBBBBBBBBBBB
BBFFFFFFFFFFBB
B*FFFFFFFFFFBB
B'FF...’...BBB
B* FFBBBBEBBBBBB
B* FFBBBEBBBBBB
B* FFBBBBBBBEBB
B* FFFFFFFFBBBB
B* FFFFFFFFBBBB
B*FF*****BBBBB
B* FFBBB8BBBBBEB
B* FFBBBBBBBBEB
B* FFesBaBBBBEB
B* FFFFFFFFFFBB
B* FFFFFFFFFFBB
B"'it.i"'lBBB
BBBBBBBBBBBBB8

ShMode=100

BBBBEBBBBEBBBBB
BBBBBBBBBBBBEB
B* FFFFFFFFFFBB
B*FFFFFFFFFFBB
B* FFBBBBBBEBBSB
B* FFBBBBBBBBBB
B* FFBEBBBBBBBBB
B* FFBBBBBBBBBB
B* FFFFFFFFBBBB
B* FFFFFFFFBBEB
B* FFBBBBBBBBES8
B* FFBBBBBBBBBB
B* FFBEBBBBBBBB
B* FFBEBBBBBBBSB
B*FFFFFFFFFFBB
B*FFFFFFFFFFBB
EEBEBBEBBBBBBBB
EEBBEBEEBBBBBB

ShMode=101

BBEBBBEBBBBBBBB
B."'.'Q"'BBB
B* FFFFFFFFFFBB
B* FFFFFFFFFFBB
B* FFBBBBBBBBEB
B* FFBBEBBBBBAESB
B* FFEBBBBBBBBES8
B*FF*****BBBBB
B*FFFFFFFFBBBB
B*FFFFFFFFBBBSB
B* FFEBBBBBBBBB
B* FFBEBBEBBBBB
B* FFEEBEBBBBBB
B'FF'Q.'.."BBB
B*FFFFFFFFFFBB

B is a background (video

or BColor) pixel
F is a foreground-color pixel
* is a black pixel

BBFFFFFFFFFFBB B* FFFFFFFFFF"B B*FFFFFFFFFFBB
SBBEBBEBBBBBRBB Brerertrrrevrrpg BBBEBEBBBBBBBBB
BBEBBBBBEBRBBBB BEEBEBBBBBBBBBSB BBBBBBBEBBBBRE
ShMode=000 ShMode=111 ShMode=110
Figure 6. Effect of Shadowing on the Letter “E”
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Microcontroller for television and video (MTV) 83C055/87C055
DC ELECTRICAL CHARACTERISTICS
Ve = 5V £10%, Tamp = 0°C to +70°C
TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT ] NOTES
ViL Input low voltage =05 0.2Vec-0.1 v
ViLs Input low voitage (VSYNC, HSYNC) -0.5 0.15xVee v
VM Input high voltage (P1.2:0, P2.7:0, P3.6:5, P3.3:1) 0.2Vgc+0.9 Vec+0.5 v
Vinz Input high voitage {port 0, P1.3, P3.7, P3.4, P3.0) 0.2Vec+0.9 126 '
Vina Input high voltage (VSYNC, HSYNC) 0.67xVee | Vec + 0.5V v
Vin-Vec | Inputhigh voltage (port 0, P1.3, P3.7, P3.4, P3.0) with 8 v 1
| respectto Vg
'Vin Input high voltage (XTAL1, VCLK1, RST) 0.7Vee Vec+0.5 v
Vour Qutput low voltage (P2.7:0, P3.6:5) loL = 10mA 05 v 5
Voirz QOutput low voltage (TDAC, PWMOQ:7) loL = 700pA 0.5 v
Vous Output low voltage (all other outputs) lo = 1.6mA 0.45 v
Vo Output high voitage {(port 1, VID2:0, VCTAL, BF) low = ~60pA 24 v
Rrst Reset pulldown resistor 50 300 kQ
Cio Pin capacitance {except P0.0 and P0.7) Tes"t_:’rnebq:;stﬁgz, 10 pF 4
lee Normal mode supply current Ve =55V 30 mA 3
HYS Hysteresis (VSYNC, HSYNC) 08 \'4
NOTES:

1. This maximum applies at all imes, including during power switching, and must be accounted for in power supply design. During a power-on
process, the +12 volt source used for external pullup resistors should not precede the Vcg of the MTV up their respective voitage ramps by

more than this margin, nor, during a power-down process, should Vg precede +12V down their respective voltage ramps by more than this

margin.

The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a port output, the rating is

as given subsequently.

'cc measured with OSD block initialized and Reset remaining low.

The capacitance of pins P0.0 and P0.7 for the 87C055 exceeds 10pF. P0.0 is 40pF maximum, while PQ.7 is 20pF maximum,

No more than 6 (any 6) of these 10 high current outputs may be used at the Vot (loL = 10mA) specification. The other 4 should comply with
the Vg 3 specification (Ig_ = 1.6mA).

L ol S
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Product specification

NAPC/PHILIPS SEMICOND

Philips Semiconductors Microcontroller Products

Microcontroller for television and video (MTV) 83C055/87C055

AC ELECTRICAL CHARACTERISTICS
Vee = 5V £10%, Tamp = 0°C to +70°C

TENTATIVE LIMITS
SYMBOL PARAMETER MIN MAX UNIT | NOTES

1AcLcL XTAL Frequency 6 12 MHz 1
toHex XTAL1 Clock high time 20 ns 2
toLex XTAL1 Clock low time 20 ns 2
teLeH XTAL1 Clock rise time 20 ns 2
teLeL XTAL1 Clock fall time 5 20 ns 2
1veLoL VCLK Frequency 8 MHz
tvcon-tveol | Rise vs. fall time skew on any one of VID2:0, VCTRL, BF 40 ns 3
tvcori—tvconz | Rise time skew between any two of VID2:0, VCTRL, BF 30 ns
fvcoLi—tveorz | Fali time skew between any two of VID2:0, VCTRL, BF 30 ns

NOTES:

1. The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate.
2. These parameters apply only when an external clock signai is used.
3. These parameters assume equal loading at C_ = 100pF, for all the referenced outputs. These parameters are specified but not tested.

PROGRAMMING
CONSIDERATIONS

EPROM Characteristics

The 87C055 is programmed by using a
modified Quick-Pulse Programming algorithm
similar to that used for devices such as the
87C51. It differs from these devices in that a
serial data stream is used to place the
87C751 in the programming mode.

Figure 7 shows a block diagram of the
programming configuration for the 87C055.
Port pin P0.0 is used as the programming
voitage supply input (Vpp signal). Port pin
P0.1 is used as the program (PGM) signal.
This pin is used for the 25 programming
pulses.

Port 2 is used as the address input for the
byte to be programmed and accepts both the
high and low components of the sleven bit
address. Multiplexing of these address
components is performed using the ASEL
input. The user should drive the ASEL input
high and then drive port 2 with the high order
bits of the address. ASEL should remain high
for at least 13 clock cycles. ASEL may then
be driven low which latches the high order
bits of the address internally. The high
address should remain on port 2 for at least
two clock cycles after ASEL is driven low.
Port 2 may then be driven with the low byte of
the address. The low address will be
internally stable 13 clock cycles later. The
address will remain stable provided that the
low byte placed on port 2 is held stable and
ASEL is kept low. Note: ASEL needs to be
pulsed high only to change the high byte of
the address.
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Port 3 is used as a bidirectional data bus
during programming and verify operations.
Ouring programming mode, it accepts the
byte to be programmed. During verify mode,
it provides the contents of the EPROM
location specified by the address which has
been supplied to Port 2.

The XTAL1 pin is the oscillator input and
receives the master system clock. This clock
should be between 1.2 and 6MHz.

The RESET pin is used to accept the serial
data stream that places the 87C055 into
various programming modes. This pattern
consists of a 10-bit code with the LSB sent
first. Each bit is synchronized to the clock
input, X1.

Programming Operation

Figures 8 and 9 show the timing diagrams for
the progranmvverify cycle. RESET should
initially be held high for at least two machine
cycles. P0.1 (PGM/) and P0.0 (Vpp) will be at
VoH as a result of the RESET operation. At
this point, these pins function as normal
quasi-bidirectional 1/O ports and the
programming equipment may pull these lines
low. However, prior to sending the 10-bit code
on the RESET pin, the programming
equipment shouid drive these pins high (Vjn).
The RESET pin may now be used as the
serial data input for the data stream which
places the 87C055 in the programming
mode. Data bits are sampled during the clock
high time and thus should only change during
the time that the clock is low. Following
transmission of the last data bit, the RESET
pin should be held iow.
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Next the address information for the location
to be programmed is placed on port 2 and
ASEL is used to perform the address
multiplexing, as previously described. At this
time, port 1 functions as an output.

A high voltage Vpp level is then applied to the
Vpp input (P0.0). (This sets Port 1 as an input
port). The data to be programmed into the
EPROM array is then placed on Port 3. This
is followed by a series of programming pulses
applied to the PGM/ pin (P0.1). These pulses
are created by driving P0.1 low and then
high. This pulse is repeated until a total of 25
programming pulses have occurred. At the
conclusion of the last pulse, the PGM/ signal
should remain high.

The Vpp signal may now be driven to the
Von level, placing the 87C055 in the verify
mode. (Port 3 is now used as an output port).
After four machine cycles (48 clock periods),
the contents of the addressed location in the
EPROM array will appear on Port 3.

The next programming cycle may now be
initiated by placing the address information at
the inputs of the multiplexed buffers, driving
the Vpp pin to the Vpp voitage level,
providing the byte to be programmed to Port
3 and issuing the 26 programming pulses on
the PGM/ pin, bringing Vpp back down to the
-Von level and verifying the byte. (See

Table 4.)
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Product specification

Microcontroller for television and video (MTV)

83C055/87C055

Erasure Characteristics

Erasure of the EPROM begins to occur when
the chip is exposed to light with wavelengths
shorter than approximately 4,000 angstroms.
Since sunlight and fluorescent lighting have
wavelengths in this range, exposure to these
light sources over an extended time (about 1
week in sunlight, or 3 years in room level
fluorescent lighting) could cause inadvertent
erasure. For this and secondary effects, it

placed over the window. For elevated
temperature or environments where solvents
are being used, apply Kapton tape Flourless
part number 2345-5 or equivalent.

The recommended erasure procedure is
exposure to ultraviolet light (at 2537
angstroms) to an integrated dose of at least
15W-s/cm?2. Exposing the EPROM to an
ultraviolet lamp of 12,000uW/cm? rating for
20 to 39 minutes, at a distance of about 1

Erasure leaves the array in an all 1s state.

Reading Signature Bites

The signature bytes are read by the same
procedure as a normal verify of locations 30H
and 31H, except that the serial code
indicated in Table 3 for reading signature
bytes should be used. The values are:

30H = 15H indicates manufactured by
Philips

is recommended that an opaque label be inch, shouid be sufficient, 31H = 4BH indicates 87C055
Table 4. Implementing Program/Verify Modes
OPERATION SERIAL CODE | P0.1(PGMW) P0.0 (Vpp)
Program user EPROM 286H = Vep
Verify user EPROM 286H Vin VIH
Read Signature Bytes 280H VIH ViH
NOTE:
* Pulsed from Vi to V) and retumed to V.
EPROM PROGRAMMING AND VERIFICATION
Tamb = 21°C to +27°C, Ve = 5V £10%, Vgg = OV
SYMBOL PARAMETER MIN MAX UNIT
1AcLoL Oscillator/clock frequency 1.2 6 MHz
tavaL” Address setup to P0.1 (PROG-) low 10us + 24t oL
taHAX Address hold after P0.1 (PROG-) high 48tci oL
tovaL Data setup to PO.1 (PROG-) low 38teLeL
toveL Data setup to P0.1 (PROG-) low 3BtoLoL
taHDX Data hold after P0.1 (PROG-) high 36toLcL
tsHaL Vpp setup to P0.1 (PROG-) low 10 us
tGHsL Vpp hold after P0.1 (PROG~) 10 us
tLGH P0.1 (PROG-) width 90 110 us
tavav"™* Vpp low (V) to data valid 48tcLcL
teHGL P0.1 (PROG-) high to P0.1 (PROG-) low 10 us
tsynL P0.0 (sync pulse) low 4cLeL
tsyNH P0.0 (sync pulse) high 8tcicL
tMASEL ASEEL high time 13tccL
tMAHLD Aadress hold time 2oL
tHasET Address setup to ASEL 13tcLoL
tapsTA Low address to address stable 13teLeL
NOTES:

-

Address should be valid at least 241, o before the rising edge of P0.0 (Vep).

rua
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Microcontroller for television and video (MTV)
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87C055
AO-A15 » P2.0-P2.7 Vool «5v
ADDRESS STROBE PQ.2/ASEL Vgs I
PROGRAMMING PO.1
PULSES
Vpp/V |4 VOLTAGE >
PRI SOURCE Po. P3.0-P3.7 DATA BUS
CLK SOURCE » XTAL1
RESET
CONTROL
LOGIC RESET

Figure 7. Programming Configuration

XTAL1

MIN 2 MACHINE
|, CYCLES |
e

S I I I A I

TEN-BIT SERIAL CODE

RESET [arro | BIT 1 | BIT2 I BIT3 I BIT 4 I

.
BIT S [ BITGI It 7 I srraJ BIT9 [

= L

PO.0  UNDEFINED I

UNDEFINED l

PO.1
Figure 8. Entry into Program/V.

erify Modes

12.75V
PO.O(VPR) 5V / \5v
—II i<' ISHGL _’I l“ GHSL
25 PULSES
1
PO.1 (PGM) | l l I l | | l
}‘—" tMASEL 1GLGH ™ > "l "' (GHGL
.-~ 98us MIN 10ps MIN
P0.2 (ASEL) -/ \
tHASErI‘—'I‘——>| tHAHLD
PORT 2 X HIGH ADDRESS X LOW ADDRESS
|‘—"| tADSTA ‘—'| tDVGL 'GHDX}‘—’I‘—' tavav ——"
PORT 3 INVALID DATA XVALID DATA wATA TO BE PROGRAMMED X INVALID DATA x VALID DATA
}: VERIFY MODE - PROGRAM MODE +— VERIFY MODE ———-|

Figure 9. Program/Verify Cycle
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