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DIGITAL FILTER

Mr.Promthep  Srisangyoo
Mr.Weerasak  Karoon
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ABSTRACT

This paper presents the design of Digital Filter such as Low Pass filter(LPF),High Pass
Filter (HPF), Band Pass Filter(BPF) and Band Reject Filter (BRF) which is applied to FPGA
chip. That used in term of Programmable Device, we can program it to be any variety of digital
circuit. To design digital circuit in FPGA chip , we have to draw the schematics along with the
Hardware Description Language (VHDL).

The principle of design is base on the Kaiser Window method that we can adjust pass

band ripple(s ) and stop band attenuation (A, ) .It cause this Digital Filter can be designed to

pass

adjustable pass band ripple(spass) , stop band attenuation (A . ) and filter order.
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@ 4 :,’ 3 i o /A n’: o 'S H
fugilnsal  FPGA uq - Sehidwailatilszd@nsammiasludunsumsdaunsizviaeesi
g '3 Y o [ 1 o 9 [ y w w A A
gosnuyumnsafmuavetisAudmiuTueauaazda 1f i YerisAuluFeaal (Timing
1 o ' ¥
Constraints) #3099119AUIMTOIVDINUN (Area) U3DMUUATIAUATAMNUINGI /O G4
k4 E 4 v v v
@ o 1 o o = 1 9/ ° H
derisAumariisygmi 14 Tuduseu Optimize Welfiawesfi i lmadidmun dou
dfylun1s Optimize Aansfioy (Mapping) Tuaalididumalulaon el 1d 19050
@ 9 o A0 0@ ) d [~4
mangauny Iassaduazanilasnisuniolugilnsal FPGA disvimisdanserinesase
9y o o s '3 =3 =1 ' - 3 1
um weiing  madunszrasesnezlinisresuman lusaneennuy liiudluedils
[ =1 1] 1 U Y ¥ YV A' R q,: dy
WUNAANUNUN (Delay) i ns 19mSwonsaaqly FPGA ezlsthe wewdedunouil
d ' @ e ] 13 o [ [ '
deenuuunszni lueadhldmudeisrunde b drhifduns e intmnirezdiull

aunmvua

2.2 NgUMIgUAIBLY
o1nan 14 dygralusssumadnmnn wu doanados dyanaduasiiou
vesiuTan aduialy vio msusarhlvesgumai et W hudnyaAfianuduiug
funainlaew s wie na 18 uiiudaano Analog msmﬁtynpmmmfj’ Tihlszananaly
ANYULYDI Digital ®30 Discrete Signal Processing 18 1e@valdszuunisszuiana

AegLin 2.8

X0, F SH A/D DSP pia |1

311 2.8 szuumsdszuranadaaa Analog lauld DsP
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é ] L] 4 4 o o/
Femwgal 2993 SH Wuresguuazadaana 13 tioliaees b mnmsulasduaaan
R e o o A
Analog (ilu Digital 1 Digital Snfinils
v Y = & v P
Tumsudasdaygiar Analog ifudgyana Digital aAnudlumsguinezdesnnneiie:
himlddyaragydedeyaiichanlyl
NQUENIYY (Sampling Theory) U89 Shannon Aa13 1391 8111n% Analog Signal x(t)
771 341/a9 Fourier 30 Power Spectrum voadgygnaiiuauanuiyfifeumiy £, uds
° 1 ~ o ' i Ao o &1 A = 1 o
szawnsahmsqu lashdmaa igadoionindnanaedieoanud lumsdu £ fian
WINNNABDINNIVBIANNA £, U5
[oiadilin 2.1)
» ' v 9
Taoia lis1eradudienind £, = 2f; wed Annwdiiisond Nyquist Frequency
' Aawa d A A ' a g ' 2 o qy = 1 Ae
ualumaliAiwenanaeens lidhuFaduvesmsqu miainldanud lumsguiiiany
v X dy P v oA slg 42’ to o 1o
1NN Nyquist Frequeney ¥4 11 ozt lumsquildinduegivdavazau lidmua
v 4 [ F 4 1
vouaniniueY Auiums qudyaisiiez ldnagnasain wisgAsiuannnudlfiidnu
¥
voudayanm Aniulumsilszuanadyanansio19ez 14 Low Pass Filter iiiudammuauay

anud lumslfinnuvesdgananeunse dyanonsiing9s /M

2.3 Linear Time Invariant System

a 9 o/ 3 =< 3 ad &
Iﬂﬂllﬂmlﬁ’ﬂuﬂﬁﬂi&’ll’mﬂﬁﬁﬂluﬂg'lﬂl FCUUVUURUIYOY YUABUIT HIBNISUIUNIT

f=$

wa o v  w o 2 Y 23 ~ P
7]1%113fn5l“.]aQﬂmﬁUUﬂﬂlﬂQﬁ']ﬂUﬁﬂgﬂJ—lmﬂuWuq"lﬂaﬂﬂuﬂuq 15161111531”5“[1““3117“19

v A

4
3Y

o)

x(n) Y(n)

SE =

~S o a o o
Ui 2.9 ARULLLEINlAMARSYBITT UL
E4

Toanaisaesiinnuduiusfumuaums

y(n) = T{x(n)} 2.2)

& X @ o A P2 Y 3 ad J & ]
%9 T{.} N1 MIAUITUMT (Operater) N1TUNUTUABUITUVLA 9 Foweglugtuuy

voalsunsy 19935 uSewautuszre llsunsuuaz1995
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24 f;lﬂli\’ﬂfﬁl‘llﬂd Time Invariant System
241 anuidhuFady  szuv T4 WuszuuFady (Linear System) Adeiilo 413

f1euid x,(n) 1ag x,(n) uazd 1

x, (1) >y (M w38 T{x, (M)} = y,(n)
tay
X,(1M)—> y,(n) v3e T{ X, (M)} = y,(n)

v P
ANUHUDT agmummy'ﬂu

ax,(n)+bx,(n)y —=>-ay,(n) + by,(n)
Tiax, (n) + bx,(n)} = ay,(n) + by, (A).  (2.3)

Taefi a oz b Siuanaiila 4
vinome auiastiaindainiudhedun e wdaine auaudRaumdndeusiy
(Superposition Prifciple) &9 1ana171371 dminiiszun nie 2993 Inseviy fignnssdu
dryayiau Input 191Ma1Y ) Fayauial Tﬂﬂﬁuﬁiazﬁmﬂymmzé’uﬁmiﬂmﬁmaﬁim pgAY N1
AvUAUBIYBTE UMM 14 Taonsmmaneuauesinas AN IstoNAsEAUTA Input
fgaidaomagisansuy winmadouiulied 2 vnimsnfindade Ae.-

2.4.1.1 AuEuian 1IN (Additivity) 81 a, ez a, Humle 9 dazlda- a2=1ﬁq1fu
10

T{x, (M) + X, ()} = T{x (A)} + T{x, (M)} = y(n) + y,(n) (24)

2.4.1.2 auauliamsiiueaiug (Homogeneity) na1211 81 a, 20 1az 2,-0 wams
apuaUBIVBIsTULITTIY
T{a,x,(n)} = a,T{x,(n} = a,y,(n) 2.5)
2.4.1 Al Time Invariant 5219 T4} 92454 Time Invariant Aot
x(@) ——=> y(n) 130 T{x(n)} = y(n)
x(nn) —> yony) W30 T{x(n-m)} = y(n-n,) (@6

fmIuNN 9 MYBd k
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E4 ' [
auauiadeiinnuanun woaeumuevessyuy a¢ linlAsumlasgilsw lamunanitleu

Tyanunszdu fegald 2.10

—- W} —

[ X(n)

i | ’Y(") 5
A
ol of

4 i :

t

gﬂﬁ 2.10 uﬁmﬂmﬁuﬁﬁmmsﬂu Time Invariant of system

2.5 CONVOLUTION SUM

BRIk

T}

MINAUAUIAYDS Time Invariant system §1137 1 x(n) 1182 y(n) SUSIAY Input oz

810U Output VBITZVUY TL} MUAIAY 90TUNS
x(n) = Y x(m)s(n -~ m)
M=—0

¢l AnanpuaunIUDITZAIY D

y(m) = TEx(a)} = TL > X(m)s(m=m)} - 28)

2.7)

& Y o u’: 9y a 9 1 ﬂ v A
u«lﬂﬂ%1ﬂﬁ'lﬂﬂ\iﬂ'l'iﬂﬂﬁﬂﬂﬂﬁﬂﬂﬁ!ﬂﬁ&ﬂﬂ muummnmflﬂ x(n) 114&1@'613‘\1&3! HUATNN

vy lan

y(n) = 3 x(m)s(h=m)

M=—c0

511?’{ h(n) ﬁ]u Impulse Response Y9331 150

h(n) =T{s(m)}

vz@ouaums ny lailu

y(n) =3 (m).h(n - m)

MmM=—w

2.9

(2.10)
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y(n)= i hA(m).x(n —m) (2.11)

M=—cx

AuASTi3EN T Convolution Sum ﬁnmsﬁyixzﬁﬂisTﬂ%ﬁmﬂ‘luﬂﬁﬂszqﬂﬁiﬂ’fﬂu‘lmzw
DS fnnezii 8 uitesnndyayia mput xm) fhudduiign he) shmsulasszuuie 17
i) Savfuereeryy 1831 hn) 150 Impulse Response Hludsmuaguautiaues Time
Invariant system n309199znd17 14 mseenuuuszuLTy wih 1@ Taonisdmuanaiania
99 hn) rumsludheduiive@os enumunits do
y@m) = x(n) * h(n) (2.12)

Tavfidaydnyal * umums Convolution
1861971 2.1 11eR9MSAIUIAL Linear Convolution

118 hn) =[4,3.2,1,01 tazd e x(n) =[4,4,4,2,0] 18smammn

Vv
WAWB4 Linear Convolution Y94f1a a0 144

A5 iesnindeyaiiog s a1 auals n Jailsmnn o,... . 4uaz
4
y(n) = > x(m).h(n— m)
m=-4
NIENEN1 y() = [y(0),y(1), y(2),y(3),y4), ... ,¥(®)]

¥(0) =x(0).h(0)

y(1) = x(0).h(1)+x(1).h(0)

y(2) = x(0).h(2)+x(1).h(1)+x(2).h(0)

y(3) = x(0):h(3)+x(1).h(2)+x(2).h(1)+x(3).h(0)

y(4) = x(0).h(4)+x(1)h(3)+x(2).h(2)+x(3)h(1)+x(4).h(0)

y(7) = x(3).h(4)+x(4).h(3)

y(8) = x(4).h(4)

Fuilounumwesdidy xn) (8 hi) 330 Tandmin1g

y(0) = 16 y(1) =28 ;y(2) =36 ; y(3) =32 ; y(4) = 18 ;
y8) = 14;y(6)=4;y(7)=0;y(8)=0



h(n)

X(n)
i
4
=
K o '
L L
3 4 I 2 5 &
(a) 919U X(n) * h(n)
;Y(n)
40“;
321 | I
24+ ?
16 - ‘
|
R AVR N
B k. 3 [\ ¢/

(Y & 6 o ar
(b) HaaNTINATISUSE A UV IR

311 2,11 #an13 Convolution B HY IUAI19E19

a g 1 é o o _w
WITTUIINAIDY N “ﬂ\ﬂﬂ’]ﬂ')ﬂliﬂﬂﬂ'ﬁﬂizwlﬂ xsmmﬁms‘ﬁﬂuuwumwsmu amuy

¥ [
Fuasumsinnu Iddegilfegiil 2.6 wHUAMNST Convolution

SR1

<

() (D) X(2) x(3) x(4)

(@) h(3) h(2) (1) ()

311 2.12 uWUAIMMS Convolution
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2.6 ¥HAY83 FILTER #uueg)

Low Pass Filter

Hd(o) =1e’%° |o|<oc
=0 Ocl|OI<T (2.13)
High Pass Filter
Hdw) = 0 |® < Mc
1299
= Wc< [O|< T 2.14)
Band Pass Filter
E -jo o
Hd(o ) =1¢" orJaN
=0 otherwise (2.15)
Band Reject Filter
Hd(w)= 0 01 <[] <m2
1_e~j o ® ¢
otherwise (2.16)
Hiw)
1
[l B
L] L}
Pi -Fc Fc . Pi

3111 2.13 FILTER Tugauna

Taeh oc 7B AMWA Cut OFf Y94 Filter t1azd Linear Phase 0L (Husnsfinanaves
v v )
MIABUAUDINNANND TUNNOQUAR MIveAuUUI IS eauadil liloenuuy
a d " - -
Tae 14 aumInNIantinfan3I¥U Fourier Series #30 Fourier Transform 1JUAY

¥
lumsswnasznanlutuasly
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2.7 Windows Function

avoamgug ez 19 Windows Function 1un15AI1AA1YDA Transition Band,Ripple i
Windows Function %ﬁﬁﬂtjﬂ ANBUVVFY Regtangular,Hamming,Hanming,Barllet,Keirser Tuua
waznuvaziinafiesnu limilous sy msan PassBand Ripple,Stop Band Ripple 71 lafimfiu

UAAIDYIIA Windows HUDAE

Retangular Windows
win)= 1 -0<®<oc (2.13)
0 elsewhere
Hanning Windows .14
E \
w(n) =0.5/ (1) -.cos (z-n -LJ]
| N 0<n<N-1
Hamming Windows (2.15)
/ \
w(n) -0.54 0:46¢os (2-:: 5 | )
N1 0<n<N-1
Bartlett (2.16)
Pt
win)f {1 2L PRt
N-1 0< n<N-1
Blackman 2.17)
w(n) = 0.42- O.5cos/2-n Il Jest 0.08cos\/4-n 'n\,
{ N- y \ N-1/ 0<n <N-1
Kaiser (2.18)
N\ | N :
r 2
1013 N R
| | (AN B
wsiny =LA [
To(B) for  0<n < (N-1)
0 otherwise

Taoh B umisfineslunsaugy Transition Band 1102 Pass Band Ripple , Stop Band

Ripple 18

k=1 8 (2.19)

00486



21nn35 1919019790519 Windows iiaa1ae)

18

17 2.14 31 Windows 11 L6197

m3thWindows 11149118 Tasii Windows Function 11]@3!5‘1] Impulse Function h(k)

m‘S’NLL’dmaﬂ Transition BandllagN15aanoy uaas Windows

P3N 5.2 uaAIRANTAvYoAas Windows

Type of Windows Transition Band Attend (dB)
Retangular 1.87T/N 20.9
Bartlett 6.1TT/N 25
Hanning 6.27T/N 43.9
Hamming 6.67TU/N 54.5
Blackman 117TU/N 75.3
Kaiser* Variable Variable

* 9znanluswsyidsadouas 11
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2.8 Kaiser Windows 1um3soaauuy FILTER 41 FIR

Rectangular windows 1182 Hamming Windows dlumsesnuuufineuazainuastl
aunsafivemuguIaziMuaNslines 119§IVesFILTER 1§ Windows fFndrmbueed
Ripple ‘ﬁﬂ»ﬁ; M3 Rectangular windows i Ripple = 8.9% a2y Hammimg =0.2% uazis
ausedfissdountlasi@umin

HAR WY Kaiser Windows 1115161015081 LARIAAY8A FILTER (31 Pass Band

Ripple Stop Band Ripple Lt0& Transition Band ¢

i ; (fpass + fstop)

(2.20)
Af = fstop - fpass (2.21)
Tai fc gnidenTdogiiasenatasewing fpass e ftop nazivusmiy
Af Af 2 2n fst
fpass = fc- — fstop.- fc+ — @pass = —“—f@ ostop - P
2 2 fs fs
/1 + Spass|
Apass 20-10g\~—pz§s)
.1 - dpass (2.22)
Astop i~ - 20-log( 3stop) (2.23)

Baust Spass uaz Sstop amnsoiivemualdvtdse fuuguaudivesms
oonuu lunn Windows 31qatbud9zdpalinl Spass=dstop ofaiaIselFmiidhganniss
TR

0 = min(Spass, dstop) (2.24)

W31z UM 8BAUIL FILTER 92i] Pass Band 149z Stop Band = 8. & 1amnsavnli

g lumouvel dB

cxs
20
e A #18udaam B 18un
0.1102(A-8.7) if A2 50

B = 0.5842(A-21)'0.4+0.07886(A-21)  if21 <A < 50
0 if A< 21 (2.26)
wowtamm1 D Tasf1uaaain A
D = (A-7.95)/14.36 if A>21
0.922 ifA=221 2.27)
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111511 Order YOFILTER 910

N= (Dfs/Af)+1 (2.28)

W0ensfi3 3519 Kaiser Windows 1130011y FIR FILTER
1¥i¥mseentuY Low Pass Filter Amsisnuadano 11l
fs=20kHz
fpass=4kHz fstop=SkHz

Apass=0.1dB Astop=80 dB

E 4
Solution Yuu3N1AIT MY Spass UAL SstopNANNTI 516 4% 5.17

0.1

10*20 - 80
v -1 20 - 0.0001
dpass = [ o= RboR dpass 10

8’

L4
v

AU 8 = min(Spass,dstop)=0.0001 lumsndiun Iditlu A=-20l0g(0.0001)=80dB
AUIUNTIANBI D itz B
$=0.1102(A-8.7)=0.1102(80-8.7) = 7.857, D =(A-7.95)/14.36=5.017

AN 319984 Transition Width 11114

Af=(fstop-fpass)=1kHz, fc=0.5(fstop-fpass)=4.5kHz,(c=2Tfc/fs=0.457
WIRMNE1YB FILTER sy Tatlas Sulihiliawi

N=(Dfs/Af}+1 = 101.35

N= 103

WagAMe92 14 Kaiser Windows mu@nanTs

| g
>

lo 7.857- Jl : %ﬂ

10(7.857)
Tagn Tox) v1lan 19 L=100
T
o(x) =1+ % { 1)&‘
ya 2
k=1

w(k) =




h(k) :- Lk.sin(o.zts-n k) w(k)

T
0.4 J
02
hs (k)
0
02
40 -20 0 20 40
k
gﬂﬁ 2.14 Impulse Response h(k)
S 0 “— ‘
|
¢ |
g : |
£ 200g (| 15D ) 0T >
2 :
F !
3 ‘ Wm‘ f
- 100 AN S ] : W
-110 s )y “

W

0 2000 4000 ¢ 6000 8000 1-10 4 f1

0
2

31N 2.15 P MMIARYAUBIN1IANNAYDS Kaiser Windows N=103

0.0002 '
20-log(| 5(H) [) 0 \/A\\/\
0

Pass Band Ripple

-0.0002

500
0 f 900

3117 2.16 @AIAIUYDI Pass Band Ripple Y99 FILTER 5=0.0003

21
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2.9 MmIdeanuuy FILTER g'l—!‘]
High Pass Filter

Hhp(®)=1-Hlp(®) M<O<T 2.29)
w31z 1M Inverse Fourier §01nauntsh 5.5

hhp(k)=0(k)-hlp(k)
Aot hip(k)=(1/km)Sin(ock)
Band Pass Filter

hbp(ky=(1/km)(Sin(®bk)-Sin(wak)) (2.30)
Tﬁﬂ‘ﬁ b L‘flumm?; Cut Off AU High Frequency U oa ﬁ]umméﬁ'm Low Frequency
Band Reject Filter

Hbj(®)=1-Hbp(®) ST<®O<T (2.31)
m51znz1i s Tverse Fourier Iananin1si .5
hbjp(k)=6(k)-hbp(k)

Taoh o = 2nf/fs

2.10 24997 Analeg to Digital
< J
2.10.1 INNUAINOUNBADS (Counting Converter)
A A 3 I~ 3 aa
Counting Converter iUt idwigauesnisinlasdayn aieinien fudyanafsaea
9 o a R L3 1 a‘ =§l Aﬂ' Y o d' 9 £ = [ U d'
TaglddaneTiiy mstiusuiuiuE oo udnihwan ldanmain TunSsudondusi

v ¥ v
deamsiiaa 13 dnvazmsinanailugegilii 2,17

< D/A Counter |—»Output
Reset

Input w Flag
~—> oo >

{ [ o < aa
zﬂﬁ 217 ﬁﬂ}lm&’ﬂ'ﬁ‘n'lﬁnuﬂﬂﬂ'}q;ﬂillﬂﬁQBU']ﬁaﬂlﬂUQ%ﬁﬂa
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d?d A jllldl

do 1 a yq 9
1IN0 Counter 1fuglnsaiifumiiuiiufiaznils udadeii 1819 D/A T Reset

3 }4
KR A

v w A kY va o (] A W ' A Aa &£ v W <}
JUAYY Y Reset 1iDABINI WU v D/A Wiesummivmadiuiiasnilannaniu f

1 % (<] H [ v o g & [l 1 9 { o
s ldiludyana sundondifimanuadndan nils udrdenedn Tginsaidn

o v 1 1 v o a
nfSsutifivy(Comparator) Comparator wiiiuginsaifaSoufieusnnuaadng YBIBUNA
1 {o o u’: o 1 @ 1 1 1 w d d a
unzAmIANANIY Smmisaesdaanadimoisudemnnuaeing “o” Toadesnui(aesn
9 LN SV~ 1 1 U RE R o a & v o da
0) ' hinhidunezdannuaisdngn hily o Taadeenui@esn 1) Fernnudadndiieenun
) a o o a U a v d

wilhudaednng "waz Au dyananini sz 1dmassnesnin SradnFesnuiiy
o a " @ WY o & 1 d'sl o a < o Yo o o
dygrannitnurasidely ldnadwivhiidesns dayananinifes U Tdaniui
P d? J & 9 w  dan d'sl k7 VoA 9 Y a E A
euueo Il uaziie laAwadnialaeafidesnisuda A ldnn dnlSouiouzldmany
1 o o a & ) a o a < a
andnditiu <0~ @en 0) Failorandhanining waz fudymnanninuda fexldassn o
2 o Yo o to A g Y1 aa o o AP o a y 9 k4
gomlvdniy lidumudn az ldmatasanindaiufidesnts sindesinedreaduas 1dnsm

9
Y89 Vout Adil

IR

\%

VO

flag
4

t

P o [~ aa
1109 2.18 M uaassauve e Taseaoniufiaea

Yy Qddyd o g a o d" el o a 4?‘ 2 ° yy I's
VBIAOYDIIT A MIUTABISITLT “0” 1awe uaziiumndiuGess i ldH iy
4 1 a oA 9 { o W o 2 a
1189zl delay 39 liAvotion1diviifaas SeldnlAsudniusuuuyiias 188 asesdass
o @ 1 o 9! 1o 9 LY ] a' =1 d‘ a t g Y a W
swAueInszAum i lisududeaiv o~ mi dieimsnlfousunalny ud¥dsesy

v da ° 9 v odd d%l
WOGNWDLIAY VI'IrlﬂﬂWﬁﬁWﬁﬁ'f]‘ilu

2.10.2 Successive Approximation
o o o 1 3 o [} 1

1ann15ves "binary search” Tumswidiney TaoimwadniunSeufousum
& ' A q oo v &y ' o ) &
NINANYDIFA WO 1NN 1IN ANTUY WINN HSotioon TasvziSusnlduavasui§ony

v dw 1 & [} 4 v o ] 4
ut’{mﬂ?ﬂmﬁﬂuwaawrinummnmwmam'lﬂﬁaﬂq w'lAnadwindosms wu vy
2 Y

ANBUAD 3 1INTIVBIMABLA 0-7 ATIINDIAT (0+7)2 =4 WfToudion 18wah smeu

A 1 [ { ' n’: 4 < 1 16 {
ndesmseglusiidesndh 4 aseii 2 Adendr (0+4)2 = 2 wymBeudion Ewahdneud
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[ ] { 1 [ v u’;l 4 < 1 = Y '
Aoaniseglugaeinnndi 2 uatiesnd 4 ased 3 Aidend 2+4)2 = 3 wlSeunen lawan

o dy 3 ~ ' = 9o dy
AMABUNADINIT VINUANNTINNATIVIDIUY flow chart "lﬂﬂﬁu

Set Vsp=full range
Set Vest=0

y

Divide space in 2

(Integer)
Vsp=Vsp/2

Is space
size=0?
Vsp=0?

STOP

Set D/A to
Vest+Vsp

No

Yes

Vest=Vosc+Vsp

= o/ oS ad
U 2.19 nanmisves luunidsm

E 4 ]
ada A =

9 ° 1 o o A £
JoRvesI5il fie naN1FTun1smMaey n 501 wivew (F 131 n bit converter 33
Y a Y n o Y ; ~ A & Y 9 1 . o 1
918914 2" 52AY tazsedy Vin fined) Fa1Fantoeniuun "Counting Algorithm" il
1 » ¥ ]
doido fod v,, nldeuiudiiule vairifidai binary search adifu finouit 18z ianan

Aog1au wWasy v, 910 5 Volt 111y 2 Volt
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N v
3 V>0.65N=7 = A ‘
6 55 Vn=5v w A
5 45
4 35 --4-- v v
3 25
2 15
! S, A

V<0.5N=0 Test Vsum 'Search Space

Tryt Try2 Try2
(MSB) (LSB)
xx 10x 101

< v 1 ~ 9 ad a8 ad
3111 2.20 drednvewan lann3ims luusigsn

Y3989 Vin A0 1-7 19 n=3 (1312791 2°=8)

n’l‘ a w 8 [ " o 1 ] I
afusn 14 4 nlSouidioudy Vin iy 5 Taad) widr eglugaa lower 18 1xx

Y
@

e é 1 o 1 1 ]
asan 2 19 2 afSsuidisniu vin Fawiidu s Taad) wud eglugaa upper 18 10x

il
v A

o é i) Qr 1 - $ =)
asad 3 14 3 nfSeuhoud vin @wiidu 5 Taad) wih nagwti Igezianata 14 100

2.10.3 Dual-Slope ADC

19mdnn139092993 Integrator ¥4 2AUA) Comparator Aagal

sw2
B AT Aaaaal

,__l }?_‘,
P N R Vo

+Vref

1 2219vsudaseundenitiuaiasa uuu asaalad

v a a w A 1 1 e < Ay aa
INAHIUNN U 2 A AB ﬂ'lﬂ'l”lllﬂ'l\iﬁﬂﬂﬂu’laﬂﬂﬂﬁﬂﬂﬂ'lilﬂjaﬂlﬂuﬂ"llﬂﬂﬁ (-Vin) iag

3 =3 '

1 o o ~ 1 £ a a o 2 o ~ @
ANUANANINAINAIN U (me) LHazuaIns SW1 Wﬂﬂ1ﬁu1ﬂ!ﬁﬂﬂﬂ1ﬁ@iy1m IINNWITADU
9

a g

a o { v o 4 a
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Azidon 19.53 mv §1d09M319181A 4.00 V DAC 92 1ol 1ndiRos figafe 4.04 v
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FLOW CHART CONVOLUTION OF FPGA

Send Pulse to ADC
count=64
sum=80000H
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Send Address x(n)=count
Send Address h(n)=count
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count=count-1
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Wr_x(n)="1"
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i

Yout=SUM
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FLOW CHART COEFFICIENT RECEIVING

Start

y

i=0
count=1
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5 ]

count=count+1

N

[ Shift Data
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Y

Load(i)=Rx

C
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Count_add=Count_add+1F
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Read ram
and send to
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Shift Data

Read(11 Down to 8)=load(3 Down to 0)

Read(7 Down to 4)=load(3 Down to 0)

L

BN

Read(3 Down to 0)=load(3 Down to 0)

)

FLOW CHART READ DATA
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Send to Computer
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Tx=Data(i) >

i=i+1

g

Delay
4 cycle

FLOW CHART SEND DATA TO COMPUTER
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yNational Semiconductor

DAC0808
8-Bit D/A Converter

General Description

The DAC0808 is an 8-bit monolithic digital-to-analog con-
verter (DAC) featuring a full scale output current settling time
of 150 ns while dissipating only 33 mW with 5V supplies.
No reference current (Iger) trimming is required for most
applications since the full scale output current is typically £1
LSB of 255 1oe:/256. Relative accuracies of better than
+0.19% assure 8-bit monotonicity and linearity while zero
level output current of less than 4 WA provides 8-bit zero
accuracy for lger22 mA. The power supply currents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
voltage range.

The DACO0808 will interface directly with popular TTL, DTL or
CMOS Iogic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Features

May 1999

Relative accuracy: £0.19% error maximum

Full scale current match: +1 LSB typ

Fast settling time: 150 ns typ

Noninverting digital inputs are TTL and CMOS
compatible

High speed muiltiplying input slew rate: 8 mA/us
Power supply voltage range: £4.5V to +18V
Low power consumption: 33 mW @ +5v

Block and Connection Diagrams

wsg
Al A2 A3

WYY e §

RANGE
CONTROL

CURRENT SWITCHES

gATT U7 T4

R-2R LADDER

l:!“ tlm:l.ill‘]—o GND

REFERENCE
CURRENT AMP

NPR CURRENT
SQURCE PAIR

O Vee

=0 COMPEN

Dual-In-Line Package

Vee

DS005687-1

NC(NOTE2) —,- U h'-s—t(lMPENSATIBM
oND 2 -'i\’nm_)
VEE"L -'iVnEHo)
0~ DACO888 oo

MSB Al-s- IE-A! LS8
A2 —‘; 1Il1
PR e a6
A L
DS005687-2
Top View
Order Number DAC0808

See NS Package M16A or N16A

© 2001 National Semiconductor Corporation

DS005687
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DAC0808

Block and Connection Diagrams (continued)

Small-Outline Package

Vee

1
Vrer (+)—42 A7
Veer (-} 43 A8
COMPENSATION—{ 4 AS
NC (NOTE 2)=5 A4
GND~46 A3
Vee =7 A2
0—$8 Al MSB
‘ DS005687-13
Ordering Information
ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE (N16A) SO PACKAGE
(Note 1) (M16A)
8-bit 0°C<T<+75°C DACO0808LCN | MC1408P8 DACO0808LCM

Note 1: Devices may be ordered by using either order number.

www.national.com 2




Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)

-65°C to +150°C

260°C
300°C

215°C

Power Supply Voltage Surface Mount Package
Ve +18 Ve Vapor Phase (60 seconds)
Vee ~18 Ve Infrared (15 seconds)

Digital Input Voltage, V5-V12
Applied Output Voltage, V,,

~10 Vpe to +18 Vpo
=11 Vpc to +18 Vi

Operating Ratings

220°C

Reference Current, I, 5mA Temperature Range Tani S Tas Trax
Reference Amplifier Inputs, V14, V15 Vee Vee DAC0808 0<T,<+75C
Power Dissipation (Note 4) 1600 mW
ESD Susceptibility (Note 5) TBD
Electrical Characteristics
(Vee = 5V, Ve = =15 Vpe, Veee/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Full Scale 1)
DACO0808LC (LM1408-8) $0.19 %
Settling Time to Within %4 LSB TA=25°C (Note 7), 150 ns
(Includes tp ) (Figure 5)
tor s o Propagation Delay Time Ta =25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Drift +20 ppm/°"C
MSB Digital Input Logic Levels (Figure 3)
Viy High Level, Logic “1” 2 Ve
Vo Low Level, Logic “0” 0.8 Ve
MSB Digital Input Current (Figure 3)
High Level Vig = 5V 0 0.040 mA
Low Level Vi = 0.8V -0.003 -0.8 mA
his Reference Input Bias Current (Figure 3) m -3 HA
Output Current Range (Figure 3)
Vee = -5V 0 2.0 ] mA
Vee = -18V, T, = 25°C 0 2.0 4.2 mA
lo Output Current Vker = 2.000V,
R14 = 10009,
(Figure 3) 1.9 1.99 P 4 mA
Output Current, All Bits Low (Figure 3) 0 4 UA
Output Voltage Compliance (Note 3) E <0.19%, T, = 25°C
Vee=-5V, Igee=1 mA -0.55, +0.4 Vbe
Vee Below -10V -5.0, +0.4 Voe
SRIger Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply =5V < Vge £ -16.5V 0.05 2.7 uANV
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
Ieg 23 22 mA
lee -4.3 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 5.0 55 Vbe
Vee -45 | -15 -16.5 Voo
Power Dissipation

www.national.com
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DAC0808

Electrical Characteristics (continued)
(Vo = 5V, Vg = =15 Ve, Vree/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Vg = -5V 33 170 mw

Vee = 5V, Vge = =15V 106 305 mw

All Bits High Vee = 15V, Vge = -5V 90 mwW

Vee = 15V, Ve = =15V 160 mwW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: Range control is not required.

Note 4: The maximum power dissipation must be derated at elevat d temperats and is dictated by T jmax, 634, and the ambient te p , Ta. The imum
aflowable power dissipation at any temp is Pp = (Tymax — Ta)8,a or the number given in the Absolute Maixmum Ratings, whichever is lower. For this device,
Tamax = 125°C, and the typical junction-to-ambient thermal resistance of the dual-in-line J package when the beard mounted is 100°C/W. For the dual-in-line N
package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.

Note 5: Human body mode!, 100 pF discharged through a 1.5 kQ resistor.

Note 6: All current switches are tested to guarantee at least 50% of rated current.

Note 7: All bits switched.

Note 8: Pin-out numbers for the DAL0B0X represent the dual-in-line package. The small outline package pinout differs from the dual-in-line package.

Typical Application

Vep =5V Al A2 A8 )

= —_—t—t. —

{o=10V ( z 7288
DS005687-23

13
5 " 5.000k
MSB MO-‘- O AN N0 10800V - V¢
7] 15 S

INPUTS A5 O

A3 Ol 5.000%
o4 2 AAA
DIGITAL DACSIR = WA

12 1% vo
LS8 a8 O —o:l_ =0 gireur
3

Vgg - 15V
DS005687-3

FIGURE 1. +10V Output Digital to Analog Converter (Note 8)
Typical Performance Characteristics Vee = 5V, Ve = ~15V, T, = 25°C, unless otherwise noted

Logic Input Current vs Bit Transfer Characteristics Logic Threshold Voltage vs
Input Voitage " Temperature
{ I 11
== g | —a
= z 12 T Ma=2mA 4 2‘,: 2
:‘ 6 E : Al @ 1.8 -4-—
s -
é‘ E 'E" :: \,4\
SR < 08 M3 Ny
e o Q 32 ~y
2 § 05 A2 o M~
£ | = V=15V T g !
g, A1 THROUGH A8 Ty, /= } A5 & o3
8 . /— V=BV G o o =
1 o 02 (1 e & A% /. o 06
s FAERDS) sl /. 8 a4
i o WO , s
1
~12-10-8-6-4-202 4 6 81012141618 -12-10-8-6-4-20 24 6 8 101214 1618 z :
-
VL - LOGIC INPUT VOLTAGE (V) Vi~ LDGIC INPUT VOLTAGE (V) ~565 -37-19.-1 17 35 53 71 89 107125
DEOoS6a7-14 DS005687-15 T - TEMPERATURE (°€)
I
Ds005687-16
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&National Semiconductor

ADCO0820

June 1999

8-Bit High Speed yP Compatible A/D Converter with

Track/Hold Function

General Description

By using a half-flash conversion technique, the 8-bit
ADC0820 CMOS A/D offers a 1.5 Hs conversion time and
dissipates only 75 mW of power. The half-flash technique
consists of 32 comparators, a most significant 4-bit ADC and
a least significant 4-bit ADC.

The input to the ADC0820 is tracked and held by the input
sampling circuitry eliminating the need for an external
sample-and-hold for signals moving at less than 100 mV/ys.
For ease of interface to microprocessors, the ADC0820 has
been designed to appear as a memory location or I/O port
without the need for external interfacing logic.

Key Specifications

B Resolution
@ Conversion Time

8 Bits

2.5 ps Max (RD Mode)

1.5 ps Max (WR-RD Mode)
| Low Power 75 mW Max

B Total Unadjusted

Error % LSBand + 1LSB

Features

® Built-in track-and-hold function

@ No missing codes

= No external clocking

B Single supply—5 Vpe

® Easy interface to all microprocessors, or operates

stand-alone

Latched STRI-STATE output

® Logic inputs and outputs meet both MOS and T2L
voltage level specifications

® Operates ratiometrically or with any reference value

equal to or less than V¢

0V 'to 5V analog input voltage range with single 5V

supply

No zero or full-scale adjust required

Overflow output available for cascading

0.3" standard width 20-pin DIP

20-pin molded chip carrier package

20-pin smali outline package

20-pin shrink small outline package (SSOP)

Connection and Functional Diagrams

Dualdn-Line, Small Outline

and SSOP Packages
-/
Y4t 20f=~Veo
DBO—{2 19f=NC
DB1—43 18}~ OFL
DB2—{4 17}=DB7
DB3—{5 16 f~DB6
WR/RDY —6 15/—DB5
MODE—{7 14}—DB4
RD~—{8 13j—CS
INT—{9 12f=Vper (+)
GND—{10 1= Vper (=)
DS005501-1
Top View

Molded Chip Carrier
Package

—

1571 |
18 17 16 15 14
NC—{19 13}~CS
Ve —{20 12~ Vper (+)
=1 1= Vper (=)
DBO—{2 10f—GND
DB1~43 9f—INT

DS005501-33

© 2001 National Semiconductor Corporation

DS005501
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ADC0820

Connection and Functional Diagrams (continued)

VREF( + ) g OFL = OFL
4-BIT — — DB7
i g 4 2 -
(4 MSBs) g b DB5
VRer(—) | > P DB4
0UTPUT
LATCH
AND
TRI-STATE
BUFFERS
> —— DB3
a-BIT of s
FLASH »
ADC &
(4 LSBs) e EDM
VRer(—) > e DB
TIMING AND CONTROL CIRCUITRY [
MODE WR/RDY s AD
DS005501-2
FIGURE 1.
Ordering Information
Part Number Total Package Temperature
Unadjusted Error Range
ADC0820BCV V20A—Molded Chip Carrier 0°C to +70°C
ADC0820BCWM +% LSB M20B—Wide Body Small Outline 0°C to +70°C
ADCO0820BCN N20A —Molded DIP 0°C to +70°C
ADCO0820CCJ J20A— Cerdip -40°C to +85°C
ADC0820CCWM +9LSB M20B—Wide Body Smalf Outline 0°C to +70°C
ADC0820CIWM - M20B— Wide Body Small Outline -40°C to +85°C
ADCO0820CCN N20A—Molded DIP 0°C to +70°C

www.national.com




Absolute Maximum Ratings (Notes 1, 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V) 10V
Logic Control Inputs -0.2V to Ve +0.2V
Voltage at Other Inputs and OQutput =0.2V to V. +0.2V
Storage Temperature Range -65°C to +150°C
Package Dissipation at T, = 25°C 875 mwW
Input Current at Any Pin (Note 5) 1mA
Package Input Current (Note 5) 4 mA
ESD Susceptability (Note 9) 1200V
Lead Temp. (Soldering, 10 sec.)

Dual-In-Line Package (plastic) 260°C

Converter Characteristics

The following specifications apply for RD mode (pin 7=0), V=5V, Vrer(+)=5V,and Vee(-)=GND unless otherwise specified.

Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

Operating Ratings (Notes 1, 2)

Temperature Range TrinSTA<Tpmax
ADCO0820CCJ —-40°C<T,<+85°C
ADCO0820CIWM —40°C<T,<+85°C
ADCO0820BCN, ADC0820CCN 0°C<TA<70°C
ADC0820BCV 0°C<T,<70°C
ADC0820BCWM, ADC0820CCWM 0°C<T,<70°C

Ve Range 4.5V to 8V

Boldface limits apply from Ty, to Tyax; all other limits TA=T;=25°C.

Parameter Conditions ADCO0820BCN, ADC0820CCN Limit
ADC0820CCJ ADC0820BCV, ADC0820BCWM Uni_ts
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) (Note 8) (Note 7) (Note 8)

Resolution 8 8 8 Bits
Total Unadjusted ADC0820BCN, BCWM E37] 1, LSB
Error ADC0820CCJ *1q LSB
(Note 3) ADC0820CCN, CCWM, CIWM, +1 i1 LSB

ADC0820CCMSA +1 1 LSB
Minimum Reference ey 1.00 2.3 1.2 ke
Resistance
Maximum Reference 3 6 2:3 5.3 6 kQ
Resistance
Maximum Vggg(+) Vee Vee Vee \
Input Voltage
Minimum Vgeg(-) GND GND GND \Y
Input Voltage
Minimum Vgeg(+) Vrer(-) VRer(-) VRrer(-) \Y
Input Voltage
Maximum Vger(-) VRer(*) VRer(*) VRer(+) v
Input Voltage
Maximum Vjy Input Vcct0.1 Vect+0.1 Vcct0.1 \"
Voltage
Minimum V,y Input GND-0.1 GND-0.1 GND-0.1 \
Voltage
Maximum Analog CS =V¢c
Input Leakage Vin=Vee 3 0.3 3 A
Current ViN=GND 3 -0.3 =3 HA
Power Supply Vec=5V+5% +1/16 tv, +1/16 £ L 471 LSB
Sensitivity

3 www.national.com

02800av



ADC0820

DC Electrical Characteristics
The following specifications apply for Vg
limits To=T,=25"C.

=5V, unless otherwise specified. Boldface limits apply from Tuin to Tyaxs all other

Parameter Conditions ADCO0820BCN, ADC0820CCN Limit
ADC0820CCJ ADC0820BCV, ADC0820BCWM L
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) (Note 8) (Note 7) (Note 8)
Ving). Logical “17 Vec=5.25V CS,WR,RD 2.0 2.0 2.0 v
Input Voltage Mode 3.5 35 a5 \%
Vi) Logical “0” Vee=4.75V CS,WR,RD 0.8 0.8 0.8 Vv
Input Voitage Mode 1.5 1.5 1.5 \Y)
lingry Logical “1” Vinay=5V; CS, RD 0.005 1 0.005 1 pA
Input Current Vinety=5V; WR 0.1 3 0.1 0.3 3 uA
Viny=5V; Mode 50 200 50 170 200 uA
Iinoy Logical “0” Vinp=0V; CS, RD, WR, -0.005 -1 -0.005 -1 pA
Input Current Mode
Vourqy Logical “1” Vee=4.75V, loyr=-360 pA; 24 2.8 24 Y,
Output Voltage DB0-DB7, OFL , INT
Vec=4.75V, lour=-10 pA; 45 4.6 45 \%
DB0-DB7, OFL , INT
Vouro). Logical “0” Vee=4.75V, loyr=1.6 mA; 0.4 0.34 0.4 v
Output Voltage DB0-DB7, OFL , INT , RDY
lour, TRI-STATE Vour=5V; DB0-DB7, RDY: 0.1 3 0.1 0.3 3 pA
Output Current Vour=0V; DB0-DB7, RDY -0.1 -3 -0.1 -0.3 -3 HA
Isource, Qutput Vour=0V; DB0-DB7, OFL -12 -6 -12 -72 -6 mA
Source Current INT -9 ~-4.0 -9 =53 -4.0 mA
Isink» Output Sink Vour=5V; DB0O-DB7, OFL , 14 7 14 8.4 7 mA
Current INT , RDY
Icc, Supply Current CS =WR =RD =0 75 15 75 13 15 mA

AC Electrical Characteristics
The following specifications apply for Vee=5Y, t,=t=20 ns, Vrep(+)=5V, Vres(-)=0V and Ta=25°C unless otherwise specified.

Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
terp, Conversion Time for RD Pin 7 = 0, Figure 2 1.6 25 us
Mode
tacco: Access Time (Delay from Pin 7 = 0, Figure 2 tcrpt20 tcrot50 ns
Falling Edge of RD to Output
Valid)
tcwr-rps Conversion Time for Pin 7 = Vec; twr = 600 ns, 1.52 us
WR-RD Mode trp=600 ns; Figures 3, 4
twr, Write Time Min Pin 7 = V; Figures 3, 4 600 ns
Max (Note 4) See Graph 50 us
trp: Read Time Min Pin 7 = Vg, Figures 3, 4 600 ns
(Note 4) See Graph
tacc1, Access Time (Delay from Pin 7 = Vg, trp<t;; Figure 3
Falling Edge of RD to Output C =15pF 190 280 ns
Valid)
C. =100 pF 210 320 ns

www.national.com



AC Electrical Characteristics (continued)
The following specifications apply for V=5V, t,=t=20 ns, Vrer(+)=5V, Vree(-)=0V and To=25°C unless otherwise specified.

Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
tacca, Access Time (Delay from Pin 7 = V¢, tep>t;; Figure 4
Falling Edge of RD to Output C,=15pF 70 120 ns
Valid) C,=100 pF 90 150 ns
taccs. Access Time (Delay from Rpyuue = 1k and C_ = 15 pF 30 ns
Rising Edge of RDY to Output
Valid)
t,, Internal Comparison Time Pin 7=Vc; Figures 4, 5 800 1300 ns
C,=50 pF
ty tons TRI-STATE Control R =1k, C,=10 pF 100 200 ns
(Delay from Rising Edge of RD to
Hi-Z State)
tintLs Delay from Rising Edge of Pin 7 = Vge, C =50 pF
WR to Falling Edge of INT tro™t; Figure 4 t, ns
trp<t;; Figure 3 tro*200 trpt290 ns
tinth, Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
RD to Rising Edge of INT C,=50 pFc
fintHwr: Delay from Rising Edge of Figure 5, C,=50 pF 175 270 ns
WR to Rising Edge of INT
troy, Delay from CS to RDY Figure 2, C,=50 pF, Pin 7 =0 50 100 ns
tin, Delay from INT to Output Valid Figure 5 20 50 ns
try» Delay from RD to INT Pin 7=V, tro<t; 200 290 ns
Figure 3
tp, Delay from End of Conversion Figures 2, 3,4, 5 500 ns
to Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 V/us
Cyine Analog Input Capacitance 45 pF
Cour Logic Output Capacitance D pF
Cin, Logic Input Capacitance 5 pF

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified.

Note 3: Total unadjusted error indludes offset, full-scale, and linearity errors.

Note 4: Accuracy may degrade if twg or trp is shorter than the minimum value specified. See Accuracy vs tyg and Accuracy vs trp graphs.

Note 5: When the input voltage (Vjy) at any pin exceeds the power supply rails (Viy < Voor Viy > V") the absolute value of current at that pin should be limited
to 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current limit to four.

Note 6: Typicals are at 25°C and represent most likely parametric norm.

Note 7: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.
Note 9: Human body model, 100 pF discharaged through a 1.5 kQ resistor.
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ADCO0820

TRI-STATE Test Circuits and Waveforms

tin ty4, CL=10 pF
Vee v ——i
cc Ty
AD 50%
RD [ DATA nD A 10%
ouTPUT ) -
[ 1k BATA Vou 90%
ouTPUTS
= s = GND
= " " i ty=20ns
ton DS0055014
DS005501-3
=20 ns
ton to, CL=10 pF
Vee Vee
1&
RD DATA
£ oUTPUT DATA
OUTPUTS
CL Vo 10%
DS005501-6
= = I._
DS005501-5 t=20ns
Timing Diagrams
5 N =
—d L
0 \ ]F
Ve
tp
Roy <— WITH EXTERNAL PULL-UP
& taccs lv {TRTH—

J

| s+t R —————>

DBD-0B7 = -—--—.-_—__-———g

Ry 5l

tacco

Note: On power-up the state of INT can be high or low.

|

=4

<+ tH. toH
DS005501-7

FIGURE 2. RD Mode (Pin 7 is Low)
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Timing Diagrams (continued)

[—tR0—>te—1Ip

—|  [e—tp

<—tmj e O oz T |

usu-nw——————---! i———

(ACC1——»| -~ — .<—tm. ton
DS005501-8

FIGURE 3. WR-RD Mode (Pin 7 is High and tgp<t,)

=

3
!
(&3

3 8

tiNTL
()

DBO-DB7 == s e e e = o @ T -

taccz—=| . f=—
T1H, ton —
DS005501-9

FIGURE 4. WR-RD Mode (Pin 7 is High and tug>t)

cSLow

RDLOW

DBO-DB7 }— ————— q DATA VALID >-~— —

DsS005501-10

FIGURE 5. WR-RD Mode (Pin 7 is High)
Stand-Alone Operation
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ADC0820

3.0 Typical Applications

8-Bit Resolution Configuration

- 5V
13 20
g L
L? :zv 0.1 4F 4T 4F
9 I I—
< INT 7 = -
< 2 DBO MODE ’
<4 : DB1 ViN = =
< . DB2 12
08 VRer(+) 5V
< B4
::: . VRer(—) L l e
< DB6 I
<L = —
T L R
OFL GND _—.L
» -
DS005501-26
9-Bit Resolution Configuration
=
o B vee -zn-sv
8l 1
WR VIN Vin
AD
i Yo—m
80 2 7.
o 80 MODE =5V
§ B2 7 D81 VRer( +) I 5V
= [83 5175 0.14F
B4 [T} e ==
084 =
2 L3 DBS VRer( - ) 3
5 e L
o D87 -3 '_1__
OFL 18 10 3 2
OFC GND
4 e
A = >k
5:1k
‘s 3 Vee if—osv
WR Vin
D L
§ 080 MODE —172—5v
= 0B1 VREF(+)
=82 I
14 g:j 01,F
5
:ﬁ DBS Vher( - ) L
o 1l
18
el 10

DsS005501-27
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