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Major Program Electrical Engineering Faculty of Engineering
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ABSTRACT

This thesis presented the design and construction of an adaptive active band-
pass filter by using a tachometer circuit. The main part was the multi voltage-mode
filter circuit based on an operational transconductance amplifier, which could
automatically adjust the center frequency to adapt to the input signal frequency by
the tachometer circuit. The frequency error value in the center frequency was set to
be < 3% of the input signal. Furthermore, the proposed filter could support the input
signal in the frequency range of 10 Hz - 10 kHz.

From the simulation and experimental results of the proposed prototype filter,
it could respond to the frequency according to the theory of the band-pass filter and
the error in choosing the center frequency, which was 1.45 % and 2.6 %, respectively
(below the set error value of 3 %). Therefore, the proposed filter could be used for
real application.

The working principles of the proposed prototype filter could also be applied
to the noise attenuation circuit of an electrocardiogram machine. Moreover, this
research could be used as a guideline study for those who want to develop other

types of adaptive active filters for higher efficiency.

Keywords: Adaptive active band-pass filter, tachometer circuit, operational

transconductance amplifier (OTA), center frequency
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Figiuduaiiousuavesadlilasneulnsames daiviimiind Ussananadoyads
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Y
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o
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MW 2.11 dulseneunanvesditglululasreulnsames
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- 8AUIN I USWTY
1 o < P [y =3 % o w aAY v a ‘g
mhganuIlusungy Wundwiunudeyamdweadlusinsunivaugimudeudu
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[
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fiflsunniosnannsndeulmild fundniesseutuly Tunsmszgadeuldf 1 duady
usilutagtuliduifenldlulilasneulnsaiaes Wosnddunugs

wuukilay miheanusluswnsusiatituaunsaay wandeuldeedyaalnid
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lulasaulnsaaastuazatusayinulaiiadneliaes wazdariini13¢el199sAan
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Y a 1w 1

Fyrauninibiunsiume antudiignielululasaeulnsaaesiazfinneiuniieninud
TWsunsuiveautayarmdninnuaumdinussgegluntheaiudilusunsy

Tunurealuinfesiinisilsudeyaadlumitgarnudrlysunsunaulag

- Ly
a o w a

lulasraulnsamesudazivasaziisduuuvesdoyaideiunnsineiu nunlddeulusunsy

Y

a1u150uUslel 2 38U AoN1¥1TEAYEN (High Language) WAz 1w kaaLtuUd (Assembly
Language) lnsundlulasaoulnsatansaolUsunsuamen1wILodmsuud 1He9a1na1u1sa

nuldsimswiunssuiunsulaseyaiduluagiudunniierinuy aumdudies 1
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Y
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Turaue N1 0 UlUTUNTUAILNWITEAUET BITILTU AT N1wIUEN TUETeu

Y
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gfedldnszuiun1siiiendt asulngd (Compile) iautasnwisedvganaitudu
a = Y s X a A v A oA ¢ s
Mwases wivesUlanveslulasroulnsaaesivestuugdonou Weldiaseslionswonduas
o & o Yy o I o I3 v = o o
Al M lvidilewlusunsueialadndudes@neianilnenssy wazynr1d9ves
lulaspoulnsalaesiuosiug oganduyindunslisun1wLeawLud veinsizaoulnass
sphnuludntuny Aviudedldnuddsuveslulasroulnsames AuAiiesnmlusunsy
Aoulnae sz auaviunlgy wazdAnwaarlnenssuveslulasroulnsaaesivesil
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2.5 NiANN1SVDIYAUHAINA

TumsuanswagUuuunsnevauas fefduloudne uazarmidneew tuagldae LCD
(Liquid Crystal Display) wUUS38n®s (Character) 2u1a 16 §18nus 2 UTSHA LilawaRINA
Taeluga LCD fimseolday 16 91 dslunmil 2.13 drunthiiveswildauluga LCD (6]

T51882RunRLANIlLANS197 2.1

3) (3) (A) (A () (A) (3 () (B

A0 2% 30084 /5 _ 6V giTE NEk 480

9
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11 12
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=19
L

A 2.13 1Aseasne uagsunisnvealuga LCD

a

M13199 2.1 wihveswmlganuluga LCD

U deydneal wehitldanu

1 GND N3N

2 VoD Twides 5 Tad

3 Vo WHurdmsudouussiuiiousuruainwesoudniug
4 RS Jurnidenmisdnsietuiiamesmamseiiamesdoya

0 : AefnsiefiuITamaiAd
1 : gnsiaiuIdawesvoyatiioiivayauuaniua

5 R/ W Juvndenmseuniedeudeyaiuluga LCD

6 E Judmsutoudyanaiadiduedaliluga LCD vhou
7-14 DO-D7 Huwndeya 8 In lneldvnil 7 18y Do laluaudsnil 14 fo D7
15 A Juvlnwdalavivin 5 Taad

16 K Wurlnwdalast 0 Thaa
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2.5.1 Taseadrungluvasiaaiuauluga LCD

ameludimunauluga LCD veildiuusenausieg il

a

13 LY § < ] A a 1w 1Y [y L4 A A
- unp/ieana e’ Wudwnldlunisindesudsdeyatiugunsalnieuen Litenae

f1eNanTauaineann8luFInIuA

Y q
Aa o U & aa Q) Yo v o W & A A °
- FRaweiads \usFawmesldsudeyamdnngunsalnteuen wetazinluaiuay
ARETGIGNAG
aNa ¢ v & aa ) Yo Y & A A | | 'Y
- SRaweivoya WWusTawesldsuteyaringunsalaieuen tienasaevonsdeluds
' o A o Y A v A& o w P YY) A a v P
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fudoyafiunan3dawes DR masuauazttoyaty DDRAM JlUdannsnsvesdisnysiiiu
Alumiieanusisey kazksuAudiIonys et lunaniisuaniua
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1Y = [

dmsuiudeyadidnys visdydnvalfauisngiueenliuanifiduannald Fadlvuin
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Weu warauenlulddurilawuieiu CGROM Aaleutayantly DDRAM waifiaaiuny
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v A
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oo A a X 2 v 1 v Y] = v N a v
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2.5.2.1 M3sieluga LCDWUU 8 In

9N 2.14 uananisienlesieluga LCD AU CPU wuu 8 Tn 91 DO-D7 w84
Tuga LCD 1@ewsiefur1 RDO-RD7 41 RS slafu RCO uaw E fafu RC1 dauwn R/W lrivoas

n31uAiel LCD anansavinnuludnuuzileudoyasgrauied luvueiivn Vo desgiu

FAUnNIU 10 AAlaleYY LaUSUAINUAIN9UDIADLARNING

" [ledov LCD MODULE

10K

EN RS R/W D7 D6 D5 D4 D3 D2 D1 DO

000 00000000

AR 2.14 mssieldeu LCD wuu 8 O

1DY
024

- msilsudeyaddsludie LCD

1. vl RS i “0” ileuddlsilugansiuth doyaiien Data by
Yoyards

2. dedioyaddsiifasnisludn Data s 8 v

3. deWiad Enable lugan E

- m3Bputoya (Data) \louaniatoya

1. vl RS i “17 ileuddlsilugansiuth doyaiien Data Huidu

Yoyaflazuanina

2. Byudeyaiseinishudiu Data 114 8 L

3. deWad Enable TUdswn E
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2.5.2.2 mMssisluga LCD wuu 4 Un
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oLy RC1 Fegaiunnsinaainnissienuy 8 Un Tumsilieulusunsy fe fewinisdeoya

2 A9 Aeds 4 Tnuuvesdeyaney MnuuIedidaya 4 dnaranuly

VCC
o
VR _OVDD
s LCD MODULE

EN RS R/W D7 D6 D5 D4 D3 D2 D1 DO

000 00000000

104
024
04
Elet]
Say
QY

WA 2.15 nssieldeu LCD wuu 4 O

- MIWgutoyarasludine LCD

1. vl RS 1Wu “0” iouddbilugansiuin deyaiivn Data 1

& £ o
Wuvolan&s

'
[

2. @94A1d9 4 Dpuu (On 7-> On 4) NAe9n15bUdIwn Data 19 4 L&u
3. d9Wad Enable TUdswn E

'
[ |

a. desnds 4 nane @0 3> Gn 0) Tideensluden Data i 4 W&y
5. @sWad Enable lUgsn E

- Madivudeya (Data) iionaniwadoya
1. vl RS 1 “1” weudslilugavismudn doyaiion Data 1y

udeyaivzuaniua
2. dernds 4 Dauu @On 7-> On 4) Afeensludmn Data v 4 Wy
3. deWad Enable TUdsw E
4. dernds 4 Dnane (T 3-> O 0) Idesnnsludaun Data 11 4 1

5. @9Wad Enable Tudawn E
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2.5.2.3 AdslumInIuANn1suYes LCD

A15197 2.2 NIAIUANNTTLEAING LCD

swadds (Fiavgiuass)

A RS RW D7 D6 D5 D4 D3 D2 DI DO
1 0 0 0 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 1 X
3 0 0 0 0 0 0 0 1 /D s
a4 0 0 0 0 0 0 1 D C B
5 0 0 0 0 0 1 S/C R/L X X
6 0 0 0 0 1 oL N F X X
7 0 0 0 1 X X X X
8 0 0 1 X X X X X

*X yanede nsivusdueslsils (don’t Care)

a a o @ a
DIUNYTNYALLBYAAIFIAINGTIN 2.2

-

1. AMALARYTNUIBLANIHA

'
14 o

- Yayada 0x01 ?iuﬁadﬂ%’au”aﬁﬁﬁqﬁlﬂé’q LCD vzlunsideudayaiiilu
Fosriadrlumiasenust DDRAM Gaduiiuiiqldiiudeyaiiuanmauuas LCD aaeiily
Jauansnaagludnuuzdneg violivanmalng uazavvilviinesigesnaduniey o dums
FUGAVDIDLARAIHA
2. #1&1 Return Home
- dayarnds A 0x02 Wufdseuauiaeilvaslunanmalusiumisiioga
V9999 LCD %QﬁﬁﬂgaﬁLLﬁ@QE)E‘Jjﬂj"uIULUg‘EJULLUaQ
3. fdaimusluuanstleudeya
Hudadlumsimunnisloudoya
- /D Wulefldfmunnmsifiurseanaeionnsaiilduaniua (DDRAM)
nasnin1sWeudayainluuanang
“0” W UARKBAATAAIATLS
“17 whtuifiuwennsatunis
- 5 Wuledildrmunguuuumsuansea
“0” whituresiwefideulumumiledlefinadeusnustuuln

A a 1

“17 WNAUPBSKIBSRE LAY kAN YSIAaUlUNIENedlalinsWau

Y

A0 NwI UL bl
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4. AFIATUANANYLNISUANINAYDI9D LCD

(3
v

WHuadlunsimunguuuunsieueess LCD 3l 3 dusisilde
- D Wudeiildruunnisdnidinveuaniua
“0” WMNAUUADUERING
“17 WNAUURIDULEASHE
- C udedildmuaunsuaninavenoiioes
“0” whnulduanamesiaas
“17 Whnulanauaesiees
- B Judafimvunnisuanssnssn3ure e Lanna
“0” whnulduanesnsensu
“17 WNAULEAFINTENTU
5. fdamuauMsideuAeilYes ua Fdnys
Lﬂuﬁwé’mfmﬂumﬂﬁlauﬁwLmu'ama%wail,azé’hé’ﬂwﬂmﬁgﬂu,wms
ﬁmu@@iﬂméﬁ’ﬂf’:
- /¢ Wudeildinundnvazysinsidouiniunmsdeunoiigesnions
Bousdnus
“0” Whilumsideunesiwes
“17 whitunsdeusisnus
- R/L ihudaiifmusiienansideuteya lumsdenieun
“0” Wirfuidoudne
“17 Wifudeuan
6. ArdsrvualaRunIwieILYes LCD
\Duedsimuailsdtilunnsyiausisgues LCD %qﬁﬂﬁﬁmummﬁmqﬁj
- oL Wulmueildlunnsinsaiiu LCD
“0” wihiuiwuan1svinaudulvue 4 Os
“17 whuiumuanisyiaudulyun 8 On
- N Fudaildmvuaussiiaiidoinisuans
“0” wihriuwanaraldy 1 ussyin
“17 wihfuuanssadu 2 ussiaauly
- F IS munanuaziBonvesisnusiidoinisuanina
“0” WNNULARINALUU 5X7 90

“17 WhuLEAINaLUU 5x10 90
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o o Ao

7. ANELARNLDALATEYDY CGRAM

Humdmuuasundsioninsaves CGRAM fidesnisinnelasasfos
fualidn D7 19y “0” wazdn D6 \Ju “17 druludnilinde D5-DO s durIFILM
LOALATAYDS CGRAM axdasiimsimunueninsanssilidonau

8. Mdadonuaninsavas DDRAM
- mmaav‘fﬂé’lmmsﬁmummﬁ D7 «Ju “1” mﬂﬁ?uﬁﬂ 6 ﬁmﬁmﬁa

ziduAuennsauas DDRAM

2.6 Msulasdyerundneailuneuzasn

o
(%

wannsilosduvesnsulasdyananineadudyginteugasn (Digital to Analog

Converter) [7] ®1@818NN154189) A AILUUIVBRAVFIY 2 NAAMIUAINEAYURITATLAD

fawiunuseauvesdygiuuwauzasn (V) MAnTu wu 10 0 9TAIUBUUINLTIAY

a

WinAu 20 = 1 X V 009 1 98dlA1s59quinnu 21 = 2 X V 0991, 2 SANSEAULSIAUIINY

1 Ly v I

22 = 4 x V, uazUa?l n azdansziunssnusiniu 2 x V Tad 1wasudasdygiuminea

Juweurasniugrunieuldfieg 2 wuufe wuu Weighted Resistor Wagihuu R - 2R Ladder

6, R Rf
b, 01— LnL
2R
b, o—3—¢
4R
byo—— -
8R \/
—0

out

It

AN 2.16 2395 Weighted — Resistor w1 ¢ O

91INN9 2.16 1Uu9asuU Weighted — Resistor 9110 4 On 9an29asagimiuindu

'
1 [y =

T YYIUHUUNGULIE WiAIAIUATUNIUNIUNRTaUAas TRty F9aunn

AU IIRULD AN 9995 HLFaN

b; b, by b
_ _ 3,72, 71 70 (2-5)
Vour Rf(R +2R+4R+8R>

10t by 8 by Wudyygafdneadslifissasdn 0 uazasdn 1 lnefiaedn 0 el
N13A0BUNANUAINTIIUA dIWaBTN 1 NUIERIHOAUALTITUNABINIT LU kI 5 184

WDusu
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1aswlasdyaafdneauueusasnuuu R - 2R Ladder agldanusuniuiiesdss

v
S =

ANusauYI89UNTENY R — 2R Ladder TagA1AUATUNIUADIAIHAZIAIIULANATITY

1
(3 % al

WA an1sluaresnsziaaintoyaiinm1squiiesnniy aziiainiuaud1Ayreadn

Y 9

1asuUasdygranlneaifuteurasniuu R - 2R Ladder aauansluning 2.17

R

2R R R R f

- T T

oV

ouT

AR 2.17 2995 R = 2R Ladder vun 4 O

FIUTWUDWNANLEAIN995 R - 2R Ladder anansamlaain

b; b, by bo) (2-6)

V.. =RANE 52 10 0
out f(2R+4R+8R+16R

I

Tuinenfinustagldiasuvasdugraninoafuwouvaonfuuuu R - 2R Ladder

Tnensasulasdygnandnealuneuraeniazeglulediues LTC 2641 wosu3em LINEAR

[

TECHNOLOGY loFiuesiiduledudasdyanaiineafuleusaonidauavidon 16 Ja

Sudoyafdneadunpuuuaunsy  wazdyaanendnmduussiy  Inedmunisildausneg

NN 2.18 d1unisyinuveausazlsesurelilunisei 2.3

N —4
Vout[]~ o= ] VoD
GND [ A DOoeno
REF [] § ] DIN
G O ~ [Oscx

ﬂ'W\Iﬁ 2.18 suniswvedlediues LTC 2641



A15197 2.3 FUNLEYT LagUNTINSYinauYes LTC 2641

o W ¢ Y o °
T yanual wNISYINU
1 Voo wsenulniaes
2 I3
GND 15120
L ;7 =
3 REF U59AUBN9DY
_ Chip select Input 2agn19ufiaaan Low weflaz Enable Clock wag
4
= Data
5 scLK | Sudtusyaeu Clock (SPN) a1naeuenidun
6 DIN \Juwn Data dwsusuvayanuy Serial 31naeuanig1N
[
7 GND 15120
vy X
8 Voo usenulnifes

ANTAAIUML TN NAAAINANNTTA (2-7)

k
Vou = (g5 535) Veer

(2-7)

25

g k Aoduavrgiuduiudaseinin 10 Jnvesdiudeya (NPUT CODE) uay

IA9EINTUIAINISIIINUYDe LTC 2641 LaARIAINING 2.19

A

<—t8—>|

ﬂ']‘Wﬁ 2.19 lpezunsuaives LTC 2641
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2.7 71995N509AMNUDINUALSINUNA8ULNA LagTE9a5VENeANL a8l U

29930 509ANA UL TS UnaentAlagldaesaeneaiutaeleu (Voltage-
Mode Universal Filter Using OTAs) [8] vJun9asnsaninuiifianunsaliiladduloudels
warerdalureasiiion Tn5ad1mwesasuansdenInil 2.20 Tnefi Iy, wae Ig, Wunsoud
ludaves OTAL uag OTA2 mua iU wazerdeamauUfves OTA azldusaduiondng

fawansluannisn 2-8

C.
%4 [
in1© I I
Rl
Vq 20 —1 \I
OTA,
V.., o—/ oTA, LoV,

I
c,l

P = ) v o o o 1
AINN 2.20 ’Nﬁ]iﬂ'ﬁmmmﬂ%wﬁLLNW‘U‘VImEmm‘vﬂ,ﬂEJGL“UN%GUEHEJmmmmEJIau

Vin15°C1Cz + VinzsC2G1 + VinzGm1Gm2
§2C1C3 + sC2G1 + 1 Gm2

vV, = (2-8)

lagfl Gy = 1/Ry 3naun159 (2-8) aunsaiasndunnludnuwaen1snIuaueie
AINDALANIUMITIN 2.4 TINUI1I9INTBIANURAINITOLANANDUAUBILAATUNINUA

FAUDINALAEANTIUTENOUANAINYBNATAINAIRILAATLWANNTT 2-9 wae 2-10

M13199 2.4 MsidenAuswudunsellananeuausveusas gy

Vv, V, V, Lmﬁwmﬁ‘lﬁ

0 1 0 flefuinsoauauauiniu (BP)

1 0 0 flafuinsoaninuiigeniu (HP)

0 0 1 flsfuinseanmiiiEiu (LP)

1 0 0 flaturinsesunuanuivga (BR)

1 -1 1 flsfuinsoamnunuanudsi (AP)
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1 (Ipq]
(1)0 - B11B2 (2_9)
2V, | €,C,
c
QO — R1 1gfg:gm2 (2_10)

A 1 ' =i =i % a'
W9 gm = i UNUAT g, BSbUANNTTN (2-9) wazauni1sil (2-10) Askansluaunisi

(2-11) LazaunST (2-12)

Wy = 1 |Ipilp (2-11)
2V, | C,C,
R Cqilpql

QO — 1 14 B11B2 (2_12)
2w, | G,

INAUNTTN (2-11) wag (2-12) wudranunsavsuarmusenauamunm loeegedasely

[
[y

FUAUANUDING LAZLUUAISVDI9ATMAINENNSA (2-13)

12 (1)0 o 1
Q R4Cq4

BW (2-13)

NENAIN (2-13) wuumIsesaTattnsausvegradudaduriu Ry uenainil

yasilfanansalirdiiuszneuaunndiangelamenisusu Ry islAanng
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N1592NLUULAZAITANTUNITESS

Tuunflazdiauan1sanidunts LagdunoueanLUUAS19ATEINTBIAUDLULANE

[ 1 [

wuuUsudale Taeviinisd@nwimguiidfgeieg uawadluund 2 idulumuununs

o

[

ihusazIngUszasanlaneliFadianutunaudiail

3.1 HURINITANTUIY
3.2 NN598NLUULAIBINTBIAINUD
3.3 NN599NLUUINIINTBIANUD
= 1w <
3.4 NNTDONLUUNITLADNAINANUUILY
3.5 MseenkuUNITuUasdg1afInealuwourasn
3.6 N1599NLUVMNTLUAILS UL UNTZILA
3.7 WlAsAoulnIaans wagn1sLaUme

3.8 IAS9@519LA599NTB9ANUD

3.1 WRURINITANLEUGIY

[ BUAUANTIUIIY ]

v

1'% Y o Y a a s
AUATIINRIVIINYIUNUD

A 4

Anwazsausiudayanuideineadas

\ 4

UANUTUADUNITATLUITY

AN 3.1 LEASWEUAINITALEUY
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#519uaznngau

whlvuazusuuge
2993N389AUD
= =) v’
Anw9asidanAIfanuYsEy =
v A\ lainu
afuasnagay uAluuazuFulse
J9asdenARaiuYsEy

dl U o a 1
AN 3.1 LAASLNURINITANLUUNIY (71D)



= o
AnwIN15MIUIUSENSUAUAN

l

#519uaznagau

TUsunsuAuAY

78799501AAN L UIRNAY

A

wiluwazusuuse

l

d519naznagau

159U ANS NNV AT DY

laieinu

wiluwazusuuse

v
IIUTIUVDYA agﬂwa

MSANTUULASNANITNAADY

A 4

[ o 1a

AvLaNINYIRNUS

g

d’ U o a U
AN 3.1 LEASMAURNINITANLULNY (71D)
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o oo laidu
995298 UAUSIUS D8 VRIINYITW

uilvuazusuuse

YBIINYIUNUS

duauIngrinwus

\4

fugannsaniiugy

‘ﬂ' N o a U
AN 3.1 LEASHAUNINITANLULNY (D)

3.2 N1589NLUULASD9INTBIANNARULIUSASU LA

LASDINTDILAUAUDINIULUVUSUFLS 1115095 UI8NANNNTVINIUA8EIN1TV U

AILAAIIUNING 3.2

a o ¢
2493N509AADNABULNTI—> LD IANA

ﬂ A

(]
=
o=
s
A4

[ I
¥ 2995uUaTIAUUUNSSILE

2995uUa9Aun 1
fj g =) o <
LUULNAY " = Wanfanulse
2995ulasdygraiinea :
I o I3 “
Wudaaeunaen
A
> lulasreulnsaiaes > 98 LCD

AT 3.2 (9N1SYINIUTDATDINTDILAUANNDRNIURUUUSUR LA
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INVENNTINUAVBUATRINTBIANUDGWAAIUAINN 3.2 NUT1NIINTBIANUD
Niruld dendutsasnsosuauminudeiuiisesiunisusualrnudguinaienie
LulaspeulnsaiaasnisdellAfiusznauamuaInuINngl 5 wazliA1AuRaNaIAluNI9LGY

AnudAudnaslidesni 2%

3.3 N13599NUUUNIINTIIAUA

A28AINUADINITVDINAINTDIAMUDNLANAIIUIT19A U FUADNLT9ATNTBIANUD
Tnuansedunatentnlagleisasvergaiuiiianeleu (Voltage-Mode Universal Filter

Using OTAs) [8] 1Ju2995n589A1D09A389n509LaUALR UL UUUS U LA

1NAUNNSN (2-8) LLBYININ15:8N LI UHINTUNITNTBIAMUDBUUANIE AIUANTIIN

2.4 el Vy = Vg = 0 uay V, = V,,, sawansluauniss (3-1)

_ stCZGl (3 1)
° " §2C1Cy + SCG1 + mzGma
Pnaunsit (3-1) iemuazansieniseenuuu fviuali €, = Cy = C;
Gi=9m1 =9m2z2 =91 "% Gm3 = Gma = 92 Faandluaunisii (3-2)
Vo iy, Sgl/c
) 2 (3-2)
i 2,91 ,92
N= A

9MNAUN1TN (3-2) 111015 Impedance scaling Asuandluann1sy (3-3) uazaunisi

(3-4)
W, Y1
S =2 (3-3)
Qe ¢
27mfC
91 = —1:; ; wp = 27f ¢ (3-4)
14
naun1sf (3-2) Wevnis Frequency Scaling wlfiduaunsit (3-5) uay aunnsi
(3-6)
w0 =22 (3-5)
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gz = 2nf.C; w, = 2nf (3-6)

Bonldlaieluas LT1228 F9iAnudunusssnInnsswad ukaaiuaIa1utiane

Tou sanandluaunisn (3-7)
g =10 * I (3-7)

nauns (3-4) wagaunIsT (3-6) 1Faudfnean 10 kHz LATNITIHLAD A
fienedl dlomuualsd € = 10 nF 9 ldANSEUA iy = iy, = 12.6 UA UAY iy = iy, = 62.8
WA

Weidunsbusuaussauzrenaiainsosanudfiviaus 3elddiasenisvhauie
TUsunsu PSPICE Tnernunli OTA yineudiusedu +12v ldduAulszy €, = €, = 1 nF
Tneflvunaussdudunsiiviniu 2 vV, uazdimnuivesussiudunalid 100 Hz uag 10 kHz

ANUAINU NANITINADINITVNUAILEAILUAINT 3.3 WAz 3.4

98.560 Hz

10Hz 30Hz 1008z 300Hz 1.0KHz 2.0KHz

=B |

A 3.3 AaNTRY993993NIBIMNUATIANNATRIFY A UBUNATALYINTY 100 Hz

9.849 kHz

T T T T T T T
1.0KHz 3.0KHz 10KHz 30KHz 100KHz 300KHz 500KHz

-

= wa A a o a a
a19n 3.4 AUFNUAUDINITNIBIAMUAVIAIUOUBIEY YWD UNAUANNINY 10 kHz
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ANKNANITINADINITVINUAILEASTUNINA 3.3 LAZAINA 3.4 A1UITOANUILIAT

RANANALUN5EDNANUDANDEN AIwaEAIlLaNN1SH (3-8)

Input Frequency — Center Frequency

% Error = ( ) x 100 (3-8)

Input Frequency
INENNTN (3-8) 1AIANAVDITIAUBUNALIN 100 Hz ArAudAneanAsuansly
- i o v - N v I d'
AN 3.3 Ty 98.56 Hz azlarilasidudanuiianain 1.44 % wazdininiudves
L3audUNelIN 10 kHz ArmnuddneevdaanslunIng 3.4 Ay 9.849 kHz aglaen
§ (3 a
WaslgunauRAnaIn 1.51 %
INNANITINABINITINNUNIINTBIANUDLFURUUNTADUAUBINNANUAMNUNG )

a0

YI1ATNTDIANMUDLUULUUANIE hazdiaRmanainlunisidenanudfneenlagRasviniu

1.46% Fadulumuvauniedld Asazasaliainnuianainliiiu « 3% a1ne1Atuuals

° & d' a9 a a =%
ﬁ']@J'ﬁﬂu’TN‘UiuﬂJ'ﬂGmULﬂiaﬂ ﬂi@QﬂQWNﬂIUUWHWUWUﬁu‘l@

3.4 N39ANKUVINATLEBNARAUYTEY

esnlefheflilursasnsesninuiidesnrugunisiuldienszua Iy Fanszua
Ip Wl4deaiiAndauns 10 pA d9 1 mA ﬁﬂﬁmmﬁé’maaw%mwaLﬁaﬂiﬁﬁ”’u%a@w&aqﬁ
ianszan Ig ﬂfmzﬁuagjﬁ’ummmwaﬁaLﬁwizf\;é’fﬂuaumiﬁ (3-6) Faduiiiafiay
vegeuauidneanlini1diu Supsdinisdsuddfivlszanuising Decade dily
nsfazdsuaduiulszaluusiay Decade tu 51azdedlifiadiduaintlunisiden
AfLfulseq 2sasdendriufuuszgiuasyssnoudaglediued ULN2003 Faduled
DARLINGTON- Arrays thanlddmsudusiad winisidsunihdudasiadasilviindayayio
sumudinfilulasreulnsaaes mssunuilagvililulasneulnsaesiléinuionain
Jedeauilushensldoouliduilia wes PC817 Fsanifufusnnsnudueniasmuny waz

13 ¢ Y] a v @ o ‘:4'
ﬂi’]'Ju@sﬂaﬂimiﬁiﬂaclJIVﬁaLa@i@@ﬂf\]"lﬂﬂu 'Ng\]il’a@ﬂﬂ’]gmLﬂ‘Uﬂig"ﬂqLLﬁ@Qﬂ\‘]ﬂq‘WW 3.4
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Muil 3.5 2993LdenAIRAIUUTEY

1msastunnit 3.5 4awes RC13 e RD1 %@ﬂ?ﬂﬁ]iLﬁaﬂmﬁ’JLﬁuﬂixﬂﬁu 600
fululasneulnsaaes Swzaunsaosuenisyenldsed dledaynadunaann 74HC273
tfuflanandu “0” villsifinszudlualds Pca17 vhliiondnavos ULN2003 Hudsnaused
fu 5V faiudwglifinszualnaniuiiad Saasiilisedldvinny wazidledyaaBunnin

nlulaseeulnsatass aviinmsiwdsuaniizdu “17 vinludnszualwaldds PC817

FINTLUAIINLOANAVRY PC8L7 azlvaludedunnvad ULN2003 wazie1dnnves
ULN2003 Wasuseauwsasuain 5 V iy 0 V nssiadsaunsalnanusiadle deanalisiad

Jhnuasuntndutaain NC 1w NO

3.5 MsepnuuUlsIswlasdIuRdInealuwouzasn
asulasdyaufinealfudygruweurasnvuinfulasdyyufdneafisuain
lulasmoulnsaaesluiludyniaueuzasn wWsldlunisusunsyualuieaveslefie lneaeas

wlasdyaandneailudyauweuvaoni azldleTiues LTC 2641 Faduvesusen LINEAR

LYY

TECHNOLOGY Jule@ulasdyqrundnoaluneuzasnauin 16 Jn lnesudygrudunn

WUUaUNTH AganslunIng 3.6



36

+5v  DAC1 to5V +5v  DAC2 to5V
N— \—
Vol Vout VbD Vo2 Vout VDD
GND GND GND GND
REF DIN PF3 REF DIN PF3
PB8 [« SCLK PF6 [« SCLK PF6
~ LTC2641 ~ LTC2641

o [ aa [ LY
NN 3.6 1T UAIHYYIUNIN DA LAY ULBULADN

3.6 ﬂ’]’i'e]fe]ﬂLL‘U‘U’NQ’iLL‘Ua\‘ILLiQﬁUL‘ﬂUﬂS%LLﬁ

nanudensvadleriiennisfedddnseualusedlunisauny Jededldasasiiannse

LY [d 1% = o A o [ a LY [d &
LLﬂﬁﬂLLﬁQﬂUﬂﬂL‘UUﬂﬁ%LLﬁlﬂ IWEJV]LLN@‘N‘V]Q%‘LHQJ’]LU‘L&E’J‘HV\!WUSQ’NQﬁLLUa\‘iLLﬁ\‘iﬂuL‘UUﬂﬁSLLﬁu

< [y

wYNAWIINIIANATDNRTUUAFY R IUAInea TuLEUEaDN TILUAITEAULTIAUATLS
0V fis +5 V 29asulasussudunseuaiumiraniunisidouaziiuiasulamssuadu

LIIFULUUINAANS1IUA 2935a3lUnINA 3.7 Feawdesldameiuniun 4 ya laenseua

¥ (%
I Y 13

LDIANAVBIINATHITTANYINAY % wmszazuunszuaednainitlylunealeiiedaunse

USulamaus 1 pA 9 1 mA

VR 100 k

2 3.7 sasutasusanudunseusa
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3.7 lulasmaulnsatass wasn1sivauna
lulaspeulnsaaeigninunldlunisniuaun1sinmumngg ¥eATeINToIANA Ay
Jwpslinswensesenindlulasreulnsamesivaunsainieusn Tngnunanesndunn uaz
¢ ¢ ' ¢ =t & & a &
wosnernasne vetlulasaoulnsaaes ddlululasaeulnsamesiinesndunn wazodnm
agvianun 5 wase uanNUn1sinauveslulasreulnsaaesiesenfedygyinuninilunis
e Feldrdanea 4 MHz saududiduussadumiidadymiauiRng adunind 3.8 &9

'
IS ! !

wanInsifeusiolulasaaulnsaaesiuaunsaliiounasieg) uNTasillndayay1auin,

LCD 16 Characters

6 D

E D4 D5 D
Q000

2

RS
0

KEYPAD 4X4

[jf][ﬁfﬂ
il

1
2
3
4

MCLR U AVoD

RBO AVss
RB1 REO
RB2 RE1
RB3 RE2
RB4 RE3
RB5 RE4
RB6 RE5
RB7 Voo
RBS Vss
VoD RFO PFO.
RF1 PF1
RF4

Vss

CLKIN
RC15 RF5
PCI3 RC13 RF2
PC1d RC14 RF3
RE8 RF6
RD1 RDO
RD3 RD2
Vss VoD

3

110v40£DIdspP
i
i U

3

|l

o
S
S

n
o

a A i Pz ¢
AINN 3.8 ﬂqiL?jaﬂJm@vLﬂJIﬂﬁﬂ@‘UIVﬁaLa@iﬂ‘UQﬂﬂimﬂqUu@ﬂ

3.8 1A598519A989N589A21UA
A ° ) o ' ) L o A Y = o
WevnsUiudsauilursasauannsavinusiudulaegeiuas 3uinisuseney
WU TANAAN99) Nleoannuuld wazyiin1917192995LeUszNaUAINEDY AINLUUNTINLT
Tneldnanandndationsiutianasd wazldukuazAsantine 5o 1ulunaIsemINabEUI9Rs
AUNUNADY LAYYUIATDINADT N15INIIT AILATDIATUNL LALAILASDIATUNTITU

sauandlunnd 3.9, 3.10, 3.11 uag 3.12



A
\

30.5 @y,

N e
T AammesS——

wifauas

9vsudasusanulunssud 2 wstﬁan?i'uﬁ'nﬁuds:q
=)
Ua99INTBIANUN

28 @,

o

AT 3.9 YUIANADY LATNITINNIIAT

< 359>

3 9u.

<« 4.2 9. —

e

INPUT OUTPUT

© l ©

AN 3.10 N153190UNTAIAILATEIA UM

3 YU~
20 6. > ( FusE 1 2.

o 6 o a v v
219N 3.11 ﬂ?i??ﬁ@ﬂﬂiiﬂﬁ'ﬂlﬁi@ﬂﬂ’mﬁﬁﬂ

38



39

A 3.12 AnglueIe9nseInud

91NAMNT 3.12 NUBLaUTILERIRILMLIN1TI9gUNsalluN N Ao 1.2995uUaduns I
Wu-nsewa 2.v3iaulas 3.2995unasa18l 4lulasaeulnsaiass 5.2999n509A7700 &390

Bumm wazidenAndiulsey



uni 4

NANIIANTUULAZNITNAGDU

o A 1% = dAav ey = o & o
NNsATUNITASLATeINTeIRNuantana 1luuny 3 T Tuundasiiauenis
o & N L3 a = A v W 14 14
VAFOUANTIOULNITVINNIUVBUATRINTBIANLARU LAY TaLaATN TUTUMLA Laeltieas
a & = = 1 ! v U A

wnaladiwes Feaziinsvedeusy 6 diumeriu Ao

4.1 YAaeUAIANUHALENSEENANNANAIYBNATEINTBIAND

4.2 YAaeUIULUUNTADUAUBININAIND

4.3 NAFBUNAPIUTTNDUAMATN

4.4 NAADUMNAIAINDGIAR

4.5 NAFRUIAMAULTIAUIUNAZ A

4.6 ATUNANITNAADUATOINTBIAINE

4.1 nagauAAnuRananlunsdenanuinaisveadensasnad
NSNAABUAMAANAINYBLASEINTEIANNALILIN AT aLoATINAUTURIL Tneldaaas
uwnelaflinasii wfosimsinaudfenisinedesdionnsgiufiaansoinsnnuiuas
sunvesdanadlduniinisda lunisneaevarlfesadalaalauiduinissiielunismnasy
wagltilsiduauiuainmesifundosiudadyaadoudidunn lnednvarnsrolasiile
'vmaaUﬂ"1mm?{ﬁma@%l%siaé’agammmﬂ%a OUT vosilerfuauuainneddnluiitn IN ves
\3eensesnnuiinadsuasdniives CH1 veseeadalaalay wazindaygamints OUT &

[ o s = ) 1 a [ =
Judyananednnvauasoinsasanudidiiudet CH2 vadnoadalaalay Askandtuning

oA

4.1 wazihamiouleainyaesed 2 dnurnlasitudtanan

o o
LAFBINTBDIAINUA

Input €« —> Output

= ' ] a = = = =
AT 4.1 NSARNARBUAIAIIURAALUAITIEDNAINDNANVDIATEINTBIANUD



dl o ! a dl L =
Qﬁiﬁ/ﬂﬁﬂﬂ?iﬂ'TL!’J?IL!W]ﬂ']ﬂ'ﬂllNWWGW’I‘UENV’TNZJQF’]WQE)W Ao

JEA
£

Error (%) = x100

Tnedn

"
ada o

f, Ae anudiivue

f, Ao ANUDNEIUINDRETALad LAY

41

(4-1)

FINANITNAADUNITADNANDNANUDIATOINTOIALD IN1TNTOIATLDAUUUANNE

ARl UA1SI97 4.1

A15199 4.1 NANSNAFBUAIAIURANISABNANUANANUDILATBINTBIANUD

AnAanalE mpnudfieuanesadalaalay (Hz) AAURANATS
fvun (H2) | Sandaiil | Snedeii2 | Sandeiis | wdesou (%)
10 10.26 10.23 10.25 10.25 2
50 49.1 50.95 51.05 50.37 1.96
100 102.5 98 102.4 100.97 2.57
300 306.6 305.7 293.7 302 2.1
500 505.5 506 507.22 506.24 1.98
700 687.4 711.2 712.6 AT 1.8
900 919.26 918 917.1 918.12 2.14
1k 1.01 k 986 987 994.33 1.9
3k 2.93 k 3.07 k 3.06 k B.2:K 1.73
5k 4.92 k 5.08 k 4.93 k 4.98 k 1.7
7k o 157K 7.14 k 150k o K 1.86
9k 9.14 k 9.15 k 9.16 k 9.15 k 1.79
10 k 9.76 k 9.67 k 9.7 k 9.71 k 1.83
AAURANAILREE (%) 1.92

INNANISNAADUAIANURNANITADNAINUDNANVDLATDINTBIAIUD AINLARILUY

A15197 4.1 TUudiu nudnARanatnuesanunfneannialatulandulunuveuun N

13 Aoagdasilimnuianainluiiy + 3% a1neaAnuuald

A
(Y



a2

a | Y

NNANITVABDIAIULAAIIURITNTN 4.1 WUTINTIAIUNDVOIF Y IUBUNSLNAY

o q

10 Hz D4 100 Hz Wunia1auRanaInasyinnu 2.18 % Adwandbumi1snad 4.2

[

a ' a & a P | a o a |
N19149N 4.2 mmmmmuaaﬂmmmmaLaaEﬂwmmmmaaamﬁgwmauwmwm U
10 Hz 99 100 Hz

AANARTRIUA (Hz) ANAMURANANR
10 Hz 50 Hz 100 Hz \ade (%)
ANANURANANR (%) 2 1.96 2.57 2.18

a [

PNNANITVABDIAILAAIIUAITNTN 4.1 WUTINTIAIUNDVOITY Y IUBUNLNAY

o q

300 Hz 89 1 kHz WuMTAIAINURANAIALRASINAY 1.93 % Fakandlunised 4.3

[

a ' a 2 a A | a o a |
MN19149N 4.3 mmmwmmﬂaaﬂmmaﬂmqLaaﬂwmmmaﬁuaqamﬁgwmauwmwm U
300 Hz 04 1 kHz

AALATR MR (Hz) ANAIIURANANR
300 Hz | 700 Hz 1 kHz \de (%)
ANANURANANR (%) 3t 1.8 1.9 1.93

NNANIINARDIAIANIIUAITIN 4.1 WUINNYIANUNDVBIF Y IeuBUNALNAY

3 kHz 19 10 kHz Wunda1AuRANaIARAEYINNAU 1.81 % Adwandbumisnean 4.4

dl ! a A dl dl ! ‘NI U a ! U
A15197 4.4 AranuRanisidenanudnataaaslualemudves SUEYTEUBUNANINY 3

kHz 949 10 kHz

AAuATRUR (Hz) ANAIURNANANA
3 kHz 7 kHz 10 kHz \ade (%)
ANANURANAR (%) 1.73 1.86 1.83 1.81

a

= = = oA o o
INATN 4.2 ANT1NN 4.3 Uagn19199 4.4 WUINNYIIAINUAUBIFA Y 1UDUNA

o ]
L3

WINAU 10 Hz 84 100 Hz JA1ANNRANAIANISEaBNANURNaNRae LY 19A U VDId I

A}

a

JUNMGIFAFD 2.18 % LUBIINYIIANUAAING1ILYNTUNIUIINATIINNUYDITBUUAS



43

dl QI |dl o ¥ ! ! o U d‘ ¢NI
Anudmvwalngiianldaulnasuamisiddlniivesnisainsesriud lnguuimnig
nmsudludyenaasuwnasineiddliihvesenionsesanudiduwuuaindaninnnudgs
n31 10 KHz @1nnanudgeanvesdygradunaild) iendnidesninudsuniuain

wasdnafiaalnihiiideanudvedaygyrudune

4.2 NAFaUFULUUNITABUALBININAND
a = = I3 a AN oA v Uy
FULUUMINBUALDIMNANRTDUATEINTOIANUDRUNANAY Tk ATINAUSUALG
Ingldrasunalaiimesiu lngvinissedandlunmi 4.1 iinnsaseaudnansbidmils
Y o 1Y 3 « i ! ' a o v Ao 3
INUUIAAUTIT UL INRYBBATEINTBIAINAlULAaEAIAND dAsuTInlalunden
n31aaelusunsy SigmaPlot wadluiUssuliisuiusluuunisnovauadlun1angud

FIANANITNAADU PILAAILUNINA 4.2

Bandpass

—&— Practical
—8&— Theory

-10 -

Vout (dB)

'40 | 1 1 1 1 1 1
1e+0 1e+1 1e+2 1e+3 1e+4 1e+5 1e+6 1e+7 1e+8

Frequency (Hz)

A 4.2 Fedtuiauaudkunaunaudnans 10 kHz

4.3 NAFRUANRIUTENBUARNIN

AusznounmnIw (Quality Factor: Q) iumniiwesvensasnsesnuiiiioven
AAMYBINTINTBIMLEELY dmSunsdeTafiomariaussnaunmnEuaTNTariinTg
edalddslunmi 4.1 Insvinnsduiamerfusenouamaniiaaud 10 kHz Faanansn

AumAUsEnauauaInvesilsidulauaudlasiensldaunisi (4-2)



aq

=% :
Q=1:, (4-2)
oy o, Ao AdGUINaNS

BW f8 19ubaUANDNIY

Han15guinA1iIUTENoUAMATNYDUATEINTBIANDKULIUTLASULATIAIUA

10 kHz wudAnfmsenauaunmeasilenduwauaudiulaALyinty

10k

~ A1k=9k) _ (4-3)

Q

4.4 NAFBUMNAIAUDEIER
Tun1snegaumA1AuddIgavednsoInsoInudLuulysunsulanasaduiy
gyihnisreinduandluning 4.1 lagidend1anudnaiaviniu 10 kHz vinisusuaiud

| o a

YofleitUIULBLTMDTIUNTIF YA I NATl TUT 190 F Y HALTEUAULANFI9RIN

€

yaadunafidewdily Aeglirudannengudyagadddinisuisuwdasfoninud

'
al

saniaTeInseemunsuld Falduanisnageuila AAnudagaladAviiiy 11.7 kHz

e fa M

4.5 NAHRUIAMIAL TN UDUNAFIER

MsnageuiamAILIITuLOHAgsan sinsmageulasdeiadsluniwd 4.1 Tngusu
wsauRiiletuaiuesmes auﬁﬂizﬁuﬁé’mmmLmﬁwmﬁmiﬁmL‘ﬁau viiefin1dudn fiszdu
LLiqéﬁ’uﬁuwmqmﬁwﬁaumsﬁﬂLﬁau Gh) Lmé’uéuwmqqqmaqLﬂ%mﬁaqmwuﬁ' TnsAudves
Fyaaduneililunisveasy fe 100 Hz 1 kHz uay 10 kHz Bsagyimsiauseiuluusiay

AANAYRIA Y INBUNATILIU 3 ATY INUWIAINTAlINIMIALREY NaNT1TNAdeY

AILANIIUAISI9T 4.5

M15197 4.5 HANTNAFBUMANLIIFUBUNAZIER

4 WIIRUBUNA (MV)
Aua (Hz) v T4 v T4 v T4 4
InAsan 1 InAseN 2 AT 3 ALRRY
100 134.8 1355 135.1 135.1
1k 134.1 133.7 132.9 133.6
10k 129.5 130.2 130.3 130.0
wsIRURAESI 133.9




a5

4.6 #FUNANTIVARBUANTIAULLATEINTBIADINA
MNMINAFDUANTIAULNTINILTBILATBINTBIAT AL UANavTiaueATiNTIUS UM

¢ Tnelsvinnsmaseuianuislunsidenauiinans AdUsznouRMAM NAFUFULUY

ATADUAUBINIIANLD AIANNAGIER wazusITLBUNMgIEn TaasUnanITAdeUALTIIUE

NNSVNUTDUATBIALENIIUATITNT 4.6

A13799 4.6 ATUHANITNAHDUALTIAULLATOINTBIAILD

$78N1INAHBY VOULUA NAN1NAHRY
AAnuAalunsdonanuinans <3 % 1.92 %
SULUUMIABUALBINI9ADLD FITUUUANA FITUUUANA
ANFIUITENBUAMA N 25 5
mmﬁqaqm 10 kHz 11.7 kHz
WSIAUBUNAEIER <2V 133.9 mV

NNANITNAABUTUAITIIN 4.6 WUINATBINTOIAMUDAIAURUUNATI9TUTY
flaussougnuvoulwaall wnsesnsesmudfunuuiiauedsausayssynaldiluasas

aaneudygrusuniurdulnidilavesuaiesinaauliinmla Beninduiuaunsaldidu

[

WU TUNISANYIEIUSTULNABIN1SHAIULATDINTBIAUDRULUS UM Laslawaniiny e

duqlniuseansnmgaula



uni 5

ayunansaniiuuuasdatauauLue

Tuunilazagunamsiiiivauvesineiinug Ineddeyaniseanuuuluuni 3 waz
- o s a R RV Y) o
HANTTNAFBUANTIAUZIATBINTRIANARUNANaYdaLenTin NUTumLAlagldrasunala
fwesluuni 4 uneduneagusiil
51  a@sunanisaniiueu
52 Ugymuazuuimiaunle

53  UDLEUBDLUY

5.1 ayunan1saiiuany
d' d' s a A A v vy ° o d' a

LA309INTBIANDLUUANIATTALEATINAIUTUAILY Tayinn1siauILATeINToIALE
a v v v X A A a v Yy aa A ¢ A
wlvllaussaugnisidauligdu wenasldlunismaass uasidenismudidnvsedind v3e
NUADAT LU N1TNNABINITVOIATOE LAz LRI U adlussuuERans Taedneninus
aUUHlLEUDNIT0ONLULLAZES LA 0INTOIA LA UL NasdauaaTinuS UM lalagTy
19TUNAlATILAS dIUNANANDINTDIAILDINUALTINURA BUN IR AuRIUE1 AN
dnglou eanunsausuAmanudnaslaenludinuainuvesdyy aBunnaIeIRsLnal
a 1 o ¥ o1 a A d‘ I a QAI [
fwos lnednualidinluranalnlun1sidonaudnaislidiiu 3% vesanuddygiu
dunm Uaranunsnsesudyanndunnlurdieniud 10 Hz - 10 kHz

WANNI39IUVDLATBINTBIAMLDFURUUTUERegamsaUssenalddusas
aanaudyausunuadulnivilavesnsesinaauliinils Ssndrduuanunsalddu
wwanslunsfnydmsudidesnisiauiasansesautiuulsumlavinieniineie

auqlniiuseansnmgaula

NaYBINSNAABULASBINseILALUUIUsUNS i et et Tiswelud
1. AnRananalunisidenmudnans lnsmdsawiniu 1.92 %

2. g‘ULLUUmsmauauaqmqmmﬁLﬁulﬂmumwﬁmam%

3. fiAndusenaunmnIigy 5

4. awnsadennnuidnoonlddaud 10 Hz 89 10 kHz

5. Suusaiudunnalagean 133.9 mv



ar

5.2 Ugyuazuuanienisuiiley
Tunsandunuasisasensasanuduuulusunsule awnseasulamnn wagisuile
LoRadl

[ o

1. sldaundeudassiaunumanyilimiadyaiusuniu virlraseensesanud
) % Y de dy a a" I~ % ¥ a 6 I3
MuLalady Ry wwmsnisinly fAe wWasululdndsudaswdaunumesasen
VlvdyeasunIUanas

2. Waasesnsasanuivinnuludisanudvesdyyindunan Ussuin 10 Hz O
100 Hz wuindimanuianatansiienaudnatsaisluianudvesdyyudunngan
H9491NY39ANUDAINA1IYNTUNIUIINN T NUYBIMBRUaIRNUAMv AN lY
NuUlu99sUmaI919id9 N HNIv99AT09N509AUD Tnea1aldsuwnassnenaalniives

a a g A a aa a ' a Y] a g v oA

LA30nTRIANUlukUUATNTINTAINDaINTIIAINRgIEnved g B UNANLY Lo

a

nandEIANNATUNINAINUNEII1emas T NTineaudve I dyIuBune Yselaunns

&

Jostudyarusuniu wu n1stanseuniauvasdtenasiiii saedagiiduauiuleady
duIusunIu

3. lunsesnuuuisasulatssimdunseua 1995n383a908 29asidenddufiv
warasaskeniy dldliduanasuniuietumssdeddmelidoudeluusazieas
uagiiuiiinesgninsgUnsalisagdann wuamauily Ao 1211993509010 Lagrsasiden

AduUszgbiogluiuisasferiuieannisidansly

5.3 YoLauLuy
1. masiauaseslivihnululnaavesnssudals insizazdanuuiuginii way
Ndyayrassuniutiesnin
2. annsadenauszansanlunisniosnauile
1) = @ I3 v R . k4
3. AvsimuIntadendnuUsylldiduluy Electronic-Capacitor Wazaanisly
a s o ¥ 4 = 1
Sdmszaziilindeudasdivunnleg)
v a A aal [ [ a 1 o I3 |
4. wseudunpvenAIeInTasnNdfiamsavnnuludadulaedyayiaondne b
Aot dywiaiiies 100 Tadlad Asudmisiaunliaun sasudayaaunsaiugu Wy
nsldlalensoilusasdilleslsiudy (Diode Linearization) Nnadunnvadladive
5. 1AseenTosAudmsavaunstdulananudgndi 10 kHz dsaunsaagyinla
gl n1sideuledulasmuiidunsiu weliasownsesnaudamisariaulutisanud

4 X
Ngeule



(1]

(2]

(3]

(4]

(5]

(6]

(7]

LONE15D1999

WIHUIUNS WU Uazlnan Asnenen, “iAsesnsasanuaiuulusunsula”, Usganinus
AsFNansenamnssutndn awdmnssulii, uingrdewmelulagnsgasmnainsy

UASHAND, 2556.

Edwin W. Greeneich, Analog Integrated Circuits. New York : Chapman & Hall, 2014,

pp. 183-184.

Gobind Daryanani, Principles of Active Network Synthesis and Design, New York:

John Wiley & Sons, 2012.

v a

yi3e9 Jidardns uaz taties Syqaiini, “n1seonwuuisasulasiuaiuiiy
wsaiulningangn,” a1vivniminssunisinay augdmnssumans andumealulad

Ui, 2557.

v
(% L3

alngna Wdgunste wazdedanl aunsiIntila, “Geousuavjuiinislulaseeulnsaiaes

PIC16F28,” dulunfn Lonwesius, 2546.

W3uNs 1A1sw, “BSeusuazidrlaanrdnenssululasaealnsaiaes PICI6F877,”

3NN, 2546.

dui qudees, “Allen1Inaass 223572 Microprocessor Interfacing Techniques,”
wna1sUsenounIsaou A1AlgiagaIanstiill auzATAIansgnaInnIIy

aonUuwmAlulagnsLAuNANSEUATHALS, 2540.



49

19950818ANNENE1810U,” NISAUNUINIGIVINITNIINYIFEAS LA TIAUAERNS

ATIN 1, ININENFETIVAUMANTAY, NTN 857-863, 2551.



AMARNUIN

ANAKNUIN N LANEISNLASUNISANUNLNGLLING LUTZIRIN9NTANED



UNANNIIY

9 ]
m3tszgpAnmaaieisdsnssy T afai 10

Proceedings of the 1 0" Conference of Electrical Engineering Network 2018 (EENET 2018)

d' d' Y '8 %
ﬂ15i’)i’)ﬂ!!‘U‘Ulﬂii’Nﬂii’)ﬁﬂ’ﬂﬂlﬂﬂ’i‘ﬂﬂ’ﬂﬂﬂ'w LM2907

A Designed Adaptive Active Filter with LM2907

v = d a o o o a v a o
NA1 AINENA  a1AT JAUNAHUUNUE uazugi‘m iﬂulﬂﬂﬁliiy"ﬁw

a a a 4 a v
’ETW“II‘I’JG]f‘I’Jﬁ’JﬂSSNVlV]ﬂ"I AUIAINTTUAMEAT NrTINeaema Tulads1vuenanszuas

A s ' 4 ) '
auUn 1381 ﬂuuﬂiﬁ"])'ﬁﬁl{]i 1 LL"UNN??’CT?N lelﬁ‘llN“?fE] NIUNWUHIUAT 10800 I‘Vﬁﬁ‘Wﬁ 028363000 918 4150 E-mail: nattachote.r@rmutp.ac.th

U \l
Unaago
2, 4 4 e o
ynaNuiaueMTeoNuULAT 04T 09ANNDUTUAD
x v Y
14 dre LM2907 1n5e9nseenudlasolsudald Taemslsu
(] Ao o wal) ¥ A o a '
mamddneelaoda Tuiia laamanudvesdyanaudunya lugia
A7149 10 Hz - 10kHz 1993591 1417091011119179930509ANUD UV
P’ 4 9 @ o 1 o
wuuamIana WwuAdIveenwiiatelon (OTA) V11U
1 @ o I'd @ ) 1
sfuTmalalimes wes LM2907 Tagarvenanuiiln s lou
o U Y Y Y o
grw1sadsuaradivdiuniuarelu lddreusaduain
¢ R o a A
luTasaeuTnsames Fedyaadunauininiesulasnnuiiiu

3 Y

y .
wsau i inthnihaws i 1dsudnandnlslumsden

A A a

manudsaoonliiuiwsnsesnud Tagiimnnudanaialuns

a

donawddaeen lumu 3% vesnnuddyanaduna Jszansam

]

Y o

& Ad o a /9 Y
"]J'ﬂﬂlﬂii)\iﬂiﬂ\?ﬂ’ﬂllﬂﬂu”llﬁuﬂi]z‘l/‘l’gi]uiﬁmuﬂﬁﬂﬂﬁﬂﬁ‘ﬂ']ﬁﬂ\?ﬂ'li
ﬁNTumﬂIﬂil,mﬁJ PSPICE
o o o { { o o
ﬂWﬁWﬂﬂlu:’Ni]iﬂif‘Nﬂ'ﬂiJa, ’mm‘ﬂmmmﬁtﬂmmﬂu"lﬂﬂw, [20e]

venennutioneTou

Abstract

This paper presented a designed adaptive active filter with
applied LM2907. Cutoff frequency of the proposed filter can
automatically adjust by its input signal at frequency range 10 Hz — 10
kHz. The circuit is base on a universal active filter that was made from
the Operational Transconductance Amplifier (OTA) to work with the
tachometer circuit. OTA can adjust the resistance by the voltage from
the microcontroller which the input signal is derived from the frequency
to voltage converter. The calculated current is used to select the cutoff
frequency for the filter. The efficiency of the proposed filter will be
demonstrated by simulation results from the PSPICE program.
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Abstract

This paper presents the design of an adaptive active filter which
operates at input frequencies from 10 Hz to 10 kHz. This paper
presented a design of adaptive active filter. Frequency detection part is
applied from the frequency to voltage converter. The main circuit uses
the voltage-mode universal filter using the operational transconductance
amplifier, and set the filter function to the band pass filter type. The
center frequency of the circuit is selected from the bias current supplied
to the operational transconductance amplifier. The center frequency
selection error will not exceed 3% of the input signal frequency. The
performance of the proposed filter will be demonstrated by simulation

results with the PSPICE program.

Keywords: Frequency to Voltage Converter, Operational

Transconductance Amplifier, Band Pass Filter Circuit
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LTC2641/LTC2642

TECHNOLOGY

FERTURES

Tiny 3mm = 3mm 8-Pin DFN Packape

Maximum 16-Bit INL Errar: =1LSB over Temperature
Low 120pA Supply Current

Guaranieed Monatanic over Temperature

Low 0.5n\ezec Glitch Impulse

2.7V 1o 5.5Y Single Supply Operation

Fast 1ys Settling Time to 16 Bits

Unbuffered Voltage Output Directly Drives 60k Loads
S0MHz SPI™/QSPI™MICROWIRE™ Compatible
Serial Interiace

Power-0n Reset Clears DAC Output to Zero Scale
(LTC2641) or Midscale (LTC2642)

Schmitt-Trigoer Inputs for Direct Optocoupler
Interface

Asynchronous CLR Pin

8-Lead MSOPR, 3mm = 3mm DFN, and 8-Lead 50
Packages (LTC2641)

10-Lead MSOP and 3mm = 3mm DFN Packages
(LTC2642)

APPLICATIONS

High Resolution Offset and Gain Adjustment
Process Control and Industrial Automation
Automatic Test Equipment

Data Aguisition &ystems

16-/14-/12-Bit Vout DACS in
3mm x 3mm DFN

DESCRIPTION

The LTC=2641/LTC2642 are families of 18-, 14-and 12-hit
unbufferadvoltage output DACs. These DACs operate fram
asingle 2.7to 5.5V supply and are guaranteed monotonic
overtemperature. The LTC2641A-16/LTC26424-16 provide
16-bit performance (+#1LSB INL and +1LSB DML) over
temperature. Unbuffered DAC outputs result inlow supply
current of 120pA and a low offset error of £1LSE.

Both the LTC2641 and LTC2642 feature a reference input
range of 2\ to0 Vpp. Moyt swings from OV to Vper. For
nipolar operation, the LTC2642 includes matched scaling
resistors for use with an external precision op amp (such
as the LT1678), generating 2 Vggr output swing at Reg.

The LTC2641/LTC2642 use a simple SPI/MIGROWIRE
compatible 3-wire serial interface which can be operated
at clock rates up to 30MHz and can interface directly
with optocouplers for applications requiring isolation. A
powier-on reset circuit clears the LTC2641's DAC output
to zero scale and the LTC2642°s DAC output to midscale
when power is initially applied. A logic low on the CLR pin
asynchronously clears the DAC 1o zzro scale (LTC2641)
or midscale (LTC2642). These DACS are all specified over
the commercial and industrial ranges.

7, 1T 1T and LT are registerad rademarks of Linsy Techns = Borpacation.
Al ptver trademoris ans the property of ther respacie owners.

TYPICAL APPLICATION

Bipolar 16-Bit DAG

LTG2642-16 Integral Nonlinearity
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LTC2641/LTC2642

ABSOLUTE MAXIMUM RATINGS ot 1)
Voo 10 GHD i -0.3Wto &Y  Operating Temperature Rangs
TS, 5CLK, DIN, LTC2641CATC26420 ..o 0°C 1o 70°C
CLRT0GMD -0.3V to {Vpg + 0.3V) or BY LTC26411LTC2B420 oo —40°C to 85°C
REF, Waur INV to GND.........-0.3V to (Vop + 0.3V) or 6 Maximum Junction Temperature (Note 2)........... 125°C
-G\ to 6\ Storage Temperature Range........... —65°C to 150°C
-BVtoBY  Lead Temperature (Soldering, 10 S8C) e 300°C
0.3V to 0.3V
(TC2641 TOFVEW LTC2641
reef il O (5] ana . il e e
esfzl | 7] vae BEF 1 s &
oK :Z-I_ 1 # rs_ -.':_- 5:5_5 :E E:'-'ET
anfal | ] o am +g s eE
e T MG3 BACKALRE
a0 BASKALE E-LEAD PLAGTIC MELS
S-LEAD {3mm x dmem) PLASTIE DEN T sy = 125°C |RETE 2], By = 120°C0
Ty = VERL NOTE 2], By = 4250
EXPOEED PAD (PIN 8) IS END, MUST BE 201 OERED T LA

13-LEAD {2mm = Amm} PLASTIC DEN
Towag = 125°C WOTE 2), Aun w4285
EESCEED PAL (P11 (2 NG, MUET 2B SOLCESED T BlR

[TC2641
TR VEW
vour [T %] von
&na 2] EHET
#e 5] 5] o
= [ 7] stk
58 FACKASE
S-LEAD FLEETIE 80
Tz = 128°E, By, w TUOEW
[TC2842 TOFVIEW LTC2642
H1 e e TOFVIEW
q;ﬂ' II'_I;um %EF 1 0 GO
;gl : 3 | = = 3 Wpp
S g M 1 BlFeE =T E e
o 5] N T BiM, 4 ]
eE 2 0 [ GA & 8 Vour
yat ol 1 1 2P I
W5 PACHALE
DO FriAGE 10-LEAD FLASTIC MEOF

Tanex = 1285C {NOTE 2], B 1200
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LT1006

TECHNOLOGY

FEATURES

® Single Supply Qperation
Input Voltage Range Extends to Ground
Output Swings 1o Ground while Sinking Current
Guaranteed Offset Voltage: 500/ Max
Guaranteed Low Drift; 1.3uV/°C Max
Guarantead Offset Current: 0.5nA Max
Guarantead High Gain
5mA Load Current: 1.5 Million Min
17mA Load Current: 0.8 Million Min
Guaranteed Low Supply Current: 520uA Max
Supply Current can be Reduced by a Factor of 4
= |ow Voltage Noise, 0.1Hz to 10Hz: 0.55uV/p.p
Low Current Noise—
Better than OP-07: 0.07pA~Hz at 10Hz
= High Input Impedance: 250M< Min
® Minimum Supply Yoltage: 2.7V Min

APPLICATIONS

w | ow Power Sample-and-Hold Circuits

® Battery-Powered Precision Instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplifiers

® AmA to 20mA Current Loop Transmitters

u Active Filters

Precision, Single Supply
Op Amp

DESCRIPTION

TheLT#1006is thefirstprecisionsingle supply operational
amplifier. It design has been optimized for single supply
operation with a full set of specifications at 5V.
Specifications at £15V are also provided.

The LT1006 has a low offset voltage of 200V, drift of
0.2uV/°C, offset current of 120pA, gain of 2.5 million,
common mode rejection of 114dB and power supply
rejection of 126dB.

Although supply current is only 340uA, a novel output
stage can source or sink in excess of 20mA while retaining
high voltage gain. Common mode input range includes
ground to accommodate low ground-referenced inputs
from strain gauges or thermocouples, and output can
swing to within a few millivalts of ground. If a higher
slew rate (in excess of 1V/us) or micropower operation
(supply current down to 90uA) is required, the operating
currents can be modified by connecting an external
optional resistar to Pin 8.

Forsimilar single supply precisiondualand quad op amps,
pleaseseethe LT1013/LT1014 data sheet. For micropower
dual and guad op amps, please see the LT1078/LT1079
data sheet.

LT LTC and LT are regsbarad trademarks of Lingar Tachralagy Carporatian.

TYPICAL APPLICATION

LT1006 Single Supply, Micropower Sample and Hold

SAMPLE £UI

1

:
Tkeiz SAMPLE AATE CURRENT

Distribution of Input Dffset Voltage

Vg =BV, IV

25
TH008s TESTED
FROMTING RUNS

14| 4 AND b PACKAEES

M

NI )

p 1
il 0
C O
—&0 -40 ] 40 -]
MPUT OFFSET VOLTAGE {uV)
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LT1006

ABSOLUTE MAXIMUM RATINGS (note 1)
Supply \.foltage . =22V
Input Voltage ... . Equal to Pusnwe Supply ‘u’ultage

Operating Temperature Range
LT1006AM/LT1006M (OBSOLETE)...-55°C 1o 125°C

Input Voltage ......... ”5\." Below Negatwe Supply Voltage LT1006AC/LT1006C/LT1006888 ............... 0°C to 70°C
Differential Input Valtage B .30V Storage Temperature Range ... v =B85°C t0 150°C
Qutput Short-Circuit Duratmn Indefmne Lead Temperature (Soldering, 10 sec] ... 300°C
PRCKAGE/ORDER INFORMATION
ORDER TOP VIEW ORDER
TOP VIEW PART NUMBER e ] 7] 555, PART NUMBER
en LT1006AMH " E:[>L:' ' LT1006CN8
LT1006MH TE g - LT1006S8
LT1006ACH ’ 51 pwdre4)
LT1006CH ESE:E':;WGIE s rious: 58 PART MARKING
. 1006
= (NOTE 4)
0 g;:zilas 18 PACKAGE 8-LEAD CEROP LT1006AMJE
8-LEAD TO-5 METAL CAN Taay = 100°C, B = 130G LT1006MJB
T = 180°C, dy = 150°C, An = 45°C LT1006ACJ8
LT1006CJ8
OBSOLETE PACKAGES
‘Corgader the 3 or 58 Package for Aiternate Source

Consult LTC Marketing for parts specified with wider operating temperature ranges.

€LECTRICAL CHARACTERISTICS Vg =5V, Vg = OV, Vgyy = 1.4V, Ty = 25°C, unless otherwise noted.

LT1006AM/AC LT1006M/C

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS

Vog Input Dffset Voltage 20 50 a0 BO u

LT100658 80 400 uV

AVpg Long-Term Input Offset 0.4 0.5 uV/Mao

ATimeg Voltage Stability LT100658 07 uV/Mo

lag Input Offset Current 012 0.5 0.15 0.9 nA

lg Input Bias Current q 15 10 25 ni

g, Input Noise Voltage 0.1Hz to 10Kz 0.55 0.55 wee

Input Noise Voltage Density fg=10Hz 23 3z 23 32 |nWnHz

g = 1000Hz 22 25 22 25 | nvnHz

iy Input Noise Current Density fg=10Hz 0.07 0.08 pAnHzZ
Input Resistance (Note 2)

Differantial Mode 180 400 100 300 Me

Commaon Mode 5 4 GQ

1008Fa

LT UNEAR

ECHMNOLOGY
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MICROCHIP

dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and programming, refer to the dsPIC30F
Programmer’s Reference Manual (DS70030).

High Performance Modified RISC CPU:

Modified Harvard architecture

C compiler optimized instruction set architecture
with flexible addressing modes

84 base instructions

24-bit wide instructions, 16-bit wide data path
48 Kbytes on-chip Flash program space
(16K Instruction words)

2 Kbytes of on-chip data RAM

1 Kbytes of non-volatile data EEPROM

Up to 30 MIPs operation:

- DC to 40 MHz external clock input

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

30 interrupt sources

- 3 external interrupt sources

- 8 user selectable priority levels for each
interrupt source

- 4 processor trap sources

16 x 16-bit working register array

.

DSP Engine Features:

Dual data fetch

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

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

All DSP instructions single cycle

* + 16-bit single cycle shift

.

Peripheral Features:

High current sink/source I/O pins: 25 mA/25 mA
Timer module with programmable prescaler:

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

16-bit Capture input functions
16-bit Compare/PWM output functions
3-wire SPI™ modules (supports 4 Frame modes)

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

+ 2 UART modules with FIFO Buffers
« 1 CAN modules, 2.0B compliant

Motor Control PWM Module Features:

+ 6 PWM output channels

- Complementary or Independent Output
modes

- Edge and Center Aligned modes
« 3 duty cycle generators
« Dedicated time base
« Programmable output polarity
+ Dead-time control for Complementary mode
+ Manual output control
« Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

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

Interrupt on position counter rollover/underflow

© 2005 Microchip Technology Inc.

Preliminary

DS70135C-page 1

69



dsPIC30F4011/4012

Pin Diagrams

40-Pin PDIP
MCLR 1 _ 40h Avoo
EMUD3/ANO/VREF+/CN2/RBO [ 2 390 Avss
EMUC3/AN1/VREF-/CN3/RB1 O 3 380 PWM1L/RED
AN2/SS1/CN4/RB2 O 4 370 PWM1TH/RE1
ANZ/INDX/CNS/RB3 O 5 36 [0 PWM2L/RE2
AN4/QEA/ICT/CNG/RB4 06 350 PWMZH/RE3
ANS/QEB/ICE/CN7/RBS 7 Q340 PWMSLRE4
ANB/OCFA/RBS6 O 8 % 330 PWM3HIRES
AN7/RB7 09 = 3200 voo
AN8/RB8 [ 10 Q310 vss
Voo O 11 8 300 CIRWRFO
vss 012 T 290 CITXRFI
OSC1/CLKIN O 13 £ 2801 U2RX/CN17/RF4
0SC2/CLKORGIS [ 14 S  27[1 UZTXICNIBIRFS
EMUD1/SOSCITZCK/UTATX/CN1/RC13 O 15 2 26[0 PGC/EMUC/UTIRX/SDI1/SDARF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RG14 [ 16 250 PGD/EMUD/UTTX/SDO1/SCL/RF3
FLTA/INTO/RES O 17 241 SCK1/RF6
EMUD2/0C2/IC2/INT2/RD1 O 18 230 EMUC2/0C1/IC1/INT1/RDO
C4/RD3 O 19 22 0 OC3/RD2
Vss 20 21[1 Voo

44-pin TQFP

EMUD2/0C2/IC2/INT2/RD1
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14

OC4/RD3
FLTA/INTO/RES

9-4 M1 PGD/EMUD/UITX/SDO1/SCL/IRF3

PGC/EMUC/U1RX/SDI1/SDA/RF2 1 C
U2TX/CN18/RF5 2 EMUD1/SOSCIT2CK/U1ATX/CN1/RC13
U2RX/CN17/RF4 3 OSC2/CLKO/RC15
CTX1/RF1 4 OSC1/CLKIN
CRX1/RFO 5 29| Vss
vetmle  dsPIC30F4011 2Dy
PWM3H/RES 8 26 AN7/RBY
PWM3L/RE4 9 25 ANG/OCFA/RB6
PWM2H/RE3 10 24 ANS/QEB/IC8/CN7/RB5
PWM2L/RE2 11 231 AN4/QEA/ICT/CNB/RB4
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dsPIC30F4011/4012

Table 1-1 provides a brief description of the device /10
pinout and the functions that are multiplexed to a port
pin. Multiple functions may exist on ene port pin. When
multiplexing occurs, the peripheral module’s functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS

. Pin Buffer -
Pin Name Type Typs Description
ANO-ANS | Anzlog | Anslog input channels.
ANO and AN1 are also used for device programming data and clock inputs,
respectively.
A\VDD P P Positive supply for analog module.
A\ss P P Ground reference for analeg module.
CLKI | ST/CMOS | External clock source input. Always associated with OSC1 pin function.
CLKO o] — Oscillater erystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.
CNO-CNT ST Input change notification inputs.
CMN17-CN18 Can be software programmed for internal weak pull-ups on all inputs.
C1RX | 5T CAN1 bus receive pin.
CITX o] - CAN1 bus transmit pin.
EMUD o 5T ICD Primary Communication Channel data input/output pin.
EMUC o 5T ICD Primary Communication Channel clock input/output pin.
EMUDA 1o 8T ICD Secondary Communication Channel dats input/output pin.
EMUC1 o 5T ICD Secondary Communication Channel clock input’output pin.
EmMUD2 o 5T ICD Tertiary Communication Channel data input/output pin.
EmMUC2 o 5T ICD Tertiary Communication Channel clock input/output pin.
EMUD3 I} ST ICD Quaternary Communication Channel dsta input/output pin.
EMUC3 1o ST ICD Quaternary Communication Channel clock input/output pin.
1C1,1C2, IC7, | ST Capture inputs 1, 2, T and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | 5T Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | 5T Quadrature Encoder Phase A input in QEI mode.
Auxilizry Timer External Clock/Gate input in Timer mode.
INTO | 8T External interrupt 0.
INTt | 8T External interrupt 1.
INTZ2 | 5T External interrupt 2.
FLTA | ST PWM Fault A input.
PWM1L o] - FWM 1 Low output.
PWHM1H o - PWM 1 High output.
PWM2L o] — PWM 2 Low output.
PWM2H o} — PWM 2 High output.
PWM3L o - PWIM 3 Low output.
PWIM3H o — PWI 3 High output.
MCLR P 5T Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.
QOCFA | 5T Compare Fault A input (for Compare channels 1, 2, 3 and 4).
QC1-0C4 o — Compare outputs 1 through 4.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
8T = Schmitt Trigger input with CMOS levels  © = Output
= Input P = Power

DS70135C-page 10 Preliminary & 2005 Microchip Technology Inc.



dsPIC30F4011/4012

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS (CONTINUED)
. Pin Buffer -
Pin Name Type Type Description
Q8C1 | ST/CMOS | Oscillator crystal input. 8T buffer when configured in RC mode; CMOS
Qascz l[o] - otherwise.
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD o] 5T In=Circuit Serial Programming data inputioutput pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RBO-RBS o] 5T PORTR is & bidirectional I/O port.
8RC13-RC15| 810 88T PORTC is a bidirectional VO port.
RDO-RD3 8] sT PORTD is a bidirectional VO port.
REQ-RES, (He] 8T PORTE is a bidirectional /O port.
RE8
RFO-RFE ] 8T PORTF is a bidirectional I/0 port.
SCK1 o] 5T Synchronous serial clock input/output for SPI™ 1
sDi1 | sT SPI 1 Data In.
sSDO1 o] — SPI 1 Data Out.
351 | ST SPI 1 Slave Synchronization.
SCL o] 5T Synchronous serial clock input/output for .
SDA l[e] ST Synchronous serial dats input/output for 1?c.
S08C0O o] — 32 kHz low power oscillator crystal output,
S08CI | ST/CMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.
TICK | 5T Timer1 external clock input.
T2CK | 8T Timer2 externzl clock input.
U1RX | sT UART1 Receive.
UATX 8] — UART1 Transmit.
U1ARX | sT UART1 Alternate Receive.
U1ATX o] — UART1 Alternste Transmit.
UZRX | ST UART2 Receive.
U2Tx o] — UARTZ Transmit.
Voo P —_ Paositive supply for logic and VO pins.
\ss P — Ground reference for logic and I/O pins.
VREF+ | Analog | Anslog \Voltage Reference (High) input.
VREF- | Anzlog | Analog Voltage Reference (Low) input.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
8T = Schmitt Trigger input with CMOS levels O = Output
= |nput P = Fower
© 2005 Micrazhia Technalogy Inc. Preliminary DS70135C-page 11
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SHARP

PC817XJ0000F Series

PC817XJ0000F
Series

“4-channel package type is also available.
(model No. PC847XJ0000F Series)

M Description
PC817XJ0000F Series contains an IRED optically
coupled to a phototransistor.
It is packaged in a 4pin DIP, available in wide-lead
spacing option and SMT gullwing lead-form option.
Input-output isolation voltage(rms) is 5.0kV.
Collector-emitter voltage is 80V and CTR is 50% to
600% at input current of 5mA.

M Features

. 4pin DIP package

2. Double transfer mold package (Ideal for Flow Solder-
ing)

. High collector-emitter voltage (Vceo:80V)

Current transfer ratio (CTR : MIN. 50% at lg=5 mA,

Vee=5V)

5. Several CTR ranks available

6. High isolation voltage between input and output

(Viso(rms) = 5.0 kV)
7. Lead-free and RoHS directive compliant

—_

» W

DIP 4pin General Purpose
Photocoupler

W Agency approvals/Compliance

1. Recognized by UL1577 (Double protection isolation),
file No. E64380 (as model No. PC817)

2. Package resin : UL flammability grade
(94V-0)

W Applications

1. /O isolation for MCUs (Micro Controller Units)

2. Noise suppression in switching circuits

3. Signal transmission between circuits of different po-
tentials and impedances

Notice The content of data sheet is subject to change without prior notice.

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP
devices shown in catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.

Sheet No.: D2-A03102EN
Date Jun. 30. 2005
© SHARP Corporation
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SHARP PC817XJO00OF Series

H Absolute Maximum Ratings (T,=25°C)
Parameter Symbol Rating Unit
Forward current Iy 50 mA
Z | ' Peak forward current | Ipy 1 A
= Reverse voltage Vi 6 %
Power dissipation P 70 mW
Collector-emitter voltage |  Vego 80 v
i Emitter-collector voltage | Veco ) \
S Collector current Ic 50 mA
Collector power dissipation Pc 150 mW
Total power dissipation P 200 mW
“ Isolation voltage Viso tms) 5.0 kV
Operating temperature Topr | =30 to +100 E
Storage temperature T -55t0 +125 °‘C
“* Soldering temperature Teol 260 Y &
*1 Pulse width=100us, Duty ratio : 0.001
*2 4010 609%RH, AC for Iminute, f=60Hz
#3 For 10s
M Electro-optical Characteristics (T,=25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voltage Vi I=20mA - 1.2 1.4 \
‘g_ Peak forward voltage Veum I=0.5A - - 3.0 v
= | Reverse current Ix V=4V - - 10 nA
Terminal capacitance C, V=0, f=1kHz - 30 250 pF
= | Collector dark current Icro Vee=50V, Ir=0 - - 100 nA
'2' Collector-emitter breakdown voltage | BVepo Ie=0.1mA, I;=0 80 - - \'%
c Emitter-collector breakdown voltage | BVgco Ig=10pA, I:=0 6 - - v
# | Collector current Ic Ig=5mA, V=3V 2.5 - 30.0 mA
g Collector-emitter saturation voltage VCE gany I;=20mA, Ic=ImA - 0.1 0.2 \4
'§ Isolation resistance Riso DC500V, 40 to 60%RH 5x10" 1x10" - Q
Z | Floating capacitance C; V=0, f=1MHz - 0.6 1.0 pF
f_; Cut-off frequency fe Ver=5V, [c=2mA, R; =100Q, -3dB - 80 - kHz
é . Rise time 1 - 4 18 us
= | Response time Fall time " V=2V, Ic=2mA, R =100Q - 3 m us

Sheet No.: D2-A03102EN



SN74HC4066

QUADRUPLE BILATERAL ANALOG SWITCH

SCLS325G -~ MARCH 1996 — REVISED JULY 2003
——

Low Input Current of 1 uA Max
High Degree of Linearity

High On-Off Output-Voltage Ratio
Low Crosstalk Between Switches

Low On-State Impedance. ..
50-Q TYPatVgc =6V

® Individual Switch Controls

description/ordering information

Wide Operating Voltage Range of 2Vto 6 V
Typical Switch Enable Time of 18 ns
Low Power Consumption, 20-uA Max Igc

D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
1A ] U14]VCC
1B [|2 13]] 1C
28 [|3 12[] 4C
2A [|4 1]l 4A
2c [Is 10[] 4B
3c [|e 9]l 38
GND [|7 8]l 3A

The SN74HC4066 is a silicon-gate CMOS quadruple analog switch designed to handle both analog and digital
signals. Each switch permits signals with amplitudes of up to 6 V (peak) to be transmitted in either direction.

Each switch section has its own enable input control (C). A high-level voltage applied to C turns on the

associated switch section.

Applications include signal gating, chopping, modulation or demodulation (modem), and signal multiplexing for
analog-to-digital and digital-to-analog conversion systems.

ORDERING INFORMATION

K PACKAGK PARTNUMBER |  MARKING

PDIP - N Tube of 25 SN74HC4066N SN74HC4066N
Tube of 50 SN74HC4066D

SOIC-D Reel of 2500 SN74HC4066DR HC4066
Reel of 250 SN74HC4066DT

—40°C to 85°C | SOP —NS Reel of 2000 SN74HC4066NSR HC4066

SSOP - DB Reel of 2000 SN74HC4066DBR HC4066
Tube of 80 SN74HC4066PW

TSSOP - PW Reel of 2000 SN74HC4066PWR HC4066
Reel of 250 SN74HC4066PWT

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

FUNCTION TABLE
(each switch)
INPUT
CONTROL SWITCH
(©)
L OFF
H ON

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.

‘v’f TeExAs
INSTRUMENTS

Cop!

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

yright © 2003, Texas Instruments Incorporated
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13 TEXAS ULN2002A, ULN2003A, ULN2003AI, ULN2004A
INSTRUMENTS ULQ2003A, ULQ2004A
www. ti.com SLRS027TM —DECEMBER 1876—REVISED FEBRUARY 2013

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

Check for Samples: ULN2002A, ULN2003A, ULN2003AI, ULN2004A, ULQ2003A, ULQ2004A

FEATURES
. ULN2002A ... N PACKAGE
+ 500-mA-Rated Collector Current (Single ULN2003A . .. D, N, NS, OR PW PACKAGE
Output) ULN2004A . .. D, N, OR NS PACKAGE
. ULQ2003A, ULQ2004A ... D OR N PACKAGE
+ High-Voltage Outputs: 50 V (TOP VIEW)
+ OQOutput Clamp Diodes W)
+ Inputs Compatible With Various Types of B[+ 7 eflic
Logic 28[|2 1s[]2c
. —_— 3B[|s 14[]3c
+ Relay-Driver Applications
y PP B[]+ 13[l4C
sB[|s 12[]sC
6B[|s 11[lseC
7B8[7 10[]7C
Efls 9 [Jcom

DESCRIPTION

The ULN2002A, ULN2003A, ULN2003AI, ULN2004A, ULQ2003A, and ULQ2004A are high-voltage high-current
Darlington transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pair is 500 mA. The Darlington pairs can be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For 100-V (otherwise interchangeable) versions of the ULN2003A and ULN2004A, see the SN75468 and
SN75469, respectively.

The ULN2002A is designed specifically for use with 14-V to 25-V PMOS devices. Each input of this device has a
Zener diode and resistor in series to control the input current to a safe limit. The ULN2003A and ULQ2003A have
a 2.7-kQ series base resistor for each Darlington pair for operation directly with TTL or 5-V CMOS devices. The
ULN2004A and ULQ2004A have a 10.5-kQ) series base resistor to allow operation directly from CMOS devices
that use supply voltages of 6 V to 15 V. The required input current of the ULN/ULQ2004A is below that of the
ULN/ULQ2003A, and the required voltage is less than that required by the ULN2002A.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA informatien is current as of publication date Copyright @ 1976-2013, Texas Instruments Incorparated
Products conform to specifications per the ferms of the Texas

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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ULN2002A, ULN2003A, ULN2003AI, ULN2004A
ULQ2003A, ULQ2004A

SLRS027M —DECEMBER 1976 —REVISED FEBRUARY 2013

I3 TEXAS
INSTRUMENTS

www.ti.com

ORDERING INFORMATION ™

Ta PACKAGE @ ORDERABLE PART NUMBER TOP-SIDE MARKING
ULN2002AN ULN2002AN
PDIP - N Tube of 25 ULN2003AN ULN2003AN
ULN2004AN ULN2004AN
Tube of 40 ULN2003AD
Reel of 2500 ULN2003ADR ULN2003A
SOIC - D Reel of 2500 ULN2003ADRG3
-20°C to 70°C
Tube of 40 ULN2004AD
ULNZ2004A
Reel of 2500 ULN2004ADRG3
ULN2003ANSR ULN2003A
SOP - NS Reel of 2000
ULN2004ANSR ULN2004A
Tube of 80 ULN2003APW
TSSOP - PW UN2003A
Reel of 2000 ULN2003APWR
ULQ2003AN ULQ2003A
PDIP - N Tube of 25
ULQ2004AN ULQ2004AN
Tube of 40 ULQ2003AD
—40°C to 85°C ULQ2003A
Reel of 2500 ULQ2003ADR
S0IC - D
Tube of 40 ULQ2004AD
ULQ2004A
Reel of 2500 ULQ2004ADR
SOP - NS Reel of 2000 ULN2003AINSR ULN2003AI
PDIP - N Tube of 425 ULN2003AIN ULN2003AIN
-40°C to 105°C Tube of 40 ULN2003AID
S0IC -D ULN2003AI
Reel of 2500 ULN2003AIDR
TSSOP - PW Reel of 2500 ULN2003AIPWR UN2003AI

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging

LOGIC DIAGRAM
9
[V e o
1 16
1B —DC —— 1C
)
2 15
2B —' xﬁ— 2c
3
3B 4DO_17_ 3¢
ﬂ'
4 13
1B P =G
5
EER S SN | N
-—H—“
LD()—l— b
6B L — &c

7B 7C

2 Submit Documentation Feedback Copyright @ 1976-2013, Texas Instruments Incorporated
Product Folder Links: ULN20024 ULN2003A ULN2003A! ULN2004A ULQ2003A ULQ2004A
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L1228

TECHNOLOGY

100MHz Current Feedback

Amplifier with DC Gain Conftrol

FERTURES

= \Very Fast Transconductance Amplifier
Bandwidth: 75MHz
Om=10xIge7
Low THD: 0.2% at 30mVgs Input
Wide Izt Range: 1pAto 1mA
® \lery Fast Current Feedback Amplifier
Bandwidth: 100MHz
Slew Rate: 1000V/ps
Qutput Drive Current: 30mA
Differential Gain: 0.04%
Differential Phase: 0.1°
High Input Impedance: 25MQ, 6pF
= \Wide Supply Range: 2V to 15V
® [nputs Common Mode to Within 1.5V of Supplies
® Qutputs Swing Within 0.8V of Supplies
m Supply Current: 7mA
® Available in 8-Lead PDIP and SO Packages

APPLICATIONS

= Video DC Restore (Clamp) Circuits
= \/ideo Differential Input Amplifiers
= Vfideo Keyer/Fader Amplifiers

m AGC Amplifiers

= Tunable Filters

® Qscillators

L7, LT, LTC, LTM, Linear Technology and the Linear |oge are reglsterad tradzmarks of Linear
Technology Corporation. All other trademarks are the proparty of their respective owners.

DESCRIPTION

The LT®1228 makes it easy to electronically control the
gain of signals from DC to video frequencies. The LT1228
implements gain control with a transconductance ampli-
fier (voltage to current) whose gain is proportional to an
externally controlled current. A resistor is typically used
to convert the output current to a voltage, which is then
amplified with a current feedback amplifier. The LT1228
combines both amplifiers into an 8-pin package, and oper-
ates on any supply voltage from 4V (+2V) to 30V (+15V).
Acomplete differential input, gain controlled amplifier can
be implemented with the LT1228 and just a few resistors.

TheLT1228transconductanceamplifier nasa highimped-
ancedifferentialinputandacurrentsource output with wide
output voltage compliance. The transconductance, g, iS
set bythecurrentthatflowsinto Pin 5, Iger. The small signal
Omisequaltotentimesthevalue of Isprand this relationship
holds over several decades of set current. The voltage at
Pin 5 is two diode drops above the negative supply, Pin4.

The LT1228 currentfeedback amplifier has very high input
impedanceandthereforeitis an excellent buffer for the out-
putofthetransconductance amplifier. The currentfesdback
amplifier maintains its wide bandwidth over awide range of
voltage gains making it easy to interface the transconduc-
tance amplifier output to other circuitry. The current feed-
back amplifier is designed to drive low impedance loads,
suchas cables, with excellent linearity at high frequencies.

TYPICAL APPLICATION

Differential Input Variable Gain Amp
LU 3

R3A

10k :
+ —AW
vy R2A
" ok 2
_
VWA
15V
RIL R2 \L”F:‘,,
1000 1005 4 3 s
100
= - oL 2Hi
= = = b:
i = =

Frequency Response

Vg = =15V
3 AL = 10002
0 L lser=1mA
-
= 5
=
= -9 =
p— Vour 3%y ge7 = 300UA
15
18
Igfr = 100pA \
HIGH INPUT RESISTANCE -2 | ||||m]
EVEN WHEN POWER IS OFF 24
-1 adaac GAIN < 2dB 100K M 10M 100M
Vigy s PV
P\ priddr. FREQUENCY (Hy)  wumenaz

12281
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LT1228

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply VOIAGE ... +18V
Input Current, Pins 1,2, 3,5, 8 (Note 8) .............. +15mA

Output Short Circuit Duration (Note 2)
Operating Temperature Range

LT1228C... crer.0°C 10 70°C
LT1228l.... ...—40°C 10 85°C
LT1228M (OBSOLETE) ..—55°C t0 125°C

Storage Temperature Range .
Junction Temperature
Plastic Package.......

PIN CONFIGURATION
TOP VIEW

lour [T} i 8] cAIn
=N [2] /A N4 [7] v

+IN [g] 6] Vour
v- ] [5] Iser
NE PACKAGE 58 PACKAGE
8-LEAD PDIP 8-LEAD PLASTIC SO

Tmax = 150°C, 85 = 100°CW (M)
Tomax = 150°C, Bys = 150°CW (M)

. J8 PACKAGE
Ceramic Package (OBSDLETE} . e f#éf%ffi‘?h‘M "
Lead Temperature (Soldering, 10 S8C)........cocooe... 300°C OBSOLETE PACKAGE
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LT1228CN8#PBF LT1228CNB#TRPEF LT1228CN8 8-Lead Plastic DIP 0°Cto 70°C
LT1228IN8#PBF LT1228INB#TRPEF LT1228IN8 8-Lead Plastic DIP ~40°C to 85°C
LT1228CSB#PBF LT1223C384TRPBF 1208 8-Laad Plastic SO 0°C to 70°C
LT1228I38#PBF LT1228IS84TRPBF 12281 8-Lead Plastic S0 ~40°C to 85°C
OBSOLETE PACKAGE
LT1228MJ8 LT1228MJB#TRPBF LT1228MJ8 8-Lead CERDIP -55°C t0 125°C
LT1228CJ8 LT1228CJB#TRPBF LT1228C48 8-Lead CERDIP 0°C to 70°C

Consult LTC Marketing far parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on nonstandard lsad basad finish parts.

w.linear.com/|eadfras/
rlinear.com/tapeandreel/

For more information on lead free part marking, go to: http:/fu
For more information on tape and reel spacifications, go to: http:/

ELECTH |C|"“. CHHHHCTEHISTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Current Feedback Amplifier, Pins 1, 6, 8. £5V < Vg < +15V, Iggy = OpA,

Ve = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN P MAX UNITS
Vs Input Offset Voltage Ta=25°C +3 + mV
[] =15 mV

Input Offset Voltage Drift o 10 pvic

In* Noninverting Input Current Ta=25°C +0.3 +3 iy
L] +10 ph

I~ Inverting Input Current Ta=25°C +10 =65 iy
[ ] +100 pA

& Input Noisa Valtage Density f=1kHz, R = 1k, Rg = 1002, Rg = 00 ] nv/yHz
in Input Noise Current Density f=1kHz, Rr = 1k, Rg = 100, Rg = 10k 14 pViHzZ
1228t

2 .LJ IT_EI':r]cNo_:.gv

79



LT1228

GLECTRICHL CH HH HCTGHISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Current Feedback Amplifier, Ping 1, 6, 8. 25V < Vg £ £15V, Iggr = OpA,

Vi = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Rin Input Resistance Wiy =213V, Vg = £15V L] 2 25 MQ
Wiy =23V, Vg = £5Y [ 2 25 [l

Ciy Input Capacitance (Mote 3) Vg = £5Y & pF
Input Voltage Range Vg =15V, Ty =25°C =13 =135 v

[ +12 v

Vg =25V, Ty =26°C =3 235 vV

[ ] 22 v

CMRR Commaon Mode Rejection Ratio Vg =218V, Ve =213V, Ty = 25°C 55 (i) dB
Vg =215V, Vo = 212V [ 55 dB

Vg = £8Y, Vi = #3V, Ty = 25°C 55 69 dB

Vg =25V, Ven = <2V [ 55 dB

Inwerting Input Current Common Vg =215V, Vg =213V, Ty = 25°C 2.5 10 PANV

Mode Rejection Vg =218V, Vo =212V L] 10 PANY

Vg =25V, Vo = 23V, T = 25°C 2.5 10 PAN

Vg = 2BV, Wiy = 22V [ 10 PAN

PSRR Power Supply Rejection Ratio Vg =22V 10215V, Ta = 25°C B0 a0 dB
Vg == 1o£15Y [ B0 dB

Noninverting Input Current Power Vg = 2V10 215V, Ty =25°C 10 50 nAN

Supply Rejection Vg =23V 10215V L] 80 nANY

Inverting Input Current Power Supply | Vg = =2V 1o 215V, Ty = 25°C 0.1 5 pAN

Rejection Vg = =3V 10215V L] 5 PANY

Ay Large-Signal Voltage Gain Vg = =15V, Vgyr = +10V, Rygap = 1k [ ] 55 85 dB
Vg = £8Y, Vour = £2V, Rigap = 15002 L] 55 G5 dB

RaL Transresistance, AVgyr/Aly™ Vg = 218V, Vgyr = 210V, Rygep = 1k [ 100 200 ke
Vg = 25V, Vigur =2V, Rypap = 15002 [ 100 200 ke

Vaur Maximum Output Voltage Swing Vg =218V, Rypap = 40062, Ty = 25°C =12 =135 v
[ +10 v

Vg = 25V, R gap = 15002, Ty = 25°C =3 =37 v

®| 32§ v

laur Maximum Output Current Rigan = 002, Ty = 25°C 30 &5 125 mA
[ 25 125 mA

s Supply Current Vour =0V, lger = OV L] & 11 mA
3R Slew Rate {Motes 4 and 6) Ty=25°C 300 500 Vips
3R Slew Rate Vg =15V, Re = 75002, Rg = 75002, R, = 40002 3500 Vius
t; Rise Time (Notes 5 and 6) Ty =25°C 10 20 ns
BW Small-Signal Bandwidth Vg = 15\, Rp = 750€); Rg = 75002, Ry = 10002 100 MHz
1 Small-Signal Rise Time Vg =215V, Re = 75082, Rg = 75062, Ry = 1002 3.5 ns
Propagation Delay Vg = £15V, Rp = 75002, Ry = 75042, R = 100Q 3.5 ns

Small-Signal Overshoot Vg = =15V, Rg = 750£2, Ry = 75002, Ry = 10002 15 Ya

1z Settling Time 0.1%, Vour = 10V, Re =1k, Rg = 1k, R =1k 45 ns
Differential Gain (Mote 7) Vg =£15V, Rp = 75062, Ry = 75002, Ry = 1k 0.0 %

Differential Phase (Note 7) Vg =215V, Rg = 75002, Rg = 75002, Ry = 1k 0.0 DEG

Differential Gain (Mote T) Vg = =15V, Ry = 75062, Ry = 75062, Ry = 15002 0.04 %

Differential Phase (Note 7) Vg =15V, Ry = 75002, Rg = 75002, Ry = 15062 01 DEG
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