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PRODUCT SPECIFICATION

286127

LOw-COST DIGITAL
TELEVISION CONTROLLER (LDTC)

FEATURES

8-Bit CMOS Microcontroller for Consumer
Television Applications.

B 64-Pin DIP Package
@ Low-Cost

B Low Power Consumption

Fast instruction Pointer - 1.5 us @ 4 MHz
Two Standby Modes - STOP and HALT

Low Voitage Detection/Voltage Sensitive Reset

35 Input/Output Lines

Port 2 (8-Bit Programmable I/0) and Port 3 (2-Bit Input,
3-Bit Output) Register Mapped Ports.

B Port 5 (8-Bit LED Drive Output) and Port 6 (6-Bit Input
and Tri-State Comparator AFC Input) Memory Mapped
I/O Ports.

All Digital CMOS Levels Schmitt-Triggered

8 Kbytes of ROM

236 Bytes of RAM

Two Programmable 8-Bit Counter/Timers Each With
6-Bit Programmable Prescaler.

B Six Vectored, Priority Interrupts from Six Different
Sources

B Clock Speed up to 4 MHz

W On-Chip Oscillator that Accepts a Crystal, Ceramic -
Resonator, LC, or External Clock Drive.

B Permanently Enabied
Watch-Dog/Power-On Reset Timer

On-Screen Display Controller
B 4K x 6-Bit Character Generator ROM
B 160 x 7-Bit Video RAM

B Mask Programmable 128-Character Set Displayed in
an B-Row x 20-Column Format, 12 x 15 Pixel Character
Cell, Capable of Supporting English, Korean, Chinese,
and Japanese High Resolution Characters.

B Fully Programmable Color Attributes Including Row
Character, Row Background/Fringes, Frame
Background/Position, Bar Graph Color Change, and
Character Size.

® Programmable Display Position and Character Size
Control.

B One Pulse Width Modulator (14-Bit Resolution) for
Voltage Synthesis Tuner Control.

W Five Pulse Width Modulators (8-Bit Resolution) for
Picture Control.

R Three Pulse Width Modulators (6-Bit Resolution) for
Audio Control.

GENERAL DESCRIPTION

The 286127 Low-Cost Digital Television Controlier (LDTC)
introduces a new level of sophistication to single-chip
architecture. The Z86127 is a member of the Z8®single-
chip microcontroller family with 8 Kbytes of ROM and 236
bytes of RAM. The device is housed in a 64-Pin DIP

( ["”@r ) X

package, in which only 52 are active, and are CMOS
compatible. The LDTC offers mask programmed ROM
which enables the Z8 microcontroller to be used in a high-
volume production application device embedded with a
custom program (customer supplied program).
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Low-Cost (DTC")

GENERAL DESCRIPTION (Continued)

Zilog’s LDTC offers fast execution, efficient use of memory,
sophisticated interrupts, input/output bit manipulation
capabilities, and easy hardware/software system expansion
along with low cost and low power consumption. The
device provides anideal performance andreliability solution
for consumer and industrial television applications.

The Z86127 architecture is characterized by utilizing Zilog's
advanced Superintegration™ design methodology. The
device has an 8-bit internal data path controlled by a Z8
microcontroller and On-Screen Display (OSD) logic circuits/
Pulse Width Modulators (PWM). On-chip peripherals
include two register mapped 1/O ports (Port 2 and 3),
interruptcontrol logic (one software, two external and three
internal interrupts), and a standby mode recovery input
port (Port 3, P30).

The OSD control circuits support 8 rows by 20 columns of
characters. The character color is specified by row. One of
the eight rows is assigned to show two kinds of colors for
bar type displays such as volume control. The OSD is
capable of displaying high resolution (11 x 15 dot pattern)
characters.

A 14-bit PWM port provides enough voltage resolution for
a voltage synthesizer tuning system. Three 6-bit PWM
ports are used for controlling audio signal levels. Five 8-bit
PWM ports are used to vary picture levels.

The 286127 have 27 |/O pins dedicated to input and output
for LDTC applications demanding powerful |/O capabilities.
These lines are grouped intofour ports, and are configurable
under software control to provide timing, status signals,
parallel /O and an address/data bus for interfacing to
external memory.

There are three basic address spaces available to support
this wide range of configurations: Program Memory, Video
RAM, and Register File. The Register File is composed of
236 bytes of general-purpose registers, two /O Port
registers, 15 control and status registers and three reserved
registers.

To unburden the program from coping with the real-time
problems such as counting/timing and data communication,
the Z86127 offers two on-chip counter/timers with a large
number of user selectable modes.

Notes:
All Signals with a preceding front slash, "/, are active Low, e.g.,
B/W (WORD is active Low); /B/W (BYTE is active Low, only).

Power connections follow conventional descriptions below:

Connection Circult Device
Power Vee Voo
Ground GND Ves
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XTALY ——=1"""RESET 6 KB o
XTAL2 —=— Osclllator ProgramwngM |a— pog
/RESET ~————itm WOT et P25
Counter __'_|> Port 2 |t—— poyg
Timer 28 CPU - P23
Counter Core lt—a P22
Timer —m P21
PIl—=1  ponta A
';gg “*—1 Interrupt 3r
PWM 1
P36 —~— 256 Byte 14-bit [ PWM1
P50 Register File
P51 = !! PWM 6
P52 ~-— 4 L to
P53 ~-—— Port 5 PWM 8
P54 ~o—o, Port 0 | Porti 6-bit | PWM6
_ . — PWM7
l;g: -~ 2N A15-A8 4 NAD7 ADOI_—> P 7
P57 -a——o — PWM9
o0 J— P“{g" 9 b—= pPWM 10
P61 ] PWMi3 [ PWMTI
P62 =il 8-bit — PWM 12
P63 ——am Port 6 f— PWM 13
P64 —
PE5 —]
AFCIN —— _—_> le—— 0SCIN
= QSCOouT
160 Byte P Le—— HSYNC
Character RAM On-Screen  f=—— VYSYNC
Dispiay l—» VRED
) —=— VGREEN
4 KByte = VBLUE
Character ROM L VBLANK

Figure 1. Functional Block Diagram
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PIN CONFIGURATION

NC
NC
N/C
NC
PWMH1
P35
P36
P34
P31
P30
XTAL1
XTAL2
/RESET
P60
GND
P61
P62
vCC
P63
P64
P65
AFCIN
P50
P51
P52
P53
P54
P55
P56
P57
OSCIN
OSCOouUT

mislisinEsEnialinisininSsinicicicEnEnioisinEalinEnisEniniaEnininEn!

1 ~ 64
2 63
3 62
4 61
5 60
6 59
7 58
8 57
9 56
10 55
1 54
12 53
13 52
14 51
5 zggraz 9
% 4ot ®
17 48
18 47
19 46
20 45
21 44
2 43
23 &2
24 1
25 40
26 39
27 38
28 37
29 36
30 35
31 34
32 33

guopuuurpgudauiuguudupuudugdudauuaouauugoy

PWM6
PWM7
PWM8
PWM9
PWM10
PWM11
PWM12
PWM13
P27
P26
P25
P24
P23
GND
P22

P21
VvCC
P20
NC
NC
NC
NC
NC
NC
NC
N/C
VBLANK
VBLUE
VGREEN
VRED
VSYNC
HSYNC

Figure 2. 64-Pin Mask-ROM Plastic DIP
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PIN IDENTIFICATION
64-Pin DIP 286127
Pin Name Function Direction
1 N/C No Connection
2 N/C No Connection
3 N/C No Connection
4 N/C No Connection
5 PWMH1 Pulse Width Modulator 1 Output
6,7 P35-P36 Port 3, Pins 5, 6 Qutput
8 P34 Port 3, Pin 4 Output
9 P31 Port 3, Pin 1 Input
10 P30 Port 3, Pin 0 Input
1 XTAL1 Crystat Oscillator Input
12 XTAL2 Crystal Oscillator Output
13 /RESET System Reset Input
14 P60 Port 8, Pin O Input
15 GND Ground Input
16 P61 Port 6, Pin 1 Input
17 P62 Port 6, Pin 2 Input
18 Veo Power Supply Input
19-21 P63-P65 Port 6, Pins 3, 4, 5 Input
22 AFC,, AFC Voltage Level Input
23-30 P50-P57 Port5,Pins0,1,2,3,4,5,6,7 Output
31 0SC,, Video Dot Clock Osc Input
32 0SC, Video Dot Ciock Osc Output
33 Havne Horizontal Sync Input
34 svne Vertical Sync Input
35 Vred Video Red Output
36 Vgreen Video Green Output
37 Vblue Video Blue Output
38 Vbiank Video Blank Output
39-46 N/C No Connection
47 P20 Port 2, Pin O In/Output
48 Ve Power Supply Input
439,50 pP21-P22 Port 2, Pins 1, 2 In/Output
51 GND Ground Input
52-56 pP23-P27 Port 2, Pins 3,4,5,6,7 In/Output
57 PWM13 Pulse Width Modulator 13 Qutput
58 PWM12 Pulse Width Modulator 12 Output
59 PWM11 Pulse Width Modulator 11 Output
60 PWM10 Pulse Width Modulator 10 Output
61 PWM9 Pulse Width Modulator 9 Output
62 PWM8 Pulse Width Modulator 8 OQutput
63 PWM7 Pulse Width Modulator 7 Output
64 PWMé Pulse Width Modulator 6 Output
4-5
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PIN DESCRIPTION

XTAL1, XTAL2 (time-based input, output, respectively).
These pins connect to the internal parallel-resonant clock
crystal (4 MHz max) oscillator circuit with 2 capacitors to
GND. XTAL1 can also be used as an external clock input.

IAS Address Strobe (output, active Low). /AS is pulsed
once at the beginning of each machine cycle. Address
output is through Port 0 and Port 1 for all external pro-
grams. Memory address transfers are valid at the trailing
edge of /AS. Under program control, /AS can be placed in
the highimpedance state along with Port0 and Port 1, Data
Strobe and Read/Write.

/DS Data Strobe (output, active Low). /DS is active once for
each external memory transfer. For READ operations, data
must be avaitable prior to the trailing edge of /DS. For
WRITE operations, the falling edge of /DS indicates the
output data is valid.

R//W Read/Write (output, Write active Low). R//W signal is
Low when the DTC is writing to the external program or
data memory.

SCLK System Clock (output). SCLK is the internal system
clock. It can be used to clock external glue logic.

Hgy\ (input, Schmitt-triggered, CMOS level). Horizontal
Sync is an input pin that accepts an externally generated
Horizontal Sync signal of either negative or positive

polarity.

Ve (input, Schmitt-triggered, CMOS level). Vertical Sync
is an input pin that accepts an externally generated Verti-
cal Sync signal of either negative or positive polarity.
0sC,, OSC,; (Video Oscillator input, output, respec-
tively). Oscillator input and output pins for on-screen
display circuits. These pins connect to an inductor and two
capacitors to generate the character dot clock (typically
around 6 MHz). The dot clock frequency determines the
character pixel width and phase synchronized to Hg, ..

Vblank Video Blank (output). CMOS output, program-
mable polarity. Used as a superimpose contral port to
display characters from video RAM. The signal controls
Y signal output of the CRT and turns off the incoming video
display while the characters in video RAM are superim-
posed on the screen. The red, green, and blue outputs
drive the three elect,on guns on the CRT directly, while the
blank output turns off the Y signal.

Vblue Video Blue (output). CMOS Output of the Blue video
signal (B-Y) and is programmabie for either polarity.

Vgreen Video Green (output). CMOS Output of the Green
video signal (G-Y) and is programmable for either polarity.

Vred Video Red (output). CMOS Output of the Red video
signal (R-Y) and is programmable for either polarity.

Port 2 (P27-P20). Port 2 is an 8-bit port, CMOS compat-
ible, bit programmable for either input or output. Input
buffers are Schmitt-triggered. Bits programmed as out-
puts may be globally programmed as either push pull or
open-drain (Figure 3).

Port 3 (P30, P31, P34-P36). Port 3, P30 input, is read
directly. If appropriately enabled, a negative edge event
is latched in IRQ3 to initiate an IRQ3 vectored interrupt. An
application could place the device in STOP mode when
P30 goes Low (in the IRQ3 interrupt routine). P30 initiates
a Stop-Mode Recovery when it subsequently goes High.
Port 3, P31 are read directly. If appropriately enabled, a
negative edge event is latched in IRQ2 to initiate an IRQ2
vectored interrupt. P31 High is signified as the T, signal to
Timer1. Port 3, P34 and P35 are general-purpase output
lines. Port 3, P36 can be used as a general-purpose output
or as an output for T, (from Timer1 or Timer2) or SCLK
(Figure 4).

Port 5 (P57-P50). Port 5 is an 8-bit, CMOS compatible,
Output Port. The output ports can directly sink 10mA at 1.5
Volt V. They are typically used to drive multiplexed LED
displays (Figure 5).

Port6 (P65-P60). Port 6 is a 6-bit, Schmitt-triggered CMOS
compatible, input port. The outputs of the AFC comparators
internally feed into the Port 6, bit 6 and bit 7 inputs (Figure
6).

AFC,, (Comparator input port, memory mapped). The
input signal is supplied to two comparators with
VTH1=2/5 V,, and VTH2=3/5 V typical threshold volt-
age. The comparator outputs are internally connected to
Port 8, bit 6 and bit 7. AFC, is typically used to detect AFC
voltage level to accommodate digital automatic fine tuning
functions (Figure 7).

Pulse Width Modulator 1 (PWM). PWM1 is typically used
as the D/A converter for Voltage Synthesis Tuning sys-
tems. It has a 14-bit resolution.

Pulse Width Modulator 6-8 (PWM). PWM8-PWM6 are
Pulse Width Modulators with 6-bit resolution.

Pulse Width Modulator 9-13 (PWM). PWM13-PWM9 are
Pulse Width Modulator circuits with 8-bit resolution.

4-6
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Pulse Width Modulator 1, 6, 7, 8 (PWM). Can be /RESET System Reset. Code is executed from memory

programmed as general-purpose outputs. PWM 1is5Volt  address 000CH after the /RESET pin is set to a high level.

push-pull output, and PWMs 6, 7, 8 are 12 volt open-drain  The reset function is also carried out by detecting a Vee

outputs. PWMs 9,10, 11, 13 also open-drain outputs (See  transition state (automatic Power-On Reset) so that the

Figure 8). external reset pin can be permanently tied to V. A low
level on /RESET forces a restart of the device.

286127

e —————_—
e

S ———
] > Port2
. I (10)
e ——————————_—

e —————

B —————E—.

vCC
o 4{>o—‘_

OEN % P
PAD
Do D
s 20
ouT O ohm
N P

N

Note: Input/Output, tri-State, Open Drain, Pad Type 5

Figure 3. Port 2 Configuration
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PIN DESCRIPTION (Continued)

Port3
(/O or
Control)

VGG VvCC

PAD

ouT N

Note; Input Only, Schmitt-triggered, Pad Type 2 Note: Output Only, Pad Type 3

Figure 4. Port 3 Configuration
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286127

> Port5
Output

veo

[=
or ——

N
/777

PAD

— 1

Figure 5. Port 5§ Configuration
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PIN DESCRIPTION (Continued)

- )
<+
————————— Port6
Input
286127 -
|———
-
S
— AFCIN
vCC

Figure 6. Port 6 Configuration
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vCC
STOP I
p
2R
’ vCC
P67
+—
Internal 1R
Databus
20 Ohm PAD
ANA/ 1
P66 ) AFCIN

+
internal A
Databus

Figure 7. AFC,, Comparator Circuits
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FUNCTIONAL DESCRIPTION

The Z8 LDTC incorporates special functions to enhance
the Z8's versatility in consumer, industrial and television
control applications.

Pulse Width Modulator (PWM). The LDTC has nine PWM
channels (Figure 12). There are three types of PWM
circuits: PWM1 (one channei of 14-bit resolution) typically
used for Voltage Synthesis Tuning, PWM8-PWM6 (three
channels of B-bit resolution) typically used for audio level
control, and PWM13-PWMS (five channels of 8-bit resolu-
tion) typically used for picture level control. The PWM
control registers are mapped into external memory and are
accessed through LDE and LDEI instructions.

PWMs 6 through 13. They have their maximum values (on
times) when all 1s are loaded in their PWM Value registers
(and minimum value for all 0s). PWM1 has a maximum
value for all Os and minimum value for all 1s.

On-Screen Display (OSD). The OSD has a capability of
displaying 8 rows by 20 columns of 128 kinds of characters
for either high resolution (11 x 15 dots) patterns (Figures 8,
9, 10 and 11).

/RESET
AD7-0 AD7-0
XTAL 14-Bit Binary v PWM Mod Reg
Down Counter FC1ih FC10h
| = = 70 7-0
1
Upper 7-Bit 7-Bit l <
14-Bit — 137N comparator | | 0
137 4 RS & DFF |~ PWM1 push-pull
ADT0 E> P&ve%ﬁ Pulse gutpu?
74
Lower 7.81 &0 Nl Distributor
FC12-3h 4
50 .
=1 6Bt 5 asrrl 1 mpx = PWMBE (open-drain)
pwMe |15 50\ 6-Bit .
AD7-0 E,') Reg v] Comparator PWM? (open-drain)
ASFF p—
FC18h | I —= PWMB8 (open-drain)
FC19h T RSFF
FC1Ah | —N
Con?;.)Bal:ator ASFF — PWM9 (open-drain)
RSFF j-——————————= PWM10 (open-drain)
RSFF PWM11 (open-drain)

RSFF —t= PWM12 (open-drain)

RSFF PWM13 (open-drain)

Figure 8. Pulse Width Modulator Block Diagram
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Low-Cosr (DTC™)

FUNCTIONAL DESCRIPTION (Continued)
The OSD features are as follows:

m Character Color: Seven kinds of color are specified
on a row basis.

m Character Pixel Size: Four character pixel sizes are
selected for high resolution (1HL, 2HL, 3HL, and 4HL)
Horizontal Line (HL).

m Polarity Selections: Can select active low or high for
horizontalfvertical sync input and RGB outputs.

m Display Position: Can display 64 vertical positions by
4HL units and 64 horizontal positions by a 4-dot clock.

= Inter Row Spacing: Inter row vertical line spacing is
set from 2HL to 25HL (17HL for high resolution).

m Fadeln/Out Control: Fade position can be determined
in vertical direction.

® BarLine Type Display: One of the rows is selected to
display an analog bar line every half column by setting
second color with proper character set.

® Fringe Function: Fringe offfon and the color selected.

m Background Color: Eight kinds of color including
black background color.

m ON/OFF Control: Character display, backgrounds
are turned on and off.

m Number of Display Characters: 8 rows x 20 columns.
B Character Set: 128 (11 x 15 dots).

Character Generator ROM. The character generator ROM
is organized as 4 Kbytes of six bits. The ROM defines
11 x 15 dot (high resolution) characters.

Video RAM. The Video RAM is organized as 8-row arrays
(21 x 7 bits each Figure 10). The first location of each row
array contains the attribute for that row. Row attributes
include programmable character color, row background
color and control for background off/on. The next 20 bytes
contains row character data. Each character byte contains
the 7-bit ASCIl code in order to select one of the 128
displayable characters LDE or LDEI instructions are re-
quired to access the Video RAM (Figure 11).

4-14
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Hex
Address

FDOO
FDO1
FDO2
FD13
FD14

FD20
FD21
FD22
FD33
FD34

FD40
FD54

FD60
FD74
FD8O
FD94
FDAO
FOB4
FDCO
FDD4
FDEO
FDF4

Row 1 Attribute (ROW1_ATTR)

Row 1 Column 1 Character Data

Row 1 Column 2 Through
Column 19 Character Data

Row 1 Column 20 Character Data

Row 2 Attribute (ROW2_ATTR)

Row 2 Column 1 Character Data

Row 2 Column 2 Through
Column 19 Character Data

Row 2 Column 20 Character Data

Row 3 Video RAM Buffer

Row 4 Video RAM Buffer

Row 5 Video RAM Buffer

Row 6 Video RAM Buffer

Row 7 Video RAM Buffer

Row 8 Video RAM Buffer

MSB (7 Bits Wide) LSB

Figure 10. Video RAM Configuration
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Low-Cost (DTC™)

FUNCTIONAL DESCRIPTION (Continued)

(7 Bits Wide)

ROW1

FDOOH

| Row 1 Attribute

ROW2

ROW3

Row 1 Column 1 Character FDO1H | Fp21H Foath e

Row 1 Column 2 Character FDO2H } Fp2oK FD42H | Tooan FD81H FOATH oo
Row 1 Column 3 Character FDO3H FD23H | Fpasn FD82H FDAZH FDE1H

FD63H FDC2H
Row 1 Column 4 Character FDO4H £p24H | FDaan p” FD83H FDA3H | rocan FDE2H
Row 1 Column 5 Character _FDOSH ["rppey [0 ig(;SH FoBdH [—— FDE3H
Row 1 Column 6 Character FDO6H [ Fp26H FD46H | Foger FD85H o FDC4H FDE4H
Row 1 Column 7 Character __ FDO7H {"Fpo7H | Fpa7n v FD8EH vy Eggz: FDESH
Row 1 Column 8 Character FDOBH [ FpogH Foaeh | rooan FD87H “DATH FDEGH
Row 1 Golumn 9 Character FDOSH [ epogy oo | roear FD8SH v FDC7H FDETH
Row 1 Column 10 Character ~ FDOAH ['rpoaH FDAAH | rpanr FD89H v FDCBH FDESH
Row 1 Column 11 Character  FDOBH | FD2BH [F5amm | foean | iggi: FDESH
Row 1 Column 12 Character ~ FDOCH | FD2CH |FpacH FD6CH FD8BH FDABH |"encmi FDEAH
Row 1 Column 13 Character  FDODH | FD2DH Fn4pH [rnaon FD8CH FORCH | ocem FDEBH
Row 1 Column 14 Character _ FDOEH | FD2EH | rpaen | epern 1o FoADH —con|-FECH
Row 1 Column 15 Character ~ FDOFH | FD2FH | ppapH T FDSEH FOAEH [rocen FDEDH
Row 1 Column 16 Character ~ FD10H | FD30H | rpsoH p— FD8FH o AFH pvnp FDEEH
Row 1 Column 17 Character  FD11H | FO31H | pps1y |7 FDSO0H I ron oo FDEFH
Row 1 Column 18 Gharacter  FD12H | FD32H ["rosi oo P09 ey o AL
Row 1 Column 19 Character _ FD13H | FD33H | "Fpsan |- -FP%21 IFenaon Do |-FREIH
Row 1 Column 20 Character _ FD14H | FD34H | ppgay |70 EE:: FOB3H [rppan 2::

Ms8 1 FDBAH FDD4H
LSB 1 - FDF4H

Figure 11. Video RAM Map

(Write/Read Registers)
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Must be 00H
at each pattern

Hex

Right Half

Left Half

Address

o|o|o o o o olo|o|o]o|o|o ol|lo|o]|o|o
cE mm mm

o|o|o ofl-jo|~|o o|-|~|olo|ol~|-|-|o|-]-|o]|o|~]|o]|~ g9 s3 sg
5@ =¥ 5w

clo|e cjojo|o|o al-|-Jo]o|ojol-|o|o|oe]of~]|~|o]|eo]|e .WW ww mw
Bm— o O [

-~ |- ~lo|~|o|-|o|~|~|~|+]+ o R Bl Bl R B ROl B R B Rl B @ e} (vt
8 £O £8
[< 2} [o. 0] o m

—|O|O ojol~]O|O ol |~} |ojo |~ |O|o|jOo O~ |0 ]|O|O F C = Lo
I I T
[&] (5] (&7

~ O |Oo o~ |O|~|O ol~-|~jojlo|ojr~r~ |||~~~ |o|]O}~|O |~

~ o N MO ¢ 0 © N~ 0 O
238858358 ggigeryoTLere2IOoWy

LsB

MSB

(6-Bit Wide)

Figure 12a. High Resolution Character ROM Configuration
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Program Memory. The Z86127 program ROM size is 8  to the specified vector address. IRQ1 vector is fixed to
Kbytes (Figure 13). The IRQ vector table is located inthe Vg, interrupt request and occurs at the leading edge of
lower address space. The vector address is fetched after  the filtered V,,, input. Program memory starts at address
the corresponding interruptand programcontrolispassed ~ 000CH after reset.

Hex Hex
Address Address
0000 IRQO (High Byte) / 0OSD Control (OSD_CNTRL) FCO00 \
0001 {RQO (Low Byte) Vertical Position (VERT_POS) FCO1
0002 VSYNC IRQ1 (High Byte) Horizontal Position (HOR_POS) FC02
0003 VSYNC IRQ1 (Low Byte) Display Attribute (DISP_ATTR) FCO3
0004 P31 IRQ2 (High Byte) Row Space (ROW_SPACE) FC04
0005 P31 IRQ2 (Low Byte) Fade Pasition (FADE_POS) FC05
0006 P30 IRQ3 (High Byte) Bar Line Control (BAR_CNTRL) | FCo6
0007 P30 IRQ3 (Low Byts) Bar Position (BAR_POS) FC07
0008 T0 IRQ4 (High Byte)
0009 TO IRQ4 (Low Byte
o00n e (H°v;'1 By' ) PWM Mode (PWM_MODE) FC10
1 5 (Hi
. (High Byte) PWM Output Port (PWM_OUT) | FC1t
- T1IRQS (Low Byte) PWM1 High 6-Bit (PWMI_HI) | FCi2
000 nt
Reset Start Address PWM1 Low 8-8it (PWM_LO) | FC13
1 On-Chip Program ROM FC14
1FFF (8 KByte)
FC15
2000 Reserved
FC16
4 Reserved
FC17
FBFF
EC00 PWMS 6-Bit Register (PWM6) FCis
. 0 PWM?7 6-Bit Register (PWM7) FC19 Write
M M d |
cos2 emory Mappe PWM8 6-Bit Register (PWM8) | FC1A Only
FCas PWM9 8-Bit Register (PWM8) FC1B
PWM10 8-Bit Register (PWM10) FC1C
d Reserved
FCEF PWM11 8-Bit Register (PWM11) FC1D
FDOO PWM12 8-Bit Register (PWM12) FC1E
PWM13 8-Bit Register (PWM13) FC1F
4 Video Refresh RAM
FDF4
FDF5 Reserved FC30 /
$ Reserved Port 5 LED Qutput Port (PORTS5) FC31
FFFF K Port 6 input Port (PORTS) FC32
Figure 13. Program Memory
4-19
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FUNCTIONAL DESCRIPTION (Continued)

Memory Mapped Register. All control registers and I/O
ports (except Port 2 and Port 3) are assigned to program
memory space. Address space FCOOH contains OSD
control registers, PWM output registers and Ports 5 and 6
I/O registers. Two bits of the decoded AFC, port are
assigned to Port 6 input port. LDE and LDE! instructions
are required to transfer data between the Register File and
the Memory Mapped Registers.

Register File. A total of 253 byte registers are implemented
in the Z8 core. Address O0OH, 01H and FOH are reserved.
The register file consists of two /O Port registers, 236

Hex
Address
00
o1 Reserved
02 Port 2 (P2)
03 Port 3 (P3)
04
General-Purpose

Registers
EF
FO Reserved
F1 Timer Mode (TMR)
F2 Timer/Counter1{T1)
F3 T1 Prescaler (PRE1)
F4 Timer/Counter0 (T0)
F5 TO Prescaler (PREQ)
F6 Port 2 Mode (P2M)
F7 Port 3 Mode (P3M)
F8 Reserved
F9 Interrupt Priority Reg (IPR)
FA Interrupt Request Reg (IRQ)
FB Interrupt Mask Reg (IMR)
FC Condition Flag (FLAGS)
FD Register Pointer (RP)
FE General-Purpose Register
FF Stack Pointer Low (SPL)

Figure 14. Register File Configuration

general-purpose registers and 15 control and status
registers (Figure 14). The instructions can accessregisters
directly or indirectly with an 8-bit address field. This also
allows short 4-bit register addressing using the Register
Pointer. In the 4-bit mode, the register file is divided into
sixteen working-register groups, each occupying 16
continuous locations. The Register Pointer addresses the
starting location of the active working-register group
(Figure 15).

Note: Register Bank EO-EF is only accessed through a
working register and indirect addressing modes.

[ 1

Ir7r6r574|r3r2r1r0

R253
{Registar Pointer)

The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.

FF
— R15 to RO
Fo

The lower nibble
of the ragister
file address
~a—— provided by the

Specified Warking

Register Group instruction points
2F tothe
e register.
20
1F
o= Register Group 1 R15to RO
10
OF
Registar Group 0 R15t0 R4
I1/C Ports A3 to RO
00

Figure 15. Register Pointer
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28 STANDARD CONTROL REGISTERS
RESET CONDITION
{o7] ve o5 Jo4 [03 [ 2] 01 [0o0]

REGISTER
REGISTER POINTER
% FF SPL ujudujujujujuiju
17]s]s]+]oJofo]ol % FE 6P ulujujujujujul]u
W R % FD RP ujulufjujuluijutu
'orking Register o
Gmu:poig‘e, l I Must be 'O % FC FLAGS ufufufufjululu]u
% FB IMR ofujujujujujuiju
% FA IRQ olojojojojoqoqo
% F9 IPR ulfufjulujujujulu
% F8 Reserved
% F7 P3M cjojojojojojotgo
% F6 P2M MR RIEEEREE AR
% F5 PREO ufjujujujujulju]o
% F4 T0 ufufujujujufju]u
28 Reg. File % F3 PRE1 ufujujufufuljo]o
o%FF % F2 Ti vfujujufufuju]u
%FO % F1 T™R ofofojojojo]o]o
% FO Reserved
_>
%7F
Reserved
%OF
%00
EXPANDED REG. GROUP (0)
REGISTER RESET CONDITION
Legend:
% (0) 03 P3 uj1t1]1ju]u]u]u
U = Unknown
% (0) 02 P2 Ujujujujujujuiju
Noée\:/ I%" Galll\ahr‘al-minpuse ';sgisierss, P\GJI\GA Registers, %o Reserved
and Video registers, Port 4, 5, ani o
registers are undefined after resst, %0100 Resorved

Figure 16. 286127 Register File Reset Condition
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FUNCTIONAL DESCRIPTION (Continued)

Stack. The internal register file is used for the stack. An 8-
bit Stack Pointer is used for the internal stack that resides
within the 236 general-purpose registers.

Counter/Timers. There are two 8-bit programmable
counter/timers (T0-T1), each driven by its own 6-bit
programmable prescaler (PREO and PRE1). The T1
prescaler can be driven by internal or external clock
sources; however, the TO prescaler is driven by the internal
clock only (Figure 17).

The counter, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user definable and is the internal
microprocessor clock (XTAL clock/4), or an external signal
input through Port 3, P31. The counterftimers are
programmably cascaded by connecting the TO output to
the input of T1.

Internal Data Bus

il

Wr;te lL Fle*ad

PREO TO
Initial Value Initial Value Current Value
Register Register Register
0% )l I}
6-Bit 8-Bit
+4 Down o] Down
¢—— Internal Counter Counter > |RQ4
Clock
¢—— Serial /O
! Clock
y
External Clock +2 }—> Tour
Y P36
Clock
Logic -
6-Bit 8-Bit » |RQ5
+4 Down o] Down
\ Counter Counter
Internal Clock i i i i l
Gated Clock PRE1 T T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
To P34 4 [} [}
Write Write Read

Internal Data Bus

Figure 17. Counter/Timer Block Diagram
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Interrupts. The LDTC has six different interrupts from six  follows: two sources are claimed by Port 3 (P30, P31), one
different sources. These interrupts are maskable and by V.. two by the counter/timers, and one is software
prioritized (Figure 18). The six sources are divided as  triggered only.

IRQ

U

F
LT }

IMR

Global
Interrupt PR

Enabie il

Interrupt PRIORITY
Request LOGIC

Vector Select

Figure 18. Interrupt Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

HALT Mode. The 286127 is driven by two internal clocks,
TCLK and SCLK. They both oscillate at the crystal
frequency. TCLK provides the clock signal for the counter-
timers and the interrupt block. SCLK provides the clock
signal for all other CPU blocks. HALT mode turns off the
internal CPU clock (SCLK), but not the XTAL oscillation.
The counterftimers and external interrupts remain active.
The device may berecovered by interrupts, either externally
or internally generated. An interrupt request must be
executed (enabled) to exit HALT mode. After the interrupt
service routine, the program continues from the instruction
after the HALT.

STOP Mode. The STOP instruction stops crystal oscillation,
thereby stopping both SCLK and TCLK. The device ceases
to operate. The STOP mode can be released by two
methods. The first method is to reset the device. A high
input condition on Port 3 P30 is the second method. After
releasing the STOP mode by using either one of the two
methods, program execution begins atlocation 000CH. To
complete an instruction prior to entering the standby
modes, a NOP instruction has to be placed before the
HALT or STOP instructions. This is required because of
instruction pipelining, i.e.:

XTAL1
:!—: —]
L

Ceramic Resonator
or Crystal

FF NOP ; clear the pipeline
6F STOP ; enter STOP mode
or
FF NOP ; clear the pipeline
7F HALT  ; enter HALT mode
Note:

In STOP mode, XTALZ2 pin has an internal pull-up on it and OSC,;; has
an internal pull-down.

Clock. The Z86127 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal,
ceramic resonator, or any suitable external clock source
(XTAL1 = Input, XTAL2 = Output). The crystal is an AT cut,
parallel resonant, 4 MHz max with a series resistance (RS)
less than or equal to 100 Ohms.

The crystal source is connected across XTAL1 and XTAL2
using the crystal vendor's recommended capacitors (10

pF < CL < 300 pF, where C1=C2=CL) from each pin
directly to device ground P15 or P51 (Figure 19).

-—Do— XTAL

— XTAL2

External Clock

33pF —=

LC Oscillator Circuits

Figure 19. Oscillator Contiguration
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Watch-Dog Timer (WDT). The Z86127 is equipped with a
permanently enabled Watch-Dog Timer which must be
refreshed every 12 ms. Failure to refresh the timer results
in a reset of the device. The WODT is permanently enabled
and is initially reset on POR. Every subsequent WDT
instruction resets the timer. The Watch-Dog Timer may or
may not be enabled during the HALT mode. The instruc-
tion WDT 4F (HEX) enables the timer during HALT. If the
WDH instruction is used, and if the HALT mode is not

released and the Watch-Dog Timer is not retriggered (by
the WDT instruction) within 12 ms, a device reset occurs.
The WDT instruction affects the Z (Zero), S (Sign), and V
(Overflow) flags. WDT does not run during STOP mode.

V. Voltage Sensitive Reset (VSR). Reset is globally
driven it V is below the specified voltage (Figure 20).

VBO 3.80
3.60
3.40
3.20 \
3.00 \
2.80
2.60
2.40 1 r 1 r 1 r 1 1
-60 -40 -20 +0 20 40 60 80 100 120 140
Temperature
(°C)
Figure 20. Voltage Sensitive Reset vs Temperature
4-25
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ABSOLUTE MAXIMUM RATINGS

Stresses greaterthan those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This
is a stress rating only; operation of the device at any
condition above those indicated in the operational

sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

Symbol Parameters Min Max Units Notes
Vee Power Supply Voitage* -0.3 +7 \"
Vv, Input Voltage -0.3 Ve +0.3 \
Vv, Input Voitage -0.3 Ve +0.3 A [1]
Vo Output Voltage -0.3 Vo +8.0 A (2]
lon Output Current High -10 mA 1 pin
lon Output Current High -100 mA All total
lou Output Current Low 20 mA 1 pin
bou Output Cutrent Low 40 mA [3] (1 pin)
loL Output Current Low 200 mA All total
T, Operating Temperature T
Tsre Storage Temperature -65 +150 C
Notes:
[1} Port 2 open-drain
2] PWM open-drain outputs
[3] Ports
" Voitage on all pins with respect to GND.
t See Ordering Information
STANDARD TEST CONDITIONS
The characteristics listed below apply for standard test VDD
conditions as noted. All voltages are referenced to GND.
Positive current flows into the referenced pin (Figure 21).
RLL
From Output
Under Test
150 pF ALH

|

Figure 21. Test Load Diagram
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: CAPACITANCE
5 T, = 25°C; V.= GND = 0V; Freg = 1.0 MHz; unmeasured pins to GND.
| Parameter Max Units
Input capacitance 10 pF
Qutput capacitance 20 pF
/O capacitance 25 pF
AFC,, input capacitance 10 pF
DC CHARACTERISTICS

T,=0°Cto +70°C; V= +4.5V to +5.5V; F o= 4 MHz

T,=0°C to +70°C  Typlcal

Sym  Parameter Min Max @ 25°C Units Conditions

vV, Input Voltage Low 0 0.2V, 1.48 A

Vie input Voltage XTAL/Osc In Low 007V, 0.98 \ External Clock Generator Driven

Vi Input Voltage High 0.7 Vg Vee 3.0 \

Vie Input Voltage XTAL/Osc in High 0.8V, Vee 3.2 v External Clock Generator Driven

Vv Schmitt Hysteresis 0.1V 0.8 \

Voy Maximum Pull-up Voltage 12 Vv [2]

A QOutput Voltage Low 0.4 0.16 \ lo,=1.00 MA
0.4 019 V IOL=32mA )
0.4 0.19 v 10,=0.75 mA [2]
1.5 1.00 \ lo=10 MA [1]

Voot AFCLevel 011n 045V, 19 \

Vo  AFC Level 111n 0.5 Vg, 075V, 3.12 \

Vou QOutput Voltage High V04 4.75 \ loy=—0.75 mA

la Resst Input Current -80 —46 pA V=0V

L Input Leakage -3.0 3.0 0.01 pA  OV\V.

foL Tri-State Leakage -3.0 3.0 0.02 pA  OV\V .

lee Supply Current 20 13.2 mA Allinputs at rail

ot 6 3.2 mA Al inputs at rail

loce 10 0.1 All inputs at rail

Notes:
(1] Port5

[2] PWM open-drain
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AC CHARACTERISTICS
Timing Diagrams
4—@-—
4 \
XTAL1
—
-®
Figure 22. External Clock
TN
Figure 23. Counter Timer
IRQN

ok

Figure 24. Interrupt Request
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i c ©

Internal /RESET

VCC

External /RESET

Figure 25. Power-On Reset

HSYNC
(19
0sC2

Figure 26. On-Screen Display
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AC CHARACTERISTICS
T,=0°C1t0+70°C; V= +4.5V to +5.5V; F .. = 4 MHz,

No Symbol Parameter Min Max Unit

1 TpC Input Clock Period 250 1000 ns

2 TrC,TIC Clock Input Rise and Fall 15 ns

3 TwC Input Clock Width 125 ns

4 TwTinL Timer Input Low Width 70 ns

5 TwTinH Timer Input High Width 3TpC

6 TpTin Timer Input Period 8TpC

7 TrTin, TfTin Timer Input Rise and Fall 100 ns

8a TwiliL Int Req Input Low 70 ns

8b TwiL 3TpC

9 TwiH Int Request Input High 3TpC

10 TdPOR Power-On Reset Delay 25 100 ms

11 TdLVIRES Low Voltage Detect to 200 ns

Internal RESET Condition

12 TwRES Reset Minimum Width 5TpC

13 TdHsO!I Hgy Start to V. Stop 2TpV 3TpVv

14 TdHsOh Hgy\ ENd to V. Start 1TpV

15 TdWDT WDT Refresh Time 12 ms
Note:

Refer to DC Characteristics for details on switching levels.
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SUMMARY
Input/Output Circuits

vCC

20 Ohm PAD

Figure 27. Input Only
(Pad Type 1)

/] 20 Ohm a'?

Figure 28. Input Only, Schmitt-Triggered
(Pad Type 2)

VCC

PAD

ouTt N

Figure 29. Output Only
(Pad Type 3)
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SUMMARY
[Input/Output Circuits (Continued)

286127
Low-CosT (DTC™)

vCe
OEN _})_4
P
PAD
el
20
ouT o
N 4
N
Figure 30. Input/Output Tri-State
(Pad Type 4)
vCC
o Do
PAD

O s
ouT ohm
N é

Figure 31. Input/Output, Tri-state, Open-drain
(Pad Type 5)

vCC

- s
P
_O "
ouT %

Figure 32. Output Only, Tri-State
(Pad Type 6)

PAD
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ele
out —DO—’ N vce
) N q
: P67
! m 1R

20 Ohm PAD

WA ]

P66

Figure 33. Output Only, 12-Volt open-drain
(Pad Type 7)

Figure 35. AFC Input Circuit

yee (Pad Type 9)

Mapping of Symbolic Pad Types to Pin Functions

20 Ohm PAD Pin Name Pad Type

RESET XTAL1, OSC,,
XTAL2, OSC
/RESET
P20-P27
P30-P31

P34-P36
P50-P57
P60-P65
AFC,,

Hy o V.

SYNC® " SYNC
Figure 34. Reset Input Circuit VRED, VBLUE, VGREEN,
(Pad Type 8) VBLANK
PWM1
PWM [6 -13]

Note:
*High gain start, low gain run ampiifier circuit

* =

ouT

NWWW PONWW| v
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DTC CONTROL REGISTER DIAGRAMS
Port Registers

P2 02H
|D7los]ns|o4lus|02]m|oq

mpwouput
0 Logic Leve
1 Loolcuv

-o

Figure 36. Port 2 Register

(Read/Write)
P3 03H
07| pe| s | b4/ D3] 02| D1 DO
J P30 Input Port, STOP Recovery
P31 Input/T1 (input)
—————see—— P34 Qutput Port
P35 Quitput Port
P36 Output/T1, TO {output)
Reserved

Ps FC31H
07| os| 05] 04 D3] p2] 01| D0

|——— Output Control

0 Logic Level 0
1 Logic Lavel 1

Reset Condition = Undefined

Figure 38. Port 5 Register
(Write Only)

FC32H

[D?lmloslm|mloz|m|1

6 Comparatex Input
00 GND thru V1
Resat Condition = Undefined 01V1thruv2
1

Figure 39. Port 6 Register

Figure 37. Port 3 Register (Write Only)
(Read Only P31-P30)
(Write Only P34-P36)
DTC CONTROL REGISTER DIAGRAMS
PWM Registers
PWM1 UPPER FC12H PWM1 LOWER FC13H

o7 oe]o-; o4] o3 02f 01 po |

[—— PWM1 High Byte

(Must bs 0)

Figure 40. PWM 1 High Value
(Write Only)

[ o7] 06| ps] 04} o3} p2| o1] o]

L—— PWM1 Low Byte

Figure 41. PWM 1 Low Value
(Write Only)
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; PWMS VAL FC18H PWM10 VAL FCI1CH
i { 07[ 06| 05| 04| 03] 02| 1] 00 { o7[ 6] 05] 04| D3] p2] 1] 00 ]

l—— PWMS6 Value l—7 PWM10 Value

Reserved (Must be 0)

Figure 46. PWM 10 Value
Figure 42. PWM 6 Value (Write Only)
(Write Only)

PWM11 VAL FC1DH
ID7IDeI D5| D4I Dsl Dz[ D1l Dol

PWM7 VAL FC19H

[ 07 o8] bs} 04} 03] 02| 1] 0o | I
PWM11 Value
I—— PWM? Value

Raserved {Must be 0)

Figure 47. PWM 11 Value
(Write Only)

Figure 43. PWM 7 Value

Write Onl
¢ V) PWM12 VAL FCIEH

[D7IDB[DSI 041 DSI DZI D1I DOI

PWMa VAL FC1AH |
PWM12 Value

{ 07| ps] ps] b4] pa] b2] b1] po

I—_— PWMB Valua

Reserved (Musi ba 0)

Figure 48. PWM 12 Value
(Write Only)

Figure 44. PWM 8 Value
(Write Only) PWM13 VAL FCIFH
{o7] 06| bs] b4 03] 02 01] 00
PWMS VAL FC1BH

l—_ PWM13 Vaiue
[ o7] o8| 5| 04 03] p2] 01} 0]
L_ PWM8 Value Figure 49. PWM 13 Value Register

(Write Only)

Figure 45. PWM 9 Value
(Write Only)
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DTC CONTROL REGISTER DIAGRAMS
PWM Registers (Continued)

PWM OUT FC11H
Qutput Control
0 = Logic Level 1

[07 DBI DSI D4l 03[ DZI mlDo] 1= Logic Level 0

[

Figure 50. PWM Port Output Register
(Write Only)

PWM MODE FC10H
[ o7 6] ps| o4] pa p2] p1] 00}

L e

Mode Control
0 PWM
1 Qutput Port

Figure 51. PWM Mode Register
(Write Only)

DTC CONTROL REGISTER DIAGRAMS

Z8 Microcontroller Control Register Diagrams

0SDC CNTRL FCOOH
[ 7] os] os| o4] p3] o2 o1 po]

| J E—————

High Resoluth
(Mgustben

Sync Polarity
Positive
1 Negative

Reserved (Must be 0)

Figure 52. OSD Control Register
{Write Only)

VERT POS FCOTH
| ml DGI osl ml oal Dz[ ml DOI

Vertical Position Control
x 4 Horizontal Lines

Resarved (Must be 0)

Figure 53. OSD Vertical Position Register
(Write Only)

HOR POS FCO2H

[ 07| ps o5 04] 03] p2| o1 oo}

Hori; | Position Control
x4 DOT Clocks
Resarved (Must be 0)

Figure 54. OSD Horizontal Position Register
(Write Only)

DISP ATTR FCOaH
[ 07] o8] 05| o4] o3| o2 o1} Do |

I L Blue Background
Green Background
Red Background

RGB Polarity
Q - Positive
1 - Negative

Reserved (Must be 0)

Fringe On-Off
on?otf
1-On

B On-Off
0 - Off
1-On

Déspla On-Off
1-0n

Figure 55. OSD Display Attribute Register
{Write Only)

4-36

9984043 0033032 792 EE




N 2La5

286127
Low-Cost (DTC™)

A

ROW SPACE FCO4H
{07] o] 05| 04] 03] 02| 01] oo |

-|'-|- —D inter Row Space

Reserved (Must be 0)

Fade Direction
0 - Fade After
1 - Fade Before

Fade On-Off
0-Off
1-On

Figure 56. OSD Row Space Register
(Write Only)

FADE POS FCO5H

{07] 06| 05| 4| 0a] p2] o1] b0 |

I—— Vertical Index

Reserved (Must be 0)

Figure 57. OSD Fade Position Register
(Write Only)

BAR CNTAL FCOBH
| o7} 06] 05| 04| D3] D2 D1] 00|

I—-——- Row Address
Reserved (Must be 0)

Red Bar Color
Green Bar Color
Blue Bar Color
Bar Cotor Enable

Figure 58. OSD Bar Control Register
(Write Only)

BAR POS FCO7H
[ o7] os] 05| 04] pa] p2| p1] oo |

Bar Column Position
Reserved (Must be 0)

Figure 59. OSD Bar Position Register
(Write Only)

R241 TMR FiH
| o7 ol os| o] Dal Dzl ml DDI

T L
0 - No Function
T0

1-Load

0 -Disable TO Count
1 -Enable T0 Count
————mmse———— 0 - No Function
1-Load Tt

0 - Disable T1 Count
1 - Enable T1 Count

TIN Modas
00 Extamat Clock Input
01 Gate Input

10 Trigger In|
e retog

1 (Rgge”npggerable)

riggerable)
TOUT Modes
sed

00 Not U

01 TOQut

10 T1 Out

11 Intemal Clock Out

Reset Conditlon = 00

Figure 60. Timer Mode Register
(F1H; Read/Write)

R242T1 F2H
{ o7]os| 05| 04| o3| o2[ p1] Do |

I———_ T1 Initial Value

hen Written)
Range: 1-256 Decimal
1-00 Hex)
T1 Current Vaiue
(When Read)

Figure 61. Counter/Timer1 Register
(F2H; Read/Write)

EAa 9984043 0033033
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DTC CONTROL REGISTER DIAGRAMS
Z8 Microcontroller Control Register Diagrams (Continued)

R243 PREt F3H R246 P2M

[ o7] o8] os] b4} 3] p2{ o1} oo [o7]ps] o5] 04 03] 2] mlool

_[__ L———— P27 - P20 I/O Definition
%°-‘r‘§"s“,‘°‘|’: pas" 0 Defines Bit as Output
1TI M 1 Defines Bit as Input
Clack Source
1T1 Intemal
oTi Enemal Timing Input*
_(TIN) M Mod | Figure 65. Port 2 Mode Register
| ulo ) .
(Han e: 1-64 Dacimal (FGH’ Write OnIY)
01-00 Hex)
* Default After Reset
R247 PaM
Figure 62. Prescaler 1 Register |°7ID”I ps] m] 03] 02| °‘|°°l
(F3H; Read/Write)
L 0- Port2 n-Drain
l 1- Port2 gg:nPuu
R244 TO Reserved (Must be 0)
W]Ds[oslm]os[odmho] 9 Paz-Input P35 - Output
e 00 P33 - | P34 - Output
| 1 Rauw:%m P
TO Initia! Value - -
When Written) 0 P31 - Input (TIN) P36 - Qutput (TOUT)
R?gge: 1-256 Decimal 0 P30 - Input
1 Hex q
T0 Current Value L (Must be 0)
(When Read)
Figure 63. Counter/Timer 0 Register Figure 66. Port 3 Mode Register
(F4H; Write Only) (F7H; Write Only)
R245 PREO F5H R249 IPR EoH
[o7]oe] os] o4 ] 03[ D2} o1 ] 0] { o7[ 06| os] 04 pa] p2| o1] oo}
L CS‘-‘,—'E)‘Q’,'““ o I T Imarru ;sGB:Sup Priority
ngle Pass*
- 001 C>A>B
1 TO Modulo-N 910 AsBoC
Reserved {(Must be 0) 011 A>C>B
100 B>C>A
Prescaler Modulo 101 C>B> A
(Range: 1-64 Decimal 110 B>A>C
. 01-00 Hex) 111 Reserved
Default After Reset iRQ1, IRQM4 Priority (Group C)
0 IRQ1t > IRQ4
1 IRQ4 > IRQ1
Figure 64. Prescaler 0 Register — .%Qlk éﬁzezl;g%m (Group B)
(FSH; Read/Write) 9 IRz Ras
IRQ3, IRQS Pnonty (Group A)
0 IRQS5 > IRCE
1 IRQ3 > IHQS
Reserved (Must be 0)

Figure 67. Interrupt Priority Register
(FOH; Write Only)

4-38
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R250 IRQ FAH
| 7] o6} ps] 04] 03] 02] 01] oo}

I——— 1RQ - Software o"'y NA

IRQ1 - VSYNC

IRG2 - P31 Input
IRQ3 - P30 Input
IRQ4 - TQ

IRQ5 - T1

Resarved (Must be 0)

Reset Condition = 00H

Figure 68. Interrupt Request Register
(FAH; Write Only)

R251 IMR FBH
|D7|D6 ps| 04} 03] p2] 01] 00|

| o Resarved (Mustbs 0)
1 - Enables IRQS - IRQ1

(D14RQ1}
Reserved (Must be 0}

1 - Enables Interrupts
0 Disable Intor"r\up?tt

* Default after Resat

Figure 69. Interrupt Mask Register
(FBH; Read/Mrite)

R252 FLAGS FCH
{ 7] o8| 05| 04] 03] o2] o1 oo

T | L User Flag F1
User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Cary Flag

Figure 70. Flag Register
(FCH; Read/Write)

R253 AP FDH
| o7] o8] o5} 04| D3] o2 o1f 0o |

I-—— Reserved (Must be 0)

Register Pointer

Reset Condition = 00H

Figure 71. Register Pointer
(FDH; Read/Write)

254 GP FEH
[ 07} o8] 05| 04 03 p2] o1] Do |

l———_ ﬁtnck Pointer
¢ Byte
&)

Reset Condition = Undefined

Figure 72. Stack Pointer
(FEH; Read/Write)

R255 SPL FFH
o7} os] os| 04| 03] 02} o1 00|

L———— Stack Pointer Lower

Byte (SP7-SP0)

Figure 73. Stack Pointer
(FFH; Read/Write)
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INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to
describe the addressing modes and instruction opera-
tions as shown in the instruction summary.

Symbol Meaning

IRR Indirect register pair or indirect working-
register pair address

Irr Indirect working-register pair only

X Indexed address

DA Direct address

RA Relative address

M iImmediate

R Register or working-register address

r Working-register address only

IR Indirect-register or indirect
working-register address

ir Indirect working-register address only

RR Register pair or working register pair

address

Symbols. The following symbols are used in describing
the instruction set.

Flags. Control register {R252) contains the following six

flags:

Symbol Meaning

C Carry flag

z Zero flag

S Sign flag

\ Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

-y

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined

Symbol Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R2563)

IMR Interrupt mask register (R251)
4-40
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CONDITION CODES
Value Mnemonic Meaning Flags Set
1000 T Always True (Never False) —_
0111 C Carry C=1
1111 NC No Carry C=0
0110 z Zero Z=1
1110 NZ Not Zero Z=0
1101 PL Plus S=0
0101 Mi Minus S=1
0100 ov Overflow V=1
1100 NOV No Overflow V=0
0110 EQ Equal Z=1
1110 NE Not Equal Z=0
1001 GE Greater Than or Equal (SXORV) =0
0001 LT Less than (SXORV)=1
1010 GT Greater Than [ZOR(SXORV)] =0
0010 LE Less Than or Equal [ZOR(SXORV)] =1
1111 UGE Unsigned Greater Than or Equal C=0
0111 ULT Unsigned Less Than C=1
1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1
0011 ULE Unsigned Less Than or Equal (CORZ)=1
0000 F Never True (Always False) —
4-41
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INSTRUCTION FORMATS

RCF, RET, SCF

One-Byts instructions

OPC | MODE CLR, CPL, DA, DEC, OPC | MODE ADC, ADD, AND, CP,
e ] on [TiTo L] SESTIE RO mJon [T e ] ORI
AR, RAC, SRA, SWAP dst orRfp1110] ost
oPC JP, CALL (indirect)
dst onfi1110] ast | OPC | MODE ADG, ADD, AND, CP,
| on [l ] afickon
oPC SRP VALUE
VALUE
MODE | oPC LD
OPC | MODE ADC, ADD, AND, CP, src oR|1110] s
ast | s OR, SBC, SUB, TCM, dst orf1110] o=
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dst/src | sre/dst LDC, LDCI dst/src x
ADDRESS
dsterc | OPC LD
sro/dst orl1110] s | o« | OPC »
DAU
gt | OPC o DAL
VALUE
OPC CALL
dstCC | OPC DJINZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7PH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY
Note: Assignment of a value is indicated by the symbol  notation “addr (n)" is used to refer to bit () of a given
“ & ". For example: operand location. For example:
dst « dst + src dst(7)

indicates that the source data is added to the destination  refers to bit 7 of the destination operand.
data andthe result is stored in the destination location. The

4-42
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INSTRUCTION SUMMARY (Continued)
Address Flags Address Flags
Instruction Mode Opcode  Affected Instruction Mode Opcode  Affected
and Operation dst src Byte(Hex) C Z S V and Operation dst src Byte(Hex) C Z S V D H
ADC dst, src 1 1[ 1 L N INC ast r rE - % % %k - -
dstedst + src +C dstedst + 1 r=0-F
R 20
ADD dst, src t o[ ] ® %k %k %k IR 21
dste-dst + src
INCW dst RR AO - % %k k - -
AND dst, src 1 5[] - % % 0 dste—dst + 1 IR Al
dste-dst AND src
IRET BF K %k K K ok %k
CALL dst DA D6 - - - - FLAGS«@SP;
SP«SP -2 IRR D4 SP«SP + 1
@SP«PC, PCe«@SP;
PCedst SP&SP + 2;
IMR(7)¢1
CCF EF * - - -
CeNOTC JP cc, dst DA cD - - - - - =
if cc is true c=0-F
CLR dst R BO - - - - PCedst IRR 30
dste0 IR B1
JR cc, dst RA cB - - - - - -
COM dst R 60 - % % 0 if cc is true, c=0-F
dsteNOT dst IR 61 PC«PC + dst
Range: +127,
CP dst, src T Al } *k ¥ k K -128
dst - src
LD dst, src r Im rC - - - - - -
DA dst R 40 *k %k k X dste—src r R 8
dst«DA dst IR 41 R r r9
r=0-F
DEC dst R 00 ~ % % X% r X Cc7
dste-dst - 1 IR 01 X r D7
r Ir E3
DECW dst AR a0 - % % %k Ir r F3
dste-dst - 1 IR 81 R R E4
R IR E5
Dl 8F - - - - R M E6
IMR(7)«0 IR IM E7
IR R F5
DJNZr, dst RA rA - - - -
rer -1 r=0-F LDC dst, src r Ir C2 - - - = - -
ifr0
PC«PC + dst LDCi dst, src Ir lr C3 - - - - - -
Range: +127, dstesre
-128 re=r +1;
rem+ 1
El oF - - - -
IMR(7)e1
HALT 7F - - - -
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INSTRUCTION SUMMARY (Continued)

Address Flags Address Flags
Instruction Mode Opcode  Affected Instruction Mode Opcode  Affected
and Operation dst src Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C Z S V D H

NoP FF - - - - - - sTOP 6F - - - - - -
OR dst, src t 4[ ] -1 [ 0~--
dste—dst OR src SUB dst, 510 T 2 T R
POP dst R 0 @00 - = = - = = dste-dste-src
dste—@SP; IR 51
SP«SP + 1 SWAP dst R FO X %k k% X - -
IR F1
PUSH src R 70 - - - - - -
SP&SP - 1; IR 71
@SPesrc
TCM dst, src t e[ ] - K ¥ 0 - -
RCF CF 0 - = — - - (NOT dst)
Ce0 AND src
RET AF _ - - - - - TM dst, src T 70 ] - % % 0 - -
PC@SP; dst AND src
SPSP + 2
WDH t 4F - X X X - -
RL dst R 90 ¥ % k k - -
[ R 91 wDT t 5F X X X - -
Tt XORdst et Bl - % %0 - -
RLC dst R 10 * % % % - - dste—dst
IR 11 XOR src

C

+ These instructions have an identical set of addressing modes, which

RR dst R EO * ok ok k- - are encoded for brevity. The first opcode nibble is found in the instruction
IR E1 set table above. The second nibble is expressed symbolically by a ‘[ ]’
[ ——] in this table, and its value is found in the following table to the left of the
applicable addressing mode pair.
RRC dst R co % %k K %k - - ) ; . .
IR c1 For example, the opcode of an ADC instruction using the addressing
modes r (destination) and Ir (source) is 13.
SBC dst, src T 3[1] * %k % ok 1 %
dstedstesrceC Address Mode Lower
dst src Opcode Nibble
SCF DF 1= = - - P
Ce1 r r 2]
SRA dst R Do X % % 0 - -
I
IR D1 ' r Bl
k=
R IR
SRP src Im 31 - - - - = = (1
RPesrc R M 6]
IR IM {71
4-44
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OPCODE MAP
Lower Nibble (Hex)
Q 1 2 3 4 5 L] 7 8 9 A 8 c D E F
8.5 8.5 6.5 6.5 10.5 10.5 105 10.5 6.5 65 [12/105(|12/100} 6.5 12.100| 65
DEC DEC ADD | ADD | ADD ADD | ADD | ADD LD LD DJNZ JR Lo JP INC
R1 IR1 r,r2 | r1,1r2 | R2, R1 |IR2, R1| R1,IM | IR1, M| 71, R2 | r2, R1 [ r1,RA fcc, RA |r1,IM |cc, DA r
6.5 6.5 6.5 8.5 10.5 105 105 10.5
RLC RLC ADC ADC | ADC ADC | ADC | ADC
R1 IR1 1,12 [ r1,r2 [R2, R1 [IR2, R1| R1,IM | IR1, IM
8.5 8.5 6.5 6.5 10.5 105 10.5 105
INC INC sus suB suB SuB sus suB
R1 IR1 r1,r2 | ri,Ir2 |R2, R1 |IR2, R1{ R1,iM | IR1, IM
8.0 6.1 6.5 6.5 10.5 10.5 105 105
JP SRP SBC SBC | SBC SBC SBC SBC
IRR1 | M r1,r2 | r1,1r2 |R2, R1|IR2, R1| R1, IM { IR1, IM
8.5 85 6.5 6.5 105 10.5 10.5 105 6.0
DA DA OR OR OR OR OR OR WDH
R1 (R1 r1,r2 | r1,ir2 | R2, R1 |IR2, R1| R1, IM | [R1, IM
105 105 6.5 85 105 105 10.5 105 6.0
POP | POP | AND | AND | AND | AND | AND | AND wDT
R1 IR1 r,r2 | r1,1r2 | R2, Rt |IR2, R1| R1,IM | IR1, IM
6.5 6.5 6.5 8.5 10.5 10.5 10.5 105 8.0
COM (COM | TCM | TCM | TCM | TCM | TCM TCM STOP
’2 Rt IR1 1,12 | r1, 12 | R2, A1 [I1R2, R1| R1, M | IR1, IM
< 10/12.1[12/14.1] 65 8.5 10.5 105 105 10.5 7.0
i PUSH | PUSH ™ ™ ™ ™ ™ ™ HALT
- R2 IR2 ri,r2 | r1,1r2 | R2, R1 [IR2, R1| R1, IM | IR1, IM
z 105 | 105 | 120 | 18.0 6.1
g DECW | DECW | LDE | LDEI o
RR1 IRT fr1 1er2 |r1 der2
> 65 | 65 | 120 | 180 w
RL | AL | LDE | LDEI B
R1 IR1 2, 0rr1 | 1r2, Irr1
10.5 10.5 65 6.5 105 10.5 10.5 10.5 14.0
INCW | INCW cp cpP cp CP CP CP RET
RR1 IR1_| r1,r2 | r1,1r2 |R2, R1{IR2, R1{ R1,IM[IR1, 1M
65 65 65 6.5 105 | 105 | 105 [ 105 16.0
CLR cLR XOR XOR | XOR XOR { XOR | XOR IRET
R1 IR1 r,r2 | ri,r2 |R2,R1{IR2, R1| R1,IM|IRt, IM
6.5 6.5 120 18.0 10.5 65
RRC RRC LDC | LDC! LD RCF
R1 IR1 r1, trr2 Hrt, Irr2 ri,x,R2
8.5 6.5 12.0 18.0 200 200 10.5 6.5
SRA SRA LDC | LDCl | CALL* CALL Lo SCF
R1 IRt r1, 1r2 {1r1, lrr2 § IRR1 DA |r2x.R1
6.5 6.5 6.5 10.5 10.5 105 105 6.5
AR RR LD LD LD LD LD CCF
R1 IR1 r1, IR2 | R2, R1 |IR2, R1| R1,IM}IR1, IM
85 85 6.5 105 660
SWAP | SWAP LD LD NOP
R1 [R1 Ir1, r2 R2, IR1 ' ' ' " ” '
.
Y Y Y
2 3 2 3 1
Bytes per Instruction
Lower .
Opcode Loqond..
. Nibble R = 8-bit Address
Execution Pipeline r = 4-bit Address
Cycles l Cycles A1or 1 = Dst Address
L] R2 or r2 = Src Address
Upper 10.5
Opcode ——eA CPs—]—— Mnemonic Sequence:
Nibble R1, R2 Opcode, First Operand,
/ ;\ Second Operand
First Second Note: Blank areas not defined.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction

9984043 0033041 ?TS
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PACKAGE INFORMATION
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64-Pin DIP Package Diagram
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ORDERING INFORMATION
286127

4 MHz
64—Pin DIP
28612704PSC

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

Package
P = Plastic DIP

Temperature
S =0°Cto +70°C

Speed
04 = 4 MHz

Environmental
C= Plastic Standard

Example:
Z 286127 04 P S C is a Z86127 4 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

L— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix

Note:
Four additional Letter/Numbers wili be appended to the end of the part number to identify the individual customer's ROM code.
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