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Abstract

This thesis presents a method to implement LED display board which can show alphabet.
By using dot matrix form size 7x5, the board can display short message format which contain of
12 numbers of alphabets. The display board can be controlled via personal computer to send data
alphabet from Serial port. Visual basic program for user -interface are created to communicate

with microconiroller PIC serial 18F4550 for control data display.
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mudnlFdmivmugumsinuveslulasneulnsanes

#include <18F4550.h> \\
#fuses HS,;NOLVP,NOWDT,NOPROTECT

#use delay(clock=20000000)

#define TX1 PIN_C6 : ) .
fusfiaieuine1en
#define RX1 PIN_C7
o
s9dlulnsaoulnsaaes

#use rs232(baud = 9600, xmit = TX1, rcv =RX1)

#use fast_io(A)

#use fast_io(D)

J

char AA[6] = {0b01111110,0b00001001,0600001001,0500001001,0601111110,0};
char BB[6] = {0b01111111,0b01001001,0b01001001,0601001001,0600110110,0};
char CC[6] = {0b00111110,0b01000001,0b01000001,0601000001,0b600100010,0};
char DD[6] = {0b01111111,0b01000001,0b01000001,0b01000001,0600111110,0};
char EE[6] = {0b01111111,0601001001,0b01001001,0b01001001,0b01000001,0} ;
char FF[6] = {0b01111111,0b00001001,0b00001001,0600001001,0600000001,0} ;
char GG[6] = {0b00111110,0601000001,0601001001,0601001001,0b00111010,0};
char HH[6] = {0b01111111,0b00001000,0b00001000,0b00001000,0b01111111,0};
char H[6] = {0b01000001,0b01000001,0b01111111,0001000001,0001000001,0};
char JJ[6] = {0b00110001,0b601000001,0b00111111,0600000001,0b00000001,0} ;

char KK[6] = {0b01111111,0b00011100,0b001 10110,0b01100011,0b01000001,0};

char LL[6] = {0b01111111,0b01000000,0b01000000,0b01000000,0601000000,0} ;

char MM(6] = {0b01111111,0600000010,0600000100,0600000010,0601111111,0}; #3138 Array ¥9sAI8NLIANY

char NN[6] = {0b01111111,0600000100,0b00001000,0600010000,0601111111,0};
char OO[6] = {0b00111110,0b01000001,0601000001,0b01000001,0600111110,0};
char PP{6] = {0b01111111,0b00001001,0b00001001,0b00001001,0600000110,0};
char QQ[6] = {0b00101110,0b01010001,0b01010001,0b01010001,0b00001110,0};
char RR[6] = {0b01111111,0b00001001,0600011001,0b00101001,0b01000110,0};
char SS[6] = {0b00100110,0b01001001,0b01001001,0b01001001,0600110010,0};
char TT[6] = {0b00000001,0600000001,0b01111111,0600000001,0600000001,0};
char UU[6] = {0b00111111,0601000000,0601000000,0b01000000,0600111111,0};
char WW[6] = {0b01111111,0b00100000,0b00016000,0b00100000,0b01111111,0};

char VV[6] = {0b00011111,0b00100000,0601000000,0600100000,0600011111,0};

char XX[6] = {0b01100011,0600010100,0600001000,0600010100,0b01100011,0};
char YY[6] = {0b0000001 1,0b00000100,0b01111000,0600000100,0600000011,0};

char ZZ[6] = {0b01100001,0b01010001,0601001001,0b01000101,0601000011,0};



char ONE[6] = {0,0b01000010,0b01111111,0b01000000,0,0};

char TWO{7] = {0b01000110,0601100001,0b01010001,0b01001001,0601000110,0};
char THREE[8] = {0b00110110,0b01000001,0b01001001,0b01001001,0b00110110,0};
char FOUR[9] = {0b00001000,0b00001100,0b00001010,0b01111111,0600001000,0} ;

char FIVE[10] = {0b00101111,0b01000101,0b01000101,0b01000101,0b00111001,0};

char SIX[11] = {0b00111110,0b01001001,0b01001001,0b01001001,0600110010,0}; ﬁ%l'N Array U9

char SEVEN[12] = {0b010600001,0b00100001,0b00010001,0600001001,0600000111,0};
char EIGHT[13] = {0b00110110,0b01001001,0b01001001,0b01001001,0600110110,0};

char NINE[14] = {0b00100110,0601001001,0b01001001,0601001001,0600111110,0};

char DOTMATRIX1{15]; )
char DOTMATRIX2[15]; A

char DOTMATRIX3[15];

char DOTMATRIX4[15]; }

w3ey Amay Pdmiuiwfiaseaenldin

char DOTMATRIXS[15];

int a,b,i;
char ch[12]; I Array dusiidusiauesafi 14910 ntermupt
char N[6}; // Array B udunouvesnsasivaey

#INT RDA

void_intRDA_isr() h
{if(i>12){

i=0;

Jelse { > Tsunsudeadmsy

chlil= getch();

i+t

B

} y
}

void check(f) {

if (=A% {

for(a=0;a<6;a++){

Nla] = AA[a];

} }else if (=B {

for(a=0;a<6;a++) {

36



Nia] = BB[a];

} Yelse if (F='C) {
for(a=0;a<6;a++) {
Nfa] = CClal;

} Yelse if (FB="D") {
for(a=0;a<6;a++) {
N[a] =DDla];

} Jelse if (FP="E) {
for(a=0;a<6;a++) {
N[a] = EE[a];

} Jelse if &=TF") {
for(a=0;a<65a++) {
Nfa] = FF[a};

} Jelse if (=G {
for(a=0;a<6;a++) {
Nia] = GGlal;

} Jelse if (E=H) {
for(a=0;a<6;a++) {
Nia] = HHla];

} Jelse if ((F=T) {
for(a=0;a<6;a++) {
N[a] = II[a];

} Jelse if (=) {
for(a=0;a<6;a++) {
Nia] = IJia];

} Jelse if ((='K") {
for(a=0;a<6;a++) {
N[a] = KK{a};

} telse if (F='1) {
for(a=0;a<6;a++) {
Nla] = LL[a];

} Yelse if (F=M) {
for(a=0;a<6;a++) {
N[a] = MM[a];

} }else if (F=N") {

for(a=0;a<6;a++) {

Tlsunsudesdmsumsasdvaaus
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Nla] = NN[a};

} Jelse if (F='0" {
for(a=0;a<6;a++) {

N[a] = 0Olal;

} Yelse if (=P {

for(a=0;a<6;a++) {

N[a] =PPJa];

} Jelse if ((='Q) {
for(a=0;a<6;a++) {

N[a] = QQlal;

} lelse if =R {
for(a=0;a<6;a++) {

Nia] = RR[a];

} Yelse if (B="8") {

for(a=0;a<6;a++) {

N[a] =SSlal;

} Jelse if (F="T) {

for(a=0;a<6;a++) {

N[a] = TT[a];

} Yelse if ((="U7) ¢
for(a=0;a<6;a++) {

N[a] = UUlal;

} Jelse if ((B="V") {
for(a=0;a<6;a++) {

Nl[a] = VV[a];

} Yelse if (F="W") {
for(a=0;a<6;a++) {

N[a] = WW[a];

} delse if (F=X) {
for(a=0;a<6;a++) {

Nla}=XX[al;

} telse if ((=Y") {
for(a=0;a<6;a++) {

N[a] = YY[a};

} lelse if ((='2) {

for(a=0;a<6;a++) {

TudsupsudosdrmsumsasIveoy
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Nia] = ZZ[a];

} Yelse if (=1 {
for(a=0;a<6;a++) {
N[a] = ONE[a];

} Jelse if (F=2") {
for(a=0;a<6;a++) {
Nfa] = TWO([a];

} Yelse if ((='3") {
for(a=0;a<6;a++) {
N[a] = THREE(a]};
} Yelse if (="4) {
for(a=0;a<6;a++) {
N[a] = FOUR[a];

} Jelse if (F=='5) {
for(a=0;a<6;a++t) {
N[a] = FIVEI[a];

} }else if ((=='6") {
for(a=0;a<6;a++) {
N[a] = SIX[a];

} }else if (=71 {
for(a=0;a<6;a++) {
N[a] = SEVEN([al;
} Jelse if (F='8") {
for(a=0;a<6;a++) {
Nia] = EIGHT([al;
} Jelse if (=99 {
for(a=0;a<6;a++) {
N[a] = NINE[a];

} Yelse if ((='0") {
for(a=0;a<6;a++) {
N[a] = 00[a];

3

else if (=@ {
for(a=0;a<6;a++) {
N[a]=0;

b

TdsunsusssdmIunmisnsivaoum
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}

void i2¢1(12C1) {

#define Device SDA PIN_Dl

#define Device_SLC PIN_DO

#use i2c(Master,Fast=400000, sda=Device_SDA, scl=Device_SLC)
i2¢_start();

i2c_write(0b01110000);

i2c_write(12C1);

i2c_stop(;

}

void i2c2(12C2) {

#define Device SDA PIN_D2

#define Device_SLC PIN_DO

#use i2c(Master,Fast=400000, sda=Device_SDA, sci=Device_SLC)
i2¢_start();

2c_write(0b01110000);

12c_write(12C2);

i2c_stop();

}

void i2¢3(12C3) {

#define Device SDA PIN_D3

#define Device_SLC PIN_DO

#use i2c(Master,Fast=400000, sda=Device_SDA, sci=Device_SLC)
i2c_start();

12¢_write(0b01110000);

i2c_write(12C3);

i2¢_stop(;

}

void i2c4(12C4) {

#define Device_SDA PIN_D4

#define Device_ SLC PIN_DO

#use i2c(Master,Fast=400000, sda=Device_SDA, scl=Device_SLC)
2c_start();

i2¢_write(0b01110000);

i2c_write(12C4);

i2c_stop();
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}

void i2¢5(12C5) §

#define Device_SDA PIN_D3

#define Device SLC PIN_DO

#use i2c(Master,Fast=400000, sda=Device_SDA, scl=Device_SLC)
i2c_start();

i2c_write(0b01110000);

i2c_write(12C5);

i2c_stop(;

}

void main(}

{
set_tris_d(0x00);
set_tris_a(0x00);
setup_adc(ADC_OFF);
enable_interrupts(GLOBAL);

enable_interrupts(INT_RDA

while(true)

{check(ch{0]);
for(a=0;a<6;a++) {
DOTMATRIX1[a]=N[a];

}
HHHTIHHTTRR T T
check(ch[1]);
for(a=0;a<6;a++) {
DOTMATRIX1[a+6]=N[a];
}
TR
check(ch[2]);
for(b=0;b<3;b++)
{DOTMATRIX1[{b+12}=N[b};}
for(b=0;b<3;b++){
DOTMATRIX2[b]= N[b+3);

}

41

Tlsunsudesdmsuds

s lalda 2C 9 5




N

check(ch[3]);

for(a=0;a<6;a++){
DOTMATRIX2{a+3]=Nla};

}
gy
check(ch[4]);

for(a=0;a<6;a++){
DOTMATRIX2[a+9]=N[a];

}
I
check(ch[5D);

for(a=0;a<6;a++){

DOTMATRIX3[al=N(a];

}

I T

check(ch{6]);

for(a=0;a<6;a++) {
DOTMATRIX3[a+6]=Nla];

}
WL ]
check(ch[7]);

for(b=0;b<3;b++) {
DOTMATRIX3[b+12]=Nib];
}or(b=0;b<3;b++){
DOTMATRIX4[bJ=N[b+3];

}
T
check(ch{8]);

for(a=0;a<6;a++H){
DOTMATRIX4([a+3]=N[a};

}

T
check(ch[9D;

for(a=0;a<6;a++) {

DOTMATRIX4[a+9]=N][a];
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}
TR B I
check(ch{10));

for(a=0;a<6;a++H){

DOTMATRIX5{a]=Nla];

}
T
check(ch[11]);

for(a=0;a<6;a++){
DOTMATRIX5[a+6]=Nfa];
}or{a=0;a<3;a+H){

DOTMATRIX5{a+12]=0;

}

i s
for(a=0;a<=14;a++){
2cI{IDOTMATRIX1[a]);
2c2(DOTMATRIX2[a]);
2c3(DOTMATRIX3(al]);
i2c4(DOTMATRIX4[a]);
2¢5(DOTMATRIX5[al);
output_a(a);
delay_us(500);
output_a(15);

}

}
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druveelani1$i%eu Visual Basic 6.0

Option Explicit

Private Sub Form_Load()
Combol.Text = "Coml"
Combol.AddItem "Com1"
Combol.AddItem "Com2"
Combol.AddItem "Com3"
Combol.AddItem "Com4"
Combol.AddItem "Com5"
Textl =""
Form1.Caption = "Text Display"
Command].Caption = "Connect"

End Sub

Private Sub Commandl_Click()

Select Case Command].Caption

Case "Connect"
Select Case Combol.Text
Case "Com1"
MSComm1.CommPort = 1
Case "Com2"
MSCommI1.CommPort = 2
Case "Com3"
MSComm1.CommPort = 3
Case "Com4"
MSComml.CommPort = 4

Case "Com5"
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MSComm]l.CommPort = 5 \

End Select
MSComml.Settings = "9600,n,8,1"
MSComml.PortOpen = True

Timer!.Interval = 100

Timerl.Enabled = True

o 4 3 o
Command1.Caption = "Disconnect” fmuanIsiyeunoNDsY

Case "Disconnect”
Timerl.Enabled = False
Command]1.Caption = "Connect"
MSComm1.PortOpen = False

End Select

End Sub
Private Sub Cmd0_Click()

Textl.Text = Textl.Text + "0"

J

End Sub
Private Sub Cmd1_Click()
Textl.Text = Textl.Text +"1"

End Sub

Private Sub Cmd2_Click()

. = . 4 " o . o o
Textl.Text = Textl.Text + "2 S ﬂumaﬂm

End Sub

Private Sub Cmd3_Click()
Textl.Text = Textl.Text + "3"

End Sub

Private Sub Cmd4_Click()

Textl.Text = Textl.Text + "4"




End Sub

Private Sub CmdS_Click()‘
Textl.Text = Textl.Text + "5"

End Sub

Private Sub Cmdé6_Click()
Textl.Text = Textl.Text + "6"

End Sub

Private Sub Cmd7_Click()
Textl.Text = Textl.Text + "7"

End Sub

Private Sub Cmd8_Click()
Textl.Text = Textl.Text + "8"

End Sub

Private Sub Cmd9_Click()
Textl.Text = Textl.Text + "9"

End Sub

Private Sub CmdA_Click()
Textl.Text = Textl.Text + "A"

End Sub

Private Sub CmdB_Click()
Textl.Text = Textl.Text + "B"

End Sub

Private Sub CmdC_Click()
Textl.Text = Textl.Text + "C"

End Sub

Private Sub CmdD_Click()

Text]l.Text = Textl.Text + "D"

MAUALUAIBIYS

54



End Sub

Private Sub CmdE_Click()
Textl.Text = Textl.Text + "E"

End Sub

Private Sub CmdF_Click()
Textl.Text = Textl.Text + "F"

End Sub

Private Sub CmdG_Click()
Textl.Text = Textl.Text + "G"

End Sub

Private Sub CmdH_Click()
Textl.Text = Textl.Text + "H"

End Sub

Private Sub CmdI_Click(
Textl.Text = Text]l.Text + "I"

End Sub

Private Sub CmdJ_Click()
Textl.Text = Textl.Text + "J"

End Sub

Private Sub CmdK_Click()
Textl.Text = Textl.Text + "K"

End Sub

Private Sub CmdL_Click()
Textl.Text = Textl.Text + "L"

End Sub

Private Sub CmdM_Click()

Textl.Text = Textl.Text + "M"
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End Sub

Private Sub CmdN_Click()
Textl.Text = Text1.Text + "N"

End Sub

Private Sub CmdO_Click()
Textl.Text = Textl. Text + "O"

End Sub

Private Sub CmdP_Click()
Textl.Text = Textl.Text + "P"

End Sub

Private Sub CmdQ_Click()
Textl.Text = Textl.Text + "Q"

End Sub

Private Sub CmdR_Click()
Textl.Text = Textl.Text + "R"

End Sub

Private Sub CmdS_Click()
Textl . Text = Textl.Text +"S"

End Sub

Private Sub CmdT _Click()
Textl.Text = Text].Text + "T"

End Sub

~ Private Sub CmdU_Click()
Textl.Text = Textl.Text + "U"

End Sub

Private Sub cmdV_Click()

Textl.Text = Textl. Text +"V"
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End Sub

Private Sub CmdW_Click()
Textl.Text = Textl . Text + "W"

End Sub

Private Sub CmdX_Click()
Textl.Text = Textl.Text + "X"

End Sub

Private Sub CmdY_Click()
Textl.Text = Textl.Text + "Y"

End Sub

Private Sub CmdZ_Click()
Textl.Text = Textl.Text + "Z"

End Sub

Private Sub Command2_Click()

Textl.Text = Textl.Text + "@"

End Sub
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Private Sub CmdBackspace_Click()
Dim pos As Long \
Dim strLeft As String, strRight As String

With Textl

If Len(.Text) Then

pos = .SelStart

If pos Then

strLeft = Left$(.Text, pos - 1) ﬁﬁwﬂm 3

strRight = Mid$(.Text, pos + 1) 1)31 Backspace

.Text = strLeft & strRight

.SelStart = pos - 1
End If

End If

SetFocus

End With

End Sub

AN

Private Sub CmdDelete_Click()

Textl.Text=""
>“ MyUAIY Delete

End Sub




Private Sub CmdExit_Click()
Dim Response
Response = MsgBox("Do you want to Exit ?"
, vbOKCancel, "Exit Windows", "Test", 1000)
If Response = vbCancel Then
Me.Caption = "You Press Cancel"
Else
Me.Caption = "You press OK"
End
End If
Private Sub CmdSend Click()
Dim over As Integer
If Len(Trim(Text1.Text)) > 12 Then
over = MsgBox("You put alphabet more than 12"
, vbOKOnly, "ReEnter Alphabet")
Text2.Text = "@@QQQEQ@AAAQA" + "#"
MSComm].Output = "@@QQAE@QAA@AEAQA" + "#"

Elself Len(Trim(Text1.Text)) < 12 Then
Do While Len(Trim(Textl.Text)) < 12
Textl.Text = Textl.Text + "@"

Loop
MSComm].Output = Textl.Text + "#"

Text2.Text = Textl.Text + "#"

Else

MSComm]1.Output = Textl.Text + "#"
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Text2.Text = Textl.Text + "#"
End If
Textl.Text=""

End Sub

Private Sub CmdDotmatrix_Click()
Textl.Text = "DOT@MATRIX"

End Sub

Private Sub Cmdelectronics_Click()
Textl.Text = "ELECTRONICS"

End Sub

Private Sub CmdLED_Click()
Textl.Text = "LED@DISPLAY"

End Sub

Private Sub CmdTransistor_Click()
Textl.Text = "TRANSISTOR"

End Sub
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MicrocHiP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

» USB V2.0 Compliant SIE

- Low-speed (1.5 Mb/s) and full-speed (12 Mb/s)

- Supports control, interrupt, isochronous and bulk
transfers

« Supports up to 32 endpoints (16 bidirectional}

» 1-Kbyte dual access RAM for USB

- On-board USB transceiver with on-chip voltage
regulator

- Interface for off-chip USB fransceiver

« Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power Managed Modes:

« Run: CPU on, periptierals on

« idie: CPU off, peripherals on

» Sleep: CPU ofi, peripherals off

- Idie mode currents down ta 5.8 pA typical

» Sleep current down to 0.1 pA typical

- Timer? oscillator: 1.1 pA typical, 32 kHz, 2V

+ Watchdog Timer: 2.1 pA typical

» Two-Speed Osciliator Star-up

Fiexibie Osciliator Struciure:

- Five Crystal modes, including High-Pracision PLL
for USB

- Two External RC modes, up fo 4 MHz

. Two External Clock modes, up to 40 MHz

= lnternal oscillator block:
- 5 user ssinciabie freguendes, from 31 kHz in 8 AHz
- isar tunable o compensate for frequency dift

-~ Secondary oscillator using Timeri @ 32 kHz

= Faii-Safe Ciock Moniior
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

High current sink/source: 25 mA/25 mA

Three external interrupts

Four Timer modules (Timer0 to Timer3)

Up to 2 Capture/Compare/PWM {CCP) modules:

- Capture is 16-bit, max. resolution 6.25 ns (TcY/16)
- Compare is 16-bit, max. resolution 100 ns (TCY)

- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes

- Selectable polarity

- Programmable dead-time

- Auto-Shutdown and Auto-Restart

Addressable USART module:

- LiN bus support

Master Synchroncus Serial Part (MSSP} medule
supporting 3-wire SPI™ (all 4 modes) and [°C™
Master and Slave maodes

10-hit, up to 13-channels Analeg-to-Uigital Gonverier
module (A/D) with programmabic asquisition ime
Dual analog comparators with input muitiplexing

Snecial Microcontrolier Fealures:

C compiler optimized architecture with opiicnat
extended instruction sat

150,000 erasefwrite cycle Enhanced Flash
prograin memory tvnical

4,000,000 eraselwrite cycle data EEPROM
memory fypical

Fiashidata EEPROM retention; > 40 ysars
Seff-programmabie under software cenirc!
Priority leveis fof iinterrupts

3 x 8 Single Cycle Hardware Multiphier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Programmable Code Protection

Single-supply 5V in-Circuit Serial Programming™
(ICSP™) via twa pins

in-Circuit Debug (ICD) via two pins

Wide operating voitage range {2.0V to 5.5V)

Program Memory Data Memory it o 1 2
Py 10-bit | €EP/ Z S e
Device Single- | ams o | A2 | ECCP | SPP S B T - I il
FLASH Word SRAM |EEPROM (ch) | (PWMY) SPI nr'zém' 5 % B/16-bit
(bytes) instructions {bytes) | (bytes) 5 [+
[ PiciBEo4ass | 94K o588 | 2048 | 256 | 24 | 10 | 20 | Wo | ¥ v 1 31321 3B
PIC18F2550 | 32K 16384 2048 256 | 24| 10 | 20 | No Y ¥ T ]z s
PIG18F4455 | 24K 12288 2048 255 |35 | 13 1 [ Yes | ¥ v R
FGTOl A550 | 32K 16384 2043 55 1 o2k | 1A i §owes 1 ¥ Tz i




PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin SDIP, SOIC
MCLR/VPPRE3 —=L]° 1 ~ 28] <— RB7/KBI3PGD
rao/aNo=— 1 2 27[7] = RBE/KBI2/PGC
RAVAN1 <[] 3 26|} == RB5/KBH/PGM
RA2/AN2VREFJCVREF =L} 4 2571 +— RBA/AN11/KBIO/RCY
RAIAN3NVRer+=+——L] 5 n o 24| ] <+ RBIANS/CCP2*/PO
rRasTockictouT<+—L] & g T} 23[ <+ REBZANS/INT2VMO
RAS/AN4ISS/ILVDINIC20UT=—=L] 7 N 22{] = RB1/AN10ANT1/SCK/SCL
vss—L] 8 ® ® 21[] = RBO/AN12/INTO/SDUSDA
OSCHOLKYRAT— ] 9 O Q 200} =— Voo
osc2/cLKoRAs=—C] 10 a a 18[1 =—Vss
Reom1osomack == O 11 18] < RC7/RX/DT/SDO
RCAT10SUCCP24TIOE =112 17{7] = RCETX/ICK
Ro2/cCcP1=—=[]13 16]_] == D+/VP
vuss=—{T14 15[ ] < D+VM
40-Pin PDIP
MCLRVPPIRE3 — [ 1 / 40 [] =——= RB7/KBI3/PGD
RAD/AND <[] 2 39 [1 =— RBE/KBI2ZIPGC
RAVAN1 «—[13 38 [] «—» RBS/KBI1/PGM
RA2/AN2/VREFJCVREF = [ 4 37 [1 «—» RB4/AN11/KBIO/CSSPP
RA3/ANIVREF+ <[5 36 [1 =— RB3/ANG/CCP2*/VPO
RA4/TOCKUCIOUT —[16 35 [ =—s RB2ANB/INT2VMO
RAS/AN4/SS/LVDIN/C20UT <[} 7 34 1 «— RBUAN10/INT1/SCKISCL
REO/CKISPPIANS e=—sa[]8 0 @ 33 [0 == RBOANIZINTO/ISDVSDA
RE1/CK2SPP/ANG =— [] 9 3 [ 32 [ «— VoD
RE2OESPP/AN7 ~——[]10 & & 31 <—Vss
AVOD —-[11 2 2 39[]«— RD7/SPP7/P1D
AVSS — w112 Q O  20[1<— RDBI/SPPEIPIC
OSC1CLKIRA7T — =413 B &  28[]«—» RD5/SPP5/P1B
OSC2/CLKO/RAS ~—[] 14 27 [] «—» RD4/SPP4
RCO/T10SOIT13CKI <«—[] 15 26 {1 =— RC7T/RX/DT/SDO
RCA/T10S/CCP2/UCE < [] 16 25 [] «— RCE/TX/CK
RCCCPIPIA o—[] 17 24 [} «+—e DHVP
Vuse —» [} 18 23] =—— D-NM
RDO/SPP0 <—[] 19 29 [1 «—» RD3/SPP3
RD1/SPP1 <—s[] 20 213 «— RD2/SPP2
Note: Pinouts are subject to change.

* Assignment of this feature is dependent on device configuration.
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PIC18F2455/2550/4455/4550

Pin Diagrams (Continued)

]
k
2%
&8
44-Pin QFN 5 ‘é £
b4 MNMNTr-O ‘\- ww
(3] o
2, 53R 55
sN=Soay
82228728953
FOAXEEXESKER
ILITIBRHEAI
RC7TRX/DT/ISDO =« | 1@ 33§ —= OSC2/CLKO/RA6
RD4ICCP2'/P2A =} 2 32§ =— OSCI1/CLKIRAT7
RD5/SSP5/P1B <1 3 31+ Vss
RD6/SSP6/PIC <+ § 4 30F +— AVss
RD7/SSP7PID <} 5  PIC18F4455 201 =— Voo
Vss —* 16 28| =— AVoD
AvDD —= 1} 7 PIC18F4550 271 <— RE2/OESPP/ANY
Voo —= | 8 26 | +—= RE1/CK2SPP/ANG
RBO/AN12/INTO/SD] ==} 9 25 | =—= REO/CK1SPP/ANS
RB1/AN10/INT1/SCK/SCL <} 10 24 { <+ RAS/ANA/SSILVDIN/C20UT
RB2/ANS/INT2VMO <+ } 11“! oyvornog Eﬁza == RAA/TOCKIC10UT
29E3080SE b
> oaagELLx
b, NZJSKLS=D S
N OS2l I®
o ammmsééhz
QO FXxX Uz
O Yworli &3
s Xgaoapo
E Txxos E §
© 5 )
m g 8
4 é ] S
<&
. &g
44-Pin TQFP o TR 4B
4 acoaa QO
tsEQSQQmSE
853880833830
EAARERESKQZ

RC7RX/DT/SDO -w—er CTT]
RD4/SPP4 w—e 1T}
RD5/SPP5/P1B =TT
RD6/SPP6/P1C = 1T}
RD7/SPP7/P1D =— 1L

- NC
32« RCO/T10SO/T13CKI
30—  OSC2/CLKO/RAS
30/ «—  OSC1/CLKIRA?
PIC18F4455 291<+— Vss

o
7]
%]

22 OONDO RN S

Vss 81 =—  Vpp
Vpp —= T PIC18F4550  27fu—o~«—~ RE2/OESPP/AN?
RBO/AN12/INTO/SDISDA ~=—= 11 2g T3« RE1/CK2SPP/ANG
RB1/AN10/INT1/SCK/SCL. ~—» 1T} 251+ REO/CK1SPP/ANS
RB2/ANB/INT2/VMO -—=C1T 10 24T 3> RA5/AN4/SS/LVDIN/C20UT
RB3I/ANS/CCP2*NVPO «— 1T} 1Nm Toeneegy ﬁ23 [T RA4/TOCKI/C10OUT
EEGEEREEELL
0ELEFVOMS TS &+
o WZzuwi
ceHPPPexsEy
B=deg220=2
agmmsﬁﬁhg
mXXX e
gaerls £
cEERR g
)
©

Mote: Pinouts are subject to change.

"

Assignment of this feature is dependent on device configuration.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:
. Microchip producis meet the specification contained in their particular Microchip Data Sheet.

< Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip preducts in a manner outside the operating specifications contained in Microchip's Data
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For a complete data sheet, please also download:

¥« The ICO6 74HC/HCT/HCU/HCMOS Logic Family Specifications  §

¢ The 1C06 74HC/HCT/HCU/HCMOS Logic Package Information
|+ The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCT4514
4-to-16 line decoder/demultiplexer
with input latches

Product specification September 1993
File under Integrated Circuits, IC06
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Philips Semiconductors

4-t0-16 line decoder/demultiplexer with

input latches

FEATURES

+ Non-inverting outputs

¢ Output capability: standard
= lop category: MS!

GENERAL DESCRIPTION

1o~ pis

Tha 74HC/HCT4514 are high-spesd Si-gats CROS
devices and are pin compatible with “4514” of the “40008"
series. They are specified in compliance with JEDEC
stardard no. 74,

Product specification

74HC/HCT4514

The 74HC/HCT4514 are 4-to-16 line
decoders/idemultipiexers having four binary weighted
address inputs (Ag to Az), with latches, a laich enable input
(LE), and an active LOW enable input (E). The 16 outputs
{Qp to Q) are mutually exclusive active HIGH. When LE
is HiGH, e selected output is determinad by the data on
A,,. When LE goes LOW, the last data present at A are

Fcy
¥ ¥ 3 . €A
enable input (E} does rot
Whan the "4514" is usad 85+

input and 8y 3o £

QUICK REFERENCE DATA
GNP =0V T,n=25°C;,==6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCY

ter! tPin propagation delay A, to Qp C, =15pF;Vge=5V 23 28 ns

Cy input capacitance 35 35 pF

Cep power dissipation capacitance per package notes 1 and 2 45 pF
Notes

1. Cpp is used ic determine the dynamic power dissipation {Pp in pW):

Pp = Cpp X Ve x i +X (CL x Veg? x fy) where:
f; = input frequency in MHz
f, = output frequency in MHz
¥, (CL x Vee2 x fp) = sum of outputs
C. = output foad capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V; = GND to V¢
For HCT the condition is V; = GND to Ve — 1.5V

ORDERING INFORMATION

See “74HC/HCT/HCUMCMOS Logic Package Information’.

September 1993 2




Philips Semiconductors

Product specification

4-t0-16 line decoder/demultiplexer with

. 74HC/HCT4514
input latches
PIN DESCRIPTION
PIN NO. SYMBOL | NAME AND FUNCTION
1 LE latch enable input (active HIGH)
2,3,21,22 AptoAs address inputs
11,9,10,8,7,6,5,4, 18,17, 20,19, 14, 13, 16, 15 Qg to Q45 multiplexer outputs (active HIGH)
12 GND ground (0 V)
23 E enable input (active LOW)
24 Vee positive supply voltage
ag[7] 23] E g' —9 ;E ; [ 10
T I = B T s o I = =
9; [4] 21] A2 Pt 2 s 2ens s
2-{A0  O5}-s 2 1 e 2o [ s
= T = o A o | PO e o e
s [3] 18] 01y 21—{A2 el 2 |, : 8 22 lann sl 2
4514 224 A3 Qg |18 3 17|
0, [7] 78] %5 g 127 == aani_ o
a e o YA s L 0 p——
o 2] 17] 29 n-qE Q:? :11: nls " —:-
Q, E Eﬂu :12 fooee 14 :: i% :: z
“2[@ EQIS G;: ::: 18 jtS " —%
%E 14942 Qg s o e ol
guo [iz EL™ —— 72839321 7293880
{s) (b}
120284
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 |EC logic symbol.
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Philips Semiconductors Product specification

4-t0-16 line decoder/demultiplexer with

] 74HC/HCT4514
input latches

APPLICATIONS

« Digital muitiplexing

s Address decoding

« Hexadecimal/BCD decoding

Ag |A1 jA2 [Ag

231E

[2]

4 ﬂsl% 07 {98 °9]°ml°n 01401:‘0«015

s |5 e 18 [17 |20 ho Ju [13 [ie Jis

%]01 l°z I“a
s M {0 Jofe

-

Fig.4 Functional diagram.

FUNCTION TABLE
INPUTS OUTPUTS

E A A | A2 A3 [ Qo | Q1] Q| Q3| Qs| Q5| Qe| Q7| Qs | Qo |Qisg|Qu1|Qs2| Qi3 | Qrs| Qs
H X X X X L L L L L L L L L L L L L L L L
L L L L L H L L L L L L L L L L L L L L L
L H L L L L H L L L L L L L L L L L L L L
L L H L L L L H L L L L L L L L L L L L L
L H H L L L L L H L L L L L L L L L L L L
L L L H L L L L L H L L L L L L L L L L L
L H L H L L L L L L H L L L L L L L L L L
L L H H L L L L L L L H L L L L L L L L L
L H H H L L L L L L L L H L L L L L L L L
L L L L H L L L L L L L L H L L L L L L L
L H L L H L L L L L L L L L H L L L L L L
L L H L H L L L L L L L L L L H L L L L L
L H H i H L L L L L L L L L L L H L L L L
L L L H H L L L L L L L L L L L L H L L L
L H L H H L L L L L L L L L L L L L H L L
L L H H H L L L L L L L L L L L L L L H L
L H H ,..H H L L L L L L L L L L L L L L L H

Notes

1. LE=HIGH

H = HIGH voltage level
L = LOW vaoltage level
X = don't care

September 1993 4



Philips Semiconductors

Product specification

4-to0-16 line decoder/demultiplexer with

input latches

74HC/HCT4514

:

K4

(<]
o

=

(]
»

VY

o
@

—

2
-~

o
[

—{ -

2
@

D
D

Q4

L4
=

T

42

Q3

YT

o
H

Fig.5 Logic diagram.
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Philips Semiconductors Product specification

4-t0-16 line decoder/demultiplexer with

. 74HC/HCT4514
input latches

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCWHCMOS Logic Family Specifications”.

Output capability: standard
loc category: MS!

AC CHARACTERISTICS FOR 74HC
GND =0 V; t, =t;=6 ns; C, =50 pF

Tamo £°C}) TEST CONDITIONE
74HC
SYMBOL | PARAMETER UNIT Ve WAVEFORMS
+25 -40 fo +85 | -40 to +125 Py
]
min. | typ. | max. | min. | max. | min. | max.
tpu/ 1oL | propagation delay 74 230 290 345 jns 2.0 |Fig.6
A tn N L i 4 AC Lo [~1e} AL
My WL & TU o oY T.J
22 139 49 59 6.0
teul/ teun | propagation delay 74 230 290 345 |ns 20 {Fig6
IFtoQ, 27 148 58 69 45
22 139 49 59 6.0
tpru/ teLn | Propagation delay 41 175 220 265 |ns 20 |Fig6
Eto Qp 16 |35 44 53 4.5
12 {30 37 45 6.0
tta/ tin | output transition time 19 |75 95 110 |ns 2.0 |Fig.6
7 15 19 22 45
6 13 16 19 6.0
tw latch enable puise width | 80 14 100 120 ns 20 Fig7
HIGH 16 {5 20 24 4.5
i 4 i7 20 6.0
tsu set-up time 90 |26 115 135 ns 2.0 |Fig7
ApiclE 8 i3 2 2 45
th hold time 1 ~11 1 1 ns 20 {Fig.7
A tolE 1 ~4 1 1 AR
1 -3 1 1 6.0

September 1993 6



Philips Semiconductors Product specification

4-to-16 line decoder/demultiplexer with

. 74HC/HCT4514
input latches

DC CHARACTERISTICS FOR T4HCT

For the DC characteristics see “74HC/HCTHCUHCMOS Logic Family Specifications”.
Qutput capability: standard

lec category: MS!

Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alge per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT

An 0.65
E 1.00

AGC CHARACTERISTICS 7
GND =0 V;t, =t=6ns; C_ =50 pF

Tamb {°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | y.... | WAVEFORMS
+25 —40 to +85 | —40 to +125 (5‘)’
min. | typ. | max. | min. | max. | min. | max.
tent/ teLn | propagation delay - .
A, toQ 30 55 69 83 ns 4.5 | Fig.6
tpui/ tpLn | propagation delay .
LE to Q, 29 |50 63 75 ns 45 |Fig6
teni/ teLu propagation delay 47 40 50 80 ns A5 'mas
—E— to Qn i O ig.o
tya/ truy | output transition time 7 15 19 29 ns 45 |Fige
latch enable pulse width “ .
tw HIGH 16 {4 20 24 ns 45 |Fig.7
set-up time .
teu A tz LE 18 lo 23 27 ns |45 |Fig7
hold time e ar t
th An to LE 3 =3 3 3 ns 45 F 41 7

September 1993 7



Philips Semiconductors Product specification

fl-to-1 6 line decoder/demultiplexer with 74HC/HCT4514
input latches

AC WAVEFORMS

-z '3 b
Ane L5 E vttt
INPUT
‘PHL"‘ l'mj
J— RS

@, oUTPUT }v"m Aﬂ;
(1) HG :Vp=50%;:V;= GND to Vce S I I P,

HCT:Vy; =1.3V;V,= GND 10 3V

Fig.6 Waveforms showing the input (A, LE, E) to output {Q,,) propagation defays and the output transition times.

The shaded areas indicate when the input is permitted to
change for predictable output performancs.
{1} HC V4~ 50%; Vi~ GND o VYge.

HCT:Vu=13V;V;=GNDto 3 V.

September 1993 8




Philips Semiconductors Product specification

4-t0-16 line decoder/demultiplexer with

. 74HC/HCT4514
input latches
APPLICATION INFORMATION
T
sl s
AQ et u; \
M= 83 - \i
R o ’k_
os | P
N B b
o PR P
e | % ?% - M 1=
e (0B
B =
b % %
b Psl | Pebs [ []rea
Q44 S‘v‘ \;\
RN RS
. >
= N
v R=2k0
N Az ——
1°4 T ey WINNN— |
N A2 s B
P>
A s L —
_;:;7 ! _ 1
Ag gy SR
Vv

Fig.8 Code-to-code conversion; hexadecimal to BCD.

PACKAGE OUTLINES

See “7AHC/HCT/HCUMHOMOS Logic Package Qutiines”.

Ao LAY
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LIGITEK ELECTRONICS CO.,LTD.
e | IGITEK Property of Ligitek Only

PART NO. LMD5721/2BG-XX-PF Page 1/8

Package Dimensions

8.6
7.62X4=30.48 {0.339"
(1.2
PIN 14\ PIN 8—|
@ @o @ o@ b Y

OOO00O0
mm}ooooo
gzl |OO OO0 g e
poooo
oooo%

¢ 5.0(0.197")X35 :@ @0 @ o@JD

PIN 1= PIN 7

—

E(1516) LMD5721/2BG-XX-PF
LIGITEK

pd

a

=TT -

2.54X6=15.24
(0.8

T=====

PIN NO.1———

Note : 1.All dimension are in millimeters and (inch) tolerance is 10.25mm unless otherwise noted.
2.Specifications are subject to change without notice.
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PART NO. LMD5721/2BG-XX-PF Page 2/8

Internal Circuit Diagram
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ROW PIN— 13

b

R

I JEE IR

» ot A3 4%
LMD5721BG-XX-PF ® 8 SEIEIEIE]
o s tI T A3 %

5 . A1 F A %%

o ;A %% %%

o , P EETH

COLUMN — @D @ ®
ROW PIN— 13 3 4,11
{
@ o9

°o®

LMD5722BG-XX-PF
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PART NO. LMD5721/2BG-XX-PF Page 3/8

Electrical Connection

PIN NO. LMD5721BG-XX-PF PIN NO. LMD5722BG-XX-PF
1 Anode Row 5 1 Cathode Row 5
2 Ancde Row 7 2 Cathode Row 7
3 Cathode Column 2 3 Anode Column 2
4 Cathode Column 3 4 Anode Column 3
5 Anode Row 4 5 Cathode Row 4
6 Cathode Column 5 6 Anode Column 5
7 Anode Row 6 7 Cathode Row 6
8 Anode Row 3 8 Cathode Row 3
9 Anode Row 1 9 Cathode Row 1
10 Cathode Column 4 10 Anode Column 4
11 Cathode Column 3 11 Anode Coiumn 3
12 Anode Row 4 12 Cathode Row 4

13 Cathode Column 1 13 Anode Column 1
14 Anode Row 2 14 Cathode Row 2
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PART NO. LMD5721/2BG-XX-PF Page 4/8
Absolute Maximum Ratings at Ta=25 C
Ratings
Parameter Symbol UNIT
G

Forward Current Per Chip IF 30 mA

Peak Forward Current Per

Chip (Duty 1/10,0.1ms IFP 120 mA

Pulse Width)

Power Dissipation Per Chip PD 100 mwW

Reverse Current Per Any Chip Ir 10 A

Operating Temperature Topr -25 ~ 485 C

Storage Temperature Tstg -25 ~ +85 T

Solder Temperature 1/18 Inch Below Seating Plane For 3 Seconds At 260 T

Part Selection And Application Information(Ratings at 25C)

CHIP
PART NO

Materiai |Emitted

common
cathode
or anode

AP
(nm)

AL

(nm)

Electrical

V()

(med) | pvm

Min.

Typ.

Max.

Min. | Typ.

LMD5721BG-XX-PF

GaP

Common
Cathode

Green

LMD5722BG-XX-PF

Common
Anode

565

30

1.7 | 21

26

40 [ 72 § 21

Note ; 1.The forward voltage data did not inciuding 10.1V testing tolerance.
2. The luminous intensity data did not including £15% testing tolerance.
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Property of Ligitek Only
PART NO. LMD5721/2BG-XX-PF Page 5/8
Test Condition For Each Parameter
Parameter Symbo! Unit Test Condition
Forward Voitage Per Chip Vi volt it=20mA
Luminous Intensity Per Chip v mcd I=10mA
Peak Wavelength AP nm i=20mA
Spectral Line Half-Width N A nm i=20mA
Reverse Current Any Chip Ir A V=5V
Luminous Intensity Matching Ratio IV-M
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PART NO. LMD5721/2BG-XX-PF Page 6/8

Typical Electro-Optical Characteristics Curve

G CHIP
Fig.1 Forward current vs. Forward Voltage Fig.2 Relative Intensity vs. Forward Current
1000 35
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<
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3 10 = o 15
et / oN
g 10 s3g
g © =5 05
(<} x>
(18 P o . . s L e s s
0.1 0.0
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Forward Voitage(V) Forward Current(mA)
Fig.3 Forward Voltage vs. Temperature Fig.4 Relative Intensity vs. Temperature
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Soldering Condition(Pb-Free)

1.1ron:
Soldering lron:30W Max
Temperature 350°C Max
Soldering Time:3 Seconds Max(One time only)
Distance:Solder Temperature 1/16 Inch Below Seating
Plane For 3 Seconds At 260°C

2.Wave Soldering Profile
Dip Soldering

Preheat: 120°C Max

Preheat time: 60seconds Max

Ramp-up

2° Clsec{max)

Ramp-Down:-5° C/sec(max)

Solder Bath:260°C Max

Dipping Time:3 seconds Max

Distance:Solder Temperature 1/16 Inch Below Seating

Plane For 3 Seconds At 260°C

Temp(:‘C)

260°C3sec Max

[\/E:"/sec
max

120° //I

/g‘
25 max

on X ] 'S
p Preheat 50 100 . 150
Time(sec)

)
1]
<

60 Seconds Max

Note: 1.Wave solder should not be made more than one time.
2.You can just only select one of the soldering conditions as above.
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Reliability Test:
- D o Reference
Test item Test Condition escription o
Standara
1.Under Room Temperature This test is conducted for the purpose MIL-STD-750: 1026
Operating Life Test 2.1f=10mA of detemining the resistance of a part MIL-STD-883: 1005
3.t=1000 hrs (-24hrs, +72hrs) in electrical and themal stressed. JIS C 7021: B-1
The purpose of this is the resistance of
High Temperature 1.Ta=105°C35C the device which is laid under condition MIL-STD-883:1008
Storage Test 2.t=1000 hrs (-24hrs, +72hrs) of high temperature for hours. JIS C 7021:B-10
The purpose of this is the resistance
Low Temperature 1.Ta=40C35C of the device which is laid under JIS C 7021 B-12
Storage Test 2.4=1000 hrs (-24hrs, +72hrs) condition of low temperature for hours. :
High Temperature 1.;7:_6950 s {59 é:n/ The purpose of this test is the resistance MIL-STD-202:1038
High Humidity Test 2.RH=80%~95% of the device under tropical for hours. JIS C 7021: B-11
3.t=240hrs 22hrs

Thermat Shock Test

1.Ta=105C15°C 8-40°C15C

(10min} (10min)
2.total 10 cycles

The purpose of this is the resistance of
the device to sudden extreme changes

in high and ow temperaiure.

MIL-STD-202: 107D
WMiL-STD-7

PO s s TN

Tesi

1.7.801=2680"C5°C

2 Dweil time= 10 T1sec.

This test intended 1o determine the
thermal characiensiic resisiance
of the device to sudden exposures
at exireme changes in temperature
when soldering the lead wire.

MIL-STD-282: 238A
MIL-STD-750: 2031
JIS C 7G21: A1

Solderability Test

1.7.5ci=220C 15

2 .Dwell ime=5 t1sec

This tast intended to see soldering well
performed or not.

MIL-5TD-202: 2050
MIL-STD-750: 2026
MIL-STD-883: 2003

B T
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DATA SHEET

NEC / SILICON POWER TRANSISTOR
2S5C2335

NPN SILICON TRIPLE DIFFUSED TRANSISTOR
FOR HIGH-SPEED HIGH-VOLTAGE SWITCHING

The 2SC2335 is a mold power transistor developed for high-speed ORDERING INFORMATION
high-voltage switching, and is ideal for use as a driver in devices such [ PartNo. Package
as switching regulators, DC/DC converters, and high-frequency power 25C2335 TO-220AB
amplifiers.

FEATURES {TO-220AB)

¢ Low collector saturation voltage: Vcesas =1.0VMAX. @ic=3.0A
= Fast switching speed: t= 1.0 us MAX. @ic=3.0A
* Wide base reverse-bias SOA: Veexsus)t =450V MIN. @ic=3.0A

BSOLUTE MAXIMUM RATINGS (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Collector 1o base vollage Veaso 500 \Y
Collector to emilter voltage | Vero 400 i
Emitter 1o base voltage VeBo 7.0 Vv
Collector current {DC) leee; 7.0 A
Collector cuirent {puise} fopuesy | PW < 300 us, i5 A

duty cycle < 10%
Base currant (D) fapo) 3.5 A
Tatal power dissipation Pr Te =25°C 40 w
s » ‘ Ta=25°C 1.5 w
Junction temperature T 150 °C
Storage temperature Teg -850 +150) °C

The information in this document is subject to change withaut notica. Before using this documant, piease
confirm that this is the latest version.

fiot all devices/types available in every country. Piesse check with local NEC representative for
availability and additional information.

Document No. D14861EJ2V0DS0D (2nd edition)

Date Published Aprl, 2002 N CP{K) ©. NEC Comoration 2002
Printed in Japan
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25C2335

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Parameler Symbol Conditions MIN. TYP. MAX. Unit
Collector to emitter voltage | Vceosus) | lc=3.0A,1s1=0.6 A, L=1mH 400 v
Collector to emitter voltage | Veexsusyi | Ic =3.0 A, Ist = -le2 = 0.6 A, 450 v

VeeoFF) = -5.0 ‘v', L=180 iiH c!amped
Collector to emitter voltage | Veexsuse | lc=6.0 A, lp1=2.0A, 2 =0.6 A, 400 v
Veeorm = -5.0 V, L = 180 uH, clamped
Goliector cutoif current icao Ve =400V, iE=0A 10 UA
Coflector cutoff current icer Vee =400 V, Rue =51 Q, Ta=125°C 1.0 mA
Collector cutoff current lcexi Vee =400 V, Veeorn =-1.5 V 10 UA
Collector cutoff current lesxe Ve =400 V, Veeorn = -1.5V, i.0 mA
Ta=125°C
Emitter cutoff current leso Ves=50V,lc=0A 10 HA
DC current gain hrer Vee=5.0V, Ic=0.1 A"~ 20 80
BC cuitent gain trez Vee=5.0V, Ic=1.0A™ 20 80
DC cument gain hrea Vee=5.0V, lc=3.0 A" 10
Collector saturation voltage Vegieay lk—-204 15-08 A% 10 \i
Base saturation voltage Veresy | Io =3.0A, in=0.5 A% 12 i
Tum-on time ton lc=3.0AFPL=500, 1.0 us
Storage time g Is1 =—le2=0.6 A, Vecc = 150V 25 us
il S N Reter to the test circut, 10
i Uins i J us

Mote Puise test PW < 350 ps, duly cycle £2

hre CLASSIFICATION

Marking M L K
hre2 20 to 40 30 to 60 40 to 80

SWITCHING TIME (ton, tstg, tr) TEST CIRCUIT

Vin Base current F
waveform
| Collector current €%

PW waveform

10%
PW =50 us
-V = 50V
Duty Cycle < 2% - i

2 Data Sheet D14861EJ2VODS



NEC 25C2335

TYPICAL CHARACTERISTICS (Ta = 25°C)

TOTAL POWER DISSIPATION vs. AMBIENT FORWARD BIAS SAFE OPERATING AREAS
TEMPERATURE
40 2 mm aluminum board, % L H LTI S
z N na insulating board, 10 _%”.:)a'
~ \ grease coaling, nalural z = = S TaaE 5 “‘-‘“‘
b air cooling < I o 1
t 20 ™, ' > — _,..__l%%\ .l;l ‘_&y 3
k] \ : - 1 o b WL ey
5 winﬁnne heafsink E = : ELTSsss
=] H N -
-— . X N
g AN 3
2 5 ool l] | [ N
g 2 e 3 =i ane
& 10 mnw \_ \ % .v\\ \
— o -
g N N 001
o Wear 8 . =
—trr_ | Single pulse i
Q 0.003 L
0 50 100 150 1 10 100 1000
Ambient Temperature Ta (°C) Collector to Emitter Voltage Vee (V)
DERATING CURVE OF SAFE OPERATING AREAS TRANSIENT THERMAL RESISTANCE
o =R A Ve = 50
~ 4T =80'C
100 < i
E I
:\j 80 g = R
5 ! - *
o S 2 ! ! i
£ 3 o Bl
[+] e ) §—=
§ 40 g -
2 - TR
20 = w
5 I
= 001
on
00 50 700 150 5 0.01 0.1 1 10 100
Case Temperature Tc (°C) = Pulse Width PW (ms)
REVERSE BIAS SAFE OPERATING AREAS COLLECTOR CURRENT vs. COLLECTOR TO
EMITTER VOLTAGE
10 5 TR T
e e L
2 8 2 4 ‘ /" "] _,.—.-—" ) Ao.és‘\
: : /C-—" =~ --—"'_"""-“-(;1.‘I§TA‘-4
— gl | 1
= € oAt AT gAB A
c [ .- 5 3 v p—r— -'ﬁ=:
3 £ Al b1 ] 0i0A
5 3 F’ "___&__T—
o SN 4 — j
5 ¢ - - g 2 = b =0.05A ]
k] _ S .
% dl & 3 /L1
8 2 é-p g 0 1 S i SR SR
B § —— +
! s> = l
o 1 0
[} 100 200 300 400 500 ¢} 1 2 3 q . 5
Collector to Emitter Voltage Vce (V) Collector to Emitter Voltage Vee (V)

Data Sheet D14861EJ2vVODS 3



RIEC 2SC2335

. N BASE AND COLLECTOR SATURATION
DC CUARENT GAIN vs. COLLECTOR CURRENT VOLTAGE vs. GOLLECTOR CURRENT

1000 = Ve =50V

Pulsetest‘h k=50 -

Pulse test
i

Ik

_.
o
=3
H

ho] DR TR RAY

, ’ li .
0.01 0.1 1 10 0.01 0. 1 10
Collector Current Ic (A) Collector Current lc (A)

0.1 pul. b L

N}
31 44
s £ 11

Basw Saturation Voltage Vseeay (V)

DC Current Gain hre
{
Collector Saturation Voltage Vce@ay (V)

TURN ON TIME, STORAGE TIME AND FALL TIME

vs. COLLECTOR CURRENT
Y T e -5 < i
R - —;——c.:h— =50 -l
g.g H1 S~
TTe 1 ! N
& g AN T
@ 4=
Ego :
EE
[=4 !5 = “\‘\k. bfe--’//
Q25 o S
ESW =
25
gt , i
[} i 10

Caollector Current lc (A)

4 Data Sheet D14861EJ2VODS
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NELC
PACKAGE DRAWING (UNIT: mm)
TO-220A8 (MP-25)
o 10.8MAX, 4.8 MAX.
9 #3602 1.3:0.2
g 10.0 i I

05102 11

2.820.2

1. Base
2. Collector
3. Emitter

4. Fin (collector)

Data Sheet D14861EJ2V0DS
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NEC 25C2335

The information in this document is current as of July, 2001. The Information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC's data sheets or data
books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all products
and/or types are available in every country. Please check with an NEC sales representative for
availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NEC does not assume any liability for infringement of patents, copyrights or other intellectual properly rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document are provided for iliustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
tesnonsivility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
Whtle NEC endeavours to enhance the quamy, reliability and safety of NEC sem:conductor products customers
agree and acknowledge that the possi
risks of damage to property or I'HUI"! (mcludmg death} io persons arising from defects §
semiconductor products, customers must incorporaie sufficient safety measures in their design, such as
redundancy, flre-contumment and anti-failure features.

To mini

A

it pesiiic™ gualily grade appiies only 10 3€iMiGONGUCICT Broducis
develoged ”‘abed on a cuuwmepueu;gnaaed "qualily assurance H pecmc application. The
ecommended aau:&uat‘on., of a semiconducior produci depend on s quaiity G L3 ;r-i-r::;m neiow,

Sy
=

ity rnge of
iy Gfall o

appiication.
*Standard”: Computers, office equipment, communications equipment, iest and measuremenl eguipment, audio
and visual equmment home eiecironic appliances, machine icois, personal eiecironic equipment

and indusy

*Speciai®: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designcd
for life support)

“Specific™: Aircrafi, asrospace equipment, submersibie repeaters, nuelear reactor control systems, fife
support systems and medical equipment for life support, etc.

The quality grads of NEC semiconductor products is “Standard” unless otherwise expressly specified in NEC's
gata sheeis oF daia books, sic. i customers wish to use NEC semiconductor products in applications nnt
intended by NEC, they must contact an NEC sales representative in advance to determine NEC’s willingness
tn support a given application,

{Note}

{1) *NEG" as used i this staiement means NEG Gorporation and &isc inciudes iis majority-owned subsidiaries.
(2) "NEC semiconductor products™ means any semiconductor product developed or manufaciured by or for

NEC {as defined above).
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Dwg. No. A-10,322A)

Note that the ULx28xxA series (dual in-line
package) and ULx28xxLW series (small-
gutline IC package) are electrically identical
and share a common terminal number assign-
ment.

ARSO! UTE MAXIMUIM RATINGS

{x2803x and x2804K) e 56V

{(X2823x and XZ824X) .ceerermrrrrrennen 95V
Input Voitage, VIN «ococerenrecereerseeisnanas BV
Continuous Output Current, Ic.... 500 mA
Continuous Input Current, Ty ....... 25 mA
Power Dissipation, Pp

(one Darlington pair) ........c..c...... 10W

(total package).........cccreuen. See Graph
Operating Temperature Range, Ta

Prefix ‘ULN’ .............. <20°C to + 85°C

Prefix ‘ULQ’ ....cooeneuee. ~40°C to +85°C
Storage Temperature Range,

Ts -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Featuring continuous load current ratings to 500 mA for each of
the drivers, the Series ULN28xxA/LW and ULQ28xxA/LW high-
voltage, high-current Darlington arrays are ideally suited for interfac-
ing between low-level logic circuitry and multiple peripheral power
loads. Typical power loads totaling over 260 W (350 mA x 8, 95 V)
can be controlled at an appropriate duty cycle depending on ambient
temperature and number of drivers turned on simultaneously. Typical
loads include relays, solenoids, stepping motors, magnetic print ham-
mers, multiplexed LED and incandescent displays, and heaters. All
devices feature open-collector outputs with integral clamp diodes.

The ULx2803A, ULx2803LW, ULx2823A, and ULN2823LW
have series input resistors selected for operation directly with 5 V TTL
or CMOS. These devices will handle numerous interface needs —
particularly those beyond the capabilities of standard logic buffers.

The ULx2804A, ULx2804LW, ULx2824A, and ULN2824LW
have series input resistors for operation directly from 6 Vto 15V
CMOS or PMOS logic outputs.

The ULx2803A/LW and ULx2804A/LW are the standard
Darlington arrays. The outputs are capable of sinking 500 mA and will
withstand at least 50 V in the off state. Outputs may be paralleled for
higher load current capability. The ULx2823A/LW and ULx2824A/
LW will withstand 95 V in the off state.

These Darlington arrays are furnished in 18-pin dual in-line
plastic packages (suffix ‘A’) or 18-Jead small-outline plastic packages
(suffix ‘LW’). All devices are pinned with outputs opposite inputs to
facilitate ease of circuit board layout. Prefix ‘ULN’ devices are rated
for operation over the temperature range of -20°C to +85°C; prefix
‘ULQ’ devices are rated for operation to -40°C.

FEATURES

@ TTL, DTI., PMOS, or CMOS Compatible Inputs

# Output Current to 500 mA

@ Output Voltage i0 95V

M Transient-Protected Outputs

@ Dual In-Line Package or Wide-Body Small-Ountline Package

x = Character to identify specific device. Characteristic shown applies to family
of devices with remaining digits as shown. Sec matrix on next page.

jo0yS ejeq



2803 THRU 2824

1IGH-VOLTAGE,
1IGH-CURRENT
JARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
Veemax 50V g5V
lemaxy 500 mA 500 mA
Logic Part Number
5v ULN2803A* ULN2823A*
TTL, CMOS ULN2803LW* ULN2823LW
6-15V ULN2804A* ULN2824A*
CMOS, PMOS ULN28041L W* ULN28241 W
* Also available for operation between -40°C and +85°C. To order, change
prefix from ‘ULN’ to “ULQ’.
PARTIAL SCHEMATICS

UL x28x3AJ/LW (Each Driver)

—pH—o COM
2.7K ——°
O A4 '
: x
i 7.2K | 3K i

Dwg. No. A-9651

ULx28x4A/LW (Each Driver)
—»—o COM

10.5K _I:———?—*
O————— A4
X ]

e
N
=

25

N

20 ™~ -
WFIX A, Rg a = 60°CIW

AN

NN

ANGAN

1.0

N

SUFFIX'LW', R =80C/W
WA

AN

0.5

N

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

0
25

50 75 100 125
AMBIENT TEMPERATURE IN °C

150

Dwg. GP-018B

x = Character to identify specific device. Specification shown applies to
family of devices with remaining digits as shown. See matrix above.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1977, 1999 Allegro MicroSystems; inc.




2803 tHrRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULx2803A, ULx2803LW, ULx2804A, and ULx2804LW
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current| Icex 1A All Vee =50V, Tp =25°C —_ <1 50 A
Vee =50V, Tp =70°C — <1 100 LA
1B ULx2804x Vee =50V, Ta=70°C,Viy=10Vf — <5 500 pA
Collector-Emitter VCE(sAT) 2 All Ic = 100 mA, ig = 250 uA — 09 14 \
Saturation Voltage Ic = 200 mA, Ig = 350 uA - 11 13| v
Ic =350 mA, Ig = 500 uA — 13 16 v
Input Current hingon) 3 ULx2803x ViN=3.85V — 093 135] mA
ULx2804x ViN=5.0V — 035 05 mA
ViN=12V — 1.0 145] mA
IN(OFF) All e =500 pA, Ta =70°C 50 65 —_ pA
Input Voltage VIN(ON) 5 ULx2803x Veg=2.0V, =200 mA — —_ 24 Vv
Ve =2.0V, ig =250 mA —_ —_ 2.7 Vv
Vee =20V, g =300 mA - — 30 Vv
ULx2804x Vee=2.0V,Ic=125mA — — 5.0 Vv
Vee =20V, {c =200 mA — — 6.0 v
Ve =20V, Ic=275mA — —_ 70 \
Vee =20V, Ic=350 mA — — 8.0 Vv
Input Capacitance Cin — All — 15 25 pF
Turmn-On Delay tpr H 8 All 0.5 Eyy 10 0.5 Equrt — 025 1.0 us
Turn-Off Delay tPHL 8 All 0.5 Ejn to 0.5 Equt — 025 1.0 us
Clamp Diode In 6 All VR =50V, Tp=25°C — — 50 WA
Leakage Current VR =50V, Tp = 70°C _ _ 100 WA
Clamp Diode Vg 7 All I = 350 mA —_ 1.7 20 \
Forward Voltage

Complete part number includes prefix to operating temperature range: ULN = -20°C to +85°C, ULQ = -40°C to +85°C

and a suffix to identify package style: A = DIP, LW = SOIC.

www.allegromicro.com




2803 tHrRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Ipes ULx2823A, ULN2823LW, ULx2824A, and ULN2824LW
_.ECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
>haracteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Jutput Leakage Current| lgex 1A All Ve =95V, Tp=26°C — <1 50 A

Ve =95V, Tp=70°C — <1 100 HA
1B ULx2824x Vee =95V, Tp=70°C,Viy=10V] — <5 500 HA
>ollector-Emitter VcEsaT) 2 All Ic = 100 mA, Ig =250 uA — 0.9 1.1 Vv
saturation Voltage Ic = 200 mA, Ig = 350 A - 11 13V
Ic =350 mA, ig = 500 pA — 13 16 \'/
nput Current hneon) 3 ULx2823x Viy=3.85V — 093 135 mA
ULx2824x ViN=5.0V — 035 05 mA
ViN=12V — 10 145 mA
Invtorr) 4 All lc =500 pA, Tp = 70°C 50 65 —_ uA
nput Voltage ViN©ON) 5 ULx2823x Vee =2.0V,lg=200mA — — 24 \Y
Vce =2.0V, Ig =250 mA — —_ 27 A
Vce =2.0V, Ic =300 mA — — 3.0 \Y
ULx2824x Vg =20V, Ic=125mA — — 5.0 \Y
Veg =2.0V, ig =200 mA - — 6.0 Vv
V=20V, Ilg=275mA — — 70 \Y
Vee =2.0V,1c=350 mA — — 8.0 \'
Input Capacitance Cin — All — 15 25 pF
Tum-On Delay teLH 8 All 0.5 Epy fo 0.5 Equt — 026 1.0 us
Tum-Off Delay toHL 8 Al 0.5 By 10 0.5 Egut — 025 1.0 us
Clamp Diode Ir 6 All VR=95V, T =25°C — —_ 50 LA
Leakage Current VR =95V, Tp = 70°C — _ 100 A
Clamp Diode VE 7 All Ip = 350 mA — 1.7 20 A
Forward Voltage

Complete part number includes prefix to operating temperature range: ULN =-20°C to +85°C, ULQ = -40°C to +85°C
and a suffix to identify package style: A = DIP, LW = SOIC. Note that the ULQ2823LW and ULQ2824LW are not presently

available.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000




DARLINGTON ARRAYS

2803 torRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT

FIGURE 1A
opeN VeE
OPEN lcex
o
= Dwy. No. A-5722A
FIGURE 3

o OPEN

Dwg. No. AB732A

FIGURE 6

TEST FIGURES

FIGURE 1B

oPeN VCE

Dwg. No. A-9730A

FIGURE 4

Dwg. No. A-9733A

FIGURE 7

OPEN

&

Dwg. No. A-8736A

FIGURE 2
OPEN
hFE = :%
‘s Vee ic
N - = DW:. No. A-9731A
FIGURE 5

OPEN

Dwg. No. AB734A

iy

g

FIGURE 8

v
Vi
UL28x3x 35V e R+ wen
Ulx28x4x 12V PRR = 10KHz on
bl na T S0 pF
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2803 THRU 2824
JIGH-VOLTAGE,
JIGH-CURRENT
JARLINGTON ARRAYS
ALLOWABLE COLLECTOR CURRENT ALLOWABLE COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE
ULx28xxA ULx28xxLW
600 600
; \ NN \ 24 4 \ N N \\ T2
- \§§§\\\. 3 ‘\ % 400 \\\\EE\\ \ 3
i N~ 3] ~
; \ NG S 2 N 4 N~
: Q; 6 T~ z \\\§>‘ 5 ‘\\\‘\
. 8 L~ ~ E NS 8
PAI S . PSS N
; - T— (] L Ny
; N ONDUCTING 5 NUMBER OF QUTPUTS ————
: SIMULTANEOUSLY TA=+50°C E | SIMULTANEOUSLY TA=150°C
) Rasa =60°CW <) Rawm = B0°C/W
0 0
0 20 40 60 80 100 0 20 40 60 80 100
DUTY CYCLE IN PER CENT DUTY CYCLE IN PER CENT
Dwg. GP-070-2 Dwg. GP-070-4
600 600
. 14 14
; WYY RENNANERS
RERNNNNNEE S RENNNO NGRS
é A \Q\\ i ‘\\ 2 ) \\\\\ [~
z N \x ; L \\\ Z \\\‘\\ 5 N \‘\
- \ ; d \
TR @ S S
3 200 [ UMBER OF OUTPUTS \\Q;\, 3 20 7~ P~
- _— £ NUMBER OF OUTPUTS S~
i SIMULTANEGUSLY o E | uiohoueme e
5 Reua = 60°C/W o Rama = 80°C/W
0 0
0 20 40 60 80 100 0 20 T 60 80 100
DUTY CYCLE IN PER CENT DUTY CYCLE IN PER CENT
Dwg. GP-O7D41 Dwg. GP-070-3

= Characters to identify specific device. Specification shown applies to family of devices with remaining digits as shown.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000




2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

INPUT CURRENT AS A SATURATION VOLTAGE AS A FUNCTION OF
FUNCTION OF INPUT VOLTAGE COLLECTOR CURRENT
ULx28x3x
25 600
/ / ) s,
z 20 7 // /
[ ﬁ*\y -~ E 400 ; -
E / -"”" ; l/ &
> 15 e ’,—" E ol &é’,
% /\/ ‘ ,—,’«?‘\GP‘\' g (8\0 v (5\\6'
E o AN\ L 2 :'T ;QY
3 - reEn e o s >
t gl S 200 . F
g g e s
£ s /, il A 5 3 7 /
f o WITH STANDARD OR chHEgAngN m | I //
0 20 30 40 5.0 6.0 0 0 05 = 10 15 20
INPUT VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE
Dwg. GP-069 Dwg. GP-067
COLLECTOR CURRENT AS A
ULx28x4x FUNCTION OF INPUT CURRENT
20 600 S
. 15 < VY i
—l" / ; 00 , S /
£ e E Vv
F4 “P:A\"/\N/ a @"\';/ /®
E 10 L~ el g "3" Qgg’
s 7 s pt s A
8 ] oz e £ “8
3 | o B o A
E 0.5 T amp= j "’ 4.?‘
= T 8 A N
o 0 YV

5 6 7 8 ) 10 1 12 o 200 200 500

INPUT VOLTAGE INPUT CURRENT IN A
Dwg. GP-063-1 Dwg. GP-068

x = Characters to identify specific device. Characteristic shown applies to family of devices with remaining digits as shown.

www.allegromicro.com
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TIGH-VOLTAGE,
TIGH-CURRENT
JARLINGTON ARRAYS

PACKAGE DESIGNATOR “A” DIMENSIONS
Dimensions in Inches
(controlling dimensions)

18 10
e I e T O s O s O s O i B O

0.280
0.240

T J = B EH B B B
9
.070 0.100 0.005
2 L_ MIN
—
0.150
0.115
AR

Dwp. MA-001-18A In

Dimensions in Millimeters
(for reference only)

e e I O s O IO O s O B s

7.11
6.10

9

2.54 0.13
23.37 BSC MIN
22.35
i
5.33 -
e
Tt
0.39 381
MIN 2.93
| &
| 0558
0.356 Dwo. MA-001-184 em

OTES: 1. Exact body and lead configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative.
3. Lead thickness is measured at seating plane or below.

R 115 Northeast Cutoff, Box 15036
- Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “LW” DIMENSIONS
Dimensions in Inches
(for reference only)

NAARARAH T U

0.2992 0.419
0.2914 0.394
| &
wyi .
HHHHHHER =
gg%g_"m‘_ 2 3 0.4625 —-I l‘l _Ol:’ggo 0°T10 8",_“./
0.4469
¥
0.0926
°-mﬂa:uzgzui%azuza:j
00040MIN Dwg. MA-008-18A In
Dimensions in Millimeters
(controlling dimensions)
18 10
0.32
HHHHHHAA T o
7.60 1000
(| oo
THE B0 H 1 H H N ¥
051 ‘.. 2 3 ot 127 ] ‘h‘/
BSC 0°T10 8

11.35

X

32 imm

0 10 MIN. Dwp. MA-0G3-18A mm

NOTES:1. Exact body and lead configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative.

www.allegromicro.com
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1IGH-VOLTAGE,
IIGH-CURRENT
JARLINGTON ARRAYS

The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time 1o
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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Philips Semiconductors Product specification

Remote 8-bit 1/0 expander for 12C-bus PCF8574
e )
CONTENTS
1 FEATURES
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5 PINNING
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13.2.2 Manual soldering
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13.3.1 Reflow soldering
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13.4 Suitability of IC packages for wave, reflow and
dipping soldering methods
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16 DISCLAIMERS
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Philips Semiconductors Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574

1 FEATURES

e Operating supply voltage 2.5to 6 V
» Low standby current consumption of 10 pA maximum

o |2C-bus to parallel port expander

e Open-drain interrupt output
« 8-bit remote I/O port for the 12C-bus The device consists of an 8-bit quasi-bidirectional port and
an 12C-bus interface. The PCF8574 has a low current

» Compatible with most microcontrollers consumption and includes latched outputs with high

« Latched outputs with high current drive capability for current drive capability for directly driving LEDs. It also
directly driving LEDs possesses an interrupt line (INT) which can be connected

« Address by 3 hardware address pins for use of up to to the interrupt logic of the microcontroiler. By sending an
8 devices (up to 16 with PCF8574A) interrupt signal on this line, the remote I/O can inform the

microcontroller if there is incoming data on its ports without
having to communicate via the [2C-bus. This means that
the PCF8574 can remain a simple slave device.

The PCF8574 and PCF8574A versions differ only in their
The PCF8574 is a silicon CMOS circuit. It provides general  slave address as shown in Fig.10.
purpose remote I/O expansion for most microcontroller
families via the two-line bidirectional bus (12C-bus).

e DIP16, or space-saving SO16 or SSOP20 packages.

2 GENERAL DESCRIPTION

3 ORDERING INFORMATION

PACKAGE

TYPE NUMBER

NAME DESCRIPTION VERSION
PCF8574P; DiIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-4
PCF8574AP
PCF8574T; SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
PCF8574AT
PCF8574TS; SSOP20 plastic shrink small outline package; 20 leads; body width 4.4 mm S0OT266-1
PCF8574ATS
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4 BLOCK DIAGRAM
el 13 INTERRUPT
iINT < v LP FILTER
1 PCF8574
A0 >
Al 3 41 »po
A2 1) 51 yp
14 ] 81 > p2
scL 15 INPUT |1 12C-BUS 7 b3
SDA €——r FILTER CONTROL |q | SHIFT o ol
i REGISTER PORT > P4
10 b5
| PRL P8
¢ 12 » P7
h h
WRITE pulse
v 16 | READ pulse
DD 8 POWER-ON
VSS ——-—D RESET

MBD980

Fig.1 Block diagram (pin numbers apply to DIP16 and SO16 packages).
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5 PINNING
5.1 DIP16 and SO16 packages
SYMBOL PIN DESCRIPTION
A0 1 address input O
A1 2 address input 1
A2 3 address input 2
PO 4 quasi-bidirectional 1/0 0
P1 5 quasi-bidirectional 1/0 1
P2 6 quasi-bidirectional I/O 2
P3 7 quasi-bidirectional 1/0 3
Vss 8 supply ground
P4 9 quasi-bidirectional /0 4
P5 10 quasi-bidirectional I/O 5
P6 11 quasi-bidirectional /O 6
P7 12 quasi-bidirectional I/0O 7
INT 13 interrupt output (active LOW)
SCL 14 serial clock line
SDA 15 serial data line
Vop 16 supply voltage
U
ro[1] [16] Voo Ao[1] U [76] Voo
a1[2] [15] sDA a1[2] [15] spa
AZ|3 [14] scL A2[3 [14] scL
Po[4] pcras7ap [13] INT Po[4] | pcreszar [13] T
p1[5 |PCF8574AP 1] 7 p1[5] [PCF8574AT[13] p7
P2[6 | [11] P6 P2[6 [11] P6
p3[7] [10] P5 P3[7] [10] P5
Vss 8] (9] pa Vss (8] 9] Pa

MBDI79

Fig.2 Pin configuration (DIP16).

MCEQO1

Fig.3 Pin configuration (SO16).
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5.2 SSOP20 package

SYMBOL PIN DESCRIPTION
INT 1 interrupt output (active LOW)
SCL 2 serial clock line
n.c. 3 not connected
SDA 4 serial data line
Vob 5 supply voltage
A0 6 address input 0
A1 7 address input 1
n.c. 8 not connected
A2 9 address input 2
PO 10 quasi-bidirectional I/O 0
P1 11 quasi-bidirectional /O 1
P2 12 quasi-bidirectional 1/O 2
n.c. 13 not connected
P3 14 quasi-bidirectional /O 3
Vss 15 supply ground
P4 16 quasi-bidirectional /O 4
P5 17 quasi-bidirectional 1/0 5
n.c. 18 not connected
P6 19 quasi-bidirectional /O 6
P7 20 quasi-bidirectional I/O 7

Fig.4 Pin configuration (SSOP20).

N [1] O [20] P7
scL[2] [19] P6
nc.{3 E n.c.
SDA[4] [17] P5
Voo (5] perasrats [18] P4
a0 [& |PCF8574ATS 15] vss
A1z [14] P3
n.c. E E n.c.
A2(9 [12] P2
Po[10] [11] P1

MBD978
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6 CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for 2-way, 2-line communication between
different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when
connected to the output stages of a device. Data transfer
may be initiated only when the bus is not busy.

6.1 Bit transfer

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stabie during the HIGH
period of the clock pulse as changes in the data line at this
time will be interpreted as control signals (see Fig.5).

6.2  Start and stop conditions

Both data and clock lines remain HIGH when the bus is not
busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S).

A LOW-to-HIGH transition of the data line while the clock
is HIGH is defined as the stop condition (P) (see Fig.6).

6.3  System configuration

A device generating a message is a ‘transmitter’, a device
receiving is the ‘receiver’. The device that controls the
message is the ‘master’ and the devices which are
controlled by the master are the 'slaves’ (see Fig.7).

|
| change i

|

| data line

| stable; | ofdata |
| data valid | allowed |

MBC621

Fig.5 Bit transfer.

r——= r——=
- | . | -
SDA | \ | / \ | / | SDA
i ] - L ]
I I | I
| { e I | .
SCL | | \ / \ / : : SsCL
1S i 1 P
START condition STOP condition P
Fig.6 Definition of start and stop conditions.
SDA
| | | I
MASTER SLAVE MASTER
TRANSMITTER / RESC';-Q\’/'ER TRANSMITTER / TRX"@SSJIET';ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

Fig.7 System configuration.

MBA605
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6.4 Acknowledge

The number of data bytes transferred between the start
and the stop conditions from transmitter to receiver is not
limited. Each byte of eight bits is followed by one
acknowledge bit (see Fig.8). The acknowledge bit is a
HIGH level put on the bus by the transmitter whereas the
master generates an extra acknowledge related clock
pulse.

A slave receiver which is addressed must generate an
acknowledge after the reception of each byte. Also a
master must generate an acknowledge after the reception

of each byte that has been clocked out of the slave
transmitter. The device that acknowledges has to pull
down the SDA line during the acknowledge clock pulse, so
that the SDA line is stable LOW during the HIGH period of
the acknowledge related clock pulse, set-up and hold
times must be taken into account.

A master receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last
byte that has been clocked out of the slave. In this event
the transmitter must leave the data line HIGH to enable the
master to generate a stop condition.

DATA OUTPUT
BY TRANSMITTER

[ X X X/

not acknowledge
N

|

|
DATAOUTPUT ]
BYRECENER |
|

SCL FROM
MASTER |

3]
START
condition

acknowledge :

clock pulse for
acknowledgement

MBC602

Fig.8 Acknowledgment on the 12C-bus.
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7 FUNCTIONAL DESCRIPTION

' VoD
write pulse >
—y
100
wA yy
data from )
shift register D Q ) DC
] [rower
power-on :}
reset r——‘ Vgg
D Q

|C
read pulse —>—$— ! s
data to - —‘®—, tointermupt
shift register — ’ 7 g

MBDSG77

Tt

A\ 4

FF

bl
L

L

A 4

Fig.9 Simplified schematic diagram of each 1/O.

71 Addressing
For addressing see Figs 10, 11 and 12.

slave address slave address
_A __A
e N ~ N
T T T T T T T T T T T T T
IS|0|1|0‘0'A2|A1|A010|A| |S|OI1I1I1IA2|A1|AO‘0|A|
MBD973
a. PCF8574. b. PCF8574A.

Fig.10 PCF8574 and PCF8574A slave addresses.

Each of the PCF8574’s eight I/Os can be independently used as an input or output. Input data is transferred from the
port to the microcontroller by the READ mode (see Fig.12). Output data is transmitted to the port by the WRITE mode
(see Fig.11).
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7.2

The PCF8574 provides an open-drain output (INT) which
can be fed to a corresponding input of the microcontroller
(see Figs 13 and 14). This gives these chips a type of
master function which can initiate an action elsewhere in
the system.

Interrupt output

Aninterrupt is generated by any rising or falling edge of the
port inputs in the input mode. After time ty, the signal INT is
valid.

Resetting and reactivating the interrupt circuit is achieved
when data on the port is changed to the original setting or
data is read from or written to the port which has generated
the interrupt.

Resetting occurs as follows:

e Inthe READ mode at the acknowledge bit after the rising
edge of the SCL signal

« In the WRITE mode at the acknowledge bit after the
HIGH-to-LOW transition of the SCL signal

« Interrupts which occur during the acknowledge clock
pulse may be lost (or very short) due to the resetting of
the interrupt during this pulse.

Each change of the 1/Os after resetting will be detected
and, after the next rising clock edge, will be transmitted as
INT. Reading from or writing to another device does not
affect the interrupt circuit.

7.3 Quasi-bidirectional I/Os

A quasi-bidirectional /O can be used as an input or output
without the use of a control signal for data direction

(see Fig.15). At power-on the 1/Os are HIGH. in this mode
only a current source to Vpp is active. An additional strong
pull-up to Vpp allows fast rising edges into heavily loaded
outputs. These devices turn on when an output is written
HIGH, and are switched off by the negative edge of SCL.
The 1/0s should be HIGH before being used as inputs.

Vpp

PCF8574
M

PCF8574
2

PCF8574
(16)

MICROCONTROLLER

INT

iNT INT

MBDI76

Fig.13 Application of multiple PCF8574s with interrupt.

slave address (PCF8574) data from port
_A _A
r N r N
T T T T T T T 1 T T T T T T
SDA SIO 1 0 0 A2 A1 A01l[A| 1 |1|Pl
! i 1 I 1 1 ! | i ! ; s 1 1 1
4 G { !
start condition RW lacknowledge P5 stop
: from slave condition
|
SCL 12\ 34 s\ el /7L /8
!
I |
|
DATA INTO |
P5 A |
' |
! [
I I
W ] ] '
MBD972
. tiy - "J tip e

Fig.14 Interrupt generated by a change of input to I/O P5.
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8 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER MIN. MAX. UNIT
Vobp supply voltage -0.5 +7.0 \%
Vi input voltage Vgs—0.5 Vpp + 0.5 \%
Iy DC input current - +20 mA
lo DC output current - +25 mA
Ibp supply current - +100 mA
Iss supply current - +100 mA
Piot total power dissipation - 400 mwW
Po power dissipation per output - 100 mwW
Tstg storage temperature —65 +150 °C
Tamb ambient temperature —40 +85 °C
9 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However it is good practice to take
normal precautions appropriate to handling MOS devices (see “Handling MOS devices”).

10 DC CHARACTERISTICS
Vpp = 2.51t0 6 V; Vss =0 V; Tamp = —40 to +85 °C; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply
Vpp supply voltage 25 - 6.0 v
Ipp supply current operatingmode;Vpp =6V, |- 40 100 HA
no load; V| = Vpp or Vss;
fSCL =100 kHz
Istb standby current standby mode; Vpp =6V, |- 2.5 10 YA
no load; V| = VDD or Vss
Vpor Power-on reset voltage Vpp = 6V, no load; - 1.3 24 Y
V,=Vpp or Vsg; note 1
Input SCL; input/output SDA
ViL LOW level input voltage -0.5 - +0.3Vpp \
ViH HIGH level input voltage 0.7Vpp - Vpp+05 |V
loL LOW level output current VoL=04V 3 - - mA
IL leakage current V| =Vpp or Vss -1 - +1 UA
Ci input capacitance V| =Vss - - 7 pF

2002 Nov 22
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SYMBOL | PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
/Os

Vi LOW level input voltage -0.5 - +0.3Vpp \Y
Vi HIGH level input voltage 0.7Vpp - Vpp+0.5 |V
lHL (max) maximum allowed input V|2 Vppor V< Vss - - +400 pA

current through protection
diode

loL LOW level output current VoL=1V;Vpp=5V 10 25 - mA
loH HIGH level output current Vou = Vss 30 - 300 pA
ot transient pull-up current HIGH during acknowledge |- -1 - mA

(see Fig.15); Vou = Vss;
VDD =25V

Ci input capacitance . - - 10 pF
Co output capacitance - - 10 pF
Port timing; C < 100 pF (see Figs 11 and 12)

tov output data valid - - 4 ps
tsu input data set-up time 0 - - ps
th input data hold time 4 - - us
Interrupt INT (see Fig.14)

loL LOW level output current VoL=04V 1.6 - - mA
n leakage current V| =Vpp or Vss -1 - +1 HA
TimING; C £ 100 pF

tiv input data valid time - - 4 us
tir reset delay time - - 4 us
Select inputs A0 to A2

Vi LOW level input voltage -0.5 - +0.3Vpp Y
VI HIGH level input voltage 0.7Vpp - Vpp+0.5 |V
In input leakage current pin at Vpp or Vgs -250 - +250 nA
Note

1. The Power-on reset circuit resets the 12C-bus logic at Vpp < Vpor and sets all I/Os to logic 1 (with current source to

Vbp).

2002 Nov 22
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11 12C-BUS TIMING CHARACTERISTICS

SYMBOL PARAMETER | mn ve. | max. | uniT
12C-bus timing (see Fig.16; note 1)

fscL SCL clock frequency - - 100 kHz
tsw tolerable spike width on bus - - 100 ns
tsur bus free time 4.7 - - us
tsu;sTA START condition set-up time 4.7 - - us
tHD:sTA START condition hold time 4.0 - - us
tLow SCL LOW time 47 - - Us
tHIGH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 Us
t¢ SCL and SDA fall time - - 0.3 us
tsu.paT data set-up time 250 - - ns
tHD:DAT data hold time 0 - - ns
tvD.DAT SCL LOW to data out valid - - 3.4 us
tsu:sTo STOP condition set-up time 4.0 - - us
Note

1. All the timing values are valid within the operating supply voltage and ambient temperature range and refer to Vi
and Vy with an input voltage swing of Vgs to Vpp.

START BIT7 BIT 6 BITO | ACKNOWLEDGE sTOP
PROTOCOL CONDITION MSB (A8) LSB ®A) CONDITION
() (A7) (RW) (P
tsu;sTA tLow tHIGH
- HfscL—e
scL /
/
- S
'BUF [
T A
SDA
A
tHD;STA 'supAT  'HD;DAT tvD;DAT B820 tsussTo

Fig.16 12C-bus timing diagram.
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12 PACKAGE OUTLINES
DIP16: plastic dual in-line package; 16 leads (300 mil) SOT38-4
D Mg |
2
k<
[=%
g 1 T )
§ Az A T
; J_i } __‘J|
- | |
A1 | |
! 1
—{lle
(eq)
b [ by
16 I ’L‘\-'r 9 b My
Mrararraricry \J
pin 1 index | T
Gl SR Ay
| l
1
SRS L] L
1 8
(I) 5 10 mm
1 L PR S S | 3 [
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A4 Az 1) ( zMm
unit | 2| | e b by b ¢ Dl EM 1 e eq L Mg | My w | 20
173 | 053 | 1.25 | 0.36 | 19.50 | 6.48 360 | 825 | 100
mm | 42 | 051 | 32 | {30 | g3 | 085 | 023 | 1855 | 620 | 254 | 762 | 305 | 780 | 83 | 0254 | 076
inch 0.068 | 0.021 | 0.049 | 0.014 | 0.77 | 0.26 014 | 0.32 | 0.39
inches | 0.17 | 0020 | 0.13 | g'oey | 0’015 | 0,033 | 0.000 | 073 | 024 | %10 | 030 | 042 | 031 | o33 | 001 | 0030
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
92447
SOT38-4 ‘E @ 95-01-14
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S016: plastic small outline package; 16 leads; body width 7.5 mm S0T162-1
D E Al
T T~
- / \ \/.
—— == — . 7 ,
- = | 1 c*_—'__ l. \ L/
* l H S ’/l -
=K e =
——]Z
16 9
I
Y
' T N o
- - - - - Az
v, A 1‘ (Af) A
I
in 1 index +
p - *76
Y —-] Lp |
I o
| {
o -
0 5 10 mm
L 1 L I 1 [ L 1 1 |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | A1 | A2 | As | by c DM EM| 6 He L Lp Q v w y |z e
0.30 | 2.45 049 | 032 | 105 | 7.6 10.65 11 | 141 0.9
mm | 265 | 510 | 205 | 025 | 036 | 023 | 101 | 7.4 | V%7 |1000] "4 | 04 | 10 | 022|025 01 | g4 | 4o
. 0.012 | 0.096 0.019 | 0.013 | 0.41 | 0.30 0.419 0.043 | 0.043 0.035| ©°
inches | 010 | 5604 | 0.089 | 07 | 0014 | 0.009 | 0.40 | 0.29 | 20%0 | 0.304 | 9955 | 0016 | 0039 | 001 | 001 | 0004 ) 5546
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION [EC JEDEC EIAJ PROJECTION
SOT162-1 075E03 MS-013 == @ e
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SSOP20: plastic shrink small outline package; 20 leads; body width 4.4 mm S$0T266-1
b {a]
. )
- I C%:J \ l\:}//
\ —
Y] I He =
-b]Z
20 | 1
- i
: ¥
| ] :
PR | R ——— e 2 A A
pin 1 index | A1 _1 (s *
| E 5
. * Ay i‘ 7
IREELEEERE -~
1 | b
detail X
]
(e] o
0 2.5 5 mm
| ST T U W | PR T B |
scale
DIMENSIONS (mm are the original dimensions)
UNIT m‘a‘x_ Ay | A2 | A3 | by ¢ | DV EM| e | He L L, | @ v w y |z e
0.15 | 1.4 032020 | 66 | 45 6.6 0.75 | 0.65 048 | 10°
mm |15 | "7 | 42 | 925 | 020 {013 | 64 | 43 [ 085 62 | 10 | 045|045 | 02 | O13] 01 | gqg | go
Note
1. Plastic or metal protrusions of 0.20 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION Ec JEDEC EiA) PROJECTION s
-95-02-22-
SOT266-1 MO-152 = @ S
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13 SOLDERING

13.1 Introduction

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(document order number 9398 652 90011).

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mount components are mixed on
one printed-circuit board. Wave soldering can still be used
for certain surface mount ICs, but it is not suitable for fine
pitch SMDs. In these situations reflow soldering is
recommended.

13.2 Through-hole mount packages

13.2.1 SOLDERING BY DIPPING OR BY SOLDER WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joints for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstg(max))- If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

13.2.2 MANUAL SOLDERING

Apply the soldering iron (24 V or less) to the lead(s) of the
package, either below the seating plane or not more than
2 mm above it. If the temperature of the soldering iron bit
is less than 300 °C it may remain in contact for up to

10 seconds. If the bit temperature is between

300 and 400 °C, contact may be up to 5 seconds.

13.3 Surface mount packages

13.3.1 REFLOW SOLDERING

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several methods exist for reflowing; for example,
convection or convection/infrared heating in a conveyor
type oven. Throughput times (preheating, soldering and
cooling) vary between 100 and 200 seconds depending
on heating method.

2002 Nov 22
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Typical reflow peak temperatures range from

215 to 250 °C. The top-surface temperature of the
packages should preferable be kept below 220 °C for
thick/large packages, and below 235 °C for small/thin
packages.

13.3.2 WAVE SOLDERING

Conventional single wave soldering is not recommended
for surface mount devices (SMDs) or printed-circuit boards
with a high component density, as solder bridging and
non-wetting can present major problems.

To overcome these problems the double-wave soldering
method was specifically developed.

If wave soldering is used the following conditions must be
observed for optimal results:

¢ Use a double-wave soldering method comprising a
turbulent wave with high upward pressure followed by a
smooth laminar wave.

For packages with leads on two sides and a pitch (e):

— larger than or equal to 1.27 mm, the footprint
longitudinal axis is preferred to be parallel to the
transport direction of the printed-circuit board;

— smaller than 1.27 mm, the footprint longitudinal axis
must be parallel to the transport direction of the
printed-circuit board.

The footprint must incorporate solder thieves at the
downstream end.

For packages with leads on four sides, the footprint must
be placed at a 45° angle to the transport direction of the
printed-circuit board. The footprint must incorporate
solder thieves downstream and at the side corners.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Typical dwell time is 4 seconds at 250 °C.
A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

13.3.3 MANUAL SOLDERING

Fix the component by first soldering two
diagonally-opposite end leads. Use a low voltage (24 V or
less) soldering iron applied to the flat part of the lead.
Contact time must be limited to 10 seconds at up to

300 °C. When using a dedicated tool, all other leads can
be soldered in one operation within 2 to 5 seconds
between 270 and 320 °C.
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13.4 Suitability of IC packages for wave, reflow and dipping soldering methods

SOLDERING METHOD
MOUNTING PACKAGE("
WAVE REFLOW®) | DIPPING

Through-hole mount | DBS, DIP, HDIP, SDIP, SIL suitable® - suitable
Surface mount BGA, LBGA, LFBGA, SQFP, TFBGA, VFBGA | not suitable suitable |-

HBCC, HBGA, HLQFP, HSQFP, HSOP, not suitable suitable |-

HTQFP, HTSSOP, HVQFN, HVSON, SMS

PLCC®), SO, SOJ suitable suitable -

LQFP, QFP, TQFP not recommended®X®) | suitable -

SSOP, TSSOP, VSO not recommended(”) | suitable -
Notes

1.

For more detailed information on the BGA packages refer to the “(LF)BGA Application Note” (AN01026); order a copy
from your Philips Semiconductors sales office.

All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the maximum
temperature (with respect to time) and body size of the package, there is a risk that internal or external package
cracks may occur due to vaporization of the moisture in them (the so called popcorn effect). For details, refer to the
Drypack information in the “Data Handbook IC26; Integrated Circuit Packages; Section: Packing Methods”.

For SDIP packages, the longitudinal axis must be parallel to the transport direction of the printed-circuit board.

These packages are not suitable for wave soldering. On versions with the heatsink on the bottom side, the solder
cannot penetrate between the printed-circuit board and the heatsink. On versions with the heatsink on the top side,
the solder might be deposited on the heatsink surface.

If wave soldering is considered, then the package must be placed at a 45° angle to the solder wave direction.
The package footprint must incorporate solder thieves downstream and at the side corners.

Wave soldering is suitable for LQFP, QF P and TQFP packages with a pitch (e) larger than 0.8 mm; itis definitely not
suitable for packages with a pitch (e) equal to or smaller than 0.65 mm.

Wave soldering is suitable for SSOP and TSSOP packages with a pitch (e) equal to or larger than 0.65 mm; it is
definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm.
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14 DATA SHEET STATUS

LEVEL

DATA SHEET
STATUS()

PRODUCT
STATUS®)

DEFINITION

Objective data

Development

This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

Preliminary data

Qualification

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

Product data

Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification

(CPCN).

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. Fordata sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

15 DEFINITIONS

Short-form specification — The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition — Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or atany other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information — Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.
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16 DISCLAIMERS

Life support applications — These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes — Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.
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17 PURCHASE OF PHILIPS 12C COMPONENTS

Purchase of Philips 12C components conveys a license under the Philips’ I2C patent to use the
components in the 12C system provided the system conforms to the I2C specification defined by
Philips. This specification can be ordered using the code 9398 393 40011.
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