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Program Form Menu

procedure TForm2.BitBtnlClick(Sender: TObject);
begin

formli.show;

with forml do

edit2.clear;

end;

procedure TForm2.BitBm2Click(Sender: TObject);
begin

Jform3.show;

with form3 do

edit2 Clear;

end;

procedure TForm2 BitBm3Click(Sender: TObject);
begin

form4.show;

with form4 do

edit2.Clear;

end;

procedure TForm2. FormCreate(Sender: TObject);
begin

n:=_0;
x:=64;
end;

procedure TFormZ2.SpeedButtonlClick(Sender: TObject);
begin

application. Terminate;

end;

procedure TForm2 SpeedButton2Click(Sender: TObject);
begin

Jform5.QuickRepl.Preview;

end:

procedure Tlorm?2.SpeedButton3Click(Sender: TObject);
begin

Jorm5.QuickRepl print;

end;
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procedure TFormZ2. FormShow(Sender: TObject);
begin

Jorml1 Hide;

end;

end.

Listing Program Form Masuk

procedure TForml BitBtnlClick(Sender: TObject);
begin

application. Terminate;

end;

procedure TForml Timer2Timer(Sender: TObject);
begin

label5.Caption: =datetostr(date);

end;

procedure TForml Timer3Timer(Sender: TObject); 0
begin

labelb.Caption: =timetostr(time);

end:

procedure TForml ComPortl RxChar(Sender: TObject; Count: Integer);
var s:string;
begin
comportl.ReadStr(s, 1);
editi Text:=s;
if edit] Text="9' then
begin
MessageDlg((LOCKER PENUH!!Y, mtinformation,
[mbOk], 0);
end
else
begin
tablel. First;
tablel Edit;
tablel Insert;
tablel Fields (0] AsString: =editd. Text;
tablel.Fields[1].AsString: =table2.Fields[1] AsString;
tablel. Fields[2] AsString:=timetostr(time);
table 1. Fields{3] AsString: =daretostr{date);
table 1 Fields{4] AsString:=Masuk’;
tablel fields|5 ] asstring:=s;
tablel. Post;
tablel. Refresh;
MessageDlg("Pintu Locker Ke "+ s + ' Telah TERBUKA /11, mtInformation,
[mbOk], 0);



edit2.Clear;

begin
with form4 do
tablel Refresh;
with form3 do
tablel Refresh;
with form5 do
tablel Refresh;

end;

end;

end;

procedure TFormi FormClose(Sender: TObject; var Action: TCloseAction);

begin
comportl .Connected: =false;
end;

procedure TForml FormShow(Sender: TObject);
begin

tablel. Refresh;

end;

procedure TForml . Edit2KeyPress(Sender: TObject; var Key: Char);
var ada ketemu: boolean;
label lompat lompat2;

begin
ada:=false;

fable2 First;
while not (table2.Eof) and not (ada) do
begin
if table2 Fields[0] AsString=edit2. Text then
begin
ada: =true;
MessageDig(’ Anda sudah terdafiar!!’, mtInformation,
[mbOk], 0);
end
else
begin
table2 next;
end;

end; //while
/' end; Vif key
+/ goto lompat2;

if ada then
begin

ada: =false;
ketemu: =false;
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tablel First;
while not (table!l.Eof) and notfada} do
begin
if ((tablel Fields[0].AsString=edit.Text)) then
begin
ada:=frue;
if (tablel Fields{4].AsString="Masuk’) then
begin
MessageDlg('Anda sudah punya loker!!", mtInformation,
[mbOk], 0);
ketemu: = frue;
end
else
begin
MessageDig('Anda mau keluar!!’, mtinformation,
[mbOk], 0);
ketemu: = false;
end
end
else
begin
fablel.next;
end;
end; /'while
if notfketemu) then
begin
messageDig("Anda Belum AKSES!!', mtInformation,
[mbOk], 0);
comport] WriteStr(#65);
end;
end:
end;
end.

Listing Program Form Perpanjangan

procedure TForm3.Timer I Timer(Sender: TObject);
begin

labell Caption:=datetostr(date);

end;

procedure TForm3.Timer2Timer(Sender: TObject);
begin

label2.Caption: =timetostr(time);

end;

procedure TForm3.Edit]l KeyPress(Sender: TObject; var Key: Char);
begin

edit2. Text: =copy(editl.Text, 1,10);

end;
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procedure TForm3.Edit2Change(Sender: TObject);

begin

tablel First;

while not (tablel.Eof) do

begin
iftablel Fields[0] AsString=edit2. Text
then

begin
I5.Caprion:=tablel. Fields[5] AsString;
label5. Caption:=tablel Fields[1] AsString;
comport2. WriteStr(chr(strtoint(15.Caption) +48));
tablel First;
tablel Edit;
tablel.Insert;
tablel.Fields[0] AsString:=edit2. Text;
tablel.Fields[1] AsString: =label5.Caption;
tablel. Fields[2] AsString:=timetostr(time};
tablel Fields[3] AsString: =datetostr(date);
tablel. Fields{4] AsString:="Perpanjangan’;
tablel Fields[5] AsString:=i5.Caption;
tablel.Post; :
tablel.Refresh;
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3
MessageDIg("Locker Ke '+ I5.caption +' Telah TERBUKA!!!.", mtInformation,

[mbOk], 0);
edit2.Clear;
break;

end
else
begin

tablel Next;
end;

end;

begin

with forml1 do
tablel Refresh;

with form4 do
tablel.Refresh;
with form5 do
tablel Refresh;
end;

end;

procedure TForm3.FormClose(Sender: TObject; var Action: TCloseAction);
begin

comport2.Connected: =false;

end;
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procedure TForm3.FormShow(Sender: TObject);
begin

tablel Refresh;

end;

end.

Listing program Form Keluar

procedure TForm4.Timer Timer(Sender: TObject);
begin

label3.Caption: =datetostr{date);

end;

procedure TForm4.Timer2Timer(Sender: TObject};

begin
labeld.Caption: =timetostr(time);
end;
procedure TForm4 Edit2Change(Sender: TObject);
begin
tablel First;
while not (tablel.Eof) do
begin
if tablel. Fields[0] AsString=edit2. Text then
begin

label5.Caption: =tablel.Fields[5 ] AsString;
label6.Caption: =tablel Fields[1] AsString;
comport3. WriteStr(chr(strtoint(label5.Caption)+48));
tablel. first;

tablel. Insert;

tablel.Fields{0] AsString:=edit2. Text;
tablel. Fields[1] AsString:=label6.Caption;
tablel. Fields[2].AsString: =timetostr(time);
tablel. Fields[3].AsString: =datetostr(darte);
tablel. Fieldsf4] AsString: ='Keluar’,

tablel Fields[3].AsString: =label5.Caption;
tablel. Post;

table 1. Refresh;

MessageDlg('Pintu Locker Ke '+ label5.Caption + ' Telah TERBUKA 11,
mtInformation, [mbOk], 0);

edit2.Clear;

{close;}

break;

end

else

begin
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tablel. Next;
end;

end;

begin

with formli do
tablel.Refresh;
with form3 do
table ] Refresh;
with form5 do
tablel Refresh;
end;

end;

procedure TForm4.FormClose(Sender: TObject; var Action: TCloseAction);
begin

comport3.Connected: =false;

end;

procedure TForm4.FormShow(Sender: TObject);
begin

tablel Refresh;

end;
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$include(regs1 inc)

LR 2 L 2 e I P s P L T R 2 T T T T IEY TT T T R T TP
)

;PROGRAM ASSEMBLY PERANCANGAN DAN PEMBUATAN LOKER OTOMATIS

;******#****#*****#*#******#*****t#**#*******#***#*t*#******#***#***t***

org 0Ch ;Program dimulat pada alamat 00h
ajmp mulat
org 60h
mulai:
mov p0,#00000000b i
mov pl #0fth \

acall misial

ulang: mov  a #(00h
jnb ri,cek]  eek ke limat swatch
clr T
mov  asbuf :
cine  a,41hlopl
ajmp pintul

;ini untuk mengecek limit switch

;:eklz jnb pl.0,cek2
clrp0.0

cek2: jnbpl.1cek3
clr p0.1

ek3:  jobpl.2,cekd
clrp0.2

:k4:  jnb pl.3,ceks
clrp0.3

k5. jnbpl.4.cekod
clr pG4



ceko:

cek7:

cek8:

balik:

pintul:

bukal:

pintu2:

buka2:

pintu3:

buka3:

lopl:

pintud:

buka4:

pmntu5:

jnb p1.5 cek7
clrp0.5

jnb pl.6,cek8
clr p0.6

jnb p1.7 balik
clr p0.7

ajmp ulang

jnb p2.0,bukal
ajmp pintu2

setb p0.0
mov a#31h
acall kirim
ajmp ulang

jnb p2.1,buka2
ajmp pintu3
setb p0.1

mov a,#32h
acall kirim
ajmp ulang

jnb p2.2 buka3
ajmp pintud
setb p0.2

mov a,#33h
acall kirim
ajmp ulang

ajmp doorl

jnb p2.3bukad
ajmp pintu5

setb p0.3
mov a#34h
acall kirim
ajmp ulang

jnb p2.4,bukas
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;cek sensor apa p2.0 ada barang kalau tidak ada lompat ke bukal

;tidak ada barang lompat ke pintu2

;buka solenoid1

;pindah isi 31h ke A

;panggil kirim
;lompat keulang

:cek sensor apa p2.1 ada barang kalau tidak ada lompat ke buka2

;tidak ada barang lompat ke pintu3
:aktifkan solenoid2
;pindahkan is132h ke A

;cek sensor apa p2.2 ada barang kalau tidak ada lompat ke buka3

:cek sensor apa p2.3 ada barang kalau tidak ada lompat ke buka4

;cek sensor apa p2.4 ada barang kalau tidak ada lompat ke buka$



buka5s:

pintu6:

bukab6:

pintu7:

buka7:

pintu8:

buka8:
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ajmp pintu6

setb p0.4
mov a#35h
acall kirim
ajmp ulang

jnb p2.5buka6 ;cek sensor apa p2.5 ada barang kalau tidak ada lompat ke buka6
ajmp pintu7

setb p0.5

mov a,#36h

acall kirim

ajmp ulang

jnb p2.6,buka7 ;cek sensor apa p2.6 ada barang kalau tidak ada lompat ke buka7
ajmp pintud

setb p0.6

mov a,#37h

acall kirim

ajmp ulang

jnb p2.7.buka8 :cek sensor apa p2.7 ada barang kalau tidak ada lompat ke buka8
ajmp kirim_berita ;mengirim data ke delphi

setb p0.7

mov a#38h

acall kirim

ajmp ulang

; Perintah untuk mengirim data ke Delphi

2

kirim_berita: mov a,#3%h

jauh:

acallkirim  ;mengirim data
ajmp ulang

ajmp ulang

?

;perintah untuk keluar atau memperpanjang loker

doorl:

door2:

cjne  a,#31h,door2
setb  p0.0
ajmp ulang

c¢jne  a,#32h,door3
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setb p0.1

ajmp ulang
door3: c¢jne a#33h,doord

setb p0.2

ajmp ulang
door4: cjne  a#34h,doors

setb p0.3

ajmp ulang
door5: ¢jne  a#35h,door6

setb p04

ajmp ulang
door6: cjne a,#36h,door7

setb p0.5

ajmp ulang
door7: c¢jne  a,#37h,door8

setb 0.6

aymp ulang
door8: cjne a,#38hjauh

setb p0.7

ajmp ulang
;Mengirim data ke delphi
kirim: mov sbuf,a

mb %

clr ti

ret

2

;inisialisasi port serial

i’nisialz anl tmod #0fh

orl tmod, #20h

mov thl #0fah

mov tll #0fah

mov scon,#50h
mov pcon,#80h
setb trl

chr ti
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cr n
ret
end
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+5V-Powered, Multichannel RS-232

General Description

he MAX220-MAX249 family of line driversfreceivers is
tended for aifl EIAMIA-232E and V.28/V.24 communica-
ons interfaces, particularly applications where £12V is
ot available.

hese parts are especially useful in battery-powered sys-
ems, since their low-power shutdown mode reduces
yower dissipation to fess than 5pW. The MAX225,
AAX233, MAX235, and MAX245MAX246/MAX247 use
6 external components and are recommended for appli-
ations where printed circuit board space is criticai.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

MAXIM

Drivers/Receivers

Features

Superior to Bipolar
+ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

4+ Low-Power Receive Mode in Shutdown
(MAXZ223/MAX242)

¢ Meet All EIA/MIA-232E and V.28 Specifications
4 Muitiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information
PART TEMP RANGE PIN-PACKAGE

MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C o +70°C 16 Wide SO
MAX220C/D G°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAXZ20EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIiP

Ordering Information continved at end of data sheet.
“Contact factory for dice specificafions.

Seleclion Table

6VCXVIN-0CCXVIN

Power No. of Nominal SHDN Rx
‘art Supply R5-232 No., of Cap. Value & Three- Activein Data Rate
lumber fJ] Drivers/Rx Ext. Caps _(uF) Stae SHON {Kbps) Features
1AX220 +5 202 4 0.1 No - 120 Ultra-low-power, industry-standard pinout
1AX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
1AX223 (MAX213) +5 45 4 1.0(0.7) Yes v 120 MAXZ41 and receivers active in shutdown
1AX225 +5 55 0 — Yes v 120 Available in SO
IAX230 (MAX200) +5 50 4 1.0(0.1) Yes — 120 5 drivers with shutdown
IAX231 (MAX201)} +5 and 22 2 1.0(0.9) No — 120 Standard +5/+12V of battery supplies;
+7.5t0 +13.2 same functions as MAX232
1AX232 (MAX202) +5 22 4 1.8(0.1) No — 120 (64) Industry standard
AX232A +5 22 4 0.1 No - Higher slew rate, smail caps
AX233 (MAX203) +5 22 0 — No — 120 No external caps
AXZ233A +5 2/2 o] — No — 200 No external caps, high slew rate
AX234 (MAXZDA) +5 40 4 10(0.1) No = 120 Replaces 1488
AX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
BX236 (MAX206) +5 443 4 1.0(0.1) Yes — 120 Shutdown, three state
AX237 (MAXZ07) +5 513 4 1.0(0.1) No — 120 Complements IBM PC serial port
X238 (MAX208) +5 44 4 1.0(0.7) No — 120 Replaces 1488 and 1483
AX239 (MAX209) +5 and 35 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 4132 single-package solution for IBM PC serial port
X240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
X241 (MAX211) +5 4/5 4 1.0{0.1) Yes — 120 Compilete 1BM PC serial port
X242 +5 2/2 4 0.1 Yeg v 200 Separate shutdown and enable
X243 +5 rd 4 01 No - 200 Open-line detection simplifies cabling
X244 +5 8o 4 1.0 No — 120 High siew rate
X245 +5 819 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
X246 +5 8/10 0 — Yes v 120 High sfew rate, int. caps, three shutdown modes
X247 +5 8/9 9] —_— Yes v 120 High slew rate, int caps, nine operating modes
X248 +5 a/8 4 1.0 Yes v 120 High stew rate, selective haff-chip enabies
X249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
AAXIMN Maxim Integrated Products 1

r pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
188-629-4642, or visit Maxim’s website at www.maxim-ic.com.



+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP {derate 8.00mW/°C above +70°C) ..440mW
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 abave +70°C).....762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP {derate 8.00mW/°C above +70°C) .......... 640mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mwW
18-Pin CERDIP {derate 10.53mW/°C above +70°C)....842mW
Operating Temperature Ranges

Drivers/Receivers
\BSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Lpply Voltage (VCC) ..o e -0.3V 1o +6V
put Voltages

LT ZE SOOIt -0.3V 1o (Voo - 0.3V)
RIN (EXCEPE MAX220Y oo eeeereeveeseseee e eeeeeeen e 230V
RN (MAXZ20). ..o, +25Y
TouT {Except MAX220) (Note 1) ..o +15V
TOUT (MAX220) ..., et e e aa e +13.2v
utput Voltages

T oo et e n bt e +15V
ROUT - comemeesemmiems e eteeetee e eneees s e enameene -0.3V to (Vee + 0.3V)

river/fReceiver Output Short Circuited to GND......... Continuous
ontinucus Power Dissipation (Ta = +70°C)

16-Pin Plastic DiP (derate 10.53mW/°C above +70°C)....842mwW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889rmW

MAXZ2_ _AC__ MAXZ2_ _C_ . 0°Cto +70°C
MAX2_ _AE__ MAX2__F__ ..-40°C to +85°C
MAX2__AM_ _ MAX2__M__ -55°C to +125°C
Storage Temperature Range............. ....-65°C to +160°C
Lead Temperature (soldering, 108} ..........cooooiviienn +300°C

tote 1: Input voltage measured with Touyr in high-impedance state, SHDN or Voo = OV.
Jote 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

tresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional

peration of the device at these or any cther conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
bsolute maximum rating condifions for extenaed periods may affect device refiablfity.

‘L ECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
/CC = +5Y £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-@4 = 0.33uF, Ta = Tamin to TMaX, uniess otherwise noted.)

PARAMETER | CONDITIONS [ MmN TYP  MAX |unmTs
RS-232 TRANSMITTERS
QCutput Voltage Swing All transmitter outputs foaded with 3k to GND +5 +8 v
Input Logic Threshold Low 1.4 c8 '
) All devices except MAX220 2 1.4
Input Logic Threshold High v
putLog 9 MAX220- VoG = 5.0V 24
. All except MAX220, normal operation 5 49
Logic Pull-Up/input Current = A
9 prinput Curren SHDN = OV, MAX222/242, shutdown, MAX220 w01 +1 | ¥
Voo = 5.5V, SHDN = OV, Voyr = +15V, MAX222/242 +0.01 +10
Dutput Leaka: 1 — A
utput Leakage Current Voo = SHDON = 0V, Voyt = 15V +0.01 +10 H
Jata Rate 200 116 kbps
‘ransmitter Qutput Resistance Voo = V+ = V- =0V, Vour = +2V 300 10M Q
Jutput Short-Circuit Current Vour =0V +7 +22 mA
1S-232 RECEIVERS
1S-232 Input Voltage Operating Range +30 \
Al MAX243 R2 8 .
$-232 Input Threshoid Low VoG = 5V I xcopt MAX243 RZN 0 13 v
MAX243 R2)y (Note 2) -3
. All except MAX243 R2)y 18 24
S-232 Input Threshold High Vo =5V v
P 9 e MAX243 Rz (Note 2) 05 01
. All except MAX243, Vcc = 5V, no hysteresis in shdn. 0.2 05 1
3-232 Input Hysteresis \J
Zede nputTlysterest MAXZ43 1
3-232 Input Resistance 3 5 7 k(2
L/CMOS Output Voitage Low louT = 3.2mA 02 0.4 "
L/CMOS Cutput Voltage High loyt = -1.0mA 35 Vvpe-02 \
L. ] Sourcing Vour = GNO -2 -10
S Output Short- t mA
L/CMQOS Cutput Short-Circuit Curren Shrinking Vot = Voo 0 %

MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

=LECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
VCC = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = TMIN to TmaAx, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vo or EN = Voo (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current OV < VouT < Voo +0.05 +10 LA
EN Input Threshold Low MAX242 14 0.8 v
EN input Threshold High MAX242 20 14 v
Operating Supply Voltage 4.5 55 Vv
MAX220 0.5 2
No load
Vce Supply Current (SHDN = Veg), MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 30 load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta=+25°C 01 10
Ta = 0°C to +70°C 2 50
Shutdown Supply Current MAX222/242 A
i TA = -40°C to +85°C 2 o | ¥
Ta=-55°Cto +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 14 08 Vv
SHON Threshold High MAX222/242 20 14 v
Ct = 50pF o 2500pF,
Ry = 3k to 7ke, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voe =5V, Ta = +25°C, Vius
measured from +3V ) pax 200 15 3 30
to -3V or -3V to +3V
Pt MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay H MAX250 4 10
TLL to RS-232 (Normal Operation), - kS
Figure 1 . MAX222/232A{233A/242/243 15 35
PLAT MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay tPHLR MAX23D o6 3
RS-232 to TLL (Normal Gperation), - s
R0 T peration) t MAX222/232 A2 33AI242]243 o6 1 ] "
PLHR MAX220 08 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 us
15-232 to TLL (Shutdown), Figure 2 | tp g MAX242 25 10
Ieceiver-Output Enable Time, Figure 3 [ teR MAX242 125 500 ns
Receiver-Qutput Disable Time, Figure 3 | tpR MAX242 160 500 L ns
ransmitter-Output Enable Time i MAX222/242, 0.1uF caps 250 us
SHDN Goes High), Figure 4 E¥ (includes charge-pump start-up}
‘ransmitter-Output Disable Time
hiiatil IuF 00 ns
SHDN Goes Low), Figure 4 o7 MAX222/242. 0.1uF caps 6
ransmitter + to - Propagation ; o MAX222/232A/233A/242/243 300 s
Yetay Difference (Normal Operation) | THHT PLHT MAX220 200G
eceiver + to - Propagation MAX222/232A/233A/242/243 ) 100 <
ielay Difference (Normai Operation) {PHLR - 1PLHR MAXZ220 225 "

ite 3: MAX243 R2qur is guaranteed to be low when R2jy is 2 0V or is floating.

NnAXILM 8
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Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MA X243

AVAILABLE QUYPUT CURRENT MAXZZ2/MAX242
QUTPUT YOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 3 n T T 1 g 0 !
8 BF 5 ~ QUTPUT LOAD CURRENT |§ &1 uroas —L 2 4%
EFTHER V. OR V- L CADED 10 FLOWS FROM v+ TO V- wWV/NT 0

& . ¥ — \! VN ik i TS
= o CF_ = | ALLCAPS I
= 4 cC = 9 1 = 45V e g
. NO LOAD ON = ] = SHDN
2 2 | TRANSMITTER QUTPUTS S g Voo =+5.25¢ 8 o
S, | (EXCEPT MAXZZD, MAXZ33A) g 2 o
- i ; | o ALL CAPS =
= .2 | V-LOADED, NOLOAD ON Vs 5 7 Fowf * = -~
= 5 = Voo =+4.75V \i ;‘ 1uF CAPS
S 4 0.1pF [T — 3 § . X

6 la——T\ ] P L l
; p— 5 = ) i SOES
. V.
" ¥+ LOADED, NG L0AD ON V- . Gy =
8 s 1 15 A % 0 1M W XN 4 BN 6 500us/div
LOAD CURRENT (ma) DATA RATE (kbits/sec)

MAXIN
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ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

Lo o TP USRS SO SO TSR -0.3Vio +6V
R U OO ORI (Voo - 0.3V) to +14V
N e e et +0.3Vto -14V
Input Vollages

TUN oot r e et e e -0.3Vio (Voo + 0.3V)

I 0T U O U O S RRRTUUIN +30V
Ouiput Voltages

TOUT oot sree e man e seennes (V+ + 0.3V) to (V- - 0.3V)

ROUT .o -0.3V to (Voe + 0.3V)
Short-Circuit Duration, TOUT .ovoveoeeveeee i Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DiP (derate 10.00mW/°C above +70°C).._800mwW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....B42mW
20-Pin Plastic DIP (derate 11.11mW/C above +70°C)... 889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C) .......... 1.07W
24-Pin Plastic DIP {derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)....... 7682mwW

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......B0OMW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... a41mw
28-Pin Wide SO {derate 12.50mW/,C above +70°C) ... 1W
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) .....889mW
14-Pin CERDIP (derate 9.09mW/C above +70°C}.......... 727mW
16-Pin CERDIP (derate 10.00mwW/°C above +70°C) ._...... 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........ 889MwW
24-Pin Narrow CERDIP

(derate 12.50mW/rC abave +70°C) ... 1W
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).........1.6W
28-Pin SSOP (derate 9 52mW/°C above +70°C)............762mW

Operating Temperature Ranges
MAXZ e 0°C to +70°C
MAX2 __E_ _.. ...-40°C 10 +85°C
MAXZ2 __M_ i .-65°C to +125°C
Storage Temperature Range............ ..-65°C to +160°C
Lead Temperature (soldering, 10S)......ccccovverrecivecienns +300°C

Stresses beyond those listed under “Absoitte Maximum Ralings” may cause permanent damage !o the device. These are stress ratings orly, and functional
operation of the device at these or any cther conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absofute maximum rating conditions for extended periods may affect device reliabiiity.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

{MAX223/230/232/234/236/237/238/240/241, Voc = +5V +10; MAX233MAX235, Voe = 5V +5%, C1-C4 = 1.0pF;, MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V 10 13.2V; Ta = TMiN to TMmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing Alt transmitter outputs loaded with 3k ta ground +5.0 +7.3 v
MAX232/233 5 10 T
Voo Power-Supply Current 2.12 E%S“C MAX223/230/234-238/240(241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Power-Supply Current MAX235 3 5 mA
T
Shutdown Supply Current | Ta = +25°C MAX223 15 50 uA
MAX230/235/236/240/241 1 10
input Logic Threshold Low | Tin; EN, SHDN (MAX233); EN, SHDN {MAX230/235-241) 08 v
TN 2.0
Input Logic Threshold High El\i SHDON (MAX223); 04 v
EN, SHDN (MAX230/235/236/240/241) ’
Logic Pull-Up Current Tin=0V 1.5 200 A
Bl Volage B
—
MAXIMN S
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

{MAX223/230/232/234/236/237/238/240/241, VCC = +5V +10; MAX233/MAX235, Voo = 5V +5%, C1-C4 = 1.0pF; MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V 10 13.2V; Ta = Tmin to Tamax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 08 1.2
= ° SHDN = 0V (MAX235/236/240/241
RS-232 input Threshold Low Ia _jgg C. ( : v
vee = Shutdown (MAX223)
SHDN = 0V, 0.6 1.5

EN = 5V (Rdjn, R5iN)

Normal cperation

SHDN = 5V (MAX223) 1.7 24
= ° SHON = 0V (MAX235/236/240/241)
RS-232 Input Threshold High \T,A _’Lg?, C. v
cc= Shutdown {(MAX223)

SHDN = 0V, 1.5 2.4

EN = 5V (R4, R5iN)
RS-232 input Hysteresis Ve = 5V, no hysteresis in shutdown 0.2 0.5 1.0 v
RS-232 Input Resistance Ta= +25°C,'VCC =5V 3 5 7 kQ
TTL/CMOS Cutput Voltage Low louT = 1 6mA (MAX231/232/233, lout = 3.2mA) 0.4 v
TTL/CMOS Output Voltage High lout = -1TmA 35 Vcge-04 \Y

OV £ Rout € Veg; EN = 0V (MAX223);

TTL/CMOS Output Leakage Current EN = Voo (MAX235-241 )

0.05 =10 pA

_ Normal MAX223 600
Receiver Qutput Enable Time - ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Qutput Disable Time Norma_i ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 05 10
Propagation Delay TI/CMOS OUT.| SHDN = DV tPHLS 4 40 us
CL=1500F | (MAX223) 1pLHS 3 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Voo = 5V,
RL = 3k to 7k, C1 = 50pF to 2500pF, measured from 3 5.1 30
+3V10 -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Vo = 5V,
RL = 3k to 7k, C = 50pF to 2500pF. meastired from 4 30
+3V o -3V or -3V to +3V
Transmitter Output Resistance Voo = V+ = V- = OV, Vour = =2V 300 Q
Transmitter Qutput Short-Circuit <10 mA

Current

6 MAXIMNM




+5V-Powered, Multichannel RS-232

Drivers/Receivers
Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT YOLTAGE {Vou)
TRANSMITTER OUTPUT vs., LOAD CAPACITANCE AT TRANSMITYER SLEW RATE
VOLTAGE (Vo) ¥s. Vo DIFFERENT DATA RATES vs. LOAD GAPACITANCE
85 | . 74 s 120 . r
2 TRANSMITTERS 5 3 | TRANSMITTER LOADED Ta ~ 425°C |§
LOADED 2 12 z 110 Vpg = 45V £
| P 7 LOADED, Ry = 3ke)
80 70 . ) 100 Ci-Co=tuF—]
| o 1
1 TRANSMITTER ERTS — 2 TRANSMITTERS
= LOADED = 68 | isoaigse 7 = ‘Q( LOADED
z 75 4 STRANS1 'z 80Kbits/sec <] /\ N = 80 \
= g MITERS | } —— N
6.6 20kbits/sec = A
LOADED : = 10 —
Al =i 64 |Tass25C TR, Nk,
70 C1-CA=1yF ] . 8 lowm |
/ TRANSMITTER 67 | 3TRANSMITTERS LOADED A TrANSMTTERS NN
4 TRANSMITTERS LOADS = ‘ Py =302 50 iy N
65 LOADED | 3k 2500pF P GRS ' , |
45 50 55 0 0 1000 1500 2000 2500 T o0 s 1000 IS0 200 2500
Vee (V) LOAD CAPACITANCE (pF} » LOAD CAPACITANCE (pF}
TRANSMITTER QUTPUT VOLTAGE (Vox)
TRANSMITTER OQUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE {V+, V-)
VOLTAGE (Vou) vs. Ve BIFFERENT DATA RATES vs. LOAD CURRENT
60 . 5 -60 10
ATRANS  Ta=s25C |3 Tao s25°C /F [ §
. MITERS  Cioe=tf |5 62 |yiooay g 8 Tt 3
- LOADED ~ TRANSWITTER 3 TRANSMITTERS LOADED / 6 Ta=+25°C T~
\ LDADS = 64 g lmn 4 . Vop =45V
70 \* 3ke2 1 25000F | op | CiCa=twF /] C1-Ca=1pF
= = I s 2 ! v- LOADED,
Z \ \\ < g | 160kbiissec ,/ I, ’\E’ESAN!‘.)I.¥-——ND L0AD ||V LOADED, |
£ I ~ £ B0kbits/sec y = s ONVs NO LOAD
1 TRANS- 70 }— 2Kkbitsisec 2 ONYV-
80  ¥MITTER ~] . / o~ 4
1oaED / . V|
ol 72 - ) s y L
85 |L2mans 3 .
8 MITTERS  MITTERS 74 // B s L "
. LOADED  LOADED 6 -— % ™ALL TRANSMITTERS UNLOADED
-90 ' 7 -
45 50 55 O S0 000 1500 2000 2500 D 5 10152 %% B 4 & 5
Ve LOAD CAPAGITANCE (pF} CURRENT (mA)
¥, ¥- WHEN EXITING SHRITDOWN
{1uF CAPACITORS)
: Vs
0
: , v
i SN
S00m/div
“SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS

MAXIM 7
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+5V-Powered, Multichannel RS-232
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Drivers/Receivers
\BSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249
upply Voltage (V) oo e -0.3V 1o +6V Continuous Power Dissipation (Ta = +70°C)
put Voltages : 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
Tiv. ENA, ENB, ENR, ENT, ENRA, 40-Pin Plastic DIP {derate 11.11mW/°C above +70°C) ...611mW
ENRB, ENTA, ENTB.....coooeeiiceieenn -0.3Vio (Voo + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ......... 1.07W
RIN ettt et e +25V Operating Temperature Ranges
TOUTINOIE 3).oie et et +15V MAX225C_ _ MAX24 C_ _ o) 0°C to +70°C
ROUT <t -0.3V o (Vce + 0.3V) MAX225E_ _ MAX24 E_ _ ... -40°C to +85°C
hort Circuit (one output at a time) Storage Temperature Range............. -65°C to +160°C
TOUTEO GND ..o Continuous Lead Temperature (soldering, 108} .....c.cocvvveioi el +300°C
ROUT O GND ..o eren Continuous

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

Iresses beyond those fisted under "Absolute Maximum Ratings” may cause permanent damage lo the device. These are siress ratings only, and functional
peration of the device at these or any other conditions beyond those indicated in the operatiorial sections of the specifications is not implied. Expostre fo
bsolute maximum rating conditions for extended periods may affect device reliability.

LECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

MAX225, Vo = 5.0V £5%; MAX244-MAX249 Vi = +5.0V +10%, external bapacitors C1-C4 = 1uF; Ta = Tmin 10 Timax; unless oth-
rwise noted.)

PARAMETER 1 CONDITIONS 1 MIN  TYP MAXl UNITS

RS-232 TRANSMITTERS

Input Logic Threshold LLow 1.4 08 v

Input Logic Threshdd High 2 14 v

Logic Pull-Up/input Current Tables ta-1d Normal operation 10 >0 pA
Shutdown +0.01 +1

Data Rate Tables ta—1d, normal! operation 120 64 kbps

OQutput Voltage Swing Al transmitter outputs loaded with 3kQ to GND +5 +7.5 \
522\58& 5211—5 5NTA. ENTB 2001 +35

Qutput Leakage Current (Shutdown) Tables 1a—1d Ve —ov A
vgfn - sy 001 25

fransmitter Output Resistance Voo = Ve = V- = OV, Vour = =2V (Note 4} 300 10M [

Jutput Short-Circuit Current Voyur =0V +7 +30 mA

18-232 RECEIVERS

35-232 Input Voltage Operating Range +25 %

15-232 input Threshold Low Voo =5V 08 13 v

1S-232 Input Threshold High Voo =5V 1.8 2.4 v

15-232 Input Hysteresis Voo =5V 0.2 05 10 \s

15-232 Input Resistance 3 5 7 kQ

TL/CMOS Qutput Voltage Low lout = 3.2mA 0.2 0.4 '

TL/CMOS Qutput Voltage High 1oyt = -1.0mA 35 Veeo-02 v

o Sourcing Vourt = GND -2 -10
TL/CMQOS Output Short-Circuit Current Shrinking Vour = VGG 0 0 mA
TL/CMOS Output Leakage Current ?g;’; :l 105r§?83‘£:§$55d§§;|%%ﬁ_ =Vee +0.05 +0.10 uA

MAXIMN
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Vo = 5.0V +5%; MAX244-MAX249, Voi = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = Tmin to Tmax; unless oth-
erwise noted.)

PARAMETER T CONDITIONS I MIN TYP MAX ! UNITS
POWER SUPPLY AND CONTROL LOGIC
—T
MAX225 4.75 5.25
Operating Su Voitage v
P 9 Supply g MAX244-MAX249 45 5.5
MAX225 10 20
No load
Vee Supply Current MAX244-MAX249 11 30 mA
{Normal Qperation) 3kQ Joads on | MAX225 40
all outputs MAX244-MAX249 57
Ta=+25°C 8 25
Shutdown Su Current A
PPl Gu Ta=Tmin to Tmax 50 H
Leakage current +1 LA
Control Input Threshold low 14 68 v
Threshold high 2.4 14
AC CHARACTERISTICS
- CL = 50pF to 2500pF, R = 3kQ to 7kQ. Voo = 5Y,
Transition Slew Rate Ta = +25°C, measured from +3V {0 -3V or -3V to +3V > 10 30 Vibs
Transmitter Propagation Delay tPHLY 13 35
TLL to BRS-232 (Normal Operation}, Hs
Figure 1 tPLHT 15 35
Receiver Propagation Delay tPHLR 0.6 15
TLL to RS-232 {Normal Qperation), us
| Figure 2 tPLHR 0.6 15
: Receiver Propagation Delay tPHLS 06 10
TLL to RS-232 (L ow-Power Mode), l— us
Figure 2 tPLHS 30 10
Transmitter + to - Propagation
Delay Difference (Norma} Operation) TPHLT - TPLHT 350 - ns
Receiver + to - Propagation
Delay Difference {Normal Operation) IPHLR - IPLHR 350 ns
Receiver-Output Enable Time, Figure 3 { teg 100 500 ns
Recewver-Output Disable Time, Figure 3 | tor 100 500 ns
MAX246-MAX249 5 s
) - (excludes charge-pump startup) H
Transmitter Enabie Tirme i
MAX225/MAX245-MAX249 10 ms
{includes charge-pump startup)
Transmitter Disable Time, Figure 4 toy 100 ns |

Note 5: The 300Q mimimum specification cor;nplies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Voo =
0V is 10ML2 as is implied by the leakage specification.

MAXIMNM 9
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MAX225/MAX244-MA X249
TRANSMITTER SLEW RATE OUTPUT YOLTAGE
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR ¥+ AND V-
18 - . 1 -
vee=5v & 8 1§
- ® H V4 AND V. LOADED P E
£, K § 1 EITHER V+ 0R ]
W N EXTERNAL POWER SUPPLY £ 4 g V-L0ADED |
= 1F CAPACITORS &, | EXTERNAL CHARGE PUMP
z \ £ 11sF CAPACITTORS
> 1 £ ¢} TRANSMITTERS
] N [40kty's DATA RATE 5 DRIVING 5k02 AND
E BTRANSMITERS | & 2 Fonypr AT 20kt
Z LDWHIR] 3 +—— Y- LOADED §
= [
&= 5 H+Amv- LOADED e
. ————
I ¥+ LOADED
2 -0
1 2 3 4 5 0 5 110 15 20 5 B B
LOAD CAPACITANGE (nF) LOAD CURRENT {mA)

10

V+ VW)

80
85
80
75
70
6.5
60
55
50

Typical Operating Characteristics

TRARSMITTER OUTPUT VOLTAGE (V+, ¥-)

vs. LOAD CAPACITANCE AT
DIFFERENT DATA RATES

e,

| OADED) WITH 5k

N

—

vgc=5vmmmmmnmsnnwj§

————— v
10kby'sec
—— |

AN

/\/

| ™

AN

40KtYsac ™|
RN

N

A\

—

200058

ALL CAPACIRORS 1:1F\

0 1

2

3 4 5

LOAD CAPACITANCE (nF)

MAXIMN
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TPHLR ; 1T
tomes - tpyyg
*EXCEPT FOR R2 ON THE MAX243
WHERE -3V 1S LSED.

Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing

5]
ROUT  ThQ
Ry 3 » Vep-2v
a) TEST CIRCUIT
. 150pf
£ puT — 3
RECEIVER
OUIPUTS

b} ENABLE TIMING

+3V

N
EN INPUT W

f— OUTPUT DISABLE TIME (pn)

Vor

RECEIVER
DUTPUTS

VoL

1
H
3
i
1
.

¢) DISABLE TIMING

+3V

SHDN
| v

wa—— OUTPLT DISABLE TIME (tpr)

o +0Y

—

Ve

*
'
]
'
1
]
'

3) TIMING DIAGRAM

10R0

b) TEST CIRCLAT

Figure 3. Receiver-Output Enable and Disable Timing

MAXIMN

Figure 4. Transmitter-Output Disable Timing

1
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1h. MAX245 Control Pin Configurations
. ., OPERATION TRANSMITTERS RECEIVERS
STATUS TAI-TAA TB1-TB4 RA1-RA5 RB1-RBS5
o c Normal Operation All Active All Active Alf Active Ali Active
. . . RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normal Operation Al Active All Active RAS Active RBS Active
All Low-Power All Low-Power
1 D Shutdown All 3-State Al 3-State Receive Mode Receive Mode
RA1-RAd4 3-Gtate, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS5 Low-Power RB5 Low-Power
Receive Mode Receive Mode
Table 1c. MAX246 Control Pin Configurations
- N OPERATION TRANSMITTERS RECEIVERS
ENA ENB ST
ATUS TAI-TA4 TB1-TB4 RA1-RAS RB1-RBS
o] 0 Normal Operation All Active All Active All Active All Active
. N . RB1-RB4 3-State,
) 1 Nermal Operation All Active All 3-State All Active RB5 Active
. RA1-RA4 3-State, .
1 0 Shutdown All 3-State All Active RAS Active All Active
RA1T-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS5 Low-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations

TRANSMITTERS RECEIVERS
MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA |ENTB |ENRA (ENRB|  Ohnarion
MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 0 Normal Operation 1 All Active | All Active | All Active All Active
All 3-State, except
o 0 0 1 Normal Operation All Active | All Active | Al Active RB5 stays active on
MAX247
0 0 1 0 | Normal Operation § All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Operation All Active | All Active | Ali 3-State RB5 stays active on
MAX247
0 1 0 0 Normat Operation § All Active | Ali 3-State | All Active All Active
All 3-State, except
0 1 0 1 Normal Operation | ] All Active | All 3-State | All Active RBS stays active on
" MAX247
0 1 1 0 |’Normal Operation 1 Al Active | All 3-State | Al 3-State Ali Active
All 3-State, except
¢] 1 1 1 Normal Operation 4 All Active | All 3-State | All 3-State RB5 stays active on
MAX247
1 0 o} 0 Normal Operation 7 All 3-State | All Active | All Active Alt Active
1 All 3-State, except
1 o] 0 1 Narmal Operation A All 3-State | All Active | All Active RB5 stays active on
MAX247
1 ¢ 1 C Normal Operation - All 3-State | All Active | All 3-State All Active ]
All 3-State, except
1 0 1 1 Normal Cperation { All 3-State | All Active | All 3-State RB5 stays active on
MAX247
Low-Power tow-Power
1 1 0 0 Shutdown | AI3-State | All 3:State | ool e Receive Mode
] Low-Power Al 3-State, except
1 1 0 1 Shutdown 1 All 3-State | All 3-State Receive Mode RBS5 stays active on
MAX247
‘ Low-Power
1 1 1 0 Shutdown 1 All 3-State | All 3-State | All 3-State Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State | All 3-State | All 3-State RBS5 stays active on
MAX247

MAXIMN
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Detailed Description

The MAX220-MAX243 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and iransmitter
enable control inputs.

Dual Charge-Pump Voltage Converier
The MAX220-MAX249 have two internal charge-pumps
that convert +5V 1o +10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 et the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
50 the output voltage drops with increasing load cumrent.
Do not load V+ and V- to a point that violales the mini-
mum £5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
o power external circuitry. When these parts are shut
down, V- falls to OV, and V+ fails to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin {instead of using the interna} charge pump to gen-
erate +10V), the C1 capacitor must not be instalied and
the SHDN pin must be tied to Vcc. This is because V+
is internally connected to V¢ in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8Y when
loaded with a nominal 5k€} RS-232 receiver and V¢ =
+5V. Qutput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, VCC = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voitage ranges from (V+ -1.3V) to (V- +0.5V).

Input threshotds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnecied
since 400kQ input pull-up resistors to Vce are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12uA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes {maximum 25pA}—when in shutdown
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mode, in three-state mode, or when device power is
removed. Outputs can be driven to £15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX238 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state contro!
line and a low-power shutdown conirol. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver cutputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
fine is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are tumed off and their leakage current is less than A
‘with the driver output pulled to ground. The driver autput
deakage remains less than 1pA, even if the transmitter
output is backdriven between OV and (Ve + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1k series impedance. The transmitter is also zener
clamped to approximately Vgc + 6V, with a series
impedance of 1k,

The driver output slew rate is limited to less than 30V/us
as required by the EIATIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unioaded and
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EfA/TIA-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/TIA-232E and
V.28 levels,

The receiver inputs withstand an input overvoltage up
to +25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PARY |[SHDNISHDN| EN | EN(R) RECEIVERS
Low | X High Impedance
MAX223 . | High |Low __. | Active
High [ High High Impedance
Low High Impedance
MAX225 | — | — | — JHigh |Actve
MAXZ35 | Low Low High Impedance
MAX236 |Low _ __ | High [ Active
MAX240 | High X High lmpedance

MAXIMN
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nominal 5kQ values. The receivers impiement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put 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 tow-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can stili receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cabie 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,

The input threshold of the receiver without cable fauit
protection is -0.8V rather than +1.4V. ls output goes
positive only if the input is connected {0 a control line
that is actively driven negative. If not driven, it defaults
to the O or "CK 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 con-
nected 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 EIATIA-
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.

MAXIMN

Drivers/Receivers

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
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHON (SHDN
for MAX241). With all other devices, SHDN {SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to fess than 25uA ang the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode}). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high,

Receiver and Transmitter Enable

Control Inpuis

The MAX225 and 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 (enabied receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit {normal active} and three-state {disabled). The
transmitter enable inputs also controf the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.
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Tables 1a-1d define the control states. The MAX244
has no control pins and s not inciuded in these tabies.

The MAX246 has ten receivers and eight drivers with
two control pins, each controtling one side of the
device. 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 disabled
{ENA = ENB = +5V)}.

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each conirol four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
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 contro! four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitlers go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX248 provides ten receivers and six drivers with
four control pins. The ENRA and ENRRB receiver enable
inputs each contro! five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters 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 up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal 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.
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Figure 19. MAX243 Pin Configuration and Typical Operating Circuit
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Figure 21. MAX245 Pin Configuration and Typical Operating Circuit
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Ordering Information {(continued}
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE

MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AC/D 0°C to +70°C Dice”
MAX222CWN 0°C 10 +70°C 18 Wide SO MAXZ32AEPE -40°C to +85°C 16 Plastic DIP
MAX222C/D 0°C to +70°C Dice* MAXZ32AESE -40°C 10 +85°C 16 Narrow SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMJE -55°C to +125°C 16 CERDIP
MAX222MJN -55°C 10 +125°C 18 CERDIP MAX232AMLP -55°C 10 +125°C 20LCC
MAX223CAl 0°C to +70°C 28 SSOP MAX233CPP 0°Cto +70°C 20 Plastic DIP
MAX223CW! 0°C to +70°C 28 Wide S0 MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice” MAX233ACFPP 0°C to +70°C 20 Plastic DIP
MAX223EAl -40°C to +85°C 28 SSOP MAX233ACWP 0°Cio +70°C 20 Wide SO
MAX223EWI} -40°C to +85°C 28 Wide SO MAX233AEPP -A0°C to +85°C 20 Piastic DIP
MAX225CW| 0°C tp +70°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide 80
MAX225EW!H -40°C to +85°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX230CPP" 0°C to +70°C 20 Plastic DIP MAX234CWE 0°C {0 +70°C 16 Wide SO

i MAX230CWP 0°C o +70°C 20 Wide SO MAX234C/D 0°C to +70°C Dice”
MAX230C/D 0°C to +70°C Dice” MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EWE -40°C to +85°C 16 Wide SC
MAX230EWP -40°C to +85°C 20 Wide SO MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX234MJE -55°C to +125°C 16 CERDIP
MAXZ230MJP -55°C to +125°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EPG -40°C 1o +85°C 24 Wide Plastic DIP
MAX231CWE 0°C to +70°C 16 Wide SO MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CJD 0°C 1o +70°C 14 CERDIP MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231C/D 0°C 1o +70°C Dice” MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236CWG 0°C to +70°C 24 Wide 50
MAXZ231EWE -40°C to +85°C 16 Wide SO MAX236C/D 0°C to +70°C Dice*
MAX231EJD -40°C to +85°C 14 CERDIP MAXZ236ENG -40°C to +B5°C 24 Narrow Plastic DIP
MAXZ231MJD -65°C 10 +125°C 14 CERDIP MAXZ236EWG -40°C to +85°C 24 Wide SO
MAX232CPE 0°C 10 +70°C 16 Piastic DIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX2Z236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232C/D 0°C to +70°C Dice” MAX237CWG 0°C to +70°C 24 Wide SO
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237C/D 0°C to +70°C Dice™
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232EWE -40°C to +85°C 16 Wide SO MAXZ237EWG -40°C to +85°C 24 Wide SO
MAXZ232EJE -40°C to +85°C 16 CERDIP MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232MJE -B5°C 10 +125°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MLFP -55°C 1o +125°C 20LCC MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238CWG 0°C to +70°C 24 Wide SO
MAXZ232ACSE 0°C to +70°C 16 Narrow SO MAX238C/D 0°C 1o +70°C Dice*
MAX232ACWE 0°C 1o +70°C 16 Wide SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP

* Contact factory for dice specifications.
MAXI N 35
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Ordering Information (continued)
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE

MAX238EWG -40°C to +85°C 24 Wide SO MAX243CPE 0°C to +70°C 16 Plastic OiP
MAXZ23IBERG -40°C to +85°C 24 Narrow CERDIP MAX243CSE 0°C o +70°C 16 Narrow SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX239CNG 0°C to +70°C 24 Namrow Plastic DIP MAX243C/D 0°C to +70°C Dice™
MAXZ239CWG 0°C o +70°C 24 Wide SO MAX243EPE -40°C 1o +85°C 16 Plastic DiP
MAX239C/D 0°C to +70°C Dice* MAX243ESE -40°C to +85°C 16 Narrow SO
MAXZ39ENG -40°C to +85°C 24 Namrow Plastic DIP MAX243EWE -40°C to +85°C 16 Wide SO
MAX239EWG -40°C to +85°C 24 Wide SO MAX243EJE -40°C 10 +85°C 16 CERDIP
MAXZ39ERG -40°C 10 +85°C 24 Narrow CERDIP MAX243MJE -85°C to +125°C 16 CERDIP
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244C/D 0°C to +70°C Dice*
MAX240C/D 0°C to +70°C Dice* MAX244EQH -40°C to +85°C 44 PLCC
MAX241CA| 0°C to +70°C 28 SSOP MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CWi 0°C to +70°C 28 Wide SO MAX245C/D D°C to +70°C Dice*
MAX241C/D 0°C 0 +70°C Dice* MAXZ245EPL -40°C {0 +85°C 40 Plastic DIP
MAX241EAI -40°C to +85°C 28 SSOP MAX246CPL 0°C 10 +70°C 40 Plastic DIP
MAX241EWI -40°C to +85°C 28 Wide SO MAX246C/D 0°C {o +70°C Dice”
MAX242CAP 0°C to +70°C 20 SSOP MAXZ246EPL -40°C to +85°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CWN 0°C 1o +70°C 18 Wide SO MAX247C/D D°C to +70°C Dice™
MAX242C/ID 0°C to +70°C Dice* MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248CQH 0°C to +70°C 44 PLCC
MAX242EWN -40°C to +85°C 18 Wide SO MAX248C/D 0°C to +70°C Dice*
MAX242EJN -40°C to +85°C 18 CERDIP MAX248EQH -40°C 10 +85°C 44 PLCC
MAXZ242MIN -55°C to +125°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC

MAX249EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Package Information
For the latest package outline information, go to
www.maxim-ic.com/packages.

Maxim cannot assume responsibility for use of any circuitry other than circuilry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without nofice at any time

36 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 {408) 737-7600

© 2003 Maxim Integrated Products Printed USA AAAXAM s a registered trademark of Maxim integrated Products.



BARRIS IRF540, IRF541, IRF542,
IRF543, RF1S540, RF1S540SM

25A and 28A, 80V and 100V, 0.077 and 0.100 Ohm,

November 1997 N-Channel Power MOSFETs
Features Description
» 25A and 28A, 80V and 100V These are N-Channel enhancement mode silicon gate
. _ power field effect transistors. They are advanced power
rps(on) = 0.077Q and 0.100Q MOSFETs designed, tested, and guaranteed to withstand a
* Single Pulse Avalanche Energy Rated specified level of energy in the breakdown avalanche mode
o of operation. All of these power MOSFETs are designed for
* Nanosecond Switching Speeds applications such as switching regulators, switching conver-
« Linear Transfer Characteristics tors, motor drivers, relay drivers, and drivers for high power
N bipotar switching transistors requiring high speed and low
* High input Impedance gate drive power. These types can be operated directly from
« Related Literature integrated circuits.
- TB334 “Guidelines for Soldering Surface Mount Formerly developmental type TA17421.
Components to PC Boards”
Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRF540 TO-220AB IRF540 R
IRF541 TO-220A8 IRF541 .
IRF542 TO-220AB IRF542 s
IRF543 TO-220AB IRF543
s
RF15540 TO-262AA RF18540
RF18S540SM TO-283AB RF1S540SM
NOTE: When ordering, use the entire part number. Add the suffix A to
obtain the TO-263AB variant in the tape and reel, i.e., RF1S5408M9A
Packaging
JEDEC TO-220AB JEDEC TO-262AA
SOURCE SOUCI’Q'_?AEN
DRAIN N
GATE ‘;‘?ﬁﬁ'@, GATE
DRAIN [FLANGE)
JEDEC TO-263AB
DRAIN
(FLANGE)
GATE
SOURCE
AUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper ESD Handling Procedures. Fite Number 2309-3

opyright © Harris Corporation 1997 5.1



IRF540, IRF541, IRF542, IRF543, RF15540, RF1S540SM

Absolute Maximum Ratings T = 25°C, Unless Othetwise Specified
IRF540, RF1S540,

RF1S540SM IRF541 IRF542 IRF543 UNITS
Drain to Source Breakdown Voltage (Note 1). . . ....... Vpg 100 80 100 80 v
Drain to Gate Voltage {Rgs = 20k(2) (Nate 1} . ... ... VooRr 160 80 100 80 v
Continuous DrainCurrent. . ... ..............onit ) 28 28 25 25 A
Te=1000C. .. o e In 20 20 17 17 A
Pulsed Drain Current (Note 3) .. ............oovvee Ipm 110 110 100 100 A
GatetoSourceVoltage .....................0o.. Ves +20 +20 *20 +20 v
Maximum Power Dissipation ... ................... Pp 150 150 150 150 w
Dissipation Derating Factor ............c.oovvurvin-nn. 1 1 1 1 wre
Single Pulse Avalanche Energy Rating {Noted)......... Eas 230 230 230 230 mJ
Operating and Storage Temperature . ........... T3 Ts1g -5510 175 5510175 55175  -55t0 175 °c
Maximum Temperature for Soldering
Leads at 0.063in {1.6mm) from Casefor 10s......... TL 300 300 300 300 °c
Package Body for 10s, See Techbrief334 . .... ... Tokg 250 260 260 260 °c

CAUTION: Stresses above those listed in “Absolule Maximum Ratings” may cause permanent damage lo the device. This is g stress only rating and operation
of the device at these or any other conditions above those indicaled in the operational sections of this specification is not implied.

NOTE:
1. Ty=25°C 1o T, = 150°C.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX [ UNITS

Drain to Source Breakdown Voltage BVpss |ip= 250uA, Vg = OV (Figure 10) ’

IRF540, IRF542, 100 - -0 v

RF1S540, RF1S540SM

IRF541, IRF543 80 - - v
Gate to Threshold Voltage VGS(TH) Vas = Vps. Ip = 250pA 2 - 4 \%
Zero Gate Voltage Drain Current Ipss | Vpg = Rated BVpgs, Vs = 0V - - 25 RA

Vps = 0.8 x Rated BVpgs, Vgg = OV - - 250 nA
T,=150°C

On-State Drain Current {Note 2) IpoNy | VDs > Ipion) X fpsion) Max. Vs = 10V

IRF540, IRF541, (Figure 7) 28 - - A

RF15540, RF185405M

IRF542, IRF543 25 - - A
Gate fo Source Leakage Current lgss | Vog =120V - - +100 nA
Drain to Source On Resistance (Note 2) rpsioN) }ip = 17A, Veg = 10V (Figures 8, 9)

IRF540, IRF541, - 0.060 { 0.077 Q

RF15540, RF155405M

IRF542, IRF543 - 0.080 | 0.100 Q
Forward Transconductance (Note 2) Ofs Vps 2 50V, Ip = 17A (Figure 12) 8.7 13 - 8
Tum-On Delay Time taon) | Vop =50V Ip~28A Rg=8.1Q, Ry = 1.7Q - 15 23

(Figures 17, 18) MOSFET Switching Times are

Rise Time r Essentially independent of Operating _ 0 110 ns
Tum-Off Detay Time ta(oFF) | emperature - 40 60 ns
Fall Time t - 50 75 ns
Total Gate Charge QqroT) {Vaes= 10V, Ip = 28A, Vpg = 0.8 x Rated - 38 59 nc
{Gate to Source + Gate to Drain) BVpss. IgireF) = 1.5mA (Figures 14, 19, 20)

Gate Charge is E tially ndependent of O
Gate to Source Charge Qgs erat?ng T err?‘ep;smt:f: niially Independent of Cp- - 8 - nC
Gate to Drain “Miller” Charge Qgg - 21 - nC
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IRF540, IRF541, IRF542, IRF543, RF15540, RF1S540SM

Electrical Specifications  T¢ = 25°C, Unless Otherwise Specified {Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Input Capacitance Ciss |Vps=25V,Vpg =0V, f=1MHz - 1450 - pF
Figure 11
Output Capacitance Coss | - | ss0 | - pF
Reverse Transfer Capacitance Crss - 100 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 35 - nH
Contact Screw on Tab | Symbol Showing the
To Center of Die Internal Devices
ctal
Measured From the Inductances D - 4.5 - nH
Drain Lead, 6mm
{0.25in) from Package to
Center of Die
Intematl Source Inductance Lg Measured From the - 7.5 - nH
Source Lead, 6mm
{0.25in) From Header to
Source Bonding Pad
Thermal Resistance Junction to Case Reic - - 1 °cw
Thermal Resistance Rgya | Free Air Operation - - 80 °cw
Juncti Ambi
unction to Amblent Resa |RF155405M Mounted on FR-4 Board with - - | e2 }oow
Minimum Mounting Pad
Source to Drain Diocde Specifications
PARAMETER SYMBOL TEST CONDITIONS MiN | TYP | MAX jUNITS
Conlinuous Source to Drain Cumrent Isp Madified MOSFET Sym- - - 28 A
bol Showing the Integral D
Pulse Source to Drain Current ISDMm Reverse . - 110 A
(Note 3) P-N Junction Diode
G
s
Source to Drain Dicde Voltage {Note 2) Vgp | Ty=25°C, Igp = 27A, Vg = OV {Figure 13) - - 25 v
Reverse Recovery Time tr T;=259C, igp = 28A, digp/dt = 100AM s 70 150 1 300 ns
Reverse Recovery Charge Qrr | 71=25°C, Igp = 28A, digp/dt = 100AMs 04 | 10 | 18 uc
NOTES:

2. Pulse test: pulse width < 300ps, duty cycle <2%.

3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal impedance curve (Figure 3).
4. Vpp = 25V, starting T; = 25°C, L = 440uH, Rg = 256, peak Iag = 28A. (Figures 15, 18).
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IRF540, IRF541, IRF542, IRF543, RF1S540, RF1S540SM

Typical Performance Curves uniess Otherwise Specified
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IRF540, IRF541, IRF542, IRF543, RF15540, RF1S540SM

Typical Performance Curves uniess Otherwise Specified (Continued)
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IRF540, IRF541, IRF542, IRF543, RF15540, RF1S540SM

Typical Performance Curves unless Otherwise Specified (Continued)
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IRF540, IRF541, IRF542, IRF543, RF15540, RF1S540SM

Test Circuits and Waveforms
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&National Semiconductor

LM124/LM224/1.M324/1.M2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
intemmally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voilage.

Application areas include transducer amplifiers, DC gain
blacks and all the conventional op amp circuits which now
cah be more easily implemented in single power supply sys-
tems. For example, the LM124 saries can be directly oper-
ated off of the standard +5V power supply vollage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional £15V
power supplies.

Unique Characteristics

B In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voitage

& The unity gain cross frequency is temperature
compensated

m The input bias current is also temperature compensated

August 2000

Advantages

= Eliminates need for dual supplies

m Four intemnaily compensated op amps in a single
package

® Aliows directly sensing near GND and Vg, also goes
to GND

m Compatible with all forms of logic

8 Power drain suitable for battery operation

Features
» Internally frequency compensated for unity gain
B ! arge DC voltage gain 100 dB
B Wide bandwidth {unity gain) 1 MHz
(temperature compensated)
B ‘Wide power supply range:
Single supply 3V 1o 32V
or dual supplies 11.5Vto £16V
® Very low supply current drain {700 pA)— essentially
independent of supply voltage
= | ow input biasing current 45 nA
(temperature compensated)
® Low input offset voltage 2 mV
and offset current. S nA
m Input common-made voltage range includes ground
& Differential input voltage range equal to the power
supply voltage
m Large output voltage swing 0V to V¥ - 1.5V

| Connection Diagram

Dual-In-Line Package

OCUTPUT 4 INPUT T INPUT4*

14 13 12

GAD

1

INPHT3* INPUT I OUTRUT 3

10 L) L)

B

7

QUTPUT 1 INPUT 3= IPUT I

4

vt

H & T

WPUT S INPUT ™ OLTPUT 2

DS008298-1

Top View
Order Number LM1243, LM124AJ, LM124J/883 {Note 2), LM124AJ/883 {Ncte 1), LM224J,
LM224AJ, LM324), LM324M, LM324MX, LM324AM, L M324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJROMLV(Note 3)
See NS Package Number J14A, M14A or N14A

lote 1: LM 124A availabie per JM38510/11006
lote 2; 1.M124 available per JM38510/11005

J00 Naticnal Semiconducior Corporation  DS009299

www.national.com
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LM124/LM224/LM324/LM2902

Connection Diagram (continueq)

Note 3: See STD Ml DWG 5962R99504 for Radiation Tolerant Device

OUTPUT 1 :‘2 [ ] :: oUTPUT 4
INPUT 1+ 5 lu:j NPUT 4—
INPUT 14+ I mPuT 4
v H Lwzaw  F——

INPUT 2+ ;: bmrursa
INPUT 2- [:; !::I INPUT 3=
[T 1. 5 N —— [ ———1outPur3

D5000269-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
See NS Package Number W148
LM124AWGROML and LM124AWGRQMLV(Ncte 3)
See NS Package Number WG14A

Schematic Diagram (each Ampiifier)

INPUTS

—

www.national.com 2



Absolute Maximum Ratings note 12)

{ Military/Aerospace specified devices are required,
vlease contact the National Semiconductor Sales Office/

Jistributors for availability and specifications.

LM124/LM224/1. M324
LM124A/LM224A/LM324A

Supply Voltage, V* 32v
Differentiaf Input Veitage 32v
Input Voltage -0.3V to +32v
Input Current

(Vi < -0.3V} (Note 6) 50 mA
Power Dissipation (Note 4)

Molded DIP 1130 mW

Cavity DIP 1260 mwW

Small Cufline Package 800 mw
Cutput Short-Circuit to GND

{One Amplifier) (Note 5)

V*<15vVand T, = 25'°C Continuous
Operating Temperature Range

LM324/1L M324A 0°'Cto +70°C

LM224/LM224A -25°C to +85°C

LM124/LM124A -55°C to +125°C

Storage Temperature Range

-85°C to +150°C

| ead Temperature (Soldering, 10 seconds) 260°C
Scldering Information
Dual-in-Line Package
Soldering (10 seconds} 260°C
Small Outline Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds} 220°C

See AN-450 “Surface Mounting Methceds and Their Effect on Product Retiability” for other methods of soldering surface mount

LM2902
26V
26V
-0.3V to +26V
50 mA
1130 mW

1260 mW
800 mwW

Continuous
-40°C lo +85°C

~65°C to +150°C

260°C

260°C

215°C
220°C

devices,
=SD Tolerance (Note 13) 250V 250V
:lectrical Characteristics
= 45,0V, (Note 7), uniess otherwise stated
LM124A LM224A 1M324A
Parameter Condiions Min  Typ  Max |Min  Typ Max [Min  Typ Wax | 0T
wt Offset Voltage (Note 8) T, = 25'C 1 2 1 3 2 3 mv
wt Bias Current Iyj+y OF ly-), Vem = OV, 20 50 0 a0 5 100 nA
ste 9) Ta=25C
wt Offset Current hngat OF gy, Vom = OV, 2 10 2 15 5 30 nA
Ta=25C
ut Common-Mode V* = 30V, (LM2802, V* = 26V), 0 V=15 0 vi-1s | o v-15 | V
tage Range (Note 10) | Ta =25C
sply Current Over Full Temperature Range
Ry = « On All Op Amps mA
V* = 30V (LM2902 V* = 26V) 15 3 15 3 15 3
V* = 5v 07 12 07 12 07 12
ge Signal V* = 15V, Ry2 2kQ, 50 100 50 100 25 100 vimy
tage Gain Vo = 1ViIo11V), T4, = 25C o
nmon-Mode DC, Ve = OV to V* — 1.5V, 70 &5 70 85 65 8 | o8B
ection Ratio Ta=25C

www. hational.com
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LM124/LM224/LM324/LM2902

Electrical Characteristics (continued)
V* = +5.0V, (Note 7), unless otherwise stated '

. LM124A LM224A LM324A ]
Parametor Conditions Units
Min Typ Max !Min Typ Max |Min Typ Max
Power Supply V' = 5V to 30V
Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 106 65 100 dB
Ty =267C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, = 25°C -120 -120 -120 dB
Coupling (Note 11) {Input Referrad)
Output Current Source | v = 1V, Vi =0V, 20 40 20 40 20 40
V' =15V, Vg = 2V, T, = 25°C mA
Sink Vi = 1V, Vi = 0V, 0 20 10 20 10 20
V' =15V, Vg = 2V, T, = 25'C
Vi = 1V, Vin®t = OV, 12 50 12 50 12 50 pA
V' =15V, Vg = 200mV, T, = 25°C
Short Circuit to Ground (Note 5) V' = 15V, Tp=25C 40 60 40 60 40 €0 mA
Input Offset Voltage (Note 8) 4 4 5 mV
Vos Drift Rg = 00 T T2 | T T 77 30 e !
Input Offset Current Iy = Ny Vo = OV 30 30 75 nA
log Drift Rs = 0Q 10 200 10 200 10 300 [pArC
tnput Bias Curent ting+) OF - 40 100 40 100 40 200 nA
input Common-Mode V' = +30V 0 V-2 0 V-2 ] V-2 v
Vaitage Range (Note 10) (LM2902, V* = 26V)
Large Signal V' = +15V (VgSwing = 1V to 11V)
Voltage Gain R, 22kQ 25 25 15 Vimvy
Output Voltage | Vo V' = 30V R =2kQ 26 26 26 v
Swing (LM2902, V* = 26V) R =10kQ 27 28 27 28 a7 23
Vo V' =5V, R, = 10 k2 5 20 5 20 5 20 | mv
Output Curent | Source | Vg = 2V Vin® = +1V, 10 20 10 20 10 20
W ma
Sink Vi = +1V, 10 15 5 8 5 8
Wy
Electrical Characteristics
V* = +5.0V, (Note 7}, unless otherwise stated
Parameter Conditions LM124/LM224 LM324 L2902 Units
Min Typ Max [Min Typ Max {Min Typ Max
tnput Offset Voltage {Note 8) T = 25°C 2 5 2 7 2 7 mv
Input Bias Cumment Iingge) OF hing-p Vem = OV, 45 150 45 250 45 250 nA
(Note 9 Ta=25C
Input Offset Current Iggs) OF ling-p Vem = OV, 3 30 5 50 5 50 nA
Ts=25C
Input Common-Mode V* = 30V, (LM2902, V* = 26V), 0 v'-15 4} Vv-15 0 v'-15 v
Voitage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
Ry = = On All Op Amps mA
V' = 30V (LM2902 V' = 26V) 1.5 3 15 3 15 3
vt =5V 0.7 1.2 Q7 12 Q.7 12
Large Signa! V* = 16V, R(> 2kQ, 50 100 25 100 25 100 vVimv
Voitage Gain (Vo = Vto 11V), Ty = 25°C
Common-Mode DC, Vou = OV to V' ~ 15V, 70 85 65 85 50 70 dB
Rejection Ratio Ta=25C
Power Supply V' = 5V to 30V
Rejection Ratio (LM2902, V* = 5V fo 26V), 85 100 65 100 50 100 dB
www.national.com 4




Electrical Characteristics (Continued)
V* = +5 0V, (Note 7), unless otherwise stated

Parameter Conditions LM124/LM224 LM324 LM2902 Units
Min Typ Max [Min Typ Max [Min Typ Max
Ta=25C
mplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C -120 -120 -120 dB
oupling (Note 11) {input Referred)
utput Current Source | V' =1V, Vv = 0V, 20 40 20 40 2 40
V¥ =15V, Vg = 2V, Ty = 25°C mA
Sink Vi = 1V, Vit = 0V, 10 20 10 20 10 290
V=15V, Vo = 2V, Ta = 25°C
Vi = IV, V" = 0V, 12 50 12 50 12 50 pA
V' =15V, Vo =200 mV, Ty = 25°C
Short Circuit fo Ground (Note 5) V' = 15V, T, = 25'C 40 60 40 60 40 60 mA
nput Offset Voltage {Note 8) 7 ) 10 | mv
/os Drift Rs = 002 7 7 7 pvrc
put Offset Current Iingsy ~ by, Vo = OV 100 150 45 200 | pA
os Drift Rs = 0Q 10 10 10 pAIC
put Bias Cument lingsy OF ting-) 40 300 40 500 40 500 nA
put Common-Mode V* = 430V [i} vi-2 | o vt-2 | 0 V-2 v
/oltage Range (Note 10) (LM2902, V* = 26V)
arge Signal V* = +15V (VoSwing = 1V to 11V)
/oitage Gain RL22kQ 25 15 15 vimv
dutput Voltage | Vou Vo= 30V R, = 2K} 26 28 22 v
SWing {LM2302, V* = 26V) R, = 10 kG 27 28 27 28 23 24
Vor V' =5V, R = 10k 5 20 5 20 5 100 | mv
dulput Cumrent | Source | Vg = 2V Vit = +1V, 1 20 10 20 0 20
sy ma
Sink Vin© = 1V, 5 8 5 8 5 g
V' = 0V,
VW= 18y

Note 4: For operating at high temperatures, the t M324/LM324A/1.M2902 must be derated based on & +125°C maximum junction temperature and a thermal resis-
tance of 88 CAN which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM224AM224A and LM 124/ M124A can be de-
rated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, where possible, to allow the am-
pifier to saturate of to reduce the power which is dissipated in the integrated circuit.

Note 5: Short circuits fram the output to V' can cause excessive haating and eventual destruction. When considering short Gireuits to ground, the maximum output
cument is approximately 40 MA independent of the magnitude of V*. At vatues of supply voltage in excess of +15V, continuaus shart-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destnuctive dissipation can resuft from simultaneous shorts on all ampiifiers_

Note 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is dus to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acling as input diode clamps. in addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This Fransistor action can cause the output voltages of the op amps to go ta the V*voltage level (or 1o ground for a large averdrive) for the time duration that
an input is driven negative. This is not destructive and nonmal output states wilt re-establish when the input valtage, which was negativa, again retums to a value
greater than -0.3V (at 25°C}.

Note 7: These specifications are limited to ~55'C < T < +125°C for the LM1241 M124A With the LM224/ M224A, all temperature specifications are limited o -25°C
% Ty < +B85°C, the LM324/LM3I24A temperature specifications are limited to 0°C < Ta < +70°C, and the LM2902 spedifications are limited 10 -40°C < T, < +85°C.
Note 8: Vg = 1.4V, Rg = 00 with V* from 5V to 30V; and over the fuil input common-mode range (OV to V© - 1.5V) for LMZ802, V" from 5V ta 26V.

Note 9: The direction of the input current is out of the IC due to the PNP input stage. This current is essentiaily constant, independent of the state of the output so
no loading change exists on the input lines.

Note 10: The input common-mode voltage of sither input signat voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V' - 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2902), independent of the magnitude of
v

Note 11: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically ¢an be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications.
Note 13: Human body model, 1.5 kQ in series with 100 pF.

5 www.nationat.com
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LM124/LM224/LM324/LM2902

Input Voltage Range

Typical Performance Characteristics

Input Current
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BIODATA

Nama

NRP

Tempat, Tgl. Latur
Agama

Alamat rumah

Riwayat Pendidikan :

. Yohanes Pandu A.

5103099059

: Surabaya, 14-05- 1979
- Katolik

. J1. Mastrip Warugunung

[X /51 Surabaya

e Tahun 1992 Lulus SDK Indriyasana VIi, Surabaya.

e Tahun 1995 Lulus SL.TK Santo Yosef, Surabaya.

e Tahun 1998 Lulus SMUK St. Lous I, Surabaya.
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