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The size, cost, and appearance of LCD displays have finally reached the point where
most designers of new instruments and other systems are considering them as the
primary user interface. The CY327 LCD Windows Controller is a new high-level text
and graphics controller chip that works with "instrument size"” LCDs. The primary LCD
sizes supported by the CY327 include:

64 x 240 pixels 8 rows x 40 characters  Densitron LM83*64G240DS
128 x 256 pixels = 16 rows x 42 characters  Densitron LM56* 128G256D8

In its simplest "stand-alone" application, the CY327 provides an easy-to-use LCD con-
troller with parallel and/or serial interface. Its primary purpose in such stand-alone ap-
plications is to simplify the display of messages in windows with sophisticated bargraph,
logic waveform, and graphics support.

Parallel | | =
or * Y327 [ |Hello
serial | | | |worla | I
input 1 — I ‘
— taxt bars logic graph

Instead of having to send low-level pixel-oriented commands, the CY327 allows you to
send high-level ASCII commands with decimal, hexadecimal, or binary arguments.
These commands create windows, erase windows, draw bargraphs, analog waveforms,
etc. While you issue four or five commands to the CY327, the CY327 may issue
hundreds of commands to the LCD, thus relieving vou of the effort involved. The
CY327 also allows you to use simple coordinate systems while the LCD actually re-
quires complicated mapping of pixel coordinate locations into the display coordinate
space.

An exceptionally powerful feature of the CY327 is : H;CAL
its ability to accept inputs via either the serial or the | PARALLEL
parallel ¢channel or BOTH serial AND parallel. || suBsYsTEM

Another input channel consists of six keys or spe- AN s =

cial signal lines that offer several unigue functions. E ay327 r ”_—|'
The combination of these signal channels allows 2 . .
the CY327 to link two subsystems (of your choice) K

together via sophisticated switching between the
CY327 parallel bus and the CY327 serial bus as
shown at right.

J LOCAL
| SERTAL
SUBSYSTEM

1-1



Maost appiications will probubly use the CY327 as a simple display controller and can
ignare the deeper levels of functionalily that are availuble in the CY327. However, in
additien to sophisticated contral of windows on graphic LCDs, the CY327 possesses
nemerous feutures that qualify it as 4 System Element that can serve us a link between
mejor subsystems, tying together the display function, the user input function, and alse
providing an interface 1o your system processar.

SERIAL :
nEwnRx |
4 L1233 P = e - - — — - == '\ CYZ33 p—p——— —
o - - o =TTt =
[+ (=
[+] . = U™ & .
ey s erzar || [~ | 5 £r327 ~ Ll
o I d c L
s — veys L —
LOGAL = L0caL
S=AIAL ] Usch
SJISYSTEM SYSTEM

RS-232, Parallel, and Nefwork Interlace

The CY327 provides bath TTL paralle! and seral interfaces, and also provides a con-
veiticnt interface to Cybernetic’s CY233 Local Intellipent Network Controfler, alliw-
ing up 1o 255 LCDs to be attached to a single serial O port (such as COM1 of un
IBM-PC).

Windows Conltrol

The CY 327 LCD Windows Controller fraom Cybernelic Micro Systems is the second
LCD controller {after nur CY325) designed w create and manage windows on graphic
LCDs {up to 256 x 128 pixels). Any of over 230 default or "built in" windows can be
selecied vin simple commands, or a2 vser defined window can be specified by a singic
commuand. Both text and graphics can be written into the current windows with
auleematic cursor management, clipping, ete. Text und graphics can he independently
written ot overlaid inasingle window, or test can be written to one window and praphics
o another. Windows can be defined within windows. Graphics operutions, defined i
terms of the "current” window, include automatic histogram generation and logic
waveform display. For example, Ristograms (hargraphs) can be generated by sieuply
specitying the heights of the bars as arguments,

Window-relative Pixel Plotting

The Window-relative Pixel Plotting mode allows graphics cumves to be plotted in a
specitied window. For example, the output of an A/D converter can be graphed ina
window by somply sending the values to the CY 327,



Internal Mode Registers

The CY327 possesses o large numbert of special modes of operation that can be enabied
or dizabled by setting or clearing a hit in the appropriate mede repgister. More than two
dozen mode bits allow hundreds of variatinns 1o be easily specified.

Automatic Logic Wavelorm Display

The CY327 allows the sutomatic generation al Logic Wavelorms in any window, via
six pins that drive digital logic waveforms in the specified window. Digital instrument
designers can easily produce logic wavelorms by simply doiving these pins!

Soft-Key support in the CY327

A FC Magazine survey (April 12, 1988) found that over 95 per cent of those surveved
thought that a Menu Thiven inferfuce is best for new users of software. Believing (hat
the same is true fur todays complex instruments, we have provided appropriate fea
tures in the Y327, Specifically, the CY327 suppurts from one 1o sixteen "softkeys” in
eilher standawng operation or 1 g network, allowing a host computer 1o displuy the
“meaning” of euch key on the LOD. When the user pushes a particular key the resuli
15 transmitted to the host. A simple built-in protocol assures that all kevs are unigue-
Iv identified and acknowledged, even in o natwork, allowing numerous users to make
menu choices or otherwise use the soft-keys, with a central host managing Lhe respon-
ses and updating the displays.

Instrument Design and Other Intended Applications

While "laptop PCs" usually require 64 x 2000 pixel displays 1o be compatible with DOS
spttwire, such LODs are generally too lurge and ton expensive for instruments and
hardheld units, The CY327 1.CD Windows Controller controls LEDs with formaes up
to 253621285 pxels (16 rows x 42 characiers), This siee and resolution are ideal for in-
struments and display panels designed o display stotus, waveforms, and to display elear,
casy-1o-read messages, as opposed to pages of lext, as in word processars, eic.

CY327 Features

Serial or 8-bit Parallel interfaces

"Built-in” or user-defined Windows!

Window decluration crd munipulation
Windiw-relative texl and graphics!
Logicwavetorms huili-in (see phoo)

Bargraphs automuticelly size 1o window
Communicaians between Serial and Paralle!!
"Soft-key” support for menu management!
Network suppaort basced on €Y 233 Network chip.




Example CY327 Photos
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CY327

LCD Windows Controller

The CY327 LCD Windows Controiler is a standard 5 voit 40
pin CMOS LSI device designed to provide high level control of in-
strurnent size LCDs with up to 16x42 characters and 128x256 pixel graphics.
The CY327 allows simple parallel 8 bit or serial (RS$232 protocol) interface to
any standard computer. Up to 256 built-in windows or any number of user defined windows
support window-relative text, plotting, bargraphs, waveforms, etc. Both text and graphics can
be written into the current window, or text can be written to one window and graphics to another.
Switching between windows is fast and simple. The CY327 interprets characters in command
mode and dispiays them in display mode.

Standard Features
» Command mode and display mode  » 4 x4 key scan of soft keys
o Jrows x 42 or 16 x 42 characters e Any number of user defined windows
+ 64 x 256 or 128 x 256 pixel graphics e Erase text or graphics in current window
e 3x 7 built in character font s Automatic cursor management in windows
+ Parallel input with simple interface ~ » Wrap or scroll rext in windows
¢ Serial input channel ¢ Vertical or horizontal scroll in windows
o CMOS 5 volt 40 pin device » Bargraphs automatically size to windows :
e ASCII decimal, Hex. Binary data o Pixel plotting is global or window reiative
¢ O pins drive logic waveforms ¢ Mode registers allow hundreds of modes
« Up to 6 soft keys e Newwork CY327s with CY233 Network chip

Pin Configuration Logic Diagram

+5%

e 1 VGE | +5v) SOFT

(2 Do KEY /

KEY 3 D1 INPUTS [ i
KEY 4 [ 0o Y AESET
KEY = A d ET
<@ ot il BAUD RATE
KEY 7 [ HxD'—' N Dlis

KEY SENT o8 D —F CY327 f—rues
RESET o7 [ LCD AESET

— LCTD SELECT
— AW LTD

AxD
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WRITE 327
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CY327 Command Summary

AdL CY327 commanas are listed below, While many are self ex
nl.inﬁtl:rr}_ thz mterpretation of some of them is dependent upon ﬂ:c
opurating mode. A complets description is bevond the scope of ths
cata sheel; however, a detailed nser manual (10K pagesh 5 avaldable
fromn CyvDernctic Micro Syslems,

{uenmand Funclivo
~ Command mods scizncl
~ D Dnapiay Mode Select
"k Klzar Currant Window
Y SATIE &5 CATTIAW: TEIUTD
N Shify gut, szlect speaal fom
1 Shill in. normal character
W Window swan command
Boowaaolnl Box commang defings pixei sized window

o

I wBwie vPive.

iZuTs0r poRlonng SoTImAan:
Dhmension dispiav

v podam Graphics gownload of count and puei data
Ho oo+l Histoyraph generation count and boight
: {moalize oprions

B Fov # acknowledgemen: or coalrs

L Mode command seEs moae Dvic o vaiue

: Plara pixe: on LCD

T Send smeie ovie through CY327
oo YI2WoDIT S2CleCTed 45 CWITER? windun
L Window dalines character sized window

T HornZomnizl Trmey Sguare scroll mose

Nepate command gredix
- Save window STars
- Reslore wanoow sLatus

T Eomswr Query LCD status regisier

o icanlaet Transmet string of daka throagh (307

; L RS Plor pixel Hvies In windov

* Prefiv 1o niol lower half of 128 pixe! dispiav

(Y327 Electrical Specifications

Abssiute Meximum Ratings:
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CY327 Viewport Examples

Yalid Class 0 Viewpaorts are as [oflows:
ok Dofines emiire LED without beridis
(Mh-06h Sy kews across bortom of 2. CD,

09h-3Fh  Dehne full and half sereen Vizwpors
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CY327 vs, CY325
The CY5327 15 idenneal n operstion e bz

325, with the {olowing cxcoptions:

e The CY327 supports Hitachi HDa P53
based displavs.

#® The Dimznsion command adapts 1he
CY327 Lo vanous sized dispiays.

& Graphics and 1ex1 share the same Jispias
"plane” o the Y327,

« The CY327 has oo custom font dafinition
(F command) and there s no Jaige
character mode (L command),
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Description of CY327

The CY327 is a CMOS 40 pin integrated circuit that is designed to drive Liquid Crys-
tal Displays based on the Hitachi HD6183(0 low level controller. Examples of
HD61830-based LCDs controlled by the CY327 include:

Display Pixel format Character format

LMB3*64G240DS 240 x 64 pixel 8 row x 40 char

LM56*128G256DS 256 x 128 pixel 16 row x 42 char
Command and Display Modes

The CY327 operates in two primary modes, Command and Display.
Dispiay Mode:

The default mode is display mode: on powerup the CY327 displays characters input
to it either serially or in parallel. These characters are not interpreted ( except for
<cr=> = CRLF ) but are simply displayed on the LCD at the current cursor position.

Command Mode:

The CY327 is placed in the command mode via the Cirl-C command. The Cirl-C {(03h}
input to the CY327 will not be displayed, but will switch the CY327 into the command
mode. In this mode the characters are NOT displayed, but are interpreted by the CY327
according to their meaning described in following sections.

Command,/Display selection commands

The Ctrl-C command causes the CY327 to enter the Command mode in which received
characters are interpreted, rather than displayed as text in the text window. The hex
value of this command is (3h, that is, the ASCII Citrl-C character. The Ctrl-C command
can be issued to the CY327 via either the parallel or the serial channel and will have
the same effect for either channel.

The Ctrl-D command causes the CY327 to enter the Display mode of operation in
which all printable ASCII characters received either serially or via the parallel chan-
nel are displayed in the text window, or at the specified cursor location on the LCD
screen. To summarize:

Ctrl-C selects Command mode operation.

Ctrl-D selects Display mode aperation.
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CY327 Features

Popular Interfaces:

Serial [nterface { RS-232 timing ) with Clear-To-Send

Parallel Interface { 2-wire handshake + Bus Control )

R5-232 Network compatible { CY233 Network Controller )
Display Mode Features include:

Display mode contains built in ASC3I font.

Display mode allows special targe character display.
ASCII or Binary commands allow:

Graphic line definition

Window specification

Box drawing

Pixel plotting: Global ( LCD-relative )

Lacal { Window-relative )
Clipping (optional)

Mode definition

Yiewport selection from default windows.

Erase characters in Window

Eruse Graphics in Window

Scrofl or Wrap characters in Window

Cursor Positioning and mode definition

Save/Restore Window status

ASCIHDecimal, Hexadecimal. or Binary paramelers

Hisig-graph auto-generation

"Times-Sguare” horizontal scroll

Communications "Switch” hetween Serial and Parallel

CY327 Serial Interface

The CY327 accepts 8-bit serial data with no parity and one stop bit required. The
Baud_Rate pin (#21) specifies the serial rate;

Baud Rate Pin CY327 Baud Rate3

HI 9600
LO 2400
floating adaptive

In adaptive mode, the CY327 waits for two successive < ¢r> characters and adjusts its
rate to match the carriage returns rate.

The CY327 CTS line (pin 15) is an active low Clear-To-Send serial status line. When
this line is low the CY327 is ready to accept serial characters on the RxD line {pin 10}.
When this line goes high, serial input should be held off while the internal buffer is un-
loaded. The CTS line will go low again after the internal buffer has been unloaded and
i5 ready to accept new serial input.
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Pin # /O
1 IO
2 10
3 10
4 10
5 10
) 10
7 0
5 Q
3 I
10 I
11 ]
12 I
13 I
14 I
15 O
16 O
17 O
18 1
149 I
20) 1
21 i
22 [
23 O
24 O
23 O
26 O
Y] O
28 O
29 ..
a0 O
[
IO

a2 T ek Lk Tar il Laa ad
e O A T PRI [ N R

5

Fa
=

O

O
1O
ne;
He
/'O
/'O

Namg

Keyl
Key2
Kevy3
Keyd
Keys
Kevh
Key?
Key_sent
Reset
RxD

TxD
WRite327
Sean Keys
Nxf4
CTS/

CY327 Pin List

Deseription

Soft kev #1

Soft key #2

Soft key #3

Soft key #4

Soft key #5

Soft key #6

ASCII or 4x4 matrix only

Softkey status or 4x4 matrix
Resets CY327 when high
Received Sertal Data line
Transmitted Serial Data line
Write Purallel Data 10 CY327
Enabie Scun Mode

Lo = 128, Hi = 64 Select Pixel Depth
Active Low Senal Clear-To-Send

Enable LCD Enable strobe to LCD

RW LCD
xtal2

xtall

Vss
Baud_Rate
Font_Size
Bus Write
Ready

Bus Ctrl
LCD_sefect
LCD _reg
LCD reset
reserved
clock nat
Vdd

D7

D6

D3

D4

D3

D2

01

D)

Vee

ReadiWrite signal to LCD

Crystat Qscillator conneclion

Crvstal Oscillator connection

Ground connection for CY327

Lo = 2400, Hi = %600, Z = adapove
Lo = 8«8, Hi = 6x8 character fomt
CY327 wants to write data to Bus
CY¥327 Ready to accept data

Enables Data onto CY327-LCD data bus
Chip Selects HD61830 for data transfer
Signals HD6183(: Reg =hi, Dawa = low
Drives HD6133( controiler reser line

Clock output: 16 crystal rate
+ 3 volts

Diata bus hit 7 (MSBID
Data bus bit &

Data bus bit 3

Dhata bus bit 4

Data hus bit 3

Dhuea bus hit 2

raea bos bt

Drata bus bit 0 (LSBit)

+ 3 volts = power supply
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CY327 Pinout Diagram

Soft key #1 Key 1 1 40
Soft key #2 Key 2 2 39
Soft key #3 Key 3 3 38
Soft key #4 Key 4 4 CY327 37
Soft key #5 Key 5 5 36
Soft key #6 Key 6 Ho6 35
ASCII or 4x4 matrix only Key 7 i 34
Softkey status or 4x4 matrix Key sent L 33
Resets CY327 when high Reset LI 32
Received Serial Data line RxD 10 31
Transmitted Serial Data line TxD 111 : 30
Write Parallel Data to CY327 Write327 12 i 29
Enable Scan Mode Scan_keys 13 28
Lo = 128, Hi = 64 Select Pixel Depth Nx64 114 : : 27
Active Low Serial Clear-To-Send crss«——) 15 LCD 26
Enable strobe to LCD Enable LCD 16 3 25
Read/Write signal to LCD RW LCD 17 Wlﬂdﬂ'ﬁ’s 24
Crystal Oscillator connection Xtal2 18 Controller 23
Crystal Oscillator connection Xtall 19 : 22
round connection for CY327 Vss = 20 2 ll
1 a0 ¢ Ve +5 volts = power supply
2 39 ¢ DO Data bus bit 0 (LSBit)
3 - 38> DI Data bus bit 1
4 ‘ I i 327 g™ D2 Data bus bit 2
5 36> D3 Data bus bit 3
6 35 4> D4 Data bus bit 4
¥, . 34 ™ D5 Data bus bit 5
8 L 33 fe» Do Data bus bit 6
9 32 e D7 Data bus bit 7 (MSBir)
10 . 31 (*— Vdd + 5 volts
11 ' 30 | Clock out Clock output: 1/6 crystal rate
‘12 29 — Reserved
13 28 —» LCD reset  Drives HD61830 controller reset line
I 14 ' 27 |—» LCD_reg  Signals HD61830: Reg = hi, Data=low
15 LCD 26 | LCD select Chip selects HD61830 for data transfer
16 . 25 —» Bus Cirl Enables Data onto CY327-LCD data bus
17 WlndﬂWS 24 Ready CY327 Ready to accept dala
18 Controller Bus_Write CY327 wants to write data to Bus
19 Font Size Lo = 8x8. Hi = 6x8 character font

Sl

e $ERIAGTSES

Baud Rate Lo = 2400, Hi = 9600, Z = adaptive
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The CY327 LCD controller uses several coordinate systems for your convenience.

Pixels are plotted in one system and characters in another. These two are shown below
for the 240 x 64 display:

Character coordinate system: ( row, col )

0,0 0, 3%

7.0

7,34

Pixel coordinate systerm: (x,y) = ( col, ling )

0, 63 239, 53‘
|

0.0 239,

The pixel coordinate system establishes a "sense” or "handedness” based on the origin
{0,0) being located at the lower left corner. The actual location of the origin on the

LCD display will depend on whether Global or Window-Relative coordinates are
selected.

LRty e R T e e R R R R i g A

Y

¥ &

i i i i e

i
G Bl

Example of Window relalive Sine waves
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ln the Command mode of operation, in which incoming characters (either seoul or
narallel) are mterpreted, the usual command tormat is as tollows:

Ax1x2,...xn<=CR=>

where "A’ 15 any ASCIL character, followed by g space. and x1 through xo are relevant
parameter values, separated by commas and terminaced by a carriage return chiaracter.

ASCII parameter arguments

The parameters are input as ASCIL decimal numbers or hexadecimal numbers, al-
though they are converted internally to binary numbers

for use by the CY 327, All numbers are integers and the normal range is from 0 to 255,
Examples of oumbers include:

1, 12, 56, 99, 128, 23h, 3Fh, 0FAh

An8-bit argument can be represented as cither wn ASCH decimu! integer or un ASCII
hex integer. The CY327 uses the Intel coovention (or hex symbols:

"OxxH" or ‘Oxxh’

i 15 any 8 it hex value from 00 to FE.A Teading "0 is needed onby if the Teading hex
character is non-numeric, 4 "A’F -

Lxamples of valid numeric arguments include:
3 2eh 3Eh 3EH 3eH O0Eh 127 45 03eh 045

Imvalid numeric examples include: E3h 0E3 e3H ABh.

Binary Command Format

1{ the CY327 has been placed in the Binary communc made the formar is as follows:

B N xtx2x3.. xN
where B s any valid 8-bit command {sime an ASCI) und where N I an 8-bit binary

data count, followed by the 8-bit binary dutavalues, 21t xN. There is no terminatar
and there are no blunks or commas usel in the Birary data lormal,
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CY327 Command List

B x1,y1,x2,y2 <cr>
Cxy <cr>

Dlldey <er>

G ndl,d2....dn <cr>
H nyl,...yn <cr>
In<er>

Kn<ecr>

Mny <cr>

Pxy <er>
5n<er>
Vn<cr>
Wxlylx2y2 <er>
Z <cr>

!

+ <er>

- < {r>

Tn <er>

@ n data

{ ndata

#

Box drawing command

Cursor positioning command
Dimension display command

Graphics line download command
Histo-graph generation

[nitialize options

Key #n acknowledgement or control
Mode command sets mode byte nta v
Plot pixcl at (x,¥) on 1.CD

Send value of n through the CY327
ViewPort nselected as current winclow
Window command defines character window
Set "Times Square” harizontal scroll
Nepate Command. (prefix)

Save Window Status

Restore Window status

Query LCD status register n

Transmit n data bytes through CY327
Flot n binary dats bytes in window

Lower Flalf of 128 pixel [.CD (prefix)




CY327 Ctrl-Key Command Summary

value

Cirl-C Command Mode Entry = ()3h

Cirl-D Lrisplay Mode Entry = {Mh

Cirl-K Klear current Window = 0Bh

Ctrl-M same as <CR > = N

Ctrl-N Shift Out - select special {ont = UEh

Ctrl-0 Shift In - normal chur = OFh
: Ctrl-W Window swap command = i7h
|

CY327 Ctrl-Key Command Descriptions

Conmmuand/Tisplay Mode Swilch commands
The non-printable command that switches the CY327 from the Display mode {inwhich
characters arc simply displayed) o the Command mode {in which characiers are inter-
preted, not displayad) s the Crl-C command (binary U3h).

Cirl-C  Command Mode Entry
The Ctrl-D command switches to the Dusplay mode from the Command imode.

Ctrl-D  Display Maode Entry

The Ctrl-K command applies to the "current” wandow { selected via the "V’ ViewPort
command or specified by the "W Window commancl.)

Cirl-K Klear current window

The Cul-K character ((Bh} 15 detected in either Command or Display mode and im-
mediately erases the "current” character window. Graphics information is not erased il
1L1s 0 aseparate window Trom the text clracters,

Curl-N Shift Out - select special font

The Ctrl-N command should be issued in CY 327 Display mode and performs the "Shift
Out” lunction, which selects the special Font wrd displays the ‘@, ‘A", ‘B, ', charuc-
tels, ete., as the tirst, second, third, characters, etc., of the spectal extended font that
the CY327 suppaorts for giant characrers.

Corel-O Shift Im - ngrmal charaeers
The Ctrl-O command should also be issued in the €Y 327 Display mode and Shifis back
to the normal ASCI character font The Crel-O commane is the inverse ol the Crrl-MN

command. Both of these commands can be used as often as desired, that is, you can
switch hetween normal characters and special characters in the same window as often
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asvou like. Cursor aetions and other hehavior s he same for normal and speciul charac-
ters, only thelr appearance on the LCD is diflerent.

Cueb-W  Window swap commandd
&

The Ctel-W command should also be issced in the CY327 Display mode. Tt allows you
1o swap between the "current” window and a window chat has heen previously "saved”
{via the "+ command.} The window stulus is also swapped as will be described later,
thus onc window may be displaying larpe characters while the other s displaying nor-
mal characters, Curl-W effectively muintaing two "corrent” windows without constant
redefinition,

The Box Command, ’B’

The "Box’ command uses four arguments to specify the upper left and lower right
corners of the box, specified as points in the pixel coordinate system:

(0, 63) (239, 63)
(1, y1)
{0, 0) (x2, y2]
(0, 0) (239, 0)
B xLylx2y2 <CR> = Box drawing command,

The Box command will draw a box on the LCD if the parameters x1,y1,x2,y2 satisfy the
geometrical relations { 256 x2 x1} and { ¥2 y1 Ymax }, where Ymax = 64 or 128,
depending on the particular LCD. These parameters are saved internally for use by
other commands, such as the Histograph command. Although there can be many boxes
showing on the screen at one time, the last box command defines the "current” box
parameters that will be used by any related commands. This is true even when the box
command is preceded by the negation symbol, */, which causes the box outline to be
erased, that is, /B x1,y1,x2,y1 <CR > ’ erases the box outline but the current box
parameters are retained internally until replaced by a newer box or window declara-
tion.

A Box establishes a local pixel coordinate system but has no text coordinates associated
with it. Windows and viewports, which also define local pixel systems, always contain
an integral number of character spaces and thus create text windows. Atany time there
is only one "current” box or window even though there may be previously defined boxes
or windows still displayed on the LCD screen. The last Box, ViewPort or Window com-
mand issued determines the “current’ values of x1,y1,x2,y2.
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The box coordinates (x1, y1, x2, y2)
define a "graphics window" that 1s
affected by the following commands:

B Box

T Initialize
V' Viewport
W Window
‘M Mode

The Cursor Positioning Command, *’C’

The "Cursor’ command uses two arguments to specifv the row and col that the cursor
is to be moved to, specified in the character coordinate system. The format of the cur-
sor positioning command is as follows:

C row,col <CR> Position cursor at row, column

The 240 x 64 LCD (8 rows, 40 char) character coordinate system is shown below. The
top left character is located at {(,0)) while the bottom right character position 1s {7,39),
that is the bottom right character is located at row 7, col 39, (The 128 high LCD has 16
rows, 0to 15.)

0.0 ' 0,39

(x. v}

7.0 7,39

The cursor can be placed at any character location in the LCD screen, not just in the
text window. However, if the text cursor is positioned outside of the text window while
the auto-increment mode is set, the incremented cursor location will often lead to con-
fusing results, since after a character is displayed, the CY327 will attempt to advance
the cursor within the current window, If the cursor is to be placed outside of the text
window, it is recommended that the auto-increment mode be switched off (see "Mode’
command),

Although windows and viewports define local pixel coordinate systems, and the CY327
manipulates the character cursor within the current window, there is no local charac-
ter coordinate system associated with a window, Thus cursor coordinates used with the
"C’-command are always in global character coordinates, that is, they are LCD-relative
not Window-relative.



The Dimension Command, ‘D’

Since the HD61830 LCD controller must be configured to the size of the display that
it is operating with, the CY327 implements a dimension command for this purpose.
The format of the Dimension command is as follows:

Dl dey <ecr> Dimension Display command
where

[l = the line length (display width), in bytes

dcy = the duty cycle (display height), in pixels

The line length parameter is in 8-bit bytes, with rounding to the next larger byte value.
For example, in a 240 x 64 display, the line length would be 30 bytes (240 / 8).

The duty cycle parameter directly represents the display height in pixels. In the 24( x
64 display, the duty eycle would be 64.

The CY327 will default the dimension values to 30 and 64 if the Nx64 pin is left high
{64 pixel display), or to 32 and 128 if the Nx64 pin is tied low (128 pixel display). If your
display does not match one of these defaults, you must issue the Dimension command
before the CY327 can successfully display any characters or graphics functions. This
command must be issued every time the CY327 is hardware reset, or initialized with
the 10 <cr> command.

The Graphics Line download Command, ‘G’

Graphic lines (rows of pixels) can be sent to the CY327 via the Graphics Line com-
mand, ‘G’, which has the following format:

G n,d1,d2,,dn <cr> Graphics line download command
where

n = number of data bytes in command, n = 1.9

dl
dn

= 1st byte of graphics data

= nth byte of graphics data

The data bytes are sent as 8§ bits, but the selection of the Font_size determines how
many bits (6 or 8) of each byte are actually used in the graphics line. The graphics line
15 created by concatenating the horizontal groups of pixels to form a horizontal graphics
line that is a multiple of 6 (or 8) pixel segments. The most significant bit used from
each data byte is left most on the display. For example (using 6x8 font):

G3358 <cr> will concatenate the segments

f1A

P o SR A S S
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10 draw the graphics line:
CEXLLLELX XL

If the ‘Row_Auto Inc’ mode bit is ON the row is incremented after the graphics line
is drawn. The graphics column number is always untouched, therefore the next
Graphics Line command will define a line directly beneath the current line, and this
will continue as long as such commands are issued. [n this way a graphics picture can
be painted ‘line by line” proceeding from the top of the picture toward the bottom. The
following example assumes that the Row_Auto Inc mode bit is ON:

3 3358 <e¢r> series of four

G 3348 <cr> Graphics Line

G 3385 <cr= Commands...

G}B,T,E <cr>
gRow n oo BB e U] ca¥uas Four graphics lines
gRown+1 i RE s aaE. . | X are drawn on the LCD
eRow n+2 W i N SR screen as a result of
gRow n+3 EPIINE - & PP . 1 o PR the above commands.

The "G’ command withn = (0 G 0,gRow,gCol <cr> specifies the graphics row and
column (gRow,gCaol) cursor for starting the next graphics line. The initial values of
gRow and gCol are undefined, therefore this command must be used to place the first
row at the desired location.

The Histograph Command, H

The Histograph command will accept a series of values and draw a histograph, or bar-
chart, in a specified window or box. The CY327 will compute the width of each bar in
the histograph in order to evenly space the display, however the values must be pre-
scaled in the vertical direction before being presented to the CY327. It is necessary to
define the window or box before using the ‘H' command. The ‘B, 'V, or "W’ commands
define the left, top, right and bottom sides of the window in which the histograph will
appear. The CY327 uses the distance (in pixels) between the left and right sides to
compute the width of each bar. The user must use the distance (in pixels) between the
top and bottom to prescale the values presented to the CY327.

Histoeraph command Format:
Inyxl,y2,.,¥yn <er >
where
n = number of bars to be displayedn = 1.9

v1 = height of lst bar

yn - height of nth barin display

47



Histograph Example:

First, define the box via the Box command, B &0, 62, 230, 2 <CR > . This command
defines a bax 150 pixels wide (230-80) and 00 pixels high (62-2). The CY327 will use
the value I50 for automatic horizontal scaling, and the user should use the value 0 to
prescale the values presented in the histograph command. For example, if the lurgest
bat value 1s 25() then all bars should be scated by 60/250, thar is, the box heighr divided
by the largest data value, Assume that alter the above caleulations are made. the his-
tograph command is issued as fullows:

H 5,10,20,30,40,5¢ <CR>

This ¢comunands the CY327 to display 5 bars in the pre-defined box with values
10,240,30,4 0,50

-50
-40
- 30
=20

When the ' prefix precedes
the Histopram command, the specified bars are erased ipstead of drawn, The burs will
be erused only up 1o the beight specilied in this command. To erase the entire window
use the 12" cammand.
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The Initialize Command, T’

The I’ command performs initialization functions, specified by a parameter, Initialize
commands are used for infrequent operations that don’t merit their own command let-
ter. 'T" is also used to set special mode bits that are not included in the normal mode
registers because the consequences of an incorrect setting are inconvenient to deal
with, such as switching from ASCII to Binary operation by mistake.

CY327 Initialize Commands

[0<CR> = [nitialize (reset CY327) & clear screen
I1<CR=> = erase the characters in current window

I [12<CR> = erase the gruphics information in window or box
[3<CR> = erase the entire screen
14<CR> = reserved
15<CR> = enable Key-Scan operation (mode dependent)
le<CR> = select 6x8 font size (pulls pin 22 high)
17<CR=> = ASCII/ Binary switch (default ASCIH)
18n<CR> = putput 8-bit value of N to pins 1.8
[9<CR> = select Fast_Bus operation (default off)
I10n<CR> = send value 'n’ out Serial port
I111,n<CR> = send value 'n’ out Parallel port
112n<CR> = display value 'n’ as Logic Waveform

The T 0’ command is treated as a hardware reset, that is, the CY327 will ‘power up’ in
the same manner as when the hardware reset line is pulsed high. Since the powerup
state is the Display mode, the "1 (¥ command will leave the CY327 in the display mode.

The 'l 1" command clears the character window (defined via "V’ or "W"). Characters

and graphics within the window are erased, however graphics and characters outside
of the window are unaffected.
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The T2 command uses the current vulue of x1,v1,52¥2 to define the praphics hox or
window to be erased. Any text within this sindow i4 wiso erused. When the inversion
prefix, '7, is used with "1 27 the eruse is "hiverted”, that is, the current graphics window
is "filled” with ON or dark pixels. These pixels will over write any text or graphics in the
current graphies window,

The 'I 3" command erases all LCD RAM, which is used for display purposes. All in-
tormation, both text and praphics, 15 erased from the LLCD. This hrings the display
memory back to the reset state.

The 'T4" comnmand 15 reserved ot this thne. 1t should not be vsed {or any purpose.

The 'l S command enables scanning on ping 1.6 by "pulling” pin 13 low from "inside”
the CY327.Ths pin can be pulled low from cuiside the CY327, achieving the sime ef-
fect, [T the pinis free, then 15 < CR = pulls it low and /T3 < CR > returns it high, ena-
thing and disabling the Key-Scun operation (see ulso mode regisier #2).

The T 6" commund selects the 6x8 characler font by pulling pin 22 high frrnm "inside",
The same can be achicved by pulling pin 22 bigh from cutside. The CY327 iternally
organizes the display into 6x8 o 8x8 churacter Ll:'"_,]i‘: based on the setting of this pin, and
computes all character co-ordinates from thie vulee. 1 67 selects 6x8 font ang 16
selects 8x8 pixel funt size.

The 1 7 command seltects the hinary inode operaton of the CY327 while the VT7 com-
mastd returns the CY327 to its deflault ASCI mode of aperetion, 17 must be issued
in Binary: 2F 4901 (17,

The 'T8,n” commund requires paraneter 'n” whase vaiue 15 eutput to pins 1.8 un the
CY327. [f these pins are net being used in ene of the Key-Sean modes of operution,
ihen they can be used as general purpose control lines for any wser defined purposc.
The 7/ pretix has no meaning for this conumand.

The T commund sets the "Fust Bus" e of operation, Normally this mode is in-
significant, hawever bus trunsfers will complete inless than haif the tme in "Fast_Bus"
mode. Note that for slow systems such as JICE-51 or systems driven by 2 BASIC lan-
guige interpreter, it (s usually necessiry 1o leave the CY327 in its deluub "Slow_Bus”
mode. The 19 command restores the "Slow_Bus" mode of operation used by systems
which eannot respond to the Buos Contral pin within the opproximately 15
microseconds required by the Fast_Bus mode of operation.

The ™1 10,0’ command outputs the 8-bit value of the parwmeter 'n’ o the Serial port as
B bits, no parity, one stop hit, using the Band rote in eltect at the time the command is
issued.

The ' LI’ command outputs the S-bit value of the parameler 'n’ to the Parallel port

using the handshake pmmcul specificd iz larer section, 110and 111 are independen
of the port the command is received o, unlike other ransfers through the CY327,
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The 1 12,n° command uses binary value n to create logic waves in the current window.
This cormmand does not require Key scunning to he enabled, unlike the other means
of penerating logic waves.

The Key Command, ’K’

The Key command, "K’, with parameter, provides an acknowledgement rom the host
1o the CY327. s vse is explained in the scction on "Soft-kevs'.

The Key command has the format:
Ko< CR>
where 'n’ is the number of the key thar was hit

When the 'K n’ commund is preeceded by the %7 prefix the eftect is to drive pin o’ low,
(where n = 1.7). If Scan mode is enabled this has the same effect as a key activating
line n. When Scan mode i3 disabled the YK n’ command merely pults pin 'n’ low with
ne gther effect. In this case the 'K o™ command will return pin 'n” high. Thus when the
Scan mode of operation is disabled, the "K7 command and its inverse can he used to
provide seven T/O lines that can be sel and cleared by command, forwhat ever purpaose
the user desires. { See the Initialize command, 'T8,n’, for additional programmed 1/0.)

The Mode Command, M’

The Mode command can be used to sel various bits in the CY327 mode registers
(cleseribed in another section). The command bas two arguments. The first argument
is the address of the mode register, und the second argument is the value 10 be written
inta the selected mode register.

Mnv <CR>= bode command: set mode byte nwo v

The mole command sets all & bits al once.



'The Plot Command,’P’

The Plot cornmand operates in pixel space and specifies the pixel coordinates of the
point to be plotted. The negation of the plot command, obtained by prefixing the '/
svmbaol, erases the pixel at the specified coordinates.

Pxy <CR> Plot pixel at (x,¥) on LCD,
Pxy <CR> Erase pixel at (x,y) on LCD.
0, Yrax 239, Ymax

Ymax = 63 for Nx64 LCD

{x, v Ymax = 127 for Nx128 LCD

0,0 238, 0

"Global” and "Local” Pixel Plotting

The type of coordinate system used to plot pixels is qualified by mode bits that specify
either "global” or "local" coordinates,

Global coordinates (shown above)} are based on the entire LCD screen with the origin
(0,0) at the lower left of the screen. In global mode pixel plotting, the locations of the
windows have no effect on a particular plot command. Since negative coordinate
parameters would be "below” or "to the left of" the LCD screen they are not allowed.

Local coordinates use the lower left corner of the "current” window or viewport as
the {0,0) origin for pixel plotting. Local pixels will appear on the screen relative to this
location. Since negative parameters would automatically be located "outside"” of the
window, they are not allowed, however even positive values can cause the pixel to be
plotted "outside" of the current window. This can be prevented by setting the Clipping
mode bit. This bit “clips’ pixels that fall cutside the current window and prevents them
from being plotted.

For more information relevant to pixel plotting, see the Box, Viewport, Window, Mode
and Plat-String commands.

Plot commands handle only one pixel per command. For multiple pixel plotting such
as required to graph the output of an Anulog- to-Digital converter the Plot-String com-
mand should be used.



The Plot-String Command, *{’

The Plot command, P xy < CR =’ deseribed previously plots a single pixel located ot
conrdinates {x,%). Ollen it is desirable to plot a string of potnts ina curve. If the x-value
simply increments by one and the v-vu ue contwins the variable information, then the
P’ command is needlessly verbose. For example, assume that our system is reading /-
fo-10 converter values sequentially and we wish to display these in a window, where the
x-ax1s represents the time axis, The Plot-String command, invoked by 77, 1s designed
Lo handle this case. Since the A-to-D vialues are always binary, il makes no sense to
convert to hex or decimal, so the arguments of the Plot-String command will be binary.
The format of the Plot-String commuand is as shown below:

oyl ¥2 3 .yn

where ’{’ is the command character (’{’ = 7Bh }and n is the number of points to plot.
The nvaluesyl .. yn are the 8-bit values of the y-ordinate that will be plotted sequen-
tially in the current window. The x-ordinate corresponding to y1 is the x-value of the
left side of the current window plus one. The x-value is incremented with each pixel
plotted, so that the pixels are plotted from left to right in the current window (or bux).
This allows you to read voltages or other 8-bit values and display them in sequential
fashion with almost no effort involved. Note that the Plot-String command uses the
Global/Local and Clipping flags set for the current window to determine the exact plot-
ting behavior to be employed. You should always be aware that Clipping will prevent
any values that fall outside of the window from showing up, and therefore this option,
while producing neat looking displays, may actually cause the visual loss of some data.
Clipping can be turned off or on by setting the appropriate mode bit (see Mode Register
description).

Note: Although the ASCII'{’ character is used as the Plot-string opcode, the arguments
are entered as binary numbers, not as ASCII decimal arguments, The CY327 tem-
porarily switches to a mode in which it expects binary arguments, plots each pixel with
the specified y-coordinate, and then resumes ASCII command operation after all bi-
nary data points have been entered. For example the plot-string command that will
plot five points with y values:

5,10,15,20.25

would be issued to the CY327 as the B-bit codes:
TB0O5050A0F 14 19
/ |

'{’ 'n’ data points (no spaces, commas, or <CR > )



ERrehs <.<L.mm><><
$<>¥+°+‘¥6‘¥ R
R e

The Viewpurt C{]Hllllﬂlld, vV

The Viswport command uses a single argument to select one of the default 'viewporty”
or "windows' that are "built-in” to the Y327, This is equivalent to issuing the Window
command with a set of defaull parameters characteristic of the particular window.

The "V comemand defines a new current window, The current window defines the "ue-
tive" coordinates, both graphie and texi-hased,

Gruphics:  x1,yl,x2,¥2
Text: top, left, bot, right

These remain current until a Box, Window, or another Yiewport command is tssued.
A Box command changes the Graphics window pixel conrdinates withoul altering the
Text window character courdinutes {top,lefr.botright).

If the default windows provided in the CY327 do not meet yvour needs, (hen the Win-
dow commaund defined helow will allow vou to specify any window by supplying an ap-
propriate set of parameters,

There is one major difference between the use ol the Viewport command and the use
nf the Windows command. The Viewport command will select ane of o number of
default windows that are described in o following section. These windows possess a
viewport number and also possess lixed corner locations that are uniquely identitied
by ihis number. Thus to save the corner locations of a particular window, it is neces-
sury ondy to save the viewport number that identifies the viewport. User detined win-
dows are not identificd by any such window number. As deseribed later in this manual,
it is possible to "save” and "restore” viewpnorts and also 10 "swup” viewporis. These ac-
tions allow vou tir leave the "current” window and switch to a new “current” window,
perfarm some action, then return to the suved window without "losing vour pluce”, that
15, without losing the cursor location and aiso withoor forgelting other status informa-
Lion relevant to the window, such as whether or not large characlers or a specisl font is
heing used. Since Lhe saved window is identiflied only by its number, it is impossible w
save user defined windows. For this reqson, you shoold attempt o use windows from
the delault set if possible, to avoid giving up the very useful suve, restore, and swap
Mnetions,



Default Windows

"The CY327 provides a set of about 250 default windows that may be selected by the
Viewpornt command, "V ', The argument "o’ muwy be specificd as a decimal or a
hexadeeimal value but 15 maintained internully 4x an 8-bit valoe that 15 decoded 1o

generate the particular viewport,

Typical examples of default windows are shuwn below:

o
i

e

B &
bt = ]

g




0CCh oDch QECh OFCh

0CCh 0DCh CECh OFCh

il el iaa B
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CY327 Built-in Viewports

The CY327 provides over 230 built-in viswparts that can be selected viathe 'V o' com-
mand where "V is the viewport command and 'n’ 15 the viewport number. The defanlt
viewport is viewport number zero, which covers the entire screen of a 240 x 64 LCD.
Viewport zero contains 8 rows of H) characters {in 6x8 tont mode) and containg 64x240)
pixels. The (0,0) character location §s in 1he upper left corner while the {(,0)) pixel coor-
dinate 15 Jocated at the bottom left corner of the screen.

All pther viewports are subsets of viewpuart zero, that is, they contwin lewer Lhin 8x4()
chiargcters or 64x240 pixels. The numbor that deseribes o piven viewport 1s coded in
such z manner that its horizontal and vertical coordiniates are implied by the code. One
mighi ask why a coded viewport should be used inslead of «imply declaring a window
vii the "W command with the top lelt amd bottem rigat character coordinates supplied
asarguments, The answer lies in the Y327 alality 1o save” the current window status
on i stack’ while switching to a now cwrrent window, then 1o restore” the saved win-
dovae status, The status consists of window noumber, character cursar, window Ccoor-
dinates (both character and pixel and several emade bits that qualify the window. {Sec
the description of the "+ 7. 7°-7, and "Cirl-W™ commands for more information on saving
and restoring windows and the section o0 CY327 mode bits for relevant info.) Thus
the primary reason to use the hutlt-io vicwports insiexd of simply defining windows as
they are needed is to allow operations (o tao windows without haviog to maintain win-
dow stalus for each window, Window status can he saved inlernally anly for numbered
windows, We now proceed to discess the windew rumbering system.

The Viewport Numbcring System

The window aumber s maintained interoally s an 8-bit number that consists of twoe or
more bir fields. The two most significant bits can be thoughtl of s the "class” of the win-
dow. The window cluss senerally relates to the nunbar of windows of the class that can
span the LCIY horizontally, The relutionship is such that {n+ 17 class 0 windows will
span the LCD screen horizontally, For example three class 2 windows will spon the
screen or four class 3 windows, or gne lass vero window,

(-4



The coding of classes 1, 2, and 3 is different from class 0 coding, which we will describe
first.

Class zero Viewport Coding scheme

Class zero windows extend from column one to column 38, that is, they span the entire
horizontal screen of the 240x64 LCD. The window frame extends into column zero and
column 39 therefore these columns are not available for characters. The class bits are
both zero for such windows, The remaining six bits in the viewport number are divided
into two 3-bit fields, the TOP field and the BOT field, which are used to specify the
vertical extent of the window. Each 3-bit number specifies the appropriate character
row that defines the top or bottom of the window. An example is shown below.

Class BOT TOF
I I | I 1
ﬂjﬂ 1IID|1 Ulllﬂ = V 2Ah<cr>
—————— d ———— —==== A ————— Row
0
- : :.. o § 3 i k] 1
Top Row = 2 2
-.” EF e i LR 3
B R 4
 Bot Row =8 | | 1 5
i Siiy :

1 Col 38 7

There are two special cases of class zero windows. The case in which the bottom is
above, or less than, the top is discussed below.

Class zero with TOP BOT

The general case in which the TOP value exceeds the BOT value is illegal although
these combinations may have meaning in a future controller. The special case in which
BOT = 0 and TOP 0 defines six "key’ windows as shown below:

E oA i ::'f__,'_:'.gl |";t'=§§- | [ o] F i ! | i ]
¥i v 2 v 3 vV 4 v 5 V 8

These "key’ windows may be used for any purpose but are especially well suited for use
with the CY327 'soft keys’ described elsewhere in this manual.
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Class zero Viewport with TOP = BOT

The second special case is that in which the TOP and BOT fields have the same value.
For this case the TOP becomes one and the BOT has the specified value. How does
this differ from the class zero window with TOP = 1 and BOT = the value? It differs
as described below. Consider the class zero window with TOP = 1and BOT = x. This
window will span the LCD from col 1 to col 38 and will vertically range from row 1 to
row x. What is different when TOP = x and BOT = x? The difference is in the
horizontal span. In this very special case the window is only one half the screen wide
but is centered in the LCD as shown below:

Class BOT TOF

I I I ! I

0 J o X : X | X 0 : a 1
1

Note that there is room on either side of the class zero window for higher class win-
dows that fit in only one quarter of the LCD screen.

Coding for 128 pixel deep displays: The Top = Bot case uses Row 1 for the top row and
2*Bot as the bottom row, when the LCD display is 128 pixels deep.
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Picture Guide to Viewports

Class 0 Yiewports

Valid CLASS 0 Viewports are as follows:

00h
01h
09h

defines entire LCD without border.

through (6h are 6 keys across bottom of LCD.
through 3Fh define full and half screen Viewports
as shown in the examples below:

Full Width Class (}Viéw‘purts are listed below:

The Six Keys are shown above

Half Width Windows horizontally centered in LCD are:

=1 b L RO

_ DOh

0%h

iadididei il gt
Biciiceaaly A TR
RS L

3

o i X {0
1|l ITh 3%h {1
2| 3Ah 2
3 3Bh 13
4l 3Ch 4
1. 3Dh '5
' 2E '
7E i EE}'S %?
of ©O0h | 0

1 3%n i 57

2[: 35N 58

3 SBh 71 58

4l 3Ch | 60

5 [ 30h | 61

6! 3ER 62

71 01 [ 02 [03 [ o4 ][ 05 1[ 06 DEC



Y327 Class 1, Class 2, and Class 3 Viewports

Class 1, 2, and 3 Viewports share these features:

High four bits define the horizontal limits of the LCD viewport:

4 Left Half
CL1 5 Right Half
6 Left 3/4
7 Right 3/4
8 Left 1/3
L2 9 Mid 1/3
A Right 1/3
B invalid
C Left 1/4
CL3 D Znd 14
E Ird  1/4
E Right 1/4

[2 | B |
- el i 1

l A TR
L8 4 E2 | LA |
(e [ = | ]

Low four bits define the vertical limits of the LCD viewport:

@M e WD

The full vertical windows, defined by the low 4 bits set to zero, are valid viewports, but
should be used as /V viewports because of the lack of full borders. These are the 40,

50, 60, ..., FO viewports.
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Viewport classes 1, 2, and 3

The class zero coding scheme described above has the following fields:

Class

BOT TOP
T i T T T
o | o B t O : T T ' O : P
All other CY327 window classes have the following coding:
Class Horiz Vertical
i T T T T
b4 X h h v e r t
! 1 1 | |

As described previously, the class number generally relates to how many windows it
takes to span the LCD screen. For example class three windows allow four viewports
to coexist horizontally across a screen as shown below.

T
; e
Class 3 il
Vi t 1
|ewpur 5 o
Horiz code 00 01 10 11
— ﬂg*gﬁﬁﬁﬁ";%*éié@;@ ST I T S y-»
E:E'géiéf:ﬁ%? | b %%;%Wa;m&%ﬁ% ;sfgm i .Eg‘ ik
R e sy S 4 L
}fﬁ% PR i ig;&-}::f::-fsw FrediEag o ?;{i g,t FYS R
Curg ’% g 7
15 i
ik 15
b 15
i iEk
. ;




From the shove example it can be seen that the korizontal coding defines the horizon-
(] position for those classes in which oeliple windoews span the screen. Thus the 4-
bit field consisting of the class fleld conculenated 1o the horiz field uniquely specitics

the honizonal coordinates of the window, A sumanary diagram is shown below:

Class

The most significioe oo bits of the viewport

number uniquely deline the borizontal extent

of 4 window for classe: 1,2, and 3

Vertical Coding for Viewport Classes 1, 2, and 3

As explained above, the high four bits {class + horiz) of the viewport number define
the horizontal position and extent of the viewport. The low four bits comprise the ver-
tical field and uniquely determine the vertical extent of the window, as shown in graphi-
cal form and in tabular form below.

14

1o

Al 12

11
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Vertical Coding Table

Vert TOP BOT
Field row row
0000 0 i
0001 1 1
0010 1 2
0011 1 3
0100 1 4
0101 i 5
0110 i O
0111 3 3
1000 5 5
1001 3 5
1010 3 4
1011 ¥ 7
1100 6 )
1101 q 6
1110 4 )
1111 3 f

Special Class 1 Horiz Coding

Class one viewports allow a max of two windows horizontally per screen, however there
are four possible positions implied by the two bit Horiz field. These bits are decoded
in a special way as indicated in the following figure.

Class Horiz Vertical

0
lelx FI}FJ.FI::‘Ir

|

By properly specifying viewport numbers according to the 8-bit coding scheme
described above, you can generate over 230 unique windows, with literally tens of
thousands of non-overlapping windows on a 240x64 LCD screen. Since windows can
be overlapped, you can generate hundreds of thousands of window combinations and
save and restore any current window while you work in another,
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Class

Examples of CY327 'Built-in’ Viewports

Class 0 examples;

Horiz

Vertical

o

]

Class  "Key" windows 1..6:

vi||va[fvs]||va Ve
Class 3 example:
Class Horiz Vertical
! I I . 1 T
1 1 » » v R T
! 1 | | |
ocih
OcFh || oDEh || oEDh OFCh

Bot = Top
001 om
010 Ul
011 an
100 10d
101 101
110 114
111 111

i'\l;r:l
Y
12h
1Hh
24h
20m
I6h
Ah



The ** Prefix for Viewports on ( N x 128 )-pixel LCDs

"Built-in" or default windows are based on ( N x 64 )-pixel LCDs. The CY327 also works
with those { N x 128 }-pixel LCDs that are double the height of the N x 64 types. On
power up the upper half of the screen is selected for Viewport commands. When the
Nx64 pin of the CY327 is pulled low then the ™*” prefix in front of the "V n’ command
causes the viewport to be created in the lower half of the display screen. The appearance
of the window will be identical to the same window in the upper half screen but dis-
placed downward by half a screen,

The "* applies only to the 'V’ command. If the "W’ command is used to create windows
then the window may take any valid location and size on the LCD. In particular the
Window command "W’ can create windows that are located partly in the upper half of
the screen and partly in the lower half.

The ** prefix represents a simple way to select predefined windows for the lower half
of the larger displays, without using the “W’ command and window co-ordinates.

Also, the **' prefix is not supported in the Binary command mode. To create viewports
in the lower half of an N x 128 display, simply use the ‘W’ command in Binary mode.

Finally, viewports created in the lower half of the N x 128 display cannot be saved, res-
tored, or swapped, using the *+°,

-’ or ‘Ctrl-W* commands. The viewport number does not include information about
the location of the viewport in the lower half of the screen, so the CY327 does not know
which half to restore to after a save, and will always select the upper half.

Hindows! Y o B U gy B Wy
#* 33 I O e T ey |
Su, CHOS A N e |
CY 325 ‘ e L
-

I

o "
! e ¥ 7
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The Window Command, ‘W

The “Window’ command uses four arguments to specify size of the text window,
specified in the character coordinate system. The parameters are separated by commas
and the command is terminated by the carriage return. The general format of the Win-

dow command 1s as follows:
Waxlylx2y2 <cr>
where
x1 = left char col
¥l = top char row
x2 = right char col
yv2 = bottom char row
that is,
W left, top, right, bottom <cr>>

The window coordinates are inclusive, that is, characters will be written into the left,
top, right-1, and bottom row/col as defined by the parameters.

Character coordinate system: ( row, col )

(0. 0) (0. 39)

Note: Bottom Row:

240 x 64
240x 128

(7,0)
(15, 0)

(7. 0) (7, 39}

'The cursor auto-increment mode and the scroll/wrap modes always use the currently
specitied window coordinates.

The Window Status Save and Restore commands described below use a viewport
parameter, View#, to identify the "current” window. This parameter is not included in
the Window command, “W’ therefore user specified windows cannot be saved and res-
tored via the CY327 * +’ and *-’ commands. This must be accomplished external to the
C¥327 (that is, in the host or driver code) if so desired.

o-14



Window Commands and Characteristics

Any window defined by the W-command will be affected by the following commands:

V' = define current window to be default window #n.
1n’ = fill or erase current window.
A = Horizontal scroll ("Times Square") in window.
B x1,y1,x2,y2' = define graphics window

( decouple from text window )
Ctrl-K = Klear or erase "current” window.
Ctrl-N = Shift-Out (select special font in window)
Cirl-O = Shift-In (select normal font in window)
¥ n' = create Viewpoart #n but erase frame aroond it
Y ot = ¢reate Viewporrin lower half screen,

{ "7 works only with Nx128-pixel LCDs )
The following commands do NOT work on windows defined by "W
'+ = Save current window slatus.
- = Restore current window status,
Ctrl-¥ = Swap the current window with the saved one.,
e = Seleot lower half sereen (128 deep LCDs)
= rg L] .
Graphics and Text Windows
The current window defined hy the Viewporl or Window command consists of a
sruphics window superitoposed over o text window, Mast CY327 commands operate
un either the contents of the graphics window or the contents of the text window in or-
thogonal fashion, that is, text eperations do not usoally affect graphics pixels and
graphic operations are gencrally independent of text in a window.
The Box command redelines the "current graphics window” without altering the {row,
column) coordinates (left,top.right,bot) that define the "current rext window™. The Box
command can be used to "decouple” the current graphics and text windows so that they

no longer are superimpaosed but can hive any relution on the sereen including non- and
partially-superimpased. The Box command only supports praphies, not (ext.
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The Window Save and Restore Commands: ¢+ and ¢~

The CY327 LCD Controller allows the use of multiple windows. In many applications
it may be desirable to exit the "current” window in order to perform operations in other
windows, and then return to the "current” window and resume the operations in the
"current” window. The Save, "+’ command copies the currently active viewport #, cur-
sor location, and window status as the "Saved" window. It does not copy text or graphics.
The Restore, ’-’ command restores the "Saved" window status values and cursor loca-
tion as the currently active window, while these values remain in the "Saved" window
buffer. The Swap Command "Ctrl-W" interchanges the "Saved" window parameters
and the "Current” window parameters. The Swap command is primarily used to move
between two windows which are frequently updated, such as a text window and a re-
lated graphics window. When windows overlap, the text and graphics that are obscured
by the active window need to be rewritten to the obscured window when it becomes
active.

After the Save command, the CY327 will allow other windows to be invoked and used
in a variety of ways, including the following:

W - select another viewport to be "current”

W - specify a new "user-defined" current window
‘B’ - create a new graphics "Box"

o - erase current window, ete.

‘Ctrl-K’ - erase current window. (issued in Display mode)
‘Ctrl-W* - Window swap - used after Save *+’ command

to swap the current window status with the saved
window status. The current window is saved and
the previously saved window will become the
"current” window. This command is issued in
Display mode, and can simply be embedded in

a string of characters that are sent to the CY327,
The swapped windows can have different modes
selected, thus the appearance of the characters may
change. Note also that local cursors are swapped so
that one does not "lose his place” when going from
one window to another.
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The ‘Negate’ or Slash Command, ¢’

The slash /" in front of command will negate the command, for example:

/B erases the Box drawn by the B command.

fH n,.. erase histograph bars.

/K n  pulls pin ‘n’ low, where n = (1..7).

/P x,¥ erases the pixel setby Pxy <cr>.

/¥ n erases the autline of the specified viewport.

iz disable Horizontal scroll mode in current window.,

A2  fills (negation of erase) graphics window.

/15  disables the Key-Scan operation.

/19  disables the Fast_Bus operation.

fW  erases the Box drawn by the W command.

H erases pixel plot string
The slash may also be used 1p front of Binary mode commands, and is not included as
part of the data count siructure of this made. The Binary commund format, with aslush
[

BN xl x2 x3 .. xN

which simply puts a slash in front of the normal Binary command. For example, an
crase pixel command would be:

fP2XY
which is seat to the CY327 as five data ytes, the ASCII code for slush (2F hex). the

ASCIT code for P {50 hex), the binary count value 2 (not ASCII character 2 13, the bi-
nary X co-ordinate value, and the hinary Y co-ordinate value.
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The CY327 modes of operation are specified and selected by the values of mode bits
in a set of mode registers. The contents of the mode register can be read or written as
described below. The set of mode registers is shown below:

TE g e

o
|

10

11

1z

13

14

1ls

17

18

1%

CY327

MJDE REGISTERS

Window Status

LCD Mode

Eey Mode

Communications

Key_ Imaga

Current View

Cursor Row

Cursor Col

Top Window

Left Window

Bottom Window

Right Window

Top Laft X

Top Left ¥

Bottom Right X

Bottom Right ¥

Save View

" Save Col

Save_Row

Save_ Mode
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CY327 Mode Register Description

The CY327 uses the following special internal mode registers to determine its operac-

ing mode.

Primary Status Registers

Mode Register #0
Mode Register #1
Mode Register #2
Mode Register #3
Mode Register #4

Window Status register
LCD Mode register
Key-Mode register
Communication modes
Key_Image

Current Window number

Mode Register #3

current window (viewport)

Character Cursor Position

Mode Register #6
Mode Register #7

character ROW cursor position
character COL cursor position

Window Coordinates

Mode Register #8
Mode Register #9
Mode Register #10
Mode Register #11

Lop side of window

left side of window
bottom side of window
right side of window

Box Coordinates

Maode Register #12
Mode Register #13
Mode Register #14
Mode Register #15

x1 top left x
y1 top lefty
x2 bot right x
¥2 bot right y

Window Status Save registers

Mode Register #16
Mode Register #17
Mode Register #18
Mode Register #19

save_view  { Reg #35 saved )
save_cROW ( Reg #6 saved )
save_c¢COL  ( Reg #7 saved )
save_mode ( Reg #0 saved )
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Mode Commands:

The CY327 mode registers can be written to using the CY327 Mode Cormnmand, "M,
The mode command requires at least two arguments; the register address and the
register value, Examples of the mode command are:

MOJAR <cr> - Select wrapping text, auto-increment,
horizontal bars, and global pixel
plotting, without clipping.

M 1,0Fh < cr> - Enable blinking cursor, Disable all
of the auto-increment functicns.

M22 <er> - Select Logic Waveform mode and
de-select Soft-key operation.
Note that pin 13 must be pulled
low externallyorvia’l S<er=’
in order to enable scanning.

MA,17Th <er> - Select window scrolling (instead
of wrapping) and auto-increment
the cursor after each character
1s written to the window. Enable
the one-line cursor and select Local
{instead of Global) pixel plotting,
with Clipping = ON.

The Mode Query Command, >?’

The 8-bit contents of mode register n can be read via the Query command, "?n <cr>".
The response to the Query command will be question mark character followed by the
Hexadecimal value in the specific mode register, followed by the lower case 'h’, ter-
minated by a <c¢r > character. Thus, assume that Mode register 0 has the three least
significant bits on and all other bits off. The Query command will be issued as:

T0<er>
The response to this clluer;r will be:
27h
Note that the Query response is output to the channel that received the Query, that is,

if a Query is received on the serial channel then the query response is output to the
serial channel, while a Query received on the Bus will output to the bus.
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Detailed Mode Register Bit Descriptions

Mode Register #0 - Window Status register

M0.0 - scroll_flag scroll = 1, wrap = 0

MO.1 - auto _inc ; inc char cursor after write

M(.2 - vert_bars : else horizontal strips (histo)

M0.3 - global : Global =1, Local = 0 pixel plotting
MOD.4 - clip_flag . clip pixels outside local window
MO.5 - reserved : must be zero

MO.6 - slide_flag - for "Times Square” scrolling

M0.7 - special_char :spel font: "A’- 1,'B’- 2

Mode Register #1 - LCD Mode register

M1.0 - blinking ; enable cursor blink attribute
M1.1 - cursor_enable : enable cursor display mode

M1.2 - reserved : should be one

M1.3 - reserved : should be one

M1.4 - row_auto_inc ; iIncrement graphics row after load
M1.5 - reserved ; should be zero

M1.6 - skip_home flag ; (normally off)

M1.7 - reserved - should be zerp

Mode Register #2 - Key mode flags

M2.0 - soft_keys ; soft-keys [1..6] = pins 1.6

M2.1 - Logic_waves ;pins 1.6 = digital logic [1/0]
M2.2 - Cursor_keys ; pins 1.4 = up-down-left-right
M2.3 - ASCII keys s pins 1.7 = ASCII key inputs
M2.4 - Key matrix i pins 1.8 = 4x4 matrix (16 keys)

Mode Register #3 - Communications flags

M3.0- send to Bus ; qualify by input flag
M3.1-send _to TxD ; qualify by input flag
M3.2 - Key_to_TxD send keys to TxD

M3.3 - Key to BUS ; send keys to BUS

M3.4 - echo_serial ; echo RxD-Display to Txd
M3.5 .. M3.7 - reserved

All remaining mode registers contain byte values with no specific meaning associated
with individual bits. These mode registers are set or read as 8-bit values.
Power-on defaults of Mode Registers
#0 Ogh 0000 0110
#1 3Fh 0011 1111
#2  02h 0000 0010
#3  04h 0000 0100
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CY327 Bus Interface and Handsha

The CY327 provides a serial and a parallel interface to the LCD display with a simple
two wire parallel handshake augmented by a Bus Control signal useful as an Cutput
Enable signal for gating the data onto the data bus. The INPUT handshake sequence
is shown below:

CY327 Data stable
(I/G) i
?ifla Bus <\i i §
put) 3z2-3%
ety 28 -
Ready =,

42 % &

(Output) 24 #\ . I
\

Write_327

(Input) 12 A |

The Parallel Input handshake sequence is as follows:

The host aor master processor checlks the CY327 READY tine to see if the CY327 i3
ready to accept a character an the data bus, The host must wait until the READY line
15 asserted positive true,

{ " TRUE’ = "ON" ="HI’ "1 = 3wvuls )

After the host has determined that the €Y 327 s ready o accept 8-hit data, it drives the
WRite_327 line to the CY327 low to siznal thut data s ready to be input to the CY 327,
The CY327 detects the fulling edee of the WRile 327 line and drives the Bus_ Control
iinelow. 'The Bus_Controlline is used to enable the data from the hostonto the CY 327
data bus, The datais read into the CY327 within approimaredy 15 microseconds of the
faliing edge of the Bus_Conatrol line. Tais ullows sutoware to test the control line before
actually putling the data on the bus The Sest normally helds the bos ina hi-impedance
stute, since the CY327 bus is used winpnt parallel duta and also to communicate with
the LOC1. By observing the bus control protacel, the hiost is assured that itwill not place
dala on the bus while CY327LCD com:nunications are proceeding. After the CY 327
has read the data from the bus, it retueres B Control hi and drives READY low to
acknowledge the transter. The hast should drive the Write_327 high when the CY327
drives Ready low and rentove the data frem the bus withio By ndaaseoonds, tlhen wiit
until the READY line goes high hefore lowering the WRILE line again for the next
transier.
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Deseription of the CY327 Bus_Cirl signal Hine

The CY327 parallel data bus is shured between the user circuit and the LCT interfuce.
For this reason the user must ohserve the Reudy and Bus control lines when attempt-
ing towrite data to the parallel bus. Fhe Ready line signuls thar the CY327 has finished
its previgus operation and s ready internally to accept 4 new command or data charac-
ter. The low Bus_Crrl line signuls that the CY327 is no longer communicating with the
LCD, and the user cun place data on the bus without clobbering CY327-LCD trans-
fers. The Bus_ Ctri may be connected 1o o host latch output enable if a buffer lateh is
used between the host system and the CY 327,

Description of the 'Fast-Bus® mode of operation

After asserting the Bus Ctrl signal low, the CY327 expects to find valid data on the Bus
mthmdppmx:mattlv six microseconds. In 4 sinilar fushion, the CY327 expects the data
Ly e removed from the bus approximately len microseconds alter the Bus Curl is
returned high, If Bus_ Cirl s used as an omput enable on a laweh or o interface o a
(Y233 Network chip, there is no prablem wilh tliese times, however 1f the host com-
puter uses suftware such s o BASIC langunue interpreter to control the system, the
response time of 1he sottware may be insuflicient to react 1o Bus Cuel, in which cose
the systern will likety hang up.  For this reason the CY327 supports a Fast-Bus mode
as described above, and also o non-Tasi-bus inude of aperation, designed to support
slow speed systems such as BASIC or the Cyhernetics dICE-51 debugger. In the Slow-
hus monle of operation, the CY327 waits unul 1L sees duta on the bus (not all ones)
hefore reading the data, and, to terminate the transfer, waits uadl the bus has returoed
to the all ones state {Bux—ﬁ?l’h} belore umph,unu the trunsfer. In the Slow-bus
mode, timing is effectively disabled, und the siite of the data bus is used to effect the
andshdke. Thu:'. is the delault or the poweron stute of the CY 327, The Fast-bus mode
af operation can be selected by issuing the Initulize-Fust-bus command; 19
nmost cases there is no user discernable diffe rence hetween the two modes of opera-
fion, and the user should simply use the CY327 in the defaubt Slow-bus mode. Only if
the lew tens of microseconds faster handshake s important to the user, should the Fast-
bus mode be enabled. As u final note, the CY327 requires pullup resistors oo its duta
bus in order 10 see all anes when o tri-slate wser cireuit s driviog the bus,

DifTerences in "Slow-Bus” and "Fast-Bus" Conirgl ol COY327

Fast control devices, such as microcomputers, should observe the Bus, Ctrl signal line
for placing data on und off the bus, Slow devices, such as an [CLE that is single stepping,
should wauit until the Ready Jing poes low (husy) before removing the dita and driving
the bus o high impedance.
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CY327 Output-to-Bus Handshake

The CY327 can write data to the parallel bus. The CY327 pulls the Bus_Write signal
on pin #23 low to initiate a transfer. The host must respond by lowering the Wr_327
line (pin #12) to announce that it is ready to accept data on the bus. The CY327 then
places the data on the bus and announces its presence by pulling the Ready line low.
When the Wr_327 returns high, the host has accepted the data and the CY327 then
drives all bus Tines high, and returns Bus_write high, terminating the transfer. If the
CY327 output is a string of bytes, the Bus_Write signal is held low until the last charac-
ter has been output. This allows CY233 Network Control chips to transmit a single
message, rather than a string of one byte messages, each with a header and terminator.
In the output mode, the CY327 data bus is open drain, and requires external pullup
resistors, with a nominal value of 10K ghms.

CY327 Data stable
(I/0) /
Data Bus ? vl : {

Qutput
t put) 32-39

Write 327 =
(Inpuf) 12 ['[9__.1'_1

Ready =
(output) 24 -
Bus write
= 23 |
[output) L

The bus write mechanism compatibility with the Cybernetics CY233 Network control
chip allows multiple CY327s to communicate over a single serial IfO channel such as
the IBM-PC COM1 channel.

CYE=- 003 CYB=0D03

N
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CYSZT "Soft" Keys

"Suft” keys are keys whose meanings are determined by tabels appearing on a display
instead of by symbols attached 10 the keys themselves. For example many IBM-PC
prograrms use the Function keys (F1 .. F10) as soft keys by displaving a key legend on
the hottom line of the CRT display.

Soft keys are particularly usetul for "menu” hased programming where the user of an
instrument is given a limited selection of choices displayed on the LCD. W only valid
choices are displayed, the user can never make a mistake! It is for this reason rhai
mienu interfaces are preferred by 95 percent of new users of computers. And remem-
ber, all of your customers will initially be now users of your instrument.

Sofi-Key Operation

Thre CY327 supports the major elements of solli-key operation: the LCD display of
menu choices and the detection of the users key- strokes. Since the actual messages
and interpretations of the kevs are instrument dependent, the CY327 simply passes i
unigque key identification code to the instrument processor. The instrument processor
is responsible for handling the messages, interpreting the keys, and taking appropriaste
aciien,

Soft-key Pratocol

The mast important aspect of Soft-key operution is simply thal no keystrokes be lost
or confused. This i3 accomplished by the CY327 via a positive interlock mechanisom.
Albter detecting a keystroke und transmitting this information to the host processar, the
CY327 Tlncks out’ the keyboard until the proper acknowledgement of the key (s
recerved from the hast

Although the CY327 muintuing a posivve interlock with the host processor, it is also
desiruble to provide such an interlock with the user as welll In the primary softkey
mode (1.6 keys) this can be accomplished by ussociating an LED with each key. Wlhen
the user sirikes a key the LED is 1t und the CTY327 holds the LED ON until the key is
serviced and scknowledged. The acknowledgement turns ofl the LED, thus informiag
the user that the request for action was seen and recognized. In most menu/soft-key
operations the host computer will change the message on the LCTY display insome ap-
proprizte fashion before releasing the keys viu the key acknowledgement.
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The CY327 LCD Controller supports up to six soft-keys in its primary soft-key mode
of operation. These soft-keys allow the LCD screen to display up to six messages and
to associate one of six push-button driven signal lines with each message. A "built-in"
set of "key" windows can be selected via the “V n’ command where ‘n’ corresponds to
the number of the key below the window. Each such command will position the cursor
at the front of each box, in preparation for writing a message into the box. The mes-
sages are aligned along the bottom of the display and the push buttons can be physical-
ly located in a way that the association of each button with its corresponding message

CY327 Primary Soft-keys Operation

is immediately clear. One LED can be associated with each of the six soft-keys.

Soft-key Hardware

The following signal lines support the CY327 primary Soft-keys:

/O

(I)
(1)
(1)
(1)
(1)
(1)
(1)
(O)
(1

=
=
=S

— ] O LA L

Description

key #1 input

key #2 input

key #3 input

key #4 input

key #35 input

key #6 input

reserved key

key sent signal active low
Scan Enable signal

- | key 1(1)SCaN

(13}
key 2(2)

keyz(3) (&)
key 4(4)
ke?ﬁ{Ef

key &6(6)
CY327

g-bit Data Bus

1

—} Sent-key

qi;

LCD
TEXT GRATHICS
HINDOW BoX




Soft-key Protocol

The Soft-key Scanning mode is dynamically enabled when pin 13, the active low
Scuan Enable line is pulled low. The CY327 will pericdically scan the key inpuat fines,
pins 1.6, and detect any low level key line such as that associated with a pushburtton.
Note that these arc s1mp13, TTL signal lines and can be used with any suitable sipnal
sources. The lollowing protocol is readily undecstood, however, in support of physical
pushbuttons closely corresponding ti LCD messages.

When one ol the six key lines is pulled low, the CY327 will send the key number, (1..6),
t the host, prefixed by the ASCI#’ mnhul und (if 1n serial mode} post- fixed by the
carriage return, <cr>.The CY327 also drives the KEY _SENT line, pin &, bow to sig-
nal that 4 key is being sent, and hwlds the specific key line low. These signals may be
used to control LED drivers. The KEY SENT line {nhibits key scanning and remains
Tow until the host has acknowledged the receint of key number n via the message 'K
n<er>". When the CY327 receives the 'K n’-command, it raises the KEY _SENT line
and also the line associated with key #n, thatis, pin o, I the acknow- ledped pin was
the same as the activated pin, then the CY 327 resiemes key scanoing (if the SCAN line
is still held low). If the wrong pin is acknowledged, then the KEY SENT line will be
raised, enabling key scanning, but the origing key fine will stil] be held low by the
Y 32? (since the wrong line was raised) and this will cause a second (and so on) report
o the host. Thus each key requires a positive and accurste response {acknow-
ledgement} from the host befure restoring its key ioput 1o the ready state. {In purallel,
the CY327 does notsend a <<cr>, only #n.}

Key 'n' salected

Message to host
Erom C¥Y327

L $W dncer> N '
. / \

K n<CE=> -}'.:::

pin #n {in/out) i k%%
—

pin 8 (KEY SENT)

'K n=<cr>»' rec'd
from host.
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Host Response Key Command

The key scan operation assumes that a host or master processor is in the system, since
the CY327 is not designed to make use of the keys. Therefore the key response must
be placed on either the bus or the serial output channel. These key ‘echo’ channels, as
described in the next section, are enabled by mode bits in a user accessible mode
register. If either, or both, of the echo channels is enabled, the CY327 response to key
#n pulling line #n low is to echo the message, ‘#n<cr>"’ (o the master. For proper
pushbutton operation, the master should acknowledge this message by sending the ‘K
n<cr>" command (making sure the CY327 is in command mode). The following il-
lustrates the case in which key #2 pulls pin 2 low, sending the message ‘#2 <cr>"over
the ‘echo’ channel. The Host responds with ‘K 5 < er =7, which is the incorrect response
to acknowledge key #2. As seen below, the KEY SENT line is raised by the ‘K ¥’
Tesponse, whlle the key #2 line (pin 2) remains low. Whenthe KEY _ SENT line returns
high, Scanning mode is resumed. When pin 2 is detected low, the CY327 assumes that
keyiialnﬂdingitlﬂufand msuesunnther‘#Zeicr}’InessagaIﬂthe‘echo’channeﬂs}
In this way the soft-keys 'insist’ on being properly acknowledged. When the host final-
ly sends the correct acknowledgement message, ‘K 2<cr =", the CY327 raises key #2
(pin 2) and the KEY_SENT lme (pin 8). At this point, assuming that the SCAN line
is still held low, key scanning is re-enabled and new keys can be sensed. In most ap-
plications this assumes that the host processor has processed the “#n’” message accord-
ing to the interpretation associated with the corresponding window message at the time
when the key was depressed. It also assumes that the host has updated the messages
displayed before releasing the keys via the proper acknowledgement. Note also that
the key n line can be used to hold an LED ‘on’ from the time the key is hit until the
host acknowledges the key message. This visual signal to the user is considered to be a
very significant feature of the soft-key protocol.

Key '2° hit}—r

pin #2 (1/0) ) T = i [

Hsg tQ host ’ :-.‘:.__:. #z{cr}
from CY327 -

KEY SENT (8) | /

x\)- K S<cr>p

#2<cr>

'E n<cr>!
from host

L.
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Soft ASCII-Key Operation

The CY327 Soft-key operation can support ASCII 7-Bit keys on pins 1..7. These ASCII
characters are distinct from the ASCII data that is sent to the CY327 over the parallel
or serial channels. While ASCII data input via parallel or serial channels can be either
displayed on the LCD or interpreted as commands, ASCII data that is input via pins
1..7 can only be transferred to the host computer as a soft-key input. The CY327 mukes
no use of this ASCII information other than to pass it through to the host computer.
The three input data channels are shown below:

Channel Description Pin # CY327 Action
1
Soft-key data ASCIT o e Send ASCII
channel i - to Host and
8 Key_Sent Acknowledge
Serial data ASCIl ———>| 10 RxD Display or
channel <———N 11 TxD interpret
\ ASCII data.
I 33 DO
Parallel data ASCIT i ]| -- Display or
channel | 32 D7 interpret
€¥327 |  ASCIIdata.

The ASCII soft-key operation detects a seven bit ASCII code on keys 1..7, and sends
this code to the system, after prefixing the "#° character. If the key_to_TxD bits is
enabled, the CY327 will append a < cr > to the message. If the key_to_Bus is enabled,
only the ’#” and the ASCII code will be sent. If a CY233 is connected to the CY327,
the CY233 will append a <cr> to the message (and also prefix the Read header and
address.) The following example illustrates several aspects of ASCII Soft-key opera-
tion,

Commands to CY327:

b 2,8 <cr> Command to select ASCII Soft-key operation

M 30Ch<cr> Enable Key to_Bus AND Key to TxD

[S5<er> Enable Soft-key Scan operation

[ §45h <cr> Force 45h on bus internally !

Response from CY327 on: TxD Bus CY233(#2)
#E<er>  #E RIZ#E <cr>
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ASCII Soft-key Protocol

The ASCII soft-key operation is selected by setting bit 3 of mode register #2. This can
be done via the mode command, M 2,8 <er > . In this mode the Scan_Enable line (pin
13), when pulled low, will cause the soft-key pins, 1.7, to be read into the Key image
(mode register #4) and the ASCII value on the bus will be transmitted to the host com-
puter, based on communication flags in mode register #3. The Key Sent line (pin 8)
i1s pulled low to acknowledge the ASCII soft-key and signal that the key is being trans-
mitted. This signal can be used to restore the soft-key bus to the high state, that is pins
1..7 must be returned high to terminate the soft-key input after the Key_Sent line goes
low. In this mode the Key Scan Enable line can be left active low or can return high
after Key_Sent goes high. Regardless of the operation of the Scan_Enable line, the
Soft-key bus must be returned high between key strokes so that the bus reads 07Fh be-
tween twa valid ASCI] code combinations.

Fey Scan Enahle le

( pin 13 ) I 07Fh: OFFh
ASCII Key Bus OFFh _'___~: f'*‘\ ASCII char [y (OFFh
{ pins 1..7 ) - . e

rm =

Key sent (pin 8)

T T Ol , 5
Key_Image OFFh L’- ASCIT image™0FFh
{ Mode Reqg #4 ) ; -
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Soft 4x4 Key Scan Operation

The CY327 supports 4x4 matrix key switches on pins 1..8 as shown below. The 4x4 Soft-
key operation is selected by setting bit 4 of mode register 2, via the mode command, M
2,10h < cr>. The mode is enabled by pulling the Scan_Enable line (pin 13) low, either
via the I 5<er> command or via hardware external to the CY327. The CY327 then
begins an active scan of the 4x4 matrix, looking for a key closure that conneets an”x’
line to a 'y’ line. When such a closure is detected, the CY327 transmits the "#’ charac-
ter and then the appropriate hex key code ( *(V..°F ) to the host. Since the Key Sent
line (pin 8) is used in the active matrix scan, it is not available as an acknowledge sig-
nal line as in the other Soft-key operational modes. Soft-4x4-keys are cleared by send-
ing the generalized acknowledge Key command, ‘K 0 <er>".

4 x 4 Matrix CY227 LCD Windows
of Soft-keys Controller
I x1
—0—1—2—3 b
1 x2 |
—A4—5—6—7 i 2
| T 1 | x3 |l
—f—h—k—F i 3
| | 1 | x¢ |
—Cc—D—E—F a
| yr i
ve i -.;’v.'._
— :'.ﬁ:f_:
Y3
Y4 0
B
cYazz
Serial gata —>| 10 RxD Display or
channel <— 11 T=D interpret
QT ASCIT data.
A% DO
pParallel data; i Display or
channel ‘(——ﬁk‘%ﬁ%f D7 interpret
TS ASCII data.

T 4xd key scan operation is ilhibived during LCD aperations. Although this is nor-
mally of such brief duration thu the suspension of the key scan would not be noticed,
it may hecame naticeable during gruphic erase or fll operations.

S o=t
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4x4 Soft-Key Matrix Table

Yo Xn Key#
1110 1110 0
1101 1110 1
1011 1110 2
¢111 1190 3
1110 1101 4
1101 111 5
1011 1101 f
gitr 110 7
1110 1011 8
1101 1011 9
1011 1011 A
{111 1011 B
g 0111 C
1101 0111 D
1011 (L1 E
a1 0L F

4x4 Matrix Scan Timing Considerations

The active scan of the 4x4 key matrix requires more time on the part of the CY327 than
that of the other modes, and this key handling time diminishes the time that is avail-
able for handling other functions. For example, assume that display characters are
being input to the CY327, where each requires sending a number of pixel patterns (o
the LCD, which takes some time. Normally, the CY327 can receive and display charaec-
ters continuously at 2400 baud, however when the 4x4 key matrix scan is enabled, the
CY327 cannot sustain continuous operation at this rate. In order to support character
display during 4x4 key scanning, the baud rate must be reduced or there must be adelay
time included between each character. In the serial data input mode the received
characters are saved in a buffer internal to the CY327, and buffer overflow will occur
when long operations on the LCD (such as box fill or erase, or window scrolling) com-
bine with 4x4 key scanning and high input data rates. If parallel input is used, the Ready
line {pin 24) should hold off the host long enough to avoid this problem. The
equivalent Ready line for serial is Clear-to-Send. When CTS (pin 15)is low, the CY327
is ready to accept serial data in its buffer. When CTS goes high, serial input must be
held off to prevent a possible buffer overflow.

Another possible solution to the 4x4 timing problem is to disable the 4x4 key scanning

via the /I 5<er> command, then transfer high speed serial data to the CY327, then
re-enable 4x4 key scanning via the I 5<cr> command.
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Soft Key Acknowledgement in 4x4 Scan Mode

The 4x4 Soft-key operation does not allow individual keys to be acknowledged. All 4x4
Soft-keys are cleared by the same command. The generalized 4x4 soft-key acknowledge
is K 0 <er> which restores all eight scanning lines high and re-enables the 4x4 key
scan operation. Since no key-specific acknowledgement exists, it is impossible for the
CY?327 to insure that the right key has been acknowledged, so the CY327 never repeats
4x4 key messages as in the normal soft-key mode of operation.

Absolute Soft Key Verification via Query

As discussed in the section on Soft-key Protocol, the Soft-keys enabled by mode bit #0
of mode register #2 ( via M 2,1<¢r> ) are individually acknowledged. If the incor-
rect key is acknowledged, the correct key will be repeated, and this sequence will con-
tinue until the correct key 1s acknowledged. This sequence, although assuring that the
correct key will eventually be seen, can allow the host computer to falsely assume that
the initial (incorrect) key acknowledgement was in fact correct and that the repeated
key is a new key, rather than a correction message. For applications where it is impera-
tive that all keys be correctly interpreted, it is possible to verify every Soft-key before
acknowledging it. The Query command,*?’, can be used to read the Key _image register,
{mode register #4} and independently verify which key was pressed before taking any
action based on the key message.

The *? 4 < cr >’ command will query the Key image register, and will return an ASCII
string of the form “7xxh < er =" where xxh is the 2- character Hex-ASCII code for the
8-bit Keyimage inthe register, followed by the "h* suffix that is appended by the CY327,
then terminated by carriage return, <cr>. The Soft-key messages and verification
query messages are shown helow for the 6 soft-keys:

Soft-Key Soft-Key Verify Key_image

selected message message pattern
1 ‘Hlaeors’ TER 01111110
2 ‘Flaors’ “¥IDh 01111101
3 #i<or=' “FIBR 01111011
4 ‘d<or>’ TN 01110111
5 ‘“#S5<er>" “76Fh 01101111
0 FHh<or ' g 2 i 01011111

After the Soft-key #n message has been correctly acknowledged via the appropriate
‘Kn<e¢r>" command from the host, the result of a following Query of the Key _image,
via the "7 4 <c¢r =" query command should be “?FFh<cr=",
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The CY327 auxiliary data channel is scanned when the Enable_SCAN line (pin 13) is
pulled low. When the Logic mode bit ( M2.1 ) is set high, via the M 2,2 <er > com-
mand, the Logic Waveforms mode is enabled. In this mode CY327 pins #1..#6 are
scanned and the changes on these lines are displayed in the ‘current’ window, which
can be any width in excess of two columns wide and should be at least six rows deep. If
fewer than 6 rows are used, then some of the waveforms will not be displayed. The
CY327 will read the pins and represent the TTL level of each pin on a separate row
with the latest value entered at the right side of the display and the past values sliding
to the left with each new change displayed. An example logic display is shown below:

SRR R R
1 e s R e I
2 e
3 - _42__.__ '_'__L__F_ | Praviously
4 i | written
: . text or
Tl graphics :
1379 :
e :
| CY327 S
: Moaai

Pin 7 on the CY327 is also sampled, however only six waveforms are displayed. Pin 7
can be used to advance the waveforms without any of the six displayed waveforms
changing. Thus pin 7 effectively "clock’s" the waveform to show "time passing” without
requiring any of the six active lines to change.

The waveforms can be driven by the command ‘I 12,n < er >’ without actually driving
the hardware pins. Itis not necessary that the scanning mode be enabled for this com-
mand. The six LSBits of the binary value 'n’ are used to drive the six Logic waveforms
in the current window.

Finally, note that the CY327 hardware pins can also be driven via the K n” and the YK
n’ commands (if they are not pulled high or low externally) and also by the I 8,n° com-
mand. These commands have the effect of driving the waveform pins from inside the
CY327 and will be registered in the Logic waveform display window if the Logic
waveform mode of operation is selected and enabled. If the pins are actually tied
directly to Vec it is impossible to pull them low from inside, so pullup resistors should
be used if you plan to use these commands.
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Buffering the Logic Waveform Signals

The CY327 Logic Display function operates in either unbuffered or buffered mode. In
unbuffered mode, the changing signals are connected directly to CY327 pins #1 thru
#6, and the changes are reflected as they occur. This must, of necessity, limit the rate
of change of the individual lines, due more to the limitations of human vision, but also
to the rather slow scan rate of the CY327 (to be specified). For most applications the
CY327 serves only as a display, with the actual data collection and storage managed by
a master processor that uses the SCAN-Ready line (pin 8) and the SCAN line (pin 13}
to handshake with the CY327, where one change is displayed in the window per trans-
fer. The handshake sequence is shown below:

{I) (pin 13) Scan_Enable A
3 i
(I) (pins #1..#6) change change %ﬁ%
detected| displayed o
I

(0) (pin 8) SCAN-Rdy

Thus if it is desired to capture hi-speed logic signals and display them on the LCD then
you might use a FIFO or other device capable of saving a sequence of high speed logic
signals and use your host processor to unload the FIFO and present the buffered sig-
nals to the appropriate pins on the CY327.
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The CY327 as a Switching Element

The CY327 possesses a variety of message switching capabilities, based on switch-flags

located in the Communications Mode Register (#3) and augmented by several CY327
instructions. The four I/O channels associated with the CY327 are shown below:

Parallel I/0 Bus

L )|
o~ =
& H M

Serial 1/0

The four major CY327 data channels are

w

Kev Data Port

Parallel Data Port

Serial Data Port

LCD Data Port

or out of the CY327 over each of the separate data channels. Each of the data chan-
nels will be discussed individually, then all of them will be summarized in a switching

As indicated, each of these ports is potentially bi-directional, that is, data can flow into
matrix table.



The Soft-key Input Channel
Case 1: Key 1o Bus switch enabled

solfl-keys, ASCI soft-keys, or 4x4 matrix soft-keys are selected. [nall cases the key in-
puls are received al the key pore and output 1o elther the parallel or serial data chan-
nels. Soft-key inputs are never ouiput o the LCD, The choice of parallel or serial
oulput 15 determined by the Communications mode register, specfically by the
Key_to_Busflag (M3.3)}orthe Key_te_'T'xD flag (M3.2). If the Key to Bus flag is ON,
a key closure will cause the “#’ character to be output to the parallel data bus, followed
by the ASCII hexadecimnal key identifier code, (F1°..°07) for simple switches or (07.°F)
lor 4x4 matrix mode kevswitches. If the parallel data port is interfaced to a CY233 Net-
work chip, the CY233 will prefix a READ message header ('R followed by local ad-
dress} (o the message (*#3'} and then terminute the message with a carriage retuen,
The scheme 15 shown below:

Local Address 'n!

RS-232 — soo
— TxD——= R 6 n # 3 <cr>
CY233 / s
Local Network chip READ msg EEY appended
header MSGE by CY2233
(CY233) (c¥327)
1 3)
Key 2 o LCD
#3 => 3 e Display
hit 4 o Windows
5 0 13
6 o
_LGnd
Seft-keys =




Case 2: Key_to_TxD switch enabled

The Key_to_Txd switch is enabled via the Mode command, M 3,4 < cr >, which sets
the Key to TxD bit (M3.2) of the Communications mode register. The effect of this
is 1o cause all softkey activations to send messages to the Serial Output channel, TxD.
The messages consist of the '#’ character, followed by the relevant ASCII key iden-
tifier ('1".."6" or "0"..F”), terminated by the carriage return, <cr>. The message will
be transmitted at the same baud rate as the receiver is set for.

1o

2 0 LCD

3o CY327 Display
Key 4 o Windows
5 =-> 5 o- L i3
ee ) E—

l TxD _L_Gnd

Key message output: 3#5%:}:




Key Channel Qutputs

Normally the soft-key channel is an input channel, whose scanning is enabled via the
‘1 5<cr>’ command or by pulling pin 13, the Scan_Enable line low externally. The
key activation is interpreted according to the Key Mode register (#2) and the output
message is steered by the setting of the switches in the Communications mode register
(#3). Activated key lines are held active low by the CY327 until receipt of the Key
Acknowledge command, ‘K n< cr >’, at which time the key line is de-activated (assum-
ing that the user has released the key).

If the Key Scan is disabled via the Y1 5<cr>" or by pulling pin 13 high, the input
capabilities of this channel are essentially disabled. The Key port can, however, be used
for output via either the 'K’ or the 'I' commands. The YK n<cr>’ command lowers
line*n’ and ‘K n< ¢r >"returns it high. The Initialize Key port command, ‘18 n<cr=",
sends the 8-bit value, n, to the eight key pins, thus outputting a data byte to the Key
port.

Input wvia E n<cr> - Key command
Parallel: I 8,n<cr> - Initialize 8 key lines

[ ] Keyﬂ LCD
Display
Windows
cutput
f ; —
+5 volts
A
Input via { K n<er>

Serial: I 8,v<gr>
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The Query Command, ‘?’

The Query command, ‘7", is designed to extract information from the CY327. The in-
formation consists of the value in a specified mode register. The Query response
depends on the input channel over which the Query was received, however the sense
is opposite to that of the Send and Transfer commands. While those commands are
designed to send information through the CY327, the Query command is designed to
extract information from the CY327. Thus the data output in response to a Query com-
mand is output to the same data channel that the command was input to. A Query
entered on the serial channel will respond to the serial channel, while a Query com-
mand received on the parallel bus will respond to the parallel bus, as shown below:

Query in on Bus
Response out on Bus

L U LCD
Display
CY327 /—\ Windows

RxD T l =D [

Query in Serial RxD
Response out on Serial TxD

The format of the Query command is as follows:

Tn<er>?
where
T ASCII Command character
il ASCIIE numeric value
< Or = command terminator

The value that is output in response to the Query command depends on the numeric
value of the Query argument as follows:

n={0.19} respond with 8-bit value in Mode Register #n.

Other values of n should not be used, as there may be an undefined response on the
part of the CY327.
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Query Command Response Formats

The response 1o a Query command is oulput to the same channel an which the Query
command is reccived, The format of the response 1o a query of one of the mode regisiers
is:

Txxh <or>

where the 7 prefix identifies the message as a query response, (in the same fashion
that the “#° prefix identities soft-keys} and the two ASCIl-hex values 'xd are the
hexadecimal equivalent of the made register contents, with a redundant *h’ confirmung
this fact, terminated by a carriuge return. All mode register query responses always
have this farmat, even when the CY327 hinary command mode is selected.
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