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2.4 microcontroller A5zNa Arduino [4]

lulnsmeulvsataeslunszna Nano ATMEGA 168 vasu3tm Arduino
lilaseoulnsiaesimiuvesajulmiiiduduiifdnlutigtu Wewniimswaunliuun
nuarussydeyaldinnnindy Snieddldauie siangn Svenuadsneawasan
aunsadlugiedumadouddaingld Woldluiuden idududedigunsel
meuenUsznev esaniimheaudegmeludilulasaevlnsaiaesuaranunsosielda
funeinldlnenss damuiimvioiudeyailiueundenuazanunsanansdoyafiuainea
lulasnoulvsalaainszga Arduino Nano ATMEGA 168 \ulilaspaulnsaiaeivua 10 On
91 28 21 f‘ﬁaLLammﬁtymmﬁqgﬂﬁ 2.4

Atmega168 Pin Mapping

Arduino function Arduino function

reset (PCINT14/RESET) PC6 PC5 (ADCS/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT16/RXD) PDO PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TX0) PD1 PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/INT0) PO2 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3 PC1 (ADC1/PCINTS) analog input 1
digital pin 4 (PCINT20/XCK/TO) PD4 PCO (ADCO/PCINTS) analog input 0
vCC vCC GND GND
GND GND AREF analog reference
crystal (PCINTB/XTAL1/TOSC1) PB8 AVCC VCC
crystal (PCINTZ/XTAL2/TOSC2) PB7[] PBS (SCK/PCINTS) digital pin 13
digital pin 5 (PWM) ~ (PCINT21/0C0B/T1) PD5L] PB4 (MISO/PCINT4) digital pin 12

digital pin 6 (FWM) (PCINT22/0C0A/AING) PD6 L]
digital pin 7 (PCINT23/AINT) PD7 ]
digital pin 8 (PCINTO/CLKOACP1) PBOEI

PB3 (MOSIYOC2A/PCINT3) digital pin 11(PWM)
PB2 (SS/OC1BPCINT2) digital pin 10 (PWM)
PB1 (OC1A/PCINT1) digilal pin 9 (PWM)

Digital Pins 11,12 & 13 are used by the ICSP header for MOSI,
MISO, SCK comnections (Atmega168 pirs 17,18 & 15). Avoid low-
impeadance loads on thasa pins when using tha ICSP header,

A o ]
JUN 2.4 Muazdmumiimslidauvaddulnsaaulnsias



10
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2.4.2 microcontroller a50a Arduino Nano ATMEGA 168
Tnsaaieiuguaadlulaseaulnsaiaes Nano ATMEGA 168 hilsilasaavlnsatassauin

10 9 vvesdnyqnd 28 11 Tassadevedlulasroulnsaiass wanadsgy

Figure 2-1.  Block diagram.

s 8
[ e T ""T‘_""""""T
1 Véakcnoog Powar 1
EDUGWIRE :
! S supanvision |
! POR/BOD & !
Véanoog FROGRAM 1
! pimeiniic P  RESET i :
i 1 i
1 - 1]
: ::'winﬂ' Fiasn SRAM :
: oo :
1 generaion :
]
1 1
i AYR c-u !
i
| 1 :
I 1
‘L ) H : —-—-———-‘—| ACC
1 AREF
| ! V o/ AN
] y ——
H
: I B TS0 ] ! tEN T | | AD conv }t—r :
1 9 t
1 1
1| - !
1| Wbt &g &) 1
el ]|
LA { AN l
) - |I
I
I )
1
g l USARTQ | spl I I ™I —l i
L}
1 I x F I [ 1
| L Lo !
I k. I
; - - e 5 !
4
: y 1 4 A :
/ ] Lpomnm I IPosrrnm I mrcmj 1
) o :
\’ RESET
‘ g
XALY. 2]
oR.7 PROT FoLE) ADGIB. 7]

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Anthmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
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http://www.thaigoodview.com/node/104243

(4] Wsunsulalasmoulnsaiaes (eaulat]) ey ;
http://arduino.cc/en/Hacking/PinMapping168

[5] anunsulalonatute nouau : yryde it (seulet) unasin :
http://electronics.se-ed.com/contents/140s135/140s135_p08.asp
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int sensorPin = 3;
int digitalPin = 2;

int lookatarnPin = 12;

int aa = 0;
int bb = 0;
int cc = 0;

int cutstate = 0; // if == 0 non cut or cut even time
// if == 1 cut odd time

int counter = 0;

unsigned long timebegin;

unsigned long clocksegment =0;

int digital =0;

int timehalf;

int timefull;

int Dp = 13;

int Pineigth = 8;

int Pinnine = 9;

int Pinten = 10;

int Pineleven = 11;

int Digitl = 4;
int Digit2 = 5;
int Digit3 = 6;
int Digitd = 7;
int seva=0;
int sevb=0;
int sevc=0;

int sevd=0;



unsigned long timestart;
unsigned long timestop;
int WaitStart = 0;
int WaitStop = 0;

void setup()

{
Serial.begin(115200);
pinMode(2,INPUT);
pinMode(3,INPUT);
pinMode(12,INPUT);
pinMode(sensorPin,INPUT);
pinMode(digitalPin,INPUT);
pinMode(lookatarnPin,INPUT);
pinMode(Dp,OUTPUT);
pinMode(Pineigth,OUTPUT);
pinMode(Pinnine,OUTPUT);
pinMode(Pinten,QUTPUT);
pinMode(Pineleven,OUTPUT);
pinMode(Digit1,OUTPUT);
pinMode(Digit2,0UTPUT);
pinMode(Digit3,0UTPUT);
pinMode(Digitd, OUTPUT);

void loop()

{

unsigned long time = micros();

aa = digitalRead(digitalPin);

bb = digitalRead(sensorPin);

cc = digitalRead(lookatarnPin);

if (bb == LOW && WaitStart == 0 && aa == HIGH && cc == LOW){timestart =

micros();



WaitStart = 1;}
//bb
if (aa == LOW && WaitStart == 0 && bb == LOW && cc == LOW){
WaitStart = 2;timestart = micros();}
//cc
if (aa == HIGH && WaitStart == 0 && bb == HIGH && cc == HIGH){
WaitStart = 3;}
if (WaitStart == 1 || WaitStart == 2 | WaitStart == 3){

//bb
if (bb == HIGH && aa == LOW && cc == LOW){WaitStop = 1;}
i sl
if(aa == HIGH && bb == HIGH && cc == HIGH && cutstate ==0)
{
if(counter ==0){timestart = micros();}
counter ++;

cutstate = 1;

}

if(aa == HIGH && bb == HIGH && cc == LOW && cutstate == 1)
{

cutstate = 2;

}

if(aa == HIGH && bb == HIGH && cc == HIGH && cutstate ==2)
{

if(counter ==1)

{

cutstate = 3;



if(aa == HIGH && bb == HIGH && cc == LOW && cutstate == 3)
{
cutstate = 4;
}
if(aa == HIGH && bb == HIGH && cc == HIGH && cutstate ==4)
{
cutstate = 0;
}
if (counter == 1){ timestop = micros() - timestart;}
if (aa == HIGH && bb == LOW && cc == LOW){timestart = micros();}

if (aa == LOW){timestop = micros() - timestart:}

Serial.printin(timestop);

unsigned long a = (timestop/1000000);
unsigned long b =(timestop/100000)%10;
unsigned long c =(timestop/10000)%10;
unsigned long d =(timestop/1000)%10;

seva = a;
sevb =b;

Sevc = ¢;

sevd =d;
Serial.print(a);
Serial.print(b);
Serial.print(c);
Serial.println(d);
}

drive(seva,sevb,sevc,sevd);



if( bb == LOW && WaitStop == 1 ){ WaitStop = 0;
while(WaitStop == 0){
drive(seva,sevb,sevc,sevd);}

}

if(cc == HIGH && cutstate == 0){ WaitStop = 0;
while(WaitStop == 0){
drive(seva,sevb,sevc,sevd);}

}

void drive (int a,int b, int ¢, int d)
{ unsigned long jame = micros() - clocksegment;
If(jame >= 5) { clocksegment = 0;
if(digital == 0){
lightoff();

if(a==0){zero(); oned();}
if(a==1){one(); oned();}
if(a==2){two(); oned();}
if(a==3){three(); oned();}
if(a==4){four(); oned();}
if(a==5){five(); oned();}
if(a==6){six(); oned();}
ifa==7){seven(); oned();}
if(a==8){eight(); oned();}
if(a==9){nine(); oned();}
digitalWrite(Dp,LOW);}

else if(digital == 1){
digitalWrite(Dp,HIGH);
lightoff();

if(b==0){zero(); twod();}

if(b==1){one(); twod();}
if(b==2){two(); twod();}



if(b==3){three(); twod();}
if(b==4){four(); twod();}
if(b==5){five(); twod();}
if(b==6){six(); twod();}
if(b==7){seven(); twod();}
if(b==8){eight(); twod();}
if(b==9){nine(); twod();}
}

else if(digital == 2){
lightoff();
if(c==0){zero(); threed();}
if(c==1){one(); threed();}
if(c==2){two(); threed();}
if(c==3){three(); threed();}
if(c==4){four(); threed();}
if(c==5){five(); threed();}
if(c==6){six(); threed();}
if(c==T){seven(); threed();}
if(c==8){eight(); threed();}
if(c==9){nine(); threed();}
digitalWrite(Dp,HIGH);}

else if(digital == 3){
lightoff();
if(d==0){zero(); fourd();}
if(d==1){one(); fourd();}
if(d==2){two(); fourd();}
if(d==3){three(); fourd();}
if(d==4){four(); fourd();}
if(d==5){five(); fourd();}
if(d==6){six(); fourd();}
if(d==7){seven(); fourd();}



if(d==8){eight(); fourd();}
if(d==9){nine(); fourd();}
digitalWrite(Dp,HIGH);}

digital++;
if(digital > 3){digital =0;}

}

void zero()

{
digitalWrite(Pineigth,LOW);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,LOW);

}

void one()

{
digitalWrite(Pineigth,HIGH);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,LOW);

}

void two()

{
digitalWrite(Pineigth,LOW);
digitalWrite(Pinnine,HIGH);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,LOW);



void three()

{
digitalWrite(Pineigth,HIGH);
digitalWrite(Pinnine,HIGH);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,LOW);

}

void four()

{
digitalWrite(Pineigth, LOW);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,HIGH);
digitalWrite(Pineleven,LOW);

}

void five()

{
digitalWrite(Pineigth,HIGH);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,HIGH);
digitalWrite(Pineleven,LOW);

}

void six()

{
digitalWrite(Pineigth,LOW);
digitalWrite(Pinnine,HIGH);
digitalWrite(Pinten,HIGH);
digitalWrite(Pineleven,LOW);



void seven()

{
digitalWrite(Pineigth,HIGH);
digitalWrite(Pinnine,HIGH);
digitalWrite(Pinten,HIGH);
digitalWrite(Pineleven,LOW);

}

void eight()

{
digitalWrite(Pineigth,LOW);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,HIGH);

}

void nine()

{
digitalWrite(Pineigth,HIGH);
digitalWrite(Pinnine,LOW);
digitalWrite(Pinten,LOW);
digitalWrite(Pineleven,HIGH);

}

void oned()

{
digitalWrite(Digit1,HIGH);
digitalWrite(Digit2,LOW);
digitalWrite(Digit3,LOW);
digitalWrite(Digit4,LOW);



void twod()

{
digitalWrite(Digit1,LOW);
digitalWrite(Digit2,HIGH);
digitalWrite(Digit3,LOW);
digitalWrite(Digit4,LOW);

}

void threed()

{
digitalWrite(Digit1,LOW);
digitalWrite(Digit2,LOW);
digitalWrite(Digit3,HIGH);
digitalWrite(Digit4,LOW);

}

void fourd()

{
digitalWrite(Digit1,LOW);
digitalWrite(Digit2,LOW);
digitalWrite(Digit3,LOW);
digitalWrite(Digit4,HIGH);

}

void lightoff()

{
digitalWrite(Digit1,LOW);
digitalWrite(Digit2,LOW);
digitalWrite(Digit3,LOW);
digitalWrite(Digit4,LOW);
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PART NO. : TOF-5461BMRL-B

ABSOLUTE MAXIMUM RATINGS AT TA=25°C

PARAMETER VALUE UNITS

Power Dissipation Per Segment 75 mW
Peak Forward Current Per Segment

(1/10 Duty Cycle, Qs Pulse Width) - mA
Continuous Forward Current Per Segment 20 mA
Recommend Operating Current 12 mA
Reverse Voltage Per Segment 5 v
Operating Temperature Range -25 to +85 PC
Storage Temperature Rahge -30 to +85 iIC
Junction Temperature >85 ['C

Lead-Free Solder Temperature(1/16 Inch Below Seating Plane)

260°C for 3 sec.

ELECTRICAL/OPTICAL CHARACTERISTICS AT TA=25°C

PARAMETER SYMBOL| - MIN. | TYP. | MAX. | UNITS |TEST CONDITION
Luminous [ntensity Per Segment | Iy 21937 ped | [r=10mA
Dominant Emission Wavelength Ad 640 nm | [r=20mA
Spectral Line Half-Width AN 15 nm | [r=20mA
Forward Voltage Per Segment Vr |18 | 20 | 23 v [r=20mA
Reverse Current Per Segment [r 100 | pA Vr =5V
Luminous Intensity Matching Rate| Iv—m 2041 [r=20mA

Notes:Above specification may be changed without notice.
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UNIT | "= |SHEET NO|  2/2
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PART NO. : TOF-5461BMRL-B

APPEARANCE TECHNOLOGY AlGalnP/GaAs

SOURCE COLOR | Ultra Bright Red
FACE |SEGMENT| PIN DRIVER MODE Com.Anode

Black | White |00.51x10.28 | PACKING Tube(5263)
PACKAGE DIMENSIONS

8° 8.10

! f« = s DIG1  DIG2  DIG3  DIG.4

19.0
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il
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N

i

iRy A Lt
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1 Il

PN 1270 | 12707 1270 |
50.30

) [ P
R e/ i
I~ _F IR R T
TOF-5461BMRL-B + ## ++ 43 +3 2 e o TN
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< fep]
© 15.24
2.54%5=12.70
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@ MOTOROLA

BCD TO 7-SEGMENT
DECODER/DRIVER

The SN54 / 741847 are Low Power Schottky BCD to 7-Segment Decod-
er / Drivers consisting of NAND gates, input buffers and seven AND-OR-IN-
VERT gates. They offer active LOW, high sink current outputs for driving
indicators directly. Seven NAND gates and one driver are connected in pairs
to make BCD data and its complement available to the seven decoding
AND-OR-INVERT gates. The remaining NAND gate and three input buffers
provide lamp test, blanking input / ripple-blanking output and ripple-blanking
input.

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on
the state of the auxiliary inputs, decodes this data to drive a 7-segment display
indicator. The relative positive-logic output levels, as well as conditions
required at the auxiliary inputs, are shown in the truth tables. Output
configurations of the SN54 / 741547 are designed to withstand the relatively
high voltages required for 7-segment indicators.

These outputs will withstand 15 V with a maximum reverse current of
250 «cA. Indicator segments requiring up to 24 mA of current may be driven
directly from the SN74LS47 high performance output transistors. Display
patterns for BCD input counts above nine are unique symbols to authenticate
input conditions.

The SN54 / 741847 incorporates automatic leading and / or trailing-edge
zero-blanking control (RBI and RBO). Lamp test (LT) may be performed at any
time which the BI/ RBO node is a HIGH level, This device also contains an
overriding blanking input (BI) which can be used to control the lamp intensity
by varying the frequency and duty cyele of the Bl input signal or to inhibit the
outputs.

' Lamp Intensity Modulation Capability (BVRBO)
' Open Collector Outputs
[l Lamp Test Provision
Leading / Trailing Zero Suppression
Input Clamp Diodes Limit High-Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
vcc f

(][} ] [l o]0l o] G

D)

Ll Lef Lsf Talds] Do P/l 6]

SN54/74L547

BCD TO 7-SEGMENT
DECODER/ DRIVER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
2 SoIic

CASE 751B-03

ORDERING INFORMATION
SNS4LSXXJ Ceramic
SN74LSXXN Plastic

SN74LSXXD SoIC

& LT BI / RBO RBI
PIN NAMES LOADING (Note a)
HIGH LOW

ABCD BCD Inputs 0.5U.L. 0.25 UL,
RBI Ripple-Blanking Input 0.5 U.L. 025 U.L.
LT Lamp-Test Input 0.5 U.L. 025 UL
BITRBO Blanking Input or 0.5 U.L. 0.75 UL

Ripple-Blanking Output 1.2 LLL. '
- - Outputs Open-Collector 15 (7.5) U.L.
a,to g

NOTES:

a) | Unit Load (U.L.) = 40 =A HIGH, 1.6 mA LOW.
b) Output current measured at VOUT = 0.5 V

LOGIC SYMBOL

712635

HEEPY!

ABCDLTRBI

Bl
a bcd e fgRBO

[T

13121110915144

VCC=PIN 16
GND = PIN 8

The Output LOW drive factor is 7.5 U.L. for Military (54) and 15 U.L. for Commercial (74) Temperature Ranges.

FAST AND LS TTL DATA
5-1



SN54/74L547

LOGIC DIAGRAM

— OUTPUT

T
INPUTT 1
=M,
*
D

BLANKING INPUT OR ?:
RIPPLE-BLANKING {
OUTPUT ¢ S
] I [ 1
LAMP-TEST | A
R{PPLI:?LE\NK[NG A EE%
INPUT —t) g g
(| | O O O O O S (I
5| S | O || O O N
0w 2 S A 50NN\ T 1112 13 T W
NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS
TRUTH TABLE
! —— = INPUTS \ / OUTPUTS .-
DECIMAL — - W - - - -
OR LT RBI D C B A BURBO a b < d e f '] NOTE
FUNCTION
0 H H L L L L H L it L L L , H A
1 H X >, L L H H H L L H H H H A
2 H X L L s jL H L o uafc o L
k} H X L L H H H L L I L H H 4
4 H X K H L H H L L H H I L
5 H X I H L H H L H L L L L
6 H X L/ H H L H H H L L L L L
o H X L H H H H = L B H H H H
8 H X | H 8 L ) H L L L L L L L
92 H X H L H H L L pE H H L L
10 H X H L H L H H H H VL L H Li
11 H X H B H H H H H iB L H H L
12 H X H H I L H H L H H H L L
13 H X H H L H H 5 H H B H L |4
14 H X H H H L H H H H L L Ig L
15 H X H H H H H H H H H H H H
Bl X X X X X X L H H H H H H H B
RBI H I L L L L | H H H H H H H o
LT L X X X X X H L L L L L L L D

H = HIGH Voltage Level
L =LOW Voltage Level
X = Immaterial

NOTES:

(A) BURBO is wire-AND logic serving as blanking Input (Bl) and/or ripple-blanking output (RBO). The blanklng out (BI) must be open or held
at a HIGH level when output functions 0 through 15 are desired, and ripple-blanking input (RBI) must be open or at a HIGH level if blanking
of a decimal 0 is not desired. X = input may be HIGH or LOW.

(B) When a LOW level is applied to the blanking input (forced condition) all segment outputs go to a LOW level regardless of the state of
any other input condition.

(C) When ripple-blanking input (RBI) and inputs A, B, C, and D are at LOW level, with the lamp test input at HIGH level, all segment outputs
o to a HIGH level and the ripple-blanking output (RBO) goes to a LOW level (response condition).

(D) When the blanking input/ripple-blanking output (BI/RBO) is open or held at a HIGH level, and a LOW level is applied to lamp test input,
all segment outputs go to a LOW level.

FAST AND LS TTL DATA
5-2



SN54/74L847

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
vce Supply Voltage 54 4.5 5.0 5.5 A4
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 - 55 25 125 °X
74 0 25 70
I0H Output Current — High BI/ RBO 54,74 - 50 xA
10L Output Current — Low Bl /RBO 54 1.6 mA
BI/ RBO 74 32
VO (off) Off-State Output Voltage a to g_ 54,74 15 v
i Aen) On-State Output Current a to g- - 54 12 mA
atog”™ 7 74 24
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
SymbolSb | ParameterP Min Typ Max UnitU i Test C di iTConditions
Guaranteed Input HIGH Theshold Voltag
VIH Input HIGH Voltage 2.0 Vo | forAlllputs. eseie T
54 0.7 Guaranteed Input LOW Threshold Voltagepg
VIL Input LOW Voltage = ", v for All Inputs
VIK Input Clamp Diode Voltage -0.65 -15 Vv VCC=MIN,IIN=-18 mA
VOO =MIN. TUOH = =50 oA, o,
VOH Output HIGH Voliage, Bl / RBOVoltage 2.424 4242 v VIN = VIN or VIL per Truth Table
Qutput LOW Voltagepg 54,74 0.25 0.4 v IOL = 1.6 mA VCC = MIN, VIN = VIN or,
VoL BI/ RBO n ™ IS v TOC= 3.7 mA VIL per Truth Table
Off-State Output Current VCC =MAX, VIN = VIN or VIL per Truth
10 (off) athrug— 250 P 1 Table, VR 1) = 15 V
VO (on) On-State Output Voltagepg 54,74 0.25 0.4 v 10 (on) = 12 mA VCC = MAX, VIN = VIH
on o - : E |
athru g 74 035 05 v 10 (on) =24 mA or VIL per Truth TableT th T
20 aA VCC=MAX.VIN=2.7V
ITH Input HIGH Current T MA VIN: OV
0.1 mA | i
Input LOW Current BLZRBO.- -12 .
1L Any Input except Bl / RBO 204 mA VCC=MAX,VIN=04V
10S BI / RBO Output Short Circuit Current (Note 1) -03 ~2.0 mA VCC=MAX, VOUT=0V
i Power Supply Current 7.0 13 mA WLVAY
Note |: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (TA = 25°C)
Limits
SymbolS b | ParameterP Min Typ Max UnitU i Test C di iConditionsT
tPHL Propagation Delay. Address 100 ns
tPLH Input to Segment Output {00 ns VCC=5.0V
tPHL Propagation Delay, RBI Input 100 ns CL=lgF
tPLH To Segment Qutput 100 ns
AC WAVEFORMS
VIN 13V 13V 13V 1.3V
(PHI: PLH tPHL PLH-*
vouT 13V 13V vout 13V 13V
Figure 1 Figure 2

FAST AND LS TTL DATA

5-3



@ MOTOROLA

SCHMITT TRIGGERS
DUAL GATE/HEX INVERTER

The SN54LS/ 741513 and SN54LS / 74LS 14 contain logic gates / inverters
which accept standard TTL input signals and provide standard TTL output
levels. They are capable of transforming slowly changing input signals into
sharply defined, jitter-free output signals. Additionally. they have greater noise
margin than conventional inverters.

Each circuit contains a Schmitt trigger followed by a Darlington level shifter
and a phase splitter driving a TTL totem pole output. The Schmitt trigger uses
positive feedback to effectively speed-up slow input transitions, and provide
different input threshold voltages for positive and negative-going transitions.
This hysteresis between the positive-going and negative-going input
thresholds (typically 800 mV) is determined internally by resistor ratios and is
essentially insensitive to temperature and supply voltage variations.

LOGIC AND CONNECTION DIAGRAMS
o SN54 /741513

[1a] [l ] [ii]fro] [o] []
R~

ﬁlﬁﬂﬁ
Lol L] LB T LT

GND

" . SN54 / 741514

[is] [io] Tee] [ [uo] [57 [s]

Wil
b

Lol L sl o] [T e 1]

SN54/74LS13
SN54/74LS14

SCHMITT TRIGGERS
DUAL GATE/ HEX INVERTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
SOIC
4 CASE 751A-02

ORDERING INFORMATION

SNS4LSXX]J Ceramic
SNT74LSXXN Plastic
SNT74LSXXD soIlc

GND
GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

vee Supply Voltage 54 4.5 5.0 535 b
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °X
74 0 25 70

10H Output Current — High 54,74 -0.4 mA

10L Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
5-24




SN54/74LS13 (1 SN54/74LS14

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Figure 1. AC Waveforms

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
VT+ Positive-Going Threshold Voltage 1.5 2.0 v VCC=50V
VT- Negative-Going Threshold Voltage 0.6 1.1 W VCC=50V
VT+-VT- Hysteresis 0.4 0.8 v VCC=50V
VIK Input Clamp Diode Voltage -0.65 -1.5 Vv VCC = MIN. [IN = - 18 mA
54 25 34 v
VOH Output HIGH Voltage VCC = MIN, IOH = - 400 «A, VIN = VIL
74 27 34 v
54,74 0.25 0.4 A VCC=MIN, IOL =4.0 mA, VIN=2.0 V
VOL Output LOW Voltage
74 0.35 0.5 v VCC=MIN, IOL=8.0 mA, VIN=2.0V
1T+ Input Current at Positive-Going Threshold 0.14 mA VCC=50V,VIN=VT+
IT- Input Current at Negative-Going Threshold -0.18 mA VCC=50V,VIN=VT-
1.0 20 <A VCC=MAX.VIN=27V
ITH Input HIGH Current
0.1 mA VCC=MAX,VIN=70V
1L Input LOW Current -04 mA VCC=MAX,VIN=04V
10S Short Circuit Current (Note 1) -20 =100 mA VCC=MAX.VOUT=0V
Power Supply Current
LS13 2.9 6.0
Total, Output HIGH
IcC L514 8.6 16 mA VCC = MAX
LS13 4.1 7.0
Total, Output LOW .
LS14 12 21
Note 1: Not more than one output should be shorted at a time, nor for more than | second.
AC CHARACTERISTICS (TA =25°C)
Max
Symbol Parameter L513 LS14 Unit Test Conditions
tPLH Propagation Delay, Input to Output 22 22 ns VCC =50V
= CL=15pF
tPHL Propagation Delay. Input to Output 27 » ns P
IV -
1.6V
b 0.8V
ov
tPHL tPLH:
VouT 13V 13v

FAST AND LS TTL DATA
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SN54/74LS13 [1 SN54/74LS14

% e |
VCC=5V |
[ TA=25°C
VO,
outptf T
VOLTAQE = =
(VOLTS
3 |
!
i | L |
2 - - — _!. - e
1
0
0 0.4 0.951.2 1.8 2
VIN, INPUT VOLTAGE (VOLTS)
Figure 2. VIN versus VOUT Transfer Function
TA'=25°C |
VT & 1 [
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® 2N3904
B  SMALL SIGNAL NPN TRANSISTOR |
PRELIMINARY DATA
Ordering Code Marking Package / Shipment
2N3904 2N3904 TO-92 / Bulk
2N3904-AP 2N3904 TO-92 / Ammopack

SILICON EPITAXIAL PLANAR NPN
TRANSISTOR
. TO-92 PACKAGE SUITABLE FOR

THROUGH-HOLE PCB ASSEMBLY ¢
THE PNP COMPLEMENTARY TYPE IS
2N3906
APPLICATIONS Je-22 i
Bulk A ack
+ WELL SUITABLE FOR TV AND HOME - el
APPLIANCE EQUIPMENT
+ SMALL LOAD SWITCH TRANSISTOR WITH
HIGH GAIN AND LOW SATURATION
VOLTAGE
INTERNAL SCHEMATIC DIAGRAM
Co(3)
(2)
B
Eo(1)
j S QIRg
ABSOLUTE MAXIMUM RATINGS
Symbol . Parameter Value Unit
V cBO Collector-Base Voltage (1= 0) 60 \%
V ceo Collector-Emitter Voltage (I 8=0) 40 \'
;Xm0 |imifterPese Volmpelle=th - S T A
B Ic E‘olleclor Current - 200 . - mA
P tot Total Dissipation at T ¢ =25 C ¢ 625 mw
T stg Storage Temperature -65to 150 il
Tj Max. Operating Junction Temperature 150 i
February 2003
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2N3904

THERMAL DATA
[ R thj-amb Thermal Resistance Junction-Ambient Max 200 ‘crw
| R thj-case Thermal Resistance Junction-Case Max 833 °C/W
ELECTRICAL CHARACTERISTICS (Tcase = 25 oC unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
I CEX Collector Cut-off VcE=30V 50 nA
Current (V BE= -3 V)
I BEX Base Cut-off Current VCE=30V 50 nA
(VBE=-3V)
V (Br)CEO [ Collector-Emitter Ic=1mA 40 A%
Breakdown Voltage
(IB=0)
V (BR)CBO Collector-Base Ic= 10 =A 60 A%
Breakdown Voltage
(Te=0)
V (BR)EBO Emitter-Base Te=10 xA 6 %
Breakdown Voltage
(1c=0)
V CEsat)| Collector-Emitter Ic=10mA IB=1mA 0.2 \
Saturation Voltage lc=50mA [B=5mA 0.2 v
V BEGsan Base-Emitter le=10mA IB=1mA 0.85 %
Saturation Voltage lc=50mA [B=35 mA 0.65 0.95 ¥
h FE DC Current Gain Ic = 0.1 mA VCE=1V 60
Ie-="1mA VicE=1V 80
Ic = 10mA VeeF1V 100 300
Ic = 50 mA V. CE= IV 60
Ic = 100 mA V=1V 30
fr Transition Frequency Ic=10mA Vee=20V f= 100 MHz 250 270 MHz
C cBo Collector-Base IE=0 Ves=10V f=1MHz 4 pF
Capacitance
C EBO Emitter-Base Ic=0 VEB=0.5V f= 1 MHz 18 pF
Capacitance
NF Noise Figure Vce=5ViIe=0.1 mA =10 Hz 5 dB
to 15.7KHzRG=1 KQ
td Delay Time Ic=10mA IB="1mA 35 ns
tr Rise Time Vee=30V 35 ns
tsStorage Timel c= 10 mA I BI=-IB2=1mA 200 ns
50 ns

Fa]]LTimeV cc=130 Vte
" Pulsed: Pulse

2/5

uration = 300 «o, duty cycle & 2 %
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2N3904

TO-92 MECHANICAL DATA

mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.32 4.95 0.170 0.195
b 0.36 .51 0.014 0.020
D 4.45 4.95 0.175 0.194
E 3.30 3.94 0.130 0.155
e 241 2.67 0.095 0.105
el 1.14 1.40 0.045 0.055
L 12.70 15.49 0.500 0.609
R 2.16 241 0.085 0.094
Sl 1.14 1.52 0.045 0.059
W 0.41 0.56 0.016 0.022
Vv 4 degree 6 degrec 4 degree 6 degree
S ST O T
1
1
e P
R v
\ W e
O H_—,i I ‘ l
g O ] — i E— g
: P
£ L

)
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2N3904

TO-92 AMMOPACK SHIPMENT (Suffix"-AP") MECHANICAL DATA

DIM mm inch
' MIN TYP. MAX MIN TYP. MAX
Al 4.80 0.189
T TR0 T.T50
Tt a0 0063
T 2.30 0.091
q 048 0.019
o e i
22 7,05 0.278
FI.F2 12.50 12.70 2.94 0.492 0.500 0.116
delta H 5.65 6.35 2K 0.222 0.250 | IR
A 1.9.00. 0748
ALl L. e L) U.Uv0 U TUU '
W0 =2.00 6.30 _(0.079 | 0.248
Wi 17.50 9.25 0.689 0.364
W2 5770 050 27 6:620
g P 18.00 20.50 Py 0.709 0.807
HO 6.00 16.50 0.236 0.650
HI F.UU J.J.UUV U205 U785
BG 420 0168
: 0.50 0.035
XS
]:- 18.50 ) SR 0.728 il
delia 1530 16.00 o i 0.630
3.80 4.00 0.150 0.157
3.00 0.118
-1.00 100 -0.039 0.039
delta P I
4
A 2 Ti
e
]
Y delta H
y ¥
HO
d
B - W2
k) \ 4
11 I ' {
W
P Pany Fan 9)
7 L/ A |\J| ] W
F1|F2 DO
57 > :
TO—22 AMMOPACK PO [ e i L ]
— £ I_‘F
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