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Intelligent LCD MICROELECTRONICS CENTER

Dot Matrix Controller/Driver
]

DESCRIPTION

Hughes H0550 and HO551 Chip Set will drive 5 x 7 or 5 x 8 liquid crystal dot matrix of up to 32
characters. Control of the display Is handled through an 8 bit bidirectional /O port. The H0550
controller handles character decode, display manipulation, cursor control, and all display drive
functions including refresh and generation of multiple-level AC waveforms, The HO551 is a
dumb driver and functions as a column extender when larger display areas are required. An
alternative column extender, the H0552, offers 64 additional column drives(ratherthan the 34
drives of the H0551) and is available in chip form only (H suffix).

The HO550/H0661 is avallable In a 40 lead hermetic dual-in-line ceramic package (D suffix),
plastic package (P suffix), cerdip (Y suffix) or leadless chip carrier (L suffix). Devices in ¢hip
form (H suffix) are available upon request. Commercial (HC prefix) and Industrial (H| prefix)
versions are available,

FEATURES

¢ Display manipulation instructions to

¢ CMOS circultry accomplish:
Low power dissipation Shift
Wide supply variation Rotate
Hlgh roise immunity Blank
¢ Microcomputer compatible Blink
¢ ASCIl Input format Fast load
» Display of 64 different characters Power down
¢ Control of up to a 32 character display ¢ Instructions to control output of:
* Qeneration of all drive wavefarms Characters

¢ Automatic refresh

Cursor position
s Cursor controf

Display control flags
Busy status

HO0550 HO0551

PIN CONFIGURATION PIN CONFIGURATION
+eo 1o 40 =2 Row 1 +Vge (Pos. Supply) = 18 40 3 col 1
0SC ]2 39 20 Row 2 Dataln =2 39 2 col 2
—Vguys (GND) ] 3 38 Aow3 Clock 3 38 =3 cola
Bus0 T4 37 F33 Row 4 LCD® (—]4 37 33 Col 4
Bus1 C5 36 Row 5 V551 (Neg Supply) 5 36 |1 Col 5
Bus2 ¢ 35— Row6 DataQut ] 6 35 -3 Col 6
Bus3d 7 343 Row 7 Col34 (7 34 2 Col7
Bus4 8 33 {=7 Row 8 Col33 C]8 33 3 col 8
Bus§ 9 32 3 Col1 Col 82 9 32 3 Colg
Bus6 ] 10 31 .3 Col2 Col31 {10 31 .3 Col 10
Bus7 T 11 30 3 col3 Col 30 11 30 = Col 11
MWR — 12 29 2 Gol 4 Col29 TH 12 29 3 Col 12
MRD —] 13 28 3 Col 5 Col28 T 13 28 3 Col 13
cs [ 14 273 col6 Col 27 14 27 |3 Col 14
Clock £ 15 263 Col7 Col 26 C 15 26 (3 Col 15
Data Out ] 16 251 colg Col25 ] 16 25 F3 Col 16
—Vss1 T 17 24 Cof9 Col24 T 17 24 [ Col 17
NG ] 18 233 col 10 Col23 ] 18 23 [ Col 18
Lope . 19 22 3 Col 11 Col22 CH 19 22 3 Col 19
~vpis ] 20 21 col12 Coi21 20 21 [ col 20
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, (+VDD) «.+.... —3V to+ 13 Volts
Input Voltage, (V1) «....o.vvvv. Vg§ —0.3V 1o VDD + 0.3V

Operating Temperature, (Top)

Plastic Package ....,..... —40to +85°C

Ceramic Package ........ —55to +125°C
Storage Temperature, (TSTO) .. — 50 to + 125°C

25E D

NOTE: Stresses above those listed under
“Absolute Maximum Ratings” may cause
permanent damage to the device. Thisisa
stress rating only and functional operation
of the device at these or any other
conditions above those indicated in the
operational sections of this specification s
notimplled. Expasure to absolute maximum
rating conditions for extended pericds
may affect device reliability.

ELECTRICAL CHARACTERISTICS at TA =+ 25°C unless otherwise specified
(—VBus pinis considered GND) Vpp = VCC + VDIS.

PARAMETER I SYMBOL | CONDITION™ - - [os80a% | o551 | ossz |UNITS

Environmental
Power Supply Voltage +Vpp 5-10 6 =10 5-10 v
Power Supply Current .

{0550 and 0551)° [[»]s] Operating at 5V 750 750 N/A pA
Quiescent Current q 5V, Power Down Mode 20 N/A N/A HA
(0550)° Inputs at Either Supply*

Inputs - H0550 ViH Vpp =31to 10V 8Vpp N/A N/A v
High Level ::";ifg W viL 8 Data Bus &VDpD N/A N/A v
Low Level 8 Data Bus ViL TS, MRD, MWR Vco—10  N/A NA |V
Leakage® 5 I Vi = 0, VDD = 10 5 N/A NA | pA

__Capacitance* MWR CIN 5 N/A N/A of

inputs -~ H0551/H0552
High Leve! HO551/52 ViH N/A 8Vpp 8VpD \
Low L Inputs N/A 5V 5V

evel _ Dataln ViL DD 0D
Leakage LCh ¢ L ViN=0,Vpp =10 N/A 5 5 pA
Capacitance® Glogk ] o N/A 5 5 pf
Outputs . Signals to .
High Level HO551/52 VoH Vpp =5V Voo —~08| Voo -2 N/A v
Low Level* ) légg%m VoL Vpp =56V ~Vpig+05] ~Vpig+2 N/A v
Impedance Clock RON Vpp =5V, I = 100 zA 3 N/A N/A Ko
Column Drive Impedance RouT Vpp =5V 40 40 40 Ka
Row Drive Impedance RouT Vpp =5V 10 N/A N/A Kn
Bus Drive. High ViH Vpp=5V,I=18 mAsourcs! 4 N/A N/A v
Bus Drive Low ViL Vpp = 5V, | = 1.6 mA sink 4 N/A N/A v

Timing 2
Data Set-up Time tDs Data valid to MWR fall 20 N/A N/A ns
Data Hold Time fDH MWR pulse to data 75 N/A N/A ns

change
MWR Pulse Width High tPWH 600 N/A N/A ns
MWR Pulse Width Low fpwiL 600 N/A N/A ns
MRD Delay oD MRD fall to data valid 600 N/A N/A ns
MRD Pulse Width High tPWH 600 N/A N/A ns
MAD Pulse Widih Low [ 800 “N/A N/A ns
NOTE 1: Osclllator high if driven.
NOTE 2: MWR and MRD negative pulses d to be with or than C$ negative pulse.

NOTE 3: TA = —55°C to +125°C.
NOTE 4: Design assured but not tested.

NOTE &: Parameters guaranteed by other tests at —=55°C for device 0550A. 6-14
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ROW COLUMN
DRIVE DRIVE
(8BITS) (12 BITS)

HUGHES MICROELECTRONICS 25E D
FUNCTIONAL BLOCK DIAGRAM OF H0550 H0550/0551/0552
+Vpp —Veus ~Vois -Vss1 LCDy
B S S .
CS—f————+ - I
MRD———— CONTROL [ Au i
SUBCIRCUITS STEET
MWA— ’ Loaie > RecmeuLaTNG| 1
[ MEMORY |
| 1t [
| FLAG !
[ REGISTER | Il :
DATA 7o [CHARAGTER
8US BUFFER INTERNAL BUS Areaster |[ ssxesmr | |
@S| | ———— 1 - CHARAGTER
| REGISTER,COUNTER (] ROM |
AND COMPUTER DIVIDER CHAIN |
°s,:——|° : OSGILLATORjI Sx32x8x64
T

The H0551 is a serially loaded column driver.
The HO550A handles all other functions and is thus the controller.

SYSTEM BLOCK DIAGRAM
+Vpp +Vpp
il
@ ROW DRIVE
BUS 0.7 Iy
e DISPLAY 8 A DOT MATRIX LCD
MRD (13) CONTROLLER SSH{;MN
MICROCOMPUTER WA (12) 12 +V, COLUMN
SYSTEM TSy 0550 fc 34| SRivE oo 34
~Vaus DATA COLUMN COLUMN
T DRIVER DRIVER
N ) Ho551 HO55%
“Vs51(5) l f
(15)

LCD®(4)

CLK(3)

(See Operaling Nales, page 8, Variable Resislor (item 2) and Power Supply (item 4).

L

INPUT TIMING — 0550

DATA
BUS

MWR

+—1D)!

+!DH

OUTPUT TIMING — 0550

N

—

|
|
T e Y, ™

|<——-|PWL——>|
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I
' VALID QUTPUT
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INSTRUCTION SET
Table 1
[ OR Code T BUS” [ Imputc [ . . | Createx | Creates. | Mol - | - Not ]
16543210 HEX | (see - | of - [mmad. Short._. Long During | Ouring
Description | (ssanofel). | Code:.|note 1) | Oulput Exeg,- | -Busy -| Busy | .PD- .| Busy
001XXXXX 20
Load Character to to | — - v v v
010XXXXX 5F
00
Load Cursor Location COOXXXXX to i v _ - — v
1F {see nota 2)
60
Set Display Conlrol Flag |  011XXXXY to 1 v — - - —
Ll
Blink Cursor 01100000 - off | 60 0
01100001 - on 61
Blink Display 0110 0010 - off 62 1
01100011 - on 63
Auto Inc/Dec 0110 0100 - off 64 2
. 0110 0101 - on 65
Up/Down 0110 0110 - off €6 3
01100111 -on 67
Blank Display 0110 1000 - off 68 4
0110 1001 - on 69
Visible Cursor 0110 1010 - off | 6A 5
0110 1011 - on 68
Cursor Type 0110 1100 - off | 6C 6
01101101 -on 6D B
Busy Output Only — 7
Rapld Load 0110 1110 - off 6E .
i 01101111 -on | 6F
Power Down 01110000 - off | 70 -
01110001 -on | 71 ]
Get Character 10000100 84 0 v — — |V (see note 3)|\/isee note 3)
QGet Cursor Location 10000010 82 [e] v — — — —
QetDisplay Control Flags| 10000001 81 0 v - — — —
Decrament Cursor 10001000 88 | J N
Increment Cursor 10001001 89 - - - (sea note 2)
Shift Right 10001111 8F i — — N ¥4 N
Shift Left 10001101 8D 1 — — v N K
Rofate Right 10001110 8E 1 — v — v v
Rotate Left 10001100 8C [ — N - v v
Clear 10001010 8A 1 - — v v v
Reset Busy (Abort) 10001011 8B i v — — — —

NOTE: 1.Assoclated BusLine for display control flags. Status appears
on Bus Line on MAD input following a get control flags

instruction.

2, Only if busy Is due to Load Character.
3. See Instruction Set for special precautions.

DISPLAY DRIVE LS| REQUIREM

X = Varlable Data Y = Flag State

Short Busy Is 6 to 10 periods of master osciltator, or 125 usec. at82 KHz.

Long Busy s up to 160 periods of master oscillator, or 2 mgec, at 82 KHz,

Inputl ions are plished when MWR and CS are held low.

Outputnstructions are accomplished when MRD and CS are held low.
{(An output instruction must have been praviously written.)

- Number ot Characters: - "

ENTS

Number of H0550 Required

Number of H0551 Required

Number of H0552 Required

U I N
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INSTRUCTION EXPLANATION

Load Character

This instruction loads a specific character into
a previously specified location. The Instruction
code Is OXXXXXXX where the 7 bit ASCHl data
must be the 64 character subset corresponding
to hex addresses 20 through 5F. This instruction
creates a long busy and cannot be performed
during an existing busy condition or a power
down, During the busy time, the ASCII data
is loaded into a memory location which
corresponds to the display position held in the
cursor location register.

Load Cursor Location

This instruction sets the cursor location. The
instruction code Iis 000XXXXX where XXXXX
can be any binary number 0 through 31. The
cursor location serves as a pointer to one of the
32 display positions. Zero corresponds to the
1st location and 31 corresponds to the 32nd
location. The left most position is the 0 location
and displays of less than 32 characters use
positions 0, 1, 2.... N.

Set Display Control Flag

This Instruction sets or resets the individual
flags which control the display and enable
special Instructions. The instruction code is
011XXXXY, where the XXXX is a binary number
0 through 8 which corresponds to one of the 9
flag registers, and the Y is the flag status. Y=0is
an OFF status, while Y=1 is an ON status.

Get Character

This_instruction enables an output command
(MRD = 0) to fetch the ASCIlI code for the
character pointed to by the cursor location
register, After a load cursor location instruction,
a time of 160 osclllator periods must be allowed
before the Get Character instruction will output
correct data, Bus 7 contains the busy status.

B 4513250 0001994 1 BET-52-13-07
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H0550/0551/0552

Get Cursor Location

This Instruction enables a subsequent output
command (MRD = 0) to fetch the cursor location.
Bus 0-4 contain the cursor location, Bus 5-6
float, and Bus 7 contains the Busy status,

Get Display Control Flags

This instruction enables an output command

(MRD = 0) to fetch the status of the display

control flag registers. See the Instruction Set

Table for details of the positioning of the flags

on the bus.

Note: Any "“Get” command need be given only
once. Being stored on the chip, it may be
used until a different “Get” instruction is
needed.

Inc/Dec Cursor

The instruction code is 1000100X, where X = 1
will cause an immediate advancement of the
cursor one position to the right, and X = 0 will
cause an immediate advancement of one
position to the left.

Shitt

The shift right (left) instruction advances every
character right (left) by one position and loads a
blank into the first (last) position,

Rotate

The rotate right (left) instruction advances every
character right (left) by one position and moves
the last (first) character to the first (last) position.

Clear
This instruction loads a blank into every display
location.

Reset Busy

This instruction aborts any instruction execution
which has caused a busy signal, resets the busy
flag, and allows the immediate loading of any
instruction. Of course the aborted instruction
may or may not have been completed.




TYPICAL QUTPUT WAVEFORMS

/. I
row1’ oD

25VpD - - —
0-——

ROW 2
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ROW 1 SELECTED

—~ ROW 2 SELECTED

CcoL1 5VpD

OFF—-‘
— hY

i

alinall

SE D

|
.
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SAMPLE PROGRAMS

Initialize - This sequence, per-
formed after system power
up, will initialize everything,
blank the cursor and set it at
the left most position, and be
ready for character loading
from left to right,

RESET BUSY

RAESET RAPID LOAD FLAG
RESET UNDERLINE
RESET CURSOR VISIBLE FLAG

RESET BLANK DISPLAY FLAG

SET UP/DOWN FLAG TO UP

SET (ENABLE)
AUTO INC/DEC FLAG

RESET BLINK DISPLAY FLAG

RESET BLINK CURSOR FLAG

SET CURSORTO
LEFTMOST POSITION

CLEAR DISPLAY

RESET POWER DOWN MODE FLAG

Rapid Load Display - This
sequence will display a 16
character message using the
rapid load feature. Assume
Initialization was done as in
example.

L

Character Load Display - Sup-
pose the display shows the
message SUM = 354.2 (left
justified) and it is desired that
this be changed to SUM =
357.8. Assume the initialization
of the example.

SET RAPID LOAD
OUTPUT - 6F
FLAG 4 SET GURSOR
LOCATION TO 6
{7TH CHAR)
ouTPUT-37 | LoAD A"
LOAD A "DON'T CARE"
GHARACTER
PULSE GS AND
MAD LOW,
LOOK AT DATA
ONBUS7
NO
INCREMENT
OUTPUT -89 | iiete
OUTPUT-38 | LOAD AN“8"
OUTPUT A "LOAD
CHAR"” COMMAND
CONTAINING
PAOPER CHARACTER] LOAD CHARACTER
{IF NO MORE
MESSAGE, LOAD A
BLANK)
RESET RAPID LOAD FLAG
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DISPLAY CONTROL FLAG EXPLANATION

Blink Cursor

A 1" In this flag register causes the cursor (the
position pointed to by the cursor location
register) to blink at approximately 1 Hz. The
cursor visible flag must be set, The blinking Is
an on/off flashing for the underline cursor or an
alternation between the character and solid fill
(all 35 dots) for the full character cursor.

Blink Display
A “1" causes the entire display to flash on and
off at approximately 1 Hz.

Auto Inc/Dec.

A "“1" in this flag register causes the cursor
location register to automatically be changed by
one every time a character is read from or
written to the character register. (See Up/Down
flag.)

Up/Down

A "1" ("0") in this flag register works in conjunc-
tion with the Auto Inc/Dec flag to cause
automatic incrementing (decrementing) of the
cursor focation register when a character is
written to or read from the 0550,

Blank Display
A “1" in this flag register blanks the display, but
leaves the display memory intact.

Visible Cursor

A "1" in this flag register causes the cursor (the
position stored In the cursor location register) to
be visible. The cursor cannot be blinked by the
Cursor Blink flag unless it is made visible.

6-19
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Cursor Type

A "1" in this register selects an underline on
row 8 for the cursor, and a "0” selects a filled
character, all 35 dots visible.

Power Down

A 1" in this flag register stops the oscillator and
opens a switch In the resistor divider used in
the multiple voltage generator circuit, so all LCD
drive signals rise to the positive supply. To
ensure ultra low power, the inputs should be
near the power rails, and, if driven, OSC should
be held high. During this condition memory Is
not lost, but the circuit will not respond properly
to some instructions. See Table 1, column heading
“Not During PD?’

Busy

The busy state means the clircuit is processing a
previous instruction and cannot be given certain
other instructions (see Table 1, column heading
“Not During Busy”). Busy status will appear on
Bus 7 during all output instructions, (hex. code
81, 82, and 84).

Rapld Load

A “1" in this flag register stops the oscillator and
resets the circuit. Each character load instruc-
tion loads a character starting with the 31st
location until the mode is terminated. Rapid load
can be initiated at any time and creates a busy
signal. The Rapid Load instruction needs 32
loads to function properly. No other instructions
should be given during a rapid load sequence.
Rapid loading does not change the cursor
location.

RTINS . Y
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OPERATING NOTES

1. Osclilator

The on-chip oscillator is controlled by an external
capacitor. The frequancy must be high enough (at
1east 50KHz) to ensure a flicker free display. The
recommended clock output frequency is 82KHz for
64Hz updale rate and 1Hz blink rate. The typical
capacilor value is 100 pf.

2, The Varlable Resistor

The variable resistor indicated in the system block
diagram may not be necessary, but could assist in
display drive optimization and is also meant to imply
possible temperature compensation. The resistor may
need capacitor bypass.

3. Input Signals

The H0550 willinterface withsignals thatcome from
circuils with different power supply magnitudes, either
higher or lower. The constraints are (1) nosignal should
go more positive than the positive supply (therefore
positive commaon is recommended) and (2) input levels
must be satisfled. Input swings which are more nega-
tive than supply are allowed and input levels are biased
teward the positive supply. Note that input levels are
referenced to VDD =(VCC - [ - VDIS))

4, Power Supply Voltages

Two negative voltages are supplied to this chip. The
microcomputer ground (-Vaus) Is used for the low
outputlevel on the /0 bus, The negative display supply
(~VDIg) is chosen to give proper levels to the LCD.
~VD|s must be equal to or lower than -VBUS.

B 4513250 0001997 7? MT-52-13-67
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5. Initialization

This circult doesn’'t power up in a particular state. The
recommended power up sequence is areset busy in-
struction (not necessary if a long busy time period is
allowed to pass), selting of all display control flags, and
a clear instruction. See Sample Programs section.
6, Cascading Chips

If a display of over 32 characters is being driven, two
H0550’s can be used in the following manner;

a. Oscillators must be driven with common wave-
form

b. Give both HO550 chips simultaneousrapidload
instructions to synchronize them.

c. Connect the MRD, MWR and data /O lines
together. The CS signals are unique, but the
two chips may, for certain purposes, be
simultaneously selected.

d. The row lines of the second H0550 should not
be connected to the display, unless there is a
capacitive load problem.

7. RMS Drive Voltages
The RMS voltages supplied to the LCD by the H0550
and H0551/0552 are as follows:

VDD =voltage across chip{VcC + VDIS)

VRMS on=.424 Vpp

VRMS off=.293 VpD

Information furnished by Hughes Is betieved to be accurate and reliable. However, no responsibility is assumed by Hughes
for Its use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of Hughes.

Hughes Microelectronics Center
500 Superior Avenue, Box H
Newport Beach, CA 92658-8903
Tele: (714) 759-2727

FAX: (714) 7592720

12/88
Printed in U.S.A.
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