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Digital Signal Processing

Surachai Pirmsinthavee 301224
Anupong Petchsriudom 301338

Suraphun Eorphaibul Advisor.

Abstract

Digital Signal  Processing continues +to be a dynamic and
rapidly <frowing field with a wide range of applications inciuvding
speech and data communication, acoustics, radar, sonar, seismology,
remote sensing, instrumeniation, consumér electronic, and many others.

The +thesis in +this  semester is about bringing TM532010,
the first IC _produced for wusing ahout Digital Signél Processing
especially, to : construct DSP develaoping Cigeu iy by IBM/PC
interfacing 1in order +to +transmit data from IBM/PC 40 the circuit.
In practvical wuse +there must be analog input conversion for the
process of the circuit.

For appiication s software of DSP circuit and the assembhly
one for TMS32010 will be produced for the reason of the application in
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TELECOMMUNICATIONS®

IMAGE PROCESSING

Digital filtering

Correlation

Hilbert transforms
Windowing

Fast Fourier transforms

Adaptuive filtering

Waveform generation

Speech processing
® Radar ano sonar processing
® Elecitonic counter measures

e Seismic processing

Adaptive equahizers

plA law conver's:on
Time generalors
High-speed modems
Multiple-bit-rate modems

Amplitude, frequency, and phase
modulation/demcgulation

Data encryption

Data scrambling

Dignal filtering

Data compression

Spread-speciium COMMUNICAtONS

Patiern recognition
image enhancement
image compression
Homomorphic processing

Radar and sonar, processin.

HIGH-SPEED CONTROL

® Servo hnks

°

Position and rate ccrnitol

Motor control
e Missiie guidance

e Remote feedback contral

® Roboucs

INSTRUMENTATION

NUMERIC PROCESSING

SPEECH PROCESSING

e Spectrum analysis

e Dignal filiening

e Phasc-locked loops

€ Averaming

e Arbitrary waveform generauon

¢ Tianswnt analysis
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Fast multiply/divide
Double-precision operations

Fast scaiing

e o o @

Non-itnear function
computation

{i.e.. sin x, e*| .
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® Speech analysis

e Specech synthes:s

e Speech recognitian

e Voice store and forward

Vocoders

Speaker authentification
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INVISIE

SIGNAL 1/0 DEFINITION AQ/PAD E

mermp [

vee, Vss IN Power and ground RS E

X1 IN Crystal input e e

X2/CLKIN IN Crystal input or external clock input 1T [:

CLKOUT OUT | System clock output, 1/4 crystal/CLKIN frequency ctkouT [

WE ouT Write enable indicates valid data on D15-D0. 6\)37{__-1— {5

DEN ouT Data enable indicates the processor accepting X2/CL )ﬁTN—:

| inputdataon D15-DO. y B10 [

MEN OUT Memory enable indicates that D15-D0 will accept Vss E

e enerna.l memc..vry insuucxiqn. . D8 E

iS_ IN Reset used to initialize the device bg E
INT IN Interrupt .

BIO IN External polling input for bit test and jump D10 E

operations ; D11 E

MC,‘W H Memory mode select pin. High selects microcomputer D12 [:

. mode. Low selects microprocessor mode. lSee. ¥ D13 [:

section, ‘Program Memory and Memory Expansion.’) % D14 E

D15-DO 1710 : 16-bit data bus 5 D15 E

A11-A0/ ouT External address bus. 1/0 port address multiplexed 07 [:

PA2-PAD

over PA2-PAO.

05 []

O 00 g 0 Uy N .

11
12
13
14
15
16
17
18
19
20

40

) A2/PA2
:] A3
:] Ad
:j A5
] A6




UL offset,it;

int fileflag = @:
int cddtflag = W
int sendflag = &;
int *¥huf;

int +buffer;

char tdefsultname;
char *¥frname;

char ¥Henu{ITEMS] = { LOOd File'

-

char *Heading = "Represent

[ O
g
0]
i}
=
oy
'
m
H »
)
',_I
=
=
&
()
s}
ot
o
<
I
[

voad Algoh(inkb});

void Sending{wvoid);

void LoadFile(char *namefp);
void Editor(yofd);

void Delayv{(int);

void cshowmenu(int);

void main(int,char *[71);
int getmesg@nt ;

void mzin{argc,argv;
int argec;
char *argv[];
{
int messno = &;
if£\§ &asc “Men)
{
printf("Uszge @ A>store XsnX ot FUWE to be cpened’ J;
Exit (B
i
if ( arpeNe=#a)
{
LoadFi ]ega;gv[l]\,
}
ARG
EBCH;
showmenu(messno);
While ifmeseno A= +ETENE =1 ]
L
messno = getmesg{messnol;
ED(D
Algchi{messno};
1
ONC;
free(buf};
free(buffer);
%
/e e — — = End main()-—=—m—c——r oo soshasans s X,

void Algoh(mess)
int mess;

{~

switch (mess)
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sy
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1
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e
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=
+
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W
m
|
|
5]

_clearscreen( _GCLEARSCREEN);
prantE I ND O
_clearscreen(_GCLEARSCREEN};
printEC Nasn\tNtCann 4 load another file 0
pEIREEC "SnNENtPress any key <3
getch(};
_clearscreen( GCLEARSCREEHN?;

1
showmenu{mess )
break;

casesfleo Tt (fileflag = Ny)
{
wENQed i i dar == _1)
{

_clearscreen(_GCLEARSCREEN);
Rralls (SRS TA l weady €Qit.Cann”t Edit");
printf(“\n\t\t?ress any key' };

gete 1(

ted
m

+2
N s~

S
g

g 2) AR GCLEAQSCREEN);
Quici=i=ly :

E."(TJ
o

€

Spad

el

lse

(D= |

_clearscraen\ GCLEARSCRE
oy T a4 L read | o
prt £0° \metPressy any “ey';;
getch();
~ecledarsereen(GCLEARSCREEND ;
showmenu{mess);

‘I

e

else

{

S 2011 T ] G )

{

_clearscreen(_GCLEARSCREEN);
printf(N\a\n\t\tAlready Edit Cann i ti-Edat 9
printE(snNt\NtEPresstany ey b

getch( );
clearscreen{ GCLEARSCREEN);

lse

® |

{ i}

Editord )i
clearscreen{ GCLEARSCE

13
tx
=

1
showmenu(mess);
:
=]
break;
case 2: if (sendflag == @)

Sending( )

else

i

L

_clearscreen( _GCLEARSCREEN);
printf("\a\n\t\tAlready send, cann 't send anymore’ );



ot

(")

printf("\n\t\tPress any key and choose QUIT menu’;
cetch{ ):
e e TR S
_clearscreen(_GCLEARSCREEN};
b
showmenu(mess);
break;
case J: printf("\n\t\tQuitting!\n\t\tSee you =agair
bhrealk;
defavlt:printf("Programming error!i\n");
break;
K
showmenu{highlight
1‘1;;2_?1’1:,i tht;
it n
char Fetart;
HOME ()
printf\n\NENt¥sZsla\n\n", INTENS Heading, ATTOFF };
for g = T g < WLTEYS ; HriEHy
{
if-ba —= st e e
start = VIDREV;
else
estart = ATTOFE;
pramtf (OAnNnENtNt XsZaXsi\n\| estart;Henulin], ATTOFE)
3
HOMEC( ) ;
CUB ($= + 24 36| 2 1 dgriaear:
etmesg (mnuam )
mnum;
unsigned int ch;
while ((ah&s "getah()) = g \1. o)
: 1 NG == &}
1
G et T ;
switch (ch)
h :
case UP if (mnum > @)
1
CULLCZ2 )%
showmenu (--mnum)};
&
else
CUD(2 *x ITEMS -2);
showmenu{mnum = ITEMS - 1
bresk;
case DOHN: if (mnum < ITEMS - 1)

CUDIUEDE
showmenu{++mnum) ;



Q
!1
)
@

case

=

38}

if ((fileflag == B) && (editflag

{
Losdla lel" j;

1se

(D

_clearscreen{_GCLEARSCREEN);
prineEIND I3
_clearscreen(_GCLEARSCREEN )};

prantE (I NaNn\t\tCann "t losd another Filed

1

"
]

s

\
.

A
printfl "NnNt\tBress any key 3

getch(};

_clearscreen(_GCLEARSCREEN)

1

showmenu{mess )

break;

T (fileflag =g Ny

{

NNCER T Aae == _1)

3

_clearscreen( _GCLEARSCREEN) ;

Brapt s (Nt TAl ready E4it.Cann 't Edit" );
D odpdt T \ne X\ YR rems, any kex " );

geteh();
ol ddrscreen( GCLEARSEREENY) ;
showmenu({mness ) ;

1

else

{

_clearscreen{ GCLEARSCREEN);
printf(“\a\n\u\bAlre edy Sodd).Cann 't Edit');
it T8 \ et tPEwegsy any ey Jf ) ;

getch( ;

- tlearsereen(-GCLEARSCREENS ;
Snowmenu(mesu);

J

3

glse

{

el 01t T Lo See= )

{

_clearscreen(_GCLEARSCREEN);

Edi e Eda

printr(“\ \n\t\tAlready Edit.Cann’
printE @ AnNENEEress any ey );
getch( );

clezarscreen( GCLEARSCREEN);

N
~

3

£
else
!
L
EditorC):
_clearscreen(_GCLEARSCREEN
H
showmenu(mess);
3
breah

H~
1
=
el

if (sendflag
Sending( );
else

r
L

_clearscreen( _GCLEARSCREEN)

[

s

printf{ " \ak\nu\t\NtAlready send,cann’ 't uend anymore’ );



int
int

g

1

1)
O
-t
24
=
T
=
G
.3
[
an,
—
—

HOME( );

b

printf A\ n\t\tksssds\n\n"

for @n

1

print
5
J

HOME ()

printECENENENEPE

[

cshowmenu (me

break:

$5);

3

case 3% printf(UN\nN\t\NtQuitt

hrealk;
break;

3 "
ight)

= @ m < W-TBYMS; SR

i == hlghlng}t
S T 45k VT
else

n
o
sy
*‘S
s

I

CUD(2 + 2 % highlight);

getmesg (mmam )

mnum;

unsigned int ch;

while

7 AN

)

default:printf("Pro

TERSTH

4
DREV;

>

i ATTQFFE;
T (A petsatiet 76 Q48N n\ |

start,

and choose QUI

ing!\n\t\tSee y

ramming error!

ead ing, ATTOFF ) ;

(mnum > @
{
CULG2;
showmenu
i
lse

CUD 2k SEEMSS =2

(RN ZBReh()) ‘= \na
if Q== @)
f
ch = —seestes ) ;
switeh (ch)
{
case UP if
e
i
s
K
case DOWN: 1

howmenu{mnum =

bresk;
f (mnum < ITEMS

CUDIUZONE
showmenu

(D
—
9]
a

T menu"

ou agairn.

i
NS

{(-—-mnum ) ;

)5
ITEMS -

bt
S

Lt

e

{(++mnum);



5
J

.
o
return mnum;

void LoadFile(namefp)
char *namefp;

{

s

int content;
FILE: %fp;

se E
mef

T e o
s Gl

break;

nter File Name
N\

B

printf(ErrervwReading ‘File' };

ONC;

if (f 1] el o=
printf('Flszas
scanf (! %s' ,nea
b N AN N\ = =

1%

if ((Pp = fopen(namefp,"r

{
& Fari 1 W

i

else

r

%

buffer = calloc(l@24,8);

1§ Qe Reaa e

printf{"\NtFuck You!

NU

LL>

ITENS. =2

N
7
showmenu(mnum = );

=>a)

Can't allocate memory.")

offset = B;
whidel tgcofitent efgete®p)) = EOF)
{

k(buffer+offset) = content;

printf(\n leading value : %Xh or Z%dd \t
printf("at coffset

offset++;

.
g
fclose(fp);

_clears
fideflag = 1;
OFFC;

void: Editor()

{

int asm,ask;
int Js
EILE i Xfpltr;

ONC;
_clearscreen(_GCLEARSCREER);

printf(‘\n\tPlease enter the file vou want

printf( /THS32018 s ‘Assembly:
seanf("¥%s" ,fname);

printf( \n\tRow your data is
_clearscreen(_GCLEARSCREEN);

a

in

reen( GCLEARSCREEN);

the file name:

",content,content);
2Ah" ,o0ffset);

to store the

ss\n",fname);



printf("Error opening file!\n");
printf( "Press &any key to econtimne \n"};
getche( );

exibE(1);

i
rai =tk
buf = cslloc(1218,8);
printf{"\nPlease Enter.. \n");
do
{
asm = getche();
switch(asn)
i
case\\ Al /¥ baf+k) % break;
case 10 vk (buf+k) = 1;break;
CEBe Y “Alhufilkoy—— Z;Bfesk;
gasey =3 k(bnfEkr—=3; breqk;
case 4 X(buf+k) =-4dsbreak;
Cla Sbapa OFB X ABHI Tk ) B2 ; breaky
case ~ Bl X¢buf+k) = B;break;
gase h ] e Kehaftsk Yol P rhreak
casey Gk (buf¥k) =-8;break;
case, "9V (buf+k) =18 bredk;
case ‘a ¥ (buf+k) = 1@Z;break;
case ‘b :X(buf+k) = 1l;:;break;
cage e wktbuf+k) /=312 /bresk;
noagelmd ok f+k o 5/18: break';
case ‘e :¥X(buf+k) = 14;bresk;
case £ ik(buf+k) = 15;breslk:
case Ak (buf+k) = 10 ;break;
calzed BT x{(bufk) .= llepbresk;
case ‘C :*k(buf+k) = 1Z;:bresk;
case ‘D7 :¥(buf+k) = 13;break;
case 'E’:k(buf+k) = 14;brezl;
case F:¥X(buf+k) = 15;break;
case 8:k = k- 2;break;
default:{
b=~
putch(8);
1
break;
b
'-{++,

forintftipte, i %ecti s tbuf+3));

printf{"\n Storing Value: %¥Xh into memory.".¥*(buf+j))

W2k
i
WHRdE 2OV He
felose(fptr);
Delay(3);

RO



_clearscreen( GUCLEARSCREEHN;
editflag = 1y
OFFC;

Y /% end of editor x/

void Sending( )

I
d
SWpaeest il
int count = A;
int kdmem;
unsigned char a = @; S

unsigned char index = @;
unsigned char datl,dath,vindex;

dmern = calloc(1215,8);
ifCleditElag == i)
if ( fileldsmgm™=—rm
exit (@)
else
diwem = buffer; ;
else
dmem = buf;

ocutp(con8255,6x80);
outp(conB82552,0x86) ;
cutp(zh_port,d};
for (index = {;index < 8:index++)
{
outpl{al_port,index);
outp(dl_port,#);
cuitpdd hipo ¥ EsFos;
cutp{control,WritEn);

o "

P iwniiel  \noeandeXk: |Bddd 1nehe ey

vindex = 8,
Jo= N
do

N VIlex - 8;
outp(al_port,vindex);
if (TN EES)

{
a++;
outpCahicportial;
vindex = 8;
1=l

.

J

else outp{ah_port,@);

datl = (char)dmem[2%1i];

dath = {(char)dmem[(2%1) + 1];

outp(dl_port,datl);

outp(dh_pocrt,dath);

outp(control,WritEn);

prantEEANnys i 2divindex: %5dn s Z3XNE A s viandex; 1vh;

printf(’ Data High: %3X Data low: %3Xh',dath,datl);

vindex++;

T G pERae e
offset

z - =gffset # 2

TGl (3= 10]=4=aNINB D)
offset++;

if (count == (offset/2 - 1))

IS
o TN



brealk;

count++;
e
1
1
while (¢ B8 «<:3) (Ji€1 <« 288) LU { offsedr = Ha%;

Delay(3);
_clearscreen(_GCLEARSCREEN);
free(dmem};

sendflag = 1;

Gl e e ek Bid: Sendinp-———rw—a s s e s

void Delay(seconds)
int seconds;
p
o
long start,end,ltime:

start = timel&ltime);
end = start + seconds;
do
1

while (time(&ltime) < end);



National
Semiconduclor

DACO0800, DAC0801, DAC0802 8-Bit

Digital-to-Analog Converters

General Description

The DACOB00 series are monolithuc 8t huar-speed
current-output digital-to-analog converters (DAC featur-
ing typical settling times of 100 ns. When usec 2z & mul-
tiplying DAC, monotonic performance over z 20 10 1
reference current range is possible. The DACOEDT series
also features high compliance complementary curient
outputs to allow differential ouiput voltege: of 25 Vp-p
with simple resistor loads as shown in Fiyure 1. The
reference-1o-full-scale curreni matching of beti=r than
21 LSB eliminates the need for full-scale trims in
most applicaticns while the nonlinearities ¢ Letter
than 20.1% over temperature minimizes Syste™. €100
accumulations.

The nowise immune inputs of the DACOBUD se .=t will
accept TTL levels with the fogic thieshoid pin, Vi 2 pin 1
grounded. Simple adjustmenis of the ViC piiential
allow direct interface 10 all logic famihes. The p=-torm-
ance end characteristics of the device zre esse
changed over the full 2 45V 1o 21EV pow

range; power dissipation is ouly 33 mW vath =
plies end is independent of the fogic input stotes

AtoD,DiocA

The DAC08B00, DACOBO2, DACGBOOC, DACO8B01C and
DACOB0O2C are & direct replacement for the DAC-08,
DAC-08A, DAC-08C, DAC-088 and DAC-UdH,
respectively.

Features

B Fast settling output curient 100 ny
= Full scele error : 11 LS8
B Nonlinearity over tempersture 10.1%
& Full scale current diift 210 ppm/ C
& High output compliance -10V to +18V
5 Complementary cuitent outputs

8 interface directly with TTL, CMOS, PMOS and

others
2 quadrant wide range multip!ying capability

-

= \Wide power supply range 4.5V 10 218V
& | ow powel consumption 33 mW a1 15V
= [ow cost

Typical Applications

v

Connection Diagram

Dual In-Line Package

|
i
|
|
|
GITAL theulL 1
i
: THEESHOLE 1 U 1 {
?12:* B) B2 by EE D ‘::: it G B Ealetady
S é m R e !
< o1 — L Viitio) |
5 —O v 1 Vaifie) |
10V O—AA— . I
- |
Vour TC 2 vip fou1 =] R i
e MSE 51— ML g s i
—0 H
= Pl ) :
61,F 3 i 4 i
l I = £3— L —s6 :
. !
= Cc = ot LN |
= VOUOlL b v = i
i
FIGURE 1. : 20 Vp-p Output Digital-to-Analag Converter 107 VIEW i
]
i
: ; |
Ordering Information |
TEMPERATURE ORDER NUMBERS®
CLIN
NON LINEARITY RANGE . O FACKAZZ (DI6C] J PACKAGE (J16A} N PACKAGE (N1GA)
10 15 FS 55 C~ 14125 C | DACUEOZLD | UAC-0BAQ ;
20.1% FS CCITa<+7WC D ACO802LCJ | DAC-08HQ | CACOB02LCN DAC-OEHP
2019w FS S55C K TaS + 125°C | UALLBUILD UAC-08Q
20195 S GCe Va0 C LACOBOOLCJ | DAC-OSEQ DACOB0GLCN DAC-OEEP
210.39X FS 0C<Ta «170C DAC0801LCY | DAC-08CQ | DACOBOILCN DAC-OBCPJ

*Note. Devices may be Ordered by using either Groer nUMEs




Absolufe Maximum Ratings

Operating Conditions

Supply Voliage *18V or 36V MIN MAX UNITS
Power Dissizz1ion (Note 1) 500 mV:’ Temperature (T p)
Reference Inout Differentia’ V'ottage (V14 to V15) V: to V‘ DACOS02L -85 4125 ‘c
Reference Input CommonAtode Range (V14,V15) V™ 1o V DACOSOOL -85 4125 °c
Ref?rencr inpout Current 2 % 5 mA DACOB00LC 0 470 ¢
Logic Inputs V™ to V™ plus 36V DACOSOTLC 0 +70 ¢
Ansalog Current Outputs Figure 24 DACGS02LC o +70 ‘¢
Storage Temperature —65"C 10 +150°C
Lead Temo=-z1ure (Solde ing 10 seconds) 300°C
L]
Electrical Characleristics (Vg =415V IREF = 2 mA, TMIN < Ta € Teax unless otherwise specified,
Output characteristics refer to beth IgyT and lQyUT.)
DACO802L/ ] DACO8I0L/
FARAMETER CONDITIONS DACOB02LC DACOBOOLC I UNITS
MIN [ TYpP [ MAX [ ®iIN] TYF | MAX | MIN | TYP | MAX
Fesolution B 8 B E ) ] B 8 8 Bits
HWonotonicity 8 8 8 -3 8 8 8 8 8 Bits
Nonlincarity <01 “0 18 ‘029 %FS
N Serthing Time To *1/2 LSE, All Bits Switched 100 5 100 150 ns
“ON"“o1 "OFF", TA = 25'C J
DACO8BNOL 100 135 ns
DACOBOOLC 0 150 ns
tiH. P Propagatior D ay Ta* 25°C
Each B * 35 60 3< 60 35 60 ns
Ali Bits Snoecmed 35 60 25 €0 35 60 ns
TClrg Full Scale Te—cee <10 +50 $1q 250 0 180 ppm/C
voc Cutbut Veo'saz Tomphiance | Ful! Scale Current Change -10 18 -10 18 10| 1 A
<172 LSB, RouT > 20 MO Typ
Trge “Full Seate C. —-* VREF = 10000V, R14 - 5000+02 18841 1002 200 184} 102 204 1641 190 204 mA
1 R15- 500042, Ta~ 25°C
[ Full Scale Sy—imasry Irsa - IFs) ‘05 |-a0 1 ‘B0 2 ‘16 uA
25 Zern Scat Toecene 01 0 20 o 20 uh
'Fse Outpot Covmen: Rangs v -..5% 0 20 71 0 21 0 20 21 mA
VT - -BVio-18V (7] 20 &7 0 a2 0 20 a2 mA
Logic Inp.s Levety
Vi Logec T Vic-ov cE 0B oe v
Vin Logic  * 20 20 20 v
Logic tnp. = Turrent Vic =0V
4L Logic °T <10V VN2 DBV -20 -1 o -1 P ‘10 h
fu Lne: * 2V 2 VN < 418V 0002 4 097 10 0002 10 uA
e Logic Inn. * Sa ng vV = 15V =10 1e -10 18 10 18 v
Voez Log'c Theemid Range Vg = 215V = 11] e 10 135 10 138 v
g Referenze 3 3¢ Current N i 9 |-30 10 30 VA
e Referems =i Slew Rate (Frgure 24) 40 EN aC EO 40 RO A s
Power Koo Sersrtivity 45V v* «~ 18V 00001 Cr1 70001 001 00001 0OV % /%
-4 5V VT <8V 00031 Ce1 o0 om 00001 001 &%
IREF = TmA
Powr: S.ocy Current Vg~ *SV.IRfF - 1mA
73 as 23 AR 23 18 mA
-3 £38 -43 -58 €3 =58 mA
Vg~ 5V, - 15V IREF = 2mA
se 24 e 2 3s 24 38 mA
‘64 ‘e < 428 64 |-78 ma
Vgr ¢15V IRffr 2mA
- 25 3E 25 a8 2.5/ 3B mA
65 1€ €5 -78 -6.5 -78 mA
3= Pows: Dsxepation *SV, IREF = 1mA 33 ag 33 48 a3 48 mw
5V, 15V IRgF = 2mA 108 136 108 136 108 136 mw
1SV IREF = 2mA 135 174 135 174 135 174 mw
S=e 1: The mav—um junction temperature of the DAC0800, DACO801 and DACO297 » 125°C For operating at elevated temperatures, devices

= e dualin bine
= "=~ N parkaoe

’

' o D package must be derared based on a thermal resistance nf 109 C/W_ jur-tion 10 ambient 175 C'W

for the mold-d dual-
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[
' Typical Performance Characieristics

Ful! Scate Current
vs Reference Current
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FIGURE 3

Reference Amp
Common-Mode Range
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Note. Positive common-mode range is
slways (V+) — 15V,

FIGURE 6

Output Current vs Output
Voltage (Output Voltage
Compliance)
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Vp - OUTPUT VOLTAGE (V)

FIGURE 9

Pp - PROPAGATION DELAY (ne)
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Vo - OUTPUT VOLTAGE (v)
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FIGURE 4

Logic Input Current
vs Input Voltage
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FIGURE 7

Output Voltage Compliance
vs Temperature
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Reference Input
Frequency Response
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centered at 1V,
Curve 2: Cc = 15pF, Vi = S0 mVpr
centered at 200 mV.
Curve 3: Co = OpF, V=100 mVpg
2t OV and applied through 50 0 con-
nected 1o pin 14, 2V applied to R14.

FIGURE S

VTH = Vi vs Tempesture
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Bit Transfer. Characteristics
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FIGURE 11
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General Description

The LF1886/LF29E/LF396 are monolithic sample and hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signa! and low croop
rate. Operating &s & unity gain follower, dc gain sccuracy is
0.002% typical and acquisition time is as low &s 6 ps to
0.01%. A bipolar inpul stzge is used to achieve low offset
voltage and wide bzndwidth. Input ofise! adjust is accom-
plished with & single pin, and does not degrads inpit offset
drift. The wide bandwidth aliows the LF198 to be included
inside the feedback loop of 1 MHz op amps without having
stability problems. Input impedance of 10100 allows high
source impsdgnces 1o be used without degrading accuracy.

the output amplifier to give droop rates as low as 5 mV/min
with & 1_pF hold capacitcr. The JFET's have much lower
noise than MOS devices used in previous designs and do
not exhibit high temperature instabilities. The overall design
guarantees no feec-through from input to output in the hold
mode, even for input signals equal to the supply voltages.

P-channeljunction FET's &re combinedwithbipolar devicesin .

LF198/LF298/LF398, LF198A/LF388A
Monolithic Sample and Hold Circuits

Features

& Operates from =5V 1o + 18V supplies

& Less than 10 ps acquisition time

® TTL, PMOS, CMOS compatible logic input

& 0.5 mV typical hold step at Cp, = 0.01 uF

® Low input ofiset

E 0.002% gain accuracy

& Low oulput noise in hold mode

B Input characteristics do rot change during hold mode -
& High supply rejection ratio in sample or hold

& Wide bandwidih d

Logic inputs or: the LF198 are fully differential with low input
curent, ellewing direct connection 1o TTL, PMOS, and
CMOS. Differential threshoid is 4.4V. The LF19E will oper-
ate from £ 5V fo = 18V suppliec. II is available in an 8-lseg
TO-5 package.

An “A" version is available with tightened electrical speciii-
cations.

&LELCG INHLT O O puiruT
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!
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!
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; Connection Diagrams
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i : Duzl-in-Line Package
| :
i ] i J :
: vVe— - —1ociC
OFFSET _ 2] |7_wooic
KLout? REILRINCE
u.fu'l-—J -‘—l.
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v — — ouTrLT
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‘Order Number LFZSEN or LF32EAN
See NS Packape Number NOEE

Typical Connection and Performance Curve
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Order Number LF188H, LF258H, It
LF398H, LF188AH or LF39EAN
-~ See NS Package Number HOSC -




Absolute Maximum Ratmgs
" Mihtary/Aerospace specified devices are required,

contact the National Semiconductor

Sales Office/

Distributors for availabllity and specifications.

Supply Voltage

Power Dissipation (Package Limitetion) (Note 1 )

18V
500 mw

Opereting Ambient Temperature Range

| LF1ss/LFigsA
| LF2s8
’ LF398/LF398A
Storage Temperature Range

=55°Cto +125°C

—25°Cto +85'C
~ 0Cto+70C
—65°Cto +150°C

Electrical Characteristics pote 3)

input Voltage . Equalto Suppl‘y’%_a,u [ ‘
Logic To Logic Reference Ditferential Voliage +7VA%% _n.,;
(Note 2) |
Ovurtput Short Circuit Durétic. ) ‘
Hold Capacitor Shori Circuit Duration

Lead Temperature (Soldering, 10 seconds)
Thermal Resistance (6,5 (typicals) o
H package 215°C/w (Board mount in still &ir)

€5°C/W (Board mount in 400LF/mm &ir fiog:

N peckage 115°C/W : i
6,4c (typical) 20°Crw

Parameter Coﬁdmons LF188/LF298 ’ LF398
y 4 § { Min | Typ | Max ’ Min ‘ Typ
Input Ofiset Voltage, (Note 6) :- Tj=25C 1 3 2 775y S
i * - w2 | FullTemperature Range 8% 5 10 Sy
Input Bizs Current, (Note 6) T = 25°C b, (N | 1 | 50.4%m
Full Température Rznge 75 ' 100 { ¥t
Inpui Impedance Tj= 25°C 1010 I , 1010 5! -1]
Gain Error Tj = 25°C, Ry = 10k 0.002 | 0.005 0.004 | 0.01 %
Full Temperature Range 0.02 0.02 | %
Feedihrough Atienuation Ratio . | T; = 25°C, G, = 0.01 uF 86 | 6 [ 80 | s0 i€
at1kHz { “ ;,
Output Impedance Tj = 25°C, "HBLD" moda 0.5 2 0.5 4 it
Full Temperature Range 4 6 |ip
, “HOLD" Step, (Note 4) Tj = 25'C,Cp = 0.01 4F, Vour = 0 05 | 20 ’ Wio | 25 | u
| Supply Current, (Note 6) T2 25C 45 | 55 ] | a5 [es |
l Logic &nd Logic Re!erenoe Input | T; = 25°C 2 10 Z 10 ;J
.' Current .
,! Leakage Current into Hold Tj = 25°C, (Note 5) 30 100 I 30 200 Ta‘
! Capacitor (Note 6) Hold Mode l {5
Acquisition Time 10 0.1% 4Voyt = 10V, Gy, = 1000 pF 4
Ch = 0.01pF 20
‘ Hold Capacitor Charging Current Vin—Vout = 2V 5 ’ ’
| Supply Voitage Rejection Ratio Vour = 0 80 | 110 | &0 |
| Differential Logic Threshold Tj = 25C 08| 14| 24 |os] 1.




—
Eiectrical Characteristics (Continued) (Note 3)
A : : LF 1984 LF3s6
Parameter Conditions A Units
v Min | Typ | Max | Min | Typ | Max
rout Ofiset Voltage, (Note 6) Tj=25C 1 1 g 2 mv
Full Temperature Range : 3 mV
nput Bias Current, (Note 6) Tj=25°C 5 25 10 25 nA
Full Temperature Range 75 50 nA
rput Impedance Tj=25C 1010 1010 [}
et
Gain Error T= 25°C,R = 10k 0.002 | 0.005 0.004 | 0.005 %
Full Temperature Range H 0.01 0.01 "%
Feecihrough Attenuetion Retio | T; = 25°C,Cp, = 0.01 F B6 | Bs | 90 aB.
311kHz
Output Impedance T5i 25°C, "HOLD" mode 0.5 1 0.5 1 n
Full Tempereture Range 4 6 a
-HOLD" Step, {Note 4) T; = 25°C.Cp, = 0.014F, Vour = 0 0.5 1 1.0 1 mv
supply Current, (Note 6) Tj225C 45 | 55 45 | 65 | mA
Logic and Logic Ha{e‘rence Input | T;=25C - . 2 70 2 10 RpA
Current >
Lezkage Currenit into Hold Tji= 25°C, (Note 5) b Sp 102 30 100 pA
Capacitor (Note 6€) Ho!d Mode
Acquisition Time 10 0.1% AVoyt = 10V, C;, = 1000 pF 4 (=] 4 6 “S
Ch= 0.01pF e 20 25 s
_Hole Capacitor Charging Current | Viy—Vout = 2V 5 '5 mA
Supply Voltage Rejection Ratio Vour =0 (k] ! i1 80 110 [«£]
Diterential Logic Threshold Tj=25C pd) | 187 Rb| 0814l 24 | v

Mote 1: The

junction

Note 2: Although the d¥ferentisl voltape mey no: exceed the hmits given, the common-mode vollag:
csusing damage 10 the circuil. For proper logic operation. however, one of the logic pins must &lw:

negative supply.

Note 3:-Unless otherwise specified, the folioning conditans 2pply. Unit is in “sample” mode. Vg

nd R = 10 k{!. Logic reference voltage

Note 4: Hold step is sensitive 10 stray capacrive coupling between input logic signsis and the hols ee=ecnor. 1 pF, forinstance, wi

= OV anc logic voliage = 2.5V.

of the LF186 /LF196A is 150°C, for the LF296, 115°C, 2nc wr the LF39E/LF 2BBA, 100°C When operating &t elevated
- smbient temperature, the power dissipation must be derated based on 2 thermal resistnce (O,s) o' *3TC/W.

€ lopic pins mz ; be equal to the supp'ly vollages wihout

< &t least 2V

b1, -

b= e the postive supply nd 3V above the

25°C, —11.8V = Vy, = 2 11.5V.Cy, = 0.01 pF,

ili crezte &n edditions! 0.5 mV

sisp with 8 5V logic swing and & 0.01uF holc canacnior. Mapnitude of the hold step is inversely proparzonal to hold czozcitor value.
Note §: Leskape cument i meesured &1 & junstion temperatre of 25*C. The etfects of junction temps==Te rise Cue 1o ZOwer Cissipation o elevaled arn:xen.g;en

be calculeted by 60ubhng the 25°C value for each 11°C increese in chip temperature. Leakage is pc
Wote 6: These parumelers gueranteed over & supp'y vollege 7ange of =5 to 2 18V, and an input re=,

Typical Performance Characterisiics

Dielectric Absorption
Error in Hold Capacitor

Aperture Time*®

f 00 T ey
e asgf Ve v ety :’;Y:;':s‘;_ AND PDLYSTYRENED
o) SVour <imv . < 3 :‘,".;73 Tt CONSTANT <=
;] SV SV 5
1= sz
§ X[ wEcanve ic
LA Il ey ) = el e -
- o 3 viv
i ) CE o : :
= e sz . LAkl i
" P IZ, .,,,,,[I % £
e INFUTSTEP | s == ]
s - s Lo o /POLYPROPYLINE—
-~ AND POLYSTYREAL}
3 j ”I“ j uvn.lu:susl' I
A M ;
-80 -25 © 25 S0 7% 10 128 18C 5 z 3

JUNTTION TEMFLRATURE ©°C) -

*See Delmion ¢l Terms

SovcsaAmPLl TV dms)

i

T

120 FOLYPROFYIERT = - °°

) PNV ISNND IV

ed over full mput signal ranpe.
—Vg 4 ZEJ 2 Vjy < +Vg - 35V,

LARON (mV)

v SINPCTSLER RETE Ve

TL/RBEEL-3




| Typical Performance Characteristics (continued):
Hold Step
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Typical Performance Characteristics cored)

Output Transient at Start

Output Transient at Start
of Sample Mode of Hold Mode
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Logic Input Configurations
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Threshold = 1.4V

<
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x : samrit
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SR “OLD
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