Ordering number: EN 3255C

CMOS LSI

LC7985NA, LC7985ND

SA////WY (0 LCD Controller/Driver

Overview Package Dimensions

The LC7985 series devices are low-power CMOS ICs thahit: mm
incorporate dot-matrix character generator, display con-
troller and driver functions in a single device, making}”OMB'QFp80A

them ideal for use in portable equipment containing LC [LCT985NA]

displays. o 260

The LC7985 series feature>57-pixel and 5x 10-pixel (‘ aryy =
character fonts including either eight or four user-defined | & MHHTHHH o |
characters, single-line and two-line display modes, built-|n i L L :'ﬂ

drivers for displays up to eight characters in size, and easy == =
expansion to control displays of up to 80 characters by == =

adding LC7930N display drivers. 32 % S

The LC7985 series interface directly to both 4-bit and - = ==

bit microcontrollers. The instruction set includes display == {} ==

clear, cursor home, display ON/OFF, character blink, and | “, HHHHHHHHHHHHHHHHHHHHHH x

cursor and display shift instructions. The built-in reset cif- SANYO: QIP80A
cuit automatically initializes the devices at power-ON.

The LC7985 series operate from a 5V supply and atsit; mm

available in 80-pin QIPs.
3177 - QFP80D

Features [LC7985ND]

23.2 0.15 ||
S

< Controller and driver for dot-matrix LCD displays

e 5x 7-pixel and 5« 10-pixel character fonts

» 160, 5x 7-pixel characters and 32 x510-pixel charac- .
ters in character generator ROM

 Eight, 5x 7-pixel characters or four, % 10-pixel char-
acters in character generator RAM

» 80-character display data RAM 4

* Built-in drivers for 1-linex 8-character and 2-line 8- i—é O
character displays ;

» Easy expansion to 1-lime 80-character or 2-ling 40- o lfHEE o HE ESHHHHHH °
character displays

* 4-bit or 8-bit microcontroller interface /s

11 microcontroller instructions sy |

* Built-in reset circuit o SAI\}YO:QIPSOD

* Built-in oscillator

e 5V supply

» 80-pin QIP
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LC7985NA, LC7985ND

Pin Assignment
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RN R -R-R-R-R-R-N-RN-N- e R ]
mininininisisisinisininisisinin
8079 78 77 76 75 7473 72 71 70 69 68 67 66 65\
os2 1 64 ] 0539
0s21 2 63[] 0S40
0s20 ] 3 62 [ 0C16
0s19 ] 4 617 0C15
0s18 [ s 60 [J 0C14
0s17 6 59 [ 0C13
os16 [ 7 58 [1 oc12
0s15 ] 8 573 oc11
0S14 ]9 56 [ 0C10
os13 g0 LC7985NA 55 [1 009
oszn 54 [ 0C8
os11 12 (QIP-80A) 53[7J0c7
0S10 ]13 LC7985ND 52 ] 0océ
059 g4 (QIP-80D) 513 ocs
0s8 15 50 [J oc4
0S7 []16 49[Joc3
os6 17 48[ 0C2
0s5 []18 47 [Joci
0s4 19 46 [J DB7
0s3 [J20 45 [ DB6
os2 2 44 [ 0BS
0s1 [J22 43 [ DB4
vss []23 42 [ 083
osci []24 41 M DB2
25 26 27 28 29 30 31 32 3334 35 36 37 38 39 40
Utuogouuoogootdg
8552323882082 %gs
3 3 eo Top view
Block Diagram
0oC1 0C16 0S1 0S40
Common drivers Segment drivers
16-bit shift register 40-bit latch
vl O— it shi X
v2 40-bit shift register ——{J D
O LCD driver
v3 power supply
va O— Parallel-to-serial
vs O— converter ._I
Instruction
register
pBo (3—— Instruction Character Character
generator generator
o1 (— decoder RAM ROM
0B2 O—
083 O— Input/output
0B84 O—— buffer
DB5 [(3—
DB6 .
Display data RAM
»DB7
Data , 1
register
RS —
: Address counter
Rw [ Control signal
e input Cursor/blink control Display counter
ose [— Oscillat Timing generator M
scillator
0sco (—— ————————-3 LOAD

{JcpP
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LC7985NA, LC7985ND

Specifications

Absolute Maximum Ratings

at Ta = 25t 2°C, Vgg= OV

Parameter Symbol Ratings Unit
Supply voltage range Voo -0.3t0+7.0 v
LCD drive supply voltage range’® Vi toVs Vpp = 13510 Vpp +0.3 v
Input voltage range V| -0.3t0Vpp +0.3 %
Operating temperature range Topr -20t0 +75 °C
Storage temperature range Tstg —55t0 +125 °C
Note: *1. Vpp must obey the relationship : Vpp 2V; 2V, 2V3 2V, 2 Vg
Allowable Operating Ranges at Ta =—20 to +75C
Ratings
Parameter Symbol Conditions Unit
min typ max
Supply voltage range Vop 45 55 \
. Vps Vs =Vpp - Vs 15 v
Supply voltage™
VDl VDl = VDD - V1 VD5 x0.25 V
) A except OSCI 2.2 Vop \Y
Input high level voltage
V|H2 OsClI Only VDD -1.0 VDD \
A except OSCI 0.6 %
Input low level voltage
Vim2 OSCl only 1.0 \Y

Note: *1. These voltages guarantee correct operation of the LC7985NA and LC7985ND. They do not guarantee correct operation of the LCD panel.

Vcp must also be observed.

Electrical Characteristics

at Ta =—20 to +78C, Vgg= 0V, Vpp = 5V * 10%, unless otherwise noted

Ratings
Parameter Symbol Conditions Unit
min typ max
lon = —0.205mA
Vout OH . 24 - - v
Output high-level voltage Input / Output pins
Von? lon = —0.04mA  Output pins 0.9Vpp - - \Y
lop =1.2mA
v oL . - - 04 v
Output low-level voltage o Input / Output pins
VoL2 loL =0.04mA  Output pins - - 0.1Vpp \
l¢=0.05mA
. Veom All common pins N - 29 v
Driver fall voltage™® 0
l4=0.05mA
Vses All segment pins - - 38 v
Leakage current I V,=VggtoVpp - - 1 A
Pull-up current Ip Vpp =5V 50 125 250 LA
Ceramic resonator oscillator,
|DD1 VDD = 5V, fosc = 250kHZ, - 0.55 0.8
no output load
Current drain mA
Feedback resistor oscillator,
|DD2 VDD =5V, fosc = 270kHZ, - 0.35 0.6
no output load
External clock®  Frequency fcp 125 250 350 kHz
Duty cycle DUTY 45 50 55 %
Rise time tr - - 0.2 1S
Fall time te - - 0.2 s
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LC7985NA, LC7985ND

Ratings
Parameter Symbol Conditions Unit
min typ max
fosc1 Ceramic filter oscillator 245 250 255
Internal oscillator frequency Feedback resistor oscillator kHz
fosc2 Ry = 91kQ +3% 190 270 350
VLCDl 1/5 biaS, VLCD = VDD _V5 4.6 - 11
LCD display voltage - \Y
VLCDZ 1/4 blaS, VLCD = VDD - V5 3.0 - 11
Note: *1. Vop is the voltage from VDD, V1, V4 and V5 to the LCD common drive pins OC1 to OC16.
Vsgg is the voltage from VDD, V2, V3 and V5 to the LCD segment drive pins OC1 to OC40.
Note: *2. Applied pins are RS, R/W, and DBO to DB7.
Note: *3. External clock
Switching Characteristics  at Ta = -20 to +75C, VDD = 5V+ 10%, VSS = 0V
- Ratings )
Parameter Symbol Conditions - Unit
min typ max
E cycle time tecyc 1000 - - ns
E high-level pulsewidth tew 450 - - ns
E rise time ter - - 25 ns
E fall time tep - - 25 ns
RS and R/W to E setup time tsy 140 - - ns
E to RS and R/W address hold time taH 10 - - ns
DBO to DBY to E data setup time tosu 195 - - ns
Write cycle E to DBO to DB7 data hold
. tDHW 10 - - ns
time
Read cycle E to data valid delay time top See measurement circuit. - - 320 ns
Read cycle E to DBO to DB7 data hold
A toHR 20 - - ns
time
CP low-level pulsewidth twL 800 - - ns
CP high-level pulsewidth twH 800 - - ns
CP to LOAD setup time tesu 500 - - ns
D to CP data setup time tosu 300 - - ns
CP to D data hold time ton 300 - - ns
LOAD to M delay time tom -1000 - 1000 ns
Reset characteristics at Ta =-20 to +7%
= Ratings )
Parameter Symbol Conditions Unit
min typ max
VDD rise time toor 0.1 - 10 us
VDD off time tDDOFF 1 - - ms

Clock Generator

The internal oscillator that generates the clock for the internal circuit requires an external filter, a feedback resistor or an

external clock input as shown in the following sections.

No. 3255—4/30



LC7985NA, LC7985ND

External clock

External clock

0sCl

Open circuit 4~— 0SCO

The input duty cycle should be between 45 and 55% as shown in the following figure.

Th \ T1 |
0.7Voo
0.5VoD -
0.3Voo
tr tF
Th
= 0,
Note. Duty T, x 100%
Ceramic filter
Cl
I T 0SC!
(=) Rf
[¢10]
— 0Sco
Rd
s
Note. Rf =1MQ +10%, Cl = CO = 680pF + 10%, Rd = 3.3kQ + 5%
Feedback resistor
0SCl
Rt %
0SCO
Note. The resistor should be mounted as close as possible to OSCI and OSCO.
Measurement Circuit
Voo

% RL
DBO to DB7 I

1

-

J

Note. R; =2.4kQ, C = 130pF, R = 11kQ

C
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LC7985NA, LC7985ND

Read/write cycle timing

 Vin X Vin
RS X ViL X(VILI
ts | tan ) tan
U t
] v -
R/W \ | ' \
W 7Z ‘
tew tAH | tew | tAH
[
4 N /—
) Z ter ter \: ji teR ter l N 7
L= =0 d i -
tosu toHW too tDHR
DBO to DB7 Write data Read data
tecyc tecye
LC7930N interface timing
0.9V
LOAD o0 \
} twH L twH
! tesu | /L
\
cpP / O.IVDD\k L \
tesu twiL
- R
: X X X
X =
tosu toH
tom
|
M M
Power supply
Voo
0.2v 0.2v

i | tooR | top OFF
- ,_{ — |
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LC7985NA, LC7985ND

Pin Description

Name Num | /O Connect to Functions
RS 1 | MPU Data register or instruction register select input. Data register when "1" and instruction register when "0".
RW 1 | MPU Read or write select input “0" indicates write, “1" ; read
E 1 | MPU Execution start input to write or read
DB, to DB, 4 1o MPU 4-bit migrocontroller interfa_ce; dat_a bus and 8-bit microcontroller interface high-order four bits data bus
connections. Three-state bidirectional. DB; can be used as a busyflag.
DBy to DB, 4 o MPU gi-zb;ti?Lc;;;c(:(:gg.o_ll_lre"r;giga:geb:g\iﬁgﬁg?ur bits data bus connections. No connection when 4-bit interface
LOAD 1 0 LC7930N Clock to latch the D serial data output to LC 7930N
CP 1 0] LC7930N Clock to shift the D serial data
M 1 o] LC7930N Output to shift the LCD drive signal to alternating current signal
D 1 o] LC7930N Display expansion serial data output “0” indicates unselected, “1"; selected
0C;t00Cyg 16 ] LCD LCD common driver outputs. All common signals unused are unselected wave forms.
08,10 0S4 40 0 LCD LCD segment driver outputs
Vi to Vs 5 source Supply voltage for LCD display drive
Vop, Vss 2 source Vpp : #5V, Vgg: OV
0SCl, 0SCO 2 Oscillator feedback resistor and ceramic filter connection, and external clock input
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LC7985NA, LC7985ND

Functional Description

Registers

The LC7985 has two 8-bit registers—instruction registefhe data register holds data read from or written to either
(IR) and data register (DR)—that are selected as showniiD RAM or CG RAM. Data written to the data register by

the following table. the microcontroller is automatically transferred to the cur-
rent DD RAM or CG RAM address. Data read from
RS | RW Operation DD RAM or CG RAM is buffered in the data register.
0 | 0 [IRwrite, instruction execution When the microcontroller writes a DD RAM or CG RAM
0 1 | Busy flag (DB7) and address counter (DBO to DB6) output address to the instruction register, the data at that address
1 0 | DR write, internal DR to DD RAM or CG RAM data transfer is copied into the data register. The microcontroller then
N T T DR vead imermal DD RAN or CG RAM 1 DR data tancfer reads the data in the data register to complete the transfer.
’ Once that data is read, the data from the next DD RAM or

) _ ) ) . o CG RAM address is copied into the data register in prepa-
The instruction register is write-only. It contains instruciation for the next data read.

tion codes or DD RAM and CG RAM addresses written
by the microcontroller.

Busy Flag Address Counter

When busy flag is 1, the previous instruction is executinThe address counter is used for both the DD RAM and the
and when 0, the instruction has completed. The neCG RAM. The address output on DBO to DB7 is the

instruction cannot be received until BF is 0. The microcounter value before the currently executing instruction
controller should, therefore, confirm that BF is O beforbegan.

writing the next instruction.

Display Data RAM (DD RAM)

The display data RAM stores 80, 8-bit character codes,
and the LC7985 can display a maximum of 80 characters.
The address counter contains the location for the next dis-
play memory read or write operation as shown in the fol-

lowing figure.

MSB LSB

Address counter
AC AC6 | AC5| AC4 | AC3 | AC2 | AC1 | ACO

\— HEX digit \ HEX digit

Display data addresses are in hexadecimal. For example,
the address counter contents for location 4E are shown in
the following figure.

1 0 0 1 1 1 0

4 /\ E

To prevent undesirable effects such as display flicker dur-
ing DD RAM accesses, the internal memory and the
microprocessor interface have separate timing signals.
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LC7985NA, LC7985ND

Single-line display mode (N = 0)

The DD RAM addresses and their corresponding display positions for an 80-character display are shown in the following
figure.

1 2 3 4 5 79 80 < Display character position

Line 1 00 01 02 03 04 | seeerreerererrrnri e 4E 4 F |+~ DD RAM address (HEX)

A single LC7985, however, can drive up to eight characters. The display positions and DD RAM addresses for an
unshifted 8-character display are shown in the following figure.

1 2 3 4 5 6 7 8 - Display character position
T »
Line1 | 00 | 01 02 | 03 | 04 | 05 | 06 | 07 |« DDRAM address (HEX)

The DD RAM addresses following left and right display shifts are shown in the following figure. Note that the displayed
characters wrap around from addressegs F0Q,.

01 02 03 04 05 06 07 08 (Left shift)

4F 00 01 02 03 04 05 06 (Right shift)

An LC7985 and a single LC7930N can drive a 16-character display. The display positions and DD RAM addresses for an
unshifted display are shown in the following figure.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 < Display character position

Line1 | 00| 0102030405/ 06|07|08|09;0A 0B OClOD 0E | OF | — DD RAM address (HEX)

\ LC7985NA/ND / \ LC7930N /’

display driver display driver

The DD RAM addresses following left and right display shifts are shown in the following figure.

01{02(03|04}05|06|07|08109|]0A|0B|0C|OD|OE]| OF| 10| (Leftshift)

4F| 00| 01| 02{03|04|05|06]07|08|09|0A|0B|O0C|O0D|O0E]| (Rightshift

The number of displayed characters can be increased by adding more LC7930Ns. An LC7985 and nine LC7930Ns can
drive an 80-character display as shown in the following figure.

12 3 45 6 7 8 9 1011 1213141516 17 18 19 20 73 74 75 76 77 78 79 80 <+ Display character position
Line 1 {00{01{02{03|04 (05|06 (07|08 {09 |0A[0B|OC|OD[OE[OF| 10|11 (1213 ereeeeeeveeveenee 48149|4A|4B|4C|4D|4E|4F| «— DD RAM address (HEX)
\ LC7985NA/ND / \ LC7930N /\ LC7930N \ LC7930N //
display driver display driver 1 display drivers 2 to SJ display driver 9
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LC7985NA, LC7985ND

Two-line display mode (N = 1)

The DD RAM addresses and their corresponding display positions for a 24ideharacter display are shown in the
following figure. Note that the address counter automatically increments figno 21),.

1 2 3 4 5 39 40 «— Display character position
I
Line 1 00 01 02 03 04 | crrreeerescrnicnninniiniiniiii e 26 27 | — DD RAM address (HEX)
Line 2 40 V 41 42 43 S T P 66 l 67
|

A single LC7985, however, can drive up to eight characters per line. The display positions and DD RAM addresses for an
unshifted, 2-linex 8-character display are shown in the following figure.

1 2 3 4 5 6 7 8 «— Display character position
+ DD RAM address (HEX)

Line 1 00 01 02 03 04 05 06 07

Line2 | 40 41 42 43 44 45 46 47

The display positions following a left or right display shift are shown in the following figure. Note that the display shift is
simultaneous for both lines, regardless of which line the cursor is in.

01 02 03 04 05 06 07 08

(Left shift)
41 42 | 43 | 44 | 45 | 46 | 47 | 48
27 00 01 02 03 04 05 06

(Right shift)
67 | 40 | 41 42 | 43 | 44 | 45 | 46

An LC7985 and a single LC7930N can drive a 2-llmd6-character display. The display positions and DD RAM
addresses for an unshifted, 2-lind6-character display are shown in the following figure.

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 < Display character position

Line1| 00| 01|02 03|04|05/06|07|08|09|0a|0B]|o0c]|on]|0E| oF]| " DDRAMaddress (HEX)

Line2 | 40| 41142 |43 | 44|45 46| 47|48 |49 |4A|4B|4C| 4D | 4E| 4F

\ LC7985NA/ND / \ LC7930N /

display driver display driver

The DD RAM addresses following left and right display shifts are shown in the following figure.

01/02{03|04|05|06|07|{08|]09|0A|0B|0C|O0OD|OE|OF| 10

(Left shift)
4114243444546 |47 | 48|49 | 4A | 4B | 4C | 4D | 4E | 4F |50
27100|01(02{03,04]05{06]07(08|09|0A|0B|0C|O0D]|OE

(Right shift)
6740411424344 ,45|46|47 48|49 |4A|4B | 4C | 4D | 4E
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LC7985NA, LC7985ND

The number of displayed characters can be increased by adding more LC7930Ns. An LC7985 and four LC7930Ns can
drive a 2-linex 40-character display as shown in the following figure.

1 2 3 45 6 7 8 9 1011 121314151617 18 19 20 33 34 35 36 37 38 39 40 « Display character position
Line 1 |00]01]02{03{04[05|06|07|08{09|0A|0B|OC|OD[OE|OF]10| 11|12 13 ceeeeeneeeeeeeees 20(21(22|23]24|25|26|27| — DD RAM address (HEX)
Line 2 |40|41|42|43|44|45|46|47| 48|49 |4A[4B|4C|4D[4E [4F|50 |51 |52 |53 [ oevevenennenes 60|61|62|63|64|65|66|67
\ LC7985NA/ND /\ LC7930N /\_ LC7930N _/ \ LC7930N
display driver display driver 1 display drivers 2 and 3 display driver 4

Character Generator ROM (CG ROM)

The character generator ROM contains 168,7pixel bitmaps and 32, % 10-pixel bitmaps as shown in the following
figure. The characters are selected by their 8-bit character code.

Character Generator RAM (CG RAM)

The character generator RAM stores user-defined bitmaps for either eigfitpkel characters or four, % 10-pixel
characters. To display character patterns stored in CG RAM, write the character codes, shown in the leftmost column of

the following figure, on DD RAM.
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LC7985NA, LC7985ND

Character cord and the character bitmap

Upper
Lower bit| V0000010 0oLl {0100 {VLIOL{0UILI0O]OL1L] |LULU 10111100110} 2220(22D]
bit
- CG -in.—"_ﬂi L1 L)
= L1 ® : L] .I asses :“: wee L . . e
RAM s s s s (11 s L ®sses (= 0 8 sse s e8| s @
xxxx0000 | (1) it | e, |E 0 |E 8
| 1 1) aes L] e L] e :-l.
-
(2) : e, | «""es HEE A %% | «*"a8
xxxx0001 eeel | ***s | : 3 | Seses|e"™f"2 |2 &
. sass e | sse ] (] . esas .-.:
.
]
E E L1 . _ee E.- ... :
XxxxXx0010 ) - E s. * ‘-E :':
aee . L L]
snges bl sesee
ssees Ll ses . = = I.:II .=-.. ses
(4) ssees ses . L] ] . ae e
xxxx0011 0 . . . . ss =
ses ases eas L] . ass ses
sees . “%e -l H H ssses
L] L] L] ee ® sse . essses [ 1]
(s) *3"s | Sesss : Hil ] . : . . HEH
XXxXx0] 00 ssese .'.- -...= -'.- ™Y anles .= 2
asess : ses Ll
. [ ] ssses . aee . .
(6) s 8| o " H : « (8 &
Xxxx0 l Y l L] L] L] L] L] L L]
L] . ssees ses e »
.“. eeee : = l.-. ssees ssses LL L]
e e . . . L] . .
. @) |ave,e| ooy e |8 |08 |E O F|ei)f
XX xx) l l v .ll L] .II.' .I. : ... .- a I. seses
L] L111]] L1l <
- .l : . .ll.= ° e ssees assse asssse
(8) l‘ : ": I.I: : . : .-. - .l'
xxxxtj |l s . . e s . e e
] sses L] L L
L] . . [] [] sesees
:‘ : Ll 1] ..I 3 ...I .I .' I. -.-.E E E =-. .I I.
Xxxx]1000 (1) *. HR " % H e " o " .3 «’s
e ass . . ] L) L) . L1} . L . L]
] LI 1] ] . ] ] ]
. . s B ssws ] . [
. . L L L1 . L] [ ] . es os ° . .
(2) : 2| 3 'y : i H HEE i
Xxxx]001] . . . . . . H 0 s 80 H .
L) s aes . ase .. . s a_8s Ill:
Ll
L] L] LLLLL] L] [, . . [] oo
.t HH H .’ [T} sssse . . [T} cane"
3) " : : " HEEE I :
xxxx 1010 b - H o« | . 8 . ala s|sse HE Bt bl
[T sesse [T sseas | sssus | snses | & e | ss : H
. s
. R * H assses I.:
H :: . = L = :IIII L] assee
X X X X l U l l (4) ..=-- L 1] .. = I. .‘ : ! = .. :I..
* l- .. =-l -I .. L] ] . ...II _.-‘_.:__ .. :
I' * * i: L1 asses seses -
L] ":“ = I=.II as . : = : -' =
(5) L1 ] [ ] sssss . s @ L e l'=.l .
XXX l l 0 v '. .l 1111} : I:I = . lll- -.. -. L =
]
LR ] ssses [ (1] H
(6) seese i : ..= .. * ..' = :E: II:..
xxxx1101 sesee H 0 : . H
e ssees [ ] aes snee L]
] O . L]
s L] N T ®e (LT b Sl . v
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[ 1] [ ] ] s ssss - L
was - 11 T ~B
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® | R R R R
xxxx1111 .’ . HE I . 4 . . s s F.
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LC7985NA, LC7985ND

5 x 7-pixel characters

The layout and addressing forx7-pixel characters is Bits 0 to 4 of the CG RAM data contain the character bit-
shown in the following figure. Each character occupiemaps. When a bit is 1, the corresponding pixel is ON, and
eight bytes, where bits 3 to 5 of the CG RAM address caowhen 0, the pixel is OFF.

respond to bits 0 to 2 of the character code. Note that bibﬁs 510 7 of the CG RAM data are present in memorv. but
of the character code is not significant so, for example P Y,

codes 0f) and 0, select the same character. ate not used by the display circuit. These bits can be used
as general-purpose RAM.

Bits 0 to 2 of the CG RAM address are the bitmap row

address, where row 000 is the topmost displayed row.

The cursor, when displayed, is formed by ORing the bot-
tom row with all 1s. If the cursor is used, row 111 should

contain all Os so the cursor does not obscure the bottom
row of the character.

(C[;‘gfgmf ggfa(; CG RAM address ngacsrag;\el\rﬂbci‘?;p
765432170 5 43 2 10 76543210
+—MSB LSB— ~—MSB LSB— +~—MSB LSB—
000 * %k x 1 1 1 1.0
00 1 100 01
?U 10 ‘1 0 0 0| 1] Ccharacterbitmap 1
0011 11110
0000000 0005100 SN
1101 1.0 01,0
110 1.0 0 0 1]
P11 ¥ % *[] 0 0 0 0| < Cursorposition
‘0000 x % %1 00 0 1
001 0 1.0)10]
01 0 1 1 1 1 1| Characterbitmap2
01 0.0,1,00
00002001 0015100 ;f1]1]
10 00100
110 00100
P11 * % %0 0 0 0 0
10 0 0 * % k|
000 1
| i t:—_f//
0000111 111;100
3 t10 1
| P10
§ P11 * ok K

* Don't care
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LC7985NA, LC7985ND

5 x 10-pixel characters

The layout and addressing forx610-pixel characters is contain all Os so the cursor does not obscure the bottom
shown in the following figure. Each character occupie®w of the character.

eleven bytes, where bits 4 and 5 of the CG RAM address . .
correspond to bits 1 and 2 of the character code. Note t é&s 0 to 4 of the CG RAM data contain the character bit-

bits 0 and 3 of the character code are not significant so, fBﬁpS'OV\{[?]en a bl't, ISC)ll,ZIt:he corresponding pixel is ON, and
example, codes Q0 01, 08, and 0, all select the same WNEN ©: € PXELIS DFE.
character. Bits 5 to 7 of the CG RAM data are present in memory, but

Bits 0 to 3 of the CG RAM address are the bitmap ro re not used by the display circuit. These bits and the
address where row 000 is the topmost displayed row. G RAM byt.es,.rows 1011 to 1111 that are not used by

the display circuit, can be used as general-purpose RAM.
The cursor, when displayed, is formed by ORing the bot-

tom row with all 1s. If the cursor is used, row 1010 should

e code 0G RAM address Crater oo
76 5 43210 543210 765 43210
+~—MSB LSB— +~—MSB LSB— +—MSB LSB—

‘0 0 0 0 * % %:0 000 0

000 0 1 00000

0010 0110

0011 11000

:10 1 0 0 31 0 0 0 1| Characterbitmap
0000 %0 0 % 0 0:0 1 01 100 01

i 00110 11110

011 ‘100 0 0

10 00 ‘1000 0

1007 10000
___________________________ | 1010 k ¥ *TO 0 0 0| <« Cursorposition

1001 1] ok kik ok ok ok %

1100

110 1 §

1110 §

111 % %k kik k k k *

‘0000 * % %
| ‘000 01
0000 % 1 1 % 1 1:1.0 0 1

10T 0k ok ke
""""""""""""""""""""""""""" CT0 T 1] ok okik ok ok ok X

P17 1.0 0 3

P11 0

1110 ;

I I * k kik k %k % %
% Don't care

Timing Generator

This circuit generates timing signals both for internal cir-
cuit operation and for driving external LC7930Ns. The
timing signals for the DD RAM, CG ROM and CG RAM
are independent of the microcontroller interface so that
memory accesses by the microcontroller do not cause
interference with the display drive signals.
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Display Drivers

The LC7985 incorporates 16 LCD common driver outpufShe display bitmap data for each pixel-row is generated
and 40 LCD segment driver outputs. The character fostarting with the right-most character position. The data
and the number of display lines determine the number sihifts through the shift register and is output on the shift
active common outputs. register serial data output. The shift register latches the last
ﬁo bits in the row so the LC7985 displays the left-most
egght characters. External LC7930Ns connect in series to
e serial data output and each one latches and displays
tmap data for eight additional characters.

The segment drivers function identically to the LC7930
display drivers. The character bitmap data to be display
is latched in the internal 40-bit shift register before beingi
output on the segment drivers.

Cursor Display and Blinking

Cursor display and blinking of the character at the curswre. Note that the cursor and blinking character are also
position are controlled using the Display ON/OFF instrucdisplayed at the address counter value when CG RAM is
tion. The cursor position is at the character correspondirselected.

to the address counter value as shown in the following fif

AC6 ACS5 AC4 AC3 AC2 AC1 ACO

AC 0 0 0 1 0 0 0

1 2 3 4 5 6 7 8 9 10 n + Display character position

1-linediSplayJ‘ 00| 01]02]03/04|05|06|07|08|09]|0A +— DD RAM address (HEX)
I

7

Cursor position

1 2 3 4 5 6 7 8 9 10 N + Display character position

Line1|{ 00|01 40203|04|05|0607|08|09|0A

< «— DD RAM address (HEX)

2-line display

Line2| 40 |41 4243|4445 |46 |47 y48|49|4A (

Cursor position
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Microcontroller Interface

The LC7985 interfaces to both 4-bit and 8-bit microcorstatus or instruction byte. The high-order four bits—bits
trollers. DB4 to DB7 in 8-hit interface mode—are transferred first.

DBO to DB7 are used for the 4-bit data bus. Two read Trhe Iow—qrde( four bits are then transferred as shown in
iﬁe following figure.

write cycles, therefore, are required to transfer each data,

RS /
R/W ya
VAN N NV VA VA N

D L G5 EX X
or X TR XX NED D D D
o X XX XX XX X
o8 X R XX XA X XomX X

Instruction register (IR) write Busy flag (BF) and D . DR
¢ (") address counter (AC) read ata register (DR) read

Reset Circuit

The internal reset circuit initializes the LC7985 at powerl. Clear Display

ON. The busy flag remains ON from power-ON until ini-2. Set Function (D/L=1,N=0, F=0)

tialization is complete 10ms aftep} reaches 4.5V. Note Sets 8-bit interface size, 1-line display size and®

that if power supply conditions are such that the interni  pixel character font.

reset circuit does not operate to initialize the device, tt3. Cursor/Display Control (D=0,C=0,B =0)

LC7985 must be initialized using commands from thi  Sets the display, the cursor and character blinking OFF.

microcontroller. 4. Set Entry Mode (I/D =1, S =0)
o : Sets address counter auto-increment and sets display
The initialization sequence is as follows. shift OFE

No. 3255—16/30



	LCD Controller/Driver
	Overview
	Features
	Package Dimensions
	Pin Assignment
	Block Diagram
	Specifications
	Absolute Maximum Ratings at Ta = 25 ± 2°C, VSS = 0...
	Allowable Operating Ranges at Ta = -20 to +75°C
	Electrical Characteristics at Ta = -20 to +75°C, V...
	Switching Characteristics at Ta = -20 to +75°C, VD...
	Reset characteristics at Ta = -20 to +75°C
	Clock Generator
	External clock
	Ceramic filter
	Feedback resistor
	Measurement Circuit
	Read/write cycle timing
	LC7930N interface timing

	Pin Description
	Functional Description
	Registers
	Busy Flag
	Display Data RAM (DD�RAM)
	Single-line display mode (N = 0)
	Two-line display mode (N = 1)
	Character Generator ROM (CG�ROM)
	Character Generator RAM (CG�RAM)
	Character cord and the character bitmap
	5 ¥ 7-pixel characters
	5 ¥ 10-pixel characters
	Timing Generator
	Display Drivers
	Cursor Display and Blinking
	Microcontroller Interface
	Reset Circuit
	Instructions
	Display Clear
	Cursor Home
	Set Entry Mode
	Display ON/OFF
	Cursor/Display Shift
	Set Function
	Set CG RAM Address
	Set DD RAM Address
	Busy Flag/Address Read
	Data Write
	Data Read
	Microcontroller Interface
	8-bit interface
	4-bit interface
	LCD Interface

	Sample Application Circuits
	1-line ¥ 8-character, 1/4-bias and 1/8-duty Displa...
	1-line ¥ 8-character, 1/4-bias and 1/11-duty Displ...
	2-line ¥ 8-character, 1/5-bias and 1/16-duty Displ...
	Connecting Unused Display Rows
	Alternative Display Connections
	1-line ¥ 16-character, 1/8-bias and 1/16-duty Disp...
	2-line ¥ 4-character, 1/4-bias and 1/8-duty Displa...
	LCD driver power supply
	LC7930N Interface
	Examples



