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ABSTRACT

A low-cost and simple writer for writing HEX code into a FLASH memoryof single
chip microcomputers , AT89C2051 and AT89C1051 has been designed and built. The writer
consists of 1) a serial interfacing to a PC , 2) a programming control circuit , and 3)a2 KB
firmware for controlling HEX file reading and generating programming sequence and signal.
The writer receives an 8-bit INTEL HEX FILE from 9600 BUADSNI terminal then writes a
byte to be program into a blanked 89Cxx chip. In addition , the writer also has and verify
function. The writer cost less than 300 Baht was intended to be a tool for the course on ‘

Designing Microprocessor System ” for the 3" year physicd, student.
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Flash Programming Modes
P32/
Mods . RST PROG P3.3 P3. P35 P3.7
Write Code Data!™ 12v e L H H H
Read Code Data) H H L L H H
Write Lock Bit - 1 12V p e H H H H
Bit- 2 12V o H H L L
> .
Chip Erase 12V ‘\_f( ) H L L L
Read Signature Byte H H L L L L
d. Y o 1
91 3.5 msndaamsadedygaluInunang
sy sV
‘ AT89C2051 T
AT89C2051 T |
V, |
RDY/BSY P3.1 Vee ——} _ “ PaM
PROG ~ ——» P32 P1 ta-— boM Vo % P32 P DATA
o P33 ——»{ P33
o P34 SEEFLASH ——» P34
SEE FLASH PROGRAMMING
PROGRAMMING —»{ P35 MODES TABLE ~~™ » P35
MODESTABLE | ... — P37
IR RS RST e—- Y, /Vpp _ 71 - » XTALY RST l¢——— Vi
TO INCREMENT GND GND
ADDRESS COUNTER
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PORT 1

P3.2
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oy lorox

(PROG)

RST
(Vpp)

_P34 _
(ENABLE)
P31
(RDY/BSY)

XTAL1
(INCREMENT
ADDRESS)

DATA OUT -

'\ LOGIC 1!

|

5

*— lenoz

s

Ta=21°Cto 27°C, Vcc = 5.0 £ 10%

31 737 () gudaanadumsTsunsuazmsasvasudoya

Symbol Parameter Min Max Units
Vep Programming Enable Voltage 11.5 12.5 \
lpp Programming Enable Current 250 pa
{DVGL Data Setup to PROG Low 1.0 us
1GHDX Data Hold After PROG 1.0 us
tEHSH P3.4 (ENABLE) High to Vpp 1.0 us
tSHGL Vep Setup to PROG Low 10 us
tGHSL Vpp Hold Alter PROG 10 s
1GLGH PROG Width 1 110 us
teLQv ENABLE Low to Data Valid 1.0 us
teHOZ Data Float After ENABLE 0 1.0 us
tGHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
BHIL Increment Clock High 200 ns
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Load data from chip get
-Address from INTEL-HEX file
Wait Intel Hexfile

SEnding file C:BOO.HEX

:10000000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF2
:100010COFFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFF
:0CO002000FFFFFFFFFFFFFFFFFFFFFFFF8
:00000001FF '

Load data complete

>

U7 4.3 uaasdoyavesFiliimsauSouieouda ( Suduindondioudoya)

PRO-100 89cXX PROGRAMMER V1.1
SILA RESEARCH CO.,LTD. BANGKOK, THAILAND
Remote Editor Service ... Baud rate :9600

-d 0000 0020

0000: 00 00 00 00 00 00 00 00 - 00 00 00 00 00 00 0O 0O
0010: 00 00 00 00 00 00 00 00 - 00 00 00 00 0C 00 00 0O
0020: 00 00 00 00 00 0O 00 00 - 00 0O 00 0O 00 00 OO OO
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Load data from chip get
Address from INTEL-HEX file
Wait Intel Hexfile

SEnding file C:BOO.HEX

:10000000C290120023120023C29612002312002372
:10001000€297120023120023D290D296D2971200D8
:0C0020002380DD78007900D9FED8FAZ2238
:00000001FF

Load data complete
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PRO-I100 89cXX PROGRAMMER V1.1
SILA RESEARCH CO.,LTD. BANGKOK, THAILAND
Remote Editor Service ... Baud rate :9600

-d 0000 0020

0000: C2 90 12 00 23 12 00 23 - C2 96 12 00 23 12 00 23
0010: C2 97 12 00 23 12 00 23 - D2 90 D2 96 D2 397 12 00
0020: 23 80 DD 78 00 79 00 D9 - FE D8 FA 22 FF FF FF FF
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filename eprom.asm
description program chip AT89Cx051 for devenlop system control

harddware flash programmer board
assembler sxa51
engineer sombat muenpan -
COMPANY eeeneocconn
32 equ 0dh
f equ O0ah
os equ 10h
on equ 11h
off equ 13h
ibyte equ 20h
obyte . equ 21h
rag equ 22h
ount equ 23h
org 0000h
r ljmp main
§ ' org 100h

kAhkkhkhkhkkrhkkkkkhkhkhkhkhkhdkhhkkhdhkhkrhkdhkbhkdhrhhhhbhrhhhkhhkdk

init RS232:initialize 8051 serial port
baudi rate: 9600
data, length: 8 bit
- stop bit: 1 bit
- parity bit: no
- x-tal: 11.0592 MHz
khkhkhkdhkhkhkhkhkkkhkhkkrkhkrhkhkhhrthkhkhkhdhkhhhkhdhdrddhkhhkdhhrhik

nit: mov tmod, #00100000b
mov scon, #01010010b
: mov tcon, #01101001b
i mov thl, #0fdh
setb trl
ret

kkkhhkhkkhkhkAk T hkhkrdhhrkhkhhhhdhhkhhhhdhrdhahdhhkhhdxxhhhd

recive byte put to a from serial port

wait until recive bufffer ready

entry: no

exit: a
kkkhkhkhkhkhhkhkdhkhkhrhkhkhkhkhkhhhhhkhkhhdhhkhkhkrkdhdkdkhkhrkhkhrhik

ecive: jnb ri,recive
¢ clr ri
mov a, sbuf
lcall send
ret

3
FETYTIZEXIEZZIEIESIITEE SR RS SRS S R AR EEEESEREEEEES LR

recive: recive byte whit no echo
ek kkkkhkhhkkhkkkkhkhkhkhkkhkhhhhrhhrhrdkdrdhkhkhhkhkhbrhhhkhhhhk

eceive: jnb ri,receive
clr ri
mov a, sbuf

ret



[
B

w************************************************
send a to serial port
check transmitter buffer befor send
entry: a

exit: no
.************************************************

&

«end: jnb ti, send
5 clr ti
mov sbuf, a
. ret

khkkdhhkhhkhhhkhkhkhkhkhhkhkhhhhkhhkhdhhkhkhkhkhkhkrkkrhhhrkbthhtk

send cr and 1lf to serial port
entry: no

exits no
************************************************

'end_C¥: mov a, #ter
lcall send
mov a,#1£f

' lcall send
ret

xhkkhkkhkkhhkdkkhkhkdhkdhkdhddhdhdhrdhhkhkhhkhkdkdrhkhhkrdhdrhkdhdd

send string to terminal

entry: dptr

exit,: found eos
khkkkhkkhkhkhkhkhhhkhkhkhkhkhhhhhhkhbhdhkhhkhkdkhhrrbhhkddd¥rrdhhhx

jend_string: clr a
move a,@a+dptr
cjne a, #eos,send_stringl
ret J
send _stringl: lcall send
i inc dptr
sjmp send string

E
****%*******************************************
send xoff to RS232
entry: no
exit: no
****}*******************************************

1off 'send: mov a,#xoff
| - lcall send
§ ret

;************************************************
- selld xon to RS232 ;

- entry: no .

- exit: no
;************************************************

con_send: mov a, #xon
lcall send
ret



:************************************************

convert bin to ascii code

entry: a
exit: a
3***********************************************

in ascii: anl a,#0fh
mov r2,a
clr c
subb a,#0ah
jnc ascii_af2
mov a,r2

: add a, #30h

ret

-scii_af2: mov a,r2
add a,#37h
ret

khkhkkI KA ikkrdhkhhkhkrhkhdhkhhkdhhhdrhddhhkdhkhkhrhhkrhrhkhdrdrk

byte ascii: convert a to ascii in r4, x5
Akkkkhhkhkhkhhkhhhhhkdhhkhhhkhhkhhhhhkhkhkkhhhrhrthhokhkhrhhhdtd

yte _ascii: mov b,a
' lcall bin_ascii

mov rd4,a
mov a,b
swap a
lcall bin_ascii
mov r5,a
ret

****i*******************************************
convert single ascii character to single nibble binary
entyy: a ( 30-39 for 0-9, 41-46 for A-F, 61-66 for a-f)

exit: a
Lk k kI kI hkrkrkhkhkrddhkrhkhkhhkrhkdhkdkhkhkdhkhdrhhkhrbhrhrdhkhhrhd

hsciiibin: clr c
’ mov r6,a
| subb a,#14h
; jnc ascii_af
mov a,ré6
, clx c
subb a,#30h
Fscii_af: clr c
) mov a,ré6
| ! subb a,#37h
! ret

dhkkhkhkhkhkhkhhhkkkkkhkkhkhkhkhhkhkdhhhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkkkkhkhkkhkkx
combine data 2 byte to singke byte

entry: r4 = low nibble

r5 = hight nibble

exit: a

we R Ve e WE Y N

Ahkdkhhhhkhkhkhkhhhkhkhhkhhhkhkhkhhkhhhhhhkhhhhdhkdhhkdrrhhhbtd

~ombine: mov a,r5
swap a

T A .y



add
ret

a,r4

rhkhkhkdkhkhkirhkkrhhhhhkrrhhhhddhhhrrrhkddbrhrhrhrbdhddk

get data from serial port two byte save to-
r5 as'a hight nibble and r4 as a low nibble

entry:no
exit: a

************************************************

et_byte:

oecho:

%

lcall
lcall
mov
lcall
lcall
mov
lcall
ret
lcall
lcall
mov
lcall
lcall
mov
lcall
ret

recive
ascii_bin
r5,a
recive
ascii_bin
r4,a
combine

receive
ascii_bin
r5,a
receive
ascii_bin
rd4,a
combine

;first reading must goto rb5

************************************************

rasepm:

gain:

mov
lcall
mov
lcall
lcall
djnz
mov
lcall
ret

r7,#02h
setvolt
pl,#00000100b
latch

erase
r7,again

pl, #0ffh
latch

*****_*******************************************

k
rase:

lrmem?2 :
1rmeml :

¥

clr
clr
lcall
mov
mov
clr
lcall
setb
setb
nop
clr
djnz
djnz
ret

pl.4
p3.5
latch
r2,count
r3,#100h
p3.2
waitl
p3.2
p3.4

p3.4
r3,clrmeml
r2,clrmem2

;************************************************
1

vritepm:

clxr
lcall

p3.5
mslo



d_busy!

LT

extbyte:

clr
lcall
setb
jnb
setb
nop
clr
clr
mov
add
mov
mov
addc
mov
lcall
ret

p3.2
msl0
p3.2
p3.3,rd busy
p3.4

p3.4

c

a, lobyte
a,#01
lobyte, a
a,hibyte
a,#00
hibyte,a
ms10

******:******************************************

ompare :

utcompare :

¥

mov
cjne
mov
cjne
ret
clr
mov
add
mov
mov
addc
mov
setb
clr

sjmp

a,dpl
a, lobyte,outcompare
a,dph
a,hibyte, outcompare

C

a, lobyte
a,#01lh
lobyte,a
a,hibyte .
a,#00
hibyte, a
p3.4

p3.4
compare

;*********'k**************************************

read_noecho:

t

[

setb
mov
setb
clr
clr
mov
add
mov
mov
addc
mov
ret

p3.2
b,pl
p3.4
p3.4

c

a, lobyte
a,#01
lobyte, a
a,hibyte
a,#00
hibyte,a

¢****'!:*******************************************

-ead echo:
%

¥
¥

clr
lcall
lcall
setb
mov
lcall
mov
lcall

a

msl1l0

msl0o

p3.2

a,pl
byte_ascii
a,rb5

send



mov
lcall
setb
clr
clr
mov
add
mov
mov
addc
mov
ret

a,r4
send
p3.4
p3.4

c

a, lobyte
a,#01l
lobyte, a
a,hibyte
a,#00
hibyte, a

e

******"k*****************************************

etvoll:

setb
setb
lcall
clr
lcall
clr
clx
setb
lcall
ret

pl.4
p3.5
latch
p3.4
msl0
p3.2
pl.4
p3.5
latch

************************************************

:etvolF:

setb
setb
lcall
clr
lcall
setb
clr
setb
lcall
ret

pl.4
p3.5
latch
p3.4
msl0
p3.2
pl.4
p3.5
latch

****'{t*******************************************

1510
1810 _L:
1810_h:

mov
mov
dijnz
nop
nop
nop
nop
nop
djnz
ret

r0, #14h
rl,#00h
rl,msl0_h

r0,msl0_1

;***f********************************************

altl:
vait?2:
vait3:

mov
mov
djnz
djnz
ret

r0,#02
rl,#235
rl,wait3
r0,wait2



*******!*****************************************

atch: ¢

setb
nop
clr
ret

p3.7

p3.7

******;*****************************************

main program
*****************************************‘*******

ain:

ait_space:
¥
I

:endcr;
]
et kewy:

‘heckl$
]
i

uml : t

heck?2:
:heck3§
~heck4:

:heckopt:

4

t
2raseprom:

vritegrom:

sure:

— W

mov
lcall
clr
lcall
cjne
mov
lcall
djnz
mov
lcall
lcall
orl
cjne
mov
lcall
1jmp
cjne
lcall
cjne
mov
1jmp
cjne
mov
1jmp
cjne
1ljmp
cjne
1jmp
cjne
1jmp
mov
lcall
mov
lcall
1jmp
mov
lcall
lcall
mov
lcall
mov
lcall
1jmp
lcall
mov
lcall
lcall
mov
lcall
mov

sp, #60h
init

frag

recive
a,#20h,wait_space
r2, #20d
send_cr
r2,sendcr
dptr, fititle
send_string
receive
a,#20h

”
¥

a,#68h,checkl ;recive

dptr, #help
send_string
get key

a, #65h, check2 ;recive

receive
a,#31h,numl
count, #04h
eraseprom
a,#32h, check2
count, #08h
eraseprom

a,#77h, check3 ;recive

writeprom

a, #76h,check4 ;recive

verify

a, #6ch, checkout ;recive

load

dptr, #isyntax_error
send_string
dptr, #promt
send_string
get_key

dptr, #wait erase
send_string
erasepm

dptr, #ok_erase
send_string
dptr, #promt
send_string
get key
setvolt
pl,#00000011B
latch

send_cr
dptr,#wait_hex
send_string
hibyte, #00h

lhl

IVI

Ill



ext_lide:
ext_line2:

ecive again:

rocess:

B LR

inkl:

- o

1appy_pass:
i

sorry_bad:
E
send_pyomt :

E

rerify5:

L

mov
lcall
cjne
sjmp
lcall
lcall
cjne
mov
lcall
djnz
mov
lcall
mov
lcall

1jmp

mov
lcall
mov
lcall
mov
lcall
lcall
lcall
lcall
lcall
mov
lcall
lcall
lcall
djnz
lcall
cjne
1jmp
lcall
mov
1lcall
lcall
mov
lcall
mov
mov
lcall
cjne
sjmp
lcall
lcall
cjne
lcall
cjne
ib
mov
lcall
sjmp
mov
lcall
mov
lcall
1ljmp
mov

lobyte, #00h
recive
a,#':',wait_
next_line2
recive

get _byte

a, #00h,process
r7,#0ah
recive
r7,recive_again
dptr, #ok write
send_string
dptr, #promt
send string
get_key

r7,a

get_byte
dph, a
get_byte
dpl,a
xoff_send
compare
xon_send
get_byte
get_byte

pl.,a
xoff_send
writepm
xon_send
r7,linkl
recive
a,#0ah,end_line
next line
setvoll
pl,#00000001b
latch

send cr

dptr, #istring verify
send string
hibyte, #00h
lobyte, #00h
receive
a,#’:",verifyl
verify3
receive
noecho

a, #00h,verifys
receive
a,#0ah,verify4
frag, sorry bad
dptr, #thappy
send_string
send_promt
dptr, #sorry
send_string
dptr, #promt
send _string
get_key

r7,a

;wait for start 1st byte

;skip ' ¢’

;eof detect

; ¥7 now is a counter

; skip null charecter

; wailt

; resume

;wait for start 1st byte

;skip '’

;eof detect

; r7 now is a counter



oadl:

oad2:
oad3:

oad4:

ocad5:

loadé6:

load7:
|l oad8:

wenor

e T memewm mw

e s e wm

lcall
mov
lcall
mov
lcall
lcall
lcall
lcall
mov
lcall
lcall
lcall
lcall
jb
cjne
sjmp
setb
dijnz
lcall
cjne
1jmp
lcall
mov
lcall
lcall
mov
lcall
mov
mov
lcall
cjne
sjmp
lcall
lcall
cjne
lcall
cjne
mov
lcall
mov
lcall
1jmp
mov
lcall
mov
lcall
mov
lcall
lecall
lcall
lcall
mov
lcall
lcall
lcall
lcall
djnz
lcall
cjne
1lijmp

noecho

dph, a

noecho

dpl,a

xoff send
compare
xon_send
noecho
pl,#0ffh
xoff send
read noecho
xon_send
noecho
frag,verify?7
a,b,bad
verify7

frag
r7,verifyé
receive
a,#0ah,verifys8
verify2
setvoll
pl,#00000001b
latch
send_cr
dptr, #string load
send_string
hibyte, #00h
lobyte, #00h
recive
a,#’:’,loadl
loads

recive
get_byte
a,#00h, loads
recive
a,#0ah, load4
dptr, #iok_load
send string
dptr, #promt
send_string
get_key
r7,a

get byte
dph, a

get byte
dpl,a

xoff send
compare
xon_send
get_byte
pl,#0ffh
xoff send
read_echo
xon_send
noecho
r7,loadé
recive
a,#0ah, loads
load2

; skip null charecter

; check end 1line
; recive next line

;wait for start 1lst byte

;skip ¢!

;eof detect

; r7 now is a counter

; skip null charecter

; check end 1line
; recive next line



itle:

elp:

romt :

ait_erase:
ait_hex:

i
tring wverify:

i
tring load:

¢

o

k

yntax_error:
k_erase:
k_write:
k_load:

1 appy :
Orry :

ndrom:

db
db

db
db
db
db
db
db
db

db
db
db
db
db
db
db
db

db
db
db
db

cr,lf,"
cr,lf,"
cx,1lf,"
cr,lf,”
cr,lf,"
cr,l1f,"
cr,1f,"
cr,l1f,"
cr,lf,"
cr,lf,"
cr,l1lf,”
cr,1£,"
cr,lf,"”
cr,lf,"
cr,lf,"
cr,1£,"
cr,1f,"
cr,1l£,"
cr,1£,"
cr,1f,"
cr,lf,"
cr,l1lf,"
cr,lt,"
cy,lf,"
cr,lf,"

end

AT 89Cx051 Programmer Remote Editer"
Department of applied Physics, KMITL"
Ladkrabang Bangkok 10520, THAILAND",cr, 1£
>",eos
help command"
h help command"
e [typell, [type2] ~ erase chip"
w write chip"
v verify data"
1 load data",cr,1lf
>",eos
Walit erase !",eos
Pleas Dowlode INTEL-HEX File ..."
Use “A and type SE Command to Send File", eos
Verify Data Wiht Intel Hexfile"
Wait Intel Hexfile",eos
Load data from chip get"
Address from INTEL-HEX file"
Wait Intel Hexfile",eos
“gyntax Error",cr,lf,eos
Ok Erase Complete",cr,lf,eos
Ok Write Complete",cr,lf,eos
Load data complete",cr,lf,ecs
Ok Pass...",cr,lf,eos
Sorry Fail !",cr,1f,eos
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AT89C2051
MAX232
74LS373
LM317
LM7805

6. Resistor 100 Q

250 £ 1%
1150 €2 1%

2150 £2 1%

1 KC2 1%

1.8 KE2

4.7 K2 1%

10 KQ 1% 7 A7
7.  Capasistor 0.1[LF 27

[LLF , 25V(umumay)
I0LLF , 25V(HMunau)
10LLF , 16V(SianIns lan)
" 100MF | 25V(BianTas Tavh)
30Pf 2 ¢
8. Transistor 2N2907
IN2222A
9. Diode 1N4001 3 61
0. XTAL  11.0592
11. LED 3mm.

12. terminal RS232
13. ZIF

767
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Features

@ Compatible with MCS-51™ Products

e 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

2.7 V to 6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmabile /O Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power ldle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with 2 Kby-
tes of Flash programmable and erasable read only memory (PEROM). The device is manufac-
tured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction sct and pinout. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control applications.
The ATR9C2051 provides the following standard features: 2 Kbytes of Flash, 128 bytes of
RAM, 15 I/O lines, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, a precision analog comparator, on-chip oscillator and clock circuitry.
In addition. the AT89C2051 is designed with static logic for operation dowa to zero frequency
and supports two software sclectable power saving modes. The 1dle Mode stops the CPU while
allowing the RAM, timer/counters, serial port and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but freezes the oscillator disabling all other
chip tunctions until the next hardware reset.

Pin Configuration

PDIP/SOIC

13 3 P1.1 {AINY)
12 [3 P1.0 (AINO)
0 11 pray

(T0) P3.4
{T1) P35S
GND

RST 4 1 D vee
(RXD) P3.0 (] 2 3 P17
(Txpy P3.1 3 B pis
xTaL2 cf 4 P P1s
xTaL1 ] s ] P1.4
(INTO) P3.2 6 1 P1.3
(INT1) P3.3 ] 7 P12

8

9

1
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8-Bit
Microcontroller
with 2 Kbytes
Flash

AT89C2051
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Pin Description

Vee
Supply voltage.
GND
Ground.

Port 1

Port | is an 8-bit bidirectional I/O port. Port pins P1.2 10 P1.7
provide internal pullups. P1.0 and P1.1 require external pullups.
P1.0 and P1.1 also serve as the positive input {(AINO) and the
negative input (AIN!), respectively, of the on-chip precision
analog comparator. The Port | output bulfers can sink 20 mA
and can drive LED displays directly. When s are writien to Port
! pins, they can be used as inputs. When pins P1.2 10 P17 are
used as inputs and are externally pulled Tow. they will source
current (L) because of the internal pullups.

Port | also receives code daia during Flash programming and
program verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 arc seven bidircctional 1/O pins
with internal pullups. P3.6 is hard-wired as an input to the output
of the on-chip comparator and is not accessible as a general pur-
pose 1/0 pin. The Port 3 output bulfers can sink 20 mA. When
is arc written to Port 3 pins they arc pulled high by the internal
pullups and can be uscd as inputs. As inputs. Port 3 pins that-are
cxternally being pulled low will source current (he) because of
the pullups.

Port 3 also serves the functions of various special features of the
AT89C205! as listed below:
Port Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer O external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some controi signals for Flash programming
and programming verification.

RST

Resct input. All YO pins are resct to Is as soon as RST goces
high. Holding the RST pin high for two machine cycles while
the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1 '

Input to the inverting oscillator amplificr and input to the inter-
nal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL! and XTAL2 are the input and output, respectively, of
an inverting amplifier which can be configured tor use as an
on-chip oscillator, as shown in Figure |, Either a quanz crystal
or ecramic resonator may be used. To drive the device from an
external clock source. XTAL2 should be left unconnected
while XTAL! is driven as shown in Figure 2. There are no re-
quirements on the duty cyele of the external clock signal. since
the input to the internal clocking circuitry is through a divide-
by-two (lip-tlop. but minimum and maximum voliage high and
low time specifications must be observed.

Figure 1. Oscillator Connections

c2
i .- XTAL2
ct N i
o—j|——eo——| XTALI
° GND

Notes: C1, C2 = 30 pF £ 10 pF for Crystals
=40 pF £ 10 pF for Ceranne Resonators

Figure 2. External Clock Drive Configuration

NC —————————— XTAL2

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1

GND

-




Special Function Registers

A map of the on-chip memory area called the Special Function
Register (SFR) space is shown in the table below.,

AIMEL

Note that not all of the addresses are oeeupied, and unocceupied
addresses may not be implemented on the chip. Read accesses
1o these addresses will in general return random data, and write
accesses will have an indeterminate effect.

Table 1.

User software should not write Is 10 these unlisted locations,
since they may be uscd in future products 10 invoke new fea-
tures. In that case, the reset or inactive values of the new bits will

always be ().

ATS89C205t SFR Map and Reset Values
OF8H
B
OFOH 1 00000000
OE8H
ACC
0BOH | 40000000
0D8H
PSW
ODOH | 10000000
0C8H
0COH
P
0B8H | 0000000
P3
0BOH 1 44111111
IE
OABH | 10000000
0AOH
oan | SCON SBUF
00000000 | XXXXXXXX
P1
90H | 41111111
sgri| TCON TMOD TLO L1 THO TH1
00000000 | 00000000 | 00000000 | -00000000 | 00000000 | 00000000
80M SP DPL DPH PCON
00000111 | 00000000 | 00000000 00000000
98
AT89C2051

OFFH

OF7H

OEFH

0E7H

ODFH

0D7H
OCFH
0C7H

0BFH

087H

0AFH

0A7H
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Restrictions on Certain Instructions

The AT89C2051 and- AT89C!105! are economical and cost-ef-
fective members of Atmel’s growing family of microcontrol-
lers. They contain 2 Kbytes and 1 Kbyte of flash program mem-
ory, respectively. Both are fully compatible with the MCS-51
architecture, and can be programmed using the MCS-51 instruc-
tion set. However, there arc a few considerations one must keep
in mind when wilizing certain instructions to program these de-
vices.

All the instructions related to jumping or branching should be
restricted such that the destination address falls within the
physical program memory space of the device, which is 2K for
the AT89C2051. This should be the responsibility of the soft-
ware programmer, For example, LCALL 7E0H would be valid
for the AT89C2051 (with 2K of memory), but LCALL Y00H
would not.

t. Branching instructions:

LCALL, LIMP, ACALL, AJMP, SIMP, IMP @A+DPTR
These unconditional branching instructions will exccute cor-
rectly as long as the programmer keeps in mind that the destina-
tion branching address must fall within the physical boundaries
of the program memory size (locations 00H to 7FFH for the
89C2051). Violating the physical space limits may cause un-
known program behavior.

CINE [...}, DINZ [...], JB, JNB, IC, JNC, JBC, JZ, INZ With
these conditional branching instructions the same rule above ap-

plies. Again, violating the memory boundaries may cause er-
ratic execution.

For applications involving interrupts the normal interrupt serv-
ice routine address locations of the 80CS1 family architecture
have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data memory,
while the AT89C1051 has 64 bytes. Thus, in the AT89C1051
the stack depth is limited to 64 bytes, the amount of available
RAM. External DATA memory access is not supported in
cither device, nor is external PROGRAM memory execution.
Therefore, no MOVX {...} instructions should be included in the
program.

A typical 80CS1 assembler will still assemble instructions, even
if they are written in violation of the restrictions mentioned
above. [t is-the responsibility of the controller user to know the
physical features and limitations of the device being used and
adjust the instructions vsed correspondingly.

AIMEL %
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Program Memory Lock Bits

On the chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

Lock Bit Protection Modes'"

Program Lock Bits
LB1 LB2 | Protection Type
1 8] U No program lock features.
2 P U Further programming of the
Flash is disabled.
Same as mode 2, also verify
3 P P is disabled.
Note: }. The Lock Bits can only be erased with the Chip Erase
operation
ldle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode can
be terminated by any enabled interrupt or by a hardware reset.

P1.0 and P1.1 should be setto ‘0’ if no external pullups are used,
or set to '1” if external pullups are used.

It should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where it left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibits access
to internal RAM in this event, but access to the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
a port pin or to external memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Vg is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

P1.0and P1.1 should be setto *0’ if no external pullups are uscd,
or set to " 1” if external pullups are used.

100
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Programming The Flash

The AT89C205! is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.e., contents =
FFH) and ready to be programmed. The code memory array is
programmed one byte at a time. Once the array is programmed,
to re-program any non-blank byte, the entire memaory array
needs to be erused electrically.

Internal Address Counter: The AT89C205! contains an in-

ternal PEROM address counter which is always reset to 000H on

the rising edge of RST and is advanced by applying a positive
going pulse to pin XTALIL.

Programming Algorithm: To program the AT89C2051, the

following sequence is recommended.

1. Power-up scquence:

Apply power between Ve and GND pins

Set RST and XTAL1 to GND

With all other pins floating, wait for greater than 10
milliseconds

2. Sevpin RST o 'H’

Setpin P3.2 to "H'

3. Apply the appropriate combination of "H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to sclect onc of the pro-
gramming operations shown in the PEROM Programming
Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.O 10 P1.7.
5. Raise RST to 12V to enable programming.
6. Pulse P3.2 once to program a byte in the PEROM array or

the tock bits. The byte-write cycle is sell-timed and typi-
cally takes .2 ms.

7. To verify the programmed data, lower RST from 12V to
logic 'H’ level and sct pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port PI pins.

8. To program a byte at the next address location, pulse
XTALI pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeal steps 5 through 8, changing data and advancing the
address counter for the entire 2 Kbytes array or until the
end of the object file is reached.

10. Power-off sequence:
set XTALl 1o 'L’
set RST 1o 'L’
Float all other /O pins
Turn Vee power off
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Data Polling: The AT89C2051 features Data Polling to indi-

cate the end of a write cycle. During a write cycle, an attempted

read of the last byte written will result in the complement of the

written data on P1.7. Once the write cycle has been completed,

trug data is valid on all outputs, and the next cycle may begin,

Data Polling may begin any time after a write cycle has heen

initiated.

Ready/Busy: The Progress of byte programming can also be

monitored by the RDY/BSY output signal. Pin P3.1 is pulled

low after P3.2 gocs High during programming to indicate

BUSY. P3.1 is pulicd High again when programming is done to

indicatc READY. .

Program Verify: If Jock bits LB1 and LB2 have not been pro-

gramimed code data can be read back via the daa lines for veri-

fication:

1. Resct the internal address counter to 000H by bringing RST
from "L" 10 "H'.

2. Apply the appropriate control signals ior Read Code data
and read the output data at the pont Pl pins.

3. Pulse pin XTALI once 1o advance the intemal address
counter.

4. Read the next code data byte at the port P pins.

5. Repeat steps 3 and 4 until the entire array is read.

Flash Programming Modes

The lock bits cannot be verified direetly. Verification of the lock
bits is achieved by observing that their features are cnabled.
Chip Erase: The catirc PEROM array (2 Kbyles) and the two
Lack Bits are crased clectrically by using the proper combina-
tion of control signals and by holding P3.2 low for 10 ms. The
code array is written with all "17s in the Chip Erase operation
and must be exceuted before any-non-blank memory byte can be
re-programmed.
Reading the Signature Bytes: The signature bytes are read by
the sume procedure as a rormal verification of focations (XOH,
OO H. and 002H. except that P3.5 and P3.7 must be pulled to a
logic low. The values returned are as follows,

(OO0H) = 1EH indicates manulactured by Atmel

(0 1H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the entire
array can be crased by using the appropriate combination of con-
trol signals. The write operation cycle is self-timed and once in-
iliated, will automatically time itself 1o completion,

Al major programming vendors olfer worldwide support for the
Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate software revision.

P32/
Mode RST PROG P33 P3.4 P3.5 P3.7
Write Code Datal’¥ 12v g L H H H
Read Code Data!") H H L L H H
Write Lock Bit - 1 12v e H H H H
Bit- 2 12V A H H L L
Chip Erase 12v _\_/12) H L L L
Read Signature Byte H H L L YL L
Notes: 1. The internal PEROM address counter is reset to 000H on the . Chip Erasc requires a 10 ms PROG pulse.

rising cdge of RST and is advanced by a pusitive pulsc at
XTAL! pin.

2
3. P3.1 is pulted Low during programming to indicate RDY/BSY\

‘IiiiEl 101
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Figure 3. Programming the Flash Memory
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Figure 4. Vcrifying the Flash Memory

5v 5v
ATB9C2051 ] AT89C2051 l
ROY/BSY <+— Pas Vee Vee
. PGM V, 3 P1 PGM
PROG ~—| P32 Pt le-— POM w P32 DATA
—p P33 ~—»{ P33
——» P34 SEEFLASH ——»{ P3.4
SEE FLASH PROGRAMMING
PROGRAMMING —» P3.5 MODES TABLE —— ™ P3.5
MODESTABLE _ | .. — ] paz
Y
MY 7 au —s RST [4—— Vi/Vpp - o xaus RST fe—— v,
TO INCREMENT GND —
ADDRESS COUNTER ’f_— GND
Flash Programming and Verification Characteristics
Ta=21°Ct027°C, Vcc =5.0+ 10%
Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 \'/
lpp Programming Enable Current 250 pa
tovGL Data Setup to PROG Low 1.0 us
{GHDX Data Hold After PROG 1.0 us
tEHSH P3.4 (ENABLE) High to Vep 1.0 us
tSHGL Vep Setup to PROG Low 10 us
tGHSL Vpp Hold After PROG 10 us
tGLGH PROG Width 1 110 us
teLav ENABLE Low to Data Valid 1.0 us
tenQz Data Float After ENABLE 0 1.0 us
tGHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHIL Increment Clock High 200 ns
102
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Flash Programming and Verification Waveforms

P .
PORT 1 DATA IN < DATAQUT _p— ——
""‘ tovor torox
P3.2
{PROG)
t ——r t
SHGL : toLan—"" GHSL
RST Ve i . \ LOGIC 1
(vep) T 1_-___-______________;_LQ@LC.Q _________ |
—nd Lt — e t
| EHSH ‘ELOV _’1 L EHQZ
_P3.4 _ ; N
ENABLE ;
( ) ; tonL —* l‘_ '
P, 31_ - H 4
(RDY/BSY) ' BUSY READY
i b twe :/, ** b
XTAL1 oo /—\L
(INCREMENT 3 —_
ADDRESS)
Absolute Maximum Ratings*
A o N *NOTICE: Stresses beyond those listed under “Absolute Maximum
Operating Temperature............... -55°Cto +125°C Ratings™ may cause permanent damage to the device, This is a
4 Y stress rating only and functional operation of the device at these
Storage Temperature.................. -65°C 10:+150°C or any other conditions beyond those indicated in the operational
Voltage on Any Pin secl'{ons of lr:is spc::};il)l’::n‘:srrlccill::jl:lcd E:(;;osurc lo“.nbwucl‘uh.
with Respect to Ground .............. -1.0Vto+7.0V :’:‘;":‘c’;;;’t‘ﬁ’l‘i’w“g NS 310 ed periods may aticet de-
Maximum Operating Voltage .......c..cccceceeeerunune 66V -
DC Output Current 25.0 mA

P
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D.C. Characteristics
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Ta = -40°C to 85°C, Vcc = 2.7 V 10 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi input Low Voitage -0.5 0.2 Vce-0.1 \'J
Vin Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vec+0.5 -V
ViHt Input High Voltage (XTAL1, RST) 0.7 Vcc Vee+0.5 \'4
Output Low Voltage“) loL=20mA, Vcc=5V
Vou | (Ponts 1, 3) lot = 10 mA, Veg = 2.7V 0.5 v
Sutput High Volt Jon =-80 pA, Vec =5V £ 10% 2.4 Vv
utput High Voltage
VoH  lpons 1, 3) fon = -30 pA 0.75 Vee \
loH=-12 pA 0.9 Vce v
Logical 0 Input Current N
1 =0.4 -
i (Ports 1, 2. 3) ViN=045V 50 pA
Logical 1 to O Transition,, _ R
m Current (Ports 1, 2, 3) Yo 750 KA
}Input Leakage Current
u Port P1.0, P1.1) ORI Yoq 10 KA
Comparator Input Offset r
Vos Voltage Vec=5V 20 mVv
Comparator Input
Ve Common Mode Voltage e Vee v
RRST | Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta =25°C 10 pF
Active Mode, 12 MHz, Vcc =6 VI3 V 15/5.5 mA
Power Supply Current  dje Mode, 12 MH2, Vcc =6 VI3 V 1 mA
lec P1.0& P1.1=0VorVce
: V 6VP1.0&P11=0VorV 100
Power Down Mode!® ces = O orTec pA
Vec=3VP1.0&P1.1=0VorVcc 20 pA
Notes: 1. Under sieady state (non-transient) conditions. lot must If IOL exceeds the test condition. VOL may exceed the
be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum loL per port pin:20 mA current greater than the listed test conditions.
Maximum total JOL for all output pins:80 mA 2. Minimum Vcc for Power Downis 2 V.
&
104 et 8
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External Clock Drive Waveforms

AT89C2051

b tenex
CX — le—
Vg - 0.5 V. tewen tenet
—/Z 0.7 Ve
0.2Vee-0.1V
0.45V N N
) [+— toiex —
torct

External Clock Drive

Symbol Parameter Min Max Units

1RcLce Oscillator Frequency 0 24 MHz

tcLeL Clock Period 416 ns

tCHCX High Time 15 ns

tcLex Low Time 15 ns

toreH Rise Time 20 ns

"tCHOL Fall Time 20 ns

105
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Serial Port Timing: Shift Register Mode Test Conditions

(Ve = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycie Time 1.0 12tcLeL us
tavxH Output Data Setup to Clock Rising Edge 700 10tcrcL-133 ns
tXHQX Output Data Hold After Clock Rising Edge 50 2tcLcL-33 ns
IXHDX input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION o Wy WS 2 3_
2% N7/ R NN

ALE Jlh 4 ,
b

CLOCK
W B
tovxr e— ]
— +— taiox

WRITE TO SBUF

- AWV N oo [ A e \ W W T

:
oo X3 X X5 A8 X 1./

77 boox SETTI

v
OUTPUT DATA xHov ‘—_’m '

. CLEARRI |

v
INPUT DATA

)

AC Testing Input/Output Waveforms"

Vee- 0.5V —— e
oe" 03 “ 02Vge+ 08V >

SET RIT

)

Float Waveforms"

v
VOL-O'I

N V. Timing Reference
TEST POINTS LOAD .
o4V o Points
0.45V 0.2 Ve~ 0.1 AN VLO AD \J OLw.1 v
Note: 1. AC Inputs during testing are driven at Vec-0.5 V fora Note: 1. For timing purposes, a port pin is no longer floating when a
logic 1 and 0.45 V for a logic 0. Timing measurements 100 mV chunge from load voltage occurs. A port pin be-
are made at Vyy min. for a logsc | and Vii, max. for a gins to float when a 100 mV change from the loaded ’
logic 0. Yo Vol level oceurs.
-
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)

20 - - - - e it
Vee=6.0V

; /

| 15

c VCM

C 10 — ' :
/ Vee=3.0V

5 .

0 [} 12 18 24
FREQUENCY (MHz)

AT89C2051
TYPICAL ICC - IDLE (85°C)

2
C ¢ —— Vee=5.0V
C /
1 . — :

m ")
A
Vee=3.0V
0 =
0 3 6 9 12
FREQUENCY (MHz)
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AT89C2051

TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C) ,

-~

: ]

15 /

//

3.0v 4.0V
Vee VOLTAGE

Note: 1. XTALI tied to GND for lcc (power down).
2. P.1.0and P1.} = Vccor GND.
3. Lock bits programmed.
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Ordering Information
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Speed Power
(MHz2) Supply Ordering Code Package Operation Range
12 27Vto60V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12P! 20P3 Industrial
AT89C2051-12S! 20S (-40°C to 85°C)
24 40Vto 6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 208 (0°C to 70°C)
AT89C2051-24P1 20P3 Industrial
AT89C2051-24S!| 208 (-40°C to 85°C)
Package Type
20P3 20 Lead, 0.300° Wide, Plastic Dual In-line Package (PDIP)
20S 20 Lead, 0.300° Wide, Plastic Guli Wing Smail Outline (SOIC)

ATMEL
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Packaging Information

ATmEL

i

20P3, 20 Lead. 0.3007 Wide.
Plastic Dual Inline Package (PDIPY

1.060 (26.9)
TEORES .
1

] ~an., T
i G40 b ampy
. b 230761
e ] ] i
—— - 090(2.29)
—— 00 {22 38) il MAX.
210(5.33) —— e 005 {127)
Hax MIN.
-i_. . : v
SZAING 1 -, i
PLANE 1— Y e
1:0(3.51; - - - 7T~ 0I5(3BIIMN
T1512.92) L s
- - C12 {356
. 07011,78)
11012.75) L7018
Z50(2.29) 045 (1.13)
,32518.26)
300762
0 per
0125356 TS :
Ecatzca}" =~

—-— e 430 {10.92] MAX

= Cuontrothing Junension: mithmeters

208S. 20 Lead, 0.300" Wide,

Plastic Gull Wing Small Outline (SOIC)

020(.508) _
o330
S - .- - "—_"—_-'—_'i"
N Ay b D
e raore sr—— A i —— .l..
299(7.6% £20{10.7)
397 (7 29) 393 19.98)
ANTID O .
[ ¥
b . - T 5
— —  £50(1.27)85C
$13030) 165267
70261 - Sertan
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General Description

The MAX220-MAX249 family of line drivers/receivers
is intended for all EIA-232E and V.28/V.24 communi-
cations interfaces, and in particular, for those appli-
cations where 12V is not available.

These parts are particulary useful in battery-powered
systems since their low-power shutdown mode reduces
power dissipation to less than S5uW. The MAX233,
MAX235 and MAX245-MAX247 use no external compo-
nents and are recommended for applications where
printed circuit board space is critical.

All members of the family except the MAX231 and
MAX239 need only a single +5V supply for operation.
The RS-232 drivers/receivers have on-board charge-

MAXI W

+5V-Powered Multi-Channel RS-232
Drivers/Receivers

Features

Superior to Bipolar

4 Operate from Single +5V Power Supply
(+5V and +12V - MAX231 and MAX239)

4 Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

4 Meet All EIA-232E and V.28 Specifications

4 Multiple Drivers and Receivers

4 3-State Driver and Receiver OQutputs

4 Open-Line Detection (MAX243)

Ordering Information

pump voltage converters which convert the +5V input PART TEMP. RANGE PIN-PACKAGE
power to the £10V needed to generate the RS-232 output MAX220CPE 0C 10 470°C -
levels. The MAX231 and MAX239, designed to operate to +70 16 Plastic DIP
from +5V and +12V, contain a +12V to -12V charge- MAX220CSE 0°'Cto +70°C 16 Narrow SO
pump voltage converter. MAX220CWE 0°Cto +70°C 16 Wide SO
Since nearly all RS-232 applications need both line driv- MAX220C/D 0'Cto +70°C Dice*
ers and receivers, the family includes both receivers and MAX220EPE -40°Cto +85°C 16 Plastic DIP
drivers in one package. The wide variety of RS-232 A e
applications require differing numbers of drivers and MQEL0ESE 'AO.C % +85.C 6 Narrow SO
receivers. Maxim offers a wide selection of RS-232 MAX220EWE -40°Cto +85°C 16 Wide SO
driver/receiver combinations in order to minimize the MAX220MJE -55°Cto +125°C 16 CERDIP
package count (see Selection Guide). MAX222CPN 0Cto+70C 18 Plastic DIP
MAX222CWN 0'Cto +70°C 18 Wide SO
Applications MAX222C/D 0°C to +70°C Dice"
Portable Computers . MAX222EPN -40°C to +85!C 18 Plastic DIP
Low-Power Modems MAX222EWN -40°Cto +85°C 18 Wide SO
Interface Translation MAX222EJN -40°C to +85°C 18 CERDIP
MAX222MJN -55°Cto +125°C 18 CERDIP

Battery-Powered RS-232 Systems

Ordering Information continued on last page.

6VCXVYIN-OCcCXVIN

Mutti-Drop RS-232 Networks * Contact factory for dice soecifications.

Vi X sv1 Maxim Integrated Products 2-53
Call toll free 1-800-998-8800 for free samples or literature.
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+5V-Powered Multi-Channel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS -
Supply Voltage (VCC) .. ... .o vvvvninne

Input Voltages

BRIN « oo veeevraenaaanaarannnnons
Tout(Note 1) . ...oviniinnnnnn

QOutput Voltages

TOUT - vevvvnnarvnnnnnnnnseensonnn
(276 11 ST R R
Driver/Receiver Output Short Circuited to GND
Continuous Power Dissipation (TA = +70°C)
16-Pin Plastic DIP (derate 10.53mW/"C above +70°C) . 842mW
18-Pin Plastic DIP (derate 11.11mW/"C above +70°C) . 889mW

....... -0.3Vto +6V

20-Pin Plastic DIP (derate 8.00mW/'C above +70°C) .. 440mW
Note 1: Input voltage measured with Tout in high-impedance state, SHDN or Vcc = OV.

Stresses be;

those listed under *Absolute Maximum Ratings® may
operation ol the device at these or any other conditions beyond those

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - MAX220/222/232A/233A/242/243

(Voe = +5V £10%, C1-C4 = 0.1pF, TA = TMmin to TMAX, unless otherwise noted.)

MAX2 __AM__,
Storage Temperature Range
Lead Temperature (soldering, 10 sec)

MAX220/222/232A/233A/242/243

16-Pin Narrow SO (derate 8.70mW/"C above +70°C) .. 696mW
16-Pin Wide SO (derate 9.52mW/"C above +70°C) ... 762mW
18-Pin Wide SO (derate 9.52mW/"C above +70°C) .. .. 762mW
20-Pin Wide SO (derate 10.00mW/'C above +70°C)....... ?
16-Pin CERDIP (derate 10.00mW/'C above +70°C) .. .. 800m!
18-Pin CERDIP (derate 10.53mW/'C above +70°C) ... . 842mwW

............. +30V
............. +15V
............. +15V Operating Temperature Ranges:
-0.3V to (Vce + 0.3V) MAXZ2 __AC__.MAX2__C__
... Continuous MAX2 __AE__ ,MAX2__E__

-55°Cto +125°C
-65°C to +160°C
.............. +300°C

cause permanent damage fo the device. These are stress ratings only. and functional
indicated in the operational sections of the specifications is not impled. Exposure (o

PARAMETER | CONDITIONS l MIN TYP MAX UNITS
RS-232 TRANSMITTERS
QOutput Voltage Swing All transmitter outputs loaded with 3kQ to GND 15 18 \
Input Logic Threshold Low - 1.4 08 v
Input Logic Threshold High 2 1.4 , v
Logic Pull-Up/input Current SO Voc 5 ui pA
SHDN = OV +0.01 +1
Ve = 5.5V, SHDN = 0V, Vout = +15V +0.01 +10
, | Output Leakage Current Voo = SHDN = OV, VouT = £15V 2007 o A
Except MAX220, normal operation 200 116
Data Rate kbits/sec
MAX220 22 20
L Transmitter Output Resistance Ve = V+ = V- =0V, Vour = £2V 300 10M Q
Output Short-Circuit Current Vout = 0V £ 122 mA
RS-232 RECEIVERS
| RS-232 Input Voltage Operating Range +30 A
RS-232 Input Threshold Low Vee =5V ErpepIMARIA\N g° 13 Vv
MAX243 R2in (Note 2) -3
RS-232 Input Threshold High Py e 18 24 v
MAX243 R2iN (Note 2) 05 -0.1
RS-232 Input Hysteresis Except MAX243, Vcc = 5V, no hyst. in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTI/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 A
TTL/CMOS Output Voltage High loyT = -1.0mA 35 Vcc-02 \
TTL/CMOS Output Short-Circuit Current S?ur'cing Vour = GND 2 10 mA
Sinking Vour = Vcc 10 30
TTI/CMOS Output Leakage Current SHDN = Ve or EN = Vee, OV € Vour s Vee 40.05 +10 pA
2-55
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MAX220-MAX249

+5V-Powered Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS - MAX220/222/232A/233A/242/243 (continued)
(Vce = +5V £10%, C1-C4 = 0.1pF, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX [UNITS
EN input Threshold Low 1.4 0.8 v
EN Input Threshold High 20 14 \
POWER SUPPLY
Operating Supply Voltage 4.5 5.5 \
MAX220 05 2
No load
vce Supply Current MAX222/232A/233A/242/243 4 L
(SHDN = Vce), Figures 5,6, 9, 18 MAX220 12
Sload both oulputs I o PBe NZBIAIRA21243 15
Ta=+25C ’ 0.1 10
Shutdown Supply Current MAX222/242 HPYCRIC R T A
Ta=-40°Cto +85°C 2 50
Ta=-55"Cto +125°C 35 100
SHDN input Leakage Current 3 HA
SHDN Threshold Low 1.4 0.8 \
SHDN Threshold High 20 1.4 v
AC CHARACTERISTICS
Cu = 50pF to 2500pF, MAX222/232A/233A/242/243 6 12 30
y RL=3kQto 7kQ,
Transition Slew Rate Xw%%sirse\é z;gn:‘ :g\f; g. MAX220 - 3 30 Vius
-3Vor -3V to +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay PHLT MAX220 4 10
g 22 (RoRnel Sggeretior): D MAX222/232A/233A242/243__ 15 35 | '
MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Recéiver Propagation Delay LR MAX220 06 3
RS-232 to TTL (Normal Operation), us
Figure 2 LR MAX222/232A/233A/242/243 0.6 1
MAX220 0.8 3
Receiver Propagation Delay 1PHLS L 05 10 ps
RS-232 o TTL (Shutdown), Figure 2 tPLHS MAX242 25 10
Receiver-Output Enable Time, Figure 3 | ter MAX222/242 125 500 ns
Receiver-Output Disable Time, Figure 3| tor MAX222/242 160 500 ns
e il e | |
e tput Disable Time tor - MAX222/242, 0.11F caps 600 ns
i . i MAX222/232A/233A/242/243 300
.I!-)realgflngltftfeerr;n?e (ngfniglagggraﬁon) PHLT-PLHT MAX220 - 2000 ns
iver + 10 - ; MAX222/232A/233A/242/243 100
Sgiglwlgi;fzrtgnczr(ol\?cigr}:at\}%‘peration) PPHLRPLHA M szzi/ 225 ns
Note 2: MAX243 R2puT is guaranteed to be low when the R2in is > OV or is floating.
2-56 Vi X101
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+5V-Powered Multi-Channel RS-232

OUTPUT CURRENT (mA)
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MAX220/222/232A/2§3A/242/243

AVANLABLE GUTPUT CURRENT
vs. BATA RATE

| {
~ QUTPUT LOAD CURRENT
= FLOWS FROM Vs TOV-

" 4F

wlows T3

._ALLJC?PS $\\

R

=

0

0 2 30 40 50 60
DATARATE (Kbits/sec)

Vs, V- VOLTAGE (V)

+10v

g g &k

Typical Operating Characteristics

Drivers/Receivers
ON-TIME EXITING SHUTBOWN - N
MAX222/MAX242 N
g ™ w o
"™ 1p,F CAlPS T ]
] 0.1uF CAPS E
\<- 11F CAPS §
11 ©
y 0.1F CAPS
VUING 1 .
500ps/div ’
2-57

QUTPUT VOLTAGE vs. LOAD CURRENT
1(; — ip‘F
 |_EMHERV: ORV-LOADED =]
] S
e Ve 5V NO LOAD ON
g 2f TTERGUTPUTS
2 (EXCEPT MAX220, MAYZ33A)
g 0 T
'é 2 [~ V- LOADED, NO LOAD ONV+
3 4 0.ApF Wf —
-6 ]
) e
0 Vs LOADED, NO LOAD ON V-
0 5 0 15 W 5
LOAD CURRENT (mA)
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MAX220-MAX249

+5V-Powered Multi-Channel RS-232

16-Pin Wide SO (derate 9.52mW/"C above +70°C) ..
20-Pin Wide SO (derate 10.00mW/°C above +70°C) ..

762mW
800mwW

24-Pin Wide SO (derate 11.76mW/°C above +70°C) ... 941mwW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) . 1000mW
44-Pin Plastic FP (derate 11.11mW/'C above +70°C) 6&11mwW

14-Pin CERDIP (derate 9.09mW/°C above +70°C) ..

727TmW

16-Pin CERDIP (derate 10.00mW/°C above +70°C) . 800mW
20-Pin CERDIP (derate 11.11mW/'C above +70°C) . 889mW
24-Pin Namow CERDIP (derate 12.50mW/"C above +70°C) 1000mW

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS -~ MAX223, MAX230-MAX241
Yo7 O -0.3Vto +6V
Vot e s (Vec - 0.3V) to +14V
2P +0.3V to -14V
Input Voltages

TIN © et et -0.3Vto (Vcc + 0.3V)

=T T +30V
Output Voltages

Lo 0 ) N (V+ + 0.3V) to (V- - 0.3V)

(2700 | AN -0.3Vto (Vce + 0.3V)
Short-Circuit Duration, TOUT .. ..o cvvvve v Continuous

Continuous Power Dissipation (TA = +70°C)
14-Pin Plastic DIP (derate 10.00mW/C above +70°C) . 800mW
16-Pin Plastic DIP (derate 10.53mW/C above +70°C) . 842mW
20-Pin Plastic DIP (derate 11.11mW/C above +70°C) . 889mW
24-Pin Narrow Plastic DIP
(derate 13.33mW/"C above +70°C) ............... 1067mW
24-Pin Piastic DIP (derate 9.09mW/C above +70°C) .. 500mwW

24-Pin Sidebraze (derate 20.0mW/'C above +70°C) 1600mW

28-Pin SSOP (derate 9.52mW/°C above +70°C) ....

Operating Temperature Ranges:

MAX2__C
MAX2 __E__
MAX2 __M

Storage Temperature Range
Lead Temperature (soldering, 10 sec)

762mW

0"Cto +70°C

-40°Cto +85°C
-55'Cto +125°C
-65°C to +160°C

+300°C

Stresses beyond those listed under ‘Absolute Maximum Ratings® may cause permanent damage o 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.

ELECTRICAL CHARACTERISTICS — MAX223, MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241VCC = +5V £10%, MAX233/MAX235 VCC = 5V £5%, C1-C4 = 1.0pF, MAX251/MAX239
Vee = 5V £10%, V+ = 7.5V to 13.2V, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN  TYP MAX| UNITS
Qutput Voltage Swing +1 Alttransmitter outputs loaded with 3k to ground 50 173 \
MAX232,233 5 10
Vi Power-Supply Current Noload, TA = +25°C MAX223, 230, mA
cc %Y 234-238, 240, 241 1 15
MAX231, 239 4 1
MAX231 1.8 5
V+ Power Supply Current mA
MAX239 5 15
MAX223 15 50
Shutdown Supply Current Ta=+25C A
MAX241 1 10
Input Logic Threshold Low Tav; EN, SHDN (MAX223), EN, SHDN (MAX230, MAX235-MAX241) 0.8 \
TIN 2.0
Input Logic Threshold High
EN, SHDN (MaX223), EN, SHON (MAX230, MAX235-MAX24 1) 24 \
Logic Pull-Up Current TiN =0V 15 200 A
Receiver Input Voltage .
Operating Range 30 +30 v
2-58 VLA K200
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+5V-Powered Multi-Channel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS — MAX223, MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241VcC = +5V +10%, MAX233/MAX235 Vce = 5V £5%, C1-C4 = 1.0uF, MAX231/MAX239
VG = 5V £10%, V+ = 7.5V to 13.2V, Ta = TN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX| UNITS
Normal Operation
SHDN = 5V (MAX223), 0.8 1.2
RS-232 Input Threshold Low Ta=+25C,Veg=6v | SHON =0V (MAX235-MAX241) v
Shutdown (MAX223)
SHDN =0V, EN=5V (R4, R5) | 06 15
Normai Operation
SHDN = 5V (MAX223), 1.7 24
RS-232 Input Threshold High Ta=+25C,Veg=5v | SHON =0V (MAX235-MAX241) v
Shutdown (MAX223)
SHDN = OV, EN = 5V (R4, R5) 5 24
RS-232 Input Hysteresis Ve = 5V. no hysteresis in shutdown 0.2 0.5 1.0 \
RS-232 Input Resistance TA=+25°C,Vcc = 5V 3 5 7 kQ
TTL/CMOS Output Valtage Low louT = 1.6mA (MAX231-233 louT = 3.2mA) 0.4 \'
TTL/CMOS Output Voltage High lout =-1.0mA 35 Vcc-04 \
TTL/CMOS Output Leakage Current | OV < Rout < Ve, EN = OV (MAX223); BN = Voo (MAX235-241) 005 10 A
MAX223 600
Recaiver Output Enable Time Norma! operation ns
MAX235-MAX241 400
MAX223 900 -
Receiver Output Disable Time Normal operation ns
MAX235-MAX241 250
0.5 10
P Del ??ﬁgfng\ls%m’
ropagation Delay [ \
Cu = 150pF tPHLS 4 o ws
tPLHS 6 40
MAX223, MAX230, MAX234-MAX241
Ta = +25°C, Vce = 5V, 3 5.1 a0
RL = 3kQ to 7k, Ct = 50pF to 2500pF, .
measured from +3V {0 -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231, MAX232, MAX233
Ta=+25C,Vcc =5V, 4 30
RL = 3kQ to 7k, Ct = 50pF to 2500pF,
measured from +3V to -3V or -3V to +3V
Transmitter Output Resistance Vce = V+ = V-=0V, Vout = £2V 300 Q
Receiver Out Short-Circuit Current +10 mA
Vi X1/ 2-59
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MAX220-MAX249

+5V-Powered Multi-Channel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX223,MAX230, MAX234-MAX241

VoH (V)

TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vou) vs. Vce DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 74 120 .
T 1 TRANSMITTER LOADED |
2 JRSESM'"ERS 72 10 . Ta=+25°C ,
| A Pl Veg = 45V
8.0 70 100 LOADED R = 3kQ2 4
1 TRANSMITTER : . 5 g N\ Gree=ne
LOADED s 65 L Te0BITS/SEC LN S WUWSWWRS
15 ] ol E ™1 skpims/sec i /\ & a0 LOADED
- = < .|
7 3 TAANS B | 2KBUSSEC N\ = — x«\
/ LOADED ] . g 10 2
A neasc | 64 |Ta=425C CERN s SN
70 C1-C4 = 1uF Vg =+5V 6.0 [~LOADED I\,
TRANSMITTER 3 TRANSMITTERS LOADED . . \\
4 TRANSMITTERS L0ADS = 62 [—fL =30 50 |——4 TRANSMITTERS N
LOADED 3k 11 2500pF C1-C4 = tyF LOADED \
65 6.0 : . L 40 . 4
45 50 55 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Ve (V) LOAD CAPACITANCE (oF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE
TRANSMITTER CUTPUT vs. LOAD CAPACITANCE AT Vo) TRANSMITTER OUTPUT VOLTAGE V+, V-
VOLTAGE (Vo) vs. Vce DIFFERENT DATA RATES ( vs. LOAD CURRENT
40 60 i
ATRANS.  TA=+25C Tae+25°C S
MITTERS  C1-Cd = 1uF 62 |LVecas5v /] 8 S
65 OADED —TRANSMITTER - 3 TRANSMITTERS LOADED : N |4 .
LOADS = 64 LR=30 : Ta=425C
\\ | 3k 25000F A [eica=1uF 7 B 4 Voo = 5V -
7 N~ O, s s s 7924 A BT I
s . ~. s wenssc 2 [ | Notom - INbiom
= -5 4 RN 3 6.8 — BOKBITS/SEC A g 0 LOADED ON Vs IONYV- 1
£ 7 limans \& £ 2KBITS/SEC S ERASAN
80 [MITER — < 0= N é . ALL TRANSMITTERS UNLOADED
. i ¥ l
2TRANS. 3 TRANS- 72 e P -
45 [RATIERS —MITTERS —— AT D — ¥ =TT
LOADED  LOADED T4 = ] - e S I
9.0 I .76 -10 é/’
45 50 58 0 500 1000 1500 2000 2500 0 5 10 15 20 25 30 35 40 45 50
vee¥) LOAD CAPACITANCE (oF) CURRENT {mA}
V+, V- WHEN EXITING SHUTDOWN
(1uF CAPACITORS}
¢ Ve
% v
S e A e v
SHON
“SHUTDOWN POLARITY IS REVERSED FOR THE MAX243
2-60 i/ X1 2v1
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+5V-Powered Multi-Channel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS — MAX244-MAX249

Supply Voltage (VCC) .. oo o ev i -0.3Vto +6V
Input Voltages
Tin, ENA, ENB, ENR, ENT, ENRA,

ENRB,ENTAENTB .............. -0.3Vto (Ve + 0.3V)
2T P +25V
Tout(Note4) .............. P $15V
ROUT - - cvceeniininnaannenes -0.3V to (Vce + 0.3V)

Short Circuit (1 output at a time)
TouTtoGND ... Continuous
ROUTIOGND .. ... Continuous

Continuous Power Dissipation (TA = +70°C)
40-Pin Plastic DIP (derate 11.11mW/C above +70°C) .. 611mW
44-Pin PLCC (derate 13.33mW/°C above +70°C) .... 1067mW
Operating Temperature Ranges:

MAX24 _C__ ... it 0°Cto +70°C
MAX24 _E _ _ it -40°C to +85°C
Storage TemperatureRange .............. 65°Cto +160°C
Lead Temperature (soldering, 10seC) .............. +300°C

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vcc = OV.

Stresses beyond those listed under ‘Absolute Maximum Ratings® may cause permanent damage to the device. These are slress 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 imphed. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - MAX244-MAX249

(Voe = +5.0V 110%, external capacitors C1-C4 = 1uF, TA = TMIN to TMax, unless otherwise noted.)

PARAMETER ] CONDITIONS [ miNn  TYP  Max [ uniTs
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High 2 1.4 \
Logic Pull-Up/input Current Tables 1A-1C FogrigRer AN i P9 A
Shutdown $0.01 1
Data Rate Tables 1A-1C, normal operation 64 kbits/sec
QOutput Voltage Swing All transmitter outputs loaded with 3kQ to GND 5 7.5 \
Output Leakage Current (Shutdown) Tables 1A-1C il £5 HA
10.01 125
Transmitter Qutput Resistance Vee = V+ = V- =0V, Vout = 2V (Note 5) 300 10M Q
Output Short-Circuit Current Vour =0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 v
RS-232 Input Threshold Low vee = 5V 0.8 1.3 A
RS-232 Input Threshold High Vee =5V 1.8 24 \
RS-232 Input Hysteresis Vee =5V 0.2 0.5 1.0 v
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \
TTL/CMOS Output Voltage High lout =-1.0mA 35 Vcc0.2 v
TTL/CMOS OQutput Short-Circuit Current Sf)ur‘cmg vout = GND 2 10 mA
Sinking Vout = Vce 10 30
TTL/CMOS Output Leakage Current ?gg’,';i'? ﬁ'éfige'é’ L\]/tgssr:d{/sggbd. $0.05 $10 HA
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ELECTRICAL CHARACTERISTICS — MAX244-MAX249 (continued)

(Vce = +5V $10%, external capacitors C1-C4 = 1pF, Ta = TMIN to TMAX, unless otherwise noted.)

ey

PARAMETER CONDITIONS I MIN TYP MAX |UNITS
POWER SUPPLY AND CONTROL LOGIC
Operating Supply Voltage 4.5 55 \
Vee Supply Current No load 1 30 mA
{Norma! Operation) 3kQ loads on all outputs 57
Shutd Supply Current TA=+25°C 8 25 uA
utdown Sy urrel
i Ta = TMIN to Tmax 50
Leakage Current +1 HA
Control Input Threshold Low 1.4 0.8 v
Threshold High 2.4 14
AC CHARACTERISTICS
Cu = 50pF to 2500pF, RL = 3kQ to 7kQ,
Transition Slew Rate Ve =5V, Ta = +25°C, measured from +3V to 5 10 30 Vius
-3V or -3V to +3V
Transmitter Propagation Delay PHLT 1.3 35
TTL to RS-232 (Normal Operation), us
Figure 1 1 tPLHT 156 3.5
Receiver Propagation Delay PHLR 0.6 1.5
RS-232 to TTL (Norma! Operation), ps
Figure 2 PLHR 06 1.5
Receiver Propagation Dela{l1 tPHLS 0.6 10
RS-232 to TTL (Low Power Mode), us
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation Delar
Difference (Normal Ope?ation) Y tPHLT - toLiT 350 ns
Receiver + to - Propagation Delay .
Difference (Normal Operation) 1PHLT - tPLHT 350 ns
Receiver-Output Enable Time, Figure 3| ter 100 500 ns
Receiver-Output Disable Time, Figure 3| tor 100 500 ns
MAX246-249 5 s
5 (excludes charge-pump startup) H
Transmitter Enable Time, Figure 4 ter
MAX245, MAX247 10
(includes charge-pump startup) ms
Transmitter Disable Time, Figure 3 tor 100 ns

Note 5: The 30002 minimum specification complies with EIA-232E, but th

10MQ as is implied by the leakage specification.
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Typical Operating Characteristics
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MAX244-MAX249

TRANSMITTER OUTPUT VOLTAGE
TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs. LOAD CAPACITANCE AT
" vs. LOAB CAPACITANCE © vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
Vee =5V 8 — z
16 ALL POWER SUPPLY ] ¢ [ VeANDY- LOADED Ve OR 3
z CAPACITORS 1y Ea—— U5 =
2 u ) V-LOADED ]
s N\, DATARATE40dss s - 5
Z 8 TRANSMITTERS & 2 [ALLCHARGE-PUMP i
z 10 OADEDIQ  — = o |-CAPACITORS 5
g S, [ WATHE TRANSMITERS 5
£ 8 Z 2 [DRIVING 5k AND
\ 2 4 | 2000pFAT20kbS ]
6 5 V- LOADED E
Z 6 |-V+ AND V- LOADED = H
= \ 55
K 4 —] 8 g . N
T, - V4 LOADED E ALL CAPACITORS mﬁ
o 1t 2 3 4 5 0 5 10 15 20 2% 30 3 1 2 3 4 5
LOAD CAPACITANCE (oF) LOAD CURRENT (m#) LOAD CAPACITANCE (1F)
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+3V
INPUT N\ 4 oV - D 50%
N w / weur "/ \
. Ve —_— vee
OUTPUT 4 oV QuTPUT 50%
_—J V- GND
{PLHT —ee — —_— - IPHLT m ———' -— — -—— m
* EXCEPT FOR R2 ON THE MAX243
WHERE -3V IS USED.
Figure 1. Transmitter Propagation Delay Timing Figure 2. Recesiver Propagation Delay Timing
BN
RxIN » iy Vee -2V
O CC - \
SN 43
A TEST CIRCUIT
150pF ov
eyt i ~—® e OQUTPUT DISABLE TIME (to7)
H & Ve ;
—»}  ie— OUTPUT ENABLE TIME (tes) Neceenn
o
RECEIVER Y W |
QUTPUTS V- M
B.ENABLE TIMING ; >
: A TIMING DIAGRAM
+3V a7
TineuT —2 | :
—! M QUTPUT DISABLE TIME (tor) 10R0
Vou —
: —eeee VOH-O5V 5
RECEIVER Sk o
QUTPUTS Vee -2V
B. TEST CIRCUIT = -
Vou
C. DISABLE TIMING
Figure 3. Receiver-Output Enable and Disable Timing Figure 4. Transmitter-Output Disable Tirming
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Table 1A. MAX245 Control Pin Configurations
TRANSMITTERS RECEIVERS
== e OPERATION
ENT ENR STATUS
TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 4] Normal Operation All Active All Active All Active All Active
0 1 | Normal Operation All Active Al Active RAL-BA4SState, | HBI1-RE4 3 State.
1 0 |Shutdown All3-State Al3-State | AlLow Flower AllLow-Power
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RA5 Low-Power RBS5 Low-Power
Receive Mode Receive Mode
Table 1B. MAX246 Control Pin Configurations
TRANSMITTERS RECEIVERS
ENA | ENB OFERATIL
TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 0 Normal Operation All Active All Active All Active All Active
0 1 Normat Operation All Active All 3-State All Active gg;_zg?vg-sme
1 0 |Shutdown Al 3-State All Active RALRAaSSEte | allActive
RA1-RA4 3-State RB1-RB4 3-State
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 Low-Power
Receive Mode Receive Mode

6P XVIN-OccXVIN
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Q) Table 1C. MAX247/248/249 Control Pin Configurations
a TRANSMITTERS RECEIVERS
x ENTA | ENTB |ENRA | ENRB og?}\%'gu MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
< MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
E MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RBS
. .
Q 0 0 0 0 Normal Operation All Active | All Active | All Active All Active
N . All 3-State, except ABS
N 0 0 0 1 Normal Operation All Active, | All Active | All Active stays Active on
x MAX247
< 0 0 1 0 Normal Operation All Active ["All Active | All 3-State All Active
E All 3-State, except RBS
0 0 1 1 Normal Operation All Active | All Active | All 3-State stays Active on
MAX247
0 1 0 0 [ NormalOperation All Active | All 3-State | All Active All Active
All 3-State, except RBS
0 1 0 1 Normal Operation All Active | All 3-State | All Active stays Active on
MAX247
0 1 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except RBS
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State stays Active on
MAX247
1 0 0 0 1Normal Operation All 3-State | All Active | All Active All Active
All 3-State, except RBS
1 0 0 1 Normal Operation All 3-State | All Active | All Active stays Active on
MAX247
1 0 1 0 Normal Operation All 3-State | All Active | All 3-State All Active
All 3-State, except RBS
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State stays Active on
MAX247
Low-Power Low-Power Receive
1 1 0 0 Shutdown Al 3-State | All 3-State Receive Mode ode
g All 3-State, except RBS
1 { 1 | 0| 1 |Shudown All3-State | All3-State | EOWPOWEr 1| ow-Power Raceive
Mode on MAX247
1 1 1 0 |Shutdown All 3-State | All 3-State | All 3-State Low Power Receive
All 3-State, except RBS
1 1 1 1 Shutdown All 3-State | All 3-State | Al 3-State stays Active on
MAX247
2-66 VI KX Lsvi




Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-OC voltage converters, RS-232 driv-
ers, RS-232 receivers, and receiver and transmitter en-
able control inputs.

Dual Charge-Pump Voltage Converter

The MAX220-MAX249 have two internal charge-pumps that
convert +5V to £+10V (unloaded) for RS-232 driver operation.
The first converter uses capacitor C 1 to double the +5V input
10 +10V on C3 at the V+ output. The second converter uses
capacitor C2 toinvert +10Vto-10V on C4 atthe V- output.

A small amount of power may be drawn from the +10V (V+)
and -10V (V-) outputs to power external circuitry (see
Typical Operating Characteristics), excepton the MAX245-
MAX247, where these pins are not available. V+ and V-
are not regulated, so the output voltage drops with increas-
ing load current. Do not load V+ and V-to a point that
violates the minimum +5V EIA-232E driver output voltage
when sourcing current from V+ and V-to external circuitry.

When using the shutdown feature (MAX222, MAX230,
MAX235, MAX236, MAX240, MAX241 and MAX245-
MAX249) avoid using V+ and V- to power external
circuitry. When these parts are shut down, V- falls to
0V, and V+ falls to +5V. For applications where a +10V
external supply is applied to the V+ pin (instead of
using the internal charge pump to generate +10V), the
C1 capacitor must not be installed and the SHDN pin
must be tied to Vcc. This is because V+ is internally
connected to Vce in shutdown mode.

RS-232 Drivers

The typical driver output voltage swing is 18V when
loaded with a nomina! 5kQ RS-232 receiver and VCC = +5V.
Output swing is guaranteed to meet the EIA-232E and
v.28 specification, that calls for 5V minimum driver
output levels under worst-case conditions. These include
a mirimum 3kQ load, Vcc = +4 5V, and maximum oper-
ating temperature. Unloaded driver output voltage
ranges from (V+ -1.3V) to (V- +0.5V).

input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ input pull-up resistors to VcC are built-in.
The pull-up resistors force the outputs of unused drivers
low because all drivers invert. The internal input pull-up
resistors typically source 12pA, except in shutdown
mode where the pull-ups are disabled. Driver outputs
turn off and enter a high-impedance state—where leak-
age current is typically microamperes (maximum
251A)—when in shutdown mode, in three-state mode, or
when device power is removed. Outputs can be driven
to £15V. The power-supply current typically drops to 8uA
in shutdown mode. .

+5V-Powered Multi-Channel RS-232

Drivers/Receivers

The MAX239 has a receiver 3-state control line, and the
MAX223, MAX235, MAX236, MAX240 and MAX241 have
both a receiver 3-state control line and a low-power
shutdown control. The receiver TTL/CMOS outputs are
in a high-impedance 3-state mode whenever the 3-state
ENable line is high, and are also high-impedance when-
ever the shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1A
with the driver output pulled to ground. The driver output
leakage remains less then 1pA, even if the transmitter
output is backdriven between 0V and (VCC + 6V). Below
0.5V the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA-232E and V.28 specifications.

RS-232 Receivers

EIA-232E and V.28 specifications define a voltage level
greater than 3V as a logic 0, so all receivers invert. input
thresholds are set at 0.8V and 2.4V, so receivers respond
to TTL level inputs as well as EIA-232E and V.28 levels.

The receiver inputs withstand an input overvoltage up to
+25V and provide input terminating resistors with nominal
5kQ values. The receivers implement Type 1 interpreta-
tion of the fault conditions of V.28 and EIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear output
transitions with slow-moving input signals, even with
moderate amounts of noise and ringing. The receiver
propagation delay is typically 600ns and is independent
of input swing direction.

Low-Power Receive Mode

The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shutdown
mode, but still allows it to receve information. This is
important for applications where systems are periodically
awakened to look for activity. Using low-power receive
mode, the system can still receive a signal that will activate
it on command and prepare it for communication at faster
data rates. This operation conserves system power.

MAX243 - Negative Threshold

The MAX243 is pin compatible with the MAX232A,
differing only in that RS-232 cable fault protection is
removed on one of the two receiver inputs. This
means that contro! lines such as CTS and RTS can
either be driven or left floating without interrupting
communication. Different cables are not needed to
interface with different pieces of equipment.
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The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. lts output goes
positive only if the input is connected to a control line that
is actively driven negative. If not driven, it defaults to the
0 or *OK to send" state. Normally, the MAX243's other
receiver (+1.4V threshold) is used for the data line (TD or
RD), while the negative threshold receiver is connected
to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA-
232E specifications. This means a receiver output
goes high whenever its input is driven negative, left
floating, or shorted to ground. The high output tells
the serial communications IC to stop sending data.
To avoid this, the control lines must either be driven
or connected with jumpers to an appropriate positive
voltage level.

Shutdown - MAX222-MAX242

On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN)
that allows receiver output control independent of
SHDN. With all other devices, SHDN also disables the
receiver outputs.

Receiver and Transmitter

Enable Control Inputs - MAX245-MAX249 )

The MAX245-MAX249 feature transmitter and receiver
enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function at
lower data rates). The receiver enable inputs control the
full-speed receive and three-state modes. The transmit-
ters have two modes of operation: full-speed transmit
(normal active) and three-state (disabled). The transmitter
enable inputs also control the shutdown mode. The de-
vice enters shutdown mode when all transmitters are
disabled. Enabled receivers function in the low-power
receive mode when in shutdown.

Tables 1A-1C define the control states. The MAX244 has
no control pins and is not included in these tables.

The MAX245 provides ten receivers and eight drivers with
separate receiver and transmitter enable controls. The
charge pumps turn off and the device shuts down when a

2-68

logic high is applied to the ENT input. in this state, the
supply current drops to less than 25uA and the receivers
continue to operate in a low-power receive mode. Driver
outputs enter a high-impedance state (three-state mode).
Eight of the receiver outputs are controlled by the ENR
input, while the remaining two receivers (RAS and RB5)
are always active. RA1-RA4 and RB1-RB4 are putin a
three-state mode when ENR is a logic high.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the de-
vice. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one
A-side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are dis-
abled, (ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs each contro!
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ‘ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a togic high on
both ENTA and ENTB.

The MAX249 provides ten receivers and six drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control five receiver outputs. The
ENTA and ENTB transmitter enable inpuis control
three drivers each. There is no always-active re-
ceiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high
on both ENTA and ENTB. In shutdown mode, active
receivers operate in a low-power receive mode at
data rates less than 20kb/s.

Applications Information

Figures 5 through 24 show pin configurations and typical
operating circuits. In applications that are sensitive to
power-supply noise, VCC should be decoupled to ground
with a capacitor of the same value as C1 and C2 connected
as close as possible to the device. RS-232 receivers and
drivers invert on all devices.
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TOP VIEW.-
+SVINPUT
g €3
./ Tt )k
o 4] ° g veo BT | \
" E AAXIM E o g ; G ¢5Vv’(f:go10\/ Ve : H
o (3] Tz 14 Trow T % . " VOLTAGEDOUBLER
C2+ E MAX232 E Riw 4
MAX232A o A +10VT0 10V v LB
c2- (5] 12 Riowr G2 8 ., VOLTAGEINVERTER Lo
V_' E E TN ' =
Toou [7] 10] Tan 400 -
r2w [8] [9] R2out L Tiw . Tod] My,
+,
TILCMOS
DIP/SO NPUTS . Suers
10} Tow . Toout] 7
LR
CAPACITANCE (uF) 12} Riout A R 13
DEVICE C1 C2 C3 C4 C5 4 N
TIL/CMOS 5,( R$-232 -
MAX220 47 47 10 10 47 oRTPUTS INBUTS
MAX232 10 10 10 10 10 3 e <F =W R
MAX232A 01 01 01 0.1 0.1 : %Sk
o
=15,
Figure 5. MAX220/232/232A Pin Configuration and Typical Operating Circuit
5VINPUT
TOPVIEW & 3
: ALL CAPACITORS 0.1
Bd—k o
= |1
2 Voo 3
. o1 ] O o T
T % . VOLTAGEDOUBLER
5
: -C2s 7 v
_ A4 2 _E'; +10VT0-10V V-
woy &[] ° ] so0 w0 v?mesmvsarm —:Lig 4
Cl+ E E Vee +V
v PAAXN , 400k
+E MAX222 7—6‘—1 oD 12] Tiw N Tiout] 15
Ct- E MAX242 E‘ Tour TLCMOS 4S5V A R5.222
c2: 5] [14] R INPUTS 400k oUTPUTS
e 6] 73] wia 1§ 12w Jl>_‘ﬁ T2ouT| 8
v-[7] 12] Tin
Toout [8] 1] Tow 13| Rlour :7/1\[ Rim| 14
Rw [@ 10 TILCMOS ‘ Y s RS-232
] RaouT OUTPUTS ‘ INPUTS
10| R2our = mm|o9
DIP/SO e
1wl %5_&__ 18
oo L SO
T

Figure 6. MAX222/MAX242 Pin Configuration and Typical Operating Circuit
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. 54373/ T4373 Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops o

e

R f Schottky TTL High-Speed TTL ' Low-Power Schottky TTL Standard TTL Low-Power TTL
o - 3
TENG - Package . Package . Package , Package . Package
e . | Device Type Device 'Type ‘Device “Type Device Type Device Type
yPereTeIMcr YPerCTRIMICE ClPIMCF cle[mer clpMIcF
SN545373 Lo . . 1 SNSLS3N I v .
SN7AS3T3 J DINT; TYSNULS3T3 - 13 TN
g
. = ~ -
- - - v - ka
SENENS 1 =T s T o 6 1 R
FUITSY -+ +— = :
- i - - 1" |t B . - . +
HITACH ' = 5 R — -
MITSUBISH [—— — —3 :
It : N - -
' e 4 e - e - - > .
| NEC - ‘ , T
¥
| TosHBA . ~ e S
| . Electrical Cnaracteristics SN54L.S373/SN74LS373 . . . g -
Tl — 1 B - Pin Assignments (Top View)
absolyte maximum catings over 'op-uting free-air temparature range N
Supsly vohisge, VGC TV_-] Operating froe-x; [SNSBALS | —55C to 125TC - m mom o oe e ome iama semsmus
tnpur voitagd v range SN74L. 5 -0T-t0 0T |- nl{olfnlinjjuljsjuljoji pagn EoaTILN
BB - ® Storage flemperature rangs ~65C-10 150C ~ -
’ 7 it vt =T
. f recommend operating conditions e i 3 3
* . - TPUT SHABLE ° ouTuT
. v SNS4LS373 SN74LS373_ | .- g cowteot | © O -
T &
N MIN_ NOM MAX | MIN - NOM < MAX | K o
Y = x Qg
Supply voitage, VoC f.s s 551418 5 5.25] Vv ST s T e LY e | 4 L . o
Hign-leve! autput current, toH J =4 ~2.,6) mA B e i i A g
Hign-levet output vortage. VoM 5.5 5.5{ VvV Tt i Y [A) RS
SN54LS373 () SN74LS373 8373 WIN
TCiock enable mgn| 15 15 2 - TmamapaRENT LATENES
P :
uise warth 1w  [Giook enstie mon | 15 = 15 SN545373 () SN74S373 U, W) \
Septup time. ISYTUP. . 03 ol ns
Hold time. thotg . 10 ; 10§ ns
15973, 5373
Operating ree-ax temperawre, Tig -55 125 [] wj T TRANSPARENT LATCHES
elbctrical characteristics over recommended operating free-air
teimperature range (uniess otherwise noted) 1 d
T PARAMETER TEST CONDITIONSY |MIN_TYP$ MAX |UNIT o g’;:‘,{{,t————cb—ﬂ
Vip | High-lavel input voltage - - 2 v
Vi Lcw-level mput voliage 08| v : o .
Vi inout.clamp voliage Voo =MIN, h=—18mA- |- I % . .
v MIN, =2V.- 2 # d @
| vou Hignievel output voitage cc= Vin=2v. z4 34 v a .
It - vy = Vyy max, ion =MAX N -
{ Ve =MIN, , F. 3 © o io 4 : N
voL | od-level outpul voliage Vi =2y, lgL =24ma 8.35 05| Vv 4 m
_ Vi =V max ’ B 20
.Dti-state output current, Voo =MAX, Vg =2V, . n
| 20| ua
'ozH h igh-ievel” voltage apphed vo=2. 7 s b4 : g
Ofi-state putput cuitent, VGE =MAX. Vin=2v. 3 18)
lozL Vo =0.4v ~20| pA [} a
low-lovel vollage apphed 0=0.4 - . P
y frout current &t Voo mMAX. V=TV 9.0 |-mA bt o )
mazimum Wpul voHage 4 [ o .
i Highiovel mput ourrent VEo =MAX. V=2V 20| w2 L] «
Iy Low-level wmput ourrent Voc=MAX, V=b.& 3. . .. ~0.4] mA am . .
1gg _Short-cwoudt output current § | YCC=MAX -3 —-130| mA 50 d 4
VeC=MAX, - LS3T2 i {12) 0
[17] s Supply current Output comrol at LSV & 24 0] mA e -
t . . b 1 - -
f switching characteristics, Voe=BV. TA=25¢C ) I 4 s s
p L
PARAMETER FROM o TEST CONDITIONS MIN TYP MAX]|UNIT - ©
4 (iNPUT) | (OUTPUT) 7o D S ..
ol - | MHz 4 9
LM 12 L] : & 116
T ,L Data Any O m T s a ]
PHL R
CL=4%F. R 72,
[T Ciozs o L=450F. Ry =66 % %2 w8
Any O Ses Notes 2 and 3 ns
\PHL enavie (L] S e nsy
tpZH Output Any O 15 28 s " s
e Controt (A - L % 3% .o "‘_'EDO_
\5..._1 Outout Any O | O = ] =6670, [F3E T .
B2 Cont-ol | See Note 3 1] 25 ,
1 For condilions Shown &3 MIN o MAX, use the volue fred under NOTES. 2. Marmum clock frequency 15 1estec with ali outpuls losded.
opbrating Condilons. 3. See kad cwranis and waveforms on pIoe 3.
2Aj tyocal vawes are  VoC =Y. Ta=25T. finga ®mMaxemum clock trequency
§NO1 more 1han One OuUIDUL SNOUKD DF shoried 21-8 Lme nd.Ouration Of the SNOrT Cwoudt should tPLH M delay 1ime, 10 gn t Output
n? exceed one second -~ . 1PH1 ®MONIDALON delay teme. Fugh-to output
p Zri Soulput enadie Lme 10 high levet
I * 1Pz B byl eradiz ume 10 fow level . \
) . oy SOutou Gisable time from gt level .
E 1pg 7 “outpul disabie time from low teve! .
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National
Semiconductor

General Description

The LM317L is an adjustable 3-terminal positive voltage

regulator capable of supplying 100 mA over a 1.2V to 37V

output range. It is exteptionally easy to use and requires

only two external resistors to set the output voltage. Further,

both line and load regulation are better than standard fixed
regulators. Also, the LM317L is available packaged in a
standard TO-92 transistor package which is easy to use.

In addition to higher performance than fixed regulators, the
LM317L offers full overload protection. Included on the chip
are current limit, thermal overload protection and safe area
protection. All overload protection circuitry remains fully
functional even if the adjustment terminal is disconnected.

Features

® Adjustable output down to 1.2V

m Guaranteed 100 mA output current

m Line regulation typically 0.01%V

® Load regulation typically 0.1%

m Current limit constant with temperature

m Eliminates the need to stock many voitages

® Standard 3-lead transistor package

=B 80 dB ripple rejection

m Output is short circuit protected

Normally, no capacitors are needed unless the device is
situated more than 6 inches from the input filter capacitors
in which case an input bypass is needed. An optional output
capacitor can be added to improve transient response. The
adjustment terminal can be bypassed to achieve very high
ripple rejection ratios which are difficuit to achieve with stan-
dard 3-terminal regulators.

LM317L 3-Terminal Adjustable Regulator

JLLENT

Besides replacing fixed regulators, the LM317L is useful ina
wide variety of other applications. Since the regulator is
“floating”’ and sees only the input-to-output differential volt--
age, supplies of several hundred voits can be regulated as
long as the maximum input-to-output differential is not ex-
ceeded. .
Also, it makes an espscially simple adjustable switching reg-
ulator, a programmable output reguiator,.or by connecting a
fixed resistor between the adjustment and output, the
LM3147L can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw littis current. N
The LM317L is available in a standard TO-92 transistor
package and the SO-8 package. The LM317L is rated for
operation over a —25°C to 125°C range.

Connection Diagram

ADJ Vin -
Y=t 8—NC
Your—{2 7H=Vour
Your—13 §—Vour
Vout ADJ=—14 SP—NC
SOTTOM VIEW
TL/H/9084-4 TL/H/9084-5
Order Number LM317LZ Order Number LM317LM
See NS Package See NS Package
Number Z03A Number MOSBA

Typical Applicatioris

ttVour = 1.25Vv (1 + g) + lapy (R2)

1.2V-25Y Adjustable Reguiator Fully Protected (Bulletproof)
MNTL Lamp Driver

Vin>28V
" Vin  Vour —vourtt gy

ADJ

‘t At 2V, 40 mA
S m INCANDESCENT
c1* bl HOPH v e
[ 1uF 112 OM7448
2 vour ™ A0y
AR ouT
| wan w [
- h = ‘&
= TL/H/9064-2 g
TL/H/9064~1 JL.

Full output current not avaiiable at high input-out- )
put voltages TUH/8064-3
1Optional—impi P’ Output rate—4 flashes per second at 10% duty
*Needed if device is more than 6 inches from oycte
filter capacitors

1-161



LM317L

Absolute Maximum Ratings

It Military/Aerospace specified devices are required, Storage Temperature —=55'Cto +150°C

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C

Omce/Dls'trib!.ltors for availabliity and speclﬂcatlom's. Output is Short Circuit Protected

Power Dissipation Internally Limited ESD rating to be determined.

Input-Output Voltage Differential 40V

Operating Junction Temperature Range —40°C to + 125°C

Electrical Characteristics (ote 1)

Parameter Conditions Min Typ Max | Units
Line Regulation T} = 25°C, 3V < (Vin — Vour) < 40V, I < 20 mA (Note 2) 001 | 0.04 | %sv
Load Regulation Tj = 25°C, 5 mA < loyt < Iyax. (Note 2) 0.1 0.5 %
Thermal Regulation Tj = 25°C, 10 ms Pulse 0.04 0.2 %/W
Adjustment Pin Current 50 100 #A
Adjustment Pin Current Change | 5mA < IL £ 100mA 02 | 5 HA
3V < (Vin — Vout) < 40V, P < 625 mW

Reference Voitage 3V < (Vin — Vour) < 40V, (Note 3)

120 | 1.25 1.30 v
5mA < loyt < 100mA, P < 625 mW

Line Regulation 3V < (Vin — Vour) < 40V, I < 20 mA (Note 2) 0.02 0.07 | %/v

Load Regulation §mA < lgyt < 100 mA, (Note 2) 0.3 1.5 %

Temperature Stability TMmN < Ti'< Tiax

T ki teid B ab B aatbia

P e

e r

4

0.65 %
Minimum Load Current (ViN = VouT) < 40V 3.5 5 mA
3V < (Viy — Vour) < 15V 4 1.5 2.5
Current Limit 3V < (Vin — Vour) € 13V 100 | 200 | 300 | mA
(Vin — VouyT) = 40V 25 50 150 mA
Rms Output Noise, % of Vo1 T)=25°C,10Hz < f < 10 kHz 0.003 %
Ripple Rejection Ratio Vour = 10V, f = 120 Hz, Capgy =0 65 dB
Capy = 10 uF 66 80 dB
Long-Term Stability Tj = 125°C, 1000 Hours 0.3 1 %
Thermal Resistance Z Package 0.4” Leads 180 °C/W
Junction to Ambient Z Package 0.125 Leads ' 160 °C/W
S0O-8 Package 165 °‘C/wW
Thermal Rating of SO Package 165 ‘C/W
Note 1: Unlegs otherwise noted, these specifications apply: —25'C < Tj £ 125°C for the LM317L; VIN = VouTt = 5V and lout = 40 mA. Although power
dissipation Is internally limited, these specifications are le for power d up to 625 mMW. hyax is 100 mA.
Note 2: Regulation is at juncti P , Using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specification for thermal reguiation.
Note 3: Thermal resistance of the TO-92 package Is 180°C/W junction to ambient with 0.4* leads from & PC board and 160°C/W Junction to ambient with 0.125°
lead length to PC board.
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Typical Performance Characteristics (output capacitor = 0 pF unless otherwise noted.) @
~I
r
o Load Regulation Current Limit Adjustment Current
), .23 (-]
g |
! It = 0.IA - < e
£ ':\ = .25 3 1
5 -u ~ = 2 ] //
a \ H > H 58
2 Vin = 15V 5 j= 125°C = —*
E -43 _V:)':"- tov E [A) N g ’
E -u ° RS S u
2 r{- -25%¢
-5 » ! 3%
~75-50-25 0 25 50 75 100 125 150 [ 16 20 30 4 -75-50-25 0 25 50 75 188 125 150
TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) TEMPERATURE [°C)
Reference Voltage
Dropout Voltage Temperature Stability Minimum Operating Current
- T T 1 1270
2 AVgyr = 18emV
2 2 ! ! s 2 N
:’.-5 w 1260 5 7
« < = ¢ i
Yo = 1L * 100 mA 5 g ]
w - I3 = —t-Tj~ 25°C T;= 125°C—
8 ™ L ALl = g, TP 4R
3 15 = bowmdf =
1 . =
E * e mk\\ E 8 Ty = <25°C
2 120 I }
5 1.9 H s "
E
s - 1230 ¢
-~15-60-25 ¢ 25 60 75 100 128 150 ~75-58-25 0 25 S0 75 100 128 150 [] 10 Eo] it “
TEMPERATURE (*C) TEMPERATURE (°C) IRPUT-QUTPUT DIFFERENTIAL (V)
., Ripple Rejection Ripple Rejection - Output Impedance
ToT 100 T T
Capy= 10uF Capye 1 uF
s W i
2 LN g N g
2 ADS® o T = ~— “
vg- (1] € u C > N e
5 5 A N H
M 3 H
S g . H I
PR Rl :
& T 128t £ oyt " 18V £
= T2s°C & i =4mA 5
a7 %, &, &) URE -
1
0 [ [ y [
'] § 19 15 20 25 0 35 " 1 1% 100 190k 1M 1 1% *® % 100% 1L
OUTPUT VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Hz)
i Line Transient Response Load Transient Response Thermal Reguiation
w ) w 15 3
a= Ci=0 V1T as T 1 w T
EX W oaeeftosie 1 CHIEN el 23 = Yogretwv
g2 Cagg=10pF_J | EE oS E ADS "IN 4 §§ 1t -~
5 E 0 F.y 25 U e 0
£ v I \ Eu 0 N £s
>8 2 w -1
a -5 Vin= 15V ° 5 iy = 15V —-Cp = tuf 2.
18 ___:lo_u;r. -.‘I:V 0 Voyr=10v_| CAos= 10uF -
J Bos - INg = SmA s -n
-1§ }—Tj=25°C | i_g_; . = 25°C s 15 ]
e 4 SE m| I 2
M ] -1 5 e
§58 u %% W/ §ou
=2 z 0 a3 a
¢ 2 4 8 s w1z uww ] 10 20 k1] ° [} 10 0 n 40
TIME (us) TIME () TIME (s
TL/H/5084-8
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LM317L

Application Hints

In operation, the LM317L develops a nominal 1.25V refer-
ence voltage, Vrer, between the output and adjustment ter-
minal. The reference voltage is impressed across program
resistor R1 and, since the voltage is constant, a constant
current |4 then flows through the output set resistor R2, giv-
ing an output voltage of

R2
Vour = VRer (1 + ﬁ) + laps(R2)

Since the 100 pA current from the adjustment terminal rep-
resents an error term, the LM317L was designed to mini-
mize lapy and make it very constant with line and load
changes. To do this, all quiescent operating current is re-
turned to the output establishing a minimum load current
requirement. if there is insufficient load on the output, the
output will rise.
LM317L

—VIN  Vour|
ADJ

Vour

TL/H/9084-7
FIGURE 1

External Capacitors

An input bypass capacitor is recommended in case the reg-
ulator is more than 6 inches away from the usual large filter
capacitor. A 0.1 uF disc or 1 pF solid tantalum on the input
is sultable input bypassing for almost afl applications. The
device is more sensitive to the absence of input bypassing
when adjustment or output capacitors are used, but the
above values will eliminate the possiblity of problems.

The adjustment terminal can be bypassed to ground on the
LM317L to improve ripple rejection and noise. This bypass
capacitor prevents ripple and noise from being amplified as
the output voltage is increased. With a 10 pF bypass capac-
tor 80 dB ripple rejection is obtainable at any output level.
Increases over 10 uF do not appreciably improve the ripple
rejection at frequencies above 120 Hz. If the bypass capaci-
tor is used, it is sometimes necessary to include protection
diodes to prevent the capacitor from discharging through
internal low current paths and damaging the device.

In general, the best type of capacitors to use is solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 nF in aluminum electrolytic to-equal 1 pF
solid tantalum at high frequencies. Ceramic capacitors are
also good at high frequencies; but some types have a large
decrease in capacitance at frequencies around 0.5 MHz.
For this reason, a 0.01 uF disc may seem to work better
than a 0.1 uF disc as a bypass.

Although the LM317L is stable with no output capacitors,
like any feedback circuit, certain values of external capaci-
tance can cause excessive ringing. This occurs with values
between 500 pF and 5000 pF. A 1 uF solid tantalum (or 25
pF aluminum elsctrolytic) on the output swamps this effect
and insures stability.

Load Regulation
The LM317L is capable of providing extremely good load
regulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 240Q) should be tied directly to the output of the regula-
tor rather than near the load. This eliminates line drops from
appearing effectively in series with the reference and de-
grading regulation. For example, a 15V regulator with 0.050
resistance between the regulator and load will have a load
regulation due to line resistance of 0.05Q X i, If the set
resistor is connected near the load the effective line resist-
ance will be 0.050 (1 + R2/R1) or in this case, 11.5 times
worse.
Figure 2 shows the effect of resistance between the regula-
tor and 2400 set resistor.
With the TO-92 package, it is easy to minimize the resist-
ance from the case to the set resistor, by using two sepa-
rate leads to the output pin. The ground of R2 can be re-
tumed near the ground of the load to provide remote ground
sensing and improve load regulation.

LM317L

Rs
Vig — Vin A );’uur Vour

L
3
R2
TL/H/8084-8

FIGURE 2. Regulator with Line Resistance
In Qutput Lead
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rApplication Hints (continued)

Thermal Regulation
When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC circuit
components. With an IC regulator, this gradient can be es-
pecially severe since power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per watt of
power changs in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-
cisnt, and occurs within 5 ms to 50 ms after a change in
power dissipation. Thermal regulation depends on IC layout
as well as slectrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of VoyT,
per watt, within the first 10 ms after a step of power is ap-
plied. The LM317L specification is 0.2% /W, maximum.

In the Thermal Regulation curve at the bottom of the Typical
Performance Characteristics page, a typical LM317L’s out-
put changes only 7 mV (or 0.07% of Voyr = —10V) when
a 1W pulse is applied for 10 ms. This performance is thus
well inside the specification limit of 0.2%/W X 1W = 0.2%
maximum. When the 1W pulse is ended, the thermal regula-
tion again shows a 7 mV change as the gradients across the
LM317L chip die out. Note that the load regulation emror of
about 14 mV (0.14%) is additional to the thermal regulation
error.

Protection Diodes

When external capacitors are used with any IC regulator itis
sometimes necessary to add protection diodes to pre-

01
1R4002

vent the capacitors from discharging through low current
points into the regutator. Most 10 uF capacitors have low
enough internal series resistance to deliver 20A spikes
when shorted. Although the surge is short, there is enough
energy to damage parts of the IC.
When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of dectease of V. In the LM317L, this
discharge path is through a large junction that is able to
sustain a 2A surge with no problem. This is not true of other
types of positive regulators. For output capacitors of 25 pF
or less, the LM317L’s ballast resistors and output structure
limit the peak current to a low enough levei so that thers is
no need to use a protection diode.
The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Intemnal to the
LM317L is a 500 resistor which limits the peak discharge
current. No protection is needed for output voitages of 25V
or less and 10 pF capacitance. Figure 3 shows an LM317L
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.

ViN

FIGURE 3. Regulator with Protection Diodes

TL/H/9084-9

R
Vout = 1.25Vv (1 + a%) iapy R2

D1 protects egainst C1
D2 protects against C2

TLIENT

»
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Typical Applications (continued)

Digitally Selected Outputs
LMII7L
iy ———————{ Vin 0 JVour Vour
Al
28
>
<
>
R2% <
— s =
INPUTS
TU/H/9064-11
*Sets maximum Vout
Ad|Justable Current Limiter
LML H
vin Yin  Vour AAAS loyr* ==
A0S [ At
TL/H/9084-13
12 < R1 < 240
Slow Turn-On 15V Regulator
LM3TL
v vi Vi o— Vour
mI N . out i
<SRl
[+3 1: us
0.3uF <
| B P 1Ne882
- vy
= { ]
[
< A2
> 22908
<
< pA1 ¢t
T 2t
3
TU/H/9084-15
High Stability 10V Regulator
LMNTL
Vin 17 7 . Yout
i N N Jmrr 10V
a
1 F4]
qur % qn
e 4 S 15
= < %
)
<)
<
g
[t
TL/H/0064~17

High Gain Amplifier
v
1
LML vin Vour
3%
¢—ouTryT ‘

1

TL/H/9064-12
Precision Current Limiter
LM3TTL
& v Vs Vour N —I—-—.(l.sv ‘ A)
- Vin A — lout" +1m,
e ADS TN v a1

1% 500

Vaoy f
TL/H/9064-14

Ad]Justable Regulator with
Improved Ripple Rejection

LM317L

c3
1uf!

1Solid tantalum
*Discharges C1 if output is shorted to ground

Adjustable Regulator with Current Limiter

TL/H/0084-18

LM3ITL
N P w2
BEdvin  vour Vour = 1250V (= +1
] ADJ { Gl
| < R
| S0
|
]
TRansronmen,| &
RECTIFIERS | y. 2
AND FILTER | 2l
caraciTor | LT
l
] 1& =
| SM-m-n
|
)
! ! "
I_ 18
|

TL/H/9064-18

Short circuit current is approximately 600 mV/R3, or 60 mA (compared to
LM317LZ’s 200 mA current limit),

At 25 mA output only 3/4V of drop occurs in R3 and R4,

2
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LM317L

0V-30V Regulator
LM317L
Vin lv, v
iy IN ADs ouT
R1
200
[
0.1 uF
R2
< 5k
'l‘ LM3gs
12v
R3
680
~18v

put voltages

Vour

TL/H/9084-18
Full output current not available at high input-out.

AdJusting Muitiple On-Card Regulators with Single Control*

Typical Applications (Continued)

NP
Regulator With 15 ma Short Clrcult ' Power Follower
Current 10v—40v

.

Vi = 15v ke

ct
G.0uF
a1
2N2307 ) :_E-
=108 -
: L
3L iNPUT -—‘\:\'N- M385
Vin VOUT =10V 10k
120% Vour,
ADJ
P OUTPUT
— 499
- Vin
LM317L Vour
ADJ
R2
1.57k 12

U

t

TL/H/6084-20
TU/H/9084-21

LOAD

TL/H/9084-23

LM317 LM317L LM317L
vin Vin_ Voyr v v Vin - Voyrfeey,, -t v v Vour fmevgyrt
ADJ ) o ADJ 'Y P Mans our
3 '
< |
‘ —_————— ]
R2 *
1k
*All outputs within + 100 mv
= Minimum load —SmA
. TL/H/0084-22
100 mA Current Regulator 1.2V~ 12V Regulator with Minimum 50 mA Constant Current Battery
eg
MITL Program Current Charger for Nickel-Cadmium-
LM317L Batterles
Vin VN Vour ) L3I
ADY 15V =t Vin  Voyr| Vour* %
3] nm —-I ADJ ViN —d Viy n}lwr
0.1 uF I PRt A1 A

>
" =L
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. Typical Applications (continued)

H 5V Loglc Regulator with Electronic Shutdown* Current Limited 6V Charger
LML LM317L
Vi V=36V v
Vaur o To 308 —@={Vin Am"uur

o9 =i
1008 uF ——

1%
N2

TL/H/5064-28 |
*Minimum output = 1.2V

*Sets peak current, lpgax = 0.6V/R1
**1000 pF Is recommendsd to filter out any Input transients.

Short Circuit Protected 80V Supply

TRIAD

100
BLACK F30X GREEN 1®Voe 1w

)
15Vae )
LINE :D -!
pFd) ] VA AMP, TYPE 3AG
BLACK-YELLOW  RED | FUSE OR CIRCUIT BREAKER
|
o

80 vy,
GmATO 28 mA

1uf
180V

TL/H/8084-27

= TUH/9084-28

UIEWT
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LM317L

Typical Applications (Continued)

Basic High Voltage Reguiator

Vour
¢—12VT0

Vin LM317L  Voyut
ADJ

160V @ 25 mA

A7
27

t= D2
1N4001 1
>
%mn
Q1, Q2: NSD134 or similar

C1, C2: 1 uF, 200V mylar**

*Heat sink

y iy

Precision High Voltage Regulator

Vin 2170v _‘[

R1
100k
1w

b= 01

Vin M3z Vour

2

RS 0 uf

150 I Hu
=

VOLTAGE
ADJuST

TL/H/9064-29

Vour

=1V 70

ADJ 180V @ 25 mA
RS
22
AA R
MA 1% €2
02 " ,';5" I— 1.0 uF
1N4001 100 ‘M2 =
1 R7
Q1, Q2: NSD134 or simlar 1.04F zsow« xg}J:Tns
C1, C2: 1 pF, 200V mylar*® =i
*Heat sink = —
“*Mylar is a registered trademark of DuPont Co. TUM/0084-30
1-170
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Typical Applications (continued)
Tracking Regulator
VIIN
:::vuu, Vour
Suf ML 5: %0
ali $h
<
= oumss'é ‘E/

GND

+
1 uF TANTALUM

vy VOuT ~Vout = ~'WVout)
{iLpaD = 5 mA MIN}

LmM337

P S 7

TL/H/0084-31

At = LM301A, LM307, or LF13741 only
A1, R2 = matched reslstors with good TC tracking

Precision Reference with Short-Clrcuit Proof Output

Regulator With Trimmable Output Voltage
Viy (25V T0 4av)
va
v *
ADJ ouT ouT (22V 1%}
LM3T7L
RS
18k
5%
TL/H/8084-32
Trim Procedure:

— If Vour Is 23.08V or higher, cut out R3 (it lower, don't cut it cut).
— Then if Vout is 22.47V or higher, cut out R4 (if lower, don't).
— Then if Vour I8 22.18V or higher, cut out RS (it lower, don't).

This will trim the output to well within £ 1% of 22.00 Ve, without any of the
expense or uncertainty of a trim pot (see LB-48). Of course, this technigue

can be used at any output voltage levei.

15V

1

Vin

ADJ Vour]
10.000V QUTPUT
LML 1 ppm/°C MAX

VvV
23
e
g

AAA

H* LM299AH +
o o

AL
9
w

R2

| Y 5 |
[ QR W

/D 1k CERMET
OUTPUT ADJUST

A

}_ OUTPUT
RETURN

POWER $

COMMON

*R1-R4 trom thin-film network,

Beckman 604-3-R2K-D or similar

TL/H/0084-33

LI
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National
Semiconductor

LM78XX Series Voitage Regul

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these Is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components o obtain
adjustable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current fimiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation bscomes too high for
the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.
Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and mininize the number

XX8ZW1

ators

of external components. It Is not necessary to bypass the
output, although this does improve transient response. Input
bypassing is needed only if the regulator is located far from
the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

= Output current in excess of 1A

¥ Internal thermal overload prptection

m No external components required

m Qutput transistor safe area protection

m Internal short circuit current limit

B Available in the aluminum TO-3 package

Voitage Range
LM7805C- 5V
LM7812C 12v
LM7815C 15V

Schematic and Connection Diagrams
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Absolute Maximum Ratings "
If Military/Aerospace specified devices are required, Maximum Junction Temperature
please contact the National Semiconductor Sales (K Package) 150°C
Office/Distributors for avallability and specifications. (T Package) 150°C
Input Voltage (Vo = 5V, 12V and 15V) 35v Storage Temperature Range —65°Cto +150°C
Internal Power Dissipation (Note 1) Internally Limited Lead Temperature (Soldering, 10 sec.)
Operating Temperature Range 0°Cto +70°C TO-3 Package K 300°C
P 9 P ge (T TO-220 Package T 230°C
Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (uniess otherwise noted) iov 19V 23V Units
Symbol Parameter Conditions Min l Typ l Max | Min I Typ l Max | Min l Typ l Max
Vo Output Voltage Tj=25C,5mA < Ig < 1A 4.8 5 521115 12 125{ 144 15 1586 \
Pp<15W,5mA < Igp < 1A 4.75 525 11.4 12,6 | 14.25 1575 V
TVMIN £ VIN € VMAX 75<VINS20)|(145< VNS 27)| (175 ViNS 30) v
AVo Line Regulation lo = 500 MA|Tj = 25°C 3 50 4 120 . 4 150 | mV
AVIN (7<ViINS25) | 145 < V)N < 30) (17.5 < VN £ 30) \'
0°C < Tj< +125°C 50 120 150 | mV
AViN B<VN<20) | (15<VinN<27) | (185< Vin £ 30) \
lo S 1A T} = 25°C 50 120 150 | mV
AViN (75<ViN<20)| (146 < Viy<27)] (17.7 £ ViN < 30) \
0'C < Tj < +125°C 25 60 75 | mVv
AVIN B<VnN<12) | (16 <V <22) (20 < Vin < 26) \"
AVo  {Load Regulation Tj=25C [5mA<lio< 1.5A 10 50 12 120 12 150 { mV
250 mA < lg < 750 mA 25 60 75 |- mV
EMA<Ig<1A0CST< +125°C 50 120 150 | mV
la QuiescentCurrent  |ig < 1A Tj = 25°C 8 8 8 mA .,
0°C < Tj< +125°C . 8.5 8.5 85 | mA
Alg Quiescent Current |5 mA < o < 1A 0.5 0.5 05 | mA
Change Tj = 25°C, 1o < 1A 1.0 1.0 10 | mA
VMiN € VIN S VMax (7T5<VN<20)| (148 < VNS 27) | (17.9< VNS 30) \'
lo <500mA,0°C< T < +125°C 1.0 | 1.0 1.0 mA
VMIN € VIN £ VMAX 7<ViN<25) | (145 <ViN<30) | (17.5 < Viy < 30) \
VN Output Nolse Voltage|Ta =25°C, 10 Hz < f < 100 kHz 40 75 80 BV
AViy  |Ripple Rejection lo<1A,Tj=25Cor | 62 80 55 72 54 70 d8
AVouTt f = 120Hzq lo < 500mA 62 55 54 d8
0'C < Tj< +126°C
VMIN € VIN S VMAX B<VINS18) | (15<Vy<25) |[(18B5<ViN<285)| V
Ro Dropout Voltage Tj = 25°C, loyt = 1A 20 2.0 2.0 '
Output Resistance | = 1kHz 8 18 19 mQ
Short-Circuit Current | Tj = 25°C 21 15 12 A
Peak Output Current |Tj = 25°C 2.4 24 24 A
Average TC of Voyr |[0°C £ Tj < +125°C,lg = 5mA 0.6 1.5 1.8 mv/°C
Vin Input Voltage
Required to Maintain [Tj = 25°C,lo < 1A 75 14.6 17.7 v
Line Regulation
Note 1: Thermal resistance of the TO-3 package (K, KC) Is typically 4°C/W junction o case and 35°C/W case 10 ambient. Thermal resistance of the TO-220
package (T) Is typically 4°C/W Junction to case and 50°C/W case to ambient.
Note 2: All istics are d with cap acroasthehputofo.zz;nF,mdlcapncﬁmmnmeoutpmofo.WF.Nlchmctmﬁamn&o
voltaqeandﬂpplarejocﬁonnﬂommemeduslngpuiutmlqw (te < 10 ma, duty cycle < 5%). Output voitage due to ges in ]
temperature must be taken into account separately.
1272 1
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