I
FAIRCHILD
I

SEMICONDUCTOR mw

BD135/137/139

Medium Power Linear and Switching %,
Applications
« Complement to BD136, BD138 and BD140 respectively

1 TO-126
1. Emitter 2.Collector 3.Base

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T¢=25°C unless otherwise noted

Symbol Parameter Value Units

Veeo Collector-Base Voltage : BD135 45 \%

: BD137 60 \

: BD139 80 \Y
Vceo Collector-Emitter Voltage :BD135 45 \

: BD137 60 \Y

: BD139 80 \
Vego Emitter-Base Voltage 5 \%
Ic Collector Current (DC) 1.5 A
Icp Collector Current (Pulse) 3.0 A
Ig Base Current 0.5 A
Pc Collector Dissipation (T¢=25°C) 12.5 W
Pc Collector Dissipation (T,=25°C) 1.25 W
T; Junction Temperature 150 °C
Tste Storage Temperature - 55~ 150 °C

Electrical CharacteristiCS T¢=25°C unless otherwise noted

Symbol Parameter Test Condition Min. Typ. | Max. | Units
Vceo(sus) Collector-Emitter Sustaining Voltage
: BD135 Ic=30mA, Ig=0 45 \Y
: BD137 60 \Y
: BD139 80 \
lcBo Collector Cut-off Current Veg =30V, Ig=0 0.1 HA
leBO Emitter Cut-off Current Veg =5V, Ic =0 10 MA
Negq DC Current Gain :ALL DEVICE Ve =2V, Ic =5mA 25
hegs : ALL DEVICE Vcg = 2V, Ic = 0.5A 25
hegs : BD135 Vce = 2V, Ic = 150mA 40 250
: BD137, BD139 40 160
Vcg(sat) Collector-Emitter Saturation Voltage Ic =500mA, Ig = 50mA 0.5 \%
Vge(on) Base-Emitter ON Voltage Ve =2V, Ic = 0.5A 1 \%

hee Classification

Classification 6 10 16
Nega 40 ~ 100 63 ~ 160 100 ~ 250

©2000 Fairchild Semiconductor International Rev. A, February 2000
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Package Demensions

TO-126

o
—
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o
o
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O . «Q
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N
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I
0.75 +0.10
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3
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o
™
-
T |
2.28TYP 2.28TYP
[2.28+0.20] [2.28+0.20]

a—

11.00 #0.20
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Dimensions in Millimeters
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ pPOpP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN,;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formative or In
Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchild Semiconductor International

Rev. E
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HD44780U (LCD-I1)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADE-207-272(2)
'99.9
Rev. 0.0

Description

The HD44780U dot-matrix liquid crystal display controller and driver LSl displays alphanumerics,
Japanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
under the control of a 4- or 8-bit microprocessor. Since all the functions such as display RAM, character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
provided on one chip, aminimal system can be interfaced with this controller/driver.

A single HD44780U can display up to one 8-character line or two 8-character lines.

The HD44780U has pin function compatibility with the HD44780S which allows the user to easily replace
an LCD-Il with an HD44780U. The HD44780U character generator ROM is extended to generate 208 5 x
8 dot character fonts and 32 5 x 10 dot character fonts for atotal of 240 different character fonts.

The low power supply (2.7V to 5.5V) of the HD44780U is suitable for any portable battery-driven product
requiring low power dissipation.

Features

e 5x8and5 x 10 dot matrix possible

» Low power operation support:
0 2.7t05.5V

» Widerange of liquid crystal display driver power
0 3.0to11V

* Liquid crystal drive waveform
O A (Onelinefrequency AC waveform)

» Correspond to high speed MPU bus interface
0 2MHz (when V. =5V)

» 4-bit or 8-bit MPU interface enabled

e 80 x 8-hit display RAM (80 characters max.)

* 9,920-hit character generator ROM for atotal of 240 character fonts
O 208 character fonts (5 x 8 dot)
O 32 character fonts (5 x 10 dot)
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HD44/80U

e 64 x 8-hit character generator RAM
O 8 character fonts (5 x 8 dot)
O 4 character fonts (5 x 10 dot)
* 16-common x 40-segment liquid crystal display driver
e Programmable duty cycles
0 1/8for oneline of 5 x 8 dots with cursor
0 1/11 for oneline of 5 x 10 dots with cursor
0 1/16 for two lines of 5 x 8 dots with cursor
e Widerange of instruction functions:
O Display clear, cursor home, display on/off, cursor on/off, display character blink, cursor shift,
display shift
* Pin function compatibility with HD44780S
» Automatic reset circuit that initializes the controller/driver after power on
» Internal oscillator with external resistors
e Low power consumption

Ordering Information

Type No. Package CGROM
HD44780UAQOOFS FP-80B Japanese standard font
HCD44780UA00 Chip

HD44780UA00TF TFP-80F

HD44780UA02FS FP-80B European standard font
HCD44780UA02 Chip

HD44780UAQ02TF TFP-80F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBXxTF TFP-80F

Note: xx: ROM code No.
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HD44780U Block Diagram

RS —»=
RW —

E

DB4 to
DB7

DBO to
DB3

OSC1 0scC2 - CL1
= CL2
Reset \ =M
CKEULH Timing
CPG - generator
Instruction 7 .- D
g |register (IR) 7 >
. Display COM1 to
MPU ":f;gggg’r” data RAM 16-bit || Common | COM16
inter- (DDRAM) e shift signal [
face 80 x 8 bits register driver
Ao A
i Y
Address 7 SEG1 to
counter 8 40-bit 40-bit Segment | SEG40
7 shift latch signal |——
- register | | circuit driver
7
Input/ | s Datta 8 Y 4 4
Output -~ [egister [ i -
buffer (DR) 40
8 8 LCD drive
voltage
- | Busy selector
flag
Yy Y i
Character Character Cursor
generator generator and
RAM ROM blink
(CGRAM) (CGROM) controller
64 bytes 9,920 bits
5 5
\ \
Parallel/serial converter
- and

attribute circuit

A AL LA

V1l V2 V3 V4 V5
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HD44780U Pin Arrangement (FP-80B)

NN R R R R R R R
COOOOOOOOOBOBOO OO
hhhHhhhoOhh®hohb®®
HRENEREEENERBEEEBEEE
SEG22[1] 64] SEG39
SEG21]2]| 63] SEG40
SEG20] 3| [62] COM16
SEG19]4 | l61]CcOM15
SEG18]5 | 60| COM14
SEG17]6 | [59] cOM13
SEG167 | 58] cCOM12
SEG15]8 | 57]com11
SEG14]9 | 56 COM10
SEG13]10] 55]com9
SEG12 [11] 54]CcOM8
SEG11 [12] FP-80B 53] com7
SEG10 [13] (Top view) 52| COM6
SEGO [14] 51]coms
SEGS [15] [50]com4
SEG?7 [16] [49] cOM3
SEGS6 [17] 48] cOM2
SEGS [18] [47]com1
SEG4 [19] 46| DB7
SEG3 [20] 45| DB6
SEG2 [21] 44| DB5
SEG1 [22] 43]DB4
GND [23] 42]DB3
OSC1 [24] 41| DB2
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HD44780U Pin Arrangement (T FP-80F)

SNRILERNIRBIIR o0 omed
BDOOOOOOOOOOOOBOOOOOO
wwwwwwwwwwwwwwwwwwww
NN nnnnn
SEG20[ 1 | | 60 |CcOM16
SEG19[ 2 | | 59 |cOM15
SEG18[ 3| | 58 [cOM14
SEG17/[ 4 | | 57 [com13
SEG16/[ 5 | | 56 |cOM12
SEG15/ 6 | | 55 [coM11
SEG14[ 7 | | 54 |cOM10
SEG13[ 8 | | 53 ]coM9
SEG12[ 9 | | 52 J[com8
SEG11[ 10 | TFP-80F | 51 [com7
SEG10] 11 | (Top view) | 50 |COM6
SEGO] 12 | | 49 |cOM5
SEG8] 13 | | 48 JCcOM4
SEG7] 14 | | 47 Jcom3
SEG6] 15 | | 46 [cOM2
SEG5] 16 | | 45 |[com1
SEG4] 17 | | 44 |DB7
SEG3] 18 | | 43 |DB6
SEG2] 19 | | 42 |DB5
SEG1] 20 | | 41 |DB4

GND/[ 21 |
0SsC1| 22|
V1| 24 |
v2/[ 25 |
V3| 26 |
V4| 27 |
V5[ 28 |
CcL1[ 29 |
CcL2[ 30|
Veel 3L
M| 32

D| 33
RS[ 34 |
R/W] 35 |
E| 36
DBOJ 37 |
DB1[ 38|
DB2[ 39 |
DB3[ 40 |

0SsCc2| 23|

HITACHI




HD44/80U

HD44780U Pad Arrangement

2

Chip size:  4.90 x 4.90 mm?
Coordinate: Pad center (um)
Origin: Chip center

Pad size: 114 x 114 pm?

1 80

N Hoooo0oOooooooooog oo

63

23

Type code

HD44780U

O0o0o0ooooooooooooooog o

A 00o00o0ooonooooonodoodoon

O ogoogoooooboooobbgog o

42
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HCD44780U Pad L ocation Coordinates

Coordinate Coordinate
Pad No. Function | X (um) Y (um) Pad No. Function | X (um) Y (um)
1 SEG22 —-2100 2313 41 DB2 2070 —2290
2 SEG21 —-2280 2313 42 DB3 2260 —-2290
3 SEG20 -2313 2089 43 DB4 2290 —2099
4 SEG19 -2313 1833 44 DB5 2290 -1883
5 SEG18 -2313 1617 45 DB6 2290 -1667
6 SEG17 -2313 1401 46 DB7 2290 -1452
7 SEG16 —-2313 1186 47 COM1 2313 -1186
8 SEG15 -2313 970 48 COM2 2313 -970
9 SEG14 -2313 755 49 COM3 2313 —755
10 SEG13 -2313 539 50 COM4 2313 -539
11 SEG12 -2313 323 51 COM5 2313 -323
12 SEG11 -2313 108 52 COM6 2313 -108
13 SEG10 -2313 -108 53 CcOom7 2313 108
14 SEG9 -2313 -323 54 COmM8 2313 323
15 SEGS8 -2313 -539 55 COM9 2313 539
16 SEG7 -2313 —755 56 COM10 2313 755
17 SEG6 -2313 -970 57 COoMm11 2313 970
18 SEG5 -2313 -1186 58 COoM12 2313 1186
19 SEG4 -2313 -1401 59 COM13 2313 1401
20 SEG3 -2313 -1617 60 CcOomM14 2313 1617
21 SEG2 -2313 -1833 61 COM15 2313 1833
22 SEG1 -2313 -2073 62 COM16 2313 2095
23 GND —2280 -2290 63 SEG40 2296 2313
24 0scC1 —2080 -2290 64 SEG39 2100 2313
25 0OSC2 -1749 —2290 65 SEG38 1617 2313
26 Vi -1550 —2290 66 SEG37 1401 2313
27 V2 -1268 —2290 67 SEG36 1186 2313
28 V3 -941 -2290 68 SEG35 970 2313
29 V4 -623 -2290 69 SEG34 755 2313
30 V5 -304 -2290 70 SEG33 539 2313
31 CL1 —48 —2290 71 SEG32 323 2313
32 CL2 142 —2290 72 SEG31 108 2313
33 Ve 309 —2290 73 SEG30 -108 2313
34 M 475 —2290 74 SEG29 -323 2313
35 D 665 -2290 75 SEG28 -539 2313
36 RS 832 -2290 76 SEG27 -755 2313
37 RW 1022 —2290 77 SEG26 -970 2313
38 E 1204 —-2290 78 SEG25 -1186 2313
39 DBO 1454 —2290 79 SEG24 -1401 2313
40 DB1 1684 —-2290 80 SEG23 -1617 2313
HITACHI



HD44/80U

Pin Functions

No. of Device
Signal Lines I/0 Interfaced with  Function
RS 1 I MPU Selects registers.
0: Instruction register (for write) Busy flag:
address counter (for read)
1. Data register (for write and read)
RIW 1 MPU Selects read or write.
0: Write
1: Read

E I MPU Starts data read/write.

DB4 to DB7 4 I/0 MPU Four high order bidirectional tristate data bus
pins. Used for data transfer and receive between
the MPU and the HD44780U. DB7 can be used
as a busy flag.

DBO to DB3 4 I/O MPU Four low order bidirectional tristate data bus pins.
Used for data transfer and receive between the
MPU and the HD44780U.

These pins are not used during 4-bit operation.

CL1 1 (0] Extension driver  Clock to latch serial data D sent to the extension
driver

CL2 1 (0] Extension driver  Clock to shift serial data D

M 1 (0] Extension driver ~ Switch signal for converting the liquid crystal
drive waveform to AC

D 1 (0] Extension driver  Character pattern data corresponding to each
segment signal

COML1 to COM16 16 (0] LCD Common signals that are not used are changed
to non-selection waveforms. COM9 to COM16
are non-selection waveforms at 1/8 duty factor
and COM12 to COM16 are non-selection
waveforms at 1/11 duty factor.

SEG1to SEG40 40 (0] LCD Segment signals

V1to V5 5 — Power supply Power supply for LCD drive
Vee —V5 =11V (max)

V., GND 2 — Power supply Ve 2.7V to 5.5V, GND: 0V

0OSC1, 0sc2 2 — Oscillation When crystal oscillation is performed, a resistor

resistor clock

must be connected externally. When the pin input
is an external clock, it must be input to OSC1.
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Function Description

Registers
The HD44780U has two 8-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 (DDRAM) and character generator RAM (CGRAM). The IR can only be written from the MPU.

The DR temporarily stores data to be written into DDRAM or CGRAM and temporarily stores data to be
read from DDRAM or CGRAM. Data written into the DR from the MPU is automatically written into
DDRAM or CGRAM by an internal operation. The DR is also used for data storage when reading data
from DDRAM or CGRAM. When address information is written into the IR, data is read and then stored
into the DR from DDRAM or CGRAM by an internal operation. Data transfer between the MPU is then
completed when the MPU reads the DR. After the read, datain DDRAM or CGRAM at the next address is
sent to the DR for the next read from the MPU. By the register selector (RS) signal, these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U isin the internal operation mode, and the next instruction will not
be accepted. When RS = 0 and R/W = 1 (Table 1), the busy flag is output to DB7. The next instruction
must be written after ensuring that the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to both DDRAM and CGRAM. When an address of an
instruction is written into the IR, the address information is sent from the IR to the AC. Selection of either
DDRAM or CGRAM is aso determined concurrently by the instruction.

After writing into (reading from) DDRAM or CGRAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then output to DBO to DB6 when RS =0 and R/'W = 1 (Table 1).

Tablel Register Selection

RS RW Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DBO to DB6)

1 0 DR write as an internal operation (DR to DDRAM or CGRAM)
1 1 DR read as an internal operation (DDRAM or CGRAM to DR)
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Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its extended
capacity is 80 x 8 bits, or 80 characters. The area in display data RAM (DDRAM) that is not used for
display can be used as general data RAM. See Figure 1 for the relationships between DDRAM addresses
and positions on the liquid crystal display.

The DDRAM address (App) is et in the address counter (AC) as hexadecimal.

e 1-linedisplay (N = 0) (Figure 2)
O When there are fewer than 80 display characters, the display begins at the head position. For
example, if using only the HD44780, 8 characters are displayed. See Figure 3.
When the display shift operation is performed, the DDRAM address shifts. See Figure 3.

High order Low order
|«—— bits — s}« bits ——»| Example: DDRAM address 4E
AC
(hexadecimal) [AC6IAC5|/AC4 AC3AC2| ACTACO 1001110

Figurel DDRAM Address

Display position

(digit) 1 2 3 4 5 79 80
DDRAM
e 00 |01 |02 | 03| 04 | «vrerveneennn 4E | 4F

(hexadecimal)

Figure2 1-Line Display

Display
positon 1 2 3 4 5 6 7 8

DDRAM (00|01|02|03|04|05|06|07
address

For
shift left 01|02|03|04|05|06|07|08

For
shift right

4F|00|01/02|03|04 |05 |06

Figure3 1-Lineby 8-Character Display Example

HITACHI
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o 2-linedisplay (N = 1) (Figure 4)
O Case 1: When the number of display charactersislessthan 40 x 2 lines, the two lines are displayed
from the head. Note that the first line end address and the second line start address are not
consecutive. For example, when just the HD44780 is used, 8 characters x 2 lines are displayed. See

Figure 5.

When display shift operation is performed, the DDRAM address shifts. See Figure 5.

Display
position

DDRAM
address

(hexadecimal) 40 | 41

4

5

39

40

00 | 01

02

03

04

26

27

42

43

44

66

67

Figure4 2-LineDisplay

Display
position

DDRAM
address

For
shift left

For
shift right

00

01

02

03

04

05

06

07

40

41

42

43

44

45

46

47

01

02

03

04

05

06

07

08

41

42

43

44

45

46

47

48

27

00

01

02

03

04

05

06

67

40

41

42

43

44

45

46

Figure5 2-Lineby 8-Character Display Example

HITACHI
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0 Case2: For al16-character x 2-line display, the HD44780 can be extended using one 40-output
extension driver. See Figure 6.

When display shift operation is performed, the DDRAM address shifts. See Figure 6.

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

DDRAM |00/01/02{03|04|05|06|07|08|09|0A|0B|0C/0D|OE|OF|

address

40(4142|43|44|45|46|47/48/49|4A4B/4C|4D\4AE|4F

hd hd
HD44780U display Extension driver
display

For 011 02/03|04/|05|06(07|08|09|0A 0B|0C|0D|OE|0F|10
shift left 41/42|43|44/45|46|47|48|49|/4A/4B|ACIAD|4E|4F| 50
For 27|00/01/02|03|04|05|06|07|08|09|0A|0B|0C|0D|0E
shift right

67|40|41/42|43|44|45|46|47|48|49|4A|4BACIAD|4E

Figure6 2-Lineby 16-Character Display Example

HITACHI
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Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8 dot or 5x 10 dot character patterns from 8-bit character
codes (Table 4). It can generate 208 5 x 8 dot character patterns and 32 5 x 10 dot character patterns. User-
defined character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x 8 dots, eight
character patterns can be written, and for 5 x 10 dots, four character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of Table 4 to show the
character patterns stored in CGRAM.

See Table 5 for the relationship between CGRAM addresses and data and display patterns.

Areas that are not used for display can be used as general data RAM.

M odifying Character Patterns
e Character pattern development procedure
The following operations correspond to the numbers listed in Figure 7:

Determine the correspondence between character codes and character patterns.
Create alisting indicating the correspondence between EPROM addresses and data.
Program the character patterns into the EPROM.

Send the EPROM to Hitachi.

Computer processing on the EPROM is performed at Hitachi to create a character pattern listing, which
is sent to the user.

6. If there are no problems within the character pattern listing, atrial LSI is created at Hitachi and samples
are sent to the user for evaluation. When it is confirmed by the user that the character patterns are
correctly written, mass production of the LS| proceeds at Hitachi.

ok~ w DN

HITACHI
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Note: For a description of the numbers used in this figure, refer to the preceding page.

Hitachi User
> Start
Computer Determine
processing character patterns

Create character @
pattern listing

Evaluate
character
patterns

Art work

Masking

Trial

Sample

Sample
evaluation

No

}47

Create EPROM
address data listing

Write EPROM

EPROM - Hitachi

Yes

Mass
production

14

Figure7 Character Pattern Development Procedure
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e Programming character patterns

This section explains the correspondence between addresses and data used to program character patterns
in EPROM. The HD44780U character generator ROM can generate 208 5 x 8 dot character patterns and
325 x 10 dot character patterns for atotal of 240 different character patterns.

O Character patterns

EPROM address data and character pattern data correspond with each other to form a5 x 8 or 5 x
10 dot character pattern (Tables 2 and 3).

Table2 Example of Correspondence between EPROM Address Data and Character Pattern

(5% 8 Dots)
EPROM Address Data
LSB
A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 0403020100
0 00 0|10 0 0 O
0 00 12,0 0 0 O
0 01 0|1/0|1 1|0
0 01 1,1 1/0 O0]1
01 0 O0j}|12/0 O 0|1
0 1 0 11 E 0 0|1
0 1 1 01 1 1 1|0
0110001100111 1|0 0 0 0O
1 0 0 0Ojo 0 0 0 O
1 00 1|0 0 0 0 O
1 01 0jo 0 O O O
1 01 1|0 0 0O O O
11 0 0|0 0O O O O
11 0 1|0 0 0 0 O
11 1 0 |0 O O 0 O
111 10 0 0 O O
Character code Line
position

Notes: 1. EPROM addresses All to A4 correspond to a character code.

S

HITACHI

-«——— Cursor position

EPROM addresses A3 to A0 specify a line position of the character pattern.
EPROM data O4 to OO0 correspond to character pattern data.
EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.
Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts.
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O Handling unused character patterns

1. EPROM data outside the character pattern area: Alwaysinput Os.
2. EPROM datain CGRAM area: Always input Os. (Input Os to EPROM addresses 00H to FFH.)

3. EPROM data used when the user does not use any HD44780U character pattern: According to the user

application, handled in one of the two ways listed as follows.

a. When unused character patterns are not programmed: If an unused character code is written into
DDRAM, dl itsdots are lit. By not programing a character pattern, all of its bits become lit. (Thisis

due to the EPROM being filled with 1s after it is erased.)

b. When unused character patterns are programmed as Os: Nothing is displayed even if unused
character codes are written into DDRAM. (Thisis equivaent to a space.)

Table3 Example of Correspondence between EPROM Address Data and Character Pattern

(5 % 10 Dots)

EPROM Address Data
LSB
A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0|0O4 03 0201 00
0 00 0OJ0O O O O O
0 00 1|0 0 0O 0O O
001001 1oz
0 01 1]1/]0 0O0]1 1
01 00/[1/0 0 01
0 1 0 1(12(0 0 0]1
01 1 0|01 1 1 1
01010011001 110 0 0 0]1
1 00 Of|0o 0 O O|1
1 00 1|0 0 0 0/1
1 01 0|0 O O O O
1 01 1|0 0 0 0 O
110 0|0 0 0 0 O
11 0 1|0 0 0 0 O
11 1 0|0 0 0 0 O
111 1|0 0 0 0 O
Character code Line
position

Notes: 1. EPROM addresses All to A3 correspond to a character code.

S

16
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-«—— Cursor position

EPROM addresses A3 to AO specify a line position of the character pattern.
EPROM data O4 to OO0 correspond to character pattern data.
EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.
Line 11 and the following lines must be blanked with Os for a 5 x 10 dot character fonts.
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Table4 Correspondence between Character Codes and Character Patterns (ROM Code: A00)

I_A:_qnwnzr Uppgirt: 0000 | 0001 | 0010 | 0011 | 0100 ({0101 | 0110|0111 (1000| 1001|1010 101111001101 |1110(|111121
CcG e | W B e L, e -
xxx0000 | ) R e | e
xxxx0001 | (2)
wootot0| @ Pl e
xxxx0011 | (4) of E.f:i IEE:. :EEEE 'EE: e
e EEAC AR w | T b T[R4 5
H HIH . H [ E bl
I P I e HIZHE = | | |
wooonto| o) | | (B [ (L[4[
woon| @ | || i L kI
xxxx1000 | (1)
xxxx1001 | (2) ::E =EE:E :E: E.E.E :é. =:::E PE:E .=:E. .'E ﬁ.’ o E---E
wocono| @ ||| E |l | Tk 1
e IEEIER A A ¥ EI0* R
woaoo| ® | | a |5 LS5 L ] eI
wortor| @ | |=|== (1] 4 (1| >
o110 | . :::_ -, o E'“E "EE' E-E= .;::f :.;.: " E:::
oottt | @ | || 2 [l o [0 TEelEl=

Note: The user can specify any pattern for character-generator RAM.

HITACHI
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Table4 Correspondence between Character Codes and Character Patterns (ROM Code: A02)

Lower Preiiel 0000 | 0001 | 0010 0110 0111 | 1000 | 1001 | 1010 | 2011 | 1200 1201 | 1110 | 1111

ce | & e | L |HEEE | [
X000000 | | 2K B e [ (B TR R | | e
oconon | @ |4 | ] I A S
wocono| @ | % | T I ey g [HETE [k 10 [ 1 B
— IR AR
aoo0100| ) A0 Tlel L HE =B s a5 5
o010 © HEMER I EIREE
eoo0110 | )
oo | @ |gE| ® G B T 5] e o
oootoon| | 0 [ 5 [y [ [N [ [ | [ |
wcaonn | @ || 3BTl W R 0
wacno| @ |- || 8 | T3 | M B G U1 0
otons | @) | 4= 4| 5 b e 6 00 1 g
oo @ | | [ [ [ 11 F [W]e= WO T 0210
wwator | © | 5 |22 || D) | AN
woano| ) | | o | P e B B T B
woas| @ | F |7 AR ey LTS e T 5

HITACHI
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Table5

For 5 X

Notes: 1.
2.

*

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
Patterns (CGRAM Data)

8 dot character patterns
lptmmgetss || conaagmess| | Chzana ratane
76543210 543210 76543210
High Low High Low High Low
000 * x x[111 1]0
00 1 1/0 0o of1
010 1/0 0 of1
000O0™* 000 oooi011 t111]0
100 1/ol1]0 o
110 1 1/0 0[1]0
1110 11/0 0 0|1
1011 * * x10 0000
000 + » «[1]/0 0 01
001 of1fofalo]
010 11111
0000™* 001 001 9t1? 0 0J1
100 11111
10 1 '0 0l1]0 0
110 '0 0|1]0 O
1111 * x x10 0000
3000 ***i
L 00 1 \L/
[ ] 1
0000 * 111 111! ] ‘
100 ;
110 }
3111 ***3

Character
pattern (1)

Cursor position

Character
pattern (2)

Cursor position

Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).

CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the
cursor position and its display is formed by a logical OR with the cursor.

Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor display.
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence.
Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

As shown Table 5, CGRAM character patterns are selected when character code bits 4 to 7 are
all 0. However, since character code bit 3 has no effect, the R display example above can be
selected by either character code 00H or O8H.

1 for CGRAM data corresponds to display selection and 0 to non-selection.

Indicates no effect.

HITACHI
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Table5 Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
Patterns (CGRAM Data) (cont)

For 5 X 10 dot character patterns

oot || commness| | e ratans
76543210 543210 76543210
High Low High Low High Low
0 000 * * * 10000 0
000 1 00000
0010 1]ol1 1]o0
0 011 1 1/0 0|12
10100 1/0 0 0|1/ | Character
0000™*O0O0 * 00:0101 1/0 0 0|1 | pattern
00110 1111j0
0111 1/0 000
1000 110000
1001 l1/0 000
,,,,,,,,,,,,,,,,,,,,,,, _|41010 |***i0000 0} Cursorposion
:l 0 1 l * * * :‘k * * * *
1100 |
1101 ! 1
1110 i
il 1 1 1 * * * i* * * * *
0000 *oEox
e — 0 001 }
= [ r—— [t
0000 * 11+ 1131001\\v—1/
,,,,,,,,,,,,,,,,,,,,,,, S I O 1 O L S S
10 11 R
1100 |
110 1 :
1110 i
31 11 1 *  x % i* * ok * %

Notes: 1. Character code bits 1 and 2 correspond to CGRAM address bits 4 and 5 (2 bits: 4 types).

2. CGRAM address bits 0 to 3 designate the character pattern line position. The 11th line is the
cursor position and its display is formed by a logical OR with the cursor.

Maintain the 11th line data corresponding to the cursor display positon at O as the cursor display.
If the 11th line data is “1”, “1” bits will light up the 11th line regardless of the cursor presence.
Since lines 12 to 16 are not used for display, they can be used for general data RAM.

3. Character pattern row positions are the same as 5 x 8 dot character pattern positions.

4. CGRAM character patterns are selected when character code bits 4 to 7 are all 0.

However, since character code bits 0 and 3 have no effect, the P display example above can be
selected by character codes 00H, 01H, 08H, and 09H.

1 for CGRAM data corresponds to display selection and 0 to non-selection.
Indicates no effect.

o

*

HITACHI
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Timing Generation Cir cuit

The timing generation circuit generates timing signals for the operation of internal circuits such as
DDRAM, CGROM and CGRAM. RAM read timing for display and internal operation timing by MPU
access are generated separately to avoid interfering with each other. Therefore, when writing data to
DDRAM, for example, there will be no undesirable interferences, such as flickering, in areas other than the
display area.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 16 common signal drivers and 40 segment signal
drivers. When the character font and number of lines are selected by a program, the required common
signal drivers automatically output drive waveforms, while the other common signal drivers continue to
output non-selection waveforms.

Sending serial data always starts at the display data character pattern corresponding to the last address of
the display data RAM (DDRAM).

Since serial datais latched when the display data character pattern corresponding to the starting address
enters the internal shift register, the HD44780U drives from the head display.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the cursor or character blinking. The cursor or the blinking will
appear with the digit located at the display data RAM (DDRAM) address set in the address counter (AC).

For example (Figure 8), when the address counter is 08H, the cursor position is displayed at DDRAM
address 08H.

AC6 AC5 AC4 AC3 AC2 AC1 ACO

AC’O‘O‘O‘l‘O‘O‘O‘

For a 1-line display

Display position 1 2 3 4 5 6 7 8 9 10 11

DDRAM address
(hexadecimal)

{’00‘01‘02‘03‘04‘05‘06‘07‘08‘09‘0A‘2
—

)

For a 2-line display cursor position

Display position 1 2 3 4 5 6 7 8 9 10 11

DDRAM address 00 | 01 [ 02 | 03 | 04 | 05 | 06 | O7 70§ 09 | OA )

(hexadecimal)

40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 848 49 | 4A (

cursor position

Note: The cursor or blinking appears when the address counter (AC) selects the character
generator RAM (CGRAM). However, the cursor and blinking become meaningless.
The cursor or blinking is displayed in the meaningless position when the AC is a CGRAM address.

Figure8 Cursor/Blink Display Example

HITACHI
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Interfacing to the MPU

The HD44780U can send data in either two 4-bit operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs.

» For 4-bit interface data, only four bus lines (DB4 to DB7) are used for transfer. Bus lines DBO to DB3
are disabled. The data transfer between the HD44780U and the MPU is completed after the 4-bit data
has been transferred twice. Asfor the order of data transfer, the four high order bits (for 8-bit operation,
DB4 to DB7) are transferred before the four low order bits (for 8-bit operation, DBO to DB3).

The busy flag must be checked (one instruction) after the 4-bit data has been transferred twice. Two
more 4-bit operations then transfer the busy flag and address counter data.

» For 8-bit interface data, all eight buslines (DBO to DB7) are used.

RS

RIW

E

DB7 X rR7 X IRz X X Acs X

DB6 X 1Re X IRz X X acz2 X

DB5 X rs X IRl X X ac1 X

DB4 X 1ra X RO X X aco X ©OR4X__ XDRO)
pcton esster (%) | By g Oy | e O

read

Figure9 4-Bit Transfer Example

HITACHI
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes the HD44780U when the power is turned on. The
following instructions are executed during the initialization. The busy flag (BF) is kept in the busy state
until the initialization ends (BF = 1). The busy state lasts for 10 ms after V. risesto 4.5 V.

1. Display clear
2. Function set:
DL = 1; 8-hit interface data
N = 0; 1-linedisplay
F=0; 5 x 8 dot character font
3. Display on/off contral:
D = 0; Display off
C = 0; Cursor off
B = 0; Blinking off
4. Entry mode set:
I/D = 1; Increment by 1
S=0; No shift

Note: If the electrical characteristics conditions listed under the table Power Supply Conditions Using
Internal Reset Circuit are not met, the internal reset circuit will not operate normally and will fail to
initialize the HD44780U. For such a case, initial-ization must be performed by the MPU as
explained in the section, Initializing by Instruction.

I nstructions

Outline

Only the instruction register (IR) and the data register (DR) of the HD44780U can be controlled by the
MPU. Before starting the internal operation of the HD44780U, control information is temporarily stored
into these registers to allow interfacing with various MPUs, which operate at different speeds, or various
peripheral control devices. The internal operation of the HD44780U is determined by signals sent from the
MPU. These signals, which include register selection signal (RS), read/

write signal (R/W), and the data bus (DBO to DB7), make up the HD44780U instructions (Table 6). There
are four categories of instructions that:

» Designate HD44780U functions, such as display format, data length, etc.
* Setinternal RAM addresses

e Perform datatransfer with internal RAM

» Perform miscellaneous functions

HITACHI
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Normally, instructions that perform data transfer with internal RAM are used the most. However, auto-
incrementation by 1 (or auto-decrementation by 1) of internal HD44780U RAM addresses after each data
write can lighten the program load of the MPU. Since the display shift instruction (Table 11) can perform
concurrently with display data write, the user can minimize system development time with maximum

programming efficiency.

When an instruction is being executed for internal operation, no instruction other than the busy flag/address
read instruction can be executed.

Because the busy flag is set to 1 while an instruction is being executed, check it to make sureit is O before
sending another instruction from the MPU.

Note: Be sure the HD44780U is not in the busy state (BF = 0) before sending an instruction from the
MPU to the HD44780U. If an instruction is sent without checking the busy flag, the time between
the first instruction and next instruction will take much longer than the instruction time itself. Refer
to Table 6 for the list of each instruc-tion execution time.

Table 6

Instructions

Code

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description

Execution Time
(max) (when f_, or
fosc 1S 270 kHz)

Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and
display sets DDRAM address 0 in

address counter.
Return 0 0 0 0 0 0 0 0 1 —  Sets DDRAM address 0 in 1.52 ms
home address counter. Also

returns display from being

shifted to original position.

DDRAM contents remain

unchanged.
Entry 0 0 0 0 0 0 0 1 IID S Sets cursor move direction 37 ps
mode set and specifies display shift.

These operations are

performed during data write

and read.
Display 0 0 0 0 0 0 1 D C B Sets entire display (D) on/off, 37 us
on/off cursor on/off (C), and
control blinking of cursor position

character (B).
Cursoror O 0 0 0 0 1 S/IC RIL — — Moves cursor and shifts 37 us
display display without changing
shift DDRAM contents.
Function 0 0 0 0 1 DL N F — — Sets interface data length 37 ps
set (DL), number of display lines

(N), and character font (F).
Set 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CGRAM address. 37 us
CGRAM CGRAM data is sent and
address received after this setting.
Set 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DDRAM address. 37 ps
DDRAM DDRAM data is sent and
address received after this setting.
Read busy 0 1 BF AC AC AC AC AC AC AC Readshbusyflag (BF) O pus
flag & indicating internal operation
address is being performed and

reads address counter

contents.

HITACHI
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Table6 I nstructions (cont)
d Execution Time
Code (max) (when f_, or
Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description fosc 1S 270 kHz)
Write data 1 0 Write data Writes data into DDRAM or 37 us
to CG or CGRAM. taop = 4 HS*
DDRAM
Read data 1 1 Read data Reads data from DDRAM or 37 us
from CG or CGRAM. taop = 4 Us*
DDRAM
I/ID =1: Increment DDRAM: Display data RAM  Execution time
IID =0: Decrement CGRAM: Character generator changes when
S =1: Accompanies display shift RAM frequency changes
S/C =1: Display shift ACG: CGRAM address Example:
SIC =0: Cursor move ADD:  DDRAM address ~ When f or fogc is
R/L =1: Shiftto the right (corresponds to cursor 250 kHz,
R/L =0: Shift to the left address) 37 us x 270 _ 40 us
DL =1: 8bits, DL =0: 4 bits AC: Address counter used for L
N =1: 2lines,N=0: 1line both DD and CGRAM
F =1 5x10dots, F=0: 5x 8 dots addresses
BF =1: Internally operating
BF =0: Instructions acceptable
Note: — indicates no effect.

After execution of the CGRAM/DDRAM data write or read instruction, the RAM address counter
is incremented or decremented by 1. The RAM address counter is updated after the busy flag
turns off. In Figure 10, t,,, is the time elapsed after the busy flag turns off until the address
counter is updated.

Busy signal -~—— Busy state ——»|
(DB7 pin)
Address counter |
(DBO to DB6 pins) A >< A+l
1
taDD

Note: t app depends on the operation frequency
tapp = L.5/(fepor fosc) seconds

Figure10 AddressCounter Update
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I nstruction Description

Clear Display

Clear display writes space code 20H (character pattern for character code 20H must be a blank pattern) into
all DDRAM addresses. It then sets DDRAM address 0 into the address counter, and returns the display to
its original status if it was shifted. In other words, the display disappears and the cursor or blinking goes to
the left edge of the display (in the first line if 2 lines are displayed). It also sets I/D to 1 (increment mode)
in entry mode. S of entry mode does not change.

Return Home

Return home sets DDRAM address 0 into the address counter, and returns the display to its original status
if it was shifted. The DDRAM contents do not change.

The cursor or blinking go to the left edge of the display (in the first line if 2 lines are displayed).

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0) the DDRAM address by 1 when a character code is
written into or read from DDRAM.

The cursor or blinking moves to the right when incremented by 1 and to the left when decremented by 1.
The same applies to writing and reading of CGRAM.

S: Shiftsthe entire display either to the right (I/D = 0) or to the left (I/D = 1) when Sis 1. The display does
not shift if SisO.

If Sis1, it will seem asif the cursor does not move but the display does. The display does not shift when
reading from DDRAM. Also, writing into or reading out from CGRAM does not shift the display.

Display On/Off Control

D: Thedisplay ison when D is 1 and off when D is 0. When off, the display data remainsin DDRAM, but
can be displayed instantly by setting D to 1.

C: The cursor is displayed when C is 1 and not displayed when C is 0. Even if the cursor disappears, the
function of 1/D or other specifications will not change during display data write. The cursor is displayed
using 5 dots in the 8th line for 5 x 8 dot character font selection and in the 11th line for the 5 x 10 dot
character font selection (Figure 13).

B: The character indicated by the cursor blinks when B is 1 (Figure 13). The blinking is displayed as
switching between all blank dots and displayed characters at a speed of 409.6-ms intervals when f., or f o
is 250 kHz. The cursor and blinking can be set to display simultaneously. (The blinking frequency changes
according to f g or the reciprocal of f,. For example, when f, is 270 kHz, 409.6 x 250/270 = 379.2 ms.)

HITACHI
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Cursor or Display Shift

Cursor or display shift shifts the cursor position or display to the right or left without writing or reading
display data (Table 7). This function is used to correct or search the display. In a 2-line display, the cursor
moves to the second line when it passes the 40th digit of the first line. Note that the first and second line
displays will shift at the same time.

When the displayed data is shifted repeatedly each line moves only horizontally. The second line display
does not shift into the first line position.

The address counter (AC) contents will not change if the only action performed is a display shift.

Function Set

DL: Setsthe interface data length. Data is sent or received in 8-bit lengths (DB7 to DBO) when DL is 1,
and in 4-bit lengths (DB7 to DB4) when DL is 0.When 4-bit length is selected, data must be sent or
received twice.

N: Setsthe number of display lines.
F: Setsthe character font.

Note: Perform the function at the head of the program before executing any instructions (except for the
read busy flag and address instruction). From this point, the function set instruction cannot be
executed unless the interface data length is changed.

Set CGRAM Address
Set CGRAM address sets the CGRAM address binary AAAAAA into the address counter.

Data is then written to or read from the MPU for CGRAM.

HITACHI
27



HD44/80U

Clear
display

Return
home

Entry
mode set

Display
on/off control

Cursor or
display shift

Function set

Set CGRAM
address

Code

Code

Code

Code

Code

Code

Code

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 0 0 0 0 0 0 1
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 *
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 0 0 0 0 1 IID | S
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 1 D C B
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 0 0 1 |SIC|RILL| * *
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 1 DL N F * *
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 1 A A A A A A

Higher Lower

order bit order bit

Note: * Don't care.

Note: * Don't care.

28

Figure1l Instruction (1)

HITACHI




HD44/80U

Set DDRAM Address
Set DDRAM address sets the DDRAM address binary AAAAAAA into the address counter.
Data s then written to or read from the MPU for DDRAM.

However, when N is O (1-line display), AAAAAAA can be 00H to 4FH. When N is 1 (2-line display),
AAAAAAA can be 00H to 27H for thefirst line, and 40H to 67H for the second line.

Read Busy Flag and Address

Read busy flag and address reads the busy flag (BF) indicating that the system is now internally operating
on a previously received instruction. If BF is 1, the internal operation is in progress. The next instruction
will not be accepted until BF is reset to 0. Check the BF status before the next write operation. At the same
time, the value of the address counter in binary AAAAAAA is read out. This address counter is used by
both CG and DDRAM addresses, and its value is determined by the previous instruction. The address
contents are the same as for instructions set CGRAM address and set DDRAM address.

Table7 Shift Function

S/IC R/L

0 0 Shifts the cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor position to the right. (AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor follows the display shift.
1 1 Shifts the entire display to the right. The cursor follows the display shift.

Table8 Function Set

No. of
Display Duty
N F Lines Character Font  Factor Remarks
0 0o 1 5 x 8 dots 1/8
0 1 1 5 x 10 dots 1/11
1 * 2 5 x 8 dots 1/16 Cannot display two lines for 5 x 10 dot character font

Note: * Indicates don't care.
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e

(TTTT1] ]
Cursor —» —
5 x 8 dot 5 x 10 dot Alternating display
character font character font
Cursor display example Blink display example

Figure12 Cursor and Blinking

Set DDRAM
address

Read busy flag
and address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

Code 0 0 1 A A A A A A A

Higher Lower
order bit order bit

-

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

Code 0 1 BF | A A A A A A A

Higher Lower
order bit order bit

30

Figure 13 Instruction (2)
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Write Datato CG or DDRAM
Write datato CG or DDRAM writes 8-bit binary data DDDDDDDD to CG or DDRAM.

To write into CG or DDRAM is determined by the previous specification of the CGRAM or DDRAM
address setting. After a write, the address is automatically incremented or decremented by 1 according to
the entry mode. The entry mode also determines the display shift.

Read Data from CG or DDRAM
Read data from CG or DDRAM reads 8-bit binary data DDDDDDDD from CG or DDRAM.

The previous designation determines whether CG or DDRAM is to be read. Before entering this read
instruction, either CGRAM or DDRAM address set instruction must be executed. If not executed, the first
read data will be invalid. When serially executing read instructions, the next address data is normally read
from the second read. The address set instructions need not be executed just before this read instruction
when shifting the cursor by the cursor shift instruction (when reading out DDRAM). The operation of the
cursor shift instruction is the same as the set DDRAM address instruction.

After aread, the entry mode automatically increases or decreases the address by 1. However, display shift
is not executed regardless of the entry mode.

Note: The address counter (AC) is automatically incremented or decremented by 1 after the write
instructions to CGRAM or DDRAM are executed. The RAM data selected by the AC cannot be
read out at this time even if read instructions are executed. Therefore, to correctly read data,
execute either the address set instruction or cursor shift instruction (only with DDRAM), then just
before reading the desired data, execute the read instruction from the second time the read
instruction is sent.

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Write data to

CG or DDRAM Code 1 0 D D D D D D D D

Higher Lower
order bits order bits

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

Read data from
CG or DDRAM

Code 1 1 D D D D D D D D

Higher Lower
order bits order bits

Figure14 Instruction (3)

HITACHI
31




HD44/80U

Interfacing the HD44780U

Interfaceto MPUs

» Interfacing to an 8-bit MPU
See Figure 16 for an example of using a /O port (for a single-chip microcomputer) as an interface
device.
In this example, P30 to P37 are connected to the data bus DBO to DB7, and P75 to P77 are connected to
E, R/'W, and RS, respectively.

RS
RIW
E N N
Internal ( - ﬁi
operation g Functioning |
Not
DB7 22% Data ><// Busy /Busy busy @( Data W
Instruction Busy flag Busy flag Busy flag Instruction
write check check check write
Figure15 Exampleof Busy Flag Check Timing Sequence
H8/325 HD44780U
P30 to P37 8 DBO ti DB7CONIl 0 i»
orsh = g ° COM16
LCD
P77 > E 40
P76 » RS SEG1 to
P75 = RIW SEG40

Figure 16 HB8/325 Interface (Single-Chip Mode)
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Interfacing to a 4-bit MPU

The HD44780U can be connected to the I/O port of a4-bit MPU. If the I/O port has enough bits, 8-hit
data can be transferred. Otherwise, one data transfer must be made in two operations for 4-bit data. In
this case, the timing sequence becomes somewhat complex. (See Figure 17.)

See Figure 18 for an interface example to the HM CS4019R.

Note that two cycles are needed for the busy flag check as well as for the data transfer. The 4-bit
operation is selected by the program.

RS

RIW

E

Internal —

operation | Functioning |

Not

DB7 7 XIR7 X IR3 X ] Busy \AC3X A\ busy /AC3X X D7 X D3 X
Instruction Busy flag Busy flag Instruction
write check check write

Note: IR7, IR3 are the 7th and 3rd bits of the instruction.
AC3 is the 3rd bit of the address counter.

Figure17 Exampleof 4-Bit Data Transfer Timing Sequence

HMCS4019R HD44780
D15 * RS 16
> COML1 to
D14 - RIW COM16
D13 E LcD
4 SEG1to| 40
R10 to R13 DB4t0DB7 “crs o =

Figure 18 Example of Interfaceto HM CS4019R
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Interfaceto Liquid Crystal Display

Character Font and Number of Lines: The HD44780U can perform two types of displays, 5 x 8 dot and
5 x 10 dot character fonts, each with a cursor.

Up to two lines are displayed for 5 x 8 dots and one line for 5 x 10 dots. Therefore, atotal of three
types of common signals are available (Table 9).

The number of lines and font types can be selected by the program. (See Table 6, Instructions.)
Connection to HD44780 and Liquid Crystal Display: See Figure 19 for the connection examples.

Table9 Common Signals

Number of Lines Character Font Number of Common Signals  Duty Factor

1 5 x 8 dots + cursor 8 1/8

1 5 x 10 dots + cursor 11 1/11

2 5 x 8 dots + cursor 16 1/16

HD44780

com1

ComM8

SEG1

SEG40

Example of a 5 x 8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle)

HD44780

com1

CcoM11

SEG1

SEG40

Example of a 5 x 10 dot, 8-character x 1-line display (1/4 bias, 1/11 duty cycle)

Figure19 Liquid Crystal Display and HD44780 Connections
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Since five segment signal lines can display one digit, one HD44780U can display up to 8 digitsfor a1-line
display and 16 digits for a 2-line display.

The examples in Figure 19 have unused common signal pins, which always output non-selection
waveforms. When the liquid crystal display panel has unused extra scanning lines, connect the extra
scanning lines to these common signal pins to avoid any undesirable effects due to crosstalk during the
floating state.

HD44780

COM1

cowms
CcoM9

COM16

SEG1

SEG40

Example of a 5 x 8 dot, 8-character x 2-line display (1/5 bias, 1/16 duty cycle)

Figure19 Liquid Crystal Display and HD44780 Connections (cont)
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Connection of Changed Matrix Layout: In the preceding examples, the number of lines correspond to the
scanning lines. However, the following display examples (Figure 20) are made possible by altering the
matrix layout of the liquid crystal display panel. In either case, the only change is the layout. The display
characteristics and the number of liquid crystal display characters depend on the number of common
signals or on duty factor. Note that the display data RAM (DDRAM) addresses for 4 characters x 2 lines
and for 16 characters x 1 line are the same asin Figure 19.

HD44780

COoM1

COMm8

SEGL

SEG40
COM9

COM16

5 x 8 dot, 16-character x 1-line display
(1/5 bias, 1/16 duty cycle)

Figure20 Changed Matrix Layout Displays

HITACHI
36




HD44/80U

Power Supply for Liquid Crystal Display Drive

Various voltage levels must be applied to pins V1 to V5 of the HD44780U to obtain the liquid crystal
display drive waveforms. The voltages must be changed according to the duty factor (Table 10).

VLCD is the peak value for the liquid crystal display drive waveforms, and resistance dividing provides
voltages V1 to V5 (Figure 21).

Table10  Duty Factor and Power Supply for Liquid Crystal Display Drive

Duty Factor

1/8, 1/11 1/16
Bias
Power Supply 1/4 1/5
V1 V.—1/4 VLCD V.—1/5 VLCD
V2 V—1/2 VLCD V.—2/5 VLCD
V3 Ve—1/2 VLCD V—3/5 VLCD
V4 V.—3/4 VLCD V.—4/5 VLCD
V5 V.—VLCD V.—VLCD
Vee (#5V) Vee (+5V)
Vee ‘ ] Vee ‘ ]
R R
V1
V1 R
V2 R V2
VLCD R | VLCD
V3 R V3
R
\Z . V4
R
V5 ‘ V5 Ry
%(/R VR
-5V -5V
1/4 bias 1/5 bias
(1/8, 1/11 duty cycle) (1/16, duty cycle)

Figure21 Drive Voltage Supply Example

HITACHI
37




HD44/80U

Relationship between Oscillation Frequency and Liquid Crystal Display Frame

Frequency

The liquid crystal display frame frequencies of Figure 22 apply only when the oscillation frequency is 270

kHz (one clock pulse of 3.7 us).

1/8 duty cycle

,— 400 clocks

fot————

com1 1 5 3

8 ‘ 1

2 ‘

Vee

Vi
V2 (V3)

V4

V5 ‘

‘ 1 frame

1 frame = 3.7 pus x 400 x 8 = 11850 us = 11.9 ms
=84.3Hz

Frame frequency =
a y 11.9 ms

1/11 duty cycle

ﬁ 400 clocks

fot————

com1 1 2 3

Vee
Vi

V2 (V3)

V4

V5 ‘

‘ 1 frame

1 frame = 3.7 ps x 400 x 11 = 16300 ps = 16.3 ms

L _614H;
163 ms

Frame frequency =

1/16 duty cycle 200 clocks

CoMm1

Vee
Vi

V2

V3

V4

V5
\

‘ 1 frame

1 frame = 3.7 ps x 200 x 16 = 11850 ps = 11.9 ms

1 =84.3Hz

Frame frequency =
g y 11.9ms

Figure22 Frame Frequency
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Instruction and Display Correspondence

8-bit operation, 8-digit x 1-line display with internal reset

Refer to Table 11 for an example of an 8-digit x 1-line display in 8-bit operation. The HD44780U
functions must be set by the function set instruction prior to the display. Since the display data RAM
can store data for 80 characters, as explained before, the RAM can be used for displays such as for
advertising when combined with the display shift operation.

Since the display shift operation changes only the display position with DDRAM contents unchanged,
thefirst display data entered into DDRAM can be output when the return home operation is performed.
4-bit operation, 8-digit x 1-line display with internal reset

The program must set all functions prior to the 4-bit operation (Table 12). When the power isturned on,
8-hit operation is automatically selected and the first write is performed as an 8-bit operation. Since
DBO0 to DB3 are not connected, arewrite is then required. However, since one operation is completed in
two accesses for 4-bit operation, arewrite is needed to set the functions (see Table 12). Thus, DB4 to
DB?7 of the function set instruction is written twice.

8-bit operation, 8-digit x 2-line display

For a2-line display, the cursor automatically moves from the first to the second line after the 40th digit
of the first line has been written. Thus, if there are only 8 charactersin thefirst line, the DDRAM
address must be again set after the 8th character is completed. (See Table 13.) Note that the display shift
operation is performed for the first and second lines. In the example of Table 13, the display shift is
performed when the cursor is on the second line. However, if the shift operation is performed when the
cursor ison thefirst ling, both the first and second lines move together. If the shift is repeated, the
display of the second line will not moveto the first line. The same display will only shift within its own
line for the number of times the shift is repeated.

Note: When using the internal reset, the electrical characteristics in the Power Supply Conditions Using

Internal Reset Circuit table must be satisfied. If not, the HD44780U must be initialized by
instructions. See the section, Initializing by Instruction.
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Tablell  8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
1 Power supply on (the HD44780U is initialized by the internal |:| Initialized. No display.
reset circuit)
2 Function set |:| Sets to 8-bit operation and
0 0 0 0 1 * * selects 1-line display and 5 x 8
dot character font. (Number of
display lines and character
fonts cannot be changed after
step #2.)
3 Display on/off control |:| Turns on display and cursor.
0 0 0 0 0 1 0 Entire display is in space mode
because of initialization.
4 Entry mode set |:| Sets mode to increment the
0 0 0 0 0 1 0 address by one and to shift the
cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.
5 Write data to CGRAM/DDRAM _H Writes H. DDRAM has already
1 0 0 1 0 0 0 = been selected by initialization
when the power was turned on.
The cursor is incremented by
one and shifted to the right.
6 Write data to CGRAM/DDRAM _HI Writes I.
1 0 0 1 0 0 1 =
7
8 Write data to CGRAM/DDRAM HITACHI_ Writes I.
1 0 0 1 0 0
9 Entry mode set HITACHI Sets. mode to .Shlft display at
0 0 0 0 0 1 = the time of write.
10  Write data to CGRAM/DDRAM ITACHI _ Writes a space.
1 0 0 0 1 0
HITACHI
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Tablell  8-Bit Operation, 8-Digit x 1-Line Display Examplewith Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation

11  Write data to CGRAM/DDRAM TACHIM_ Writes M.
1 0 0 1 0 0 1 1 0

12

13 Write data to CGRAM/DDRAM Writes O.

MICROKO
1 0 0 1 0 0 1 1 1 =

14  Cursor or display shift
0 0 0 0 0 1 0 0 *

Shifts only the cursor position

MICROKO
= to the left.

15  Cursor or display shift
0 0 0 0 0 1 0 0 * *

Shifts only the cursor position

MICROKO
= to the left.

16  Write data to CGRAM/DDRAM
1 0 0 1 0 0 0 0 1

Writes C over K.

ICROCO
= The display moves to the left.

17  Cursor or display shift
0 0 0 0 0 1 1 1 * *

Shifts the display and cursor

MICROCO " .
= position to the right.

18  Cursor or display shift
0 0 0 0 0 1 0 1 *

Shifts the display and cursor

MICROCO_ iy .
position to the right.

19 Write data to CGRAM/DDRAM
1 0 0 1 0 0 1 1 0

Writes M.

ICROCOM_

20

21 Return home
0 0 0 0 0 0 0 0

Returns both display and
cursor to the original position
(address 0).

HITACHI
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Table12  4-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 Display Operation

1 Power supply on (the HD44780U is initialized by the internal |:| Initialized. No display.
reset circuit)

2 Function set |:| Sets to 4-bit operation.

0 0 0 0 1 0 In this case, operation is
handled as 8 bits by initializa-
tion, and only this instruction
completes with one write.

3 Function set |:| Sets 4-bit operation and

0 0 0 0 1 0 selects 1-line display and 5 x 8

0 0 0 0 * * dot character font. 4-bit
operation starts from this step
and resetting is necessary.
(Number of display lines and
character fonts cannot be
changed after step #3.)

4 Display on/off control |:| Turns on display and cursor.
0 0 0 0 0 0 Entire display is in space mode
0 0 1 1 1 0 because of initialization.

5 Entry mode set |:| Sets mode to increment the

0 0 0 0 0 0 address by one and to shift the

0 0 0 1 1 0 cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.

6 Write data to CGRAM/DDRAM __H Writes H.
1 0 0 1 0 0 = The cursor is incremented by
1 0 1 0 0 0 one and shifts to the right.
Note: The control is the same as for 8-bit operation beyond step #6.

42
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Table13  8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
1 Power supply on (the HD44780U is initialized by the internal Initialized. No display.
reset circuit)
2 Function set Sets to 8-bit operation and
0 0 0 0 1 * * selects 2-line display and 5 x 8
dot character font.
3 Display on/off control Turns on display and cursor.
0 0 0 0 0 1 0 = All display is in space mode
because of initialization.
4 Entry mode set Sets mode to increment the
0 0 0 0 0 1 0 = address by one and to shift the
cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.
5 Write data to CGRAM/DDRAM H Writes H. DDRAM has already
1 0 0 1 0 0 0 = been selected by initialization
when the power was turned on.
The cursor is incremented by
one and shifted to the right.
6
7 Write data to CGRAM/DDRAM HITACHI Writes I.
1 0 0 1 0 0 1 =
8 Set DDRAM address HITACHI Sets DDRAM address so that
0 0 1 1 0 0 0 the cursor is positioned at the
= head of the second line.
HITACHI
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Table13  8-Bit Operation, 8-Digit x 2-Line Display Examplewith Internal Reset (cont)
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
9 Write data to CGRAM/DDRAM HITACHI Writes M.
1 0 0 1 0 0 1 1 0 1
M_
10
11 \lerte doata toOCGRAlM/DD(IJ?AM . . . . . HITACHI Writes O.
MICROCO_
12 gntry n(;ode s(;et . . . . . . ) HITACHI tSheti'mod(: to -fhm display at
MICROCO_ e time of write.
13  Write data to CGRAM/DDRAM ITACHI Writes M. Display is shifted to
1 0 0 1 0 0 1 1 0 1 the left. The first and second
ICROCOM_ ) .
lines both shift at the same
time.
14
15 OReturnohom'sxO . . . . . . . HITACHI Returnf btcr)]th d|§pla)|/ and-t.
MICROCOM cursor to the original position

(address 0).
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Initializing by Instruction

If the power supply conditions for correctly operating the internal reset circuit are not met, initialization by
instructions becomes necessary.

Refer to Figures 23 and 24 for the procedures on 8-bit and 4-bit initializations, respectively.

( Power on )

Wait for more than 15 ms Wait for more than 40 ms
after Vo rises to 4.5 V after Vo rises to 2.7 V

RS RAWDB7 DB6 DB5 DB4 DB3DB2 DB1 DBO ‘ BF cannot be checked before this instruction.
0 0 0 0 1 1 =* * * x

Wait for more than 4.1 ms

RS RWDB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO BF cannot be checked before this instruction.
0O 0 0 0 1 1 =+ * x x

Wait for more than 100 ps

RS RAWDB7 DB6 DB5 DB4 DB3 DB2 DB1DBO BF cannot be checked before this instruction.
0O 0 0 0 1 1 =+ * x «*

Function set (Interface is 8 bits long.)

Function set (Interface is 8 bits long.)

Function set (Interface is 8 bits long.)

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

Function set (Interface is 8 bits long. Specify the

RS RAWDB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO number of display lines and character font.)
0 0 0 01 1 N F *» =« The number of display lines and character font
0O 00000 10 0 0 cannot be changed after this point.
00 00O 0 0 0 0 1 Display off
0O 0 0 0 0O 0O O 1 IIDS Display clear
i Entry mode set

Initialization ends

Figure23 8-Bit Interface
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( Power on )

Wait for more than 15 ms
after V¢ rises to 4.5 V

Wait for more than 40 ms
after V¢ rises to 2.7 V

RS R/ DB7 DB6 DB5 DB4
0O 0 0 0 1 1

‘ BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

Wait for more than 4.1 ms

RS R/W DB7 DB6 DB5 DB4
0O 0 0 0 1 1

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

Wait for more than 100 ps

RS RW DB7 DB6 DB5 DB4
0O 0 0 0 1 1

RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 O
0O 0 0 0 1 O
0O 0O N F *» *
0O 0 0 0 0 O
0O 0 1 0 0 O
0O 0 0 0 0 O
0O 0 0 0 0 1
0O 0 0 0 0 O
0 0 0 1 IIb s

i

Initialization ends

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

Function set (Set interface to be 4 bits long.)
Interface is 8 bits in length.

Function set (Interface is 4 bits long. Specify the
number of display lines and character font.)

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

46
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Absolute Maximum Ratings*

Item Symbol Value Unit Notes

Power supply voltage (1) V. .—GND -0.3t0 +7.0 \% 1

Power supply voltage (2) V. .—V5 -0.3to0 +13.0 \% 1,2

Input voltage Vit -0.3to V. +0.3 \Y, 1

Operating temperature Topr —-30to +75 °C

Storage temperature Tyq -55to +125 °C 4

Note: * Ifthe LSl is used above these absolute maximum ratings, it may become permanently damaged.

Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LS| will
malfunction and cause poor reliability.
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DC Characteristics (V.. =2.7t04.5V, T, =-30to +75°C*®)

Item Symbol  Min Typ Max Unit Test Condition Notes*
Input high voltage (1) VIH1 0.7V — Ve \% 6
(except OSC1)
Input low voltage (1) VIL1 -0.3 — 0.55 \% 6
(except OSC1)
Input high voltage (2)  VIH2 0.7V — Ve \% 15
(OscC1)
Input low voltage (2) VIL2 — — 0.2V \% 15
(0oscC1)
Output high voltage (1) VOH1 0.75V, — — \% —loy = 0.1 MA 7
(DB0-DB?7)
Output low voltage (1) VOL1 — — 0.2V \% lo.= 0.1 mA 7
(DBO-DB7)
Output high voltage (2) VOH2 0.8V — — \% —loy=0.04mA 8
(except DBO-DB7)
Output low voltage (2) VOL2 — — 0.2V \% lo. =0.04 mA 8
(except DBO-DB7)
Driver on resistance Reom — 2 20 kQ #ld=0.05mA, 13
(Com) VLCD =4V
Driver on resistance Reee — 2 30 kQ +ld =0.05 mA, 13
(SEG) VLCD =4V
Input leakage current 1, -1 — 1 A VIN=0toV, 9
Pull-up MOS current -, 10 50 120 HA V=3V
(DB0O-DB7, RS, R/W)
Power supply current I — 150 300 HA R, oscillation, 10, 14
external clock
Ve =3V,
fosc = 270 kHz
LCD voltage VLCD1 3.0 — 11.0 \% V.—V5, 1/5 bias 16
VLCD2 3.0 — 11.0 \Y V.—V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.

HITACHI
48



HD44/80U

AC Characteristics (V.. =2.7t04.5V, T, =-30to +75°C*®)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Note*
External  External clock frequency  f_, 125 250 350 kHz 11
clock  External clock duty Duty 45 50 55 %
operation —

External clock rise time tep — — 0.2 us

External clock fall time te, — — 0.2 ps
R, Clock oscillation frequency foqc 190 270 350 kHz R;= 75 kQ, 12
oscillation V=3V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 1000 — — ns Figure 25
Enable pulse width (high level) PW,, 450 — —
Enable rise/fall time ten te — 25
Address set-up time (RS, RW to E) t, 60 — —
Address hold time tan 20 — —
Data set-up time tosw 195 — —
Data hold time ty 10 — —
Read Operation
Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 1000 — — ns Figure 26
Enable pulse width (high level) PW,, 450 — —
Enable rise/fall time ten te — 25
Address set-up time (RS, RW to E) t, 60 — —
Address hold time tan 20 — —
Data delay time toor — — 360
Data hold time tonr 5 — —
HITACHI
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition
Clock pulse width High level  t.,, 800 — — ns Figure 27
Low level towt 800 — —
Clock set-up time tesy 500 — —
Data set-up time tsy 300 — —
Data hold time ton 300 — —
M delay time tom —1000 — 1000
Clock rise/fall time t — — 200

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition
Power supply rise time tcc 0.1 — 10 ms Figure 28
Power supply off time torr 1 — —

HITACHI
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DC Characteristics (V.. =4.5t05.5V, T, =-30to +75°C*®)

Item Symbol Min Typ Max Unit Test Condition Notes*
Input high voltage (1)  VIH1 2.2 — Ve \% 6
(except OSC1)
Input low voltage (1) VIL1 -0.3 — 0.6 \% 6
(except OSC1)
Input high voltage (2)  VIH2 V1.0 — Ve \% 15
(OscC1)
Input low voltage (2) VIL2 — — 1.0 \% 15
(0oscC1)
Output high voltage (1) VOH1 24 — — \Y —lgy = 0.205 mA 7
(DB0-DB?7)
Output low voltage (1) VOL1 — — 0.4 \% o, = 1.2 MA 7
(DBO-DB7)
Output high voltage (2) VOH2 09V, — — \Y —loy = 0.04 MA 8
(except DBO-DB7)
Output low voltage (2) VOL2 — — 01V, V lo. =0.04 mA 8
(except DBO-DB7)
Driver on resistance RCOM  — 2 20 kQ +ld = 0.05 mA, 13
(Com) VLCD =4V
Driver on resistance RSEG — 2 30 kQ +ld = 0.05 mA, 13
(SEG) VLCD =4V
Input leakage current 1, -1 — 1 A VIN =0to V. 9
Pull-up MOS current -, 50 125 250 HA Ve =5V
(DB0O-DB7, RS, R/W)
Power supply current I — 350 600 HA R; oscillation, 10, 14
external clock
Ve =5V,
fosc = 270 kHz
LCD voltage VLCD1 3.0 — 11.0 \% V—V5, 1/5 bias 16
VLCD2 3.0 — 11.0 \Y V—V5, 1/4 bias 16
Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. =4.5t05.5V, T, =-30to +75°C*®)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*
External External clock frequency  f_, 125 250 350 kHz 11
clock ) External clock duty Duty 45 50 55 % 11
operation —
External clock rise time tep — — 0.2 us 11
External clock fall time te — — 0.2 us 11
R, Clock oscillation frequency foqc 190 270 350 kHz R; =91 kQ 12
oscillation V=50V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 500 — — ns Figure 25
Enable pulse width (high level) PW,, 230 — —

Enable rise/fall time ten te — — 20

Address set-up time (RS, RW to E) t, 40 — —

Address hold time tan 10 — —

Data set-up time tosw 80 — —

Data hold time ty 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 500 — — ns Figure 26
Enable pulse width (high level) PW,, 230 — —
Enable rise/fall time ten te — — 20
Address set-up time (RS, RW to E) t, 40 — —
Address hold time tan 10 — —
Data delay time toor — — 160
Data hold time tonr 5 — —
HITACHI
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition
Clock pulse width High level  to, 800 — — ns Figure 27

Low level tewt 800 — —
Clock set-up time tesy 500 — —
Data set-up time tsy 300 — —
Data hold time ton 300 — —
M delay time tom —1000 — 1000
Clock rise/fall time te, — — 100
Power Supply Conditions Using Internal Reset Circuit
Item Symbol Min Typ Max Unit Test Condition
Power supply rise time tice 0.1 — 10 ms Figure 28
Power supply off time torr 1 — —
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Electrical Characteristics Notes

1. All voltage values arereferred to GND =0 V.

Vee A |
B
A
Vi A=Vcc-V5 The conditions of V1 and V5 voltages are for proper
A B=Vcc—-V1 operation of the LSI and not for the LCD output level.
A=215V The LCD drive voltage condition for the LCD output
V5 Y B<0.25xA levelis specified as LCD voltage VLCD.
2. Vec2V12V22V3=V4=V5must be maintained.
3. For die products, specified at 75°C.
4. For die products, specified by the die shipment specification.
5. Thefollowing four circuits are I/O pin configurations except for liquid crystal display output.
Input pin Output pin
Pin: E (MOS without pull-up) Pins: RS, R/W (MOS with pull-up) Pins: CL1, CL2, M, D
Vee Vee Vee
PMOS 3_{ Q PMOS r‘ PMOS PMOS
o
(pull up MOS) L{
NMOS NMOS NMOS
I/O Pin

Pins: DB0 -DB7

i Vee Vee
(MOS with pull-up)

(input circuit)
(pull-up MOS) PMOS PMOS

Nl s | ——
4”5“1 NMOS Voo
B

+ NMOS

PMOS + Output enable
Data
NMOS #M

(output circuit)
(tristate)
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6. Appliesto input pinsand I/O pins, excluding the OSC1 pin.
7. Appliesto /O pins.

8. Appliesto output pins.
9. Current flowing through pull-up MOSs, excluding output drive MOSs.

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input
level must be fixed high or low.

11. Applies only to external clock operation.

Th T

0.7 Vce
05Vee ——
Open — OSC2 0.3 VCC
trcp tfcp
Duty = Th x 100%
Th+ Tl

12. Applies only to the internal oscillator operation using oscillation resistor R;.

0sc1 R¢: 75 kQ + 2% (when VCCZSV)
Rj¢: 91 kQ + 2% (when Vee =5 V)
Ry Since the oscillation frequency varies depending on the OSC1 and
0SC2 OSC2 pin capacitance, the wiring length to these pins should be minimized.
VCC =5V VCC =3V
500 500
400 (—\ 400
~ ~
I I
= 300 = 300
§ (70)----- \ \ \ § (270)}----
- \ \ max. . max.
200 ‘ fyp 200
NG T typ.[ ™~
3 \\min- \h\
100 : 100
50 (91100 150 50 (75 100 150
R; (kQ) Rt (kQ)
HITACHI
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13. RCOM isthe resistance between the power supply pins (V e, V1, V4, V5) and each common signal pin
(COM1 to COM16).

RSEG is the resistance between the power supply pins (V e, V2, V3, V5) and each segment signal pin
(SEGL1 to SEG40).

14. The following graphs show the rel ationship between operation frequency and current consumption.

Vee =5V Vee=3V
1.8 1.8
16 16
1.4 1.4
1.2 12
2 —
E 10 max. g 10
_8 0.8 9 0.8
0.6 typ. 0.6
0.4 0.4 mex
0.0 0.0 S
0 100 200 300 400 500 0 100 200 300 400 500
fosc or fep (kHz) fosc Of fep (KHZ)

15. Appliesto the OSCL1 pin.
16. Each COM and SEG output voltage iswithin £0.15V of the LCD voltage (V. V1, V2, V3, V4, V5)
when there is no load.
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Load Circuits

Data BusDBOto DB7

VCC:5V

ForVec =4.5t05.5V

3.9kQ
Test
point

90 pF 1S2074®)

diodes

External Driver Control Signals: CL1, CL2,D, M

Test o

point

30 pF

HITACHI

ForVec =2.7t04.5V

Test
point

50 pF
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Timing Characteristics

VIH1 VIHT
RS VIL1 VIL1
s » A o
RIW N viL1 /VILL
- PWey L tAH -
— - - tEf
VIH1 VIH17 /
E
/ VIL1 VIL1 \ VIL1
> - tEr
tosw ty
VIH1 . VIH1
DBO to DB7 VIL1 Valid data VIL1
- tcch .
Figure25 Write Operation
VIH1 VIHT
RS vIL1 vIL1
s B tan o
RIW A VIH1 VIHLN
- PWey S tAH ~
> tes
VIH1 VIHL
E /
/ VIL1 VIL1 \ VIL1
> I — tEr
topr
VOH1 . VOH1
DBO to DB7 VOL1 * Valid data *\/OL1
. tcy(:E .
Note: * VOL1 is assumed to be 0.8 V at 2 MHz operation.
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Figure26 Read Operation
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™ tet
VOH2 ¢ N
CL1 VOH2 VOL2
- lowH
towH
tesu
To~oN
VOH2
CL2 VOL2 N
tesu towL
b T e
VOH2
D >< VOL2
ton
—™ ™ isu
M VOH2
- tom
Figure27 Interface Timing with External Driver
./
Ve 2.7 VIA.5 V*

0.2V

tI'CC

\

0.1

\0.2 \Y

0.2 V/

torF™

ms <t <10 ms

torr 2 1 ms

Notes: 1. topr compensates for the power oscillation period caused by momentary power supply

oscillations.

normally.

Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation.
For if 4.5V is not reached during 5-V operation, the internal reset circuit will not operate

In this case, the LS| must be initialized by software. (Refer to the Initializing by
Instruction section.)

Figure28 Internal Power Supply Reset
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Cautions

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including
intellectual property rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, hest radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

. Thisproduct is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.

HITACHI

Hitachi, Ltd.

Semiconductor & Integrated Circuits.
Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan
Tel: Tokyo (03) 3270-2111 Fax: (03) 3270-5109

URL NorthAmerica

Europe
Asia
Asia
Japan

Taiwan) :
HongKong) : http://www.hitachi.com.hk/eng/bo/grp3/index.htm

: http:semiconductor.hitachi.com/
: http://www.hitachi-eu.com/hel/ecg

http://www.hitachi.com.tw/E/Product/SICD_Frame.htm

Asia %Sir_ngapore) . http://www.has.hitachi.com.sg/grp3/sicd/index.htm

. http://www.hitachi.co.jp/Sicd/indx.htm

For further information write to:

Hitachi Semiconductor
(America) Inc.

179 East Tasman Drive,
San Jose,CA 95134

Tel: <1> (408) 433-1990
Fax: <1>(408) 433-0223

60

Hitachi Europe GmbH Hitachi Asia Pte. Ltd. Hitachi Asia (Hong Kong) Ltd.

Electronic components Group 16 Collyer Quay #20-00 Group Il (Electronic Components)
Dornacher Stralze 3 Hitachi Tower 7/F., North Tower, World Finance Centre,
D-85622 Feldkirchen, Munich Singapore 049318 Harbour City, Canton Road, Tsim Sha Tsui,
Germany Tel: 535-2100 Kowloon, Hong Kong

Tel: <49> (89) 9 9180-0 Fax: 535-1533 Tel: <852> (2) 735 9218

Fax: <49>(89) 9 29 30 00 Fax: <852> (2) 730 0281

Hitachi Europe Ltd. Hitachi Asia Ltd. Telex: 40815 HITEC HX

Electronic Components Group. Taipei Branch Office

Whitebrook Park 3F, Hung Kuo Building. No.167,

Lower Cookham Road Tun-Hwa North Road, Taipei (105)

Maidenhead Tel: <886> (2) 2718-3666

Berkshire SL6 8YA, United Kingdom Fax: <886> (2) 2718-8180
Tel: <44> (1628) 585000
Fax: <44> (1628) 778322
Copyright © Hitachi, Ltd., 1998. All rights reserved. Printed in Japan.

HITACHI



I
FAIRCHILD

]
SEMOCOMNDICSTOR"

KBLOOS5 - KBL10

Features E

* |deal for printed circuit board . -]
* Reliable low cost construction.
* High surge current capability.
* UL certified, UL #E96005. .
-
KBL

Bridge Rectifiers

AbSOIUte MaX' mum Rat| ngS* T, =25°C unless otherwise noted

Symbol Parameter Value Units
005 | 01 | 02 [ 04 | 06 | 08 10
Verm Maximum Repetitive Reverse Voltage 50 | 100 | 200 | 400 | 600 | 800 | 1000 Vv
Vims Maximum RMS Bridge Input Voltage 35 70 | 140 | 280 | 420 | 560 | 700 \%
Vg DC Reverse Voltage (Rated Vg) 50 | 100 | 200 | 400 | 600 | 800 | 1000 \Y
Irav) Average Rectified Forward Current, @ T, = 50°C 4.0 A
lesm Non-repetitive Peak Forward Surge Current 200 A
8.3 ms Single Half-Sine-Wave

Teg Storage Temperature Range -55 to +150 °C
T, Operating Junction Temperature -55 to +150 °C

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

Thermal Characteristics

Symbol Parameter Value Units
Py Power Dissipation 6.58 W
Resa Thermal Resistance, Junction to Ambient,* per leg 19 °C/IW
Rea Thermal Resistance, Junction to Lead,* per leg 2.4 °C/IW

*Device mounted on PCB with 0.375 " (9.5 mm) lead length and 0.5 x 0.5" (13 x 13 mm) copper pads.

EI eCtr | Cal Ch araCter | St| CS T, =25°C unless otherwise noted

Symbol Parameter Device Units
Ve Forward Voltage, per bridge @ 4.0 A 1.1 \%
Ir Reverse Current, total bridge @ rated Vg

T,=25°C 5.0 HA
T,=100°C 500 HA

02001 Fairchild Semiconductor Corporation

KBL005-KBL10, Rev. C

0T1aM - 500719



Bridge Rectifiers

(continued)

Typical Characteristics

—_ <5
5 200 T
= o
2 =
.l N o4
< N 5
g N 3 N
E N o3 N
(] N < N
@ 109 N 2 [ SINGLEPHASE N
= N <) HALF WAVE
] N L2 eorz
Y N @ | —RESISTIVE OR N
5 N b= INDUCTIVE LOAD \\
B q 9 1 — 375" 9.0mm LEAD N
S N o LENGTHS N
(TR [} . N
Ed S g0 |
g o g0 50 100 150
1 10 100 1000 < Ambient Temperature [°C]
Number of Cycles at 60Hz
Figure 1. Non-Repetitive Surge Current Figure 2. Forward Current Derating Curve
10 10 ;
/, Il l:
7 |
= V |
= = T 4= 100°C
+ 1 5 E 1 2 ,
E Z _‘K
s 7 =
o 3
g 01 : © o1
Z v 2] 7
) 7/ — Tp=25°C 9] T,=25°C y
w /— Puise Width = 300us 3 A
/ 2% Duty Ofcle & /4
0.01 l | 0.01
0.4 0.6 0.8 1 12 14 16 0 20 40 60 80 100 120 140
Forward Voltage, V¢ [V] Percent of Rated Peak Reverse Voltage [%]
Figure 3. Forward Voltage Characteristics Figure 4. Reverse Current vs Reverse Voltage
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST & OPTOLOGIC™ SMART START™  VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench@ SuperSOT™-8
EcCoOSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ QsS™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET?
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Formative or
In Design

Advance Information This datasheet contains the design specifications for
product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Rev. H4
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communication. Each part contains one driver and one
receiver. The MAX483, MAX487, MAX488, and MAX489
feature reduced slew-rate drivers that minimize EMI and
reduce reflections caused by improperly terminated cables,
thus allowing error-free data transmission up to 250kbps.
The driver slew rates of the MAX481, MAX485, MAX490,
MAX491, and MAX1487 are not limited, allowing them to
transmit up to 2.5Mbps.

These transceivers draw between 120pA and 500uA of
supply current when unloaded or fully loaded with disabled
drivers. Additionally, the MAX481, MAX483, and MAX487
have a low-current shutdown mode in which they consume
only 0.1pA. All parts operate from a single 5V supply.

Drivers are short-circuit current limited and are protected
against excessive power dissipation by thermal shutdown
circuitry that places the driver outputs into a high-imped-
ance state. The receiver input has a fail-safe feature that
guarantees a logic-high output if the input is open circuit.

The MAX487 and MAX1487 feature quarter-unit-load
receiver input impedance, allowing up to 128 MAX487/
MAX1487 transceivers on the bus. Full-duplex communi-
cations are obtained using the MAX488-MAX491, while
the MAX481, MAX483, MAX485, MAX487, and MAX1487
are designed for half-duplex applications.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

N A X1/

__Next Generation Device Features

4 For Fault-Tolerant Applications
MAX3430: +80V Fault-Protected, Fail-Safe, 1/4
Unit Load, +3.3V, RS-485 Transceiver
MAX3440E-MAX3444E: +15kV ESD-Protected,
+60V Fault-Protected, 10Mbps, Fail-Safe,
RS-485/J1708 Transceivers

4 For Space-Constrained Applications
MAX3460-MAX3464: +5V, Fail-Safe, 20Mbps,
Profibus RS-485/RS-422 Transceivers
MAX3362: +3.3V, High-Speed, RS-485/RS-422
Transceiver in a SOT23 Package
MAX3280E-MAX3284E: +15kV ESD-Protected,
52Mbps, +3V to +5.5V, SOT23, RS-485/RS-422,
True Fail-Safe Receivers
MAX3293/MAX3294/MAX3295: 20Mbps, +3.3V,
SO0T23, RS-855/RS-422 Transmitters

4 For Multiple Transceiver Applications
MAX3030E-MAX3033E: +15kV ESD-Protected,
+3.3V, Quad RS-422 Transmitters

4 For Fail-Safe Applications
MAX3080-MAX3089: Fail-Safe, High-Speed
(10Mbps), Slew-Rate-Limited RS-485/RS-422
Transceivers

¢ For Low-Voltage Applications
MAX3483E/MAX3485E/MAX3486E/MAX3488E/
MAX3490E/MAX3491E: +3.3V Powered, +15kV
ESD-Protected, 12Mbps, Slew-Rate-Limited,
True RS-485/RS-422 Transceivers

Ordering Information appears at end of data sheet.

Selection Table

PART | HALF/FULL | DATA RATE | SLEW-RATE | LOW-POWER RED%'IE\',\éER/ Q&E‘i%ﬁf T,:‘ k',\'l\"sﬁ?%;s PIN
NUMBER | DUPLEX (Mbps) LIMITED | SHUTDOWN ENABLE (uA) ON BUS COUNT
MAX481 Half 2.5 No Yes Yes 300 32 8
MAX483 Half 0.25 Yes Yes Yes 120 32 8
MAX485 Half 2.5 No No Yes 300 32 8
MAX487 Half 0.25 Yes Yes Yes 120 128 8
MAX488 Full 0.25 Yes No No 120 32 8
MAX489 Full 0.25 Yes No Yes 120 32 14
MAX490 Full 2.5 No No No 300 32 8
MAX491 Full 2.5 No No Yes 300 32 14
MAX1487 Half 2.5 No No Yes 230 128 8

MAXIMV

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC) wvoovvoiiieicicic 12V 14-Pin SO (derate 8.383mW/°C above +70°C)...............

Control Input Voltage (RE, DE)................... -0.5V to (Vcc + 0.5V) 8-Pin uMAX (derate 4.1mW/°C above +70°C)......

Driver Input Voltage (DI1).......cccccoovviieiiienn. -0.5V to (Vcc + 0.5V) 8-Pin CERDIP (derate 8.00mW/°C above +70°C)

Driver Output Voltage (A, B)..ooooooviiiiiiiiii -8V to +12.5V 14-Pin CERDIP (derate 9.09mW/°C above +70°C)....... 727TmW

Receiver Input Voltage (A, B).voooviiiiiiiiii -8V to +12.5V Operating Temperature Ranges

Receiver Output Voltage (RO)..........cccceee. -0.5V to (Vcc +0.5V) MAX4_ _C_ _/MAXT487C_A ..o 0°C to +70°C

Continuous Power Dissipation (Ta = +70°C) MAX4_ _E_ _/MAXT487E_A. ..., -40°C to +85°C
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ....727mW MAX4_ _MJ_/MAX1487TMJIA ............. ...-55°C to +125°C

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C) ..800mW Storage Temperature Range ...........cccoceeovinn. -65°C to +160°C
8-Pin SO (derate 5.88mW/°C above +70°C)................. 471mW Lead Temperature (soldering, 10S€C) .......ccccvvviviiiiiinnn. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vce =5V £5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Output (no load) VoD1 5 \
Differential Driver Output R = 50Q (RS-422) 2

‘ VoD2 : v
(with load) R = 27Q (RS-485), Figure 4 15 5
Change in Magnitude of Driver
Differential Output Voltage for AVoD R = 27Q or 50Q, Figure 4 0.2 \
Complementary Output States
Driver Common-Mode Output Voo R = 270 or 509, Figure 4 3 v
Voltage
Change in Magnitude of Driver
Common-Mode Output Voltage AVoD R = 27Q or 50Q, Figure 4 0.2 \
for Complementary Output States
Input High Voltage VIH DE, DI, RE 2.0 v
Input Low Voltage ViL DE, DI, RE 0.8 V
Input Current lIN1 DE, DI, RE +2 PA
DE =0V; _
Vee = 0V or 5.25V, ViN =12V 10 A
Input Current all devices except _ i
(A B) N2 | MAX487/MAX1487 ViN=-7V 08
MAX487/MAX1487, VIN = 12V 0.25 A
DE =0V, Vcec =0Vorb.25V | vy =-7V 0.2
Receiver Differential Threshold
Voltage VTH -7V =Vom = 12V -0.2 0.2 V
Receiver Input Hysteresis AVTH Vcwm = 0V 70 mV
Receiver Output High Voltage VoH lo =-4mA, Vip = 200mV 3.5 Vv
Receiver Output Low Voltage VoL lo =4mA, Vip = -200mV 0.4 Vv
Three-State (high impedance)
Output Current at Receiver lozr 04Vs<Vos24V =1 WA
-7V = Vcm = 12V, all devices except 10 KO
MAX487/MAX1487
Receiver Input Resistance RIN
-7V = VoM = 12V, MAX487/MAX1487 48 kQ

2 MAXIN




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Ve =5V £5%, Ta = TMmIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488/MAX489,
DE, DI, RE = OV or Vce 120 250
MAX490/MAX491,
DE, DI, RE = 0V or Vce 300 500
No-Load Supply Current MAX481/MAX48S, DE = Vee 500 900
(Note 3) PRy Icc RE = 0V or Vce DE = 0V 300 500 HA
MAX1487, DE = Vce 300 500
RE =0V orVce DE = 0V 230 400
MAX483 350 650
DE =5V
MAXA4BIMAX487, MAX487 250 400
RE =0V or Vcc
DE =0V 120 250
Supply Current in Shutdown ISHDN MAX481/483/487, DE = 0V, RE = Vcc 0.1 10 PA
Driver Short-Circuit Current,
Vo = High losD1 -7V = Vo <12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
Vo = Low losp2 -7V = Vo =12V (Note 4) 35 250 mA
Receiver Short-Circuit Current loSr 0V =<=Vo=Vcc 7 95 mA
SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487
(Vce =5V £5%, Ta = TMIN to TmaX, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
, tPLH Figures 6 and 8, RpIFF = 54Q 10 30 60
D | t i :
river Input to Output — CL1 = CLo = 100pF 0 30 ) ns
Driver Output Skew to Output tskew | Figures 6 and 8, RpIFrF = 54Q, CL1 = CL2 = 100pF 5 10 ns
Driver Rise or Fall Time tR, tF RDIFF = 54Q, MAX490C/E, MAX491C/E 5 15 25 ns
CL1 = CL2 = 100pF | MAX490M, MAX491M 3 15 40
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 40 70 ns
Driver Enable to Output Low tzL Figures 7 and 9, CL = 100pF, S1 closed 40 70 ns
Driver Disable Time from Low tLz Figures 7 and 9, CL = 15pF, S1 closed 40 70 ns
Driver Disable Time from High tHz Figures 7 and 9, C| = 15pF, S2 closed 40 70 ns
Receiver Input to Output tPLH, tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E 20 90 150 ns
CL1 = CL2 = 100pF| MAX490M, MAX491M 20 90 200
[ tpLH - tpHL | Differential Figures 6 and 10, RpIFF = 54Q
t ' ' 13 ns
Receiver Skew SKD | c1 = CLo = 100pF
Receiver Enable to Output Low tzL Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fMAX 2.5 Mbps
Time to Shutdown tsSHDN | MAX481 (Note 5) 50 200 600 ns

MAXIM
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continued)

(Ve =5V £5%, Ta = TMmIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to .
Output High (MAX481) tzH(SHDN) | Figures 7 and 9, CL = 100pF, S2 closed 40 100 ns
Driver Enable from Shutdown to .
Output Low (MAX481) tzL(SHDN) | Figures 7 and 9, CL = 100pF, S1 closed 40 100 ns
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S2 closed,
to Output High (MAX481) [ZH(SHDN) | A~B = pv 800 1000 | s
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S1 closed,
to Output Low (MAX481) [ZL(SHDN) | B~ A = 2V 300 1000 | s
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489
(Vce =5V £5%, Ta = TMIN to TmAX, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tPLH Figures 6 and 8, RpIFF = 54Q 250 800 2000
Driver Input to Output ’ ' ns
P P | CL1 = CL2 = 100pF 250 800 2000
. Figures 6 and 8, RpIFrF = 54Q,
Driver Output Skew to Output tSKEW CL1 = CL2 = 100pF 100 800 ns
. . . Figures 6 and 8, RpIFF = 54Q,
Driver Rise or Fall Time R, tF ClL1 = Clo = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 7 and 9, CL = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low tLz Figures 7 and 9, C| = 15pF, S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 7 and 9, C|_ = 15pF, S2 closed 300 3000 ns
t ' = 250 2000
Receiver Input to Output PLH Figures 6 and 10, RpIFF = 54, ns
tPHL CL1 = Cr2 = 100pF 250 2000
| tpLH - tpHL | Differential Figures 6 and 10, RDIFF = 54Q
t ' ' 100 ns
Receiver Skew SKD CL1 =CL2 = 100pF
Receiver Enable to Output Low tzL Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CRrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fMAX tPLH, tPHL < 50% of data period 250 kbps
Time to Shutdown tSHDN MAX483/MAX487 (Note 5) 50 200 600 ns
Driver Enable from Shutdown to i MAX483/MAX487, Figures 7 and 9, 2000 ns
Output High ZHSHDN) | 6~ 100pF, S2 closed
Driver Enable from Shutdown to i MAX483/MAX487, Figures 7 and 9, 2000 ns
Output Low ZLSHDN) | ¢ = 100pF, S1 closed
Receiver Enable from Shutdown ¢ MAX483/MAX487, Figures 5 and 11, 2500 ns
to Output High ZH(SHDN) CL = 15pF, S2 closed
Receiver Enable from Shutdown i MAX483/MAX487, Figures 5 and 11, 2500 ns
to Output Low ZL(SHDN) CL = 15pF, S1 closed
4 MAXIM




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

Note 2: All typical specifications are given for Vcc = 5V and Ta = +25°C.

Note 3: Supply current specification is valid for loaded transmitters when DE = OV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481/MAX483/MAX487 are put into shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vcc =5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
45 > s -20 3 4.8 ‘ ‘ g
40 pd -18 N : 46 Iro = 8mA—{2
/ -
= 3 A =16 S 44
E / E 14 & S~
— 30 / = = 42 -
= / Z -12 2 N
= 25 « g 40
« / < 10 T
S 20 2] N S 338 S
5 / = 8 N T
> > —
E 15 / £ N\ z 36
=) / S -6 N a oo N
o o jun)
10 / 4 \ 3 34
5 2 \ 32
0 0 3.0
0 05 10 15 20 25 15 20 25 30 35 40 45 50 50 -25 0 25 50 75 100 125
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE vs. DRIVER OUTPUT CURRENT vs. DRIVER DIFFERENTIAL OUTPUT VOLTAGE
TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE vs. TEMPERATURE
09 — 3 9 " 24 — "
08 IRo = 8BmA—] % 80 R X — R=540_ |2
— . S —
< 07 z 7 \\ 2 22 —
2 06 = 60 S 21
5 N
s & N 5
S 05 £ 50 Z 20
g 04 —~ 3 4 \\ 2 19
B - R
5 — 5 =
Z 03 E 30 E 18
5 — 3 o
3 02 20 \ g 17
0.1 10 \\ z 16
0 0 15
50 25 0 25 50 75 100 125 0 05 10 15 20 25 30 35 40 45 50 25 0 25 50 75 100 125
TEMPERATURE (°C) DIFFERENTIAL OUTPUT VOLTAGE (V) TEMPERATURE (°C)
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Typical Operating Characteristics (continued)

(Vcec =5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. MAX481/MAX485/MAX490/MAX491
DRIVER OUTPUT LOW VOLTAGE DRIVER OUTPUT HIGH VOLTAGE SUPPLY CURRENT vs. TEMPERATURE
140 . -120 . 600 R .
/- g g MAX481/MAX485; DE = Vgg, RE = X g
120 / : -100 ~ : 500 :
£ 100 £ \ I
= \ = -80 = 400
= = =
=80 &= o
< \ < -60 = \ 5 300
S 60 e \ S MAX485; DE = 0, RE = X,
> > 2 MAX481:DE=RE=0 _
= I & 40 & 200 MAX490/MAX491; DE = RE =X
S 40 =) =)
S / IS) 7}
20 -20 100
\ MAX481; DE = 0, RE = V¢¢
0 0 0 : :
0 2 4 6 8 10 12 76 5-4-3-2-101 23475 50 25 0 25 50 75 100 125
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
MAX483/MAX487-MAX489 MAX1487
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 o
600 . :
500 : 500
&; fl’ 400
£ 400 MAX483; DE = Vgg, RE =X =
w T i
o £ MAX1487: DE = Vgg, RE = X L
S 300 — 3 %0 P E—— i
= MA1X487; DF:VCC,‘Rsz 5 0 T
g 200 | mAXa83MAX487; DE = RE =0, ’,3; MAX1487; DE = 0V, RE = X
> MAX48BIMAX48S; DE - RE - X
w T
MAX483/MAX487; DE = 0, RE = Vgg 0
0 —_—
50 25 0 25 50 75 100 125 6040 20 0 20 40 60 80 100120 140
TEMPERATURE (°C) TEMPERATURE (°C)
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Pin Description

PIN
MAX481/MAX483/
MAX485/MAX487/ eaned | NAME FUNCTION
MAX1487
DIP/SO | pMAX | DIP/SO | pMAX DIP/SO
Receiver Output: If A > B by 200mV, RO will be high;
1 3 2 4 2 RO | it A < B by 200mV, RO will be low.
5 4 o - 3 E Receiver Output Enable. RO is enabled when RE is low; RO is
high impedance when RE is high.
Driver Output Enable. The driver outputs, Y and Z, are enabled
by bringing DE high. They are high impedance when DE is low. If
3 5 — — 4 DE the driver outputs are enabled, the parts function as line drivers.
While they are high impedance, they function as line receivers if
RE is low.
4 6 3 5 5 DI Driver Input. A low on DI forces output Y low and output Z high.
Similarly, a high on DI forces output Y high and output Z low.
5 7 4 6 6,7 GND Ground
— — 5 7 9 Y Noninverting Driver Output
— — 6 8 10 Z Inverting Driver Output
6 8 — — — A Noninverting Receiver Input and Noninverting Driver Output
— — 8 2 12 A Noninverting Receiver Input
7 1 — — — B Inverting Receiver Input and Inverting Driver Output
— — 7 1 11 B Inverting Receiver Input
8 2 1 3 14 Vce Positive Supply: 4.75V < Vcc < 5.25V
— — — — 1,8,13 N.C. No Connect—not internally connected
TOP VIEW . MAXIM
RO EEID_T 5] vec MAX481
= MAX483
fe [2] 7] 8 MAX485 DE
DE |8 MAX487
el 4 o ~ MAX1487 ol
ol [4] BEDS RO Eﬁ]o—‘i 8] vec D
= 7B B
Re [2] :
[ AR Rt
Dlzljo DE E 6 . fm .
) RO
DI |4 5] GND B
2 1 mam [2 £ 2]
Vee [2]  maxasr  [7] eno E
MAX483
RO[8]  maxsss el D
R[4 MAX487 DE
; [ MAX1487 E
NOTE: PIN LABELS Y AND Z ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
uMAX TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481/MAX483/MAX485/MAX487/MAX1487 Pin Configuration and Typical Operating Circuit

MAXIM 7
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

TOP VIEW

L
° Vee MAXIMN Vee
Veo [1] Jqﬂ A l WAX488 |
RO E Z‘ B MAX490
DI [3] 6]z ; 5. Y
GND EMEY D= D 6 7 /ﬂ\( EEF“E — RO
DIP/SO
8 A
L
° 2 Rt
B RO — EEE; ] Jj\ D H—o
] anasam [B12 = \f
A2l waxass 7Y
Vee [3] MAX490 6] GND 4|
R0 [4] [5]0 GND GND
uMAX NOTE: TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 2. MAX488/MAX490 Pin Configuration and Typical Operating Circuit

TOP VIEW DE Voo MAXIM Voo RE
4 |14 MAX489 | |
. < MAX491
N.C. II E Vee l\‘ 9y
Ro [2] slne. g sfl " /jj\/ MRIA — RO
AE [s] 12] A Z
oe [4] 11]s |12 A
4o D RS 000 =
11
GND [ 6] 9] v B
GND [7] s ]nc. e LEEE
3] 67 |
DIP/SO RE GND GND  DE
Figure 3. MAX489/MAX491 Pin Configuration and Typical Operating Circuit
Applications Information MAX487/MAX1487:

The MAX481/MAX483/MAX485/MAX487-MAX491 and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communications. The MAX481, MAX485, MAX490,
MAX491, and MAX1487 can transmit and receive at data
rates up to 2.5Mbps, while the MAX483, MAX487,
MAX488, and MAX489 are specified for data rates up to
250kbps. The MAX488-MAX491 are full-duplex trans-
ceivers while the MAX481, MAX483, MAX485, MAX487,
and MAX1487 are half-duplex. In addition, Driver Enable
(DE) and Receiver Enable (RE) pins are included on the
MAX481, MAX483, MAX485, MAX487, MAX489,
MAX491, and MAX1487. When disabled, the driver and
receiver outputs are high impedance.

128 Transceivers on the Bus
The 48kQ, 1/,-unit-load receiver input impedance of the
MAX487 and MAX1487 allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 trans-
ceivers maximum). Any combination of MAX487/
MAX1487 and other RS-485 transceivers with a total of
32 unit loads or less can be put on the bus. The
MAX481/MAX483/MAX485 and MAX488-MAX491 have
standard 12kQ Receiver Input impedance.

MAXIN




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Test Circuits

=]
<
o
o

||

1kQ

A VAVAVE

RECEIVER TEST POINT

QUTPUT

c
5of

S1

B

S2

L

Figure 4. Driver DC Test Load

Figure 5. Receiver Timing Test Load

—C/O— Vee
5000 St
OUTPUT b
UNDER TEST I VVV
—0\1
)

CL

Bk

Figure 6. Driver/Receiver Timing Test Circuit

MAX483/MAX487/MAX488/MAX489:
Reduced EMI and Reflections

The MAX483 and MAX487-MAX489 are slew-rate limit-
ed, minimizing EMI and reducing reflections caused by
improperly terminated cables. Figure 12 shows the dri-
ver output waveform and its Fourier analysis of a
150kHz signal transmitted by a MAX481, MAX485,
MAX490, MAX491, or MAX1487. High-frequency har-

MAXIM

Figure 7. Driver Timing Test Load

monics with large amplitudes are evident. Figure 13
shows the same information displayed for a MAX483,
MAX487, MAX488, or MAX489 transmitting under the
same conditions. Figure 13’s high-frequency harmonics
have much lower amplitudes, and the potential for EMI
is significantly reduced.
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Switching Waveforms

3V
DI 15V 15V
ov
> tPLH PHL > [ q1py,

oy

Vo

Y ? I
112Vo Voire=V (Y)-V (2)

Vo
VDIFF gy 0 T 90% 90% 10
—VO 0 0
tr —| - tr —»|

tsKew = | tpLH - tpHL |

—15

DEZ\\: 1.5V 15V
v 7 <— t71(SHDN), fzL Wiz —»| |-
Vo NEPEY OUTPUT NORMALLY LOW VoL +0.5V
vz OUTPUT NORMALLY HIGH
o V 23V Vor -0.5V
| [ tzSHDN), IzH tHz = [

Figure 8. Driver Propagation Delays

Figure 9. Driver Enable and Disable Times (except MAX488 and
MAX490)

VoH

RO
Vou ﬂ 15 ourPur 1Y T
v < tpy. tpLH = -
AB D
vp W INPUT o

N — P
RE 1.5V 15V
ov
— |tz sHN), L iz — |-
Vee N
RO 1.5V QUTPUT NORMALLY LOW VoL +0.5V
OUTPUT NORMALLY HIGH
RO 1.5V VoH - 0.5V
ov —/
—»| | zH(SHDN), tzH thz —» |

Figure 10. Receiver Propagation Delays

Table 1. Transmitting

INPUTS OUTPUTS
RE DE DI z Y
X 1 1 0 1
X 1 0 1 0
0 0 X High-Z High-Z
1 0 X High-Z* High-z*

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487

10

Figure 11. Receiver Enable and Disable Times (except MAX488
and MAX490)

Function Tables (MAX481/MAX483/MAX485/MAX487/MAX1487)

Table 2. Receiving

INPUTS OUTPUT
RE DE A-B RO
0 0 > +0.2V 1
0 0 <-0.2V 0
0 0 Inputs open 1
1 0 X High-Z*

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487

MAXIN




Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

|

i

i

A

5

|
sl s s

+
-

10dB/div

OHz 5MHz
500kHz/div

10dB/div

OHz 5MHz
500kHz/div

Figure 12. Driver Output Waveform and FFT Plot of MAX481/
MAX485/MAX490/MAX491/MAX1487 Transmitting a 150kHz
Signal

Low-Power Shutdown Mode

(MAX481/MAX483/MAX487)
A low-power shutdown mode is initiated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
In shutdown, the devices typically draw only 0.1uA of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed not to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns, the parts are guaranteed to enter
shutdown.

For the MAX481, MAX483, and MAX487, the tzH and
tzL enable times assume the part was not in the low-
power shutdown state (the MAX485/MAX488-MAX491
and MAX1487 can not be shut down). The tZH(SHDN)
and tzL(SHDN) enable times assume the parts were shut
down (see Electrical Characteristics).

It takes the drivers and receivers longer to become
enabled from the low-power shutdown state
(tzH(SHDN), tzL(SHDN)) than from the operating mode
(tzH, tzL). (The parts are in operating mode if the RE,
DE inputs equal a logical 0,1 or 1,1 0r 0, 0.)

MAXIM

Figure 13. Driver Output Waveform and FFT Plot of MAX483/
MAX487-MAX489 Transmitting a 150kHz Signal

Driver Output Protection
Excessive output current and power dissipation caused
by faults or by bus contention are prevented by two
mechanisms. A foldback current limit on the output
stage provides immediate protection against short cir-
cuits over the whole common-mode voltage range (see
Typical Operating Characteristics). In addition, a ther-
mal shutdown circuit forces the driver outputs into a
high-impedance state if the die temperature rises
excessively.

Propagation Delay
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation
delay times. Typical propagation delays are shown in
Figures 15-18 using Figure 14’s test circuit.

The difference in receiver delay times, | tPLH - tPHL |, is
typically under 13ns for the MAX481, MAX485,
MAX490, MAX491, and MAX1487 and is typically less
than 100ns for the MAX483 and MAX487-MAX489.

The driver skew times are typically 5ns (10ns max) for
the MAX481, MAX485, MAX490, MAX491, and
MAX1487, and are typically 100ns (800ns max) for the
MAX483 and MAX487-MAX489.

11
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

TTLIN
tR, tF < 6ns

RECEIVER
out

Figure 14. Receiver Propagation Delay Test Circuit

A e —_— | r— —

vV f

. K| Ve =5V H

500mV/div I'i\ Tae +25°C i

p e shierrig e s f

RO 2 E \ i

2/div : \

20ns/div

B |-

500mV/div

2V/div

RO

) [

Voo =5V
Ta=+25°C

20ns/div

Figure 15. MAX481/MAX485/MAX490/MAX491/MAX 1487

Receiver tpHL

Figure 16. MAX481/MAX485/MAX490/MAX491/MAX 1487

Receiver tpi H

A H L

500mV/div 7 Ve =5V

RO o

2V/div

400ns/div

B

500mV/div

A
2V/div

RO

Veg =5V
7 Ta=+25°C
x
r® L9
400ns/div

Figure 17. MAX483, MAX487-MAX489 Receiver tpHL

12

Figure 18. MAX483, MAX487-MAX489 Receiver tpLH
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Line Length vs. Data Rate
The RS-485/RS-422 standard covers line lengths up to
4000 feet. For line lengths greater than 4000 feet, see
Figure 23.

Figures 19 and 20 show the system differential voltage
for the parts driving 4000 feet of 26AWG twisted-pair
wire at 110kHz into 120Q loads.

Typical Applications
The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 transceivers are designed for bidirectional data
communications on multipoint bus transmission lines.

Figures 21 and 22 show typical network applications
circuits. These parts can also be used as line
repeaters, with cable lengths longer than 4000 feet, as
shown in Figure 23.

To minimize reflections, the line should be terminated at
both ends in its characteristic impedance, and stub
lengths off the main line should be kept as short as possi-
ble. The slew-rate-limited MAX483 and MAX487-MAX489
are more tolerant of imperfect termination.

| B . I S Loov
— yr—e v

L .__.- 1 .__.-' i,
Wz % o OV
el iF; Yl ~ Ly
RO v
- oV

2us/div

T P pre . 5V

Wy-Vz

RO

2us/div

Figure 19. MAX481/MAX485/MAX490/MAX491/MAX 1487 System
Differential Voltage at 110kHz Driving 40001t of Cable

Figure 20. MAX483, MAX487-MAX489 System Differential
Voltage at 110kHz Driving 4000ft of Cable

120Q

DI —

((

120Q

— DE

))

((

— DI

DE

))

RO — R
RE

MAXIMN R
MAX481 D
MAX483

RE

MAX485 —
MAX487 I DE RO RE
MAX1487

[ [
DI DE RO RE

Figure 21. MAX481/MAX483/MAX485/MAX487/MAX1487 Typical Half-Duplex RS-485 Network

MAXIM
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Y

AA
RQ_ R m%—l
RE — B ®

DE —

DI D

)) 120Q
(( T_/\/V\’_l D —DI
)) "7
L DE
Z‘120 ()() 120 : —RE
) ) —
LM ] g _ Ly R RO
Y v |z 8] Ha ) v |z 8] Ha A
INAXIMN
MAX489
MAX491
I A
DI DE RERO DI DERERO

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

Figure 22. MAX488-MAX491 Full-Duplex RS-485 Network

MAXINN
MAX488-MAX491

A
R 8 5152059 f] DATAIN
N

7
1200 /:f DATA OUT
Y —/

m Mo

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

Figure 23. Line Repeater for MAX488-MAX491

14

Isolated RS-485
For isolated RS-485 applications, see the MAX253 and
MAX1480 data sheets.
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Ordering Information __Ordering Information (continued)

PART TEMP. RANGE  PIN-PACKAGE PART TEMP. RANGE  PIN-PACKAGE
MAX481CPA 0°C to +70°C 8 Plastic DIP MAX490CPA 0°C to +70°C 8 Plastic DIP
MAX481CSA 0°C to +70°C 8 S0 MAX490CSA 0°C to +70°C 880
MAX481CUA 0°C to +70°C 8 UMAX MAX490CUA 0°C to +70°C 8 PMAX
MAX481C/D 0°C to +70°C Dice* MAX490C/D 0°Cto +70°C Dice”
MAXA81EPA 20°C 10 +85°C 8 Plastic DIP MAX490EPA -40°C to +85°C 8 Plastic DIP
MAXAS1ESA T10°C 10 +85°C 850 MAX490ESA -40°C to +85°C 8 S0
MAX281MUA 55°C 10 +125°C 8 CERDIP MAX490MJA -55°C to +125°C 8 CERDIP
MAXA483CPA 0°C 10 +70°C 8 Plastic DIP MAX491CPD 0°C to +70°C 14 Plastic DIP
MAX483CSA 0°C 1o 370°C 830 MAX491CSD 0°C to +70°C 14 SO
MAX483CUA 0°Cto +70°C 8 UMAX MAX491C/D 0°Cfo+70°C  Dice”
MAXA83C/D 0°C 101700 oo MAX491EPD -40°C to +85°C 14 Plastic DIP
MAX483EPA -40°C to +85°C 8 Plastic DIP MAX49TESD ~40°C 10 +85°C 1450
VAXAB3ESA 07 10 2850 550 MAX491MJD 55°Ct0 +125°C 14 CERDIP
AABEMIA e G0 1125C 8 CERDIP MAX1487CPA 0°C to +70°C 8 Plastic DIP
MAX485CPA 0°C to +70°C 8 Plastic DIP MAX1487CSA 0°C o +70°C 850
VAXA35CSA 0°C 10 170°C 550 MAX1487CUA 0°C to +70°C 8 LIMAX
MAXA85CUA 0°C 10 170°C 8 IMAX MAX1487C/D 0°C to +70°C Dice*
MAXAB5C/D 0°C 10+ 70°C oo MAX1487EPA -40°C to +85°C 8 Plastic DIP
MAX485EPA -40°C to +85°C 8 Plastic DIP MAX1487ESA ~40°C 1o +85°C 850
VIANABEESA 20°C 0 185°C 850 MAX1487MJA -55°C to +125°C 8 CERDIP
MAX485MJA -55°C to +125°C 8 CERDIP * Contact factory for dice specifications.

MAX487CPA 0°C to +70°C 8 Plastic DIP
MAX487CSA 0°C to +70°C 8 SO
MAX487CUA 0°C to +70°C 8 IMAX
MAX487C/D 0°Cto +70°C  Dice* Chip Topographies
MAX487EPA -40°C to +85°C 8 Plastic DIP
N AXABTESA 0 10 1B 550 MAX481/MAX483/MAX485/MAX487/MAX1487
MAX487MJA 55°C to +125°C 8 CERDIP
MAX488CPA 0°C to +70°C 8 Plastic DIP
MAX488CSA 0°Cto +70°C  8S0 RO L~ E—_—
MAX488CUA 0°C to +70°C 8 UMAX I
MAX488C/D 0°Cto +70°C _ Dice" RE i I
MAX488EPA 40°C to +85°C 8 Plastic DIP BT B (1.372mm)
MAX488ESA 40°C to +85°C 850 DE [
MAX488MJA -55°C to +125°C 8 CERDIP DI ] A
MAX489CPD 0°C to +70°C 14 Plastic DIP e
MAX489CSD 0°C to +70°C 14 S0
MAX489C/D 0°C to +70°C Dice* 0.080"
MAX489EPD -40°C to +85°C 14 Plastic DIP (2.032mm)
MAX489ESD -40°C to +85°C 14 S0
MAX489MJD 55°C to +125°C 14 CERDIP
MAXIM 15
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Chip Topographies (continued)

MAX488/MAX490 MAX489/MAX491

RO

— g s B
0.054" e L 0.054"
(1.372mm) (1.372mm)

L - J J
0.080" 0.080"
(2.032mm) < (2.032mm)

TRANSISTOR COUNT: 248
SUBSTRATE CONNECTED TO GND

N.C.

N.C.

MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

INCHES MILLIMETERS
DIM| MIN MAX MIN MAX
A | 0053 | 0.069 | 1.35 1.75
N A1 | 0004 [ 0010 | 0.10 | 0.25
EI EI EI EI EI EI—' B 0.014 | 0.019 | 0.35 0.49
R c | 0.007 | 0.010 | 0.19 0.25
‘ e 0.050 BSC 1.27 BSC
E | 0150 | 0157 | 3.80 4.00
E H
L

SOICN .EPS

H 0228 | 0244 | 580 | 6.20
0016 | 0.050 | 040 | 1.27
O l
EI EI EI EI EI EI 2 VARIATIONS:
]
INCHES MILLIMETERS
TOP VIEW pM[ MIN | max | mIN | mAX [N ]mso012

D 0.189 | 0.197 4.80 5.00 8| AA
D 0.337 | 0.344 8.55 8.75 |[14| AB
D 0.386 | 0.394 9.80 10.00 |16| AC

D

$

e e u L

—|

FRONT VIEW SIDE VIEW

NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH. -,

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006”). @Qﬁ!ﬁhﬁg L 4V > 4V

3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION

4. CONTROLLING DIMENSION: MILLIMETERS.

5. MEETS JEDEC MsSO012. PACKAGE OUTLINE, .150" SOIC

6' N = NUMBER OF PINS' APPROVAL DOCUMENT CONTROL NO. REV. 1
21-0041 B |4

MAXIM 17
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)

AARA T

| {{ §0.500.1

0.60.1

BEELL

0.6£0.1 —=|

D
TOP VIEW

f {

SRR

FRONT VIEW

NOTES:

3. CONTROLLING DIMENSION:
4. MEETS JEDEC MO-187C-AA.

L
w
[a]
4X S —] |—— 8 B
INCHES MILLIMETERS :
]
om| min | max | mIN | MAX ®
A - 0.043 - 1.10
| A1 | 0002 | 0006 | 005 | 015
A2 | 0030 | 0037 | 075 | 0.95
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)
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MC78TXX

3-Terminal 3A Positive Voltage Regulator

Features

« Output current in excess of 3.0A

» Output transistor safe operating area compensation

» Power dissipation :25W

* Interna short circuit current limiting
« Internal thermal overload protection
« Output voltage offered in 4% tolerance

« No external components required
« Output voltage of 5,12 and 15V

Internal Block Diagram

Description

Thisfamily of fixed voltage regulators are monolithic
integrated circuit capable of driving loadsin excess of 3.0 A.

TO-220
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MC78TXX

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 12V) Vi 35 \Y
(for Vo = 15V) 40 \%
Power Dissipation PD Internally limited
igezrrrggligsstance, Junction to Air ROJA 65 “C/W
Thermal Resistance ,Junction to Case R6JC 25 °C/W
Operating Junction Temperature Range TJ 0~ +150 °C
Storage Temperature Range TsTG -65 ~ +150 °C

Electrical Characteristics(MC78T05)
(Vi=10V,10=3.0A,0°C <Tj<+125 °C, Po < PMAX , unless otherwise specified. )

Parameter Symbol Conditions Min. | Typ. | Max. Unit
BmA<lo<3.0A,T3=+25°C 4.8 5.0 5.2
Output Voltage VO | 7.3V £ Vi <20V, 5mA < o < 2.0A 475 | 50 | 525 | Y

7.2V <VI< 35V, 10=5mA, Tj =+25 °C
Line Regulation (Notel) | AVo ;gx s x: s gg\\; 'I:)Oz;'gﬁ' Ty=+25°C - | 30| 25 | mv

8.0V <VI<12V, lo =3.0A

. 5mA<10<3.0A,Tj=+25°C 10 30 mV
Load Regulation (Notel) AVO 5mA < lo < 3.0A - 15 80 mv
Thermal Regulation Pulse =10ms, P = 20W 0
REGT TA = 425 °C 0.002 | 0.03 | %Vo/W
Ouiescent Current | BmA<lo<3.0A,Tyj=+25°C i 3.5 5.0 mA
Q | smA<lo<3.0A 40 | 60 | mA
Al 7.2V <VI<35V, lo=5mA
Quiescent Current Q Ty=4+25°C;

Change 7.5V <VI<20V,lo=2.0A;
5mA<lo<3.0A

Ripple Rejection RR f=120Hz, 8V < V| <18V, lop =2.0A - 75 - dB
Dropout Voltage VD lo=3A ,Tj=+25°C - 2.2 25 \Y,
Output Noise Voltage VN Ta =+25°C, 10Hz < f < 100KHz - 10 - pV/Vo
Peak Output Current IPK Ta=+25°C - 5.0 - A
Output Resistance Ro f=1.0kHz - 2.0 - m Q
Short Circuit Current Limit Isc VI =35V, Tg=+25°C - 1.5 2.5 A
Average Temperature
Coefficient of Output AVO/AT | lo =5.0mA - 0.2 - mV/°C
Voltage

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due heating effects must be taken into
account separately. Pulse testing with low duty is used .( Pmax = 25W)




MC78TXX

Electrical Characteristics(MC78T12)
(MiI=19V,10=3.0A,0°C <Tj<+125 °C, Po < PmMAX , unless otherwise specified. )

Parameter Symbol Conditions Min. | Typ. | Max. Unit
5mA<lo<3.0A,T3=+25°C 115 12 125
Output Voltage VO | 145V <VI<27V, 5mA< o< 2.0A 14| 12 | 128 VY
14.5V < VI <35V, lo=5mA, T3 =+25°C
. . 145V < VI <35V, [0=1.0A, T3 =+25 °C
Line Regulation (Notel) AVO 14.9V < VI < 28V, 10 =2.0A - 6.0 45 mV
16V VI <22V, lo =3.0A
: 5mA<lo<3.0A,T3=+25°C 10 30 mvV
Load Regulation (Notel) AVO 5mA < lo < 3.0A - 15 80 mv
Thermal Regulation Pulse =10ms, P = 20W 0
REGT TA = 425 °C - 0.002 | 0.03 | %Vo/W
Quiescent Current | 5mA<lo<3.0A,Tj=+25°C i 3.5 5.0 mA
Q | smA<lo<3.0A 40 | 60 | mA
Al 14.5V < VI <35V, lo =5mA
Quiescent Current Q Ty=+25°C; i 0.1 0.8 mA
Change 14.9V < VI< 27V, 10 =2.0A ; '
5mA<lo<3.0A
Ripple Rejection RR f=120Hz, 15V < V| <25V, lo =2.0A 57 67 - dB
Dropout Voltage VD lo=3A ,Tj=+25°C - 2.2 25 \Y,
Output Noise Voltage VN Ta =+25°C, 10Hz < f < 100KHz - 10 - uv/vVo
Peak Output Current IPK Ta=+25°C - 5.0 - A
Output Resistance Ro f=1.0kHz - 2.0 - mQ
Short Circuit Current Limit Isc VI =35V, Tg=+25°C - 15 25 A
Average Temperature
Coefficient of Output AVO/AT | lo =5.0mA - 0.5 - mV/°C
Voltage

» Load and lineregulation are specified at constant junction temperature. Changein Vo due heating effects must be taken into
account separately. Pulse testing with low duty is used .( PMAX = 25W)




MC78TXX

Electrical Characteristics(MC78T15)
(MI=23V,10=3.0A,0°C <Tj<+125 °C, Po < PmMAX , unless otherwise specified. )

Parameter Symbol Conditions Min. | Typ. | Max. Unit
5mA<lo<3.0A,T3=+25°C 14.4 15 15.6
Output Voltage VO | 1755V <VI<30V, 5mA< o< 2.0A 1425| 15 |1575| VY
17.6V < VI <40V, lo=5mA, T3 =+25°C
. . 17.6V VI <40V, [0=1.0A, T3 =t25 °C
Line Regulation (Notel) AVO 18V < VI < 30V, 10 =2.0A - 7.5 55 mV
20V < VI <26V, lo =3.0A
: 5mA<lo<3.0A,T3=+25°C 10 30 mvV
Load Regulation (Notel) AVO 5mA < lo < 3.0A - 15 80 mv
Thermal Regulation Pulse =10ms, P = 20W 0
REGT TA = 425 °C - 0.002 | 0.03 | %Vo/W
Quiescent Current | 5mA<lo<3.0A,Tj=+25°C i 3.5 5.0 mA
Q | smA<lo<3.0A 40 | 60 | mA
Al 17.6V < VI <40V, lo = 5mA
Quiescent Current Q Ty=+25°C; i 0.1 0.8 mA
Change 18V < VI <30V, lo =2.0A ; '
5mA<lo<3.0A
Ripple Rejection RR f=120Hz, 18.5V < V| < 28.5V, lo =2.0A 55 65 - dB
Dropout Voltage VD lo=3A ,Tj=+25°C - 2.2 25 \Y,
Output Noise Voltage VN Ta =+25°C, 10Hz < f < 100KHz - 10 - uv/vVo
Peak Output Current IPK Ta=+25°C - 5.0 - A
Output Resistance Ro f=1.0kHz - 2.0 - mQ
Short Circuit Current Limit Isc VI =40V, Tg=+25°C - 1.0 2.0 A
Average Temperature
Coefficient of Output AVO/AT | lo =5.0mA - 0.5 - mV/°C
Voltage

» Load and line regulation are specified at constant junction temperature. Change in Vo due heating effects must be taken into
account separately. Pulse testing with low duty is used .( PMAX = 25W)




MC78TXX

Typical Application

INPUT MC78TXX 3 ouTPUT

T

2
0.33 4F 0. 1pF

77

Notes:
1. To specify an output voltage, substitute voltage value for “XX".

2. Bypass Capacitors are recommend for optimum stability and transient response and should be located as close as possible
to the regulator




MC78TXX

Mechanical Dimensions
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Ordering Information

Product Number Package Operating Temperature
MC78T0O5CT
MC78T12CT TO-220 0~+125°C
MC78T15CT




MC78TXX

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

e Output Current up to 1A

» Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V
e Thermal Overload Protection

* Short Circuit Protection

« Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MC78XX/LM78XX/MC78XXA series of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in awide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

£

D-PAK
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1
1. Input 2. GND 3. Output
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MC78XX/LM78XX/MC78XXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) V| 35 \Y
(for Vo = 24V) \| 40 \%
Thermal Resistance Junction-Cases (TO-220) ReJc 5 o°c/w
Thermal Resistance Junction-Air (TO-220) ReJa 65 °c/w
Operating Temperature Range TOPR 0~ +125 °c
Storage Temperature Range TSTG -65 ~ +150 °c

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < T3 < 125°C, Io = 500mA, V| = 10V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

. MC7805/LM7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
T3=+25°C 4.8 5.0 5.2
Output Voltage Vo 5.0mA < lo < 1.0A, Po < 15W v
V| =7V to 20V 4.75 5.0 5.25
. . . Vo =7V to 25V - 4.0 100
Line Regulation (Notel) Regline | TJ=+25°C mV
V| =8Vito 12V - 1.6 50
0 = 5.0mA tol.5A - 9 100
Load Regulation (Notel) Regload | Tj=+25°C 0 =250mA to mV
- 4 50
750mA
Quiescent Current IQ TJ=+25°C - 5.0 8.0 mA
. lo =5mAto 1.0A - 0.03 0.5
Quiescent Current Change AlQ mA
V|= 7V to 25V - 0.3 1.3
Output Voltage Drift AVOIAT | lo=5mA - -0.8 - mV/°C
Output Noise Voltage VN f = 10Hz to 100KHz, Ta=+25°C - 42 - pHV/Vo
. _— f=120Hz
Ripple Rejection RR VO = 8V to 18V 62 73 - dB
Dropout Voltage VDrop | l0=1A, T3=+25°C - 2 - \%
Output Resistance ro f=1KHz - 15 - mQ
Short Circuit Current Isc V| =35V, Ta =+25°C - 230 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7806)
(Refer to test circuit ,0°C < T3 < 125°C, Io = 500mA, V| =11V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

. MC7806 ]
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 5.75 6.0 6.25
Output Voltage Vo 5.0mA < o < 1.0A, PO < 15W v
V| = 8.0V to 21V 5.7 6.0 6.3
, , _ V| = 8V to 25V - 5 120
Line Regulation (Notel) Regline | Ty=+25°C mV
V=9V to 13V - 15 60
] lo =bmA to 1.5A - 9 120
Load Regulation (Notel) Regload | Tj=+25°C mV
10 =250mA to750A - 3 60
Quiescent Current IQ Ti=+25°C - 5.0 8.0 mA
) lo=5mAto 1A - - 0.5
Quiescent Current Change AlQ mA
V| =8V to 25V - - 1.3
Output Voltage Drift AVO/AT | lo =5mA - -0.8 - mvV/ °C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 45 - pV/Vo
. N f=120Hz
Ripple Rejection RR Vi = 9V to 19V 59 75 - dB
Dropout Voltage VDrop | lo=1A,Ty3=+25°C - 2 - \%
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V= 35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7808)
(Refer to test circuit ,0°C < T3 < 125°C, Io = 500mA, V| =14V, C|= 0.33uF, Co= 0.1pF, unless otherwise specified)

MC7808

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
T3=+25°C 77 | 80 | 83
Output Voltage Vo 5.0mA < Io < 1.0A, Po < 15W Vv
V| =10.5V to 23V 76 | 80 | 84
, , _ V| = 10.5V to 25V - 5.0 | 160
Line Regulation (Notel) Regline | Ty=+25°C mV
V| =115V to 17V - 2.0 | 80
. lo =5.0mAto 1.5A - 10 | 160
Load Regulation (Notel) Regload | T =+25°C mV
I0= 250mA to 750mA - 50 | 80
Quiescent Current IQ Ty=+25°C - 50 | 80 | mA
) lo=5mAto 1.0A - 0.05| 05
Quiescent Current Change AlQ mA
V| =10.5A to 25V - 05| 1.0
Output Voltage Drift AVOIAT | o =5mA - -0.8 - |mv/i°c
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 52 - | uVIVo
Ripple Rejection RR f=120Hz, V|= 11.5V to 21.5V 56 73 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7809)
(Refer to test circuit ,0°C < T3 < 125°C, Io = 500mA, V| =15V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

MC7809

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty =+25°C 8.65 9 9.35
Output Voltage Vo 5.0mAs< |0 <1.0A, PO <15W v
V|= 11.5V to 24V 8.6 9 9.4
, , _ V| =115V to 25V - 6 | 180
Line Regulation (Notel) Regline | Tj=+25°C mV
V=12V to 17V - 2 90
. I0o =5mAto 1.5A - 12 180
Load Regulation (Notel) Regload | Tjg=+25°C mV
lo = 250mA to 750mA - 4 90
Quiescent Current IQ TJ=+25°C - 50 | 80 mA
) lo =5mAto 1.0A - - 0.5
Quiescent Current Change AlQ mA
V| =11.5V to 26V - - 1.3
Output Voltage Drift AVO/AT | lo =5mA - -1 - |mVv/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 58 - pV/Vo
Ripple Rejection f=120Hz
RR Vi =13V to 23V % | 7 i dB
Dropout Voltage VDrop lo = 1A, TJ=+25°C - 2 - \%
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7810)
(Refer to test circuit ,0°C< Tg < 125°C, 1o = 500mA, V| =16V, C|= 0.33uF, Co=0.1uF, unless otherwise specified)

MC7810

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Tj=+25°C 9.6 10 10.4
Output Voltage Vo 5.0mA < [0<1.0A, PO <15W v
V| = 12.5V to 25V 9.5 10 10.5
, , . V| =125V to 25V - 10 200
Line Regulation (Notel) Regline | Tj=+25°C mV
V| =13V to 25V - 3 100
] lo =5mAto 1.5A - 12 200
Load Regulation (Notel) Regload | Tg=+25°C mV
Io = 250mA to 750mA - 4 400
Quiescent Current IQ Ty =+25°C - 51 8.0 mA
) lo =5mAto 1.0A - - 0.5
Quiescent Current Change AlQ mA
V| = 12.5V to 29V - - 1.0
Output Voltage Drift AVO/AT | lo =5mA - -1 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 58 - pVv/Vo
. N f=120Hz
Ripple Rejection RR Vi = 13V to 23V 56 71 - dB
Dropout Voltage VDrop lo =1A, TJj=+25°C - 2 - \%
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V| =35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7812)
(Refer to test circuit ,0°C < Tg < 125°C, Io = 500mA, V| =19V, C|= 0.33uF, Co=0.1pF, unless otherwise specified)

MC7812

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Tj=+25°C 115 | 12 | 125
Output Voltage VO | 5.0mA <10<1.0A, PO<15W v
V| =14.5V to 27V 114 | 12 | 12.6
, , _ V| =145V to 30V - 10 | 240
Line Regulation (Notel) Regline | T3 =+25°C mV
V| =16V to 22V - 3.0 | 120
. lo =5mAto 1.5A - 11 | 240
Load Regulation (Notel) Regload | T3 =+25°C mV
Io = 250mA to 750mA - 5.0 | 120
Quiescent Current IQ TJ=+25°C - 51|80 | mA
) lo =5mAto 1.0A - 0.1 | 05
Quiescent Current Change AlQ mA
V| = 14.5V to 30V - 05| 1.0
Output Voltage Drift AVO/AT | 1o =5mA - -1 - | mv/°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 76 - pV/Vo
. N f=120Hz
Ripple Rejection RR Vi = 15V to 25V 55 71 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - \Y;
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc V| =35V, TaA=+25°C - 230 - mA
Peak Current IPK Ti3=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7815)
(Refer to test circuit ,0°C < Tg < 125°C, 1o = 500mA, V| =23V, C|= 0.33uF, Co=0.1pF, unless otherwise specified)

- MC7815 ]
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
T3=+25°C 14.4 15 15.6
Output Voltage Vo 5.0mA <10 < 1.0A, PO < 15W v
V| =17.5V to 30V 14.25 15 15.75
, , , V| =17.5V to 30V - 11 300
Line Regulation (Notel) Regline | Ty =+25°C mV
V| =20V to 26V - 3 150
lo =5mAto 1.5A - 12 300
Load Regulation (Notel) Regload | Ty =+25°C 0 = 250mA to mV
- 4 150
750mA
Quiescent Current IQ TJ=+25°C - 5.2 8.0 mA
. lo =5mA to 1.0A - - 0.5
Quiescent Current Change AlQ mA
V| =17.5V to 30V - - 1.0
Output Voltage Drift AVOIAT | lo =5mA - -1 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 90 - pHV/Vo
. S f=120Hz
Ripple Rejection RR V| = 18.5V to 28.5V 54 70 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - \%
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V| = 35V, Ta=+25°C - 250 - mA
Peak Current IPK T3=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7818)
(Refer to test circuit ,0°C < Tg < 125°C, Io = 500mA, V| =27V, C|= 0.33uF, Co=0.1pF, unless otherwise specified)

MC7818

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Tj=+25°C 17.3 18 | 18.7
Output Voltage VO | 5.0mA <10 <1.0A, PO <15W v
V| =21V to 33V 171 18 | 18.9
, , . V| =21V to 33V - 15 | 360
Line Regulation (Notel) Regline | T3 =+25°C mV
V| = 24V to 30V - 5 180
. lo =5mAto 1.5A - 15 360
Load Regulation (Notel) Regload | T3 =+25°C mV
Io = 250mA to 750mA - 5.0 | 180
Quiescent Current IQ TJ=+25°C - 52 | 80 mA
) lo =5mAto 1.0A - - 0.5
Quiescent Current Change AlQ mA
V| =21V to 33V - - 1
Output Voltage Drift AVO/AT | 1o =5mA - -1 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 110 - pV/Vo
. N f=120Hz
Ripple Rejection RR Vi = 22V to 32V 53 69 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - \Y;
Output Resistance ro f=1KHz - 22 - mQ
Short Circuit Current Isc V| =35V, TaA=+25°C - 250 - mA
Peak Current IPK Tj=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7824)
(Refer to test circuit ,0°C < Tg < 125°C, Io = 500mA, V| =33V, C|= 0.33uF, Co=0.1pF, unless otherwise specified)

. MC7824 )
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
T3=+25°C 23 24 | 25
Output Voltage Vo | 5.0mA<Iio<1.0A Po<15W v
V| =27V to 38V 22.8 | 24 |25.25
, , . V| = 27V to 38V - 17 | 480
Line Regulation (Notel) Regline | Ty =+25°C mV
V| =30V to 36V - 6 | 240
. lo=5mAto 1.5A - 15 | 480
Load Regulation (Notel) Regload | Ty =+25°C mV
I0 = 250mA to 750mA - 5.0 | 240
Quiescent Current IQ Ty=+25°C - 52 | 80 | mA
) lo=5mAto 1.0A - 0.1 | 05
Quiescent Current Change AlQ mA
V| =27V to 38V - 0.5 1
Output Voltage Drift AVOIAT | lo =5mA - -15 - |mv/°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 60 - pV/Vo
. N f=120Hz
Ripple Rejection RR Vi = 28V to 38V 50 67 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - \%
Output Resistance ro f=1KHz - 28 - mQ
Short Circuit Current Isc V| =35V, Ta=+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7805A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | = 10V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. Unit
TJ=+25°C 4.9 5 5.1
Output Voltage Vo lo =5mA to 1A, Po < 15W 48 5 - v
V| =7.5V to 20V
V| =7.5V to 25V
Ic; = 500mA ) ° 50
Line Regulation (Notel) Regline | Vi=8Vto 12V _ 50 mv
V|= 7.3V to 20V - 50
TJ3=+25°C
V=8V to 12V - 15 25
TJ=+25°C
Load Regulation (Notel) Regload lo=5mAto 1.5A 9 100 -
lo=5mAto 1A - 9 100
Io = 250mA to 750mA - 4 50
Quiescent Current IQ TJ=+25°C - 5.0 6 mA
_ lo=5mAto 1A - - 0.5
gﬁfsgsm Current Ao | Vi=8Vto 25V, Io = 500mA i i 08 | mA
V| =7.5V to 20V, T3 =+25°C - - 0.8
Output Voltage Drift AVIAT lo =5mA - -0.8 - mV/°C
Output Noise Voltage VN fT; ig';é 2"01°°KHZ - 10 - uv/ivo
Ripple Rejection RR lezlé(\)/'_{é ll(gvz 500mA - 68 - dB
Dropout Voltage VDrop | lo=1A, T3=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7806A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | =11V, C |=0.33puF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 5.58 6 6.12
Output Voltage Vo lo = 5mAto 1A, PO < 15W v
V| = 8.6V to 21V >.76 6 6.24
V|= 8.6V to 25V
lo = 500mA ) 5 60
Line Regulation (Notel) Regline | VI=9V to 13V _ 3 60 mv
V|= 8.3V to 21V - 5 60
TJ=+25°C
V|= 9V to 13V - 15 30
TJ=+25°C
_ - 9 100
Load Regulation (Notel) Reaload o =5mAto 1.5A v
g Io = 5mA to 1A - |4 | 100
Io = 250mA to 750mA - 5.0 50
Quiescent Current 1Q Ty=+25°C - 4.3 6 mA
lo =5mAto 1A - - 0.5
Quiescent Current Change AlQ V| =9V to 25V, Io = 500mA - - 0.8 mA
V|=8.5V to 21V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT lo = 5mA - -0.8 - mV/°C
. f = 10Hz to 100KHz
Output Noise Voltage VN TA =+25 °C - 10 - uv/Vo
. S f = 120Hz, Io = 500mA
Ripple Rejection RR V| = 9V to 19V - 65 - dB
Dropout Voltage VDrop lo = 1A, TJ=+25°C - 2 - \%
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7808A)
(Refer to the test circuits. 0°C < TJ < 125°C, lg =1A, V | = 14V, C |=0.33puF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty =+25°C 7.84 8 8.16
Output Voltage Vo lo =5mA to 1A, PO <15W - 8 8.3 v
V| =10.6V to 23V
e K
Line Regulation (Notel) Regline | VI= 11V to 17V i 3 80 mv
V|=10.4V to 23V - 6 80
T3=+25°C
V=11V to 17V - 2 40
T3=+25°C
Load Regulation (Notel) Regload lo =5mA to 1.5A 12 100 -
lo =5mAto 1A - 12 100
o = 250mA to 750mA - 5 50
Quiescent Current 1Q Tj=+25°C - 5.0 6 mA
lo =5mAto 1A - - 0.5
Quiescent Current Change AlQ V| =11V to 25V, Io = 500mA - - 0.8 mA
Vi= 10.6V to 23V, TJ =+25°C - - 0.8
Output Voltage Drift AVIAT | lo=5mA - -0.8 - |mv/i°C
Output Noise Voltage VN fl'; ii';é (t)% 100KHz ] 10 ] Vo
Ripple Rejection RR (”::121(;!-152\/ Itg ;lSIgSmA - 62 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7809A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | = 15V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25C 8.82 | 9.0 | 9.18
Output Voltage Vo |0 = 5mA to 1A, Po<15W \Y
\?I =11.2Vto ZZiV ° 8.65 1 9.0 | 9.35
Vi=11.7V to 25V
|oI = 500mA ) 6 %0
Line Regulation (Notel) Regline | VI= 12.5V to 10V _ 4 45 mv
o Vi= 11.5V to 24V - 6 90
Tj=+25C
V|=12.5V to 19V - 2 45
Tj=+25C
Load Regulation (Notel) Regload lo =5mAto 1.0A 12 | 100 -
lo =5mA to 1.0A - 12 100
lo = 250mA to 750mA - 5 50
Quiescent Current 1Q Tj=+25'C - 50 | 6.0 mA
V| =11.7V to 25V, Tj=+25 C - - 0.8
Quiescent Current Change AlQ V| =12V to 25V, Io = 500mA - - 0.8 mA
lo =5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT lo =5mA - -1.0 - mv/°C
Output Noise Voltage VN fI':A ig';; Eg 100KHz - 10 - [TAVZAY/o)
Ripple Rejection RR (/Izz:Lzl(;ld/zt,OIcz)Z:VSOOmA - 62 - dB
Dropout Voltage VDrop lo=1A, TJ=+25"C - 2.0 - \%
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25 ‘C - 250 - mA
Peak Current IPK Ty=+25C - | 22 - A

Note:

1. Load and line regulation are specified at constant, junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7810A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | = 16V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25C 9.8 | 10 | 10.2
Output Voltage Vo lo =5mAto 1A, Po < 15W \Y
V| =12.8V to 25V 9.6 10 10.4
V|=12.8V to 26V
lo = 500mA ) 8 100
Line Regulation (Notel) Regline VI= 13V to 20V _ 4 50 mv
o V|=12.5V to 25V - 8 100
Tij=+25 C
V|= 13V to 20V - 3 50
Ty=+25"C
_ - 12 100
Load Regulation (Notel) Reaload lo =5mAto 1.5A v
9 Io = 5mA to 1.0A - | 12 | 100
Io = 250mA to 750mA - 5 50
Quiescent Current IQ Tj=+25'C - 5.0 6.0 mA
Vi =13V to 26V, TJ=+25 C - - 0.5
Quiescent Current Change AlQ V| =12.8V to 25V, lo = 500mA - - 0.8 mA
Io =5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT Io =5mA - -1.0 - mv/°'C
. f = 10Hz to 100KHz pV/Vo
Output Noise Voltage VN TA =+25°C - 10 -
. S f=120Hz, Io = 500mA
Ripple Rejection RR V| = 14V to 24V - 62 - dB
Dropout Voltage VDrop lo = 1A, TJ=+25C - 2.0 - \%
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V=35V, Ta =+25 °C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7812A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | = 19V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Tj=+25'C 11.75 | 12 | 12.25
Output Voltage Vo lo = 5mA to 1A, Po <15W \Y
V| =14.8Vto 27V 11.5 12 12.5
V|= 14.8V to 30V
lo = 500mA i 10} 120
Line Regulation (Notel) Regline Vi= 16V to 22V _ 4 120 mv
o V|= 14.5V to 27V - 10 120
Ti=+25 C
V|= 16V to 22V - 3 60
Ty=+25"C
_ - 12 100
Load Regulation (Notel) Reaload o =5mAto 1.5A v
g Io = 5mA to 1.0A - [ 12 | 100
Io = 250mA to 750mA - 5 50
Quiescent Current 1Q TJ=+25C - 5.1 6.0 mA
V| =15V to 30V, TJ=+25 C - 0.8
Quiescent Current Change AlQ V| =14V to 27V, o = 500mA - 0.8 mA
lo =5mAto 1.0A - 0.5
Output Voltage Drift AVIAT lo = 5mA - -1.0 - mV/°'C
. f = 10Hz to 100KHz
Output Noise Voltage VN TA =+25°C - 10 - puV/vVo
. S f = 120Hz, Io = 500mA
Ripple Rejection RR V| = 14V to 24V - 60 - dB
Dropout Voltage VDrop lo = 1A, T)=+25C - 2.0 - \%
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc V|= 35V, Ta =+25 °C - 250 - mA
Peak Current IPK Ty=+25'C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7815A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | =23V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Tj=+25C 147 | 15 | 153
Output Voltage Vo lo = 5mA to 1A, Po <15W \Y
V? =17.7Vto 3(’)VO 14.4 15 15.6
Vi= 17.9V to 30V
Ic; = 500mA ) 10 150
Line Regulation (Notel) Regline VI= 20V to 26V _ 5 150 mv
T3 =425°C V|=17.5V to 30V - 11 150
V|= 20V to 26V - 3 75
Ti=+25 C
Load Regulation (Notel) Regload lo=5mAto 1.5A 12 100 -
lo =5mAto 1.0A - 12 100
Io = 250mA to 750mA - 5 50
Quiescent Current IQ Tj=+25°C - 5.2 6.0 mA
VI =17.5V to 30V, TJ=+25 C - - 0.8
Quiescent Current Change Alg V| =17.5V to 30V, lo = 500mA - - 0.8 mA
lo =5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT I0o =5mA - -1.0 - mV/°'C
Output Noise Voltage VN fT; 2';2 EOC 100KHz - 10 - pv/Vo
Ripple Rejection RR LI:=121%H52V ltg ng_g\(;mA - 58 - dB
Dropout Voltage VDrop lo=1A, T3=+25C - 2.0 - \%
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V=35V, Ta =+25 ‘C - 250 - mA
Peak Current IPK T)=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7818A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V | = 27V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Tij=+25"C 1764 | 18 | 18.36
Output Voltage Vo lo =5mA to 1A, Po <15W v
V| =21V to 33V 17.3 18 18.7
V|= 21V to 33V
lo = 500mA ) 15| 180
Line Regulation (Notel) Regline Vi= 21V to 33V _ 5 180 mv
. V|=20.6V to 33V - 15 180
Tij=+25 C
V|= 24V to 30V - 5 90
Ty=+25C
_ - 15 100
Load Regulation (Notel) Reaload lo =5mAto 1.5A v
9 Io = 5mA to 1.0A - | 15 | 100
Io = 250mA to 750mA - 7 50
Quiescent Current IQ Tj=+25'C - 5.2 6.0 mA
VI =21V to 33V, Tj=+25 C - - 0.8
Quiescent Current Change AlQ V| =21V to 33V, Io = 500mA - - 0.8 mA
lo =5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT Io =5mA - -1.0 - mv/°'C
. f = 10Hz to 100KHz pV/Vo
Output Noise Voltage VN TA =+25°C - 10 -
. S f=120Hz, Io = 500mA
Ripple Rejection RR V| = 22V to 32V - 57 - dB
Dropout Voltage VDrop lo = 1A, TJ=+25C - 2.0 - \%
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V|=35V, Ta =+25C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/ILM78XX/MC78XXA

Electrical Characteristics (MC7824A)
(Refer to the test circuits. 0°C < Tg < 125°C, lg =1A, V| = 33V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Tj=+25C 235 | 24 | 245
Output Voltage Vo lo = 5mA to 1A, Po <15W \Y
V? =27.3Vto Sévo 23 24 25
V|= 27V to 38V
Ic; = 500mA ) 18 | 240
Line Regulation (Notel) Regline Vi= 21V to 33V _ 6 240 mv
. V|= 26.7V to 38V - 18 240
Tij=+25 C
V|= 30V to 36V - 6 120
Ti3=+25 C
Load Regulation (Notel) Regload lo =5mAto 1.5A 15 100 -
lo =5mAto 1.0A - 15 100
Io = 250mA to 750mA - 7 50
Quiescent Current IQ Tj=+25'C - 5.2 6.0 mA
VI =27.3V10 38V, T3=+25C - - 0.8
Quiescent Current Change AlQ V| =27.3V to 38V, Io = 500mA - - 0.8 mA
Io =5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT Io =5mA - -15 - mv/°'C
Output Noise Voltage VN fTZ iO;SZog 100KHz - 10 - puv/vVo
Ripple Rejection RR lezlg(;Czt,olgS:VSOOmA - 54 - dB
Dropout Voltage VDrop lo=1A, T3=+25C - 2.0 - \%
Output Resistance ro f=1KHz - 20 - mQ
Short Circuit Current Isc V=35V, Ta =+25 °C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Typical Perfomance Characteristics
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MC78XX/ILM78XX/MC78XXA

Typical Applications
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Figure 5. DC Parameters
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Figure 8. Fixed Output Regulator
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MC78XX/LM78XX/MC78XXA

mpumT MC78XX/LM78XX ——oOutput
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Figure 9. Constant Current Regulator

Notes:

(1) To specify an output voltage. substitute voltage value for "XX." A common ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input
ripple voltage.

(2) Ciis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.
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Figure 11. Adjustable Output Regulator (7 to 30V)
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MC78XX/ILM78XX/MC78XXA
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Figure 12. High Current Voltage Regulator
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Figure 13. High Output Current with Short Circuit Protection
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MC78XX/LM78XX/MC78XXA

1 3

o— MC7815 Q
+2WJ» +15V

2 -

s -
0.33,F 0.1uF 1N4001

/L +|22F F 14

prod . z
1N4001
O 3 MC7915 —0
20V 3 -15V

Figure 15. Split Power Supply ( £15V-1A)
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MC78XX/ILM78XX/MC78XXA

Mechanical Dimensions
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MC78XX/LM78XX/MC78XXA

Mechancal Dimensions (continued)
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MC78XX/ILM78XX/MC78XXA

Ordering Information

Product Number

Output Voltage Tolerance

Package

Operating Temperature

LM7805CT

+4%

TO-220

0~+125°C

Product Number

Output Voltage Tolerance

Package

Operating Temperature

MC7805CT

MC7806CT

MC7808CT

MC7809CT

MC7810CT

MC7812CT

MC7815CT

MC7818CT

MC7824CT

MC7805CDT

MC7806CDT

MC7808CDT

MC7809CDT

MC7810CDT

MC7812CDT

+4%

TO-220

D-PAK

MC7805ACT

MC7806ACT

MC7808ACT

MC7809ACT

MC7810ACT

MC7812ACT

MC7815ACT

MC7818ACT

MC7824ACT

+2%

TO-220

0~+125°C

27



MC78XX/LM78XX/MC78XXA

DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY

LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

7/2/01 0.0m 001
Stock#D SXXXXXXXX
0 2001 Fairchild Semiconductor Corporation
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