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ABSTRACT

This thesis presents a guitar tuning system for assisting a player to tune the guitar easily
and precisely. The developed guitar tuning system is a semi-automatic system using a personal
computer and microcontroller as processors. The main tasks of the computer are to measure the
frequency of the guitar’s signal and to send it to the microcontroller. The microcontroller then
computes and outputs the appropriate command signal to drive the motor fastening or losing the
guitar’s string until the reference frequency of that string is achieved. From experiments, the

implemented guitar tuning system can tune the guitar correctly.
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s= serial('COM6','BaudRate’,%OO);
fopen(s);
Fs =11025;
y = wavrecord(5*Fs, Fs, 'double');
T =0:0.2:11024.8;
X = abs(fft(y));
plot(T, X);
[A,1] = max(X);
T{)
A=T(D);
fwrite(s, ['a'])
for n=2:-1:0
aa=floor(A/10"n);
fwrite(s,aa+48);
A=A-aa*10"n;
end
fwrite(s, ['b'])
p=fscanf(s, %s")

fclose(s);
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0.2 Wsunsualulnsneulnsaaes

#include <p30f4011.h> // generic header file for dsPIC

#include <uarth>  // Module function fot UART

#include <pwm.h> // Module function for PWM

_FOSC(CSW_FSCM_OFF & XT PLLA4); // Sw Disabled, Mon Disabled, XT w/PLL 4x
_FWDT(WDT_OFF); // Watchdog timer off

// :Calc Buad Rate Generator
#define Fcy 7372800.0 // Fosc 7.3728MHz
#define BAUD RATE 9600.0 = // Baud Rate 9600 bps

#define BAUD_RATE GEN (Fcy/(16.0*BAUD_RATE))-1 // Baud Rate Generator

char Buf[80];
int ¢c_buf=0;
int ch;

char Input[1];
int k1=0;

int k2=0;

int N=0;

int i;

int f{15];

/I UART1 Receiver Interrupt Service Routine
void ISR _UIRXInterrupt(void)

{
_UIRXiF =0; //Clear interrupt flag RX

// Read the receive buffer till atleast one or more character can be read

while (DataRdyUART1()) {

ch=ReadUARTI1(); // Read buffer rx



if(ch==97){

else if((ch!=98)&&(k1==1)){
flc buf] =ch; // write to buf

c_buft+;

}

else ifl(ch==28)&&(k1==1)){
k1=0;

k2=1;

N=c_buf;

c_buf=0;

}

}

// UART1 Transmitter Interrupt Service Routine

void ISR _U1TXInterrupt(void)

{

_UITXIF = 0; // Clear interrupt flag TX

}

I

// Initialize UART1

void Uart1_Init(void)

{

:Uartl Init

unsigned int UIMODEvalue, UISTAvalue, BaudRate;

CloseUART1();

// Config Interrupt UART1

// Close UART1
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ConfigintUART1(UART RX INT EN & // Receive interrupt enabled
UART_RX INT PR6 & // Priority RX interrupt 6
UART _TX_INT EN & // transmit interrupt enabled
UART_TX INT PR2);  //Priority TX interrupt 2

UIMODEvalue = UART EN & // Module enable
UART IDLE CON & // Work in IDLE mode
//[UART RX TX & // Communication through the normal pins
//[UART_ALTRX ALTTX & // Communication through ALT pins

UART _DIS WAKE & // Disable Wake-up on START bit Detect during SLEEP
Mode bit

UART DIS_LOOPBACK & // Loop back disabled

UART DIS ABAUD & // Input to Capture module from ICx pin

UART NO _PAR 8BIT & // no parity 8 bit

UART_1STOPBIT; //'1 stop bit

UlSTAvalue = UART_INT TX BUF_EMPTY & // Interrupt on TXBUF becoming empty
UART_TX_PIN_NORMAL &  // UART TX pin operates normally
UART_INT RX CHAR & // Interrupt on every char received
UART_ADR_DETECT DIS &  // address detect disable
UART_RX OVERRUN_CLEAR; //Rx buffer Over run status bit clear

BaudRate = BAUD RATE GEN; // BaudRate 9600 pbs

// Open UART1
OpenUART1(UIMODEvalue, U1STAvalue, BaudRate);
}

// print string to uart1
void Uartl_PrintStr(unsigned char *str_uart)

{



putsUART]1 ((unsigned int *)str_uart);

while (BusyUART1()); // wait for transmission to complete

}

1/ :delay

void delay(unsigned long int ms)
{
unsigned long int x,a;

for(x=0;x<ms;x++)

{
for(a=0;a<816;a++);

}
}
void ISR _PWMInterrupt(void)
{

_PWMIF = 0;  // clear MCPWM interrupt flag

}
! dInit. MCPWM
// Initialize MCPWM

void Init MCPWM(void)

i
unsigned int config, period, sptime;
unsigned int configl, config2, config3;

unsigned int dutycyclereg, dutycycle, updatedisable;

// Configure pwm interrupt enable/disable and set interrupt priorties
config = (PWM_INT EN & // Enable PWM interrupt
PWM_FLTA DIS_INT & // Disable Fault A Interrupt

PWM_INT PR1 & - //period interrupt priority 1

43
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PWM_FLTA_INT_PRO); // FaultA interrupt priority O

ConfigintMCPWM(config);

period = 11519; // Set to PTPER register
sptime = 0x0; // Set to SEVTCMP register
configl =(PWM_EN & // Module enable

PWM_OP_SCALE1 & // Out put post scaler 1:1
PWM_IPCLK_SCALE16 & // Input pre scaler 1:16
PWM_MOD_FREE  //Mode of operation Free Running

)

config2 = (PWM_MODI1_IND &  // 1th channel in independant mode
PWM PDIS3H &  // H of channel 3 works as IO
PWM PDIS2H &  // H of channel 2 works as IO
PWM PENIH & // H of channel 1 works as PWM
PWM PDIS3L & /L of channel 2 works as IO
PWM PDIS2L & /L of channel 2 works as IO
PWM_PDISI1L /I L of channel 1 works as 10

)

config3 = (PWM_SEVOPS1 &  // Special event post scaler 1:1
PWM_OSYNC_PWM & // over ride syncronised with PWM clk
PWM_UEN // Update of PDCs and PTPER enabled

);

OpenMCPWM(period, sptime, configl, config2, config3);

// Configre PWM to generate square wave of 100% duty cycle
dutycyclereg=1;  // duty cycle register (PDC1)
dutycycle = 11519; // Assign dutycycle to PDC1<15:1>

updatedisable = 0;  //update enable
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SetDCMCPWM(dutycyclereg, dutycycle, updatedisable);
}

int main(void)

{

Uartl Init(); // Initialize UART
ADPCFG =0xFF; // set port RB is digital
_TRISB0=0; //set port RBO is output
_TRISB1=0; //set port RB1 is output
_TRISB2=1; //set port RB2 is input
_TRISB3=1; //set port RB3 is input
_TRISB4=1; //set port RB4 is input
_TRISB5=1; //set port RBS is input
_TRISB6=1; //set port RB6 is input
_TRISB7=1;  //set port RB7 is input

char  b[15];

unsigned int 01,02,03,04,result,x,y;
unsigned int dutycycle, per duty,il,i2,i3,i4;
Init MCPWM(); // Initialize MCPWM
per_duty = 20; //20%

for(5;){

if(k2==1){

i1=f[0]-48;
i2=1]1]-48;
i3=1]2]-48;
01=11*100;
02=12*10;

03=13*1;



result=o01+02+03;

1/

7

GRED! //
if((result>330)&&( RB2==0)){
x=(result-330);
y=((x*1000)/3) ;
_LATBO=0;
_LATBI=1;
delay(y);
_LATBO=0;
_LATBI=0;

Uartl_PrintStr("end11");
Uart1l_PrintStr("\n");

if((result<330)&&( RB2==0)) {
x=(330-result);

y=((x*1000)/3) ;
_LATBO=1;
_LATBI1=0;
delay(y);
_LATBO0=0;
_LATBI=0;

Uartl_PrintStr("end12");

Uartl_PrintStr("\n");

Y2 1/

if((result>247)&&( RB3==0)){
x=(result-247);
y=((x*1000)/3) ;
_LATB0=0;
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_LATBI=1;
delay(y);
_LATBO-0;
_LATBI=0;

Uartl_PrintStr("end21");

Uartl_PrintStr("\n");

if((result<247)&&(_RB3==O)) {
x=(247-result);

y=((x*1000)/3) ;
_LATBO=1;
_LATBI=0;
delay(y);
_LATBO=0;
_LATBI=0;

Uartl _PrintStr("end22");
Uart1_PrintStr("\n");

a3 1/

if((result>196)&&( RB4==0)){

x=(result-196);
y=((x*1000)/3) ;
_LATB0=0;
_LATBI=1:
delay(y);
_LATB0=0;
_LATBI=0;

Uartl_PrintStr("end31");

Uartl_PrintStr("\n");
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if((result<196)&&(_RB4==0)) {
x=(196-result);
y=((x*1000)/3) ;
_LATBO=1;
_LATBI=0;
delay(y);
LATB0=0;
_LATB1=0;
Uartl_PrintStr("end32");
Vart] PrintStr("\n");

a4
if((result>147)&&(_RB5==0)){
x=(result-147);
y=((x*1000)/3) ;
_LATBO=0;
_LATBI=1;
delay(y);
LATBO0=0;
_LATBI1=0;
Uart] PrintStr("end41");
Uartl_PrintStr("\n");

if((result<147)&&(_RB5==0)) {
x=(147-result);

y=((x*1000)/3) ;
_LATBO=1;
_LATBI1=0;
delay(y);
_LATB0=0;
_LATBI1=0;

1/
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Uartl PrintStr("end42");
Uartl_PrintStr("\n");

/I

a5
if((result>220)&&( RB6==0)){

x=(result-220);
y=((x*1000)/3) ;
_LATBO0=0;
_LATBI=1;
delay(y);
_LATBO=0;
_LATBI1=0;

Uartl_PrintStr("end51");

Uartl_PrintStr("\n");

if((result<220)&&( RB6==0)) {

x=(220-result);
y=((x*1000)/3) ;
_LATBO=1;
_LATBI=0;
delay(y);
_LATB0=0;
_LATBI=0;

Uartl_PrintStr("end52");

Uart1_PrintStr("\n");

186

1/

if((result>165)&8&( RB7==0)){

x=(result-165);
y=((x*1000)/3) ;
_LATBO=0;

//



_LATBI=1;
delay(y);
_LATBO=0;
_LATBI1=0;
Uart]_PrintStr("end61");

Uartl_PrintStr("\n");

if((result<165)&&( RB7==0)) {

x=(165-result);
y=((x*1000)/3) ;
_LATBO-1;
_LATBI=0;
delay(y);
LATB0=0;
LATBI=0;

Uartl_PrintStr("end62");

Uartl PrintStr("\n");

flc_buf]=0;
¢ buf=0;
N=0;

y=0;

x=0;
result=0;
ch=0;
K2=0:

9
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1.1 19na3gNeMSIT 11 dsPIC30F4011

MICROCHIP is PIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC3UF devices and is not intended to be a complete
reference source. For more information on the CPU,
peripheras, register descriptions and general device
functionality., refer to the UsPIC30F Famiy Reference
Manual ({DST0046). For more information on the device
instruction set and programming, refer to the dsPIC30F
Programmer’s Reference Manual (DS70030).

High Performance Modified RISC CPU:

Modified Harvard architecture

> C compiler optimized instruction set architecture
with flexible addressing modes

84 base instructions

24-bit wide instructions, 16-bit wide data path

48 Kbytes on-chip Flash program space
(16K Instruction words)

2 Kbytes of on-chip data RAM

1 Kbytes of non-volatile data EEPROM

Up to 30 MiPs operation:

- DC to 40 MHz extemal clock input

- 4 MHz-10 MHz osdillator input with
PLL active {(4x, 8x, 16x)

30 interrupt sources

- 3 extemal interrupt sources

- B user selectable priority levels for each
interrupt source

- 4 processor trap sources

16 x 16-bit working register array

o

°

o

°

o

o

°

DSP Engine Features:

a

Dual data felch

Accumulator write back for DSP operations
Modulo and Bit-Reversed Addressing modes
Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single cycle hardware fractional/
integer multiplier

All DSP instructions single cycle

> 1 16-bit single cycle shit

o

°

°

Peripheral Features:

High cument sink/source I/O pins: 25 mA/25 mA

Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit imer modules

16-bit Capture input functions

° 16-bit Compare/PWM output functions

3-wire SPI™ modules (supports 4 Frame modes)

12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

° 2UART modules with FIFO Buffers
* 1CAN modules, 2.0B compliant

°

°

°

o

Motor Control PWM Module Features:

* 6§ PYWM output channels

- Complementary or Independent Output
modes

- Edge and Center Aligned modes
= 3duty cycle generators
o Dedicated time base
= Programmable output polarity
* Dead-ime control for Complementary mode
° Manual output cortrol
= Trgger for A/D conversions

Quadrature Encoder interface Module
Features:

* Phase A, Phase B and index Puise input
16-bit up/down position counter
Countdirection status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Altemate 16-bit Timer/Counter mode

Interrupt on position counter rolloverunderfiow

°

a

o
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Analog Features:

* 10-bit Analog-to-Digital Converter (A/D) with
4 S/H Inputs:

- 500 Ksps conversion rate
- 9input channels
- Conversion available during Sleep and Idle

° Programmable Brown-out Detection and Reset
generation

Special Microcontroller Features:

= Enhanced Flash program memory:
- 10,006 erase/write cyde (min.) for
industrial temperature range, 100K (typical)
> Data EEPROM memory:
- 100,000 erase/write cycle {min.) for
industrial temperature range, 1M (typical)
> Self-reprogrammable under software control

°

o

L3

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation
Fail-Safe clock monitor operation detects clock
failure and switches to on-chip low power RC |
oscillator

Programmable code protection

tn-Circuit Seria! Programming™ (ICSP™)
Selectable Power Management modes

- Sleep, Idle and Altemate Clock modes

CMOS Technology:

°

°

]

Low power, high speed Flash technology
Wide operating voltage range (2.5V to 5.5V)
Industrial and Extended temperature ranges
Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

.
Dovice | Pins | e yier | SRAM | EEPROMW| Timer iopue| CIESS | 02| am fost Quaa £\ |2 |2
Instructions PWM PWM = |
dsPIC30F2010 | 28 12Ki4K 512 1024 3 4 2 6¢ch Gch Yes |1 11 (1]~
dsPIC30F3010 | 28 24KBK 1024 1024 5 4 2 Gch 6ch Yes |1 (1)1~
dsPIC30F4012 | 28 48KHBK 2048 1024 5 4 2 6ch Ech Yes |11 [1]1
dsPIC30F3011 [40/44 | 24KBK 1024 1024 5 4 4 6c¢h S¢h Yes |12 111}~
dsPIC30F4011 |40/44 |  48KH6K 2048 1024 5 4 4 8ch 8 ch Yesfl 2 1 111 |1
dsPIC30F5015 | 64 B6K/22K | 2048 1024 5 4 4 8ch 18ch Yes |1 |24 |1
dsPIC30F6010 | 80 144K/48K | 8192 4096 5 8 8 8ch 16 ch Yes [(2 |2 |1 |2

* This table provides a summary of the dsPIC30F6010 peripheral features. Other available devices in the dsPIC30F
Motor Controt and Power Conversion Family are shown for feature comparison.
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dsPIC30F4011/4012
g—%%—___*

Pin Diagrams

40-Pin PDIP
MeLROr NS a4l Avan
EMUDYANG//ReF/CN2RBS 2 26 F Avss
EMUC3ANIARE-/CNYRBY O3 3 £ PWMILREQ
ANZISSHCNYRE? [ 4 37 E PAMIF/RE:
ANJINDX/CNSRES O 5 3% E PAMIURE?
ANS/OEA/ CT/ICNGRBS L) B 2EE PWMA/REY
ANS/OER/CAICN7/RES O 7 2 M pAMIUREA
ANSIOCFAVRES L8 & 3F PWMIK/RES
ANZRBY H3 = 3E Voo
ANFRBR O10 O V8s
voo 01 -] CIRNRFE
vss 012 = CIrXRE1
OSC1ASLKIN 013 & = U2RMICN*T/RF4
OSEZC_KORCTS L|14 e [ UZIXONIBRES
EMUD 1SOSCF T ZCKUTATX CHRCT3 015 = E PGLAMUCUIRNS D USDAREZ
EMUC1/SUSCOT CRUTARK CNORS1S (|18 | PGLYENUD TS DO VSTURF 3
FLTAINTORES 017 E SCKYRFS
EMUDZDCZACZANT 2ZRDT L] 18 L EMUCZOS1CIANT TRDY
OCA/REG 018 = OC3RDZ
Vax O 20 = Voo
44-Pin TOQFP
~4
€
5
£ o
£ %
a ]
28 g &
5 E £ .38
oYy 8 s ]
2 k z 2
RUE 5 E
S\ 938
B\ 2
E¥nd 8 2 wOEH
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20 =
8525eansas
canosSZodcas®
AIARAARADE
SGCEMLCU PYSDILSOARES )« © e e
U2TWCNIRAS T 2 32 FRUNDSOSCITIOKA HATXCH URGTR
UBRX/CN1 /R4 T 3 31500 OSCHOLKORCS
CTXKWRS1 CIH 4 ackm osc ek
CRYVRTD =1 5 26hm Ve
Ve OI § 26bm Voo
s o8\ NasRICIOFIvI 200 Ve
PWMSHRES IO § 26 ANTRBT
PAMILR=4 BT § 2:LlL 1 ANSIOCFARBS
PAWMIHRES 1D 40 24010 ANHQERICHUNIIRES
PWM2L/RZ2 T+ ; 2311 ANS/OEA/ CTICNS/RBA
\—E‘i’ ToETe ﬁﬁﬁ"ﬁ}j
ProngrI - an
=2pEg2gEEs:
I3 %Z2dgs5s
sg 0Q¢g
Faex
E ByY g
gfaz
2232
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07.

L298

DUAL FULL-BRIDGE DRIVER

a CPERATING SUPPLY VOLTAGE UP TO 46V

= TOTAL DC CURRENTUPTC 4 A

a LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT YOLTAGL UP TQO 1.5V
(HIGH NOISF IIMMUNITY)

DESCRIPTION

The L2898 is an integrated monolithic circuit in a 15
lzad Mulfiwatt and PowerSQ20 packages His a
high voltage, high current dual ful-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solencids, DC and
stepping motors. Two enable inputs are provided fo
enable or disable the device independently of the in-
put signals. The emiters of the lower transistors of
each bridge are connected iogether and the cormre-
sponding external temminal can be used for the con-

BLOCK DIAGRAM

ORDERING NUMBERS : L2DEN (Multiwatt Vert. )
L296HN (lultiwatt Horiz.)
L298P (PcwerS024)

nection ofan external sensing resistor. An additional
Supply input 1s provided so that the logic works ata
lower valtage.

mni 4

Ty T2 ’? our3 Quts
7 i y
2 2 3 ]u,
+::35 3 Vet
l A 8

,Q:m

i 2 3 4
i it
ik I 2 5
9
B g W | €8
) s =9
SENSE A9 ¥ J_

Jenuary 2000
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L2988
ABSOLUTE MAXIMUM RATINGS
Symbel Parameter Value Unit
Ve Power Supply =0 v
Vo5 Lagic Supply Voltage 7 v
Vi, Ven Inpul ard Enable Voltayge 037 A
In Peak Output Current (each Charnd) &
— Non Repetiiva (t = 100ps) 3 A
-Rapatitive (80% on—20% off; t, = 10ms) 25 A
-DC Operation 2 A
Vsens | Sensing Voltage -11023 v
Pt Tolal Power Dissipation (Tow. = 75°C) 25 W
Top Juncton Operaling Temperature ~25to 130 G
T« T; | Stcrage and Junction Temperature —401t0 150 o
PIN CONNECTIONS (tcp view)
o 1 1 TS CURRENT SENSINGB
( M 3 cutPUTH
A Pl B CUTPUT 2
R B e SrUT 4
1) W TN e ENASLE B
10 =SSNV NP Te
: e TT0 LDGIC SUPPLY VOLTAGE Ve,
BBwattEll \ e ian
pd AN A amry | HPUT 2
¢ & Ve & CPSERAREE A
o TR T o EHUE T
4 [T SUPREY VOLTAGE Vs
_Q} SH N
2 AU RS TR 1
>\ [ o~ 1 SRS CURRCHT SCHSING A
(78|72, B ) waap P
s
GhNo T} 1 20 [T GNp
Sense A [} 2 19 | ] Senze3
MO [T 3 1 ne
owt [ 4 17 [ Cut4
ow2 [ 5 PowerSO20 45 [ out3
™ 16 15 ] Input4
nputt [ 7 14 ] Enavieb
Enable A [ 8 13 lnptt 3
Input2 [} 9 12 [ vss
e 3w "] e
DERINTRS
THERMAL DATA
sSymbel Paramerer PowerS020 Multinvait1 s Unit
Rinieaes | Thermal Resistance Jundion-case Max. - 3 SCW
Rizjams | Themmal Resistance Jundion-ambient Max. 13{) 35 CIW
{*} pAounted on alumnum substrate
213 I‘Yl
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L.298

PIN FUNCTIONS (refor to the block diagram)

MW.15 PowerSO Name Function
116 2110 Scnsc A, Scnsc 3 | Ectween this pin and ground i5 connccted the scnse resistor to
conirol the currentof the load.
23 4.5 Qul §, Cut 2 Oulpuls U the Brivge A, e cunent thal Mows trough the foad
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voitage for the Power Oulput Stages.
A non-nductive '100NF capaciior must de connected betvesn this
pin and ground.
57 7.8 Input 1; Input 2 | TTL Compatile Inpu's of the Bridge A :
6,11 8,14 Enable A; Enable B | TTL Compatible Enable Input: the L state disabes the bridge A
(enable A) anc/or the bridge B {enable B).
§ 1.10.11.20 GND Ground.
g 12 VSS Supply Voltage for the Logic Elocks. A100nF capacitor must be
connected between this pin and ground.
10;12 13,15 Input 2; input 4 TTL Compatble Inpus of the Bridge B
13;14 1617 Qut 3; Cut 4 Outputs of the Brioge B. Tre cument that nows throuch the lozd
winected belween these o pins is moritoed a@l pin 15,
- 3;18 NC. Not Connzcted

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, T; = 25°C; unless dtherwise specified)

Symhol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Vcitage (pin 4) Operative Condilior: VH125 46 Y
Vss  |Logic Supply Voltage {pin 9) 45 5 7 Y
Ie Quiescent Supply Current (pind) |V, =H; I =0 Vi=t 13 22 mA
V.=H 50 70 mA
Ven ~L Vi—X 4 mA
Iss Cuiescent Cuntent fran Vss (pin 9) [Vea =H, =0 Vi=L 24 36 mA
V. —H & 12 mA
Ves =L Vi=X & mA
Vi Input Low Vcitage 02 1.5 v
{pins 5,7, 10,12}
Vin Input High Voitage 23 VES Y
{pins 5.7, 10. 12}
he I owVoltage inpit Current Vi=| 10 pA
(pins 5.7.10. 12)
s | High Voltage Input Current Vi—H=Vis 08V 30 100 pA
{pins 5,7, 10, 12)
Ve, =L | Enablc Low Voltage (pins €, 11) 0.2 1.5 v
Ven =H | Enable Hign Vorage (pins 6, 11) 23 Vs Vi
lee =L |LowVditage Enable Currert Ve =L -10 pA
{pins 6, 11)
len= | High Voltzge Enable Cument Ve =H= Vas 06V 30 1€0 pA
{pins 6, 11)
Veesa) | SOUCe Saturation Voltage lL=1A 095 1.35 {87 v
IL=2A : 2.7 Y
Versaxqy | Sink Saturatian Voltage IL=1A (5) 085 1Z 145 v
IL=2A (5 17 23 Vi
Veesa | Totsl Drop IL-1A (8 1.80 32 v
IL=3A (5) 4.9 A
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 \4
157] 3/13
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L2388
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (V3 |Source Cumrent Turn-off Delay g5Vito 08l @%@ 1.5 {s
Tz{V} |Source Cument Fall Time 08l to01L (2 ¢) 0.2 us
T3 {Vi} |Source Cumrent Turn-on Delay 06Vito 01l (2);(4) 2 1s
Ts (V) |Source Cument Rise Time Sl oG9 (2, ¢4) 67 us
Ts (V) |Sink Cument Tum-off Delay 05Vite 031, (35 (4 0.7 us
Te {V) |Sink Cumrent Fall Time 08I 001 {3} {4) 025 s
T- (V) |Sink Cument Tum-on Delay 05Vito 08l (3L (4) 16 s
Te{V¥) |Sink Cument Rise Time 01 003 Qs 02 us
fc{V) |Commutation Frequency IL=2A 25 40 KHz

Tt (Ver) |Source Cument Turn-off Delay 08ValoB3h (24 3 s
T2 {Ven) |Source Cument Fall Time 081 O1L (2 ) 1 us
Tz (Veo) |Source Cument Turn-on Delay 08Vl 010 (25(4) 0.3 us
T: (Vo) | Source Cument Rise Time 1l oG9k (2) ) 04 us
Ts (Ven) | Sink Cument Tum-off Delay 05V to89l 3k 22 us
Ts (W=n) | Sink Cumrent Fall Time 08k toG1l (3L (4) 035 us
T2 (Ven) |Sink Cument Tum-on Delay 05V,1003L (314 025 us.
Te (Ven) |Sink Cument Rise Time: 01l 003L (3L @) 0.1 us

13 1)Sensing vottage can be —1 V for t § 50 usec, i Steady SIale Vaws Min 2 - 05 V.

2y See fig. 2.

31See fig.4.

43 The load must be a pure resistor,
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