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1: OVERVIEW

1 OVERVIEW

The S1D13700 Controller displaystext and graphics on amidsize, dot-matrix liquid crystal display
(LCD). A very flexible, low-power display system can be configured using the S1D13700 in
combination with various LCD modules. The character code or bitmap display data from the
microprocessor is temporarily stored in frame buffer memory, then periodically read out and
converted into LCD module signals for output to the LCD. Its abundant command functions make
it possible to overlay the text and graphic screens, scroll the screen in any direction (except in
grayscale mode), and split the screen for multi-window display, as well as display picturesin
grayscale mode. Moreover, the embedded-type 32-KB SRAM display buffer, built-in LCD module
control circuit, and high-speed character generator allow you to build an LCD control block with
only afew external circuits.

1.1 Features

o Number of display dots..........cccceeerirennene Text display mode
80 columns x 30 rows (monochrome, 1 bpp)
40 columns x 30 rows (4 gray shades, 2 bpp)
30 columns x 20 rows (16 gray shades, 4 bpp) +
graphic screen overlay

Graphic display mode

640 dots x 240 dots (monochrome, 1 bpp)

320 dots x 240 dots (4 gray shades, 2 bpp)

240 dots x 160 dots (16 gray shades, 4 bpp) x three-
screen overlay

e Threedisplay modes: ........cccoeveieeennenne. Text display mode, graphic display mode, and text/
graphic overlay mode (Layered display functions)

e Grayscaledisplay function: .................... 1 bpp, 2 bpp, or 4 bpp selectable

e Flexible scroll function: ..........cccccveueenenee. The text/graphics display screen can be easily moved
and smoothly scrolled horizontally.

e Framebuffer: ..., Up to 32 KB of SRAM, virtual screen configuration

e |nterna character generator: ................... 160 characters (Internal mask ROM dots 5 x 7 dots) +

64 characters (internal CGRAM 8 dots x 16 dots) or
256 characters (internal CGRAM 8 dots x 16 dots)

o Driveduty CycCle! .....coeoeveiririerceene Can be set without any required increments from 1/2
up to 1/256 duty cycles.
o MPU interface ......cooooeveveieieieeeee Generic, 6800 series or M68K series

Direct access or indirect access selectable

o Power supply voltage ........ccccevereeeenenne. 5V/3.3V (dua power supplies) with MPU interface
and LCD interface pins independently selectable or
3.3V (single power supply)

® Package: ...cccceveeie e 64-pin QFP13 (Pd-free)

S1D13700 Technical Manual EPSON 1



1: OVERVIEW

1.2 System Overview

Positioned midway between the MPU and LCD panel, the S1D13700 enables the sending and
receiving of control commands and data, and access of registers by the MPU for display, thus
making it possible to control up to 32 Kbytes of internal display memory (VRAM).

Moreover, because the S1D13700 has a built-in a control circuit for LCD units, it is possible to
take full advantage of the features of midsize, dot-matrix liquid crystal display units without using
any external circuit.
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Figure 1-1 Block diagram of the S1D13700

The S1D13700 divides the display memory space into the four areas shown below. When this
configuration is combined with the layered (overlaid) display and flexible scroll functions of the
S1D13700, it is possible to greatly reduce the MPU load when inverting or underlining text,
displaying graphs with text, or creating simple animation.

The S1D13700 uses the display memory space by dividing it into the four areas shown below to
realize the layered display functions using only a single controller.
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1: OVERVIEW

Example of display memory mapping by the S1D13700
(1) Character code table

« A memory areato store character code when displaying text
* 1 character = 8 bits

« Variable table mapping (by altering the scroll start address)
(2)Graphic data table
« A memory areato store bitmap data
« 1 word = 8 hits
 Variable table mapping
(3)CG RAM table (for external characters)
A character generator whose character patterns can be altered by the MPU as desired
* Maximum 8 x 16 bits (16 bytes per character)
« Maximum 64 discrete characters, or 256 characters when not using CGROM
Internal CG RAM used
Variable table mapping
(4)CG ROM table

« Maximum 5 x 7 bits

e Maximum 160 characters
» Mapped to addresses 8030h—85AFh. Data cannot be read out by the MPU.

To make the most of the above-mentioned functions of the S1D13700, a high-speed interfacing
method is used to enable pipelined command processing between the MPU and S1D13700. Most
commands of the S1D13700 are processed so that the controller completes the processing of any
input command before the next command is issued from the MPU. Therefore, the MPU does not
need to frequently check the status of the S1D13700, and is not kept waiting by the S1D13700.
Thus, the high-speed interfacing method adopted for the S1D13700 hel ps minimize possible
reduction in the MPU’s processing capability.

Moreover, the MPU can access the above display space at any time irrespective of display mode
(except in sleep mode).

S1D13700 Technical Manual EPSON 3



1: OVERVIEW

1.3 List of Abbreviations
Abbreviation Meaning
* AB.riire e Address
© AP Address pitch
L3 O Text display mode (Denotes a command in command code descriptions.)
® CDuevevreeee e Cursor movement direction
¢ CGurrrnrinrere s Character generator
* CGRAM ADR........... Character generator memory offset address
¢ CM i Cursor shape
¢ CIR o Number of characters per line
¢ CRX toovvveererveeneeneens Cursor sizein the X direction
* CRY oo Cursor sizeintheY direction
* CSRDIR....cccvrurrerne Direction of cursor movement
e CSRFORM......cenee. Cursor shape
* CSRR...octreirieerienene Cursor address read
e CSRW.coovreeereeeeene Cursor address write
LI ] Y Display mode
¢ FC oo Flashing cursor
L 1 R Frame frequency
© FOSC vreereiererereenriieeen Oscillation frequency
¢ PP Layer flashing
o FY Character field in the'Y direction
L3 C T Graphic display mode
* GLCu.ovviieieeien Graphic liquid crystal unit controller
e HDOT SCR....ecvvnee Smooth scrolling in horizontal direction
e IV e Inverse
® L Layer
o LIF e Number of lines per screen
e MREAD........cccvrvnen. Display memory readout
o MX i Screen composition method
e MWRITE .....ccvvvvneene Display memory write
OVt Screen overlay
* OVRAY ...coviririnen Screen overlay
O P Parameter
¢ R Row
e RAM....ooovvvv e Random access memory
* ROM...oviiieriiiireine Read-only memory
* SAD..oorieeee Display start address
* Sl Number of scanning lines
* TCIR oot Total number of characters per line
* VRAM ...cooovvvevirin Display memory
e MOD(WF).....ccveere. AC drive waveform
e WIS .o Double common/single common
LI (] S X direction driver
® YDI i Y direction driver
4 EPSON S1D13700 Technical Manual



2: PINS

2 PINS

2.1 Pin Connection

211 Pin Assignments

—— HIOVDD

—— DB4
—— DB5
—— DB6
—— DB7
—— CS#
—— WR#
—— RD#

—— COREVDD
—— CLKI
—— TESTEN
—— SCANEN
—— RESET#
—— XCG1
—— XCD1

—— Vss

I
(o]

DB3
DB2
DB1
DBO
Vss
WAIT#
HIOVbpl
CNFO
CNF1
CNF2
CNF3
CNF4
ASH
AB15
AB14
AB13

D
©

(o]
i

|

S1D13700F00A

Index

)

w

w
w
N

=

(o2}
=
\‘

Vss —]

ABl12 ——

AB11l ——
AB10 ——

AB9 ——

AB8 ——
HIOVDD ——
AB7 ——

AB6 ——

AB5 —

AB4 ——
COREVDD ——

NIOVop
YDIS
FPFRAME
YSCL

Vss

MOD

FPLI NE
COREVDD
XECL
FPSHI FT
NIOVop
FPDATO
FPDAT1
FPDAT2
FPDAT3
Vss
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2: PINS

212 Pin Description

Key :
|
o]
10
P
HIBC
HIBH

= Input

= Output

= Input/output

= Power supply

= CMOS input

= CMOS Schmitt input

HIBCD1 =CMOS input with pulldown resistor (60 chmstyp. at 5.0V)

HOB2T =Norma buffer (8 mA/-8 mA at 5V)
HBC2T =LVTTL I/O buffer (6 mA/-6 mA at 3.3V)
HTB2T = Tri-state output (6 mA/-6 mA at 3.3V)
HLIN = Transparent input
HLOT = Transparent output
ITSTL = Test mode control input with pulldown resistor (50 ohmstyp. at 3.3V)
Pin Name Pin No. Vo 1/0 Voltage | 1/O Cell RESET# Description
Type State
HIOVDD(Vpp) 748455 P HIOVDD — — Power supply for host interface
NIOVDD(Vpp) 2232 P NIOVDD — — Power supply for LCD interface
COREVDD(Vpp) 1225440 P COREVDD — — Power supply for core logic
Vss 117283353 P Vss — — Ground
CLKI 39 | HIOVDD HIBH — Externally sourced system clock
XCG1(XG) 35 | HIOVDD HLOT — Gate input for oscillator
XCD1(XD) 34 (@) HIOVDD HLIN — Drain output for oscillator
CNFO - CNF4 ] )
(SELO— SEL4) 56-60 | HIOVDD HIBH 0 Input pin for SID13700 settings
D(gg: 8%7 44-47 « 49-52 10 HIOVDD HBC2T Hi-Z Data bus for MPU interface
ABO-AB15 i
(AO—A15) 2-6+8-11+13-16 | HIOVDD HIBC 0 Address bus for MPU interface
RD# 41 | HIOVDD HIBH 1 Read strobe for MPU interface
WR# 42 | HIOVDD HIBH 1 Write strobe for MPU interface
CS# 43 | HIOVDD HIBH 1 Chip select for MPU interface
WAIT# 54 O HIOVDD HOB2T Hi-Z Wait output for MPU interface
ASH 61 | |HIOVDD HIBC 1 Address strobe for MPU
interface
FPDATO - .
FPDAT3(XDO— XD3) 18-21 O NIOVDD HOB2T X Databus for X driver
FPSHIFT(XSCL) 23 (@) NIOVDD HOB2T X Shift clock for X driver
XECL 24 O NIOVDD HOB2T X X driver enable chain clock
FPLINE(LP) 26 O NIOVDD HOB2T X Latch pulse
MOD(WF) 27 O |NIOVDD HOB2T X Framesignal
YSCL 29 O NIOVDD HOB2T X Scan shift clock
FPFRAME (YD) 30 O NIOVDD HOB2T X Scan start pulse

EPSON S1D13700 Technical Manual



2: PINS

Pin Name Pin No. T;//p?e 1/0 Voltage | 1/O Cell REZEJ# Description
YDIS 31 O NIOVDD HOB2T L LCD power-down output
RESET# (RES) 36 | HIOVDD HIBH 0 Reset input
TESTEN 38 | HIOVDD ITST1 0 Test mode setup input
SCANEN 37 | HIOVDD HIBCD1 0 Test mode setup input

Note: The corresponding pin

parentheses.

names of the earlier LCD controller (i.e.,

S1D13305) are enclosed in

S1D13700 Technical Manual
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2: PINS

2.13

Package Dimensions

. Hb .
l D Ll
48 PIN 33 PIN
LY |
4
49 PIN 32 PIN
—1 —
—1 —
—1 —
—1 —
—1 —
—/1 —
— — wl e
—/1 — L
— —
— —
— —
—/1 —
—1 —
—1 —
—] Q —
64 PIN 17 PIN
\ ‘
1PIN REE IR 16 PIN
02
7 R1
LI R 6 D
15 30/ e ilalilalilalalalalalalstalalal
A
-
< 5\3 L2 e L
Symbol Dimension in Milimeters D
Min. Nom. Max.
E 10.1 10.2 10.3
D 10.1 10.2 10.3
Amax 1.2
AL 0.1
AP 09 1 11 * E,D Excluding thetie bar cutting stub.
E] 0.5 ICL  Lead width of basemetal.
ICL 0.17 02 0.27 CL  Lead thickness of basemetal.
CL 0.125 0.15 0.2
EA 0° 10°
L 0.3 0.5 0.7
L1 1 1=1mm
L2 0.5
HE 11.6 12 124
HD 11.6 12 124
EA2 15°
EA3 15°
R 0.1
R1 0.1

EPSON
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2: PINS

2.2 Pin Functi

ons

2.2.1 Power Supply Pins

Pin Name Function
Power supply for host interface 1/0 drive. Connect a5V or 3.3V power supply to this pin. (Shared
HIOVDD ] }
with MPU power supply pin, Vcc) Note 1
Power supply for LCD 1/O drive other than host of interface I/O. Connect a5V or 3.3V power supply
NIOVDD N
to thispin. Note 1
COREVDD Power supply for internal logic. Connect a3.3V power supply to this pin. Note 1
Vss Connectsto 0V earth ground (GND).

Note 1: Because the spike power supply current in the S1D13700 could reach levels that are several
tens higher than the average amount of dynamically consumed current, measures must be
taken to minimize the power supply impedance of the S1D13700. For example, use thick
power supply wiring from the power supply to the S1D13700 or insert a capacitor of 0.47 mF or
more (with good frequency characteristics) between Vpp and Vss close to the S1D13700.
These measures will help to reduce power supply impedance.

2.2.2  Oscillator and Clock Input Pins

CLKI Generally used as the input clock source for the bus and memory clocks.
XCG1 These pins are used to connect a crystal resonator for the internal clock-generating oscillator. For
details, see Section 4.2 “Oscillator Circuit” on page 70. To use the external clock (fed in from the
XCD1 CLKI pin), fix XCG1 for input with a pullup resistor and leave XCD1 open. Note 2
Input, active low
Set the frequency divideratio of the display clock (pixel clock) relativeto CLKI or an internally gener-
ated system clock.
CNF3 CNF2 Clock Retio
CNFO 0 0 U4
CNF1 0 1 18
1 0 116
1 1 Not USE

Note 2: Because the external clock fed in from the CLKI pin is needed to internally generate the
fundamental timing in the S1D13700, the oscillation characteristic requirements given in
Section 5.4.3 “External Clock Input Characteristics” on page 92 must be met.

S1D13700 Technical Manual
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2: PINS

2.2.3  System Bus Connecting Pins

Tristate input/output, active high

DBO-DBY These pins comprise an 8-hit bidirectional data bus, which is connected to the 8-bit or 16-bit MPU data bus.
Input, active high
The S1D13700 allows the MPU interface format to be changed depending on how CNF2 and CNF3 are set,
so that it can be connected directly to the 80-series MPU (e.g., Z80® or GenericBus), 68-series MPU (6809
or 6802), or the MC68K-series MPU (68000) bus.
CNF3 | CNF2 | Mode ABIS ABO RD# | WR# CS# DB7 WAIT# | ASH#
—AB1 -DBO
CNF2 i
CNE3 0 0 80 series 1 1 1 1 1 1 1 -
O 1 * * * * * * * * *
1 0 6800 1 1 E R/W# 1 1 - -
1 1 MC68K 1 1 LDS# | RIW# i 1 DTACK#| 1t

Settings marked with * are inhibited.
Note 3

Note 3: Normally, CNF2 and CNF3 should be corrected directly to power supply Vpp or Vss to prevent
the mixture of noise. Should noise be mixed in, insert a capacitor between the CNF2 and
CNF3 lines and Vss, as close to the IC pins as possible. This will help to effectively eliminate

noise.
AB15-AB1 Input, active hlgh
Normally, the MPU address bus is connected to these pins. The data bus signal is discriminated by a combi-
ABO nation of RD# and WR# signals, or R/W#, E, and LDS signals, as listed in the table below.
Input: CNF4 = 0 selects direct access; CNF4 = 1 selects indirect access.
<Direct access for the 80-series interface>
CNF4 ABIS ABO RD# | WR# Function
—-AB1
0 oorl | oort 0 1 Rez_ad from command/parameter
registers
0 Oorl Oorl 1 0  |Writeto command/parameter registers
*AB15-ABO0 are used as register addresses.
CMF4 <Indirect access for the 80-series interface>
CNF4 AB1S ABO RD# | WR# Function
—-AB1
1 - 0 0 1 -
1 B 1 0 1 Data (display data and cursor address)
read
1 B 0 1 0 Da_ta (display data and parameter)
write
1 - 1 1 0 Command write (code only)

10
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2: PINS

Input: CNF4 = 0 selects direct access; CNF4 = 1 selects indirect access.
<Direct access for the 68-series interface>
AB15 WR# | RD# .
CNF4 —AB1 ABO ®RWH| (©® Function
0 Oorl oorl 1 1 Ree_ad from command/parameter
registers
0 Oorl Oorl 0 1 Write to command/parameter registers
*A15-A0 are used as register addresses.
CMF4 <Indirect access for the 68-series interface>
AB15 WR# | RD# .
CNF4 _AB1 ABO ®RWH| (©® Function
1 - 0 1 1 -
Data (display data and cursor address)
1 - 1 1 1
read
1 B 0 0 1 Dqta (display data and parameter)
write
1 - 1 0 1 Command write (code only)
* When the 80-series MPU is connected
Input, active low
Thisisthe strobe signal used by the MPU asit reads data or status flags from the S1D13700. The data bus
of the S1D13700 is in output mode while this signal remains low.
» When the 68-series MPU is connected
RD# (E) Input, active high
Thisisan enable clock input pin of the 68-series MPU.
» When the MC68K -series MPU is connected
Input, active low
Normally, thisisan LDS# input pin of the MC68K -series MPU.
» When the 80-series MPU is connected
Input, active low
This s the strobe signal used by the 80-series MPU as it writes data or parameters to the S1D13700. The
S1D13700 latches the data bus signal at the rising edge of WR#.
* When the 68-series MPU is connected
Input
ThisisaR/W# control signal input pin of the 68-series MPU.
VR (RIV#) R/W# = HIGH : READ
R/W#=LOW : WRITE
» When the MC68K -series MPU is connected
Input
ThisisaR/W# control signal input pin of the MC68K-series MPU.
R/W# = HIGH : READ
R/W# =LOW : WRITE
Input, active low
CS# This chip select signal is used by the MPU to activate the S1D13700 before accessing it, and is normally
derived by decoding the address bus signal.

S1D13700 Technical Manual EPSON 11



2: PINS

WAIT#

This signal forcibly inserts await state into the system during data transfer. When this signal is deasserted,
data transfer is completed. After data transfer is complete, this signal isleft free (placed in high-impedance
state).
» When the 80-series MPU is connected

Tri-state output, active low (wait state when asserted low)

Connect this pin to WAIT# of the 80-series MPU.
» When the 68-series MPU is connected

Unused. Therefore, leave this pin open.
* When the MC68K -series MPU is connected

Tri-state output, active low (no wait state when asserted low)

This pin serves as the DTACK# pin of the MC68K -series MPU.

ASH

* When the 80-series MPU is connected
Unused. Therefore, fix this pin low.
* When the 68-series MPU is connected
Unused. Therefore, fix this pin low.
* When the MC68K -series MPU is connected
Input, active low
Connect this pin to the address strobe AS# pin of the MC68K -series MPU.

RESET#

Input, active low
The RESET# input is used to initially reset the S1D13700 in hardware.
Note 4

Note 4: Although this pin is a Schmitt trigger input to prevent the S1D13700 from being inavertently

reset by noise, care must be taken when intentionally lowering the power supply voltage.

12
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2: PINS

2.24  LCD Driver Control Pins

The S1D13700 can directly control both the X and Y drivers based on an enable chain, which is a method of
effectively reducing the amount of current consumption needed to drive dot-matrix liquid crystal display

elements.
FPDATO - Output, active high
FPDAT3 This 4-bit dot data bus for the X driver (column driver) is connected to the data input pins of the X driver.
Output, falling edge triggered
This signal causes the dot data bus signals (FPDATO-FPDAT3) to be stored in the X driver at the signal’s
FPSHIFT falling edge, and thus functions as a shift clock for the internal shift register of the X driver.
To reduce power consumption, this clock is turned off until the MPU starts sending data for the next display
line after outputting the LP signal. (For details, see Section 5.4.4 “LCD Control Signa Timing
Characteristics’ on page 93.)
Output, falling edge triggered
XECL XECL is adedicated clock signal for the X drivers cascaded by an enable chain. It causes the enable signal
to be successively passed to the next X driver every 16 XSCL periods.
Output, falling edge triggered
FPLINE For the liquid crystal display elementsto be successively driven, the X driver contains acircuit to latch each
output bit of theinternal shift register at the falling edge of LP. Thissignal is output for every display line.
Output
MOD This signal provides a one-frame interval for the X and Y drivers to determine the AC drive waveform for
the LCD panel. Two types of cyclic signals are output depending on how the System Set command
parameters are set.
Output, active high, rising edge triggered
YSCL Thissignal isaclock for the Y driver, and is equivalent to XSCL for the X driver. The Y datasigna (YD) is
stored inthe Y driver at the beginning of aframe, and Y SCL is used as an internal shift clock.
Output, active high
FPERAME YD is datafor the Y driver, and is a cyclic signal output at the first display line interval of a frame. The
electrodes on the common side of liquid crystal display elements are sequentially scanned as the YD signal
is sequentially shifted inside the Y driver synchronously with the Y SCL signal.
YDIS Output, active high

This signal is used to power down the LCD unit and is held high during the display period. Note 5

Note 5: The YDIS signal goes low at a time equivalent to one to two frames after the sleep command is
written. When the YDIS signal goes low, all Y driver outputs are forcibly brought to an
intermediate level (unselected), thus causing display to turn off. Therefore, to power off the
LCD unit, the liquid crystal drive power supply (with relatively large steady-state current) must
be turned off at the same time display is turned off by using the YDIS signal.

2.25 TEST Control Pins

TESTEN

Input, active high
Test-enable input used only for production testing (with type-1 pulldown resistor, 50 ohms typ. at 3.3 V).

SCANEN

Input, active high
Test-enable input used only for production testing (with type-1 pulldown resistor, 50 ohms typ. at 3.3 V).
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3: COMMANDS AND COMMAND REGISTERS

3

31

CoMMANDS AND COMMAND REGISTERS

Types of Commands (when I ndirectly | nterfaced)

When indirect mode is selected for the system interface, use commands to set up the display.

The table below lists the types of commands, including the code of each command.

Parameters
Code c d following the
Purpose | Command de()sTH]?ign command Remarks
WR# RD# ARO DB BIN DB P No. of See
76543210]|HEX parameters |pages
. Setsinitial operation
Oﬁgﬁﬁ;‘.’” SYSTM SET 1 01 |01000000] 40 |- e 8 19
SLEEPIN 1 01 01010011| 53 |Sleepoperation. 0 27 | Notel
Instructsto turn
58+ | display on or off and
DISPON/OFF 1 01 01011000D 50 | makethe screen flash 1 28 Note 1
on and off.
Setsthe display start
SCROLL 1 01 0100010 0| 44 |addressanddisplay 10 29
area.
CSRFORM 1 01 [01011101] 5D gitsmec“rs‘“haoe' 2 37
Display CDCD| 4C- Set.s the direction of
control | CSRDIR 101 191001110]| 4 |cursor movement. 0 8
OVLAY 1 01 |01011011] 5B |/Mstructsscreen 1 39
overlay mode.
Sets the start address
CGRAM ADR 1 0 1 01011100 5C of CG RAM. 2 43
Sets the horizontal
HDOT SCR 1 01 01011010]| 5A |directiondotunitand 1 14
scroll position.
GRAY SCALE 1 01 0110000O0| 60 |[Setsgrayscalemode. 0 45
Sets the cursor
W 1 1 1 11 2 4 Note 1
Drawing CSR 0 0 000 0| 46 address, 5 ote
control Instructs to read the
CSRR 1 01 01000111 47 cursor address. 2 46 Note 1
MWRITE 1 01 |01000010] 4 [|/Nrudstowriteto — 47 | Notel
Memory display memory.
control Instructsto read
MREAD 1 01 01000011 43 display memory data — 47

Note 1: As a rule, each command is executed every time a parameter for the command is input to the
S1D13700, and completed before the next parameter (P) or command (C) is input. Therefore,
the MPU can stop sending parameters in the middle and send the next command. In this case,
the parameters that have already been sent are effective and other parameters not input to the
S1D13700 retain their original values. However, two-byte parameters are handled as
described below.

Note 1:

1. CSRW and CSRR commands: The parameter is executed one byte at a time. Therefore, the MPU

can only alter or check the low-order byte.

2. Commands other than CSRW and CSRR: The parameter is not executed until its second byte is

input.
SYSTEM SET
SCROLL
CGRAM ADR

3. Two-byte parameters consist of two bytes of data (as in the case of APL and APH).

4. Because the value of each register after power-on is indeterminate, make sure all command

parameters are set.

14
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3.2 Command Register Map (when Directly I nterfaced)

When direct mode is selected for the system interface, directly access the registers to set up the display.

Address :;; Register name | bit7 bit6 bit5 bita bit3 bit2 bitl bit0
0 x 8000 ox10 |RFL 0 0 IV 1 WS M2 M1 MO
SystemSet
R P2
0x 8001 0X00 | Siomon WF 0 0 0 FX
R P3_
0 x 8002 0X00 | Siomon 0 0 0 0 FY
R P4
0x 8003 0X00 | Sooomon CR
R P5_
0x 8004 0X00 | G TCR
R P6_
0 x 8005 0X00 | S o LF
R P7_
0 x 8006 0X00 | Siomon APL
R P8
0 x 8007 0X00 | Soiomon APH
0x8008*2 | 0x01 |R_Seepln 0 0 0 0 0 0 0 S|Ienep
) Disp
0 x 8009 0Xx00 |r_DispOnOff 0 0 0 0 0 0 0 o
0 x 800A oxoo |t FP5 FP4 FP3 FP2 FPL FPO FC1 FCO
DispOnOff
SADIL | SADIL | SADIL | SADIL | SADIL | SADIL | SADIL | SADIL
0 x 800B 0Xx00 |r PL Scroll o~ " e " s o~ ¥ ¥
SADIH | SADIH | SADIH | SADIH | SADIH | SADIH | SADIH | SADIH
1
0x800C** | 0x00 |r_P2_Scroll Al5 Al4 A13 Al12 All A10 A9 A8
0x800D | Ox00 |rP3 Scroll | SL1L7 | SL1L6 | SLIL5 | SL1L4 | SLIL3 | SLiL2 | SL1L1 | SLiLO
SAD2L | SAD2L | SAD2L | SAD2L | SAD2L | SAD2L | SAD2L | SAD2L
0 x 800E 0x00 |[r_P4 Scroll A7 A6 AS Al A3 AD Al AO
SAD2H | SAD2H | SAD2H | SAD2H | SAD2H | SAD2H | SAD2H | SAD2H
*1
0 x 800F 0x00 | r_P5_Scroll A15 Al4 A13 A12 All A10 A9 A8
0x 8010 0x00 |rP6 Scroll | SL2L7 | SL2L6 | SL2L5 | SL2la | SL2L3 | sl2l2 | si2ll | si2to
SAD3L | SAD3L | SAD3L | SAD3L | SAD3L | SAD3L | SAD3L | SAD3L
0x 8011 0x00 |[r_P7_Scroll A7 A A5 Ad A3 A2 Al AO
SAD3H | SAD3H | SAD3H | SAD3H | SAD3H | SAD3H | SAD3H | SAD3H
1
0x8012*1 | 0x00 |r_P8_Scroll Al5 Al4 A13 A12 All A10 A9 A8
SADAL | SADAL | SADAL | SADAL | SADAL | SADAL | SADAL | SADAL
0x 8013 0x00 |r_P9_Scroll o~ . v Iy o v ¥ o
SAD4H | SAD4H | SAD4H | SAD4H | SAD4H | SAD4H | SAD4H | SAD4H
1
0x8014*1 | 0x00 |r_P10_Scroll | =0 Al4 A13 A12 All A10 A9 A8
0x 8015 oxoo |- 0 0 0 0 CRX3 | CRX2 | CRX1 | CRXO
CsrForm
0x 8016 oxo0 |'=F2- cM 0 0 0 CRY3 | CRY2 | CRY1 | CRYO
CsrForm
0x 8017 0x00 |r_PL CsDir 0 0 0 co1 | cp2
0x 8018 0x00 |r PL Ovlay ov DM2 | DM1 | MX1 | MX0
S1D13700 Technical Manual EPSON 15



3: COMMANDS AND COMMAND REGISTERS

Hard

Address | oo | Registername | - bit7 bit6 bits bita bit3 bit2 bitl bit0
0x 801 0x00 |"PL SAGL | SAGL | SAGL | SAGL | SAGL | SAGL | SAGL | SAGL
CGRAMAdr | A7 A6 A5 A4 A3 A2 Al AO
o 801a <1 | 0x00 | P2 SAGH | SAGH | SAGH | SAGH | SAGH | SAGH | SAGH | SAGH
CGRAMAdr | A15 | A14 | A13 | A12 | A1l | Al0 A9 A8
0x801B | 0x00 |r PLHdotScr| O 0 0 0 0 D2 D1 DO
CSRL | CSRL | CSRL | CSRL | CSRL | CSRL | CSRL | CSRL
*3
0x801C*3 | 0x00 |1 PLCSRW | ~p7 A6 A5 A4 A3 A2 Al A0
CSRH | CSRH | CSRH | CSRH | CSRH | CSRH | CSRH | CSRH
*3
0x801D*3 | 0x00 |r P2 CSRW | g Al4 Al13 AL2 All A10 A9 A8
CSRL | CSRL | CSRL | CSRL | CSRL | CSRL | CSRL | CSRL
*3
Ox801E*= | 0x00 T PLESRR | “p7 A6 A5 A4 A3 A2 Al A0
CSRH | CSRH | CSRH | CSRH | CSRH | CSRH | CSRH | CSRH
*3
0x 801F 0x00 T P2CSRR | g Al4 Al13 AL2 All A10 A9 A8
rPL_
0x 8020 0x00 |5 S e 0 0 0 0 0 0 BPPL | BPPO

*1 To ensure that two bytes are set at the same time, the low-order byte is fixed when the high-order byte is written.

*2 SLEEPIN = 0: Clock enable
Using the internal oscillator circuit causes the oscillator to start oscillating. Using an externally sourced
clock causes the clock to propagate to the internal circuits.
The internal timing circuit is released from reset status by writing to any register after setting SLEEPIN
= 0. (Therefore, internal SRAM cannot be accessed until that time.)

*3 CSRW: Write only (00h when read), CSRR: read only (write invalid).

Other registers can be written to or read from (in units of bits).

The following shows the relationship between memory and register maps in the S1D13700.

(MSB DB7 — LSB DBO0)

0000h
Display RAM
Area
7FFFh
8000h
Register Area
0x8021 — 0x802F Reserve
802Fh
8030h
(CGROM Area)
85AFh
85B0h
Not Use
FFFFh

S1D13700 Memory Mapping (AB15 — ABO)

*The S1D13700 ignores any attempt to access address space 8030h—FFFFh. This address space may be employed as
a user area, but because there is no negate output available for the WAIT# pin of the S1D13700, inhibit access to this
address space when not in use.
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3: COMMANDS AND COMMAND REGISTERS

3.3 Command Description

3.3.1 Operation Control Commands

SYSTEM SET

This command and the parameters that follow specify initial reset of the device, set the window size, and the
method of connecting with the LCD unit. This command determines the fundamental operation of the
S1D13700. Therefore, if this command is incorrectly set, the functions of other commands may not work

normally.
<Indirect mode> <Direct mode>
MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO
C ‘ 0 1 0 0 0 0 0 0 ‘ - -
Pl‘ O 0 N 1 WS M2 ML MO ‘ 0x8000 r_P1_SystemSet
bit5 : IV
bit3 : WS
bit2 : M2
bitl : M1
bit0 : MO
PZ‘ WF 0 0 0 0 }: FX :} 0x8001 r_P2_SystemSet
bit7 : WF
bit2-0 : FX
PS‘ 0 0 0 0 I: FY :I 0x8002 r_P3_SystemSet
bit3-0 : FX
P4 |< CIR =| 0x8003 r_P4_SystemSet
bit7-0 : CR
P5 |< TCIR =| 0x8004 r_P5_SystemSet
bit7-0 : TCR
P6 14 LF :! 0x8005 r_P6_SystemSet
bit7-0 : LF
P7l APL ) 0
N d X8006 r_P7_SystemSet
bit7-0 : APL
P8l APH ) 0
[« " x8007 r_P8_SystemSet
bit7-0 : APH
e C The command alone has the following initial reset functions:

* Resetstheinternal timing circuit.

e Turnsdisplay off.

« Deactivates sleep mode (internal operation stopped state) (thus starting the oscillator).
To deactivate sleep mode, make sure the command and one parameter (P1) are input.

In direct interface mode, clearing the Sleepln bit has the same effect.
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[Parameter P1]

o MO

o M1

o M2

Specify the CG ROM to be used for display. Although internal CG ROM can generate 160
discrete character fonts (each consisting of 5 x 7 dots as shown in Section 4.4.1 “Character
Fonts (Internal CG)” on page 81), internal CG RAM may be used when different character
fonts or more characters (up to 256) are needed.

MO  O: Internal CG ROM (160 characters) + internal CG RAM (64 characters)
1: Internal CG RAM (256 characters)

Note: When the CG area is mapped in the display memory space, the memory area
available to store display data is reduced by the amount of CG area mapped.

Selects the CG RAM definition area where the user can define any desired character pattern.
The CG RAM code may be selected from the 64 discrete codes assigned in Section 4.4.2
“Character Codes’ on page 82.

M1  0: Without bit D6 correction The CG RAM1 and CG RAM?2 areas are honcontiguous.
Only CG RAM1 ishandled as CG RAM, with CG RAM2
handled as CG ROM.

1: With bit D6 correction The CG RAM1 and CG RAM2 areas are contiguous.
Both CG RAM1 and RAM2 are handled as CG RAM.

Select the CG sizein the direction for more economical use of internal CG RAM. CGs whose
sizesin theY direction are 17 dots or more cannot be handled with the character codes of the
S1D13700. In such case, characters may be decomposed into bit images and displayed in

graphic display mode of the S1D13700.

M2

0: 8 dots
1: 16 dots

The table below summarizes bank configurationsby M1, M2, and M3.

Bank configurations

M2 | M1 |MO
10-1F
20-2F
30-3F
40— 4F
Internal 50-5F
160 characters (5x 7 x 160) | 60—6F
ROM
70-7F Internal ROM used
o|lo]o AO-AF Without correction
BO-BF Y size=8
CO-CF
DO-DF
SAG+{ [80-8F], Row [2: 0]}
External [90—9F]
RAM 64 characters (8 x 6 x 64) [EO— EF]
[FO—FF]
Irggr’r\;al 160 characters (5 x 7 x 160) | Same as shown above.
Internal ROM used
o|l11]o0 Externa SAGH{ %gg_g:ﬁ]} Row [2: O]} With correction
tern: - oo —
Y size=8
RAM 64 characters (6 x 8 x 64) [CO— CF]
[DO-DF
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M2 | M1 |MO
Ir;;(e)r'\r;lal 160 characters (5x 7 x 160) | Same as shown above.
Internal ROM used
1|/0]o0 Eternd SAGH{ {gg - g';]] Row [3: 0]} Without correction
ern, - Y size=16
RAM 64 characters (6 x 8 x 64) [EO— EF]
[FO-FF]
Irlggr&al 160 characters (5x 7 x 160) | Same as shown above.
Internal ROM used
1110 e SAGH{ {gg_g:;]] Row [3: 0]} With correction
ern - e —
Y size=16
RAM 64 characters (6 x 16 x 64) [CO—CF]
[DO-DF]
External Externd RAM
0|01 256 characters (8 x 8 x 256) | FO00 — F7FF Without correction
RAM .
Y size=8
Externad RAM
External ) )
o|1]|1 256 characters (8 x 8 x 256) | FO00 — F7FF With correction
RAM .
Y size=8
External External RAM
1(0]1 256 characters (8 x 16 x 256) | FOO0 — FFFF Without correction
RAM o
Y size=16
External Externd RAM
1111 256 characters (8 x 16 x 256) | FOOO — FFFF With correction
RAM .
Y size=16
M1=0 M1 = 1 (code [6] converted)

00—-O0F | 00000000 — 00001111 Blank 40 -4F 00000000 — 00001111 ROM
10-1F |00010000-00011111 ROM 50 -5F 01010000 — 01011111 ROM
20—-2F | 00100000 -00101111 ROM 60 — 6F 01100000 - 01101111 ROM
30-3F | 00110000 -00111111 ROM 70-7F 01110000 - 01111111 ROM
40-4F | 01000000 —-01001111 ROM 00-OF 00000000 — 00001111 Blank
50-5F |01010000-01011111 ROM 10-1F 00010000 — 00011111 ROM
60-6F | 01100000 -01101111 ROM 20-2F 00100000 — 00101111 ROM
70-7F | 01110000 -01111111 ROM 30-3F 00110000 — 00111111 ROM
80-8F 10000000 — 10001111 RAM CO0-CF |11000000-11001111 ROM
90 -9F 10010000 — 10011111 RAM DO-DF |11010000-11011111 ROM
AO0-AF | 10100000 —-10101111 ROM EO—-EF |11100000-11101111 RAM
BO-BF |10110000-10111111 ROM FO-FF |11110000-11111111 RAM
CO-CF | 11000000 —-11001111 ROM 80—-8F 10000000 — 10001111 RAM
DO-DF |11010000-11011111 ROM 90-9F 10010000 — 10011111 RAM
EO-EF |11100000-11101111 RAM AO-AF |10100000-10101111 ROM
FO—-FF |11110000-11111111 RAM BO-BF |10110000-10111111 ROM

*M1: The 6th bit of the character code is automatically converted by hardware.
The memory area accessed changes.
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o W/S Selects the LCD unit drive method.
W/S  0: Single-screen drive method
1: Dual-screen drive method
Table 3-1 WI/S Related Registers
Parameter wis=0 wis=1

V=1 V=0 V=1 V=0
CIR CIR C/R CIR C/R
TC/IR TC/IR TC/IR TC/R TC/IR
L/F L/F L/F L/F L/F
SL1 00H —L/F O00H—L/F+1 (LIF)/2 (LIF)/2
SL2 00H —L/F 00H-L/F+1 (LIF)/2 (L/F)/2
SAD1 First screen block First screen block First screen block First screen block
SAD2 Second screen block Second screen block Second screen block Second screen block
SAD3 Third screen block Third screen block Third screen block Third screen block
SAD4 Invalid Invalid Fourth screen block Fourth screen block
Cursor Successively movable on al screens Upper/ owerr;s]t(:)r\m ;:c:)r:i;l]rrsitrig;:]s&cc vely

Note: 1. For details on how to set C/R and TC/R when using the HDOT SCR command, see Section
4.1.6 “Determining Various Parameters” on page 64.

2. The SL value for IV = 0 is the SL value for IV = 1 plus 1.

oV Corrects the screen origin during inverse display. Normally set IV = 1.

The most effective way to display characters in inverse video is to use a unique function of the
S1D13700 that allows the text screen and graphics back-layered screen to be exclusive OR'd.
However, because the character origin is at the upper-left corner of the screen when characters
are mapped on the screen by the S1D13700, the uppermost line and leftmost column on the
display screen do not have dots to draw the outline of characters, thus making the displayed
charactersillegible. Therefore, the S1D13700 uses the IV specification and horizontal direction
dot scroll function (HDOTSCR command) to shift the origin of the text screen for correction
with respect to the graphics back-layered screen, allowing characters to be displayed in inverse
video anywhere on the screen. For details, see Section 4.1.7 “ Scrolling” on page 65.

IV 0: Uppermost line of screen corrected
1: Uppermost line of screen not corrected

}1dot

Origin of the screen

v
|
Background layer —»| l

v

HDOT SCR
Text

v

\_(_/
1-7dots

<Display screen>

Figure 3-1 Combination of IV and HDOT SCR

Note: If the leftmost column must also be corrected, shift dots in the horizontal direction.
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[Parameter P2]

o FX Defines the size of the character field in the X direction (i.e., size of one character including a
space).
BIN

HEX Number of dots

D4 D3 D2 D1 DO [FX]
00 0O 0 0 0 O 1
01 0 00 0 1 2
07 0 01 1 1 8

Structure of the character field

1. Because the S1D13700 processes the display data in 8-bit units, if the character font exceeds 8 hits, the
text screen must configure one character with two or more display memory addresses as normally prac-
ticed. In this case, odd-numbered bits less than a unit of 8 bits are not displayed as shown below. Odd-
numbered bits less than a unit of 8 bits are also not displayed on the back-layered screen as shown below.

2. In graphic display mode, the character field must normally be 8 bits long. For other character fields, odd-
numbered bits less than a unit of 8 bits are not displayed.

FX A _—oTuTiofziZio T _T
, __,..--4—:::‘.1:3’:::35_3_5:: """"" 8 bits 8 bits | 8 bits
I | j ) i FY
Fy | 8 bits 8 bits 8 bits ‘ ‘ rl
J T T =— Not displayed 4/

\
| \ <Background layer>

{e]
o

Address A Address B Address C

<Text screen>

Figure 3-2 Typical relationship between FX/FY and display addresses

In grayscale mode, FX must be fixed to ‘00111’ (8 dots).

o WF Specifies the AC drive method of the liquid crystal.

WF  O: Lineinversion drive method
1: Two-frame AC drive method (method B)

The two-frame AC drive method is an AC drive method in which the half period of the WF
signal constitutes a one-frame interval. Normally, set WF = 1.

The line inversion drive method is a modified AC drive method in which the WF signal has its
waveform inverted every 16Y lines.

Note: Although the LCD may look better when WF is set to 0, stripes in the X direction
will appear when the LCD drive voltage is high or viewing angle large.
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[Parameter P3]
o FY

[Parameter P4]
o C/R

Defines the size of the character field intheY direction.

BIN

HEX Number of dots
D3 D2 D1 DO [FX]
00 0 0 0 O 1
01 0 0 0 1 2
07 01 1 1 8
OE 11 1 0 15
OF 11 1 1 16

Defines the display interval in the X direction by indicating the number of display characters

counted in address units, as described in the section on parameter FX. When [FX] = 10 dots, for
example, two memory addresses are counted per character. For details on how to calculate the
[C/R] value, see Section 4.1.6 “Determining Various Parameters’ on page 64. The value set for
this parameter cannot be greater than the calculated [C/R] value, but can be equal to or less than
the calculated [C/R] value. In that case, excess display sections are left blank.

BIN Characters per line

HEX

D7 D6 D5 D4 D3 D2 D1 DO [C/R]
00 0O 0 00O 0O O 0 1
01 0O 0 OO OO 1 2
4F 0 0 0 1 1 1 80
EE 1 1 0 1 1 0 239
EF 1 1 0 1 1 1 240

Note: 1.Make sure the number of dots in excess display sections is within 64.

2.For grayscale to be set to 2 Bpp or 4 Bpp, the set value of CR must be in-
creased.
CR (bytes) =[ (Panel Width) /8pixel character]*Bpp

22
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[Parameter P5]

o TC/R The condition [TC/R] = [C/R] + 4 must always be met.
To minimize the amount of current consumed by the S1D13700 and LCD unit for a given
display capacity, the S1D13700’s oscillation frequency (fosc) must be adjusted. Moreover,
because the one-frame time (1/fgr) must be made constant to prevent flicker, define [TC/R]
according to the equation to calculate [TC/R] as described in Chapter 4 and adjust the
S1D13700's divide-by-nratio.

HEX BIN Characters per line
D7 D6 D5 D4 D3 D2 D1 DO [TCR]
00 0 0 0 0 0 0 0 O 1
01 0 0 0 0 0 0 0 1 2
52 01 0 1 0 0 1 O 83
FE 11 1 1 1 1 1 O 255
FF 11 1 1 1 1 11 256
[Parameter P6]
o L/F Defines the display interval in the Y direction by indicating the number of display lines per
screen.
HEX BIN Number of lines
D7 D6 D5 D4 D3 D2 D1 DO per screen
00 0 0 0 0 0 0 0 O 1
01 0 0 0 0 0 0 0 1 2
TF 01 1 1 1 1 1 1 128
FE 11 1 1 1 1 1 0 255
FF 111 1 1 1 11 256

Note: When W/S = 1, [L/F] must be defined as an even number because dual-screen
display is assumed.
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[Parameters P7, P8]

o AP

Defines the number of memory addressesin the X direction of avirtual screen.

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO

APL | AP7 | AP6 | AP5 | AP4 | AP3 | AP2 | APL | APO |

APH | AP15 | AP14 | AP13 | AP12 | AP11 | AP10 | APY | AP8 |

HEX Number of memory
addresses per line
APH APL
[AP] ,
— Display screen
00 00 0
00 01 1
LI LI ° ~t—C/R—»
00 50 80 ) )
.. .. o Defined area of display memory
FF FE 216.2 - AP >
FF FF 216_1

oC

When this command is input, the S1D13700 blanks the display for at least a one-frame period,
then stops all internal operations including clock oscillation before entering sleep mode. At this
time, the LCD unit sends OFF data to the X driver while simultaneously sending theYDIS
signal to the'Y driver to turn the bias voltage off. Therefore, in no case will unexpected display
remain on the screen when the liquid crystal is powered off by theYDIS signal.

In sleep mode, the S1D13700 registers retain the original state before entering sleep mode.
Moreover, the display memory control pins are fixed high or low to maintain the integrity of
data stored in display memory.

To restore the S1D13700 from sleep mode, write the command and one parameter (P1) of the
SYSTEM SET to the S1D13700 once to immediately wake up the S1D13700. In direct
interface mode, the S1D13700 can be restored from sleep mode by clearing the Sleeplin bit.
However, display memory cannot be accessed immediately after exiting sleep mode. The
display RAM space (0000h—7FFFh) can be accessed by first accessing any other register once.
To restore display, execute the DISP ON command immediately after exiting sleep mode.

Regardless of whether the S1D13700 is directly or indirectly interfaced, the entire screen must
be set to the ON state before entering sleep mode. When in indirect interface mode, issue the
DISP ON command. When in direct interface mode, set the DispOn bit to 1 before entering
sleep mode.

<Indirect mode> <Direct mode>

C

LSB Address Register name
D6 D5 D4 D3 D2 D1 DO

1 0 1 0 0 1 1 0x8008 r_Sleepin

bit0 : Sleepln

Note: 1. The YDIS signal goes low at a time equivalent to one to two frames after the sleep command

is written. When the YDIS signal goes low, all Y driver outputs are forcibly brought to an inter-
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mediate level (unselected), causing display to turn off. Therefore, for the LCD unit to be pow-
ered down, the liquid crystal drive power supply (with relatively large steady-state current)
must be turned off at the same time display is turned off by using the YDIS signal.

2. If the drive power supply of the liquid crystal remains on in sleep mode, a DC component
may be applied to the LCD panel because all internal operations of the S1D13700 have
been stopped in that mode. When priority is placed on reliability, however, the liquid crystal
drive power supply must be turned off before writing the sleep command to prevent DC com-
ponents from being applied to the LCD panel.

3. Although the bus is placed in the high-impedance state during sleep mode, some voltage
may be supplied to the bus line for a bus with pull-up/pull-down resistors.

3.3.2 Display Control Commands

DISP ON/OFF

This command turns display of the entire screen on or off.

The parameters that follow this command turn the cursor and each layered screen on or off individually, and
select the cursor blink rate and screen flashing rate. Setting a blink rate and flashing rate makes area flashing
possible (i.e., flashing one entire line) instead of flashing just one character by means of cursor display.

<Indirect mode> <Direct mode>
MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C ‘ 0 1 0 1 1 0 0 0 ‘ 0x8009 r_DispOnOff
bit0 : DispOn

Pl‘ FP5 FP4 FP3 FP2 FP1 FPO FCl FCO ‘ 0x800A r_P1_DispOnOff
bit7-2 : FP5-FPO
bit1-0 : FC1-FCO

oC

D 0: Disables entire screen display.
1: Restores entire screen display.

Note: Parameter D (to disable entire screen display) has priority over parameter FP.

Note: When the entire screen display is disabled (D=0), power to the panel is off (YDIS
= 0 level) and the panel timing signal is off.

[Parameter P1]

o FC Selects turning the cursor on or off and defines a blink rate.
FC1, FCO Cursor display
0 0 | OFF (blank)
0 1 Blinking off
1 0 |ON |BlinkatfFR/32 Hz (approx. 2 Hz)
1 1 Blink at fFR/64 Hz (approx. 1 Hz)

Cusor blink on/off ratio
ON:OFF=7:3

Note: As the MWRITE command always enables the cursor, the cursor position can be
checked, even when performing consecutive writes to display memory while the
cursor is flashing.

S1D13700 Technical Manual EPSON 25



3: COMMANDS AND COMMAND REGISTERS

Note: To display the cursor in direct interface mode, read or write data to the frame
buffer. This action causes the cursor to move automatically to that position.

FP1, FPO | First screen block (SAD1)
FP3, FP2 | Second screen block (SAD2, SAD4) Note
FP5, FP4 | Third screen block (SAD3)

0 0 | Screen display off (blank)

0 1 Screen flashing off

1 0 |Displayon Flash at fFR/32 Hz (approx. 2 Hz)
1 1 Flash at fFR/4 Hz (approx. 15 Hz)

Screen flashing on/off ratio
ON:OFF=7:3

Note: Although SAD4 is assumed when W/S = 1, the screens specified by SAD2 and
SAD4 cannot be made to flash independently of each other due to simultaneous
control by parameters FP2 and FP3.
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oC Defines the scroll start address (SAD) and number of lines per block to be scrolled (SL).
Parameters P1 through P10 can be omitted when not required. However, the parameters must be
set sequentially as shown below.

<Indirect mode> <Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

CIOlOOOlOO‘ - -

Pl‘ A7 A6 A5 A4 A3 A2 Al AO‘ 0x800B r_P1_Scroll
(SADLL) bit7-0 : A7-A0

P2 ‘ Al5 Al4 Al13 Al2 All A0 A9 AS‘ 0x800C r_P2_Scroll
(SAD1H) bit7-0 ;: A15-A8

P3| L7 L6 L5 W 138 L2 Ll Lo| 0x800D  r_P3_Scroll
(SL1) bit7-0 : L7-LO

P4‘ A7 A6 A5 A4 A3 A2 Al AO‘ 0x800E r_P4_Scroll
(SAD2L) bit7-0 ;: A7-A0

P5 | Al5 Al4 Al13 Al2 All Al0 A9 AB‘ OXx800F r_P5_Scroll
(SAD2H) bit7-0 : A15-A8

PG‘ L7 L6 L5 L4 L3 L2 L1 LO‘ 0x8010 r_P6_Scroll
(SL2) bit7-0 : L7-LO

P7‘ A7 A6 A5 A4 A3 A2 Al AO‘ 0x8011 r_P7_Scroll
(SAD3L) bit7-0 ;: A7-A0

P8 | Al5 Al4 Al3 Al2 All Al0 A9 AS‘ 0x8012 r_P8 Scroll
(SAD3H) bit7-0 : A15-A8

PQ‘ A7 A6 A5 A4 A3 A2 Al AO‘ 0x8013 r_P9_Scroll
(SAD4L) Note bit7-0 : A7-A0

PlO’ Al5 Al14 Al3 Al2 All Al0 A9 AS‘ 0x8014 r_P10_Scroll
(SAD4H) Note bit7-0 : A15-A8

Note: Parameters P9 and P10 must be set only when the dual-screen drive method (W/S = 1)
and two-layered configuration are selected. SAD4 defines the fourth screen block display
start address.
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BIN ;

HEX Number of lines
L7 L6 L5 L4 L3 L2 L1 LO [SL]
00|00 0O 0 0O OO0 0 O 1
0L|0 0 0 0O O 0 1 2
7|10 1 1 1 11 1 1 128
FE[1 1 1 1 1 1 1 0 255
FF|1 1 1 1 1 1 1 1 256

The next page shows the relationship between display modes and SAD and SL.
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[Display modes]

WS First layer Second layer
ov First screen block SAD1 SAD2
DM2,1 | second screen block SL1 SL2
Third scregn block SAD3 Notel
(split)
When not using split screens, set both SL1and SL2to L/F + 1.
<Example of screen configuration>
Note 3
Second screen block
(graphics)
0 SAD2 —m
0 SAD1 —
00 o G2
SL1 First screen block
(text) SL2
SAD3 —p @——
Third screen block L2
(text) —
—— L1
WS First layer Second layer
ov First screen block SAD1 SAD2
DM2,1 | second screen block SL1 SL2
Third scregn block SAD3 Notel
(split)
When not using split screens, set both SL1and SL2to L/F + 1.
<Example of screen configuration>
Note 3
Second screen block
(graphics)
0 SAD2 —
0 SAD1 —pm
01 . o~ G2
SL1 First screen block
(graphics) Sz
SAD3 —p @————
Third screen block L2
(text) I “
- L1
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WS First layer Second layer
ov First screen block SAD1 SAD2
DM2,1 |  second screen block SL1 SL2
Third s(csrpﬁr; block SAD3 Notel
When not using split screens, set both SL1 and SL2to L/F + 1.
<Example of screen configuration>
Note 3 Second screen block
(graphics)
0 SAD2 —p
0 SAD1 —p
G2
10 SL1 First screen block T
(text) sL2
SAD3 —pm @——
Third screen block
(graphics) — 7 —-— L2
- L1
WS First layer Second layer
ov First screen block SAD1 SAD2
DM2,1 | second screen block SL1 SL2
Thi lock
ird S&T{)‘ bloc SAD3 Notel
SLi<SL2
<Example of screen configuration>
Note 3 Second screen block
(graphics)
0 SAD2 — =
0 SAD1 —p=
1 sL1 First screen block 7 G2
(graphics) sL2
SAD3 —p @—
Third screen block
(graphics) 7 -— L2
—— L1
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WS First layer Second layer
ov First screen block SAD1 SAD2
DM2,1 | second screen block SL1 SL2
Third scregn block SAD3 Notel
(split)
SL1>SL2
<Example of screen configuration>
Note 3 Second screen block
(graphics)
0 SAD2 — - Tﬁ;
0 SADl — , @ SL2
L G2
n sL1 First screen block R
(graphics) Third screen block
— hi
SAD3 (graphics)
Blank L | L2
—--— L1
WS First layer Second layer
o Upper screen SADL SAD2
DM2, 1 PP sL1 sL2
Lower screen SAD3 Note 2 SAD4 Note2
<Example of screen configuration>
Note 3
Second screen block
(graphics)
SAD2 _:_t
1 SAD1 —p=
—— G2
0 sL1 First screen block 7
00 (text) | E
| ourth screen block
T (graphics)
SAD3 —pm
—+——G4
Third screen block (SAD4)
(text) — L2
- L1
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WS First layer Second layer
ov Upper screen SAD1 SAD2
DM2, 1 PP sL1 SL2
Lower screen SAD3 Note 2 SAD4 Note 2
<Example of screen configuration>
Note 3 Second screen block
(graphics)
SAD2 —>I £
SAD1 —p=
1 ) o— G2
0 sL1 First screen block
o1 (graphics) - Fourth screen block
4 (graphics)
SAD3 — s @—
o—+——G4
Third screen block (SAD4)
(text) — - L2
- L1
WS First layer Second layer
oV Upper screen SAD1 SAD2
DM2, 1 PP sL1 sL2
Lower screen SAD3 Note2 SAD4 Note 2
<Example of screen configuration>
Note 3 P 9 Second screen block
ote (graphics)
SAD2 _>I +
SAD1 —pm
1 —+—G2
0 SL1 First screen block
10 (text) — Fourth screen block

SAD3 —m @——

Third screen block
(graphics)

4 (graphics)

o——G4

(SAD4)
— - L2
- L1
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WS First layer Second layer
ov Upper screen SAD1 SAD2
DM2, 1 pp sL1 SL2
Lower screen SAD3 Note 2 SAD4 Note 2
<Example of screen configuration>
Note 3 Second screen block
(graphics)
SAD2 —pm
SADL —m=
1
G2
0 sL1 First screen block *] G
11 (graphics) Fourth screen block
P (graphics)
SAD3 —m @—————————
—+——G4
Third screen block (SAD4)
(graphics) — -2
- L1
W/S First layer Second layer Third layer
ov SAD1 SAD2 SAD3
DM2, 1 "
Three-layer composition SL1 SL2
<Example of screen
configuration> )
Note 3 Second screen block (graphics)
/ Third screen block (graphics)
SAD3 — 7
/ | G3
SAD2 —m 7 —
0 SAD1L—m . @ . G2
1
11
) — SL2
First screen block
SL1 4 (graphics)
- -a— L3
| e L2
~ —-— L1
Note 1: SAD3 is added to SL1 or SL2 (whichever has the fewest lines).
Note 2: Parameters corresponding to SL3 and SL4 are determined by L/F, and thus
need not be set.
Note 3: When W/S = 1, the differences between SL1 and (L/F) / 2 and between SL2 and

(L/F) / 2 are blanked.

L/F

A )

[

sL1 4
\

Upper screen

i
(LF)/2

Lower screen

Blanked
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No. WS oV DM2 | DM1 | Panel | Layer (block3,block1)
1 0 0 0 0 Single 2 (char, char)
2 0 0 0 1 Single 2 (char, graph)
3 0 0 1 0 Single 2 (graph, char)
4 0 0 1 1 Single 2 (graph, graph)
5 0 1 0 0 Single 2 tNo.1
6 0 1 0 1 Single 2 tNo.2
7 0 1 1 0 Single 2 1No.3
8 0 1 1 1 Single 3 (graph, graph,graph)
9 1 0 0 0 Dua 2 (char, char)
10 1 0 0 1 Dua 2 (char, graph)
11 1 0 1 0 Dua 2 (graph, char)
12 1 0 1 1 Dua 2 (graph, graph)
13 1 1 0 0 Dual 2 tNo.9
14 1 1 0 1 Dua 2 1No.10
15 1 1 1 0 Dua 2 t1No.11
16 1 1 1 1 Dua 2 1No.12

Defines the size and shape of the cursor displayed.

Although the cursor is normally used in text display mode, the S1D13700 can also display the cursor in

graphic display mode to display kanji and other special characters.

<Indirect mode>

<Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C | 0 1 0 1 1 1 0 1 ‘ — —

P1 | 0 0 0 0 X3 X2 X1 X0 ‘ 0x8015 r_P1 CsrForm
bit3-0 : CRX3-CRXO0

P2 | CM 0 0 0 Y3 Y2 Y1 YO ‘ 0x8016 r_P2_CsrForm
bit7 : CM
bit3-0 : CRX3-CRXO0
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[Parameter P1]

® CRX Defines the size of the cursor in the X direction by the number of dots counted from the
character origin. Always make sure that CRX < FX.

BIN
HEX Number of dots
X3 X2 X1 X0 [CRX]

0 0 0 0O 1
1 0 0 0 1 2
4 01 0 0 5
E 11 1 0 15
F 11 1 1 16

[Parameter P2]

o CRY Defines the display line position of an underscored cursor in a character field by the number of
dots counted from the character origin, or the size of ablock cursor in theY direction by the
number of dots counted from the character origin.

Character origin

BIN Number of dots
HEX 0123456 ---
Y3 Y2 Y1 YO [CRX] \0\
0 0 00O lllegal 1
1 0 0 0 1 2 2
[ . . . . . 3
8 1 0 0 O 9 4
E 11 10 15 5
F 11 1 1 16 6
7
o CM Defines the cursor shape. 8 p—o—e—oe-o
CM 0: Underscore cursor 9
1: Block cursor [CRX] =5 dots
[CRY] =9 dots
The S1D13700 allows CM to be set to either 0 or 1 on CM=0

the graphic display screen. If CRY < FY when CM is
set to 1 on the text display screen, the set value of FY has priority.
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oC

Specifies the direction in which the cursor address counter is automatically shifted. When

horizontal screen movement is specified, the cursor address is shifted —1 or +1 by the
S1D13700 internal arithmetic/logic circuit. When vertical screen movement is specified, the
cursor address is made to jump as many as the number of memory addresses defined by the
address pitch (AP). Therefore, when accessing display memory successively in a given
direction, it is only necessary to set the start address first. Then the cursor address need not be

set by the MPU from th

<Indirect mode>

e next data on.

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
C 0 1 0 0 1 1 CD1 CD2
BIN
HEX Shift direction
CD1 CD2
4C 0 o0 Right
4D 0 1 Left
4E 1 0 Up
4F 1 1 Down
Note:

<Direct mode>

Address Register name

0x8017 r_P1_CsrDir

bit1-0 : CD1-CD2

+1

+AP

Because the cursor moves in address units even if FX > 9, the cursor address must be

preset for movement in character units. (See Section 4.1.4 “Cursor” on page 61.

oC
screen.

<Indirect mode>

Specifies the method of composing layered screens and text or graphic display mode for each

<Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C ‘ 0 1 0 1 1 0 1 1 ‘ - -

P1 ‘ 0 0 0 OV DM2 DML MX1 MXO‘ 0x8018 r_P1_OvlLay
bit4 : OV
bit3-2 : DM2-DM1
bit4 : MX1-MXO0
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[Parameter P1]

e MXO0 Specifies the method of composing layered screens.

o MX1 Selects the method of screen composition from OR, AND, Exclusive OR, and Prioritized OR as
listed in the table below. Because screens are composed in units of layers, different composition
methods cannot be used for individual screen blocks, even if alayer is divided into two screen
blocks.

Prioritized OR is the same as simple OR unless the flashing of individual screens is used in
combination with it.
MX1 MX0 Composition method Application example
0 0 L10L20L3 Simple overlay (OR) U_nderllnlng, rules, mixed text, and graphic
display
0 1 L10L2)0Ls Black & white reverse overlay Charac_tgrs in inverse video, area flashing,
(EOR) underlining
1 0 (L1nL2)OLS Selective overlay (AND) ) o . .
Prioritized overlay Simple animation, three-dimensional
1011tz earance
! ! Li>L2>13 (Asin Figure 3-4) P
Note: L1: First layer (text or graphics)
L2: Second layer (graphics only)
L3: Third layer (graphics only)
L1 L2 L3
\ 7/
Il
L1® L2 L1 >L2>L3 Note

Note:

Figure 3-3 Example of screen compositions

L1: Not flashing
L2: Flashing at 17 Hz (as specified by DISP ON/OFF command)
L3: Flashing at 2 Hz
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The table below shows the relationship between L and FP when MX = 11b.

Prioritized OR

Flash = OFF @ Flash is ON for any screen.
L1 is not blank. L1 is blank.
S EP[L:0]=00 >

L2 is blank.

L3 is blank.
FP[5:4]=00
no Vi

v v v
L1lL2iLs L1 L2 L3 L1lL2lLs
(Same result as (All layers are blank.
when MX = 00) Therefore, 00)

Figure 3-4 Prioritized overlay

Layered | MX[1:0] | FP[5:0] |Flash | Blank-off Layered | MX[1:0] | FP[5:0] | Flash| Blank-off
3 11 000000 x | — |- | — |L1|L2|L3 2 1 000000 x | —-| - |- |L1|L2
3 000001 | x - | = |L1|L1|L2|L3 2 000001 | x - | = |L1|L1|L2
3 000010 O | — | — |L1|L1 2 000010 O | — | —|L1]L1
3 000011| O - | — | L1L1 2 000011| O - | —|L1|L2
3 000100 | x - (L2 = |L1|L2]|L3 2 000100 | x - |L2| = |L1|L2
3 000101 | x — |L2|L1{L1|L2]|L3 2 000101 | x — |L2|L1|L1|L2
3 000110| O - |L2|L1|L1 2 000110 O —|L2|L1|L1
3 000111 O — | L2|L1(L1 2 000111| O —|L2|L1|L2
3 001000 O | — |L2| — |L2 2 001000 O | — |[L2| — [L2
3 001001| O | — |L2|L1|L1 2 001001| O | — |L2|L1|L1
3 001010f O — | L2|L1(L1 2 001010| O —|L2|L1|L2
3 001011| O - |L2|L1|L1 2 001011| O —|L2|L1|L2
3 001100 O | — |L2| — |L2 2 001100 O | — |L2| — [L2
3 001101| O — | L2|L1(L1 2 001101| O —|L2|L1|L2
3 001110 O - |L2|L1|L1 2 001110| O —|L2|L1|L2
3 001111| O - |L2|L1|L1 2 001111 | O —|L2|L1|L1
3 010000 | x L3| - | = [L1]|L2|L3 2 010000 | x - | =1-|L1|L2
3 010001 | x L3| — [L1|L1|L2|L3 2 010001 | x - | —|L1jL1|L2
3 010010| O |[L3| — |L1|L1 2 010010 O | — | — |L1|L1
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Layered | MX[1:0] | FP[5:0] |Flash | Blank-off Layered | MX[1:0] | FP[5:0] | Flash| Blank-off
3 010011 O |L3| — |L1|L1 2 010011| O - | —|L1|L1
3 010100 | x L3|{L2| — |L1|L2|L3 2 010100 | x - |L2| = |L1|L2
3 010101| x L3|L2|L1|L1|L2|L3 2 010101 | x —|L2|L1|L1|L2
3 010110f O |L3|L2|L1|L1 2 010110| O —|L2|L1|L1
3 010111 O |L3|L2|L1|L1 2 010111| O —|L2[L1|L2
3 011000 O |[L3|L2| — |L2 2 011000 O | — |[L2| — [L2
3 011001 O |L3|L2|L1|L1 2 011001| O —|L2|L1|L1
3 011010 O (L3|L2|L1|L1 2 011010| O —|L2[L1|L2
3 011011 O (L3|L2|L1|L1 2 011011 O —|L2|L1|L1
3 011100f O |L3|L2| — |L2 2 011100| O - |L2| - |L2
3 011101 O |L3|L2|L1|L1 2 011101| O —|L2[L1|L2
3 011110 O (L3|L2|L1|L1 2 011110 O —|L2|L1|L1
3 011111 O |L3|L2|L1|L1 2 011111| O —|L2|L1|L1
3 100000 O |L3| — | — (L3 2 100000 O | - | - | — (0O
3 100001 O |L3| — |L1{L2 2 100001 | O - | —[L1|L1
3 100010f O |L3| — |L1|L1 2 100010| O - | —|L1|L1
3 100011 O |L3| — |L1{L1 2 100011| O - | —|L1|L2
3 100100 O |L3|L2| — (L2 2 100100 O | — |L2| — |L2
3 100101 O |L3|L2|L1|L1 2 100101| O — |L2|L1|L1
3 100110 O |L3|L2|L1|L1 2 100110| O —|L2[L1|L2
3 100111 O |L3|L2|L1|L1 2 100111| O —|L2|L1|L1
3 1010001 O |L3|L2| — |L2 2 101000| O - |L2| - |L2
3 101001 O |L3|L2|L1|L1 2 101001 | O —|L2[L1|L2
3 101010 O |L3|L2|L1|L1 2 101010| O —|L2|L1|L1
3 1010121 O |L3|L2|L1|L1 2 101011| O — |L2|L1|L1
3 101100 O |L3|L2| — [L2 2 101100| O —|L2| - |L2
3 101101 O |L3|L2|L1|L1 2 101101| O —|L2|L1|L1
3 101110 O |L3|L2|L1|L1 2 101110 O — |L2|L1|L1
3 101112 O |L3|L2|L1|L1 2 101111 O —|L2|L1|L2
3 110000 O |L3| - | — (L3 2 110000 O | - | - | — (0O
3 110001 O |L3| - |(L1|L1 2 110001 | O - | —|L1|L1
3 110010 O |L3| — |L1|L1 2 110010| O - | —|L1|L2
3 110011 O |L3| — |L1|L1 2 110011| O - | —[L1|L1
3 110100 O |L3|L2| — |L2 2 110100 | O - |L2| - |L2
3 110101 O |L3|L2|L1|L1 2 110101 | O —|L2[L1|L2
3 110110 O |L3|L2|L1|L1 2 110110| O —|L2|L1|L1
3 110112 O |L3|L2|L1|L1 2 110111 O — |L2|L1|L1
3 111000 O |L3|L2| — [L2 2 111000| O —|L2| - |L2
3 111001 O |L3|L2|L1|L1 2 111001| O —|L2|L1|L1
3 111010 O |L3|L2|L1|L1 2 111010| O — |L2|L1|L1
3 1110121 O |L3|L2|L1|L1 2 111011 O —|L2[L1|L2
3 111100 O | L3|L2| — [L2 2 111100| O - |L2| - |L2
3 111101 O |L3|L2|L1|L1 2 111101| O — |L2|L1|L1
3 111110 O |L3|L2|L1|L1 2 111110 O —|L2[L1|L2
3 111111 O | L3|L2|L1|L1 2 111111 O —|L2|L1|L1
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e DM1
e DM2

Specifies the display mode of the first screen block.
Specifies the display mode of the third screen block.
DM1 (block1) 0: Text mode

1: Graphic mode
DM2 (block3) 0: Text mode

1: Graphic mode

Note: The second and fourth screen blocks are limited to graphics mode.

Specifies atwo-layer or three-layer composition in graphics mode.
OV 0: Tow-layer composition
1: Three-layer composition

Note: Set OV = 0 for mixed text and graphics mode. When three-layer composition is
specified, both the first and third screen blocks should be set to the graphics
mode. (OV, DM2, DM1) = (1, 1, 1)

CGRAM ADR

oC Defines the offset address of CG RAM in the display memory space.
<Indirect mode> <Direct mode>
MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C ’ 0 1 0 1 1 1 0 0 ‘ - -

PL| A7 A6 A5 AL A3 A2 AL A | 0x8019  r_P1_CGRAMAdr
(SAGL) bit7-0 : A7-A0

p2 ‘ * Al4 Al13 Al12 All A10 A9 A8 ‘ 0x801A r_P2_CGRAMAdr
(SAGH) bit7-0 ;: A15-A8

Note: For details on how to define CG RAM, see Section 4.1.2 “Character Generator
(CG)" on page 47.
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Although the screen can be scrolled left or right only in units of characters using the SCROLL command
aone, the combined use of this command allows the screen to be scrolled in units of dots. The scrolling on

individual layers, however, cannot be controlled.

This command defines the number of dots to be shifted from the character origin.

<Indirect mode> <Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C‘OlOllOlO‘ - -

P1 ‘ 0 0 0 0 0 D2 D1 DO ‘ 0x801B r_P1 HDotScr
bit2-0 : D2-D0O

[Parameter P1]

e D0-D2 The C/R value must be set to one more than the number of display characters before using
HDOT SCR to scroll the screen in units of dots. Smooth scrolling (dotwise scrolling) is possible
when the MPU resends the HDOT SCR command to the S1D13700 at given time intervals for
setting the number of dots to be shifted from the character origin.

BIN Number of dots to
HEX > b1 Dol be shifted
00 |0 0 O 0
01 0 0 1 1
02 0 1 0 2
06 1 1 0 6
07 |1 1 1 7
M p| |e—
AlB X |y : Shifted M dots to the left
(M increment)
Z |A| B XY : Fixed position M =0 dots
N =0 dots
zlals X |y : Shifted N dots to the right
(N decrement)
-«+— Screen —»| 4— N

Note: See Section 4.1.7 “Scrolling” on page 65, for more information about this
function.
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GRAY SCALE

This command sets up grayscale display mode.

<Indirect mode>

<Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO
Cc ‘ 0 1 1 0 0 0 0 0 ‘ - -
P1 ‘ 0 0 0 0 0 0 D1 DO l 0x8020 r_P1 GrayScale

[Parameter P1]

bit1-0 : D1-DO

Grayscale depth

e DO-D1 Specify the depth of grayscale.
BIN
HEX
D2 D1
00 0 0
01 0 1
02 1 0
03 1 1

1bpp

2bpp

4bpp
reserved

Note: For grayscale display, text and graphic mode overlays are inhibited.
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3.3.3 Drawing Control Commands

oC This command is used to write the cursor address to the cursor register. Because the S1D13700
has only one address input bit, only two addresses in the address space of the MPU can be
specified at atime. Therefore, the MPU cannot directly access display memory. To compensate
for this inconvenience, the S1D13700 has a 16-bit cursor register that serves the purpose of
MPU addresses.

<Indirect mode> <Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

C‘OlOOOllO‘ - -

Pl‘ A7 A6 A5 A A3 A2 Al AO‘ 0x801C r_P1_CSRW
(CSRL) bit7-0 : A7-A0

P2 ‘ Al5 Al4 Al3 Al2 All A10 A9 A8‘ 0x801D r_P2_CSRW
(CSRH) bit7-0 : A15-A8

The cursor address is set in the S1D13700 before display memory (VRAM, CG RAM, or CG
ROM) isautomatically accessed. If this addressisnot set, display starts from the address set last
or an automatically shifted address. (The cursor address register can only be modified by other
than the CSRW command by executing a memory control command.)

The cursor address is not affected by scrolling display because it is managed by the absolute
display memory addresses fixed in hardware. Note also that the cursor address points to the
absolute display memory address where data for the origin part of the character field is stored.

oC This command is used to read a cursor address from the cursor register.\When this command is
written to the S1D13700, the low-order byte of the cursor address (CSRL) is set in the output
buffer. Therefore, the high-order byte of the cursor address (CSRH) also can be read out by
entering the RD signal following this command.

<Indirect mode> <Direct mode>

MSB LSB Address Register name
D7 D6 D5 D4 D3 D2 D1 DO

ClOlOOOllO‘ - -

Pl‘ A7 A6 A5 A4 A3 A2 Al AO‘ 0x801E r_P1_CSRR
(CSRL) Note bit7-0 : A7-A0

P2 ‘ Al5 Al4 Al3 Al2 All Al0 A9 AS‘ 0x801F r_P2_CSRR
(CSRH) Note bit7-0 : A15-A8

Note: This is the read data.
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3.34 Memory Control Commands
MWRITE
This command is used by the MPU to place the S1D13700 in the data input state before writing data to
display memory. Each time the WR# signal is input following this command, the S1D13700 automatically
modifiesthe cursor address at which to write display memory according to the CSRDIR value. Thisalowsthe
MPU to write two or more consecutive items of datato display memory.
MSB LSB
c | o 1 0 0 0 0 1 0 |
P1 | % * * % % * * * |
P2 | * * * % % * * * |
Pno| % % % % % % % % | n=1
P1, P2, ..., Pn: Display data
MREAD
This command is used to place the S1D13700 in the data output state and store the contents of display
memory (specified by the cursor address) in the data bus buffer before reading data from display memory.
Each time the RD# signal is input following this command, the read cursor address of display memory is
automatically modified according to the CSRDIR value, and read datais stored in the data bus buffer. Because
the command is executed in a manner similar to pipelined processing, high-speed readout limited only by the
MPU cycletimeis possible.
When the cursor is displayed, the read data and cursor positions do not match (with the cursor two positions
ahead).
MSB LSB
c | o 1 o o0 o 0 1 1|
N
P1 | * * % * * * % * |
P2 | * s * * * * s | Read
--------------------------------------------------- data
Pn | * * % % * * % % | n>1
J
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4 FUNCTION DESCRIPTION

4.1 Display Functions

411  Screen Management
(1) Character configuration

The S1D13700 can display characters using a row-scanning type of character generator that defines
character patterns in the fourth quadrant with respect to the character origin as shown below. Although the
character generator used determines the size of the character font area, the size of the character field can be
varied in both the X and'Y directions.

Character origin D7 DO
< FX > MSB - LSB

'r' f K RO 0

R1
R2

o

Character R3
font area R4

R5
R6
R7
R8
R9
R10
Space R11
R12
R13
R14
“ :!: RI5
Character Space <t

font area Space
data

Space
data

el ol Nol Noll Hol Nol Nol ol Nol Noll Hol Nol Jol Nol Nol No)

o|Oo|o|]o|o|o|o|o|o|o|o|o|]o|lo|o]| o

o|lo|lo|o|lo|lo|lo|lolo|r|r]|r|r]|r]|r
olo|lo|o|lo|o|o|lo|lo|o|lo|r|olo|o|r
olo|lo|o|lo|o|o|lo|lo|o|lo|r|olo|ofr
olo|lo|o|lo|o|o|lo|lo|o|lo|r|o|lo|o|r
o|lo|lo|lo|lo|lo|lo|lo|o|r]|r]|r|r|r]|r]|o

Ylo|o|o|o|o|o|o|o|o]|o|o|o|o|o|o

Figure 4-1 Character display ([FX] < 8 dots) Figure 4-2 Example of character generator definition

Character font areac An areain which the character pattern is drawn
Character field: Character font area + space

To ater the character field, |eave any portions other than the character font area set to 0 and increase FX or
FY to enlarge the size of space as desired.
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Even when one character requires two or more memory addresses, the character field can be set to any

desired size.
Note 1
Portion not displayed
FX on the screen
[« bl >|
T o000 T vy x
: Character
FY : font area
¥
16 dots
Space
x5 : X
Portion not
displayed ;
on the screen :
K S ~
| 8 dots 8 dots |
I e >l
|« pie >
Character font area Space

Figure 4-3 Example of character configuration consisting of two or more memory addresses (when [FX] = 9)

Note 1: The S1D13700 does not automatically insert character spaces. If the character field is great-
er than or equal to 9 dots, two memory addresses are required to configure one character
even when the character font area may be within 8 dots.
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4.1.2 Character Generator (CG)
(1) Fesatures of each character generator
@ Internal character generator

The internal character generator is effective for a minimum display system consisting of the
S1D13700, display memory (data RAM), LCD unit, single-chip MPU, and a power supply. Moreover,
because the internal character generator includes CMOS mask ROM, it is very advantageous when low
power consumption is desired.

o Character font
¢ 5x 7 dots (See Section 4.4.1 “ Character Fonts (Internal CG)” on page 81.)

o Number of characters
e JIS-compliant 160 characters

o Combined use with CG RAM possible (up to 64 characters)

® Processing of the character field space part

The S1D13700 automatically sets spacesin the range of 8 x 16 dots maximum.
@ CGRAM

CG RAM as agraphic generator allows any desired character font to be defined by the user. Moreover,
because the MPU can alter address mapping in the display memory space can be altered as required,
unused portions of display memory can be effectively utilized.

o Character font
¢ 8x 8 dots maximum <M2 = 0>
¢ 8x 16 dots maximum <M2 = 1>

o Number of characters
« Up to 64 characters when used in combination with CG ROM
« Up to 256 characters when used only in FOOOH to FFFFH

o Defined area of CG RAM in the display memory space
¢ CG RAM (maximum 64 characters) that can be used in combination with CG ROM can be allo-
cated to any desired contiguous addresses.
¢ CG RAM (maximum 65 characters or more) that cannot be used in combination with CG ROM
must be allocated to fixed addresses FOOOH through FFFFH. When 193 characters or more must
be defined in this fixed address area, set SAG = FOOOH and M1 = 0.

(2) Concept of how character generator banks are set

Because the character codes handled by the S1D13700 consist of 8 bits, the number of discrete characters
that can be displayed simultaneously is limited to a maximum of 256. The CGRAM ADR command can
be used to switch banks, however, thus extending the number of usable characters as shown below.

CG ROM [CGRAMN
(5 x 7 pixels x 160 [ CGRAM3
charactersmax) | [CGRAM2
CG RAM SAG CGRAM 1
MO=0 (8 x 16 pixels x 64cha)
Basic CG space . |CG T
(8 x 16 pixels x 256 ',f—"x\ [CG RAM 3
characters max) . o | CCRAM 2
.. MO=1 CGRAM 1
CG RAM
(8 x 16 pixels x 256 SAG
characters max)

S1D13700 Technical Manual EPSON 47



4: FUNCTION DESCRIPTION

Note: Up to 64 characters can be used in one bank when used in combination with CG ROM.
When using only CG RAM, up to 256 characters can be used in one bank. Also note that
the relationship between CG patterns and character codes changes when banks are
switched over.

(3) Method of determining the CG address

The addition shown below is performed to generate CG RAM addresses. Therefore, note that CG RAM
data is not mapped from addresses set in the SAG register to the VRAM space, but are mapped based on
the SAG + character code + row select address.

(DWhen number of lines that comprise the character font is equal to or lessthan 8 (M2 =0, M1 = 0)

SAG Al15 Al4 A13 Al12  All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Character code 0 0 0 0 0 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0
+ row select address 0 0 0 0 0 0 0 0 0 0 0 0 0 R2 Rl RO

CG RAM address VA15 VAl4 VA13 VAl12 VA1l VA10 VA9 VA8 VA7 VA6 VA5 VA4 VA3 VA2 VAl VAO

(2When number of lines that comprise the character font isfrom 9 to 16, including both ends (M2 =1, M1

:0)

SAG Al5 Al4 Al13 Al2 | A1l Al10 A9 A8 A7 A6 A5 A4 | A3 A2 Al A0
Character code 0 0 0 0 D7 D6 D5 D4 D3 D2 D1 DO | O 0 0 0
+ row select address 0 0 0 0 0 0 0 0 0 0 0 0 R3 R2 Rl RO

CG RAM address VA15 VA14 VA13 VAI2 VA1l VA10 VA9 VA8 VA7 VA6 VA5 VA4 VA3 VA2 VAl VAO

Note: Only the addressing above is supported.

Table 4-1 Row Select Addresses

R3 R2 R1 RO
ROWO 0 0 0 0 A
ROW1 0 0 0 1
ROW2 0 0 1 0
. . . . Line count 1
ROW7 0 1 1 1
ROWS8 1 0 0 0
Line
. . . . . count 2
ROW14 1 1 1 0
ROW15 1 1 1 1 A/

Note: 1.Line count | ... when character font consists of 8 lines or less
Line count 2 ... when character font consists of 9 lines or more

@®WhenM1=1

For the character codes defined in CG RAM2, the S1D13700 automatically changes the D6 bit in the
character code from 1 to 0. This ensures that the data storage areain CG RAM corresponds to
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contiguous addresses in the display memory space. Therefore, the CG RAM addresses to which to
write data must be cal culated as follows:

» Add addresses the same way as described above (M1 = 0).

» Change bit D6 in one character code from 1 to 0 when adding addresses.

Example of CG RAM definition (method of storing data) (See Figure 4-9 “Example of display
memory mapping” on page 63.)

e Conditions
« The pattern to define: Pattern A (8 x 16 dots per font) shown in Figure 4-1 “Character display
([FX] < 8dots)” on page 45.
« Start address of the CG RAM table: 4800H
¢ Character code of defined pattern: 80H (first character codein CG RAM aread)

® Setting list

CG RAM ADR 5CH
Set SAG after calculating it by performing the method of CG RAM

E; 283 address calculation in reverse.
CSRDIR 4CH T+ Shift to the right
CSRW 46H
P1 O0OH } CG RAM areafrom 4800H
P2 48H
MWRITE 42H 3\
P1 70H Write data for row O
P2 88H Write data for row 1
P3 88H Write data for row 2
P4 88H Write datafor row 3
P5 F8H Write data for row 4
P6 88H Write datafor row 5
P7 88H > Write datafor row 6
P8 OOH Write datafor row 7
P9 OOH Write datafor row 8
P16 OOH Write data for row 15
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4.1.3  Screen Configuration

(1) Screen configuration

The basic screen configuration of the S1D13700 consists of atext or graphics screen and an overlapping
graphics screen. The graphics screen uses at least eight times as much display memory as the text screen.

Figure 4-4 schematically shows the relationship between the virtual and physical screens.

[¢— C/R—»

AP

0000H

0800H

(0, YM)

4TFFH

(XW, YM)

screen ]

L — (XY) ]

Display ] ] 7

A0

(XM, 0)

Character
table

Graphics
table

(XM, YM)

Figure 4-4 Relationship between virtual and physical screens

(2) Display address incrementation

The S1D13700 sequentially increments the display address in the X direction from the screen origin
(home position) in the same way as araster scan CRT. When the display address is incremented until the
number of addresses equals C/R, one line of datais read from display memory. Next, to read the second
line of data when in graphics mode, the S1D13700 starts from the address incremented by the distance
equal to the address pitch (AP) from the address of the screen origin (SAD), then repeats the same
operation as described above for the first line.

Conversely, in text mode the S1D13700 repeats the same operation as described above for the first line
until the display address for one character is completed. (Character code is read from the same areg, and
dataisread out in order of RO-R15 of the character generator.) (See Figure 4-2 “Example of character

generator definition” on page 45.)
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d1

T-41
¢d1
€41
=41
S-41
9-41
L1

IT+TIS
ST+TIS
YT+TIS
ETTIS
CTHTIS
TH+TIS
0T+T1S
6+T1S
8+T1S
LTS
9+11S
S+T1S
7+11S
€+T1S
¢+TIS
+11S

1178
¢T1S
€17S
7178
§-T1S
9178
LTS

6
8
L
9
S
14
€
4
T

oNauI

=) 40+dv(H)+2avs T+dv(d7)+2avs dv(@+zavs
(T-47) HO+dV(T-47)+2avs T+dv(T-47)+2avsS dv(T-47)+2avs
(e-47) 40+dV(z-47)+2avs T+dv(g47)+2avs dv(z-47)+2avs
Mwﬁw €90 Mwm__x\m mem«m 4o+(817)+eavS €9 Wu_«m M_uwmm«m T(g/4TH+EQYS €9 M«Mw.ﬂwmmum dv(g/aT)+eavs
(547 40+dV(S-47)+2avs T+dv(G47)+2avs dv(G-41)+2avs
HO+dV(9-47)+2avs T+dv(9-97)+2AvsS dv(9-47)+2avs
40+dv(L-47)+2avs T+dv(L47)+2avS dv(.-47)+2avs
HO+dV(9T+TIS)+2AvS T+dV(9T+T1S)+2avS dv(9T+T1S)+2avs
40+dV(ST+TIS)+2avs T+dV(ST+T1S)+2avS dv(ST+TIS)+2avs
HO+dV(FT+TIS)+2AvS T+dV(FT+T1S)+2avs dY(FT+T1S)+2avs
HO+dV(ET+TIS)+2AVS T+dV(ET+T1S)+2avS dV(ET+T1S)+2avs
28 UordvVETISheays | JordvHeavs D TrdV(ZI+T1S)+2avs Trdv+eQvs £ dVETFTIS)+2avs dv+eQvs
HO+dV (I T+TIS)+2AvS T+dV ([ T+T1S)+2avS dV({IT+T1S)+2avs
40+dV(0T+TIS)+2avs T+dv(0T+T1S)+2avS dv(0T+TIS)+2avs
40+dV(6+T1S)+2avS T+dV(6+T1S)+2avS dv(6+11S)+zavs
HO+dV(8+T1S)+2avS T+dV(8+T1S)+2avs dv(8+T1S)+2avs
H0+dV(L+T1S)+2avS T+dV(+T1S)+2avs dv(+T1S)+2avs
HO+dV(9+T1S)+2avsS T+dv(9+T1S)+2avs dv(9+T1S)+2avs
40+dV(G+T1S)+2avsS T+dV(5+TIS)+2avs dv(G+T1S)+2avs
B0 UO+dVr+TIS)+eavs yo+eavs £ T+dVP+T1S)+2avs THEQvs g8 AVHTIS)+2avS £avs
HO+dV(E+T1S)+2avs T+dV(€+T1S)+2avS dv(e+T1S)+2avs
40+dV(Z+T1S)+2avsS T+dV(2+TIS)+2avs dv(e+T1S)+2avs
UO+dV(T+T1S)+2avS T+dV(1+T1S)+2avS dV(T+11S)+2avs
40+dV(11S)+2avs 40+dV(T1S)+1avS T+dv(NS)+2avs T+dv(11S)+1avS dv(11S)+2avs dv(NIS)+IavS
UO+dV(T-TIS)+2AVS [ ¥O+dv(T-TIS)}+1avs T+dV(T -TIS)+2AvS T+dv(1 -TIS)+1AVYS dv(T-T1S)+2avs dv(T-T1S)+1QvS
HO+dV(2TIS)+zavsS | ¥O+dv(eTIS)+1avs T+dV(2-TIS)+2avs T+dv(¢-TIS)+1AVS dv(e-T1S)+zavs dv(Z-TIS)+IavS
HO+dV(ETIS)+2avS | ¥O+dV(ETIS)+IAVS T+dv(€-TS)+2avs T+dv(E-TIS)+1avS dv(e-TIS)+zavs dv(E-T1S)+1avsS
HO+dv(rTIS)+2avsS | HO+dv(y-TIS)+1avs T+dv(7-TIS)+2avS T+dv(y-T1S)+1QVS dv(r-T1S)+2avs dv({r-TIS)+IavS
4O+dV(GTIS)+2avsS | ¥O+dv(STIS)+IAvS T+dv(5TIS)+2avs T+dv(5-TIS)+1aVS dv(G-TIS)+zavs dv(S-T1S)+1avsS
HO+dV(9-TIS)+2avS | ¥O+dv(9-TIS)+IavS T+dv(9-TIS)+2avs T+dv(9-T1S)+1AVS dv(9-TIS)+zavs dv(9-T1S)+1avsS
d0+dV(,TIS)+2avS | HO+dv(LTIS)+IAvS T+dv(,TS)+2avsS T+dv(,-T1S)+1aVS dv(-TIS)+zavs dv(,-T1S)+1avS
4O+dVST+2avS HO+dVST+IAVS T+dVST+2aVS T+dVST+IAVS dvST+2avs dVST+IAVS
dO+dViT+2avs HO+dVPT+TAVS T+dV¥T+2QVS T+dVPT+IQVS dvrT+2avs dVPT+IAYS
HO+dVET+2avsS HO+dVET+IAYS T+dVET+2avsS T+dVET+IAVS dvET+2avs dVET+TIAVS
dO+dVeT+2avs d0+dVZT+1avS T+dVZ1+2avS T+dVeI+1avs dvei+2avs dVZT+IAYS
4O+dVIT+2AYS HO+dVIT+IAVS T+dVIT+2aVS T+dVIT+IAVS dvIT+2avs dVIT+IQvS
HO+dV0T+2AvYS HO+dVOT+TAYS T+dV0T+2avS T+dV0T+IAVS dv0T+2avs dVOT+IQVS
40+dV6+2avS 40+dV6+TQVS T+dV6+2QYS T+dV6+1aVS dv6+2avs V6+TQVS
H0+dv8+zavs d0+dV8+1avS T+dv8+2AvS T+dV8+1avS dv8+2avs dv8+TavS
d0+dV.+2avs d0+dV.+1QVS T+dV.+2QVS T+dV/+1QVS dv/+2avs VLIS
40+dv9+2avs 40+dV9+1QVS T+dV9+2avS T+dv9+1avs dv9+2avs VI+TAVS
40+dVS+2avs d0+dVS+1AVS T+dVS+2avS T+dVS+1aVS dvG+2avs VG+HIAVS
d0+dVr+2avs 40+dVr+1QVS T+dvr+2avS T+dVp+1avs dvr+2avs P+IAVS
(v HO+dvE+2avs HO+dVE+TAYS T+dVE+2avS T+dVE+TAVS dve+zavs dvE+TAYS
(© d0+dvz+2avs d0+dV2+1avS T+dVe+2avs T+dVZ+1avS dvz+2avs TS
@ JO+dv+2avs 40+dV+1QVS T+dv+2avs T+dv+1avS dVv+zavs dv+1avS
1) y0+2avs UO+TAYS T+2QVYS T+10VS Zavs TQvS
uinjpeayy
(- ‘(110fe) Jo30RIRYD (2I0KRT) O1ydeuo ‘(T4ohke) JalorIeyD) = (FXIE ‘ENE ‘28 ‘THE) <<(8'00'0'0) = (A4 'TNG ‘ZWA ‘AO 'SIM) >
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4

=1
¢l
€41
v-41
§-41
9-41
A1l

IT+TIS

9TIS
LTIS

6
8
L
9
S
14
€
4
T

oNaur

=) YO+dv(d7)+2avs d0+dV(11S-41)+EQVS T+dv(3)+2avS T+dV(T1S47)+€AvS dv({d)+zavs dv(T1S-47)+£Qvs
(147 HO+dV(T-47)+2avS_ [40+dV(T -TIS-41)+EQAVS T+dV(T-47)+2QvS | T+dv(I-T1S-47)+€QVS dv(E47)+2avs dv(I-TIS-47)+€avs
(e 40+dv(c47)+2avS  [d0+dV(cTISH+EQVS T+dv(Z-d)+2avS | T+dv(cTIS-4)+EQVS dv(e47)+2avs dv(Z-TIS-47)+£QvS
(e-47) 4O+dV(E47)+2avS  [YO+dV(ETIS-H)+EQVS T+dV(E-47)+2avsS T+dv(€-T1S-41)+€QVS dv(e-47)+2avs dv(E-TIS-41)+£avS
(&) HO+dV(r47)+2avS  [4O+dV(r-TIS-41)+€QVS T+dV(r-41)+2avS T+dV(r-T1S-41)+£QVS dv(r-47)+2avs dv(p-T1S-47)+EQVS
(1) 40+dv(G47)+2avS  [O+dV(STIS-41)+EQVS T+dV(S-47)+2avs T+dv(S-T1S-41)+€avS dv(S-47)+2avs dv(G-TIS-47)+£QvS
HO+dV(9-47)+2AVS  [4O+dV(9-TIS-41)+EQVS T+dv(9-47)+2avs T+dV(9-TIS-41)+£QVS dv(9-47)+zavs dv(9-T1S-41)+EQVS
40+dv(147)+2avS  [d0+dV(ZTISH+EQVS T+dV(-4)+2avS | T+dV(ZTIS-47)+EQVS dv(Z47)+2avs dv(/TIS-47)+£QvS
HO+dV(9T+T1S)+2AvS YO+dVST+EQYS T+dV(9T+T1S)+2AvS T+dVST+EQVS dv(9T+T1S)+2Avs dvST+eQvS
dO+dV(G+TIS)+2aVS | ¥O+dVrI+EQVS T+dv(ST+T1S)+2avS T+dVrT+EQVS dv(GT+T1S)+2avs dvrT+EQavS
HO+dVTT+TIS)+2aVS | ¥O+dVET+EAVS T+dV(yT+T1S)+2avS T+dVET+EAVS dv(yT+T1S)+2avs dVET+EavS
HO+dV(ET+T1S)+2AvS UO+dVeT+eays T+dV(ET+T1S)+2avS T+dVZI+£QVS dV(ET+TIS)+2avs dvzT+eavs
HO+dV(C+TIS)+2aVS | HO+dVIT+EQYS T+dv(eT+T1S)+2avs T+dVIT+EQYS dv(e1+T1S)+2avs dVTT+EQYS
HO+dV{TT+TIS)+2avS YO+dV0T+EAYS 1+dv(T+T1S)+2AvS T+dV0T+£QVS dv{IT+TIS)+2avs dv0T+EQYS
40+dV(0T+T1S)+2avS d0+dV6+£QVS T+dv(0T+T1S)+2avS T+dV6+£QYS dv(0T+T1S)+2avS dv6+£avs
H0+dV(6+T1S)+2avS 40+dV8+eavS T+dV(6+T1S)+2avS T+dV8+£QYS dv(6+T1S)+2avs dvg+eavs
40+dV(8+T1S)+2aVS d0+dV/+€QVS T+dV(8+T1S)+2AVS T+dV/+£QYS dv(8+TIS)+2avs dv.+€avs
H40+dV(+T1S)+2avS 40+dV9+€QVS T+dV(+T1S)+2avs T+dV9+£QYS dv(+TIS)+2avs dv9+Eavs
HO+dV(9+T1S)+2AvS YO+dvs+eavs T+dv(9+T1S)+2avS T+dVS+EavS dv(9+T1S)+2avs dvS+Eavs
40+dV(G+T1S)+2avS d0+dVr+EQVS T+dV(G+T1S)+2avS T+dVr+EQYS dv(G+TIS)+2avs dvp+Eavs
H0+dV(r+T1S)+2avsS H4O+dVE+EQVS T+dV(7+T1S)+2avsS T+dVE+EQYS dv(r+TIS)+2avs dve+eavs
d0+dV(E+T1S)+2avS d0+dVe+EQvS T+dV(E+T1S)+2avS T+dVZ+EQYS dv(E+TIS)+2avs dvz+eavs
H0+dV(e+T1S)+2avs d0+dv+€avS T+dV(e+T1S)+2avs T+dv+EQVS dv(c+TIS)+2avs dv+€avs
HO+dV(1+T1S)+2QvS 40+£aVS T+dV(1+T1S)+20VS T+EAYS dv(1+T1S)+2avs £avs
40+dV(T15)+2avS T+dV(T1S)+2avS dv(T1S)+2avs
H0+dV(T -TIS)+2avs T+dV(T-TIS)+2avs dv(T -TIS)+2avs
40+dv(¢-T1S)+2avs T+dv(Z-TIS)+2avs dv(z-T1S)+2avs
199 MWMM«%ﬁwHMMuM HO+dV(BTISHTAYS 190 wm,\m mwmm«m T+dV(8TIS)}+TAVS 199 M«Mw.mwmm«m dv(BmIS)+Tavs
40+dv(GT1S)+2avs T+dv(S-TIS)+2avs dv(G-TIS)+2avs
4O+dv(9-TIS)+2avS T+dV(9-TIS)+2avs dv(9-TIS)+2avs
40+dv(,T1S)+2avs T+dv(L-TIS)+2avs dv(/T1S)+2avs
d0+dVST+2avS T+dVST+2avS dvsT+2avs
d0+dViT+2avS T+dV¥T+20VS dvyT+2avs
HO+dVET+2avYS T+dVET+2avs dveT+2avs
199 Mwﬂﬁmm«m HO+dv+TavS 199 H«mﬂwm«m T+dv+1QvS 192 M__«mmm«m dV+TaVS
d0+dV0T+2avS T+dV0T+20VS dv0T+2avs
40+dV6+2aVS T+dV6+2avS dv6+2avS
40+dv8+2avs T+dv8+2avs dv8+2avs
d40+dV.+2avS T+dV.+2avS dv/+2avs
40+dv9+2avS T+dv9+2avs dv9+2avs
40+dV5+2avS T+dV5+2avs dvS+2avs
40+dvr+2avs T+dvy+2avs dvr+2avs
) 2R UO+dVErCaYS HOHTAVS 22 TrdvErZavS wavs vER dvEr2avs 1avs
(€ 40+dve+2avs T+dvz+2avs dvZ+2avs
@ 4O+dv+2avs T+dv+2avs dv+2avs
o} JO+2avs T+20VS Zavs
uinjpeay
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4: FUNCTION DESCRIPTION

d1

141
¢4l
o=
v-a1
§-41
9-41
L1

I+TIS
ST+T1S
YT+T1S
ET+T1S
CHTIS
T+I1S
0T+T1S
6+T1S
8+T1S
L+T1S
9+T1S
S+T1S
P+11S
e+T1S
¢+T1S
T+T1S
TS
TS
¢TIS
eTIS
1S
STIS
9T1S
LTIS

6
8
L
9
S
14
€
4
T

oNauI

Ep)] HO+dv(d7)+2avs T+dV(d7)+2avs dv({d1)+zavs
(T-47) d0+dv(T-41)+2avs Trdv(T-47)+2avs dv(E41)+2avs
MN.H_._W 4O+dv(2-47)+2avs T+dV(¢-47)+2avs dv(c-47)+2avs
€41 J0+dv(E-47)+2avs T+dv(E-47)+2avs dv(e-41)+2avs
(41) €90 ot dvr-T2avS o+(8/41)+€avs €90 T av-T+20vS T+(8/47)+€QvS €90 NOT2avS dv(g/a1)+eavs
(47) 40+dv(G-37)+2avS T+dv(G-47)+2avS dv(5-41)+2avs
40+dv(9-47)+2avs T+dv(9-47)+2avs dv(9-41)+2avs
40+dv(47)+2avs T+dv(,-47)+2avS dv(,-47)+2avs
HO+dV(9T+TIS)+2avS T+dv(9T+T1S)+2avs dv(9T+T1S)+2avs
HO+dV(ST+TIS)+2AvS T+dV(ST+T1S)+2avS dv(ST+T1S)+2avs
HO+dV{rT+T1S)+2avS T+dV(FT+T1S)+2avs dVT+TIS)+2avS
d0+dV(ET+T1S)+2aVS T+dvl @E._ )+2avs dV(E+TIS)+2avS
R UordvHTISleavs | | Sordvredvs = T+ v (ZTTISI2avS Trdv+eQvs R AVETHTISIZavS dv+eQvs
HO+dVI T+T1S)+2avs T+dV{I T+T1S)+2avs dvTT+T1S)+2avs
HO+dV(0T+T1S)+2AvS T%s?j@&o% dv(0T+T1S)+2avs
d0+dV(6+T15)+2avS T+dV(6+T15)+2avS dv(6+TIS)+2avs
0+dv(B+T1S)+2avS T+dV(8+T1S)+2avS dv(8+TIS)+2avS
YO+dV(L+T1S)+2avs T+dV(+T1S)+2avS dv(+T1S)+2avs
d0+dV(9+T15)+2avS T+dV(9+T15)+2avs dv(9+TIS)+2avs
HO+dV(G+T1S)+2avS T+dV(S+T1S)+2AvS dv(G+T1S)+2avs
L HO+dVPHTISHZaYS uo+EavS L TrdVr+TISHZavS THeavs s AV+TIS)+2avs £avs
0+ (E+T1S)+2avsS T+dV(E+T1S)+2avS dV(E+TIS)+2avS
YO+dv(Z+T1S)+2avs T+dV(2+T1S)+2avs dv(z+T1S)+2avs
d0+dV(T+115)+2aVS T+dV(1+115)+2avS n_ V(T+T15)+2avS
d0+dV(T15)+2avs Trdv(115)+2avs dv(T15)+2avs
40+dv(I-T1S)+2avs T+dv(T-TIS)+2avs dv(T T1S)+2avs
HO+dV(Z TIS)+2avsS T+dV(¢ TIS)+2avS dv(z-TIS)+2avs
190 Mme«Mw.mewM“m UO+dV(BTISHIAYS 190 wm«% mewM“m T+dv(BMIS)}+TAYS 199 M__«Mw.mwmm«m dv(@mIs)+avs
40+dv(GT1S)+2avs T+dv(GTIS)+2avsS dv(5TIS)+2avs
40+dV(9-TIS)+2avs T+dv(9-TIS)+2avs dv(9-T1S)+2avs
40+dv(,T1S)+2avs T+dv(L-TIS)+2avs dv(,T1S)+2avs
40+dVST+2avs T+dVST+2avS dvsT+2avs
4O+dViT+2avs T+dvT+2avS dv¥T+2avs
40+dVET+2avs T+dVET+2avS dveT+2avs
190 s HO+dY+TAYS 199 A TrdV+TAVS 190 ey AV+IAYS
40+dv0T+2avs T+dv0T+2avS dv0T+2avs
d0+dV6+2avS T+dv6+2avs dv6+2avs
d0+dv8+2avs T+dv8+2avs dv8+zavs
d0+dV+2avS T+dv/+2avs dvZ+2avs
d0+dv9+2avs T+dv9+2avs dv9+2avs
d0+dvS+2avs T+dVS+2avs dvG+2avs
d0+dvr+2avS T+dvb+2avs dv+2avs
) 28 UO+dVERZavS ¥O+1avs o8 TrdvEr2avs Tavs VR dvErZavs 1avs
(€ d0+dve+2avs T+dv2+2avs dvg+2avs
@ 4O+dv+2avs T+dv+2avS dv+2avs
(03] 40+2aVS T+20VS 2avs
uingpeays
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FUNCTION DESCRIPTION

4

[Ep) d0+dv{ET)+2avs HO+dV(T1S-41)+€QvS T+dv({d1)+2avs T+dV(11S-471)+€QvS dv(d1)+eavs dv(T1S-47)+eavs |41
-4 HO+dv(T-47)+2aVS _ [¥O+dV(I-T1S-41)+EAVS T+dv(I-47)+2avS | T+dv( -TIS-47)+€QvS dv(T-47)+zavs dv(T-T1S-47)+€avs_|1-41
(e47) 40+dV(z47)+2AVS  [d0+dV(e-T1S-41)+EAvS T+dV(c-d1)+2avsS | T+dv(cTIS-47)+€QvS dv(z-947)+2avs dv({ZT1S-47)+eavsS_|e-d41
(e-47) HO+dV(E-47)+2AVS _ [¥O+dV(ETIS-1)+EAVS T+dv(€-41)+2avs T+dV(E-TIS-41)+EAVS dv(€-47)+2avs dv(e-T1S-41)+eavs _|€-d41
(r-41) HO+dV(p-47)+2aVS _ [¥O+dV(r-T1S-41)+€AVS T+dV(-31)+2avs T+dV(r-TIS-47)+£AVS dv(p-347)+2avs dv(r-T1S-97)+€avsS_|v-41
(547) 40+dV(G47)+2AVS  [d0+dV(GTIS-41)+EAVS T+dv(G-d1)+2avsS | T+dv(GTIS-47)+€QVS dv(G-97)+2avs dv(STIS-47)+eavS_|S-41

UO+dV(9-41)+2avS  [¥0+dv(9-T1S-97)+€QVS T+dv(9-41)+z2avs T+dV(9-TIS-41)+EQVS dv(9-47)+zavs dv(9-T1S-47)+eavs |9-d41
HO+dV(,47)+2aQVS  [¥O+dV(T1S-471)+EAVS T+dv(,-47)+2avs T+dV(LTIS-47)+€QvS dv(/-47)+2avs dv(-T1S-47)+eavs |41
40+dV(9T+T1S)+2avS 4O+dVST+EQVS T+dV(9T+TIS)+2avs T+dVST+EQYS dv(9T+T1S)+2avs dvsT+eavs 9T+T1S
HO+dV(GT+T1S)+2avS | ¥O+dVFT+EQYS T+dV(ST+TIS)+2avS T+dVPT+EQVS dv(ST+T1S)+2avs dvyT+Eavs ST+TIS
HO+dV(yT+T1S)+2avsS HO+dVET+EQAYS T+dV(FT+TIS)+2avS T+dVET+EQYS dv({rT+TIS)+2avs dVET+Eavs YI+TIS
HO+dV(E+TIS)+2avS HO+dVZT+EQAVS T+dV(ET+TIS)+2AvS T+dVZI+EQYS dV(ET+TIS)+2avs dver+eavs E+TIS
HO+dV(eT+T1S)+2avs HO+dVIT+EQYS T+dV(ZT+TIS)+2avs T+dVIT+EQYS dv(ZT+TIS)+2avs dVIT+EQYS TI+TIS
HO+dV(TT+T1S)+2AVS [ ¥O+dVOT+EQYS T+dV{I T+TIS)+2AvS T+dVOT+EQVS dvIT+T1S)+2avs dv0T+EavS T+TIS
HO+dV(0T+T1S)+2avS HO+dV6+EAVS T+dv(0T+TIS)+2avS T+dV6+£QVS dv(0T+T1S)+2avs dv6+£QvS OT+T1S
d40+dV(6+T1S)+2avS 40+dV8+eavs T+dv(6+T1S)+2AVS T+dV8+EQVS dv(6+T1S)+2avS dv8+EavS 6+T1S
HO+dV(8+T1S)+2avS HO+dV.+€QVS T+dV(8+T15)+2avs T+dVZ+€QVS dv(8+T1S)+2avs dvVI+€QVS 8+T1S
HO+dV(/+T1S)+2avS HO+dV9+EQVS T+dV(+T1S)+2avs T+dV9+£QVS dv(/+11S)+2avs dv9+£avS L+T1S
40+dV(9+T1S)+2avS UO+dVG+EQYS T+dv(9+T1S)+2AVS T+dVS+EQVS dv(9+T1S)+2avs dvS+EavS 9+T1S
HO+dV(G+T1S)+2avs UO+dVr+EQVS T+dv(G+T1S)+2avs T+dVy+EQVS dv(G+T15)+2avs dvVr+EQVS G+T1S
HO+dV(r+T1S)+2avs YO+dVE+EQYS T+dV({+T15)+20vs T+dvE+EQVS dv(p+11S)+2avs dVE+EQYS 7+T1S
40+dV(E+T1S)+2avS 40+dVe+EavS T+dv(€+T1S)+2avS T+dVZ+EAVS dv(E+T1S)+2avs dvz+eavs €+T1S
HO+dV(2+T1S)+2avs HO+dV+EQYS T+dv(c+T1S)+2avs T+dV+€QVS dv(z+T1S)+2avs dv+Eavs IS
HO+dV(1+T1S)+2avS HO+EAVS T+dv(T+T1S)+2aVS T+EQVS dv(T+11S)+2avs €avs +T1S
40+dV(T15)+2avS HO+dV(T1S)+1avS T+dV(T1S)+2avs T+dV(TIS)H+TAYS dv(11S)+2avs dv(T1S)+1avS TS
4O+dV(T T1S)+2AVS [ dO+dv(T -T1S)+1avS T+dv(T-TIS)+2avS T+dV( -TIS)+IAVS dv(T-T1S)+2avs dvT-ms)+1avs — |1-11S
HO+dV(eTIS)+zavS | HO+dv(e-TIS)+IavsS T+dv(¢-TIS)+2avs T+dv(c-TIS)+1avS dv(z-T1S)+eavs Ve TISHIAvS | 2-T1S
HO+dV(ETIS)+2aAVS [ ¥O+dV(E-TIS)+1AvS T+dV(E-TIS)+2avS T+dV(E-TIS)+IAVS dv(E-T1S)+2avs dvETISHIAVS | €-T1S
HO+dV(rTIS)+2avS | dO+dv(r-TIS)+IAVS T+dv(7-TIS)+2avs T+dv(r-TIS)+1aVS dv(y-T1S)+2avs dv(yrTiS)+1avs | +-T1S
HO+dV(GTIS)+2avS | HO+dV(GTIS)+IAVS T+dv(G-TIS)+2avs T+dv(GTIS)+IAVS dv(GT1S)+eavs dVGTISHIAVS | STIS
HO+dV(9-T1S)+2aVS [ ¥O+dv(9-T1S)+1avsS T+dV(9-TIS)+2avS T+dV(9-TIS)+1aVS dv(9-T1S)+2avs dvTIS)+IavsS | 9-T1S
HO+dV(LTIS)+zavS | dO+dV(LTIS)+IAVS T+dv(.TIS)}+2avs T+dv(,TIS)+1aVS dv(ZT1S)+2avs dv(ZTis)+1avs | ZT1S
d0+dVSTH+2avS d0+dVST+IAVS T+dVST+2avs T+dVST+IAYS dvST+2avs dVST+1avs 8
J0+dVT+eavs J0+dVrI+IavS T+dVT+eavs T+dVPT+IQYS dviT+eavs dvvT+Iavs 18
40+dVETZavS H40+dVET+IAVS T+dVET+ZavS T+dVET+IAYS dveT+zavs dVET+1avs vl
d0+dVZEeavs d0+dVeI+1avS T+dVeT+2avs T+dVZI+IavS dvZT+2avs dvZI+1avs €1
d0+dVIT+2avsS d0+dVIT+IAVS T+dVIT+2avs T+dVIT+IAYS dVIT+2avs dVIT+IavS ar
40+dV0T+2aVS 40+dV0T+1aVS T+dV0T+2avs T+dVOT+IQYS dv0T+2avs dv0T+1avs T
H0+dV6+2avS UO+dV6+1aVS T+dV6+2avS T+dV6+10VS dv6+zavs dV6+TavYS ot
40+dv8+2avs H0+dV8+IavS T+dv8+2avs T+dV8+1avS dve+2avs dv8+IavS 6
40+dv.+2avS 40+dV.+1avS T+dv.+20vS T+dV/+1aVS dv.+2avs dv./+1avS 8
40+dv9+2avS UO+dV9+1avS T+dV9+2avS T+dv9+10VS dv9+zavs dv9+Tavs L
40+dvS+2avs HO+dVG+IavS T+dvG+2avs T+dVS+IavS dvG+2avs dvVG+IavS 9
40+dvr+2avs 4O+dVr+IavsS T+dVp+2avS T+dVp+1avS dvr+2avs dvr+Iavs S
(v H0+dVE+2aVS UO+dVE+TAVS T+dVE+2aVS T+dVE+TAVS dve+zavs dVE+TAYS 4
(€ d40+dve+2avs H0+dVZ+IavS T+dvZ+2avs T+dVZ+1avsS dvz+2avs dvZ+Iavs €
@ 40+dv+2avs d0+dv+1aVS T+dv+2avS T+dV+1aVS dv+2avs dv+1avs 14
(0] d0+2avS O+1AVS T+2AVS T+1QVS 2avs Tavs T ONaUN
uin] peaysy
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4: FUNCTION DESCRIPTION

141
¢4l
€41
v
S-41
941
A=
8-d1
6-41
01-41
741
[4%=1
€141
yi-d41
ST-41

ONauI

([ do+dvE)+eavs 40+dvE )+2avs 4O+dvE )+avS T+dv(d1)+£QVS T+dV(d1)+¢avs T+dV(d )+avs dv(E1)+EavS dv(E1)+eavs dv(E+QvS
(-4 90+dv(T-47+€avS | dO+dv(T-d1)+2avS | do+dv(-41)+1avS T+dv(T-41)+€avS T+dv(T-41)+2avs T+dv(I-41)+1avS dv(T-47)+EavS dv(T-37)+2avs dv(T-37)+1avsS
(-4 90+dv(Z-dT+€avS | d0+dvicd1)+eavS | ¥0+dv(c41)+1avS T+dV(Z-31)+€QvS Trdv(c-41)+2avs T+dv(c-31)+1avS dv(c-31)+€avs dv(z-31)+2avs dV(cI1)+1avS
(e-47)[ dO+dv(E-dT)+€AvS | uO+dv(Ed1)+2avS | HO+dv(e-d1)+1avS T+dv(E-41)+EavsS Trdv(E-41)+2avs T+dv(E-31)+1avS dv(g-41)+Eavs dv(e-47)+2avs dV(E-T1)+1avS
(-4 [ 90+dvr-1+EaVS_ | 90+dv(r-31)+2avS | d0+dv(r-31)+1avs T+dV(p-31)+€QVS Trdv(r-31)+2avS T+dv(p-31)+10VS dv(r-31)+€QvS dv{p-31)+2avs dvV(r-37+1avS
(-4 d0+dv(GdT+EAvVS | d0+dv(Gd1)+2avS | HO+dv(Gd1)+1avS T+dv(G-31)+EQvS Trdv(G-41)+2avs T+dv(G-31)+1avS dv(G31)+EavsS dv(G-31)+2avs dV(G)+1avS

YO+dV(9-dN+EQVS | dO+dv(9-d1)+2avVS | dO+dv(9-d1)+1avsS T+rdv(9-91)+EQvS Trdv(9-91)+2avs Trdv(9-41)+1avS dv(g-37)+Eavs dv(9-47)+2avs dv(9-37)+1avs
O+dV{AT)+EQVS | ¥0+dv(L41)+2avS_ | do+dv(Z-41)+I1avs T+dv(-31)+€QVS Trdv(Z-41)+2avsS T+dv(Z-31)+1QVS dv(Z-41)+EQvS dv(Z-37)+2avs dV(Z-71)+1avS
"O+dV(8-dN+EAVS | H¥O+dv(8d1)+2avS | do+dv(8-41)+1avs T+dv(g-41)+£avsS Trdv(8-41)+2avS T+dv(g-341)+1avS dv(g-41)+£avs dv(g-37)+2avs dv(8-41)+1avS
O+dV(6-dN+EQYS | ¥0+dv(6-d41)+¢avS_ | do+dv(6-d1)+1avsS T+dv(6-31)+EQVS Trdv(6-31)+2avsS T+dv(6-31)+1aVS a<a.é+8<m dv(6-31)+2avs dv(6-91)+1avS
dO+dv{0TA)+EAVS | ¥0+dv(0T41)+2avS | d0+dv(0T-41)+1avS T+dv(0T-41)+£QAVS T+dv{0Td1)+2avsS Trdv(0T-41)+1avS dv(0T-31)+£avsS dv(0T-41)+2avs dv(0T-41)+1avS
YO+dVOITI+EAVS | ¥O+dvATd1)+2avS | Jo+dvII-41)+Iavs T+dV(IT-31)+EQVS T+dvVT1)+2avs T+dv(T-41)+10VS dvVT-d7)+EQVS dv{TT-47)+2avs dv(TT-31)+1avsS
AO+dV(ZTA)+EAVS | ¥0+dV(el-d1)+2avS | d0+dv(Zl-41)+1avs T+dv(Z-41)+£avS T+dv{ZTd1)+2avs Trdv(Zl-41)+1avS dv(Zl-341)+Eavs dv(2T-41)+2avs dv(ZT-41)+1avS
O+dVIETN+EQVS | UO+dV(ET-d1)+2AVS | JO+dV(Er-d1)+1avs TrdV(ET-F)+EQVS T+dV(ET1)+2avS TrdV(ET-31)+1QVS dv(ET-31)+EavS dV(ETA1)+2avs dv(ET-I)+IavS
AO+dV(rTAN+EQVS | dO+dv(pTd1)+2avS | d0+dv(rT-41)+1avS Trdv(rT-41)+£QAVS Trdv(rT1)+2avS T+dv(rT-41)+1avS dv(FT-31)+EavS dv{rT-a1)+2avs dV{FT-41)+1avS
YO+dV(GTIN+EQVS | ¥O+dV(GT-d1)+2avS | JO+dv(ST-d1)+I1avs T+dv(GT-3)+EQVS T+rdv(ST1)+2avS Trdv(ST-31)+1aVS dv(GT-31)+6avsS dV(ST-a1)+2avs dv(ST-31)+IavS
YO+dVEZ+EQVS YO+dvEe+ZavS 4O+dVEZHIAVS TrdVEZ+EQvS TrdvEc+eavs TrdVECHIAVS dvEZ+EQVS dvez+zavs dvEZ+IavsS
H0+dVZz+eavs HO+dvZz+eavs O+dVZZ+iavs Trdvzz+eavs Trdvzz+eavs TdvzZ+1avs dvzz+Eavs dvzzreavs dvzz+iavs
4O+dVTZ+EAvS "O+dviz+2avs HO+dVIZHIAvS T+dVT2+EavS T+dVIZ+2avs TrdvIZ+1avs dviz+eavs dviz+eavs dvie+1avs
HO+dV0Z+EQVS "O+dV0z+2avs 4O+dV0z+IavS T+dv0Z+eavs Trdv0z+2avs Trdv0Z+1avs dv0Z+EavS dv0z+zavs dv0z+1avs
4O+dV6T+EQVS 40+dv6T+2avs d0+dV6T+IAvS TrdV6T+eavs Trdv6T+2avsS T+dV6T+1avS dV6T+eavs dv6T+2avs dveT+1avsS
HO+dVBT+EAYS HO+dv8T+eavs 4O+dVSTHIAvS TrdV8T+EQVS TrdveT+Zavs Trdv8T+IavS dVBT+EQVS dv8T+zavs dVeT+IavS
4O+dVIT+EQVS "O+dv.T+2avs d0+dV/T+IAVS TrdVIT+eavs Trdv/T+2avsS T+dVIT+IavS dVIT+Eavs dviT+2avs dVITHIavsS
HO+dVIT+EAYS H4O+dv9T+eavs 4O+dVITHIavS TrdV9T+EQVS TrdvoT+Zavs Trdv9T+IavS dVITFEQVS dv9T+Zavs dV9T+IavS
HO+dVST+EQVS "O+dVST+eavs "O+dVSTHIAvS TdVST+EQVS TrdVST+Zavs T+dVST+IavS dVST+EQVS dvST+2avs dVST+Iavs
HO+dVIT+EQYS HO+dVrT+eavs GO+dVITHIAYS TrdVbT+EQVS TrdviT+eavs TrdvPI+1avS dVbTFEQVS dvbT+eavs dvbT+IavsS
"O+dVE+EAVS "O+dVET+2avs "O+dVETHIAVS TrdVET+EQVS TrdVET+ZavS T+dVET+TAVS dVET+EQVS dVET+ZavS dVET+TAvS
HO+dVZI+EavS 4O+dVer+eavs 4O+dVZHIavsS TrdVZI+EQVS Trdver+eavs TrdvZI+1avS dVZI+EQVS dveTreavs dveI+Iavs
HO+dVIT+EQVS HO+dVIT+ZavS HO+dVIT+HIAVS TrdVIT+EQVS T+dVIT+Zavs T+dVIT+IAYS dVIT+eavs dvIT+2avs dVIT+1avs
4O+dVOT+EAYS 4O+dv0T+¢avs 4O+dVOTHIavS TrdVOT+EQVS TrdvOT+eavs TrdVOT+IAvS dVOT+EQVS dv0T+2avs dVOT+IavsS
HO+dV6+EAVS "O+dV6+2avsS HO+dV6+IavS T+dV6+£QvS T+dv6+2avs TrdV6+1avS dv6+eavs dv6+2avs dv6+Iavs
4O+dv8+Eavs d0+dv8+eavs HO+dV8+IavS T+dv8+eavS T+dv8+2avs Trdv8+Iavs dv8+Eavs dv8+zavs dv8+1avs
HO+dVZ+EQVS O+dvi+2avs HO+dVZ+IavS T+dVZ+EQvS T+dv+2avs TrdvZ+HIavs dvZ+eavs dvZ+Zavs dvZ+1avs
4O+dv9+EavsS 40+dv9+2avs 4O+dv9+IavS T+dvo+EAVS T+dv9+2avsS Trdv9+1avs dVo+EavS dv9+2avs dvo+1avs
HO+dVS+EQVS 4O+dv5+2avs HO+dVS+HIAvS T+dVS+Eavs T+dvS+2avs TrdVS+Iavs dvS+eavs dvS+zavs dvS+Iavs
4O+dvr+EavsS d0+dvr+2avs 4O+dvr+IavS T+dvr+EAVS T+dVr+2avs Trdvr+1avs dVr+EQVS dvr+2avs dvr+1avs

()| _dordvereavs 4O+dVE+2avsS HO+dVEHIAVS T+dVE+EQAVS T+dvE+Zavs TrdVE+IavS dVE+EQVS dvE+ZavS dvE+TavsS

(€)] ad+dvz+eavs d0+dve+eavs O+dve+Iavs T+dvZ+eavs T+dvz+2avs Trdve+1avs dvz+eavs dvz+Zavs dvz+1avs

@[ _do+dv+eavs 4O+dv+2avs HO+dv+IavS T+dV+EQvS T+dv+2avs Trdv+1avs dv+EQVS dv+2avs dv+1avs

1) O+EAVS 40+2avS "O+1aVS T+EQYS T+2avS T+IQVS £aVs Zavs Tavs
uing peays
(- ‘(elake) aydeis ‘(ziake) oydeis ‘(TIehe) oydess = (yXg ‘eg ‘2g ‘THE) << (8T T 'T°0) = (Ad ‘TING ‘TWA ‘AO ‘SIM) >
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FUNCTION DESCRIPTION

4

41

141
¢dl
€41
v-41
§-41
941
-1

9T+TIS
ST+TIS
YT+T1S
ET+T1S
CIHTIS
TI+TIS
0T+T1S
6+T1S
8+T1S
L+T1S
9+T1S
S+T1S
P+T1S

™S

6
8
L
9
S
4
€
4
T

ONaUIT

€Y)} d0+dV(Z1S-31)+7AvS T+dV(C 1S3 )+avS V(1S3 )+ravS
(-4 O+dv(T-21S-3T)+raAvS T+dV(I-21S-FT)+rQAVS dv(F21S-41)+vavsS
(747 4O+dv(z-21S-31)+7avS T+dV(¢-¢1S-3M)+ravS dv(2-21S-47)+vavs
O+dv(E215-31)+7avS T+dV(g-¢1S-41)+7avS dv(g21S41)+7avS
s DoV IS T havs|  BOtE1Eavs s TV vavs | [TEAVEaYS R V215 T1+ravs dv(@iaT+eavs
O+dv(G-21S-31)+avsS T+dV(G-¢1S-31)+ravS dv(G21S-4)+ravS
HO+dV(9-21S-47)+vAVS T+dv(9-21S-41)+vAvS dv(9-21S-471)+¥avs
YO+dv(-215-31)+avS T+dV(L-21S-3)+rAvS dv(Z-21S-91)+vavS
4O+dVST+HAVS T+dVST+HAYS dvST+avsS
AO+dVPT+HAVS T+dVvTHavS dviT+avs
4O+dVET+HAVS T+dVELHAYS dVET+HAVS
4O+dvVer+ravs T+dVZE+Pavs dvZr+avs
€90 TS TIVITavS O+dV+EQYS €90 T aVTETavS T+dV+£QYS €90 TTvave dv+£avs
4O+dvOT+avS T+dVOTL+avs dvOT+avs
4O+dv6+7avsS T+dV6+7avS dv6+avs
40+dvB+7avS T+dV8+ravS dv8+avs
0+dvZ+7avS T+dVI VS dvi+avsS
40+dv9+7avS T+dV9+vavsS dv9+ravs
0+dVS+avS T+dVS+avS dvS+avsS
AO+dVr+ravS T+dVr+7QvS dvr+ravsS
® e HD+dVErYaYS HO+EAvS L Trdve+vavs Teavs 2R dvE+ravs £avs
Q) HO+dVZ+7QvS T+dVZ+ravS dvz+7avs
() HO+dV+7AYS T+dv+7QvS dv+7avS
@ 40+7aVS T+7QVS 7QvS
-4 AO+dV(LIS)+¢avS THAV(L1S)+¢AvS V(T 1S)+eavs
(e-47) H0+dV(T -T1S)+2avs T+dv(T -TIS)+2avsS dv(T-11S)+2avs
(647 YO+dv(C-TIS)+2avs T+dV(¢TIS)+2avS dv(Z-TIS)+2avs
190 mwM«m ﬂmwmm«m UD+V(GITISHIAYS 19 Wmam ﬂwmm«m T+dv(8MS)+Tavs 19 M«Mwﬂmwwm«m dY(EMS)+Tavs
O+dv(GTIS)+2avs T+dV(GT1S)+2avS dv(GT1S)+2avs
4O+dv(9-TIS)+2avs T+dV(9-T1S)+2avS dv(9TIS)+2avs
4O+dv(TIS)+2avs T+dV(/TIS)}+2avS dv(ZTIS)+2avs
4O+dvsT+zavs T+dVST+eavs dvST+2avs
d0+dvrT+eavs T+dVyT+eavs dviT+eavs
O+dVET+ZavS T+dVET+eavs dVET+avs
199 mwm_«mwwm«m HO+dV+TAVS 190 Hﬁw%«m T+dv+1QVS 190 M__ﬁwwm«m dv+Tavs
4O+dv0T+2avsS T+dV0T+cavs dv0T+2avs
0+dV6+2avS T+dV6+2avS dv6+2avsS
40+dv8+2avs T+dv8+zavs dv8+zavs
40+dvi+2avS T+dv+Zavs dvi+2avs
40+dv9+2avS T+dv9+zavs dv9+2avs
0+dvS+2avs T+dvS+2avs dvG+zavs
0+dvr+2avs T+dVr+2avsS dvi+2avs
) 190 TR dO+TAVS 190 T qvEoave T+1aVS 190 S Tavs
(9) 0+dve+eavs T+dve+2avs dve+2avs
(€) H0+dv+2avS T+dv+2avS dv+2avs
1) 40+2avS T+2avS 2avsS
uin] peays
((z19fe) 21ydels (T1ake) ser0eley ‘(z10ke) dlydels ‘(TJakeT) se3oeleyd) = (PX4 ‘€9 ‘THE ‘THE) <<(8°0°0°0 ') = (A4 ‘TING ‘ZNQ ‘AO 'SIM) >
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4: FUNCTION DESCRIPTION

(1) 4O+dv(Z1S-41)+7avS T+dv(215-41)+vAvS dv(21S-47)+vavs 11
(47 40+dV(1-21S-47)+vAVS Trdv(T-21S-47)+¥avs dv(1-21S-347)+vQvS 141
(41 H0+dv(2-21S47)+vAVS T+dV(2-21S-41)+7avS dv(Z-21S-97)+¥avs A=

40+dV(E-ZIST)+7AVS T+dv(€-215-41)+7AVS dv(E-Z1S47)+7avs €41
o8 Worlh2isdvays|  O+EE1+EavS o8 TraviIs Tsraws | HEHDHEAVS 8 aVr2IS-T+ravs dv@aseavs |y
40+dV(G-21S4T)+#AvS T+dv(G-215-41)+rQvS dv(G-21S-4T)+rQvS G4
40+dV(9-21S4T)+¥AvS T+dv(9-215-41)+vAVS dv(9-21S47)+avs 941
H40+dV(-21S41)+¥AvS T+dv(,-21S-41)+vQVS dV(Z-21S-41)+7QvS 11
O+dVST+AYS T+dYSTHAYS dVST+AvS 9T+TIS
HO+dVT+vQAVS TrdVT+PAVS dvvT+avs ST+TIS
HO+dVET+AVS TrdVELAYS dVET+AVS VI+TIS
4O+dVeT+vavs TrdVZHHavs dveravs E+TIS
€90 WO dVITFaYS YO+dV+EQYS €90 VT TaYS T+dV+€QVS €90 VITHaVS dv+EQaYS IS
40+dV0T+7AYS T+dVOT+7aVS dVOT+avs T+TIS
40+dv6+7avsS T+dv6+7aVS dv6+avsS 0T+T1S
40+dv8+ravS T+dv8+7aVS dvB+ravs 6+T1S
40+dv/+7avS T+dV/+7QVS dvZ+avS 8+T1S
H40+dV9+7AVS T+dv9+7aVS dv9+ravs L+T1S
H40+dVS+rAVS T+dVS+7avS dvS+avsS 9+T1S
d0+dVr+7AVS T+dVy+7AVS dvr+7avs GH+TIS
® o8 WO+dVERAVS HOYEQYS 50 TrdvVErvavS THEQVS 8 dVEHaVS £Qvs p+TIS
(9) d0+dve+ravS T+dvz+7avs dvZ+avs €+T1S
(v 4O+dV+ravS T+dv+ravS dv+ravs IS
(@ 4O+7AVS T+7QYS 7QvS +T1S
(T-41) 40+dV(T1S)+¢AvS 40+dv(TIS)}+1avS T+dV(T1S)+2avs Trdv(T1S)+1avS dv(11S)+eavs dv(TIS)}+1avs TS
(€41 HO+dV(T-TIS)}+2aAVS [ ¥O+dv(T-TIS)+IavS Tdv(T-TIS)}+2avs T+dv(I-TIS)+IQVS dv(T-T15)+2avs dv(T-TIS+1avs  |1-T1S
(641 HO+dV(2-115)+2avS [ ¥O+dv(Z-TIS)+Iavs T+dv(2-TIS)+2avS T+dv(¢-TIS)+1aVS dv(z-11S)+2avs dv{z-TIs+Iavs  |eTIS
40+dV(ETIS)+2avS | ¥O+dv(ETIS)+IAvS T+dV(E-TIS)+2avS T+dV(E-TIS)+TaVS dv(E-TIS)+2avs dv(eTISH+IavS  |€TIS
40+dv(r-1IS)+2avsS | ¥O+dv(rTIS)+Iavs T+dv(r-TIS)+2avs T+dv(7-TIS)+1aVS dv(r-T1S)+2avs dVPTISHIAYS |7 T1S
40+dV(GTIS)+2avsS | ¥O+dv(GTIS)+Iavs T+dv(G-TIS)}+2avs T+dv(G-TIS)+1aVS dv(G-TIS)+2avs dv(GTISHIAYS  |STIS
40+dV(9-T1S)+2avS | ¥O+dv(9TIS)+Iavs T+dv(9-TIS)+2avs T+dv(9-TIS)+1aVS dv(9-T1S)+zavs dvOTISHIAVS __ |9T1S
40+dV(T1S)+2avS [ ¥O+dv(LTIS)+1avs T+dv(,-TIS)+2avs T+dv(,-TIS)+1aVS dv(/T1S)+2avs dv(ZTISi+1avs |2 TS
H0+dVST+2avs HO+dVST+TAYS T+dVST+2avS T+dVST+TAYS dvST+2avs dvST+TavsS qr
d0+dvrT+eavs dO+dVrT+TavS T+dV¥T+2avsS T+dVPT+1avS dvvT+2avs dvvT+1avs 18
HO+dVET+avS HO+dVETTAYS T+dVET+2avS T+dVET+TAYS dVET+2avsS dVET+IavS 1
4O+dveT+zavs HO+dVZI+IavS T+dVeT+2avs T+dVZT+10vS dver+zavs dveT+1avs €1
d0+dVIT+2avS HO+dVIT+IAVS T+dVIT+2avs T+dVIT+1AVS dVIT+2avS dVIT+IaYS a
4O+dv0T+2avS "O+dVOT+IaAYS T+dV0T+2avS T+dvOT+TAVS dv0T+2avS dvOT+1avs 7
40+dv6+2avsS 4O+dvV6+TavS T+dV6+2QvS T+dV6+TaYS dv6+2avs dv6+1avsS 8
40+dv8+2avs 40+dvB+IavS T+dV8+2avS T+dVB+TaYS dvB+zavs dvB+1avs 6
40+dv/+¢avs 4O+dV/+1avS T+dV/+2QvS T+dVZ+TaYS dvi+zavs dvZ+1avs 8
40+dv9+2avs 4O+dv9+1avS T+dV9+2aVS T+dV9+TQYS dv9+zavs dv9+1avs L
40+dV5+2avS 40+dVS+1avS T+dV5+2aYS T+dVS+1aYS dvS+2avs dvS+1avs 9
d0+dvr+2avS d0+dVr+1avS T+dVr+2QYS T+dVr+1aYS dv+2avs dvr+1avs S
(1) d0+dVE+2avs d0+dVE+TAVS T+dVE+2AYS T+dVE+TAYS dvE+2avs dVE+TavS 4
(9) 40+dve+eavs 40+dv2+1avs T+dVZ+2avS T+dVZ+1avS dvZ+zavs dvz+1avs €
(€) 40+dv+2avS 4O+dv+1avs T+dv+¢avs T+dv+1QVS dv+2avs dv+TavS [
1) d0+2avS dO+TAYS T+2QVS T+1QYS Zavs 1avS T ONauI
uin peayy

((c1afe) o1ydein ‘(T10ke) 1210810 ‘(2404RT) 21ydelo ‘(TIakeT) Jo1oeleyD) = (Y34 ‘€8 2HE ‘T)E)
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FUNCTION DESCRIPTION

4

T
¢4l
€41
=1
§-41
9-41
-1

9T+TIS
STHTIS
YI+TIS
ET+TIS
CHTIS
THTIS
0T+T1S
6+T1S
8+T1S
4TS
9+T7S
S+T1S
7+11S
€+T1S
¢S
T+1S

TS
¢TIS
€TIS
1S
STIS
9TIS
LTS

N ™D © N~ o

TONaU

Eh)} 40+dv(21S-41)+vAVS | ¥O+dv(T1S-47)+€avS T+dV(¢1S-47)+vAvS Trdv(115-41)+€QvS dv(z1S-41)+vavs dv(T11S-47)+£avs
(¢47) H0+dV(1-21S-37)+7AVS[40+dVv(T -T1S-41)+£QVS T+dV(1-21S-471)+vQVS | Tdv(T-T1S-47)+€QVS dv(1-21S-41)+vavS [ dv(T-TIS-47)+€avs
(741 HO+dV(2-21S47)+7AVS[ ¥0+dV(2-T1S-41)+EAVS] T+dV(2-21S-947)+vavS | T+dv(2-T1S-47)+€QvS dv(Z-21S-47)+¥avS dv(Z-T1S-471)+£QvS

UO+dV(E21S-dT)+AVS | ¥O+dV(ETIS-AT)+EQAVS] T+dv(€-21S-41)+raVS | T+dV(ETIS-d1)+EAVS dv(E-21ISIN+aAvS | dv(ETIS-d1)+EavsS
40+dV(r-21S91)+avS | 4O+dv(r-TIS4T)+EAvS T+dV(r-21S-47)+vQVS | T+dv(r-11S-47)+£QVS dv(y-21S-47)+¥avs dv(y-TIS-47)+£QvS
H0+dV(G-21S91)+AVS | 4O+dV(G-TIS4T)+EAVS T+dV(G-21S-471)+vQVS | T+dv(GT1S-47)+€QVS dv(5-21S-47)+¥avs dv(STIS-47)+€avS
H0+dV(9-21S-91)+vAVS [ 40+dV(9-TIS4T)+EAvS T+dV(9-21S-471)+vQVS | T+dv(9-T1S-47)+€QVS dv(9-21S-4M)+vavs dv(9-TIS-47)+€QvVS
40+dV(L-21S91)+aVS [ d0+dv(LTISHT)+EAVS T+dV(2-21S-41)+vQVS | T+dv(ZTIS47)+EQVS dv(-21S40+vavs | dv(ZT1S-47)+€avs
4O+dVSTHAYS dO+dVST+EQYS T+dVST+avS T+dVST+eavs dvST+avs dvST+Eavs
AO+dVhT+HAYS O+dVIT+EQYS T+dVPT+avS T+dVT+EQVS dVbT+avs dvbT+EavS
dO+dVET+AYS dO+dVET+EQYS T+dVE+AYS T+dVET+EQYS dVET+AVS dVET+EQVS
4O+dVZIH+avS HO+dVeI+EQYS T+dVZI+ravsS T+dVZH+EQVS dver+avs dvZT+Eavs
dO+dVIT+AYS HO+dVIT+EQVS T+dVIT+AYS T+dVIT+EQVS dVIT+HQVS dVIT+EQVS
40+dVOT+HAYS O+dVOT+EQYS T+dVOT+avS T+dVOT+EavsS dvOT+avs dv0T+Eavs
4O+dv6+ravs 40+dV6+EQvS T+dV6+7avS T+dV6+EQVS dv6+ravS dV6+EaVS
4O+dv8+ravs 40+dvVB+EQvS T+dV8+7avS T+dv8+EQVS dvB+ravs dVB+EavS
Y4O+dv/+7avS 4O+dv./+€QVS T+dV.+7QYS T+dV/+€QVS dv.+7QvS dv.+EQYS
40+dV9+7AvS d0+dV9+EQVS T+dv9+7QaVS T+dV9+£QVS dv9+7avs dv9+£QvS
O+dvS+ravs 4O+dVS+EQvS T+dVS+ravsS T+dvS+EQVS dvS+avs dVG+EQYS
4O+dvr+ravs 4O+dVr+EQvS T+dVr+7avS T+dV7+EQVS dvr+ravs dVr+EQVS
®) YO+dVE+ravS JO+dVE+EQVS T+dVE+HAVS T+dVE+EQYS dvE+ravsS dVE+EQYS
Q) 40+dVe+ravs d0+dVe+EavS T+dVZ+ravs T+dV2+EQVS dve+ravs dvz+eavs
(v O+dv+ravS 4O+dv+EQVS T+dv+ravsS T+dV+EQVS dv+ravs dv+EavS
@ A0+ aYS AJ+EAVS T+7QVS T+1aVS yavS £avs
(T-47) HO+dVTIS)+2avsS TrdV(T 1S)+2avS dv(T1S)}+¢avs
(€141 4O+dV(T-TIS)+2avS T+dV(I-T1S)+2avS dv(T-T1S)+2avs
(641 d0+dv(z-T1S)+2avs T+dV(Z-TIS)}+2avs dv(z-T1S)+2avs
199 Mwm_«m mwmm«m HO+dV(@MIS)H+TAYS 199 WM,\% mwmm«m T+dV(@MS)+1avs 190 M«%mwmm«m dv(8ms)+Iavs
40+dV(GTIS)+2avsS T+dV(GTIS)+eavs dv(GTIS)}+eavs
H0+dV(9-TIS)+2avS T+dv(9-T1S)+2avS dv(9-T1S)+2avs
d0+dv(I-TIS)+2avs T+dv(L-TIS)+2avsS dv(ZTIS)+2avs
40+dVST+2avs T+dVST+2avS dvST+2avs
d0+dvrT+2avsS T+dVT+2avsS dviT+2avs
4O+dVET+2avS T+dVET+eavS dvET+2avs
199 mwﬂ%wwm«m UO+V+TAVS 190 WM__«WMM“M TrdV+TAVS 199 M%ﬁwm«m dv+TavS
40+dvV0T+2avS T+dV0T+2avS dv0T+2avs
d0+dv6+2QvS T+dV6+2QvS dv6+2avsS
40+dv8+eavs T+dV8+2avS dvB+zavs
40+dv.+2avS T+dV/+2QVYS dv.+2avs
"0+dv9+2avs T+dv9+2avS dv9+2avs
d0+dV5+2avS T+dVS+2avS dvS+zavs
d0+dvr+eavs T+dVr+2QvS dvi+2avs
) U2 o+dvErzavs HOHIAvS 1R TrdvEreavSs Tavs = dverzavs 1avs
(9 "0+dve+2avs T+dVZ+2avS dvz+2avs
(€) d0+dv+2avsS Trdv+2avS dv+2avs
1) 40+2avS T+2avS 2avs
uingpeayy
((z10he) o1ydeun ‘(Tiake) Jaoeleyd ‘(z1ahke) aydelo ‘(T1ake) 1o1o0ereyD) = (PXG ‘€NG ‘2HE ‘THE) << (8000 'T) = (A4 'TING ‘ZTWA ‘AO 'SIM) >
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=) H0+dV{Z1S-3N+AVS | JO+dVNIS-IN+EQVS TrdV(C 1S3 7)+7AVS T+dV(T1S-41+EQVS dv(z1S-41)+vavs dv{TIS91+E€avs |41
(e41) HO+dV(1-21S-347)+¥AVS [4O+dV(T -TIS-47)+EAVS T+dv(FZ1S-47)+vAVS | Tdv(I-TIS-41)+€QVS dv(E21S-41)+¥avs dv(T-T1S-47)+€avs_|1-41
(r-47) 40+dV(2-21S-97)+7AVS | 40+dV(Z-TIS-31)+€QVS T+dv(221S31)+7AVS | T+dv({Z-TIS-41)+EQVS dv(z-21S-41)+7avs dv(ZTIS97)+€avsS | 241
O+dV(€-21S-47)+rAVS | ¥O+dV(E-TIS-41)+€QVS T+dV(€-21S47)+vAVS | T+dV(E-TIS-41)+€AVS dv(€-21S-41)+¥avs dv(E-T1S-47)+€avs | €41
HO+dV(r-21S-47)+7QVS | ¥4O+dV(r-TIS-47)+€QVS T+dv(r-21S47)+7AVS | T+dv(r-TIS-41)+€QVS dv(y-21S-41)+¥avs dv(r-T1S97)+€avsS | -1
0+dV(G-21S-47)+rAVS | ¥4O+dV(S-TIS-41)+€QVS T+dV(5-21S47)+vAVS | T+dv(S-TIS-41)+€AVS dv(5-21S-41)+¥avS dv(S-T1S-47)+€avs | S-41
HO+dV(9-21S-47)+7AVS | 4O+dV(9-TIS-471)+€QVS T+dv(9-21S47)+vAVS | T+dv(9-TIS-41)+EQVS dv(9-21S-41)+¥avS dv(9-TIS47)+€avs | 941
HO+dV(L-21S-47)+vAVS | ¥O+dV(L-TIS-41)+€AVS T+dV(£-21S-47)+vaVS | T+dv(-TIS-41)+€QVS dv(£-21S-41)+¥avS dv(L-T1S-47)+€avs | 241
40+dVST+avS 4O+dVSTHEQYS TrdvST+ravS TrdvST+EAVS dvST+avs dvST+Eavs IT+TIS
HO+dVrT+aVS HO+dVHT+EQYS TrdVPT+ravS TrdVPT+EAVS dVPT+avS dVPT+EQVS ST+T1S
H0+dVET+AVS 40+dVET+EQYS TdVET+PAVS TdVET+EQYS dVET+PAVYS dVET+EavS YT+TIS
HO+dVZT+avS HO+dVZI+EQYS TrdVZI+ravs TrdVZI+EaVS dVZT+avs dvZI+Eavs €T+T1S
JO+dVIT+HAVS 4O+dVIT+EAVS T+dVIT+vaVS T+dVIT+EAVS dVIT+7QYS dVIT+EQVYS THTIS
HO+dV0T+7aVS HO+dVOT+EQYS TrdVOT+7avS TrdVOT+EAVS dVOT+avs dVOT+EQVS T+T1S
HO+dV6+7AYS HO+dV6+EQYS T+dV6+7AVS T+dV6+EQVS dv6+7avs dV6+EQVS OT+T1S
d0+dv8+ravs d0+dV8+EQvS T+dV8+7QvS T+dv8+eavs dva+ravs dve+eavs 6+11S
HO+dV.+7AVYS HO+dV.+EQYS T+dV.+7AVS T+dV.+EQVS dv.+7avs dv.+EQVS 8+T1S
HO+dV9+yavS HO+dV9+EAVS T+dv9+7QVS T+dv9+EavS dvo+7avs dv9+Eavs L4T1S
HO+dV5+ravS HO+dVG+EQYS T+dVS+7avS T+dVS+EQVS dvS+7avs dVS+EQVS 9+T1S
HO+dVr+ravS HO+dVr+EQVS T+dVr+7QvS T+dvr+EavS dvr+ravs dvr+Eavs G+T1S
(®) HO+dVE+rAYS HO+dVE+EQYS T+dVE+rAVS T+dVE+EavS dve+ravs dve+eavs 7+T1S
(9 d0+dve+ravs d0+dve+EQvS T+dVZ+7avsS T+dvZ+EavS dve+ravs dve+€avs €+11S
(v HO+dV+raVS HO+dV+EQVS T+dV+7QVS T+dV+£EQVS dv+7avs dV+EQVS +TIS
@ 40+70vS 4J+EQVS T+7QvS 1+1QVS yavsS £avS TS
(T-47) HO+dV(T1S)+2avs HO+dV(TISI+TAYS T+dV(T1S)+2avs TdV(TISHTAVS dv(T1S)+2avs dv(T1S)+1avS TIS
(e-47) HO+dV(T-TIS)+2aVS [ ¥O+dv(I-TIS)+1AVS T+dv(T -T1S)+2avs T+dv(T -TIS)+TAVS dv(T-T1S)+2avs dv(I-TIS)+1avS 1-T1S
(47 HO+dv(eT1S)+2avS [ ¥0+dv(z-TIS)+1avs T+dV(Z-TIS)+2avs T+dV(Z-TIS)+1AvS dv(z-TIS)+zavs dvizms)+avs — |zT1s
HO+dV(ETIS)+2aAVS [ ¥O+dv(E-TIS)+IAVS T+dv(€-T1S)+2avs T+dv(€-TIS)+TAVS dv(e-T1S)+2avs dv(ETISI+IavS | €TIS
HO+dv(rT1S)+2avS [ ¥0+dv(r-TIS)+1avs T+dv(r-T1S)+2avsS T+dv(7-TIS)+1QVS dv(r-TIS)+2avs dvrTIS+IAVS |- TIS
40+dV(GT1S)+2aVS | ¥O+dv(S-TIS)+IAvS T+dv(G-T1S)+2avs T+dv(STIS)+TavS dv(5-TIS)+2avs dv(GTIS)+1avs | S T1S
4O+dv(9TIS)+2avS [ ¥O+dv(9-TIS)+1avs T+dv(9-TIS)+2avs T+dv(9-TIS)+TAVS dv(9-TIS)+zavs dvOTIS+IAvS___|9TIS
40+dv(,T1S)+2aVS | ¥O+dv(L-TIS)+1avS T+dv(L-T1S)+2avs T+dv( TIS)+TavS dv({Z-TIS)+2avs dvZms)+avs |2 T1S
40+dVST+2avs 40+dVST+1AVS T+dVST+2avs TdVST+IAYS dvST+2avs dVST+IavS 9T
HO+dVYT+2avs JO+dVrT+IavS T+dVrT+eavs TrdVPT+IavS dv¥T+2avs dVPT+IavS 14
40+dVET+2avS H0+dVET+IAYS T+dVET+2AYS TdVET+IAYS dVET+2avs dVET+TAYS 1
HO+dVeZT+2avs 40+dV2I+1avS T+dVZT+eavs TrdVeI+IavS dveT+2avs dveI+I1avs €1
H0+dVIT+2AYS HO+dVIT+IAVS T+dVIT+2AVS T+dVIT+IAYS dVIT+2avs dVIT+IQVS a
H0+dV0T+2avs 40+dV0T+1avS T+dV0T+2avsS TrdvVO0T+IaYS dv0T+2avs dvOT+1avS 7
d0+dV6+2avS d0+dV6+IavS Trdv6+2avs Trdv6+TavS dv6+2avs dv6+IavS ot
d0+dv8+2avs d0+dV8+IavS Trdv8+2avs Trdv8+Tavs dv8+2avs dve+Iavs 6
d0+dV.+2avS d0+dVZ+IQYS Trdv/+2avs TrdvZ+1avS dvi+2avs dvZ+1avS 8
d0+dv9+2avs d0+dV9+IavS Trdv9+2avs Trdv9+TavS dv9+2avs dvo+Iavs L
d0+dvS+2avs d0+dVS+IavS TrdvS+2avs TrdvS+TavS dvS+2avs dvS+Iavs 9
d0+dvr+2avS d0+dVr+1avS TdYr+2avs TrdYr+1aVS dvr+2avs dvr+1avs S
) d0+dVE+2avs d0+dVE+IAVS Trdve+2avs TrdvE+TAVS dve+2avs dVE+IavS 4
(@) d0+dVe+2avs d0+dVe+1avS TdvZ+2avs TrdvZ+1avs dve+2avs dve+1avs €
() d0+dv+2avs d0+dv+IavS T+dv+2avs T+dv+IQVS dv+2avs dv+1avs [
(0] 40+2avs 40+1aVS T+20VS T+AVS 2avs 10VS TONaur
uingpeays

((z1ohe) a1ydess ‘(Tiake) olydeis ‘(ziake) aydeis ‘(Tiake) aydes) = (Fyid ‘€4 ‘239 'TME)

<<(8'T'T0'T) = (Ad 'TING ‘TWA ‘AO ‘SIM) >>
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4: FUNCTION DESCRIPTION

(3) Basic timing

The basic read cycle of display memory in the S1D13700 varies with the clock divide ratios set, as shown
below.

When the display clock frequency divide ratio = 1/4, display datais output every 8 system clock periods.
When the display clock frequency divideratio = 1/8, display datais output every 16 system clock periods.

When the display clock frequency divide ratio = 1/16, display data is output every 32 system clock
periods.

o

Display Data

<

Figure 4-5 Basic read cycle of display memory

Frequency division
. . adjustment period

Display period N _

TC/IR >

C/IR >

Line 1 0 R |

2 0 R |

3 0 R |

1-frame period .
[L/F] 0 R |
LP I_I

Figure 4-6 Relationship between TC/R and C/R
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414  Cursor

(2) Cursor register function

The cursor register in the S1D13700 serves dual purposes as a cursor address register required to display
the cursor on the screen, and as an address pointer to be referenced when accessing display memory.

Cursor display address register
Cursor register ~|:

Address pointer

To access any display memory area other than the screen while displaying the cursor, the cursor address
must be preset before attempting such access and restored to the previous value after access is completed.

Note: The cursor will disappear if the cursor address is moved to any area other than the screen
for more than several 100 ms.
(2) Direction of cursor movement

The cursor address is automatically shifted in the specified direction from the value preset by a memory
control command.

(3) Cursor display layer
Although the S1D13700 can display up to three overlaid layers, the cursor can be displayed in only one of
those layers. In other words, the cursor-attribute layer (or layer in which the cursor can be displayed) is:
First layer (L1) during two-layer composition, or
Third layer (L3) during three-layer composition.
The cursor will not appear if moved to other than those cursor-attribute layers. If the cursor must be
displayed, change the layers or move the cursor-attribute layer to the cursor address | ocation.

Although the cursor is generally displayed in text mode, the S1D13700 can also display a dummy cursor
in graphics mode. This is accomplished by using the graphics screen as a display plane while not
displaying the text screen, but using it to only generate addresses for cursor control.

Example: DISP ON/OFF

D=1

FC1 =0

FCO =1 } Cursor ON

FPL =0 _

FPO = 0 First screen block (text screen) OFF

FP3 =0 .

P2 =1 Second screen block (graphics screen) ON
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415 Relationship between Display Memory and Screens

The display memory of the S1D13700 may be used as a virtua screen of greater width than the physical size
of the LCD panel address range (C/R). One layer of the S1D13700 may be considered a window through
which to look at the part of display memory that comprises a virtua screen. This window can be divided into
two blocks that may correspond to independent areas on the virtual screen. Therefore, it is possible to use one
block as adynamically scrollable data area and the other as a stationary message area. (See Figures 4-7 and 4-

8)
Screen Screen
[wis =0] < AP > [wis =1]
—— CIR—>
SAD1
SAD1
SAD1 Cc1 -
SAD3 @i ] First screen block
i C3 - - Tttt
First screen SAD3 ['Third screen block
block SAD2
t . G2 o
SAD2 L1 SAD4A® - ~—
G4 SAD2T second screen block
D eccircetcctaanaanaa
Secogﬁ) iﬁreen fe——cr— SADAT Equrth screen block
t CG RAM L L2
L2
SAD1 [¢——C/R—P¥]
SAD1
First screen block <+«———— C/R——]
SAD3[ it
Third screen block SAD3 C3
SAD2 LLI CIR—>|
SAD2
Second screen
block G2
t L2
SAD3 CIR >
G3
SAD3
- —>
SAD2 TTh|rd screen block SAD2 R
saD1 | Second screen block G2
. C/IR—»)
Third screen block SADI
T G1
t L1 L2 J
L3

Figure 4-7 Relationship between display memory and screens
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Window (display area)

/

Display memory space
(VRAM virtual screen)

A
( [FX] < 8Dots
[FY] < 16 Dots
[CRX] < 8 Dots
[CRY] < 16 Dots
[C/R] < 240 Bytes
[L/F] < 256 Lines
\_ [AP] = 64KByte
FFFFH
Figure 4-8 Window and display memory settings
(MSB) (LSB) (MSB) (LSB)
D7 - DO D7 - DO
0000 -
5 SADL A (code) 0000 ABC
= Page 1 B 1 ‘17
33 030Q Tf--iiocEoesee--
59 0400 ¢ 2 =>
o .
5 Page 2 =9 52 :
SAD2 0800 X E XY
( Page 1 Y 02FF v <Screen display>
SL2
a b
2000 a(code) 0800 (MSB) (LSB)(MSB) (LSB)
Q b 1 D7 DO D7 DO
& 2800 g 2 %
X Cal R :
g Page 2 < 1FFF
m
Y
SAG 4440, 4
\ 2800 (MSB) (LSB)
CG RAM HEX D7 - DO =~ =
4A00 £770 [01110000| #4800 <Enlarged view of layered screen>
Unused 5|88 110001000 1
e S fomen
CG ROM F8 |11111000 4
88 10001000 5
88 10001000 6
00 |00000000| #4807

<Display memory>

Example of
character A

Figure 4-9 Example of display memory mapping
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416 Determining Various Parameters
(1) Determining FX

Determine the character field size in the X direction [FX] from the number of dotsin the X direction of
display [V D] and the number of charactersin the X direction [V C].

[VD]/[VC] <[FX]
The brackets[ ] denote an integral value beginning with 1, and [FX] indicates the number of dots.
(2) Determining C/R
Next, determine avalue for [C/R] from the values of [VC] and [FX].
[C/R] =|[FX] /8| rounded up x [VC]

Note: [C/R] indicates the number of characters obtained in units of addresses.

(3) Determining TC/R
TC/R must maintain the relationship [TC/R] = [C/R] + 4.
(4) Relationship between fosc and fer

Once TC/R has been determined, the lower-limit value of the oscillation frequency (fosc) can be obtained
from the equation below because the frame frequency (fgr) and number of display lines [L/F] are
predetermined.

fosc 2 {[TC/R] x 9+ 1} x [L/F] X frr
Note: 1. If standard crystals close to fosc thus obtained are unavailable, determine the appropri-

ate fosc value for crystals with higher oscillation frequencies than the obtained value. To
do so, reverse the calculation of the [TC/R] value in the equation above.

2. For the fgr value of Epson LCD units, refer to the LCD unit specifications.
(5) Symptoms observed when TC/R is set incorrectly
 Scanning of display intheY direction stops, with horizontal lines displayed in high contrast.
« All pixels go on or go off.
« The LP pin output signal isincomplete or inactive.
» Thedisplay of graphics or text becomes unstable.

Should any of the symptoms above be observed, even though the S1D13700's other signals connected to
the LCD unit are normal, check whether the TC/R value is correct. If the TC/R value is the cause of the
problem, simply set alarger TC/R value to restore normal operation.

Table 4-2 Example of Parameters for the LCD Unit

Number of pixels X'tal
X xY) [FX] [FY] [CIR] TC/IR (MH2)

eg., [FX] =8dots | From apractical [CR] = 40 = address . 27H

320 x 240 320+8=40...0 point of view, 8, 16, h _ 2BH 5.72
No blank dots etc. are suitable. During HDOT SCR, [C/R] = 41 addr
e.g., [FX] =6 dots o
320+ 6=53..2 1 [CR] =53 = address — 34H 38H | 740

Two blank dots During HDOT SCR, [C/R] = 54 addresses

Note: 1. Because the number of display dots varies with each LCD unit, there will be some frac-
tional display dots depending on the value set for FX. In such case, the S1D13700 auto-
matically blanks fractional parts at the right edge of the panel, and thus eliminates the
need to manipulate display memory for adjustment.

2. Calculations are made assuming frr = 60 Hz.
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4.1.7 Scrolling

The MPU dynamically rewrites the scroll address registers (SAD1-SAD4) that provide the read start address
in the S1D13700's display memory, thereby allowing various scroll modes to be set. In this case, the MPU
manages all operations to execute scrolling, select scroll mode, and set a scroll rate.

(2) Intra-page scrolling

This refers to a mode of scroll operation whereby scrolling is performed within display memory space
equivalent to one screen.

All lines are scrolled one line up and the bottom line is deleted as shown below. Since the S1D13700 does
not automatically delete the bottom line, the MPU must rewrite the scroll address registers and
simultaneously write blank data to the S1D13700.

<Screen> <Display memory>
Before scrolling ABC le—— AP — ]
WXYZ 789
¢ ['¢—— C/R —»p
SAD1 ABC
7 - Nalwxvz 789
After scrolling 83
i ¢ Cleared
SAD3 J
SAD1 <
Blank S [y 7 758

(2) Inter-page scrolling and page switching

Scrolling between pages and page switching can be performed only when display memory has more than
one-screen equivalent capacity.
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(3) Scrolling in the X direction

This refers to scrolling display in the X direction one character at atime, regardless of display memory
size.

<Screen> <Display memory>
Before scrolling ABC XYZ SADL ABC XYZ

«—— AP —»]

¢ l4—— C/R ——p]
After scroliin BC XYZ1 SAD1 ABC XYZ
er scrolling 23 123

(4) Omnidirectional scrolling

This mode of scrolling is available when display memory has ample capacity larger than one screen in
both the X andY directions. Although display is normally scrolled one character at atime, the HDOT SCR
command can be used to scroll display in the X direction one dot at atime.Note1

<Screen> <Display memory>
le— AP—— ]
B C ......................................
Before scrolling | EFG ABC
TUV EFG
12 TUV
A, 1L
|e— C/R—»|567
¢ 89
FG
After scrolling  |TUV ABC ..o )
1234 EFG
56 TUV
1234}
............................... 567
89
(5) Scroll units
Y direction X direction
Text mode Characters Dots or characters
Graphics mode Dots Dots Note 2

Note 1: Omnidirectional scrolling in units of dots is possible by using the SCROLL and HDOT
SCR commands in combination.

Note 2: On a split screen, individual screen blocks cannot be independently scrolled in the X
direction in dot units.
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(6) Dotwise scrolling in the X direction (HDOT SCR)

Figure 4-10 shows the relationship between commands and display when a display pattern is smoothly
scrolled to the left. In this case, the screen (window) moves to the right on avirtual screen. Therefore, the
MPU only needs to sequentially increment the value of the HDOT SCR command parameter (number of
dots to be shifted) without modifying the display start address (SAD) in the S1D13700 to shift display
leftward one dot at atime. Then when display has been dot-shifted a distance equal to the character field,
the MPU should reset the value of the HDOT SCR command parameter to 00H and simultaneously
increment SAD by one address. Thus, smooth scrolling in the X direction is possible by performing this
series of operations at appropriate time intervals.

To scroll the display pattern to the right, change the display dot address by reversing the order above.
Should the window reach either edge of the virtual screen, use the MPU to manage the screen. Note that
when smooth scrolling continues, the screen is not affected.

Also note that when scrolling display dotwise in the X direction using the HDOT SCR command, scrolling
cannot be controlled separately in each layer because all layers are scrolled at the sametime.

HDOT SCR SAD SAD+1 SAD+2
parameter value Enlarged view
P1 = 00H
( le AP >l
[ >l
— (]
P1=01H
- ( Screen
SAD = SAD P1 = 02H
( — CIR —
P1 = 03H _
: Virtual screen

P1=07H

SAD = SAD + 1 P1 = 00H r,-'"'rrH

Off the screen

Screen

Figure 4-10 Example of using HDOT SCR ([FX] = 8)

Note: Because the speed at which the LCD responds to instructions varies with temperature,
smooth scrolling at low temperatures in particular may not easily be recognized.
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4.1.8  Attribute Display using the Layered Function
The S1D13700 provides a means of increasing the ability of expression on a monochrome liquid crystal
display. More specificaly, it uses the OVLAY and DISP ON/OFF commands to display charactersin inverse
video, produce halftone menu pads, and flash a given screen area for various highlighting effects as shown
below.
Highlighting effects | MX1 MXO0 Screen .First layer, Sgcond layer,
single screen | single screen
0 1 7
Inverse . 1|V [EesoN] |iv EPson | [T
. 0 0 %
Halftone display 1 1 ME m ME Yes, No m
) ) 0 0 R \ R \ 7,
Area flashing display 0 1 |Bt  — Eror = |BL — Error =
AN AN
0 0
Rules and underlining 0 1 |RL LINE RL LINE |:|
1 1 LINE LINE
Use of the S1D13700's layered function will efficiently accomplish the highlighting effects above. The
following describes a few examples of using this function to realize highlighting effects. Not all such effects
can be used within the same screen block, however.
(2) Inverse
(D Using the layered function
[Exclusive OR’ing of first layer (text) and second layer (graphics)]
@-1 CSRwW Write turn-on data“ 1" to the entire graphic area where characters are
CSDIR to be displayed in inverse video.
MWRITE
D-2 OVLAY Specify an overlay method using the OVALY command so that the first
MX0="1" and second layers will be exclusive OR’d.
MX1="0"
(D-3 DISPON/OFF Turn display of thefirst and second layers on using the DISP ON/OFF
FPO= FP2 command. - Characters are displayed in inverse video.
=“1”
FP1=FP3
=“Q
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(2) Halftone display

The S1D13700 uses the DISP ON/OFF command'’s FP parameter to produce halftone display. Thisis
accomplished by flashing the screen at 15 Hz. However, because this method of display may cause display
to flicker, characteristics of the LCD module used must be carefully considered.

(D Menu pad display
[OR'ing by the layered function]

OVLAY
P1=00H Disable flashing of the first layer and enable flashing of the second
DISP ON/OFF layer at 17 Hz, then overlay the first and second layers by OR’ing.
P1=34H
SAD1 SAD2 / Halftone
AB B AR
+ —
First layer Second layer Screen
@ Graph display
[OR'ing by the layered function]
OVLAY
P1=00H Disable flashing of the first layer and enable flashing of the second
DISP ON/OFF layer at 15 Hz, then overlay the first and second layers by OR’ing.
P1=34H

When displaying various data in the form of a graph for comparison purposes, this method of display is
very effective because two types of diagrams distinguishable by differencesin contrast can be displayed.

(3) Areaflashing

(D For flashing afew characters

Because the S1D13700 has a high-speed interface circuit, aternately rewriting the character and blank
codes from the MPU to flash characters is an appropriate method. In this case, the MPU rewrites
display data at intervals of 0.5 to 1.0 second as regulated by itsinternal timer.

(@ For flashing alarge area

Divide the first or second layer into halves with only the area required made to flash at 2 Hz, and
overlay the halved layer blocks by OR’ing.

N L/,
Scroll AB —| AB —
DISP ON/OFF L~ —_
OVLAY
/ [\ \
XYZ XYZ

S1D13700 Technical Manual EPSON 69



4: FUNCTION DESCRIPTION

4.2 Oscillator Circuit

The S1D13700 features a built-in oscillator circuit, with a resonator connected to the XG and XD pins to
generate oscillation. In addition to the crystal resonator, the feedback resistor Rf, drain resistor Rd, and
oscillation capacitors CG and CD must be externally connected to the chip. The RC time constant needed to
produce stable oscillation varies with the crystal resonator used and condition of the board. Determine the
appropriate RC value through careful evaluation.

S1D13700

XCG1 XCD1

Rf
Rd

Ll oD

X'tal

Note: Note that the higher the oscillation frequency, the smaller the CG and CD values.
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4.3 Exampleof Initial Settings

8-bit bus interface

LCD unit 320 x 240 dot

No Command Operation
1 Power on
2 \s/tv:Ibitlsizlgt” power supply Waits at least 3 ms after Vpp = 4.5V and external reset are deasserted.
3 SYSTEM SET Initializes the S1D13700.
C=40H MO:  Internal CG ROM
P1=38H M1: CGRAM (up to 32 characters)
M2:  Y-direction character field range (8 lines)
W/S: Dual-screen drive method
(AVA Uppermost line not corrected
P2 =87H FX:  X-direction character field (8 dots)
WF: Two-frame AC drive
P3=07H FY :  Y-direction character field (8 dots)
P4 =27FH C/R: Display addressrange (40 columns per line)
P5 =2DH TC/R: Total display addresstimein X direction (46 addresses per line)
fosc = 6.0MHz,
fFR = 60Hz
P6 = EFH L/F:  Number of display lines (240)
P7 =28H AP: Virtua screensizein X direction (41 addresses)
P8 = 00H
4 SCROLL
C=44H
P1 = 00H Sets start address of the first screen block to 0000H.
P2 = 00H
P3=7FH Sets number of display linesin thefirst screen block to 120.
P4 = 00H Sets start address of the second screen block to 1000H.
P5 = 10H
P6 =7FH Sets number of display linesin the second screen block to 120.
P7 = 00H Sets start address of the third screen block to 0400H.
P8 = 04H
P9 = 00H Sets start address of the fourth screen block to 3000H.
P10 = 30H
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No Command Operation
Display
memory
(SAD1)0000H _
0257H ~—First-screen block memory
(SAD3)0400H
< Third-screen block memory
0657H
(SAD2)1000H
~—Second-screen block memory
22BFH
(SAD4)3000H
~—Fourth-screen block memory
42BFH
5 HDOT SCR
C=5AH
P1 = 00H Sets number of dots to be shifted in the X direction to O.
6 OVLAY MX1, MX0: Overlaid for inverse display
C=5BH DM1: First screen block in text mode
P1=01H DM2: Third screen block in text mode
7 DISP ON/OFF D: Entire screen display disabled
C="58H FC1, FCO: Cursor made to blink at 2 Hz
P1 =56H FP1, FPO : Display of first screen block turned on
FC3, FP2: Display of second and fourth screen blocks turned on
FP5, FP4 : Display of third screen block turned on
8 CSRW
C=46H
P1=00H Sets cursor address to the first screen block’ s start address (home position).
P2 = 00H
9 Clearsthefirst layer Writes 20H (space character code) to memory location corresponding to the first layer (text
display data. screen).
10 | Clearsthe second layer Writes O0H (dot turn-off data) to memory location corresponding to the second layer (graphics
display data. screen).
11 |CSRFORM
C=5DH CRX : Cursor sizein X direction (5 dots)
P1=04H CRY : CursorsizeinY direction (7 dots)
P2 = 86H CM:  Block cursor
12 | DISP ON/OFF Restores entire screen display.
C=59H

screen
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No Command Operation
13 |CSRDIR
C=4CH Sets direction of cursor movement so that the cursor shiftsto the right.
14 MWRITE
C=42H
P1=20H Sets space code.
P2 = 45H Sets character code for the letter “E.”
P3=50H Sets character code for the letter “P.”
P4 =53H Sets character code for the letter “S.”
P5 = 4FH Sets character code for the letter “O.”
P6 = 4EH Sets character code for the letter “N.”
15 |CSRW Presets cursor address to the second screen block’s start address.
C=46H
P1 = 00H
P2 = 10H
16 |[CSRDIR Sets direction of cursor movement so that the cursor shifts downward.
C=4FH
17 MWRITE
C=42H Fills the left side of displayed letter E with dots by entering character code to 9 lines of the
P1=FFH second screen block that corresponds to the first column on thefirst line.
I
P9 = FFH
EPSON
18 | CSRW
C=46H
P1=01H Presets the cursor address to address 10001H.
P2 = 10H
19 MWRITE
C=42H
P1=FFH Fills the second screen block that corresponds to the second column on the first line with dots.
I
P9 = FFH
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No Command Operation
20 |CSRW Repeats steps 18 and 19 until the background screen of the EPSON character string is filled
with dots as shown below.
29 |MWRITE
Inverse display
30 |CSRW
C=46H Presets the cursor address to the first column on thefirst line of the third screen block.
P1 = 00H
P2 = 04H
31 |CSRDIR
C=4CH Sets direction of cursor movement so that the cursor shiftsto the right.
32 |MWRITE
C=42H
P1=44H Sets character code for the letter “D.”
P2 = 6FH Sets character code for the letter “0.”
P3=74H Sets character code for the letter “t.”
P4 =20H Sets character code for the letter “ *
P5 = 4DH Sets character code for the letter “M.”
P6 = 61H Sets character code for the letter “a.”
P7=74H Sets character code for the letter “t.”
P8 =72H Sets character code for the letter “r.” .
P9 = 69H Sets character code for the letter “i.” D 0 t M a t rx I— C D
P10 =78H Sets character code for the letter “x.”
P11 = 20H Sets character code for the letter “ ”
P12 = ACH Sets character code for the letter “L.”
P13 = 43H Sets character code for the letter “C.”
P14 = 44H Sets character code for the letter “D.”

74
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Example of display mode settings [1]

[1] For overlaying text and graphics

1. Conditions

(1) 320 x 240 dots: Single-screen drive method (1/240 duty cycle)

(2) First layer: Text display
(3) Second layer: Graphic display
(4) Character font: 8 x 8 dots
(5) CG RAM unused
2. Display memory allocation
(2) First layer (text display)

Number of charactersin horizontal direction =320/ 8 =40
Number of charactersin vertical direction=240/8=30

Therefore, the required size of memory is 40 x 30 = 1,200 bytes.

(2) Second layer (graphic display)

Number of charactersin horizontal direction =320/ 8 =40
Number of charactersin vertical direction =240/ 1 =240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

[Relationship between display and memory]

04B0Oh
Second layer (graphics)
(9,600 bytes)

0000h
First layer (text)
(1,200 bytes)

2A2Fh

04AFh
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3. Example of basic register settings

SYSTEM SET Determination of TC/R
C=40H
P1=30H Assuming frr = 60 Hz
P2 =87H when fos(; =6 MHz,
P3=07H
P4 =27H 6 MHz ={[TC/R] x 9 + 1} x 240 x 60
P5 = 2DH Therefore, [TC/R] = 46
P6 = EFH TC/IR =2DH
P7 =28H
P8 = 00H

SCROLL
C=44H
P1=00H
P2 =00H
P3 = FOH
P4 =BOH
P5 = 04H
P6 = FOH
P7=*H
P8 =*H
P9=*H
P10=*H * : don't care

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
PL=00H

OVLAY
C=5BH
P1=00H

DISP ON/OFF
C=59H
P1=16H
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Example of display mode settings [2]
[2] For overlaying two graphic screens
1. Conditions
(1) 320 x 240 dots: Single-screen drive method (1/240 duty cycle)
(2) First layer: Graphic display
(3) Second layer: Graphic display
2. Display memory allocation

(2) First layer (graphic display)
Number of charactersin horizontal direction=320/8 =40
Number of charactersin vertical direction =240/ 1 =240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

(2) Second layer (graphic display)
For the first layer, the required size of memory is 40 x 240 = 9,600 bytes.

[Relationship between display and memory]

2580h
Second layer (graphics)
(9,600 bytes)

0000h
First layer (graphics)
(9,600 bytes)

4AFFh

257Fh

7
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3. Example of basic register settings

SYSTEM SET Determination of TC/R
C=40H
P1=30H Assuming frr = 60 Hz
P2 =87H when fos(; =6 MHz,
P3=00H
P4 =27H 6 MHz ={[TC/R] x 9 + 1} x 240 x 60
P5 = 2DH Therefore, [TC/R] = 46
P6 = EFH TC/IR =2DH
P7 =28H
P8 = 00H

SCROLL
C = 44H
P1 = 00H
P2 =00H
P3 = FOH
P4 = 80H
P5 = 25H
P6 = FOH
P7=*H
P8 =*H
P9=*H
P10=*H * : don't care

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
PL=00H

OVLAY
C=5BH
P1=00H

DISP ON/OFF
C=59H
P1=16H
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Example of display mode settings [3]

[3] For overlaying three graphic screens

1. Conditions

(1) 320 x 240 dots: Single-screen drive method (1/240 duty cycle)

(2) First layer: Graphic display

(3) Second layer: Graphic display

(4) Third layer: Graphic display
2. Display memory alocation

(2) First layer (graphic display)

Number of charactersin horizontal direction =320/ 8 =40

Number of charactersin vertical direction

=240/1=240

Therefore, the required size of memory is 40 x 240 = 9,600 bytes.

(2) Second and third layers (graphic display)

For the first layer, the required size of memory is 40 x 240 = 9,600 bytes each.

[Relationship between display and memory]

4B00Oh
Third layer (graphics)
(9,600 bytes)

2580h

(9,600 bytes)

Second layer (graphics)

0000h
First layer (graphics)
(9,600 bytes)

257Fh

707Fh

4AFFh
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3. Example of basic register settings

SYSTEM SET Determination of TC/R
C=40H
P1=30H Assuming frr = 60 Hz
P2 =87H when fos(; =6 MHz,
P3=00H
P4 =27H 6 MHz ={[TC/R] x 9 + 1} x 240 x 60
P5 = 2DH Therefore, [TC/R] = 46
P6 = EFH TC/IR =2DH
P7 =28H
P8 = 00H

SCROLL
C=44H
P1=00H
P2 = 00H
P3 = FOH
P4 = 80H
P5 = 25H
P6 = FOH
P7 =00H
P8 = 4BH
PO =*H
P10=*H * : don't care

CSRFORM
C=5DH
P1=04H
P2 = 86H

HDOT SCR
C=5AH
PL=00H

OVLAY
C=5BH
P1=00H

DISP ON/OFF
C=59H
P1=16H
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4.4 Character Fonts and Character Codes

44.1 Character Fonts (Internal CG)

u
C AT
:

- n bé

:'
-
I
13
1

T Tl |
J.' . '-IJ-'-_--J'=I A L [T —-

E I
g n
©
3 1
T
" I_.
©
g =l
8 ]
o]
3 L
g |J|l|.-'
L
© ']
o
| | |
E 1
=] [ ]
a
E ] .I I.
N -
5 1 ?
IC -
| ] | |
] [ ]
]
D_
_

r
:
7
137
B

Note: The character size is 5 x 7 dots. B represents a 6 x 8-dot entirely black pattern.
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442  Character Codes
Relationship between Character Codes and Those Usable as CG RAM (for combined use with internal CG

ROM)
Table 4-3 Character Codes
8-bit series
ofoflo|o]o|o|o|ofafafafa|a]a]2]a
ofoflo|o|1|1|a|a|ofofofo|1]2]1]1
ofol1|1]ojo|a]a|ofofa|1|o]o]1]1
of1|/o|1]o]1]|o|a1|of1|fof1]|o]1]0]1
YS3 LS3

4 high-

D7|D6|D5|D4|D3|D2|D1|D0O gm_mj&i’é ol1|2|3|4|5]|6|7|8|9|A|lB|C|D|E|F
ofofofo 0 0| e|lp p HEAE
ofofof1 1 11/ A|Q| a|q |7 F] A
olo]1]o 2 “12|B[R|[b]|r IEERAR
olo]1]1 3 #3[cls|c]|s 1 [v]7]¢®
of1fo]fo0 4 $la4|D[T|d]|t Il M| ¥
of1f{of1 5 %| S| E| U[e|u ARAR!
of1]1]o0 6 &| 6[F| V| f| v AR E
of1f1]1 7 “l7)16|w w AEAEIE
1]0]|0]|o0 8 (| 8|H| X[h| x ARARIR
1/0]0]1 9 ylofr|y|1]y ARARAR
1/o0|1]o0 A |10 * Jz|j|=z 3| 0|V
1/0|1]1 B |11 +| 5| K| 1] k| { 1| %]
1{1]{o]o0 c |12 < L] ¥ 1] v V|7V
1/1]0]1 D |13 =[M| 1| m| } a|afaly
1/1]1]o0 E |14 | >{N[A|n|— al |
1/1]1]1 F |15 /1210 _| o]« y | V| <

CGRAM1 * CG RAM2 *
\ LMlzo ‘

M1=1
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5 SPECIFICATIONS

5.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Power Suooly Vot HVpp -0.3-7.0 Y,
wer oltage
PPy X LVpp -0.3-4.0 Y,
HV N -0.3—HVpp +0.5 \Y
Input Voltage

LVin -0.3-LVpp +05 \Y%

HVout -0.3-HVpp + 0.5 \Y;

Output Voltage

LVour -0.3-LVpp +05 \%
Output Current per Pin lout +30 mA
Operating Temperature Topr -40-85 °C
Storage Temperature Teg -65— 150 °C
Soldering Temperature and Time Tsolder Heat resistance rank SE2 —

Note: 1. When using a power supply with high impedance, a large potential difference between the
chip’s internal power supply voltage and the input voltage may occur, thus making the power
supply susceptible to latch-up. Therefore, pay particular attention to the power supply and its

wiring.

2. All voltage are based on Vss = OV
3. The symbol H*** indicates 5 V-block pins; L*** indicates 3.3 V-block pins.

5.2 Recommended Operating Conditions

Rated Value i
Parameter Symbol Tegt' - Unit Appl!cable
Condition Min. Typ. Max. Pins
Power Supply Voltage 45 5.0 5.5
. HIOVDD Vss=0V \% HIOVDD
(High Voltage) s 30 33 36
45 5.0 55
Power Supply Voltage |\ 5y pp | veg=ov v NIOVDD
(Low Voltage) 30 33 36
Core Power SUpply | oRevDD | Ves= OV 30 33 36 v COREVDD
Voltage
Input Voltage HIOVIN — Vss — HIOVDD \%
Input Voltage NIOVIN — Vss — NIOVDD \Y
Operating Temperature TOPR — -20 25 70 °C
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5.3 Electrical Characteristics

[Vss= 0V, HVpp = 4555V, Ta= -40 — 85°C]

Rated Value
Parameter Symbol Test Condition - Unit
Min. Typ. Max.
Input Leakage Current I — -1 — 1 UA
OFF-state L eakage Current loz —Note2) 1 — 1 UA
. lon =-8.0mA
High Level Output Voltage Von HVpp=Min HVpp-0.4 — — \%
loL =8.0m
Low Level Output Voltage VoL HVpp=Min — — 0.4 \
: CMOS level
High Level Input Voltage ViH1 HVop = Max 35 — — \%
CMOS level
Low Level Input Voltage Vi1 HVop = Min — — 1.0 \%
Positive Trigger Voltage Vt1+ | CMOS Schmitt 2.0 — 4.0 Y
Negative Trigger Voltage Vr1- | CMOS Schmitt 0.8 — 31 \%
Hysteresis Voltage V1 | CMOS Schmitt 0.3 — — \%
. TTL level
High Level Input Voltage VH2 HVop = Max 2.0 — — \%
TTL level
Low Level Input Voltage ViL2 HVop = Min — — 0.8 \
Pulldown Resistance Rep | VI=HVpp 30 60 144 kQ
fosc =10 MHz
Operating Supply Current lopr | Nonloaded — TBD TBD mA
256 x 200dot
Quiescent Supply Current | Sleep mode . . 30 WA
(between HV pp and Vsg) QF | XCG1, CSH#, RD#= Vpp
Quiescent Supply Current | Sleep mode 35 WA
(between LVpp and V) Qi | XCG1, CS#, RD#= Vpp - -

Note: 1. The pulse applied to the RESET# pin must be held low for 200 ps or more to be effective.
However, avoid keeping the input pulse active for more than several seconds because the
LCD’s d.c. drive capability may be adversely affected.

2. The VBO-DB7 pins come with a feedback circuit, so that even when input becomes high im-
pedance, the pins retain the state held immediately before. Therefore, input voltage of an in-
termediate level allows input current to flow to the pin.
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[Vss=0V,VDD = LVpp = 3.3-0.3V, Ta=-40—-85°C]

. Rated Value )
Parameter Symbol Test Condition - Unit
Min. Typ. Max.
Input Leakage Current ILi — -1 — 1 UA
OFF-state L eakage Current loz — Note 2) 1 _ 1 UA
. lon =-6.0mA
High Level Output Voltage VoH HVpp=Min HVpp-0.4 — — \%
loL =6.0m
Low Level Output Voltage VoL HVpp=Min — — 0.4 \
. LVTTL level
High Level Input Voltage ViH1 Voo = Max 20 — — \%
LVTTL level
Low Level Input Voltage Vi1 Voo = Min — — 0.8 \%
Positive Trigger Voltage Vr11+ |LVTTL Schmitt 11 — 24 \%
Negative Trigger Voltage V11- |LVTTL Schmitt 0.6 — 18 \%
Hysteresis Voltage VHr | LVTTL Schmitt 0.1 — — \%
Pulldown Resistance Rpp VI =Vpp 20 50 120 kQ
fos(; =10 MHz
Operating Supply Current | opr Nonloaded — TBD TBD mA
256 x 200dot
Quiescent Supply Current | Sleep mode . . 35 UA
(between LV pp and Vsg) Qf 1 XCG1, CSH, RD#=Vpp
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54 Timing Characteristics

54.1 System Bus (Generic Bus/80-series MPU)

«
h -
MCLK |_
tl e 7
AB [16:0]
<« Z» < B -
CS# _\
N 14 >
L» l—— t9 t<_ t10
WR#, RD# X X
4 3
WAIT#
- © > |
DB [15:0] (write) valid
< 5 > DL
DB [15:0] (read) valid

* MCLK denotes CLKI or theinternally generated system clock.
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Gemeric Bus Interface Timing
[Vss=0V,Vpp =4.5-5.5V, Ta=-40-85°C]

Spec )
Symbol Parameter - Unit
Min. Max.
fok BUS clock frequency — 64 MHz
Telk BUS clock period UfcLk — ns
1 AB [16 : 0] setrup to first CLK rising edge where CS# = 0 and either 1 . ns
RD#=00or WR#=0
t2 CSt# setup to CLK rising edge 9 — ns
t3 RD#, WR# setup to CLK rising edge 9 — ns
t4 RD#, WR# state change to WAIT# driven low 1 5 ns
t5 RD# falling edge to DB [15 : 0] driven (ead cycle) 3Tc+9ns — Tclk
t6 DB [15: 0] setup to 4th rising CLK edge after CS# = 0 and WR#=0 1 — TeoLk
t7 AB [16 : 0], CS# hold from RD#, WR# rising edge 8 — ns
CS# deasserted to reasserted
8 - When read 1Tclk . ns
- when Write (next cycle = write cycle) 2Tclk+8ns ns
- when Write (next cycle = read cycle) 5Tclk+8ns ns
t9 WAIT# rising edge to RD#, WR# rising edge 0 — ns
WR#, RD# deasserted to reasserted
10 - When read 1Tclk i ns
- when Write (next cycle = write cycle) 2Tclk+8ns ns
- when Write (next cycle = read cycle) 5Tclk+8ns ns
Rising edge of either RD# or WR# to WAIT# high impedance 0.5
t11 — 0.5 Terk
TCLK
t12 D [15: O] hold from WR# rising edge (write cycle) 1 — ns
t13 D [15: O] hold from RD# rising edge (read cycle) 1 — ns
Cycle Length Read 6
t14 Write (next write cycle) 7 — Telk
Write (next read cycle) 10
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Gemeric Bus Interface Timing
[Vss=0V,Vpp =3.0-3.6V, Ta=-40-85°C]

Spec .
Symbol Parameter - Unit
Min. Max.
fok BUS clock frequency — 64 MHz
Telk BUS clock period UfcLk — ns
1 AB [16 : 0] setrup to first CLK rising edge where CS# = 0 and either 12 . ns
RD#=00r WR#=0
t2 CSt setup to CLK rising edge 11 — ns
t3 RD#, WR# setup to CLK rising edge 11 — ns
t4 RD#, WR# state change to WAIT# driven low 1 7 ns
t5 RD# falling edge to DB [15 : 0] driven (ead cycle) 3Tc+1lns — Tclk
t6 DB [15: 0] setup to 4th rising CLK edge after CS# = 0 and WR#=0 1 — Teolk
t7 AB [16 : 0], CS# hold from RD#, WR# rising edge 10 — ns
CS# deasserted to reasserted
t8 - When read 1Tclk . ns
- when Write (next cycle = write cycle) 2Tclk+10ns ns
- when Write (next cycle = read cycle) 5Tclk+10ns ns
t9 WAIT# rising edge to RD#, WR# rising edge 0 — ns
WR#, RD# deasserted to reasserted
110 - When read 1Tclk . ns
- when Write (next cycle = write cycle) 2Tclk+10ns ns
- when Write (next cycle = read cycle) 5Tclk+10ns ns
Rising edge of either RD# or WR# to WAIT# high impedance 0.5
t11 — 0.5 TeLk
TCLK
t12 D [15: Q] hold from WR# rising edge (write cycle) 1 — ns
t13 D [15: O] hold from RD# rising edge (read cycle) 1 — ns
Cycle Length Read 6
t14 Write (next write cycle) 7 — TeLk
Write (next read cycle) 10
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54.2  System Bus Read/write characteristics |1 (MC68K-series MPU)

 Tax

/
Y

MCLK

. w4

- —P

AB[16:0, WR :X

A

LV

t13

[ ] >
CSH
ASH \
. 15 6| | o
7] (RD#m6800) B ST o
o _J K
(UDS, LDS) -t >
WAIT#
(DTACK#)
< © - ReloR
DBI[15:0](write) valid
-t 8 -t 12 > <£>
DB[15:0](read) valid

* MCLK denotes CLKI or theinternally generated system clock.
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Motorola M68K#1 Interface Timing
[Vss=0V,Vpp =4.5-5.5V, Ta=-40-85°C]

Spec .
Symbol Parameter - Unit
Min. Max.
fok BUS clock frequency — 64 MHz
Telk BUS clock period UfcLk — ns
1 AB [16: 0], WR# (R/W#) and CS# and AS# and RD# (UDSH, LDSH) 9 . ns
setup to first CLK rising edge
t2 CSt# and ASH asserted to WAIT# (DTACK#) driven 1 7 ns
t3 RD# =0 (UDS#=0o0r LDS#=0) to DB [15: 0] driven (read cycle) 3Tclk+9ns — ns
t4 AB [16 : 0], WR# (R/W#) and CS# hold from AS# rising edge 0 — ns
t5 WAIT# (DTACK#) faling edge to RD# (UDS#, LDSH) rising edge 1 — Telk
RD# (USD#, LDSH) deasserted high to reasserted low
6 - When read 1Tclk . ns
- when Write (next cycle = write cycle) 2Tclk+8ns ns
- when Write (next cycle = read cycle) 5Tclk+8ns ns
t7 CLK rising edge to WAIT# (DTACK#) high impedance — 1Tck-2 ns
t8 ASH# rising edge to WAIT# (DTACK#) rising edge 3 12 ns
9 DB [15: 0] valid to 4th CLK rising edge where CS# = 0, AS# = 0 and 1 . T
either RD# =0 (UDS#=0o0r LDS#=0) (wirtecycle) CLK
t10 DB [15: 0] hold from RD# (UDS#, LDSH) falling edge (wirte cycle) 4 — ns
11 RD# (UDS#, LDSH) rising edge to DB [15 : 0] high impedance (read 6 . ns
cycle)
t12 DB [15: 0] valid setup time to 2nd CLK falling edge after WAIT# 6 . ns
(DTACK#) goes low (read cycle)
t13 CycleLength Read 7
t13 Write (next write cycle) 8 — TeLk
Write (next read cycle) 11
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Motorola M68K#1 Interface Timing
[Vss=0V,Vpp =3.0-3.6V, Ta=-40-85°C]

Spec )
Symbol Parameter - Unit
Min. Max.
fok BUS clock frequency — 64 MHz
Telk BUS clock period UfcLk — ns
1 AB [16: 0], WR# (R/W#) and CS# and AS# and RD# (UDS#, LDSH) 9 . ns
setup to first CLK rising edge
t2 CSt# and ASH asserted to WAIT# (DTACK#) driven 1 10 ns
t3 RD# =0 (UDS#=0or LDS#=0) to DB [15: 0] driven (read cycle) 3Tclk+9ns — ns
t4 AB [16 : 0], WR# (R/W#) and CS# hold from AS# rising edge 0 — ns
t5 WAIT# (DTACK#) faling edge to RD# (UDS#, LDSH) rising edge 1 — Telk
RD# (UDSH#, LDSH) deasserted high to reasserted low
6 - When read 1Tclk - ns
- when Write (next cycle = write cycle) 2Tclk+8ns ns
- when Write (next cycle = read cycle) 5Tclk+8ns ns
t7 CLK rising edge to WAIT# (DTACK#) high impedance — 1Tck-2 ns
t8 ASH# rising edge to WAIT# (DTACK#) rising edge 3 15 ns
9 DB [15: 0] valid to 4th CLK rising edge where CS# =0, AS# =0 and 1 . T
either RD#=0 (UDS#=0o0r LDS#=0) (wirtecycle) CLK
t10 DB [15: 0] hold from RD# (UDS#, LDSH) falling edge (wirte cycle) 4 — ns
a1 RD# (UDS#, LDS#) rising edge to DB [15 : 0] high impedance (read 8 - ns
cycle)
t12 DB [15 : 0] valid setup time to 2nd CLK falling edge after WAIT# 8 . ns
(DTACK#) goes low (read cycle)
Cycle Length Read 7
t13 Write (next write cycle) 8 — TeLk
Write (next read cycle) 11
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54.3 External Clock Input Characteristics

tRCL tFCL
CLKI WL |, W
» tCL o
[Vss=0V,Vpp =4.5-5.5V, Ta=-40-85°C]
Symbol Parameter - Unit
Min. Max.

treL Externa input clock risetime — 2 ns

trcL External input clock fall time — 2 ns

twH High-level pulse width of external input clock 7 — ns

twi Low-level pulse width of external input clock 7 — ns

teL External input clock period 16.4 — ns
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54.4 LCD Control Signal Timing Characteristics

(When driven at 1/64 duty cycle)
61 62 63 64 |1 |

rPUNEQLP) LT nnnnfn
: 1 Frame time »
FPFRAME (YD) ;i AR

MOD (WF)

ROW NO 63.64:1.2.3.4.5-

YSCL

MOD (WF) !
——— llinetime
L]

ROW 2

YSCL

ROW 1 ROW 3

FPLINE (LP) i H il

FPSHIFT (XSCL)

FPSHIFT (XSCL)
+— LS5 —

v ). )L e
FPDATo0 — FPDAT3 _(14)(15) {16} @ z( (15) (16) () (@) (3) ;l (15) (16} @)
XECL i o 1 VR I B
tr —tyx — [ tf v tex >
¥ X
«—— tDH

FPDATo — FPDAT3

twl ——»)
tLD "‘ ) WL {
FPLINE (LP) .; 0 N
tSZ < » tL2
XECL Vi N ts1
———lhyxe —|

MOD (WF(B))

A
A4

tLD

FPFRAME (YD)

¢ tbHY

YSCL

twy q
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. Spec .
Signal Symbol Parameter - Unit
Min. Max.
FPSHIFT tex Shift Clock cycletime *1
ns
(XSCL) twx XSCL Clock Pulse tex/2-6
FPDATO toH XD [3: 0] hold from XSCL falling edge 2tc
— ns
FPDAT3 tos XD [3: 0] setup to XSCL faling edge 2tc
tLs Latch data setup time 2tc
FPLINE -
AL PA] twi Latch pulse setup time At ns
tLp XSCL rising edge to LP falling edge delay time 0
MOD .
(WP tor WF delay time 6 ns
FP'(::?S)ME toHyY Y SCL falling edgeto YD faling edge 2tc ns
YSCL twy Y SCL clock pulse width Atc ns
*1
CNF[3:2] XSCL Cycle Time
00 4Tc (=MCLK)
01 8Tc
10 16Tc
11 No Support
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6 MPU INTERFACE

6.1 Connection to the System Bus

The S1D13700 uses a combination of CNF2/3/4, AB15-0, RD#, WR#, and CS# to discriminate information
supplied to it via the system data bus as described in Section 2.2 “Pin Functions’ on page 9.

In indirect interface mode, ABO generally is connected to the least significant bit of the system address bus.
CNF2 and CNF3 are provided for changing the functions of S1D13700 pins 58 and 59 to enable the chip to be
connected directly to the 80 or 68-series MPU bus, and are pulled high or low through a resistor when in use.
For the 80-series MPU, the S1D13700 should normally be mapped in /O space.

6.1.1 80-seriesMPU

<Direct access for the 80-series interface>

AB15

CNF4| "~ ABL ABO | RD# | WR# Function
0 Oorl | Oorl 0 1 | Read from command/parameter registers
0 Oorl | Oorl 1 1 | Writeto command/parameter registers

<Indirect access for the 80-series interface>

AB15

CNF4| "~ ABL ABO | RD# | WR# Function
1 — 0 0 1 —
1 — 1 0 1 | Data(display dataand cursor address) read
1 — 0 1 0 | Data(display data and parameter) write
1 — 1 1 0 | Command write (code only)

6.1.2 68-seriesMPU

<Direct access for the 68-series interface>

AB15 WR# | RD# .
CNF4| AB1 ABO RW#H | (E) Function
0 Oorl | Oorl 1 1 | Read from command/parameter registers
0 Oorl | Oorl 0 1 | Writeto command/parameter registers

<Indirect access for the 68-series interface>

CNF4 612351 ABO (I!/V\ll?VZ) R(E)# Function
1 — 0 1 1 —
1 — 1 1 1 | Data(display dataand cursor address) read
1 — 0 0 1 | Data(display dataand parameter) write

1 — 1 0 1 | Command write (code only)
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6.2

| nterfaces with the MPU (Reference)

Z80 System Block Diagram (Indirect)

MREQ#
M1#

IOREQ#
Z80

A15 - Al

T
-

Decoder '—P

A0

D7 - DO |«

RD#

WR#

A

WAIT#

RESET#

RESET

CNF4
AS#

CS#

S1D13700
AB15 - AB1

ABO (Command or parameter)

DB7 - DBO

RD# CNF3
WR#

WAIT# CNF2
RESET#

Z80 System Block Diagram (direct)

NOT SUPPORT
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MC6802 System Block Diagram (Indirect)

VMA

MC6802
A15 - Al

AO
D7 - DO

R/W#

RESET#

Decoder

T
< |

RESET

CNF4
AS#

Cs#
S1D13700
AB15 - AB1

ABO (Command or parameter)

DB7 - DBO T
RD# CNF3

WR#

WAIT# CNF2 1
RESET#

MC6802 System Block Diagram (direct)

NOT SUPPORT
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MC68000 System Block Diagram (Indirect)
6800 I/F (Synchronous)

A23 - A20
FC1 - FCO

VMA#

MC68000 ASH#

Al6 - Al

D15 -
D7 -

R/Wi#
DTACK#
RESET#

Decoder

T
< |

-

A

A

RESET

CNF4
AS#H

Cs#

S1D13700
AB15 - AB1

ABO (Command or parameter)

DB7 - DBO

RD# CNF3
WR#

WAIT# CNE2
RESET#

d b

MC68000 System Block Diagram (direct)
6800 I/F (Synchronous)

NOT SUPPORT
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6800 I/F (Asynchronous)

MC68000 System Block Diagram (Indirect)

T

CNF4
AS# > AS#
A23- AL Decoder CS#
MC68000 S1D13700
g AB15 - AB1
A0 »{ ABO (Command or parameter)
D15 - D8
D7-DO » DB7-DBO
UDS#
R/W# » WR# T
DTACK# WAIT# CNF2
RESET# T » RESET#
RESET
MC68000 System Block Diagram (direct)
6800 I/F (Asynchronous)
g CNF4
AS# > ASH
A23 - A16 ecoder Cs#
MC68000 S1D13700
A15 - A0 » AB15 - ABO
D15 - D8
D7 - DO » DB7 - DBO
UDS# NE
LDS# »| RD# >0 CNF3
R/W# » WR# T
DTACK# WAIT# CNF2
RESET# T » RESET#
RESET
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Generic Bus System Block Diagram (Indirect)

t CNF4
g ASH#
CSN ™ Decod
A16 - Al :Ieco er > Cs#
Generic Bus S1D13700
g AB15 - AB1
AO »| A0 (Command or parameter)
D15- D8 [«—»
D7 - DO [« » DB7 - DBO
RDO# > RD# CNF3
RD1# [—
WRO# » WR#
WR1# —
WAIT# [« WAIT# CNF2
RESET# [« T » RESET# ;|7
RESET
Generic Bus System Block Diagram (direct)
g CNF4
g AS#
CSN CS#
Generic Bus Al6 S1D13700
Al5 - AO AB15 - ABO
D15- D8 |[&—»
D7 - DO [« DB7 - DBO
RDO# RD#
RDL# — CNF3
WRO# WR# l
WR1# ——
WAIT# |« WAIT# CNF2
RESET# [« T RESET# ;|7
RESET
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