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ABSTRACT

The objective of this thesis is interfaced card designing and application software for
oscilloscope. This oscilloscope can measure signal —40 to +40 volt, maximum frequency 2 MHz.

The application software program for signal displaying, data storage to analyze, transient capture

and spectrum analyzer.
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2.2.2 Frequency folding and Aliasing
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=

x(2m) W

0 o A x( 2m 4+ 1) )W [tk (4.3)
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X(m) = X(2m)
Xofm) = X(2m+l)
m = 012..5-1

amnsadougia lddmsudeyauiie N/ ga
i .
Xk = X+ WXk

X;(’”;) = X//(k)_VV;lezﬂc)
Uae

Xz( k) = XZI(k)+ W\iszz( k)

X,(k) = X, (A W Xl )

Taverfondnnsdodiu sumeudfy  x,(m) uaz X (m) oomiludduguaz
= =3 o w = A d o 3 A ° g J
Aaslidnamday wluiigamdeludrduvia 2 9o napemsmimIn Msudasyi5es
T 4 o ° s (34 Y
uuy hiseiieswuia N ga MldlasmsdmnamsulasSesuuy lidediewna 2 90
U N2 MA
k ' 1 o . o ! o o i o
Wy luaumsiiveisondn dnlszneunau (widdle factor) Hududngfishlins

4 [ 4 o <3| a
wasyFosuunliseuleswuia N2 9o dansaunduilu DFT vuia N 9a lAmilowdy

#0619 gAtoyasiuau 8 Joya (N=8)
x(0) x(1) x@2) x@) x@ x5 x6) x(7)

o v g o [y o @ 1 LY o w A LY
mmsudeyasenilugadeyadduguazgadoyadrdunoz1a

x(0)  x(2) x(@) x(6)
x(1)  x(B) x(5) x(7)
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uazgaziinudoya 4 doya (v2 doya) Tasndnmasifeatudhinisudsdeyaud

Y U

¥

= o o
azﬁ;ﬂaﬂmﬂumﬂumam 2 YR

LY Q

gadoyad1nugy x(0)  x(4)
gadoyadAugh x(2)  x(6)
gadoyadrduieg x(1)  x(5)
gadoyadRuAn x(3)  x(7)

v ldgvudeyalny x(0) x@) x@) x6) x(1) xG5) x(3) x(7)

]
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Muralludunouienin ununInide (Butterfly Patterns)
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STUVAAAY Swvudoya msfunaula
2L 2L-l 23 22 21 2() 2L 2L~I2L-22L-3 2/ 2(}
ERITGION B B, .. 5 B, B, B, B, B, B, B, ... B, ,B,
5 L L
ﬂ']uﬁll zBrzr ZBrzL—r
r=0 r=0

A9 4.1 MIAURAVUTA

Input Sample Index

Decimat Binary

Bit-Reversed Sample Index

Binary  Decimal

0 0000 > 0000 0
1 0001 1000 8
2 0010 — > 0100 4
1100
3 Z 0010 12
5 1010 10
6 0110 6
7 1110 14
8 0001 1
9 > 1001 9
10 0101 5
11 1101 13
12 0011 3
13 1011 11
14 0111 7
15 1111 > 1111 15

4
e

Exchange values when bit-reversed
value is greater than input index

519 4.2 msfunduia
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Y "4
42 M3 lyaulad
] 14 t
HAABLAUBIANND 91AMSHUAT DFT zifiananuAsienn1nnsiionyannui,
£ 4
msifinlnaudne, aneaaoideaed (Scalloping loss) UAZHUUITYOITYRIUTUN UL LBY

. . . £ o s =4 (B 4 act
(equivalent noise bandwidth) FuilunaausanieluvesmsulasySesuvylidedios 33

b4
msdsulgeezsinlaonms1diulal FemsarnhmindeyanowinulasiSesuuusy
AN
] N-I "
Y(k) = " Zoa(n)x(n)WN ..(4.8)
n=l

a [N A A M\ Yo 1 :’ o A Y1 é =y t
nsutlasyfSesuuy lusedosn i ldvimsaanimindeldan am) = 1 FusiGeah

T A I C .
WINFUN I IMINF M QoY (Rectangular Weighting function)

FFT of eight-point rectangular window

Magnitude dB
1
W
o

-50

-60
10.0—

8.0

4.0}

Magnitude linear

0.0 { 1 ] I | |
-05 -04 -03 -02 =01 0.0 0.1 0.2 0.3 0.4 0.5
Fractional sampling frequency

511 4.3 msifalnaudng
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—————— Rectangular
Henning
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1 1
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1
4 1 4 n
s 04 93 42 91 0 01 02 Q3 04 QS
° ° e Te Te To To To Te To
(a)
FREQUENCY
1 Z 3 4 5 6 7 b 9
Nt Nt N WY KT Nt NY Nt NT
0t "
\\\ %\ —————— Recu-nqular
.10 \‘ — —————— Hanning
‘\\7 ‘\\ ——e - —— Parzen
/\ -
.20 y pat \\' = — o — Bartlen
\ f / A 'I’ \\‘ ,/‘\ N
\ Ll -
.30- \L L& v ¥ ! A T/ AN I’ g
\ \ \ 3 ‘Il ‘\l ‘\
- IRITAY \ N '
T = ; ll ——F ‘,\ et
_4 / \
g Wi bV
Y 50 -+ 1
VAN
GJJ 1 ‘Y : [\\‘ 20, 1
g -% [ /\ 4 T
0 t p ‘ /\\
[ A
<70 1 I r \ !
\ | ¢
-80 f a
! \ 1/
BE \
-90 i 3 7
| - \
-100 ‘ I
V ®)

= YA :’ @ = o ‘
U7 4.4 umailsnduarniminniodulaives FFT
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da o S o 4 4 ¢ @ o y du 1 z w A
Hadduarnhmindmion siqudyanamod lgudsfanduainhminfimasy
A o w o ! P £ & 1 o Ad" o/ . .
ot AT Iuveaguie Ifindomidy N luidinisdansuved lawual (Time domain)
oA ' g' o Py Y fo A o 91 g o =
ffo asarnihivinvesdeya lasmsgudssiansudmasie hlendu lawuanug
v o { s o Q’ll [~ 4
(frequency domain) ¥esHasFuMAsuAoNINTU sin(f)/f Fariumsutasiiulamunnudves
o o o o o . o v < P o ~
andunaidaneundiuiiunisineuTagHu (Convolation) vesilendudimaoy whldwah
- a4 4 da o A s
1&fiesAsznouvasmnudinuIIfAe Tnauda (side lobe) voalansudmasussnlszney
o a ‘3 dyd 1 [} o o Ya v d a fo o P
AnudunfiGonnamiava (leakage) Mlvduwadvesnnudvesilandusionnlufnasu
Sravesilandu sin(fyf
- o o & ¥ Yt o A da y
Woaanannni1sii lnasdududeslFitmsdansu lawunaimsefandualai
@ Ao £l a g 1 do A a Yy o d v dyo g/ o
nunnlanyuzd lulawuanuddnnlnguiivasy aoudreiidnnniiilvnmssaiva
o o s d S Ay
varadwsnslasTesuuuEaiesas
o o tﬁ' o U 3’ @ v =3 wa A
HanguiimainiminezAsaliguauia Ao
Nnavndnvewansuaussnuduay  uantolulnaundnauisoaseungy
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1. 14
NAIVDIT Y

14 ]
1unanuned Inaunan Blhuniige

U v

- a et ]
2. W nassvauesnnudvesiuladianvuiaves Inaudialos tazdvuinanasos

d Ao = r_z.l
I ANDUANNATIVU

g o ' :‘ LY A A P 9/
Hanguornihmiinniedulainldne
a 4 P=1 P}
1. Auladuuysuiiaumsae

0.5 +0.5cos(2mn/N-1) (i1 [n] < (N-1)/2

]

a(n)
A ad
= 0 U nNIUDY
a 4 a A A
2. 'JuIﬂ'JlL'lJ‘lJuﬂiJﬁJ\‘iiJﬁilﬂ'liﬂﬂ
an) = 054 + 0.46cos2n/N-1) dio |n| < (N-1)2
& ot
= 0 U8 n ATUDU
o o 1 =t A
3. 'JuIﬂ’JLLUULLUﬂﬂLLNHNﬁﬂJﬂ’ﬁﬂE}

a(n)

0.42 + 0.5cos(2mn/(N-1) + 0.8cos(4mn/(N-1)) 1§18 |n| < (N-1)/2

r ad
0 YD n NIUDU
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14

5.1 MAd/A% AUUal (AC/DC Coupling)

] 3
mausnRdyanaduwndhaziuaumMsene®/ad Aulas (AC/DC Coupling)

o o Q

o

A A aa 2 . e 8 o oy

iedenad Aullds (DC Coupling) 8eA1lsznaunszuansazenlsznoUNITIARGUTIAIN
v Y Qs 9/ A A s o Qy . 14

zmumq’;wsaﬂmuﬁtyrgm'lﬂiﬂama tedone®AUUA: (AC Coupling) RWITBIA

o 1 q’/l o 1 o o - & =} I'4
Uszneunszuaaduminiufidiudigresaaneudygiu A130h 5.2 degnidendon Siad 1

vt aepr i opr

‘__h IVl

Al
0K 9o,
N 1

w _[' ® ”
7£ 1k - L o4

o

£

!

|}; !
i
°f

N~
_ﬁm ey o i
ATIY v
AT W e

(LAY

BUF

] ¥
510 5.2 uaasasesedAFAUURWAZ 1 TAANDUT YR I

5.2 A1n2995aANOUFYY 1M (ATTENUATOR)

s

Fyanaidhndvnauandiedy Tsresdimaliussdudyanalfimunzaunoudios

o o

o § o Y o ] a ..
Tufannduse’ly vzlimsaanoudaans lagldnanmsuiiussdu(Voltage Divider) tlay

'
<1 v o

4 s 4 . y s Q’I‘ o a
fiosnindyanafigfatiuaunnua(Bandwidh) nde fufumsaaneudyanuduynzdes
a ' a & v o < & o
Husaseaonnud Fedoeld1995aanouuuUFAIIANUR(Compensated Attenuator) FuTiu
b 4
19935013 120098 11aa3 (RC Voltage Divider) Tu299siinmsaaneunianua 3 sedu fie 1:1

& P ~ LY {
1:10 uaz 1:100 Fegnidendieiad2 uazsiad3 Awaaslugilh 5.2
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@ 4
5.3 a1n2995UWWes (BUFFER)
@ a o 1 as 9 1 L) o & o

vasnnidyaiariumsaaneudygranudissiiuiestivives  iwellums
1 ' o - I'd a a [:4 o
dernudygnuninmanasaansudiiednnsuiivaudg lifimaresvow  Taold

Y @ ° a d [ 1 a =) b Y
0N 2 &2 ndaf 2 (12) vimhndluunassionszuanai uazR7 fu Cs 3 Aiietleatun

]
St

Mnnndygudunnnszuansanings

+5V

1500pF
|
]
cs
D
R7 G i
{_BUFF Yoo F256A
s

’\/_g__\é‘
_—W—
ge

AMP

a
<

51l 5.3 uganresiivies

Qa

5.4 ﬂ1m\‘1%3mmﬂﬁiymﬂmumﬁ¥q (VERTICAL AMPLIFIER)
n15‘umaf‘fagaunmzﬁmswwﬁaumunmﬁwm 3 95AU Ao AM4 QIO LATAM20

Taoldsssveodaynnalinduma (Non-Inverting Amplifier) Tumsidonsasveeviuezld

loFiued MAX313 duiluouraenadad lumsidenminnudumunusasivneidons

td
VINMTaANBULATMIVIIoFRNauuIRieg 1 V/DIV a1ua1519 5.1
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+v

C 10uF tan
" ll
¢ OlvF
ata}
1M6364
AMP h —
Cc OlvoF
I
C 10F tan
_".i l].
ER
3v
rio 1K
J;;{‘/\m——— ]2 coM1 NO1 {3
v 1
__wzoo 12 com no2 |14
v 100 iz )
LA ‘g com3 No3 |41
N
; éo?m Noa |8
s
MAX313 1
ATT4
o o H
3191 5.4 yamaeT VoI FYRIUIUIAS
VOLTS/DIV MsaanoudyIn DNTIVY
10 mV 1 20
20mV 1 10
50 mV 1 4
100 mV 10 20
200 mV 10 10
500 mV 10 4
1V 100 20
2V 100 10
5V 100 4

[ L4
M13790 5.1 NTAANBULDTAIT VWA YYIUUUIA




e ——

N e

N T, " W = CSERT

T % n e aAET e 4 ot mmreT T T e e YT e e e o

—— G ve—

e mmm TV m

™ T e e W

F— e —

48

o

5.5 MANIlsusesAudyaIunssiaasd (DC ADJUST)

83858885 [gy
33355585

[
o~
D4
Nata

T
%
1

d' s o
1UN 5.5 wamaesdSuussdunssudns

msdSusesdudayge  1desvnesandyanamunlindue  (Non-Inverting
Summing Amplifier) c?aﬁﬁuvm 3 yila fio 1. 'c'r”agﬂunmﬁmmﬂmﬂwwﬁaujmumuméa 2. 439
dunszuamsavung 1.7 1oadl 3. usedunszuaassfisnandyie (D/A Converter) 191umsiiu
‘izﬁuﬁ’ﬂjﬂﬁmuidﬁuﬂSsuﬁﬁiﬂuLLﬂ’Jéﬂ(Y-Position) RGP et Lmﬁvmﬁaan%maaﬂ
wontlhedhgnamFmaeiuuviiBud #48 2 wihiide

1. flosiu il danadifivuadind o Taad viewnndt s Taad Inari Tasls
laToa(D4) Tumsdiiaussduesay

2. onazfuussiunszuaas i lUBnszne 0.7 Toad duues 1Ruseduiiontenn
Wanuadh 17407 = 2.4 Tood ﬁﬁ’aﬂ%’usaﬁuf:ﬁxmwiumgﬁ (a/D) Hsnldnuszrnin
155 4 3.26 Taadl unefiszduuseiy 2.4 Tadiifuuseduiiond (D) asaeduldszdud

128
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¥ [T aa
5.6 amautasdyanueuasniudyaiuainea

(ANALOG TO DIGITAL CONVERTER)

D1(00-07

b1

ci3 C14

et
T

LLLU L

)
==
3 F5)
AGND <E — (ADCIX]
+— vra e 4
DEC DGND |—3
nc. voco poe =<
voCA veeD o =
3> vl CLK T
2— wRT ax
: ne. D4 ————1—4\/\/¥T—I'SV
-5 owr D5 3 rg 2
= Lo o7 had
o 470F
v T TDAS703 —-Lcw ==Cl1
| I

cs

1 Lo
a%F T o

o o g aa
51 5.6 uaaarsvsulasdygnueuaeniuaiaea

o d aa 4 < o A o ot
resudasdygaeunaeniluataeanlditiuwes TDAS703 Futlunuuuvasi

anuazidua 8 Ia uazlidasimsqugegah 40 MHz

5.7 1995 AniladuaNMUIRMMA1A 1IN (Multi-frequency clock generator circuit)

[725]
v

'N%sﬁﬁmﬁ’vﬁﬁ%’wﬁ'tymummﬁmﬁm%"u“l%“lumiﬁmmmaa‘nsﬁwm lunaest
Usenoudie seadamineTanud 64 MHz 2estuugudu 5 ndn 2nivavguass(le
Swes 74F161) 4 9 wareesmuguuazAendyane vdnmshiuYeINTAD 1Ty
QUFIUADY 4 1 %xﬁmﬁwﬁmsmmﬁﬁ’mamﬁ("le%ma%’ 74F161) A9 2,4.6,...,16 wah
EMMYBIesIIRIURUMsTIveInesda llfieelueygdy 5 wan simdhiims
AWAAI0A1 10,100,...,100000 ﬁmaaaﬂ‘umawsﬂ'uf':i):ssimi’hz;hminﬁaﬂﬁaumpmiﬂmﬁﬂﬂ

i ¢ o ¢ a ¢ v o
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1 s 768 Byte 32 MHz 0111 1101 11111 111
2us 1.280 KB 32 MHz 01111011 11111111
5 us 3.328 KB 32 MHz 01110011 11111 111
10 us 6.400KB 32 MHz 01100111 11111 111
20 ps 6.400KB 16 MHz 01100111 11111 110
50 ps 6.400KB 6.4 MHz 01100111 11111 011
0.1 ms 6.400KB 3.2 MHz 01100111 11110 111
0.2 ms 6.400KB 1.6 MHz 01100111 11110 110
0.5 ms 6.400KB 640 KHz 01100111 11110011
1 ms 6.400KB 320 KHz 01100111 11100 111
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ls 6.400KB 320 Hz 0110 0111 00000 111
2s 6.400KB 160 Hz 0110 0111 00000 110
58 6.400KB 64 Hz 0110 0111 00000 011
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10 mV 1 20 010X 100 C
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50 mV 1 4 001 X 100 C
100 mV 10 20 010X 010C
200 mV 10 10 100X 010 C
500 mV 10 4 001 X010 C

Y 100 20 010 X 001 C
2V 100 10 010X 001 C
5V 100 4 010 X 001 C
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dyaadunn Joya
200 mV 1 KHz 100 mV 0.2 ms 1.6 MS/s
200 mV 10 KHz 100 mV 20 us 16 MS/s
200 mV 100 KHz 100 mV 2us 32 MS/s
200 mV 1 MHz 100 mV lus 32 MS/s
200 mV 1 MHz 500 mV lus 32 MS/s
200mvV. 1 MHz 50 mV lus 32 MS/s

wamsiah lAuamsaingl

Stop: 1.6MS/s  Success b £ T- 3 i Tag? Toig Found
T T T T T T T T T T T — T T

i

D s e B e e T S 2 SR R

PR BTN WP t ety ]
CH2 OC 100mV/Div 2ms CH2 N 15.63mY Hold 0t : 802

310 7.1 nsluamanisIah 100 mV/DIV, 0.2us
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= o &
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T - T L Sy N L B AL B B LR LR A
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14 ‘»-—5—-—:-—&,4.:.!':;.: ot e B
MR S ET AN SR ST N TS SIS S
CH2 DC 100mV/Div 2us CH2 1.563mV HoldOff ; 802

51U% 7.3 A3 mluaaenisIaf 100 mv/DIV, 2us
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CH2 DC  100mV/Div

Tus

PEETIY
2031V

519 7.4 nsuaaanisiai 100 mv/DIV, lus
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Hold-Of : 802
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Trig Found
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CH2 DC S00V/Div

s
Tus

s
-101.6mV

51# 7.5 na AN siad 500 mv/DIV, lus

Hold-0ff : 802
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CH2 DC 50mV/Div Tus CH2 ~ -016mV Hold-0ff . 802
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Philips Semiconductors Product specification
_

8-bit high-speed analog-to-digital TDAS703

converter
- ... ______________________________________________________________|]

FEATURES APPLICATIONS
« 8-bit resolution ¢ General purpose high-speed analog-to-digital
« Sampling rate up to 40 MHz converston
3 . .
« High signal-to-noise ratio over a large analog input + Digital TV, IDTV
{frequency range (7.1 effective bits at 4.43 MHz e Subscriber TV decoder
full-scale input) o Satellite TV decoders
« Binary or two's complement 3-state TTL outputs « Digital VCR.
« Overflow/underflow 3-state TTL output
¢ TTL compatible digital inputs GENERAL DESCRIPTION
* Low-level AC clock input signal allowed The TDA8703 is an 8-bit high-speed Analog-to-Digital
» Internal reference voltage generator Converter (ADC) for video and other applications.
« Power dissipation only 290 mW (typical) It converts the analog input signal into 8-bit binary-coded

digital words at a maximum sampling rate of 40 MHz.
All digital inputs and outputs are TTL. compatible, although
a low-level AC clock input signal is aillowed.

« Low analog input capacitance, no buffer amplifier
required

« No sample-and-hold circuit required.
k

ORDERING INFORMATION

' TYPE PACKAGE

,NUMBER NAME DESCRIPTION VERSION
TDA8703 DIP24 plastic dual in-line package; 24 leads (600 mil) SOT101-1
TDAB703T S024 plastic small outline package; 24 leads; body width 7.5 mm SOT137-1

T RN, T T P Wy i e el SR

. W Ve ot ke w e e e

k
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Phiiliﬁs Semiconductors Product specification
¥
8-bit high-speed analog-to-digital converter TDA8703
QL!ICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Véca analog supply voltage 4.5 5.0 5.5 v
Véco digital supply voltage 45 5.0 55 v
Véco output stages supply voltage 4.2 5.0 5.5 \'
lcta analog supply current - 28 36 mA
leco digital supply current - 19 25 mA
leco output stages supply current - 1 14 mA
ILE DC integral linearity error - - +1 LSB
DLE DC differential linearity error - - /2 LSB
AI;LE AC integral linearity error note 1 - - 2 LSB
B! -3 dB bandwidth note 2; fok = 40 MHz - 19.5 - MHz
foudfetk | maximum conversion rate note 3 40 - - MHz
P{;‘ total power dissipation - 290 415 mwW
Notes

1. , Full-scale sinewave (f; = 4.4 MHz; f¢, «; faix = 27 MHz).
2. The -3 dB bandwidth is determined by the 3 dB reduction in the reconstructed output (full-scale signal at input).
3. : The circuit has two clock inputs CLK and CLK. There are four modes of operation:

on the LOW-to-HIGH transition of the input clock signal.

—

* a) TTL (mode 1); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling

b) TTL (mode 2); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling
on the HIGH-to-LOW transition of the input clock signal.

+ ¢) AC drive modes {(modes 3 and 4); When driving the CLK input directly and with any AC signal of 0.5 V

(peak-to-peak value) imposed on a DC level of 1.5 V, sampling takes place on the LOW-to-HIGH transition of the

Wl W R oF e

[ —

LA
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clock signal. When driving the CLK input with such a signal, sampling takes place on the HIGH-to-LOW transition.

d) If one of the clock inputs is not driven, then it is recommended to decouple this input to DGND with a 100 nF
capacitor.
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E8-bit high-speed analog-to-digital converter TDA8703
BLOCK DIAGRAM

;

}

I

E clock inputs

. IVCCA CLK CLK |Vcco TC CE

. l7 16 17 |18 21 22

: STABILIZER CLOCK DRIVER

]

DEC|5 —?—7

'\ TDA8703
TDA8703T
VRT {9
5
’ A Y Y
_12|p7

' > ms8
{ . 13| D6

L] . 14| D5
: i 15{D4

ana vi|s | {ANALOG-TO-DIGITAL) | . PN g

Vouag:;gpm " o CONVERTER » LATCHES ~—» TTL OUTPUTS ,23los ¢ data outputs

1

L 24|D2
! . 1|pt
. . 2|D0 LS8
4
H VRB |4 1 19
' +=Veeo
E A4 A 4
i overflow /
N OVERFLO\II_VA/T%T‘DERFLOW o] TrLouTPUT LML, Onderiow

i

output
3 20
J’AGND 7LDGND MGAOTS

analog ground dlg'ltal ground

Fig.1 Block diagram.

e = o e

— -

{
1996 Aug 26 4

i



Philips Semiconductors Product specification
8-bit high-speed analog-to-digital converter TDA8703
£
]

Plb!lNlNG

SYMBOL | PIN DESCRIPTION
D1 1 | data output; bit 1
DO 2 |data output; bit 0 (LSB)
AGND 3 | analog ground
Vs 4 | reference voltage bottom (decoupling)
DEC 5 | decoupling input (internal stabilization
y loop decoupling)
n.c. 6 | not connected J
— D1 [1 [24] D2
Véca 7 | positive supply voltage for analog
) circuits (+5 V) 00 (Z 23| D3
vi 8 | analog voltage input AGND [3] 22] CE
V&r 9 | reference voltage top (decoupling) Vre [4] E T
n.c. 10 | not connected oec [5] 20] DGND
O/UF 11 | overflow/underflow data output ne. [] 5] Voco
D7 12 | data output; bit 7 (MSB) - TTg;\\ggg/r
D6 13 | data output; bit 6 Voca [7. 18] Veeo
D5 14 | data output; bit 5 vi [g] 17] Tk
D4 15 | data output; bit 4 Var [9] [16] cLx
CLK 16 | clock input ne. [10] [15] D4
CLK 17 | complementary clock input onF [T 4] os
Veco 18 | positive supply voltage for digital
. circuits (+5 V) o7 [12 13] os
Veco 19 | positive supply voltage for output Mbase
L stages (+5 V)
DGND 20 | digital ground
TC 21 |input for two's complement output (TTL
E level input, active LOW)
CE 22 | chip enable input (TTL level input,
: active LOW)
o3 23 | data output; bit 3 Fig-2 Pin configuration.
D2 24 | data output; bit 2

-
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Philips Semiconductors Product specification
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8-bit high-speed analog-to-digital converter TDA8703

b

'

LIMITING VALUES
In‘accordance with the Absolute Maximum Rating System (IEC 134).

'SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vhea analog supply voltage -03 |+70 |V
Veeo digital supply voltage -0.3 470 |V
Veco output stages supply voltage 0.3 +7.0 Vv
Veea~ Veep | supply voltage differences -1.0 +1.0 \
Vieeo - Veep | supply voltage differences -1.0 +1.0 \'
Vieea — Veco | supply voltage differences ~1.0 +1.0 \

Vv input voltage range referenced to AGND -0.3 +7.0 '
Voud/Vex AC input voltage for switching note 1; referenced to DGND | — 2.0 \

\ (peak-to-peak value)
lo output current - +10 mA
Tstg storage temperature -55 +150 °C
Tamb operating ambient temperature 0 +70 °C
T junction temperature - +125  |°C

Nétes

1.; The circuit has two clock inputs CLK and CLK. There are four modes of operation:

~ a) TTL (mode 1); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling
. on the LOW-to-HIGH transition of the input clock signal.

b) TTL (mode 2); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling
on the HIGH-to-LOW transition of the input clock signal.

« €) AC drive modes (modes 3 and 4); When driving the CLK input directly and with any AC signal of 0.5 V
(peak-to-peak value) imposed on a DC level of 1.5 V, sampling takes place on the LOW-to-HIGH transition of the
clock signal. When driving the CLK input with such a signal, sampling takes place on the HIGH-to-LOW transition.

¢
d) If one of the clock inputs is not driven, then it is recommended to decouple this input to DGND with a 100 nF
capacitor.

¢

HANDLING

]
Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
desirable to take normal precautions appropriate to handling integrated circuits.

THERMAL RESISTANCE
: SYMBOL PARAMETER VALUE UNIT
Rihfa from junction to ambient in free air
. SOT101-1 55 KW
; SOT137-1 75 KW
¥
]
£
¥
}
!
L4
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E
i
!

Pﬁiﬁps Semiconductors Product specification
E .
.8-bit high-speed analog-to-digital converter TDA8703
]

CHARACTERISTICS

Vi}CA =V;-V3=45V1t055V;Veecp=Vig— V=45V 105.5V; Veco =Vig—-Vap=4.5 V1o 5.5 V; AGND and
DGND shorted together; Veca — Vocp =-0.5 V10 +0.5 V; Veco - Vecp =—-0.5Vto +0.5 V,;

Veca ~ Veep = -0.5 Vto +40.5 V; Tamp = 0 °C to +70 °C; unless otherwise specified (typical values measured at
Veea = Veeo = Veco = 5 V and Tamy = 25 °C).

SYMBOL ] PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Supply
Veea analog supply voltage 4.5 5.0 5.5 A
Veep digital supply voltage 4.5 5.0 5.5 A
Veco output stages supply voltage 42 |50 |55 |V
tea analog supply current - 28 36 |mA
lcco digita!l supply current - 19 25 mA
tco output stage supply current all outputs LOW - 1 14 mA
l'[«puts
(}LOCK iNPUT CLK AND CLK (note 1; REFERENCED TO DGND)
ViL LOW level input voltage 0 - 0.8 A
Vi HIGH level input voltage 2.0 - Veeo |V
M LOW level input current Vou/Vgg =04V -400 |- - pA
lz'H HIGH level input current VeuxVerk =04 V - - 100 |pA
Vew!/Vex = Veoo - - 300 jpA
Z input impedance foudferx = 10 MHz - 4 - kQ
G input capacitance fowk/ferk = 10 MHz - 4.5 - pF
Veowk ~ Ve | AC input voltage for switching note 1; DClevel=1.5V |05 - 2.0 Vv
' (peak-to-peak value)
i'_C AND CE (REFERENCED To DGND)
Vi LOW level input voltage 0 - 08 |v
Vin HIGH level input voltage 2.0 - Veeco |V
fi LOW level input current V=04V 400 |- - pA
fin HIGH level input current V=27V - - 20 HA
Vi (ANALOG INPUT VOLTAGE REFERENCED TO AGND)
Vvig) input voltage (bottom) 133 |141 |148 |V
Vvio) input voltage output code =0 1.455 |1.55 [1.635 |V
Vos) offset voltage (bottom) Vi) = Vi) 0.125 |- 0.155 |V
Vi input voltage (top) 32 [336 |35 |V
Vviess) input voltage output code = 255 3.115 |326 {3385 |V
Vosm offset voltage (top) Vyim — Vvigzss) 0.085 |- 0.115 |V
VV,(N,) input voltage amplitude (peak-to-peak value) 166 |1.71 175 |V
f,L LOW level input current Vy=14V - 0 - pA
fisg HIGH level input current Vu=36V 60 [120 (180 |[pA
Z input impedance fi=1MHz - 10 - kQ
G input capacitance ti=1MHz - 14 - pF

1 ?96 Aug 26 7
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Ppilips Semiconductors

Product specification

§

;8-bit high-speed analog-to-digital converter TDA8703
|

svmBoL | PARAMETER | conpmons | mN. | Tve. [ max. [ unir
Reference resistance
Rref | reference resistance | Var to Vgs [- J220 [- |a
Outputs
OIITAL OUTPUTS (D7 - DO) (REFERENCED TO DGND)
Yor LOW level output voltage lo=1mA 0 - 0.4 \
Vou HIGH level output voitage lo =-0.4 mA 27 |- Veen |V
foz output current in 3-state mode 0.4V <Vo<Veep 20 |- +20 jpA
éwitching characteristics (note 2; see Fig.3)
fok/faR maximum clock frequency ] 40 l - | - I MHz
;\nalog signal processing (fc x = 40 MHz)
B -3 dB bandwidth note 3 - 19.5 |- MHz
éd differential gain note 4 - 0.6 - %
éq differential phase note 4 - 08 |- deg
fy fundamental harmonics (full-scale) fi=4.43 MHz - - 0 dB
fhy harmonics (full-scale), all components fi = 4.43 MHz - -55 |- dB
SVRR1 supply voltage ripple rejection note 5 - -28 |-26 |[dB
SVRR2 supply voltage ripple rejection note 5 - 1 25 %N
Transfer function
ILE DC integral linearity error - - +1 LSB
OLE DC differential linearity error - - +1/2 |LSB
AlILE AC integral linearity error note 6 - - +2 LSB
EB effective bits fi= 4.43 MHz - 71 |- bits
Timing (note 7; see Figs 3 to 6; fork = 40 MHz)
tf,s sampling delay - - 2 ns
tho output hold time 6 - - ns
i output delay time LOW-to-HIGH transition |- 8 10 |ns
e output delay time HIGH-to-LOW transition |- 16 20 ns
tazn 3-state output delay times enable-to-HIGH - 19 25 ns
tfm_ 3-state output delay times enable-to-LOW - 16 20 ns
tQHz 3-state output delay times disable-to-HIGH - 14 20 ns
taz 3-state output delay times disable-to-LOW - 9 12 ns

!
1996 Aug 26
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8-bit high-speed analog-to-digital converter TDA8703

]

Notes

1}
}
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The circuit has two clock inputs CLK and CLK. There are four modes of operation:

a) TTL (mode 1); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling
on the LOW-to-HIGH transition of the input clock signal.

b) TTL (mode 2); CLK decoupled to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling
on the HIGH-to-LOW transition of the input clock signal.

¢) AC drive modes (modes 3 and 4); When driving the CLK input directly and with any AC signal of 0.5 V
(peak-to-peak value) imposed on a DC level of 1.5 V, sampling takes place on the LOW-to-HIGH transition of the
clock signal. When driving the CLK input with such a signal, sampling takes piace on the HIGH-to-LOW transition.

d) If one of the clock inputs is not driven, then it is recommended to decouple this input to DGND with a 100 nF
capacitor.

In addition to a good layout of the digital and analog ground, it is recommended that the rise and fall times of the clock
must not be less than 2 ns.

The -3 dB bandwidth is determined by the 3 dB reduction in the reconstructed output (full-scale signal at the input).

Low frequency ramp signal (Vyipp) = 1.8 V and f; = 15 kHz) combined with a sinewave input voltage (Vyipp) = 0.5 V,
f = 4.43 MHz) at the input.

Supply voltage ripple rejection:

a) SVRR1; variation of the input voltage producing output code 127 for supply voltage variation of 1 V:
SVRR1 = 20 log (AVyj(127) 1 AVcea)

b) SVRR2; relative variation of the full-scale range of analog input for a supply, voltage variation of 1 V:
SVR2 = {A(Vvi(o) — Vwiizss)) / (Vvigo) ~ Vwiess)} + AVeca.

Full-scale sinewave (f; = 4.4 MHz; fc k; feik = 27 MH2).

Qutput data acquisition:

a) Output data is available after the maximum delay of ty and tg .

1 E996 Aug 26 9
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Phifips Semiconductors

Product specification

:8-bit high-speed analog-to-digital converter

TDA8703

T

'I’gble 1 Output coding and input voltage (referenced to AGND; typical values)

E BINARY OUTPUT BITS TWO'S COMPLEMENT OUTPUT BITS
§TEP Vvippy |O/MF |D7 |D6 |D5 |{D4 |D3 (D2 {D1 |DO |D7 |D6 |D5 D4 {D3 {D2 |D1 |DO
Underflow <155 |1 [0 {0 |o o (0 (O JO |O {1 |O |O (O (O |O |0 |O
0 155 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
i -  jo lo [o {o o |o jo |0 |1 |1 |o jo (o }Jo (o |O |1
1
254 . 0 1 1 1 1 1 1 1 |0 (0 |1 1 1 1 1 1 |0
?55 3.26 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Qverﬂow >3.26 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
¢
T?ble 2 Mode selection
. TC CE D7-DO O/UF
R 1 high impedance high impedance
: 0 0 active; two's complement active
J 1 0 active; binary active
Note
1‘. X = don't care.
! CLK 13V
) _/\ /—\_/ \
) sample N sample N + 1
; l sample N + 2
1
' vi &
' __’/
{ ™ tHD
——
j tas
24V
I D0-D7 dataN-1 13V dataN >< dataN + 1 ><:
% 04V
}
' —{tgLH
MEATOS
— taHL
k
¢
3
Fig.3 Timing diagram.
H
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IFihilips Semiconductors

Product specification
8-bit high-speed analog-to-digital converter TDA8703
t
& v
lnput (1.4V)

—— 24V
1 outputs

— 04V
i ‘dHZ . L_‘dzu

taz tazL mB035- 1
E
M
H
i
1 Fig.4 3-state delay timing diagram.
3
| 4
!
E Vcco
2k
1 Veco J s
i ? (e
' 2kQ DOto D7 i<
\ O/ >
DOto o7 y
|
l 15 pF IN916
[ I lN916 D or
i IN3064
I IN3OB4
| i )
‘ DGND °
MGD691 ’f 82
]
E——— 2

E DGND
[
; Fig.6 Load circuit for timing measurement;
i Fig.5 Load circuit for timing measurement; data 3-state outputs (CE: f; = 1 MHz; Vyy =3 V);
\ outputs (CE = LOW). see Table 3.
t
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" Philips Semiconductors
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"Table 3 Mode selection
TIMING MEASUREMENT SWITCH S1 SWITCH S2 CAPACITOR
tazn open closed 15 pF
tazL closed open 15 pF
tanz closed closed 5 pF
torz closed closed 5 pF
INTERNAL PIN CONFIGURATIONS
Veco Veca ——-
! e
A A
D710 DO v ') I\‘ (x 90)
on ! T
‘ x ;‘- x g %5
DGND AGND —_———
MGDE92 - L8037
{ Fig.7 TTL data and overflow/underflow outputs. Fig.8 Analog inputs.
!
i
}
1
! Veco
i
‘ v
L cco !
A
! !
t 7 'y
I CE i<
TC J4¢ >t
E x
] = DGND
{ MLBO39
i
DGND

¥

!

MGD693

Fig.9 CE (3-state) input.

Fig.10 TC (t\;vo's complement) input.
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i

|

|

Vcea f]

i
L
.
L

ai
L4

oy H
!

‘El i
AGND

[E———————

hl

L g8
bl
v

- ol T

MCD188

— n s e —

Fig.11 Vgs, Vgt and DEC.

wo— v S [

-

Veco

\ ry
4
i
! CLK Vref
{ ljao o 30 kQ
| ry

+
¥ -
i DGND MCD189-1
i
%

Fig.12 CLK and CLK inputs.

%
$
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3
.
éPPLICATION INFORMATION

Additiona! application information will be supplied upon request (please quote number FTV/8901).
i

-

{ Di} 1 04 |02
3
i ool 2 23|03
1
‘ —
: AGND | 3 2
H —

v
‘s RB | 4 21 TC

DEC| 5 20 | OGNO .

v Izan
f ¥ nc.| 6 19 Ccco 5V
I, JL47PF TDAS703 221
' Veca TDAS703T ® Veen
! e 22 nF
47 —
} s vi| 8 CIK J;
! Tl
]
: _ Var| o 16 | CLK 100pF
| Lo [
} § n.c.| 10 15 D4
H O/UF | 11 14 |05
: AGND
: o7 {12 13|08
1]
MGAOI4- 1

[ A ]

CLK should be decoupled to the DGND with a 100 nF capacitor, if a TTL slanal is used on CLK (see Chapter “Characteristics®, note 1).
qu< and CLK can be used in a differential mode (see Chapter “Characteristics”, note 1).
; Vas and Vgr are decoupling pins for the Internal reference ladder; do not draw current from these pins In order to achleve good linearity.

If it is required to use the TDA8703 in a parfiliel system configuration, the references (Vgs and Var) of each TDAB703 can be connected together.
Code 0 will be identical and code 255 will remain in the 1 LSB variation for each TDA8703.

& Analog and digital supplies should be separated and decoupled.
Pins 6 and 10 should be connected to AGND in order to prevent noise influence.

» (1) 1tis recommended to decouple Veeo through a 22 Q resistor especially when the output data of the TDA8703 interfaces with a capacitive CMOS
load device.

Fig.13 Application diagram.

:
g
|
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i
PACKAGE OUTLINES
b3
DIP24: plastic dual in-line package; 24 leads (600 mil) SOT101-1
|
l e D Mg
8
4 [=%
2
: A Y
b ,_D_—%ii \
E L Ay
$ —c
~ il
(eq)
: b
p 24 _.l r_ 13 My
i i 1 o 1 o e o v e O o e W i W i W e
1]
1]
E pin 1 index
—
f —) E
¥
L3
% NG O IR I A N I N N N I N 0 ) O | I
1 12
¥
X
] 4] 5 10 mm
} scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
I A A A 1 1 U]
. ONT | o | b | mek b by ¢ oM | eM| ¢ €4 L Mg | My w mgx.
¥
H 17 | 053 | 0.32 | 320 | 14.1 39 | 1580 | 17.15
) mm | 51 | 051 | 40 | i3 | o35 | 023 | 314 | 137 | 254 [ 1524 | 34 | 1524 | 1500 [ 025 | 22
i 0.066 | 0.021 | 0013 | 126 | 056 015 | 062 | o068
. | inches [ 020 | 0020 | 016 | 5oei | 0015 | 0i00s | 124 | o5a | @10 | 980 | 543 | oe0 | oe3 | OO | 0087
' Note
% 1, Plastic or metal protrusions of 0.25 mm maximum per side are not included.
!
OUTLINE REFERENCES EUROPEAN
.|  veRsion EC JEDEC 1Ay PROJECTION | ISSUEDATE
924147
] SOT101-1 051G02 MO-015AD E@ 96.01.23
1996 Aug 26 15
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&
1
¢
024: plastic small outline package; 24 leads; body width 7.5 mm SOT137-1

p——

, D E

! —1 11 Jd

f“ O] i e

i 2

. WAAAAAARRAAE"

’.

Lk I EN
| /> L,
, I NN
) - : B
. JUTETYRTEL.

. ol 5

|

‘ 9 5 1IOmm

1 1 " n 1.1 1 ol

scale

DIMENSIONS (inch dimenslons are derived from the original mm dimensions)

UNIT m:x. Ay | A2 A3 [ Bp | ¢ |DMIEM| o | He { L || Q@ | v |w ]|y |2V] e
030 | 245 049 | 032 | 156 | 76 10.65 141 14 09
mm | 285 | 640 | 225 | %25 | 0.36 | 023 | 152 | 74 | "¥ |1000] ™4 [ 04 | 10 |02 [0 | 01 | o4 |
0.012 | 0.096 0.019 | 0.013] 061 | 0.30 0.42 0.043 | 0.043 003s| ©°
inches | 010 14 004 | 0.089 | 01 |0.014 | 0,009 | 0.60 | 0.29 {9950 039 | %055 | o016 | 0.03g | 001 | 0.01 | 0.004} 5'es
g
. Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION e JEDEC Py PROJECTION
YT
SOT137-1 075E05 MS-013AD G@ 050108

19%96 Aug 26 16
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i
SOLDERING
I
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for

grinted-circuits with high population densities. In these
ituations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

éur “7C Package Databook”(order code 9398 652 90011).

i
DIP

SOLDERING BY DIPPING OR BY WAVE

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

5. seconds.

e temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsig max)- If the
printed-circuit board has been pre-heated, forced cooling
rhay be necessary immediately after soldering to keep the
t?mperature within the permissible limit.

;S‘hg device may be mounted up to the seating plane, but

REPAIRING SOLDERED JOINTS

A'bply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
sbldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

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

REFLOW SOLDERING

Hiaﬂow soldering techniques are suitable for all SO
packages.

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

L3

‘|

3
19'9é Aug 26

E
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Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporéte
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering techniques can be used for all SO
packages if the following conditions are observed:

¢ A double-wave (a turbulent wave with high upward .. -
pressure followed by a smooth laminar wave) soldering
technique should be used.

+ The longitudinal axis of the package footprint must be
parallel to the solder flow.

« The package footprint must incorporate solder thieves at
the downstream end.

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

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.
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DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications. ’

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

3
LIFE SUPPORT APPLICATIONS

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