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ABSTRACT

Speech-controlle< lighting system applies the speech recognition theory which captures speech
signal in real time from microphone, digitize, then find the zero-crossing rate.Finally,compare with pre-
calculated template by mathamatic theory and applies the output to control on/off sequence of the lamps to

demonstrate speech recognition application.
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2.4 MIUATHFRYA (Speech Analysis)
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2.4.1 m3193ulad (Windowing)
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/*
Compile with Turbo C 2.0 in a small-mocel then link with DIRECT.OBJ
modified to work well with Pentium 132 with Sound Blaster 16

*/

#define CPUSPEED 133

#include <stdio.h>

#include <stdlib.h>

#include <alloc.h>

#include <math.h>

#include <io.h>

#include <fentl.h>

#include <string.h>

#include <dos.h>

#define SBOK 0

/* SB direct access functions, driver indeoendent,catch from the internet

2y */

extern int read_data(void);

extern void write data(int dat):

extern void speaker on(void);

extern void speaker off(void);

extern int reset dsp(void);

extern void asmdelay(int delay);

#define TRUE 1 -

#define FALSE O

#define ERROR(x) {printf("\nAn error occured: "); printf(x);

printf{("\n");}

#define MAXDICTIONARY 64

#define MAX LABEL LEN 8

#define PDELAY CPUSPEED*6

#define RDELAY CPUSPEED*2.3

typedef int boole;

typedef unsigned char byte;

typedef float soundvect{16];

unsigned zerotable[64];

soundvect dictionary{MAXDICTIONARY], parvect;
char identifiers[MAXDICTIONARY] [MAX LABEL LEN];
int dictsize=0;

unsigned zerolength=0;

_._*/

/* thanks Norton Guide for parallel-port informations */
int relay_ stat=0;

unsigned int datap, sttsp,ctrlp;

relay init{()

{
int far *1lpt;
int port;

/* get base address of LPTn: */
for (port=1;port<=4;port++) {
lpt=MK FP(0x0040,0x0008+port*2-2);
if (*1pt)break;
}
datap=*1pt;
sttsp=datap+1;
ctrlp=datap+2;
outportb (ctrlp, 0xCC) ;
relay clear();
}
relay_toggle({int rl)
{
if(rl<l || r1l>8){
printf ("function relay toggle : Warning,relay number out of

range!\n");



return;
}
rl--;
relay stat”=(1<<rl); /* toggle bit */
outportb(datap,relay stat):
outportb(ctrlp, 0xCC|0x01); /* /STB=1 */
outportb(ctrlp, 0xCC&0xfe) ; /* /STB=0 */
relay status();
sound (4000) ;
delay(50):
nosound () ;
}
relay clear()
{
outportb (datap,relay stat=0x00);
outportb(ctrlp, 0xCC|0x01); . /* /STB=1 */
outportb (ctrlp, 0xCC&0xfe); /* /STB=0 */
}

relay status{()

{

int i;

printf ("Relay : ");
for (i=0;i<8;i++)
printf (" %4 ",i+l);
printf ("\nStatus : ");
for(i=0;i<8;i++)
if(relay_stat&(1<<i))
printf (" ON ");
else
printf ("OFF ");
printf("\n");

[ * o e e end hardware routinnes—--—-----—-—-—ee——o——
——*/
void play sample(byte *snd,long size)
{ long i;
byte *wpl;
wpl=snd;

speaker on{();
for (wpl=snd, i=0; i<size;i++,wpl++) {
write_data(*wpl); asmdelay(PDELAY);
}
speaker off();
}

void clip(byte *signal,unsigned size)
{ unsigned i;

for (i=0;i<size;i++)
if ((byte)signal(i]>128) (byte)signal([i]=255;
else (byte)signal(i]=0;
}

void classify(unsigned length)
{ zerotable[ (length>64)?63:1length-1]++;

}

void analyze (byte *signal,unsigned size)
{ unsigned i;

clip(signal, size);
for (i=l;i<size;i++) {
zerolength++;



if ((byte)signal(i]!=,byte)signalfi-11) {
classify(zerolergth); zerolength=0;

}

}
byte limits(17]={0,1,2,3,4,5,6,7,¢,10,12,15,19,25,34,48,64};

void addtovector (byte i, float a)
/*

table 1 | 2 | 31 4151} 617 8 1 91 11§ 13 ] 16 | 20

49

| ! [ I | ! [-10{-12 |-15 |-19 [|-25
|-64
class 1 | 2 | 3|1 4] 51| 617 8 191 10| 11 } 12 | 13
16
*/
{ byte j,size;

j=i/4; while (i>limits([]j]) =++;

size=limits[j]-limits{j-1];

parvect[j-1]+=(float)a/(flozt)size;
}

void analyze table(void)
{ unsigned max=1;
byte 1i;

for(i=0;i<64;i++) if (zerotable[i]>max) max=zerotable[i];
for(i=0;1<64;i++) addtovector (i+l, (float)zerotable[i]/(float)max);

}

void initvar{(void)
{ byte i;

for (i=0;i<64;i++) {
parvect [1/4]1=0.0;
zerotable[i]=0;

boole record(boole quiet)

{ byte threshold=3;
byte *snd;
int ctr,w;
long i,maxsize=32767;
boole result=FALSE;

initvar();
if(reset_dsp() !=SBOK) {

printf ("\nError resetting Sound Blaster.\n"); exit(l):

}
snd=(byte*)malloc(maxsize); ctr=0;
if (snd==(byte*)NULL) {

ERROR ("Memory allocation (fct record)"); exit(0);

} "

printf ("Waiting..."%

do {
w=read data(); asmdelay(RDELAY);
if (abs(w-128)>threshold) ~ctr++;
else ctr=0;

} while (ctr<16);

printf (" recording...");
ctr=0; i=0;
do {

w=read data().; asmdelay(RDELAY);
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if (abs(w-128)<threshold) ctr++;
else ctr=0;
snd[i++]=w;
} while ((ctr<512) && (i<maxsize));
printf (" Done (%u)\n",1i);
i-=1024;
if (i>512) {
result=TRUE;
if (!'quiet) play_sample(snd,i);
analyze (snd+16,1i);
analyze table();
}
free (snd);
return (result);

}

void training(void)

{ char wk[64),wk2(8};
boole done, inok;
byte 3j;

printf("You can now train up to %d words. You will be prompted
to\n",
MAXDICTIONARY) ;
printf (" enter label for each word, then pronounce it.\n");
do {
printf("\nPlease enter label #%d, or Q to quit training: ",
dictsize);
scanf ("%s",wk);
strupr(wk);
done=!strcmp (wk, "Q") ;
if (!done) {
strcpy(identifiers(dictsize],wk):
do {
inok=record (FALSE) ;
if (!'inok) {
printf ("No word identified. "):
printf ("Try again (Y/N)? ");
scanf ("%s",wk2);
strupr (wk2) ;
done=!strcmp (wk2, "N");
if (done) inok=TRUE;
}
} while (!inok);
if (!done) {
printf("Insert %s into dictionary (Y/N)? ",
wk) ;
scanf ("%s",wk2);
strupr (wk2);
if (!!strcmp (wk2, "N")){
printf ("Parvect : ");
for{j=0;3j<16;j++) {
dictionary{dictsize] [j]l=parvect(j];
printf("%1.3f\t",parvect(j});
}
printf ("\n");
dictsize++;

}
}
if(dictsize>MAXDICTIONARY)
done=1l;
} while (!done);

}

float contingency(byte n)



o

/* compares the parameter vector (parvect) to thx nth vector stored
in the dictionary. Returns a 0<=value<=l.
for the similarity of the two vectors. 0.0 means very similar.

Error status: -1.0 -- All matrix fields zero, cannot divide
*/
{ float s,t=0.0;
byte i,3;
float pij;

float cmatrix[3][17]);
float result:;

/* copy parameter vectors into matrix, calculate line and
overall sums

*/
cmatrix[2][(16]=0.0;
for (i=0;1i<2;i++) {
cmatrix[i](161=Q.0;
for (j=0;j<16;j++) {
if (i==0) cmatrix[i] [jl=parvect[j];
else cmatrix[i][jl=dictionary(n](]j]:
cmatrix[i] [16]+=cmatrix[i] []];
}
cmatrix{2] [16]+=cmatrix{i] [16];
}
if (cmatrix[2][16])==0.0) result=-1.0;
else { '
/* normalize matrix to overall sum=1.0 */
for (i=0;i<2;i++)
for (j=0;3<17;j++)
cmatrix(i] {j]/=cmatrix([2][16];
cmatrix([2]([16]1=1.0;
/* calculate column sums */
for (§=0;3<16;3++) {
cmatrix[2]({j]1=0.0;
for {(i=0;1i<2;i++)
cmatrix (2] (j]l+=cmatrix([i]([j];
}
/* calculate rate of transmission */
for (i=0;i<2;i++)
for (j=0;3<16;j++) {
s=cmatrix[i] [16]*cmatrix[2][]]):
if (s>0.0) {
pij=cmatrix[i] [j];
s=pij/s;
if (8>0.0) t=t+pij*(log(s)/log(2)):

}
result=t;
}
return(result);
}

typedef struct

byte first([256],second[256];
} matchstrc;

matchstrc *match(void)
/* Compares the parvect to each one stored in the dictionary;

Error status: NULL returned -- dictionary empty
*/
{ byte i,cf,cs;
int rs,minval=2000;
int rsarr[MAXDICTIONARY];
matchstrc *result=NULL;



for (i=0;i<dictsize;i++) {
rs=(int) (contingency (i) *1000);
1f ((rs>-1000) && (rs<minval)) minval=rs;
rsarr[i)=rs;
}
if (minval<60) ¢
result=(matchstrc*)malloc(sizeof (matchstrc)):
if (result!=NULL) {
cf=cs=0;
for (i=0;i<dictsize;i++) {
if (rsarr({i]l==minval)
result->first[cf++]=i+1;
if (rsarr[i]==minval+l)
result->second{cs++]=1+1;
}
result->first[cf]=0;
result->second[cs]=0;
}
}

return{result);

void ppmatches (matchstrc m)
{ byte cf=0,cs=0,1i;
int relay;

relay=-1;
while (m.first([cf]}>0) cf++;
while (m.second[cs]>0) cs++;
if (cf==1) {
printf("%s (%d) matched best. ",identifiers[m.first[0]-
1}, m.first[0}-1);
relay=atoi (identifiers{m.first{0]-1]);
}
else {
for (i=0;i<cf;i++) {
printf("%s (%d)",identifiers[m.first[i}-1],m.first([i]-
1);
relay=atoi(identifiers[m.first[i]~-1]);
if (i<cf-2) printf(", ");
else if (i<cf-1) printf(" or "):;
else printf("™ match best. ");
}
} b}
if (cs==1) printf("%s comes close",identifiers[m.second[0]~-1]);
else {
for (i=0;i<cs;i++) {
printf("%s",identifiers[m.second(i]-1]);
if (i<cs-2) printf(", ");
else if (i<cs-1) printf(" and ");
else printf(" come close.");
}
}
printf(“"\n");
relay toggle(relay):;
}

void recogniser{void)

{
boole done=FALSE;

matchstrc *matches;

printf ("\nNow you can speak words, the program will match them
with\n");

printf (" the trained dictionary and give the closest matches.\n");

printf (" Press <ESC> to abort...\n");



delay(2000);
do {
if (kbhit () && getch()==27) done=TRUE;
if (!'done) {
if (record(TRUE)) {
matches=match();
if (matches!=NULL) {
ppmatches (*matches) ;
free (matches);
}
else printf("No matches.\n");

}

else printf("No word identified during recording\n");

} while (!done);

}

void initidents(void)
{ int i;

for (i=0;i<MAXDICTIONARY; i++)
identifiers[i][0])="\0";
}

/* Save sound dictionary to a file */
int save_to_file(char* filename)
{

unsigned int i,j;

FILE ‘*out;

if((out = fopen(filename,"wt")) == NULL)

{
fprintf(stderr, "Cannot open output file.\n");
return -1;

}

fprintf (out, "$d\n",dictsize);
for (i=0;i<dictsize;i++){
fprintf (out, "$s\n", identifiers{i]);
for (j=0;j<16;j++)
fprintf (out, "$f ",dictionary[il [j]);:
fprintf (out, "\n");
}
printf("%d word(s) template saved successfully.\n",dictsize);
fclose (out) ;
return 0O;

}

/* Read sound dictionary from a file */
int read from file(char* filename)
{

unsigned int i,7j;

FILE “*in;

if((in = fopen(filename, "rt")) == NULL)

{
fprintf(stderr, "Cannot open input file %s.\n", filename);
return -1;

}

fscanf (in, "%d", &dictsize);
for (i=0;i<dictsize;i++){
fscanf(in, "$s",identifiers[i]);
for (3=0;7<16;j++)
fscanf(in, "$f", &dictionary (i} {j]):



printf ("%d word(s) template loaded successfully.\n",dictsize);
fclose (in);
return O;

main ()

int i;
char fname([80];

relay init();
printf ("*** Speech Recognition Program ***\n");

do {
printf ("Please select : \n");

printf(" 1. Training\n"):;
printf (" 2. Recognize\n"):
printf(" 3. Save tehplate to file\n");
printf(" 4. Load template from file\n");
printf(" 5. Quit to dos\n");
i=getch();
switch (i) {
) case '1':

dictsize=0;

initidents{();

« training();

printf ("%d word(s) trained.\n",dictsize);

break;

case '2':

if(!dictsize)
printf ("No template available,try training
or load from a file\n");
else
recogniser();
break;
case '3':
if(!dictsize)
printf ("Blank template,file not saved\n");
else{ '
printf ("File name :");
scanf ("%$s", fname) ;
save_to file(fname);
}
break;
case '4':
printf ("File name :");
-scanf ("%$s", fname) ;
if (redd from file(fname)==-1)
dictsize=0;
break;
case '5':
break;
default:
sound (1500) ;
delay(400);
nosound () ;
break;
}
}while(i!="'5");
relay clear(); .
return(0);
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MOTOROLA

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUT

3

Th? SN54/74L.S373 consists of eight latches with 3-state outputs for bus
organized system applicaticns. The flip-flops appear transparent to the data
(data’changes asynchronously) when Latch Enable (LE) is HIGH. When LE s
LOW: the data that meets the setup times is latched. Data appears on the bus
when the Output Enable (OE) is LOW. When OE is HIGH the bus outputis in
the high impedance state.

The SN54/74L8374 is a high-speed, low-power Octal D-type Flip-Flop fea-
tunng separate D-type inputs for each flip-flop and 3-state outputs for bus ori-
enteq applications. A buffered Clock (CP) and Output Enable (OE) is common
to all,flip-flops. The SN54/74LS374 is manufactured using advanced Low
Pow%r Schottky technology and is compatible with ail Motorola TTL families.

Eight Latches in a Single Package

3-State Outputs for Bus interfacing

Hysteresis on Latch Enzole

Edge-Tnggered D-Type Inputs

Buffered Positive Edge-Triggered Clock

Hysteresis on Clock Inptt to Improve Noise Margin

Input Clamp Diodes Limi High Spezd Termination Effects

SN54/74L.S373
SN54/74LS374

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUT

LOW POWER SCHOTTKY

< J SUFFIX
Bp CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

PINNAMES LOADING (Note a) DWS%:SF'X

i HIGH LOW CASE 751D-03
Dg4D7  Datainputs 0.5U.L 0.25U.L.
LE ! Latch Enable (Acive HIGH) Input 0.5U.L. 0.25 U.L.
CP Clock (Active HIGH going edge) Input 0.5U.L 0.25 U.L.
OE'E Output Enable (Active LOW) Input 0.5U.L. 0.25U.L. ORDERING INFORMATION

65 (25) U.L. | 15(7.5) U.L.

O0307  Outputs (Note b) ( SNS4LSXXXJ ~ Ceramic

t SN74LSXXXN  Plastic

NOTES:

a) 1 TJL Units Load (U.L.) = 40 pAh HIGH/1.6 mA LOW.

b) Thé Output LOW drive factor is 7.5 U.L. for Miitary (54) and 25 U.L. for Commercial
(74'5 Temperature Ranges. The Qutput HIGH <rive factor is 25 U.L. for Military (54} and
65§U.I_ for Commercial (74) Temperature Ranges.

4

SN74LSXXXDW SOIC

i CCNNECTION DIAGRAM DIP (TOP VIEW)

. SN54/74LS373
Voo O7 D7 Dg O Os Dg D4 Og4 LE

SN54/74L5374
Vcc 07 D7 Dg Op Ds Dg O4 CP

mmmmmmmmmm

(ol (e] el 71 el lis 1 [adfra] 2] [ ]

}

) >

hLJLJI_lLJLJI_lL_]LJL_[UQJ NOTE:

OE Oy Dg Dy Oy Op Do D3 O3 GND  The FRatpak version

i has the same pinouts
(Comnection Diagram).as
the Dual In-Line Package.
I

TG e Tl

CE Oy Dg Dy Oy O Do D3 O3 GND

i FAST AND LS TTL DATA
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SN54/74L.S373 « SN54/74LS374

' TRUTH TABLE
q{ L8373 LS374
i Dp LE OE Onp Dn LE QE On
| H H L H H i
: L H L - L
. X L L Qo X X z
X X H Yl
* H = HIGH Voltage Level
’ L = LOW Voltage Leve!
4 X = Immaterial
Z = High Impedance
* Note: Contents of flip-flops unaffected by the state of the Output Enable input (6E).
LOGIC DIAGRAMS
SN54LS/74L8373
i ® ® O ® ® Vog=PINZ0
ch Dy I—Dz D3 |_D4 |—Ds Dg Dy GND = PIN 10
: o | Ho _ o | Ho D _ o | Yo | Yo _ (O = PINNUMBERS
* LATCH Q- Q Qi Qp— Q Q Q— Q
| ENABLE LG G _] G G G "‘ s|]|le G
LE
E ®Ere R e
OE | ﬁ‘ [ / [ ?‘
O=P— —— —
F Co | 04 07] 03 l 0. Os Os 07
; ® 6 ©® 60 ® e
13
SN5f4LS/ 74L5374
® ® 0] ©] ®
® Ca D4 Da D3 7} Ds Dg D7
i cP > )
; CP D CP D cP D CP D CP D CcP D CP D cP D
Q Q Q Q Q Q Q Q Q Q QQ QQ Q Q
, I ; | l ; \ \ ; l l l
T >
NG 0 | o | 0z | 03 | o; | o5 | 06 o
® ® ® ®
GU!ARANTEED OPERATING RANGES
Sgymbol Rarameter Min Typ Max Unit
vée Supply Voltage . 54 45 5.0 5.5 v
E 74 475 5.0 5.25
TA Operating Ambient Temperature Range " 54 =55 25 125 °C
74 0 25 70
‘Q}-i Output Current — High 54 -1.0 mA
. 74 -2.6
loL Output Current — Low 54 12 mA
i 74 24

FAST AND LS TTL DATA
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E
;
; SN54/74LS373 « SN54/74LS374

§
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
: Limits
Symbol Parameter Min Typ | Max | Unit Test Conditions
; Guaranteed input HIGH Voltage for
ViH input HIGH Voltage 2.0 \ All Inputs
i 54 0.7 Guaranteed Input LOW Voltage for
Vlf_ Input LOW Voitage - o8 v All Inputs
Vik Input Clamp Dicde Voltage -0.65 | -1.5 v Vee =MIN, jN=-18 mA
3
1 54 2.4 3.4 v Vee =MIN, Ign = MAX, VN = VIH
V?H Output HIGH Voltage 74 24 3.1 v or Vi per Truth Table
* 54,74 025 | 0.4 v |1oL=12mA | Vcc=VcoMIN,
VoL Output LOW Voltage VN = V]L of VIH
: 74 0.35 0.5 \ loL =24 mA per Truth Table
lozH Output Off Current HIGH 20 pA Voo =MAX, Voyr =27V
Iz Output Off Current LOW -20 HA Voo =MAX, VoyT=04V
20 . Voo =MAX, V=27V
H Input HIGH Current po ce IN
i 0.1 mA | Voo =MAX, VN=7.0V
L Input LOW Current -04 | mA | Voo=MAX,V|N=04V
los Short Circuit Current (Note 1) -30 -130 mA Ve = MAX
lcc Power Supply Current 40 mA | VG =MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C, Vg =5.0V)
; Limits
E LS373 LS374
Symbol Parameter Min Typ | Max | Min Typ Max Unit Test Conditions
ifMAX Maximum Clock Frequency 35 50 MHz
KtpLH Propagation Delay, 12 18
tPHL Data to Output 12 | 18 i
- Cy =45 pF,
APLH Clock or Enable 20 30 15 28 Ry =667 Q
JPHL to Output 18 | 30 19 | 28 ns _
‘tPZH 15 | 28 20 28
=) Qutput Enable Time o5 36 21 o8 ns
tPHZ . 12 20 12 20 _
{ tpy 7 Output Disable Time 15 o5 15 25 ns C_=5.0pF
]
l_l\C SETUP REQUIREMENTS (Ta =25°C,Vgc =5.0V)
. A Limits
E LS373 LS374
i Symbol Parameter Min Max Min Max Unit
tw Clock Pulse Width 15 15 ns
ts Setup Time 5.0 20 . ns
th Hold Time 20 7 0 ns
DEFINITION OF TERMS
SETUP TIME (tg) — is defined as the minimum time required HOLD TIME (th) — is defined as the minimum time following.
for the correct logic level to be present at the logic input prior to the LE transition from HIGH-to-LOW thatthe logic level must
LE transition from HIGH-to-LOW in order to be recognized and be maintained at the input in order-to ensure continued
+transferred to the outputs. recognition.
FAST AND LS TTL DATA
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SN54/74LS373

AC WAVEFORMS

LE 7Z1.3 v 5§ 7Z
ts =t
on OOQOCK__ KOOQAXAA
—™ tPLH —> IPHL
QUTPUT
Figure 1
OE 13V 13V OE 13V 13V
tpzL — tpi7 tpzH Ve IPHZ v
v, ! [ PR Y OH
out 13V 13V Vour A~ 13V <t——tav
: j‘ VoL 05V
05V
Figure 2 Figure 3
AC LOAD CIRCUIT
Vee
X SWITCH POSITIONS
L
SYMBOL SWi1 sw2

tpzH Open Closed

tpzL Closed Open
70 OUTPUT teLz Closed Closed
UNDER TEST tpHZ Closed Closed

Sw2

—te

* Includes Jig and Probe Capacitance.

Figure 4
i
i
FAST AND LS TTL DATA
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SN54/74L.S374

AC WAVEFORMS

OE 13V 13V
tPzL { tPLz
VouT 13V =13V

VoL
05V j—

Figure 6

TS m —
Lad K SR

T e M W o

e o

. m

W e ww

- v wm

AC LOAD CIRCUIT

1.3V
3+ 2VoH
=13V
l— 05V
Figure 7
!
S
TO QUTPUT
UNDER TEST
3.0kQ

]: ’

sve A

* Includes Jig and Probe Capacitance.

SWITCH POSITIONS

SYMBOL swi1 sw2
tpzH Open Closed
tpzL Closed Open
tpLz Closed Ciosed
tPHZ Closed Closed
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MOTOROLA

Octal High Voltage,
High Current Darlington
Transistor Arrays

¢

The eight NPN Darlington connected transistors in this family of arrays
are jdeally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for-a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient

suppression.
e ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMCS.

¥
£

t
MAXIMUM RATINGS (Tx = 25°C and rating apply to any onge device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

13
RpJA = 55°C/W
Do not exceed maximum current limit per driver.

]

ORDERING INFORMATION

i Characteristics

Operating
£ Input Temperature
; Device Compatibility Vee(Max)ig(Max) Range

ULN2803A | TTL,5.0 VCMOS
ULN2804A | 6to 15V CMOS, PMOS

3

50 V/500 mA Ta=0to+70°C

r
3

3

Rating Symbol Value | Unit
Qutput Voltage Vo 50 v
Ipput Voltage (Except ULN2801) V) 30 \Y A SUFFIX
é : PLAST.C PACKAGE
ollector Current -~ Continuous Ic 500 mA CASE 707
Base Current — Continuous B 25 ] mA
Operating Ambient Temperature Range TA 0t0+70 | °C
Storage Temperature Range Tetg ~55t0+150 | °C
\junction Temperature Ty 125 I °C PIN CONNECTIONS

[ @ [ @ @ E
SRSREERERERERSRE)

Gnd 9—1_ -—

© Motorola, Inc. 1996

Rev 1



. ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
(5ytput Leakage Current (Figure 1) Icex HA
(Vo =50V, Tp =+70°C) All Types - - 100
(Vo =50V, Tp =+25°C) All Types - - 50
(Vo =50V, To=+70°C, V| =6.0V) ULN2802 - - 500
} (VO =50V, Ta=+70°C, V| =1.0V) ULN2804 - - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) v
} (g = 350 mA, Ig = 500 pA) All Types - 1.1 1.6
C
(Ic =200 mA, Ig = 350 pA) All Types - 0.95 1.3
 (lc=100mA, Ig =250 pA) All Types , - 0.85 1.1
Thput Current — On Condition (Figure 4) Yi(on) mA
M =17V) ULN2802 - 0.82 1.25
(Vi=3.85V) ULN2803 - 0.93 1.35
p (Vi=5.0V) ULN2804 - 0.35 0.5
p (Vi=12V) ULN2804 - 1.0 1.45
Input Voitage — On Condition (Figure 5) ) Vi(on) \Y
(Vce =2.0V, I =300 mA) ULN2802 - - 13
{VcE = 2.0V, Ic =200 mA) ULN2803 - - 2.4
« (VCE=2.0V,Ic =250 mA) ULN2803 - - 2.7
; (VCE=20V,Ic =300 mA) ULN2803 - - 3.0
| (VcE=2.0V,ic=125mA) ULN2804 - - 5.0
(Vcg =20V, Ic =200 mA) ULN2804 - - 6.0
(Vee =20V, Ig =275 mA) ULN2804 - - 7.0
¢ (VCE=2.0V,Ig =350 mA) ULN2804 - - 8.0
:lnput Current — Off Condition (Figure 3) All Types , l(off) 50 100 - HA
(Ic = 500 pA, Tp = +70°C)
'DC Current Gain (Figure 2) ULN2801 hre 1000 Y . -
b (VoE=2.0V,Ic =350 mA)
Input Capacitance C - 15 25 pF
' Turn—On Delay Time ton - 0.25 1.0 us
(50% Ej to 50% EQ) '
t Turn—Off Delay Time toff - 0.25 1.0 us
f (50% E| to 50% EQ)
:Clamp Diode Leakage Current (Figure 6) Ta =+25°C IR - - 50 HA
t (VR=50V) Ta = +70°C 100
. Clamp Diode Forward Voltage (Figure 7) Vg - 1.5 2.0 \
(IF = 350 mA)

T o v e
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ULN2803 ULN2804
TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 1.

Open Ve

Figure 7.

Figure 2.

Open
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I, COLLECTOR CURRENT (mA)

-

URRENT (mA)

Pt

N, INPUT C!

e
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ULN2803 ULN2804

TYPICAL CHARACTERISTIC CURVES - Tp = 25°C, unless otherwise noted
Output Characteristics

Figure 8. Output Current versus Figure 9. Output Current versus

f Saturation Voitage Input Current
i
3 <
| / €
600 7 5 600
/ ]
. < P
. All Types / 3 All Types /
400 / o 400 4
2 /
t A 2 -
. / =
200 ~ 8 200 //
// L e
0 -~ 0 //
0 0.5 1.0 1.5 2.0 0 200 400 600 800
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