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B FUNCTION OF EACH BLOCK
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Regi ster

The HD44780 has two g-bit registers, an instruction register (IR) and a
data register (DR.

The IR stores instruction codes such as display clear and cursor shift,
and address information for display data RAM (DD RAM and character
generator RAM (CG RAM. The IR can be witten fromthe MPU but not read
by the MPU.

The DR tenporarily stores data to be witten into the DD RAM or the CG
RAM and data to be read out fromDD RAMor CG RAM Data witten into
the DR fromthe MRU is automatically witten into the DD RAM or the CG
RAM by internal operation. The DR is also used for data storage when
reading data fromthe DD RAM or the CG RAM  Wen address infornation
is witten into the IR data is read into the DR fromthe DD RAM or
the CG RAM by internal operation. Data transfer to the MPU is then
conpleted by the MPU reading DR After the MPU reads the DR data

in the DD RAM or CG RAM at the next address is sent to the DR for the
next read fromthe MPU.  Register selector (RS) signals make their
selection from these two registers.

Table 2 Register Selection

RS| R/ W| Cperation
olol IRwite as internal operation (Display clear, etc.)

0| 1 |Read busy flag (pBy) and address counter (DBg ~DBg)

1] 0 |DR write ais internal operation (DR to DD or CG RAM)
1 1 | DR read as internal operation (DD or CG RAM to DR)

Busy flag (&gF)

When the busy flag is "1", the HD44780 is in the internal operation node,
and the next instruction will not be accepted. As Table 2 shows, the
busy flag is output to DB7 when RS=O and R/'W1. The next instruction
must be witten after ensuring that the busy flag is "0 .

Address counter (AQ

The address counter (AC) assigns addresses to DD and CG RAMs. Wien an
instruction for address is witten in IR the address information is
sent fromIR to AC. Selection of either DD or CG RAM is al so deternined
concurrently by the instruction.
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After witing into (or reading fron) DD or CG RAM display data, ACis
automatically incremented by +1 (or decremented by -1). AC contents
are output to DBO ~DBg when RS=0 and R/W1, as shown in Table 2.

(4) Display data RAM (DD RAM)

The display data RAM (DD RAM stores display data represented in 8-bit
character codes. Its capacity is 80x8 hits, or 80 characters. The
display data RAM (DD RAM that is not used for display can be used as
a general data RAM  Relations between DD RAM addresses and positions
on the liquid crystal display are shown bel ow.

The DD RAM address (ADD) is set in the Address Counter (AC) and is re-
presented in hexadecinal.

DUpper Order Lower Order
Bits Bits

AC | AC6| AC5| ACA| AC3| AC2| ACL| ACO

v I®%%al ~ © Hexadeci mal =

(Exanpl €) DD RAM address "4E"

110 0 11110

| WSSy AU § U, - S

I-line Display (N=O

(digit) 1 2 3 4 5 79 80 _ Display
Posi tion
|-1ine 00(01 | 02| 03|04 4E | 4F | <~ DD RAM
Addr ess

(a) Wien the display characters are less than 80, the display begins
at the head position. For exanple, 8 characters using 1 HD44780
are displayed as:

(digit) 1 2 3 4 5 6 7 8 _ Dsplay
Position

|-1ine 00|01 | 02| 03[ 04| 05| 06| 07 | « DD RAM
Addr ess

Wen the display shift operation is perforned, the DD RAM address
noves as:
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(Left
Shift 0102 (03|04 (05|06 (07 |08

Di spl ay)

(Ri ght
Shift 4F | 00 (01 | 02 [03 |04 |05 | 06
Di spl ay)

(b) 16-character display using an HD44780 and an HD44100H is as shown

bel ow.
(digit) 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 egs_plgy
0si tion
|-line 00({01]02|03|04 (05|06 |07 |08 |09 [CA[OB[OC|OD|CE|OF| <« DD RAM

Addr ess
— HD44780 Display——\— HD44100H Display —'

Wien the display shift operation is performed, the DD RAM address

nmoves as:
(Left
Shift 01020304 (05 (06|07 |08 |09 |OA|OB |OC|CD|CE [OF |10
Di spl ay
(Right
Shift 4F |00 (01|02 03|04 ]05 (06 (07 {0809 |CA|OB|CC|OD|CE
Di spl ay)
(c) The relation between display position and DD RAM address when the
number of display digits is increased through the use of one
HD44780 and two or nore HD44100H s can be consi dered an extension
of (b).
Since the increase can be 8 digits for each additional HD44100H,
up to 80 digits can be displayed by externally connecting 9
HD44100H s.
(digit)" 2 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20 73 14 75 76 77 78 79 80 . Display
Position
I -1ine Joo|o1]02|03|04|0s |06 |07|0s|08|0a|oB[oC|dD|0E|oF|10(11]12|18] - - - - |48|49 |4 |4B|sC [4D|4E|4F| < DD RAM
Address
L mpss780 _J\_HDA_AlOOH(l)_I\_EMZE;;’RIzS)_{\_HD4_4100H(9)_I
Di apl ay Di'spl'ay Di spl ay Di'splay
2-line Display (N=1)
(digit) 1 2 3 4 5 39 40 _ Display
Position
I-1ine 00 [01] 0203 [04 | covrimmeereninnnnnnnnns 26 |27 | <« DD RAM
Addr ess

2-line 40 |41 | 42 |43 (44 | ... ... ... ... |66 [67




-HD44780

(a) When the number of display characters is less than 40 x 2 lines,

(digit)
[-1ine

2-line

(Left
Shift
Di spl ay)

(Ri ght
Shift
Di spl ay)

the 2 lines fromthe head are displayed. Note that the first line
end address and the second line start address are not consecutive.
For exanple, when an HD44780 is used, 8 characters % 2 lines are
di spl ayed as:

1t 2 3 4 5 6 717 8  Dsplay

Positio
0001 |02|03| 0405|0607 ~ DD RAM

Address
40 | 41 | 42 1 43| 44 | 45| 46| 47

When display shift is performed, the DD RAM address noves as:

01(02|03[04([05]06(07]|08

41| 42 | 43| 44 | 45 | 46 | 47 | 48

271001011021 03,04(05/|06

67| 40 | 41| 42| 43 | 44 | 45| 46

(b) 16 characters x 2 lines are displayed when an HD44780 and an

(digit)
I-1ine

2-line

(Left
Shift
Di spl ay)

(R ght
Shift
Display)

HD44100H are used.

Di spl ay
123456789 10 11 12 13 14 15 16 * Posi ti on
00/01({02({03{04|05(06]07|08|09|CA|OB|OC|OD|CE|OF| <« DD RAM

Addr ess
40|41|42|43|44|45|46 47|48 |49 |4A|4B| 4C|4D |4E |4F

“——HD44780 Display —‘\— HD44100H Display -

Wen display shift is performed, the DD RAM address noves as
fol | ows:

01(02]03(04|05(06|07|08|09|CA|OB|OC|OD|OE|OF|10

41(42(43)|44|45|46|47(48|49|4A|4B|4C|4D[4E|4F|50

27(00|01(02|03]|04|05({06|07|08(09|O0A|OB|OC|OD|CE
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(c) The relation between display position and DD RAM address when the
nunber of display digits is increased by using one HD44780 and two
or more HD44100H s, can be considered an extension of (b).

Since the increase can be 8 digits x 2 lines for each additional
HD44100H, up to 40 digits 2 lines can be displayed by connecting
4 HD44780's externally.

(digit)' a 3 4567 891011 1% 1314 151617 18 19 20 % 34 35 36 37 38 39 w«DisPlgy
position

| -1ine [oojorloz{03 0s|05}06 07| 08]00[0Al0B|0C OD|OEIOF| 10{11]12 (18|~ -~~~ 20{ 21|22 23| 24| 25| 26| 27}+DD RAM
addr ess

2-1ine [40[41]42]43]44|45{46 47(48(49({4A[4B[4C[4D|4E|4F|50(51|52([58]————— 60| 61|62 68] 64| 65] 66 67 élilg-‘éilsie-

(5)

(6)

|__HD44780 || HD44100H(1) [\ HD44100H |\ HD44100H(4) |
Di spl ay Di spl ay (2 (3 ‘Di spl ay

Di spl ay
Character Generator ROM (CG ROM

The character generator ROM generates 5 x 7 dot or 5 x 10 dot character
patterns from 8-bit character codes. It can generate 160 types of 5 x
7 dot character patterns and 32 types of 5 x 10 dot character patterns.
Table 3 and 4 show the relation between character codes and character
patterns in the Htachi standard HD44780A00 User defined character
patterns are also available by mask-programming ROM  For details, see
"The LCD-11 (HD44780) Breadboard User's Manual".

Character Generator RAM (CG RAM

The character generator RAM is the RAM with which the user can rewite
character patterns by program Wth 5 x 7 dots, 8 byptes of character
patterns can be witten and with 5 x 10 dots 4 types can be witten.
Wite the character codes in the left colums of Tables 3 and 4 to dis-
play character patterns stored in CG RAM

Table 5 shows the relation between CG RAM addresses and data and display
patterns.

As Table 5 shows, an area that is not used for display can be used as a
general data RAM
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Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

Higher

Lower~abi ¢ 0000|0010 | 0011 | 0100 {0101 |0110 |0111 | 1010 | 1011|1100 | 1101
4bit
CG III=
a2
Xxxx0000 R(’?)M L "
T ....! L] L]
1 ] L}
2) L] L) = = H l-
XX%%000 { . “=,§ i .I' .:E” Sunaf
w L] LilJ 17 1]
.E L) = - . a -. [N L]
{3) L) L1l) B 88 H a - 3 aa
Xxxxx0010 oinne | Boua® | B ".E. :.= _.':
L1l T] L) L]
. .. .I = L] sRsen am L L]
Xxxx0011 @ ubub -":= E.“- et : -E “§ -i-“
a » ey
asre » -.I el -t = anses
woocoroo | ® [afe it 3] & CIT | F B [T
8! unei e . ansus Y
i
XxxXx0101 )
XXXx0110 )
XXxx03111 ®)
XXxX1000 n
XXxx1001 @
(3) lll- == ; .= ..-=. aness ----E ] -. E L] .. ..i..
x00x1010 ol N LI - I ol e o 1 1 O L
1 ]
L
. o8 l. .. l. I=I=l = aASAwS l.:
(4) sulns an -- - L] |} e nl L jane
o | @ [0 5 [ 4 [ [V ET
& - algle | o e |[eoyes
0001100 IR s ol I 1 W 1l
kL
v _ N
xxxx110} (6) | omeme ::::: !
!
" w'a_
XXxx1110 @ © ..:' -'- v
- Ill. .lll.
) L a 2
boocazny | - :' i
LT [ I T1]3

*Theuser can specify any pattern for character-generator KOM
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Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM)
and Character Patterns (CG RAM Data)

(a) For 5 x7 dot charact.er patterns

Character Codes CG RAN Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 5 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 1 0
Higher Lower gi hf_r T(-)eger gx her Bovéler
- fizer R N L 1 IO 1 i
o oo * ok ki1 a1 1lo
{0 0 1 :10001
]
10 1 0 110 o0 o3| Character
]
‘001 1 111 10 Pattern
o 90 00 0 00 o! ! —
00 * 110 0 tifolafo o| Exanple (1)
@ o0 1 i1le odujo
f11 0 iLjo ® 0da Cur sor
J1 11 * k %[0 0 0 00 < Position
+ - -
10 0 0 * k kj1]o 0 01
| (Y "
(001 L_llo[l_q
:010 f1 1 1 1 1| Character
10 1 1 0 0[110 o| Pattern
6 0 0 0 % 0.0 1 00 1y i Ex I 2
yl oo 11111 ample (2)
£101 {00100
I 1 o jo of1fo o
1111 * %k %10 0 0 0 0
i T
10°0 0 E b .
i I
I 0 ]
ﬁ i
0 0 0 0 X 1 11 |
: *No effect
i
|

(Note) 1: Character code hits 0 - 2 correspond to CG RAM address bhits 3 ~ 5
(3 bits: 8 types).
2. CG RAM address bhits 0 ~ 2 designate character pattern line posi-
tion. The 8th line is the cursor position and display is performed
in logical OR by the cursor.

Maintain the 8th line data, corresponding to the cursor display
position, in the "o" state for cursor display. Wen the 8th line
data is "1", bit 1 lights up regardless of cursor existence.

3 Character pattern row positions correspond to CG RAM data bits
0 ~ 4, as shown in the figure (bit 4 being at the left end).
Since CG RAM data bits 5 ~ 7 are not used for display, they can
be used for the general data RAM

4:  As shown in Table 3 and 4, CG RAM character patterns are selected
when character code bits 4 ~ 7 are all "0". However, since char-
acter code bit 3 is a ineffective bit,the "r" display in the
character pattern exanple, is selected by character code "00"
(hexadeci mal) or "08" (hexadecinal).

5. "1™ for CG RAM data corresponds to selection for display and "0"
for non-selection.
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(b) For  x10 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CGRAM Data)
16548210 5 & 8 2 1 0 7 6 5 4 38 2 1 O
B e | Eme e paer e
“Bits Bi “Bits Bits “-Bits Bits -
30000 k**:ooooo
o0 01 j0 0 0 0 0
100 1 0 yd{oj1 1}j0
:0 0o 11 :x 1]0 of1r]| Character
:0 lo a 11{0 o oj1| Pattern
L0 00 0 %k o0 0 k 0 0to1 0 I f1{o o o1 | Exanple
1011 a 1 1 1 10
le 111 1170 0 0 o
11000 :1 0000
i1 00 1 (170000 Cur sor
o 10 s x x5 0000| < Position
i RIS TRk kDR K Kk Ok
(1 1ao !
:1 10 1 :
:1 110 :
11101 ok KK ko ok ok
io 00 0 >k ko)
//_/\——\\ i 10 0 0 1 I
000 0%k 1 1 % m:/“\“ ﬁ
_____________ | _ivoire) pExk
:1011 ***:*****
111 0 8 |
:1 1 01 : X
11-1 1 © X No Effect
11111 bk ok kR ok kR

(Note) 1: Character code bits 1, 2 correspond to CG RAM address bits 4, 5
(2 bits: 4 types).

2. CG RAM address bits 0 ~ 3 designate character pattern line posi-
tion. The 11th line is the cursor position and display is per-

formed in logical OR with cursor.

Maintain the 11th line data corresponding to the cursor display
position in the "0" state for cursor display. Wen the 11th
line data is "1", bit 1 lights up regardl ess of cursor existence.
Since the 12th ~ 16th lines are not used for display, they can
be used for the general data RAM

3 Character pattern row positions are the sane as 5 x 7 dot character
pattern positions.

4. CG RAM character patterns are selected when character code bits
4 7 are all "0". However, since character code bit 0 and 3 are
ineffective bits, "p" display in the character pattern exanple
is selected by character code "QO', "oi", "08" and "09" (hexa-
deci mal ).

5. "1" for CG RAM data corresponds to selection for display and "0"
for non-sel ection.
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(7)

Timng Ceneration Crcuit

The timing generation circuit generates timng signals to operate internal
circuits such as DD RAM CG ROM and CG RAM  RAM read tim ng needed for
display and internal operation timng by MPU access are separately gen-
e.rated so they do not interfere with each other. Therefore, when witing
data to the DD RAM for exanple, there will be no undersirable influence,
such as flickering, in areas other than the display area. This circuit

al so generates tining signals to operate the externally connected driver
LSl HD44100H.

Liquid Crystal Display Driver Grcuit

The liquid crystal display driver circuit consists of 16 common signal
drivers and 40 segnment signal drivers. Wen character font and nunber
of lines are selected by a program the required conmon signal drivers
automatically output drive waveforns, the other conmon signal drivers
continue to output non-selection waveforns.

The segnent signal driver has essentially the same configuration as the
driver LSI HD44100H. Character pattern data is sent serially through a
40-bit shift register and latched when all needed data has arrived. The
| atched data controls the driver for generating drive waveform outputs.

The serial data is sent to the HD44100H, externally connected in cascade,
used for display digit number extension.

Send of serial data always starts at the display data character pattern
corresponding to the |ast address of the display data RAM (DD RAM.

Since serial data is latched when the display data character pattern,
corresponding to the starting address, enters the internal shift register,
the HD44780 drives the head display. The rest displays, corresponding to
|atter addresses, are added with each additional HD44100H.

Cursor/Blink Control Crcuit

This is the circuit that generates the cursor or blink. The cursor or
the blink appear in the digit residing at the display data RAM (DD RAM
address set in the address counter (AC).

Wien the address counter is (08)14, @ cursor position is:



ACB AC5 ACA AC3 AC2 ACL ACO
AC O |0 ]o]|21|0 |0 ]|oO
In al-line display
(digit) 1 2 3 4 5 6 1 8 9 10 11
{00010203040506079;;_09%2
the cursor position
In a 2-line display
(digit) 12 3 4 5 6 1 8 9 10 1
ist 1in. [00OL [02 030405 [06]07 [08]09 QA )
ond line |40 |41 |42 [43 |44 |45 |46 {47 |48 | 49 | 4p k
{

the cursor position

<«

<«

Di spl ay
Posi tion

DD RAM
Addr ess
(Hexadeci mal )

Di spl ay
Posi tion
DD RAM

Addr ess
(Hexadeci mal )

(Note) The cursor or blink appears when the address counter (AC
But the cursor

sel ects -the character generator RaM (CG RAM.

and blink are meaningl ess.

The cursor or blink is displayed in the meaningless position
when AC is the CG RAM address.
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