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»

This thesis is present project of ECG transmitter and receiver. It can be send
and receivers 12 leads ECG. All leads ECG is standard of medically. purpose of this
project is designed for developed the medical equipment in or country. Moreover,all

the component used in the ECG transmitter and receiver are available domestically.
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1.2 SPECIFICATION

- power supply 220 v 50 Hz

- Frequency response 0.05-400 Hz

- Input impedance 10 Mohm

- Sending electrocardio graph 12 Lead
- (Gain 1000

- Protection by opto lsolator

1.3 BLOCK DIAGRAM
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Wandntegaa aflumeiannaan electrocardiography v HAumnatanis
naadauasuin Wi useandniiomla UsTomilumsitadilsnvas 3.3.3 uilunn
usienananlavtieiude 1 ity Ae

(1) Nﬁ\iLﬂLﬁﬂuLLﬂ“wum?LﬁﬂMm'ﬁu (atrial and ventricular hypertrophy)

(2) nmmuamhmamnm?mmLﬂﬂm (myocardial infraction)

(3) Walawiuliithudaomaz (arrhythmias)

(4) Lﬁaﬁuﬁﬂﬂﬁmﬂu (pericarditis)

(5) BsruavuMedIBLRTLaseTla

(6) waravsninmlntinla TnsansAdmaauasAdnay

(7) AanuidaUnAlunzusfRariaesdigalnsday uawzanuinnfives
TWunadey

AL 8.4.3. luvaduhawminiiy ﬁqu’lmuu_lumﬁuutmaTqﬂoﬂqﬂqwun%ﬂmh

1
o

nmﬂﬂ'mmimmommuuummmﬂnmum arrhythmiasunriau muuﬂ?iﬂ'nuwmmy

1aan1stutlime o lsavinlalumadihawinde mmsudacue arrhythmias

minfniifeasiala wazaRulWi i ladng

o . . . 4 o L oo X e
naunazid11adn wave form s lunniuhnasulwivin s idn g detrels iy
X

aeinels ReFRMUMANTILN A e s g s T lurdunduiienay asouy
3ﬂm°umm'lf~aw?ﬂumwﬂmqm?mv«nﬂ‘lmme\a%‘luﬂ_lw 2.3 i exploring electrode
‘hm:uwmwum?mﬂmﬂ (T]JVI 2.4) me,mmamﬂﬂﬂﬂuuﬂm‘lwﬁmanﬂuma\mq
indifferent electrde Anduvikie iALI9as Luawmun'1?mTﬂm‘bmwuﬂ,ﬁﬂm‘lsm
'nummjumn sinoatrial node uw-:"n?Vf-nﬂLsaﬂu']m'luﬁfnﬂ's:udwﬂLﬁﬂTmmqu 2 Lﬂﬂﬂu
Wuazuing Ty waveform wumumammm‘lsmuw sino - atrial node NeaWEY Yl

douuuﬁnﬂ



SVC = superior vena cava
IVC = interior vena cava

RA =right atrium

RV = right ventricle

AVN = atrioventricular node

BH = bundie of His

LA = left atrium

LV = left ventricle

endo = endocardium

epi = epicardium

SN = sinus node

LBB = left bundle branch
RBB = right bundle branch

o d oo L .
7N 2.3 mmusasszuusahaesilanFauiimanszans i ludedowsiney
gnAntiuiannisnszaaued Wi danmdndiang interventricular
septum gnnsesiuluiAmnaindrslinien ezl lunwsidagn

N3sUaNN endocardium el epicardium
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fluaundrdaufieyIng exploring electrode uaziilaruaumsalianlsurfuAniuudaas
NITANLNIANNILIATN sinoatral node TR atrioventricular nodAatjluuuafislunda
IHeia 74393 upward deflection £ p wave Aannifiandadatinnszaneadndidalngg
sndelienn  asvinWouaunisitenlaaduey luhavnaiinseenluannda - Aald
downward deflection (Q wave) ﬁaaﬁnﬁuWKQ?ﬁ;ﬂﬁﬁn’:‘:ﬂnamm'ﬁmmmum?tﬁﬂ RINN"Y
lueanlugmenan Ao luuunlunBidatn 3918 upward deflection 1l R wave &n
wpifiANga (LaNLRqmunn mszndsiievladaunuriiAamn T 9Rn i
10 Wendsdainszanedulinig posterior basal portionTaAUuUANAS n1aiaRUan s
wduuasiTanlsrduegluuuniinssenlandai13eld downword deflection
(s wave) amiiAadingnszuaunisilanldureanssiAa1Fif T wave
iefladnmmaanuuadiiiinseaiala dausing 1 & BRI Rmauan 33
Faury wifiandemantun) dildnanuuds Ae
(1) Bipolar fimb lead WhiARAaANThIMAY meaanisulAeniulastintae 144,
RstadTuwawe wisihauazandne 'lumiﬂuﬁnﬁuﬂmﬂufj'](gﬂ*?{ 2.5) tilafasnun
mowlAtuuasifadu i lead Il atiunswAsuuaefiiufinan BidaTnsadiandly
o4 wpusiudaleSuiiAlanlnaduann sino-atrial node  wn€ls  atrioventricular
node Aaglufirneesdidalnsauasinsandnisiniwfinaes tissue fluid Fah volume
conductor wilduabliuauinmmzBidalnem  otflnauazadulwinfildeie mmawdew
wlaatawzdouiag il uﬂnmnfvxm?i'u‘lwﬁﬂﬁqamgﬂmnmin?‘:f«nmifmﬂaL%j"'a'lm"mmﬂ
Mafin wave form ulead 8w uli udtaiilneRamunienszaisusamdderinluia
NN U
(2) Unipolar limb lead Tnaredidalnsadauitimaldithy exploring electrode A
Wsetn unzBndavisuths indifferent electrode HeldseruutuuazInimmRUIALH
A lead A GEnteth aVR, avLuazaVF tatAsinaulwinTiufindezazden
nd~14 bipolar limb lead wifidliazi@unwa
(3) Unipolar chest lead FRhuinnaasuadiiin Taeld exploring’
electrode 291 InALRn0se ela TegandETmdinen azlfnnsulfeulasl
Hraoailaifudou IndAsaiunaidnivalalenss Taeldsiadadn vi, vz, va, va,
V5, V6 MRS #au indifferent electrode fitduimen

MU unipolar limb lead
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Lead ]

10

+
ViR
Output
Reference
Lead IlI
>
1|
+
UrL
Qutput
Reference

o . a . .
UM 2.5 nmuaseniasiagnu8idATnaauwLL Bipolar limb lead

Output

Reference



(a) Lead aVR

Drm

Output

(c) Lead aVF

Urm

(b} Lead aVL

Qutput

- . = . .
sun 2.6 nuanaNaiaatBiiATRsALLL Unipolar limb lead
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V1 - At fourth intercostal space,
at right margin of sternum
V2 - At fourth intercostal space,
at left margin of sternum
V3 - Midway between sites of V2 and V4
V4 - At fifth intercostal space,
at midclavicular line
V5 - At same level as site of V4,
at anterior axillary line
V6 - At same level as site of V4,
at midaxillary line

9N 2.7 nwuaseniasieane8iialngm uuy Unipolar chest lead
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v P a a .
nmazialaiauRadn® (arrhythmias)
arrhythmias wunetie nMazivialadidamazniasiutalilditu normal sinus rhythm
. 4} ar - o ° ar
nornal sinus rhythm tuntaziinlawiulngd S{auazatiniduauazionssi 60
-

':’ [} - as < 1 :’/ 1 A
100 AFsiaunf lumisnusninafidnsifandnda 120 - 150 AXEaUNTAIARY 3.9.3. /WL P

- QRS - T complex Gy

nsuLiagiin
arrhythmias mqLnjq‘ldﬁ{']wma«nﬁm%mwﬁ’aﬁugmﬁLLmnaiNﬁu
(1) WNmNFUMNIIAA impulse
N. superaventricular arrhythmias
- SA node
- atrium
- AV junction, bundle of His
4. ventricular arrhythmias
- ventricular myocardium
- left or right bundle branch
(2) WNANNANHILZNITINA impulse
- regular arrhythmias

- irregular arrhythmias
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2.2 aantnsm (Electrode)
a g oo o v o d a@oa - -
A imsaiudiusznaund Aty atwniliueaarasdidansatind Nl4lunnng
Ud A o A - t q & 1| o i :’/ . U
wanel 1Ra s dan e N siasaneniszdssiadiaaiieses anhi fadunan
ThdidaTnsana3sanen (physiological electrode) usrelllunnnataieazldndn
- o ' =l
idnlnsnntinAen
dj Ly t o ' GJ -4 ]
masuasesiianisiasenielWinfia heidanseulnanaulancsmihwin we
nsuautaiilaEiadi naih Wi Aa sy Tnansufauulsalsza fruaslasaulne
] « o :’/ U U -3 o GJ tJ o
dulUmndidainglay sal orananaldidn Sidalmsaninminuasudngdiinlasstin
(ionic) WhiludndninaiaaTnsnila (electrotonic)
1 on GJ o
fidalnsnanautaifiiu 3 sfiamuminnimineu Ae
< =3 N . © Av
1) Bidalnsan1ea3sinen Wiy (Electrophysiolgic electrode) wrinidnlWHn
dil % 3 ar :’z ] ar ¥ =‘ﬂ' 5| kY
e NI IUAN NN T NIUYaNedEa T 1w Wals ndnuiide anes idulszam sty
< o o wd
2) BidAlnIanszsia (Simulating electrode ) mind Uassdtyoyindlwiiain
i ar ~r Ll d L A ar
e lugasadiloy inoqalszasd 2 Usznas Ae Tusunisdne ieanszsiuliedan:
g 7 vinuuasuidtade Ae Wusinsssfudmiuneasy (testing stimulus) BIAA-
nsnaiailliAsefifmummngeuninusidyuunseenuuuuazainniuing
ool
UszasAnsinannsld
TugTenew Bidatnsananil i lusunsaauuaznisAuadwindu saus I wa.
Q. o - ar [ J - [y o«
2490 AWENI I luneeatia Taaldnsssusnmdilon Ae uATesdiEaames
ponnlull w2502 Rl AifaTnsauuuienialu veaeseansssl INeAN
Fwmaziala (cardiac pacemaker) Tugilailaqiiu nsnszsiunaddialatiandilulunn
| o« o % - Ly v 4 4 4
1w BidaTnsaflaianszaunssimsilaanzvdenssundaitiaadoslunaiafeuin
] [ L3
2095 Ne (st
3) BidAlnsannaTaimil (Bichemical electrode) Bidalnsartiaiilddaninaeu
P , % oo o PP : v
wlasrevansiaiinnalusnne Tesldinnisinansaintiieaniiainsnisudaute

. ad o (A o p .
Faansiainegluinmalagmnsadenasionisdalasnin Ae Ay nsa - e (pH)

AUt gaendiauaifueulasentas uazBidninslayivine
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L= o &
nosJuasdianingm
AQ U g =3 o A t
Aidowihrewdiwlesswliirenlatau fulave axfldngIwiafiGunds Anelndi

didansauAnd Wi didunasnauumnsnassnTnisnssan lasswdn i ulanzuas
ca 4 -2 da 4 a v = S
aananntanzannatinatiulnefifureanlssqilowi munausiauda Ussqid 2 4u e
AT NP R A o '
Tuneg@aiulavciitszqotrmihdaiunegineanlufiszqnsad (Ui 2.3) Anewiing
X Y A a a
Aumhaelavzuaniien TitszlWivuey 2 $u e Ussanns 100 - 800 fadtas
- . : , ' o
dmiuBianTnaania enaGandnd half-cell potential Aneiwinuaswwlasldunnile
- 4 < o i vy « o~ « o & ' -1
Hauaziiew vize maadeuluadisssndasinednFasreslosoniulmi  naiui

. . < ] i a .J
(38N electrokinetie effect uazifluanvgnireanissunauiifinannisedauivm uasly

PUIRATY Y INUF
Silver Bar
==
___/-—\__"M_
Ag*
e | age ™ o= C17 aqe
cI-
Ag e Ag"' o Ag* o Ag" CI=
Ag*t cl- ci- Ag'
e~ ci- Ag* cI-

+ + -
] Ag o Ag ag? €17 aq
e’ | agt ci- c” ¢-)

1] 4 o kA
N 2.8 usssdoulsznavusznisnszanauedlaesui Feasai

huassfulleliqulans dussluansazaatuane lad

annsuanadng i loasunianudindusneiuussifiotunaneile Nemst

equation
E=-RT/NF In (C1F1/C2F2)

R = gas constant (8.315 x 10 ergs per mol per degree-kelvin)
T = gruuniiduysal (2eriAnaw)

N = uaudendleasu

F = Ainpssiavieiagl (96,500 AaanL)

C,C,= Avidinaslanay
v
. iy 3 4
F,F, = activity coefficient a8eleaauis 2 drawaudiath
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L % v v

Activity coeficient Tungiutiade sing 7 19y Uszaaslosawiommunluinauas
sreiznarzndnelanau

uagt C,F, ugviveslesauiinWhinadndlniia vee8i8aTnsm anaunisae
Nernst azuiulsidn AndiWiruesdidalngslddauiunden (og) 1aednmdounaslonny
v d Y oa ¥ . et .
aaednreationu luneidasaun  activity coefficient azfiAnIng 1 fad dnglW

o @ &£ -3 N V ar & o 9/ :,/
HhuesdidalnsndsTveyiurifantasdnmdoutesanudiuiages

[3 4 o - :: ar < aj o
saTnsan 1M aINHAaE e 1 Wunsiadngd Winuesdi§alnsaiifa

anfauthasslavsivgiaainslavimetal electrolyte interfaces)usididalnsmlunnedaiadl

ar :’/ 1 - A A : [= o ar (3
Huanyia 2 atia As stiaddiEiaueuuuuiomivelansriusiganslay

Tdanlqiadu (Polarization)
Wanlsirfuduruaunimitaanusseanssudia Alusluiidalngm  uasnis

4 @ J ) L4 1} o ."
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ECG938M " 8-Pin DIP See Fig. L97
Precision Op Amp

comp LN
- INPUT
+INPUT
v-
LM 308
ECG858M 8-Pin DIP See Fig. L98
ECGB58SM 8-Pin SOIC See Fig. L159

Oual Lo Noise JFET Input Op Amp

+Vee
OUTPUT
INV INPUT

NON-INV INPUT

LF 353
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1so02.cmos MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

PWDN

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote contro}

Personal computers

Telephone answering machine

March 1997

ISSUE 5§

Ordering Information.

MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
ampilifier, clock oscillator and latched three-state bus
interface.

vbb VS8S VRef INH ~
A I -
> Bias \
> Circui / VRef
Buffer
B I
Power Sias High Group I Digital Code
Filter Detection Converter L >
Algorithm and Latch Q2
IN+ -E,iﬁl, Zero Crossing
N - Filter Detectors > Q3
Low Group 1
s Filter _[r —&——b Q4
———Dgy——-» té’h?g > St Steering 4;
Clocks GT Logic
AN
0O8C1
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igure 2 - Pin Connections |

Pin Description

Pin#
18 | 20 Name Description
111 IN+ Non-Inverting Op-Amp (Input).
2 IN- inverting Op-Amp (Input).
3 GS Gain Select. Gives access to output of front end differential amplifier for connection of

feedback resistor.

4 | 4 Vret |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH  |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
i pin input is internally pulled down.

7 | 8 | OSC1 |Clock (Input).

9 | OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
) completes the internal oscillator circuit.
9 F10| Vgg |Ground (Input). OV typical.
10 [ 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-[12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14 | 15 last valid tone-pair received (see Tabie 1). When TOE is logic low, the data outputs are high
impedance.

15117 StD  |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
betow VTS(‘

16 | 18 ESt [|Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 | 19| SYGT [Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
. St causes the device to register the detected tone pair and update the output latch. A

voltage less than Vyg, frees the device to accept a new tone pair. The GT output acts to

reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 | 20 Vpp {Positive power supply (Input). +5V typical.

7, NC No Connection.
16

71



100=-LMILS

VI100/VWINVIT100/VUW™ 1]

Functional Description

The MT8870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signais.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

Voo

SVGT
ESt

Sth >

MTB870D/

) tara=(RONN{VoVrs)
MT8870D-1 ,g;;‘;(n )/n[lé’D’(VrgzrVrsd/

~ Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see "Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770 Hz

(dB)

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz
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condition is maintained (ESt remains high) for the
validation period (tgrp), Vo reaches the threshold
(V1st) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are
made availabie on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:
trec=tprtiGTP
Lip=lpatiGTa
The value of thp is a device parameter (see Figure
11) and tgree is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 yF is

tar={ReC IV oo/ (Voo Vrsi]
lera=(RCYIn(VppVrsd
Rp=(RAMR+R)

a) decreasing tqp; (tatp<teTa)

tere=(RC)InfVpo/Vop-Vrsd]

Voo O—;—_L l614=(REC HIN(Vpp/Vrs)

Rp=(RRMA+R)

Digit | TOE | INH | ESt Q, Q3 Q, Q

ANY L X H Z Y4 Z Y4
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0
A H H L
B H H L |undetected, the oulpul code

will remain the same as the
c H H L |previous detected code
D H H L
Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=H!IGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may .be used to
select independently the guard times for tone
present (tgrp) and tone absent (tigra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tpeg
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec  Wwith
a long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Difterential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vges) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vg
biasing the input at '/,Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator
1

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

MT8870D/
MT8870D-1

.

ifterential t Amplifier
Rittrential nput Amp
Ry=Ry=R5=100 kQ
Ry=60kQ), Ry=37.5 kQ
RoRg

R2+R5

All resistors are £1% lolerance.
All capacitors are £5% tolerance.

Rg=
.~ Rs

VOLTAGE GAIN (A, diff)= =2
1

INPUT IMPEDANCE

1 2
(@inoire) =2/ Ry2+ (T)c')

To OSC1 of next
T8870D/MT8870D-1

C=30 pF
X-tal=3.579545 MHz

7 - Oscillator Connection

igure
Parameter Unit Resonator

R1 Ohms 10.752

L1 mH 432

C1 pF 4984

co pF 37.915

Qm - 896.37

Af Yo 0.2%

Tablc 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 tarp=(RpC IV Vpp-Visd]

The circuit shown in Fig. 9 illustrates the use of -

MT8870D-1 device in a tgpical receiver system. BT torslFiCinVoo Vs
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Bp=(A1A MR 1+F2)
by choosing a suitable values of Ry and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component vaiues of Rz and C, are the guard time

requirements when the total component tolerance is Notes: )
o s Ry=368K Q + 1%

6%. For better performance, it is recommended to Ry=2.2M Q 1%

use the non-symmetric guard time circuit in Fig. 8. C=100nF + 5%

'—————0
o
N

MT8870D-1

IN+ LI VDD

SVYGT

ESt

INH
PWDN Q3
0SsC1 Q2
0SC2 Q1
Vss

i@

NOTES:

Ry =102KQ + 1%
Ro=715KQ+1%

Rg = 390KQ 1 %

C4,Co =100 nF 5%

Xy =3.579545 MHz £ 0.1%
Vpp = 5.0V 5%

CTTTTTT

75



S0%-CMOS WITOO/VUU/VIT00/UU-]

Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 Vv
2' | Vottage on any pin v, Vgs-03 | Vpp+0.3 v
3 | Current at any pin (other than supply) i 10 mA
4. | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mw

15 Exceeding these values m

ca
erate above 75 °C at 16 n% /°C. Al leads soldered 10 board.

use permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - voitages are with respect to ground (Vsg) unless otherwise stated.

Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 475 5.0 5.25 \
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.679545 MHz
4 | Crystal/Clock Freg.Tolerance Afe +0.1 %
+ Typical figures are at 25°C and are for design aid only: not guarantaed and not subject to production testing.

- DC Electrical Characteristics - vp=5.0v+ 5%, V5s=0V, -40°C < T, < +85°C, unless otherwise stated.

Characteristics Sym Min Typ*t Max Units Test Conditions
lSJ Standby supply current opa 10 25 MA  |PWDN=Vpp
P | Operating supply current Ipp 3.0 9.0 mA
3 t Power consumption Po 15 mW | fc=3.579545 MHz
Y
4 High level input Viy 35 V. |Vpp=5.0V
5 Low level input voltage ViL 15 V  |Vpp=b.0V
6 | , |Input leakage current e/l 0.1 A | V|y=Vsgsor Vpp
7 2 Pull up (source) current Iso 75 20 HA ;I'/OE~(pin 10)=0,
U pp=5.0V
8 g Pull down (sink) current g 15 45 HA | INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ @ 1KkHz
10 Steering threshold voltage Vgt 2.2 24 25 V  {Vpp=5.0V
11 Low level output voltage VoL Vgs+0.03| V  |Noload
12 8 High level output voltage Vou |Vpp-0.03 V  {Noload
13 | T | Output low (sink) current loL 1.0 25 mA |Voyr=04V
14 S Output high (source) current | oy 0.4 0.8 mA |Voyr=4.6V
15 g Vet Output voltage Viet 23 2.5 27 V' |Noload, Vpp = 5.0V
16 Vet OUtpUL resistance Ror 1 kQ

+ Typical figures are at 25°C and are for design aid only: not quaranteed and not subject to production testing.
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Operating Characteristics - vp;=5.0v+5%, Vgs=0V, -40°C < To < +85°C ,unless otherwise'stated.
Gain Setting Amplifier

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Input leakage current N 100 nA Vss<Vin<Vpp
2 Iinput resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mVv
4 | Power supply rejection PSRR | 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75V<V<4.25V biased
at Vper=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fo 0.30 MHz
8 | Output voltage swing Vo 4.0 Voo | Load 2100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) C 100 pF
10 | Resistive load (GS) Ry 50 kQ
11 | Common mode range Vem 25 Voo | No Load

MT8870D AC Electrical Characteristics - vp,=5.0v £5%, Vgg=0V, -40°C < Ty, < +85°G , using Test Circuit shown In

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*

; Z)a::i;i(i)rf\rétét r::)g&a;tl;esviglﬁ a(’t)aach -29 +1 dBm 1,2,3,56,9

L 275 869 | mVpus | 1.2,3,5,6,9
2 | Negative twist accept 8 © dB 2,369,112
3 | Positive twist accept 8 dB 2,3,6,9,12
4 F'requency deviation accept +1.5% £2 Hz 2359
5 | Frequency deviation reject +3.5% 2,359
6 | Third tone tolerance -16 dB 2,34,59,10
7 | Noise tolerance -12 dB 2,3,45,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

+ Typical figures are at 25 °C and are for design aid only: not guarantded and not subject fo production testing.
ypical lig Y- 9 )

*NOTES

WONOOALNS

11. Refarenced to the minimum valid accept teve!.
12. Guaranteed by design and characterization.

uency component in DTMF signal.

. dBmz= decibels above or below a refarence power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.
. Tone duration= 40 ms, tone pause= 40 ms,
Signal condition consists of nominal DTMF frequencies.

. Both tones in composite signal have an equal amplitude.
. Tong palir is deviated by 1.5 %+ 2 Hz.
. Bandwidth limited (3 kHz ) Gaussian noise.
. The precise dial tone frequencies are (350 Hz and 440 Hz) 12 %.
. For an error rate of better than 1 in 10,000.
10. Referenced to lowest level fre
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MT8870D-1 AC Electrical Characteristics - Vpp=5.0V15%, Vgg=0V, -40°C < T < +85°C , using Test Circult shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
4 | Valid input signal levels (each -31° +1 dBm '1"923';3% fg\éooi’-ov
tone of composite signal) 21.8 869 | mVaus 1€:3,2,0,
' ) ] -37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 193569
. 10.9 mVHMS T
' 3 | Negative twist accept dB 2,3,69,13
4 | Positive twist accept dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2,359
6 | Frequency deviation reject +3.5% 2359
L 7 | Third zone tolerance -18.5 dB 2,3,45,9,12
8 | Noise tolerance -12 dB 2,3,45,79,10
9 | Dial tone tolerance +22 dB 2,3,45,8,9,11
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a reference power of 1 mW info a 600 ohm load.
2. Digit scquence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in compasite signal have an equal amplitude.
8. Tone pair is deviated by 1.5 %+ 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.
9. For an error rate of better than 1 in 10,000.

10. Relarenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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AC Electrical Characteristics - vy=5.0v15%, Vgs=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min | Typ* | Max | Units | Conditions

| 1 Tone present detect time top 5 11 14 ms |Note 1

2 | T |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1

3 r\ia Tone duration accept trec 40 ms |Note 2

4 h'J Tone duration reject tREC 20 ms |Note 2

5 | G |Interdigit pause accept to 40 ms |Note 2

6 Interdigit pause reject too 20 ms {Note 2

7 Propagation delay (St to Q) tpq 8 11 us |TOE=Vpp

8 | 0 |Propagation delay (St to StD) tpsip 12 16 us |TOE=Vpp

9 # Output data set up (Q to StD) tasto 3.4 us | TOE=Vpp

10 E Propagation delay (TOE to Q ENABLE) | tprg 50 ns [load of 10 kQ,

e 50 pF
11 S Propagation delay (TOE to Q DISABLE)| tp1p 300 ns {load of 10 kQ,
50 pF

112 P [Power-up tims teu 30 ms |Note 3

13 VEI Power-down time tep 20 ms
r14 Crystal/clock frequency fc |3.5759 | 3.5795 | 3.5831 | MHz

15 E Clock input rise time t HeL 110 ns |Ext. clock

16 | 0 [Clock input fall time thicL 110 ns |Ext. clock

17 ﬁ Clock input duty cycle DCcL 40 50 60 % |Ext. clock

18 Capacitive load (0SC2) Co 30 pF

' Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

NOTES:
Used for guard-time calculation purposes only.
These, user adjustable parameters, are not device specifications., The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
With valid tone present at input, tpy; equals time from POWN going low until ESt going high.

MT8870D/MT8870D-1
—{] IN+ = Voo[ ¢
—{] IN- SYGT{ Rs
N —{] GS ESt
2 ] Vaa sto { —+——O
O {1 INH a0
O————{] PoWN as[+——0
E——E 0SC 1 R{F+—T—"0 NOTES:
X-tal “”__E 0SC 2 Q1 [t R4.R;=100KQ + 1%
Ves ToED] Ra=300KQ £ 1%
! O C1.Co=100 nF £ 5%

X-t8l=3.579545 MHz £ 0.1%
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EXPLANATION OF EVENTS

F)
Q)

TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANGE STATE.

TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin
ESt
SYGeT
’ Q1'Q4
SiD

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

4-BIT DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q,4 TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP GUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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Supply Voltage

Output Short Circuit to Ground
Output Short Circuit to Voo
Input Voltage

Operating Ambient Temperature Range
power Dissipation (Pp at 25°C)
and Thermal Resistance (6j4)

Absolute Maximum Ratings (ote 1): o
if ‘Milltary/Aerospace specitied devices are required, please contact the National Semiconduclor Sales Office/
pistributors for avallabllity and specifications.

LM131A/LM131 LM231A/LM231
40V 4nv
Continuous Continuous
Continuous Continuous
—0.2Vito +Vg ~0.2Vto +Vg
Tmin  Tmax Tuin - Tmax

—55°Cto +125°C

~25°Cto +85°C

LM331A/LMS31
40V

Continuous
Continuous
=0.2V1o +Vg
Tain  Tuax
0°Cto +70°C

(H Package) Pp 670 mW
9a 150°C/W
(N Package) Pp 1.25W 1.25W
Oia 100°C/W 100°C/W
(M Package)Pp 1.25W
64 85°C/W
Lead Temperature (Soldering, 10 sec.)
Dual-In-Ling Package (Plastic) 260°C 260°C 260°C
Metal Can Package (TO-5) 260°C
ESD Susceptibility (Note 4)
Metal Can Package (TO-5) 2000V
Other Packages 500V 500V
Electrical Characteristics Ta=25°C unless otherwise specified (Note 2)
Parameter Conditions Min -Typ Max Units
VFC Non-Linearity (Note 3) 4.5V £ Vg < 20V +0.003 +0.01 % Full-
Scale —
TN € Ta < Tmax +0.006 +£0.02 % Full-
Scale
VFC Non-Linearity Vs = 15V, { = 10 Hzto 11 kHz +0.024 +0.14 % Full-
In Circuit of Figure 1 Scale
Conversion Accuracy Scale Factor (Gain) VIN = —10V,Rg = 14k
LM131, LM131A, LM231, LM231A 0.95 1.00 1.05 kHz/V
'LM331, LM331A 0.90 1.00 1.10 kHz/V
1 Temperature Stability of Gain Tumin € Ta € Tmax, 4.5V < Vg < 20V
LM131/LM231/LM331 +30 +150 ppm/°C
LM131A/LM231A/LM331A 120 +50 ppm/°C
" Change of Gain with Vg 45VSVg < 10V 0.01 0.1 %IV
10V < Vg < 40V ! 0.006 0.06 %IV
Rated Full-Scale Frequency Vin = —10V 10.0 kHz
Gain Stability vs Time TmiIn € Ta < Tumax +0.02 % Full
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Frequency ViN = ~11V 10 %
©_INPUT COMPARATOR
Offset Voltage +3 110 mvV
¢ LM131/LM231/LM331 TMIN S Ta € Tumax 14 +14 mv
) LM131A/LM231A/LM331A Tpin < Ta < Tmax 13 +10 mv
Bias Current . ~80 -300 nA
Offset Current +8 100 nA
'_Common.Mode Range Twin S Ta € Thax -0.2 Vee-2.0 v
N A

|
i

FEEWT/VIEEWNT/LETWT/VIESH/LELINT/VLELIT



LMi31A/LM131/LM231A/LM231/LM331A/

-
Electrical Characteristics T,=25°C unless otherwise specified (Note 2) (Continued)
-Parameter | Conditlons I Min I Typ L f1ax Unltg
TIMER
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 X Vg
input Bias Current, Pin 5 Vg = 15V -
All Devices OV<Vpins < 9.9V +10 +100 nA
LM131/LM231/LM331 Vpins = 10V 200 1000 nA
LM131A/LM231A/LM331A Vpins = 10V 200 500 nA
VsaT PIN 5 (Reset) | = 5mA 0.22 0.5 v
CURRENT SOURCE (Pin 1)
Output Current Rg=14kN, VpN1=0
LM131, LM131A, LM231, LM231A 126 135 144 pA
LM331, LM331A 116 136 156 RA
Change with Voltage OVSVpy 1 <10V 0.2 1.0 | wA
Current Source OFF Leakage
LM131, LM131A 0.01 1.0 nA
LM231, LM231A, LM331, LM331A 0.02 10.0 nA
All Devices Ta=Tmax 2.0 50.0 nA
Operating Range of Current (Typical) (10 to 500) pA
REFERENCE VOLTAGE {Pin 2)
LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Voc
LM331, LM331A 1.70 1.89 2.08 Voc
Stability vs Temperature 160 ppm/*C
. Stability vs Time, 1000 Hours +0.1 %
LOGIC OUTPUT (Pin 3)
VgaT 1=5mA 0.15 0.50 v
1=3.2 mA (2 TTL Loads), Tuin < Ta S Tmax 0.10 0.40 v
OFF Leakage +0.05 1.0 pA
SUPPLY CURRENT .
LM131, LM131A, LM231, Vg=5V 20 3.0 4.0 mA
LM231A Vg =40V 25 4.0 6.0 mA
LM331, LM331A Vg=5V 1.5 3.0 6.0 mA
Vg=40V 2.0 4.0 8.0 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, DC and AC electricat spacifications do not apply when operating

the device beyond its specifiod oporating conditions.
Note 2: All spocitications apply in tho circult of Figure 3, with 4.0V . Vg . 40V, unloss othorwise notod

Nota 3: Nonfinaarity is defined as the deviation of igyr from Viy % (10 kHz/ =10 Ypc) when the circuit has been trimmed for zero error at 10 Hz and at 10 kHz,

ovor tha frequency range 1 Hz to 11 kHz, For the timing capacitor, Cr, use NPO ceramic, Teflon®, or polystyrene
Note 4; Human body model, 100 pF discharged through a 1.5 k1l resistor.
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Functional Block Diagram
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Pin numbers apply to 8-pin packages only. See connection diagram for LM231WM pin numbers.
FIGURE 1a

TUL/H/5680-2
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LM131A/LM131/LM231A/LM231/L563315/

Typical Performance Characteristics R
(Al electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.)
Nonlinearity Error, LM131 o T ’
Family, as Precislon V-to-F Nonlinearity Error, LM131 Nonlinéarity vs Power Supply
Converter (Figure 3) Family P Voltage
o 0028
s -
2 umn » 0.0
§ g SPEC LIMIT, b . 8.020
Z an " e € 00t e
> i Ps a, . Eeons
g 0 E Pg
2 . . <- <8 SPEC LIMIT )
z ald i ol £ om g L 3 Y
PR / 5 3 1
z . SPEC LIMI E = L1
= -8 ) 8.005 7
ET
;s 003 I
“ ¢ 2 ¢« ¢ v w0 o0 00001 0.001 001 81 t 10 100 fa%0 5 10 15 20 25 30 35 4
FREQUENCY. 1#r FREQUENCY, At POWER SUPPLY VOLTAGE, Vg
Frequency vs Temperature, Vrer vs Temperature,. Output Frequency vs
LM131A LM131A VsuppLY
10.08 I I 1420 T T
, gf 1928 20 .
10.04 .c% o6 1926 w8 <‘\.\‘;\‘ ]
£ 0 el N 1924 L e o
H Tt =
x g 1922 }—=—d £ as 7
¥ oo r % 1a0 ] g T ~ | Tvmcat
] T ‘ £ 1o ~ = s I
£ m"\"p*"——'qu 1918 -, E -1.0
i ",é'\' "%‘. - 1914 3 s =
‘ I 14 -0 T
1410
65 -2 o2 5 eazs SIS 26 S35 oI5 41250150 51018 20 2 \1\0 % a0
TEMPERATURE, *C TIMPLRATUAL, *C V!U"LV.V\
100 kHz Nonlinearity Error, Nonlinearity Error, LM131 Input Current (Pins 6, 7) vs
LM 131 Family (Figure 4) (Figure 1) Temperature
00
oD +0.04
® . 150
% an = w0 =
o w0 2 3
< « . — 100
S som £ & w001 r = N M
g ol s é * < Y g 5 e )
3 I-~ .
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204 004
¢ W s 0 80 0 120 L R Y N TR T) A8 .25 25 a5 w125 ets0
FREQUENCY, AHz FREQUENCY, kM2 TEMPERATURE, °C
Output Saturation Voltage vs Nonlinearity Error, Precision
Power Drain vs VgyppLy loyt (Pin 3) F-to-V Converter (Figure 6)
5 12 T
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LM131A/LM131/LMZ31A/LM231/LM33 1A/ L4321

Typical Applications (continued)
Fer best results, all the. components should.be stable low-
tainperature-coefficient components, such as metal-film re-
sistors. The capacitor should have low dielectric absorption;
depending on the temperature characteristics desired, NPO
curamic, polystyrene, Teflon or polypropylens are best
stited.
A capacitor Cyy is added from pin 7 to ground to act as a
fi.tor for Vin. A value of 0.01 uF to 0,1 puF will be adequate in
most cases; however, in cases where better filtering is re-
quired, a 1 uF capacitor can be used. When the RC time
censtants are matched at pin 6 and pin 7, & voltage step at
Vi will cause a step change in foyt. If Cin Is much less
than Ci, 4 step at Vin may cause foyt to stop momentarily.
A 470 resistor, in series with the 1 uF Cy, Is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a conven-
tional operational amplifier and feedback capacitor, Cg.
When the integrator's output crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

10k ¢ 10% 10k £10%* *

~

The average current fed into the op amp's summing point
(pin 2) Isi x (1.1 RCy) X f which is perfectly balanced with
—Vin/Rin. [n this circuit, the voltage ofiset of the LM131
input comparator does not affect the offset or accuracy of
tha V-to-F converter as it does in the stand-a:cna. V-to-F
cunverter; nor does the LM131 bias current sr oifsat cur-
rent. Instead, the offset voltage and offset cu-reid of the
operational amplmer are the only limits on haw small the
signal can be accurately converted. Since cp amps with
vollage: offset well below 1 mV and offset currents weli be.
low 2 nA are available at low cost, this circuit is recommend-
od for best accuracy for small signals. This circuit aiso re.
sponds Immediately to any change of inpUt sigral (which a
stand-alone circult does not) so that the output frequency
will be an accurate representation of Vi, as quickly as 2
output pulses’ spacing can be measured.

In the precision mode, excsllent linearity is obtained bae.
cause the current source (pin 1) is always at ground poten-
tial and that voltage does not vary with Vi of four. (In the
stand-alone'V-to-F converter, a major cause of non- -finearity
is the output impedance at pin 1 which causes | to c'\ange
as a function of Vin).

The circuit of Figure 4 operates in the same way as Figurs 3,
but with the necessary changes for high speed operation.

Vs

4 R
6.8k 11X

Ct
] 0o1uF*

¢ — h

v =
L LoGIC
3 fouy
7 10 kHz

1’k FULL.SCALE
Rs 1% ]
RHEOSTAT =
GAIN c i
- Adust 0.008 F
v Mot "}'““
-1V MWy 4 -
FULL SCALE ] our = N JBs U
200V AN ARG

™ 100k £ 10X

Vs
OPTIONAL

W T0 M —

" |
OFFSET ADJUST R -

TL/H/5680-5

*Use stable components with low temperature coefficients. See Typical Applications section.
**This resistor can be § kA-br 10 kil for Vg =68V to 22V, but must be 10 kil for Vg =4.5V to BY.
***Use low offset voltage and low oftsa! current op amps for Al; recommended types LM108, LM30BA, LF411A

FIGUHE 3. Standard Test Circuit and Applications Clrcult, Precision Voltage-to-Frequency Converter

B
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Typical Applications (continueq)

pETAILS OF OPERATION, FREQUENCY-TO-

yOLTAGE CONVERTERS (FIGURES 5 AND 6)

in these applications, a pulse input at fyy is differentiatad by
o C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1
is laveraGE = | X (LT RC) X f.

1n the simple circuit of FIGURE 5, this current is filtered in
the network R = 100 k&2 and 1 pF. The ripple will be less
than 10 mV peak, but the response will be slow, with a

0.1 second time constant, and settling of 0.7 second to
0.1% accuracy.

In the precision circuit, an operational amplifier provides a
buffered output and also acts as a 2-pole filter. The rizpls
will be less than 5 mV peak for all frequencies above 1 khz,
and the response time will be much quicker than in Figure 5.
However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filter
time-constants to get adequate response and small enough
ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast,
but F-to-V response can not.

tna002

vs

OPTIONAL
OFFSET ADJUST
206 TO 1M —

RTER

R
1 [RIIRR N

1]
001 uF*
wa | L

f lout

121w _J:_E Vuf 22

"

Your

Ay
S 100k

L
AAA

Rs

TL/H/5680-7

Vour = fiy X 2,09V X % x (RCy
S

*Use stable compononts with fow temperature coetficlents.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, +£0.06% Non-Linearlty
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1 i
Ll ikt ! FULL SCALE
Rg .
200 n"m ._L *Use stable components with low temperature coetficients
AojusT c-; mn See Typlcal Applications section.
':'v m:’:'m- -4 a0F **This resistor can be 5 ki or 10 k0 for Vg =8V to 22V,
1N =
<10V O~—AAA ]C but must be 10 ki) for Vg=4.5V lo BV.

***Use low offsat voltage and low offset current op amps for A1:
recommended types LF411A or LF356.

TL/H/5680-6

FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, +0.03% Non-Linearity
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Vour = =l % 208V X = X (RCY TUH/5680-8
(Vg - 2V)
mA
*Use stable componants with low lemperature cosfficlants.

SELECTRx =

FIGURE €. Precision Frequency-to-Yoltage Converter,
10 kHz Full-Scale with 2-Pole Filter, £0.01%
Non-Linearlty Maximum
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@nTrection Diagrams

Metal Can Package

CURNENT
auTrUT

COMPARATOR

o NPuT

Duai-In-Line Package

REFERENCE
CUNRENT

racavency. (1)
ouTPUT

(L]:]
TOP VIEW

TL/H/6680~-20
Note: Metal case is connected to pin 4 (GND.)

Order Number LM131H/883 or LM131AH/883
See NS Package Number H08C

CURRENT _ 1| - LI
ouTPUT $
REFERENCE _ 2 1 COMPARATOR
CUARLNT INPUT
FREQuENCY )] € tunesuoto
oUTPUT
4
GNO SR

TOP VIEW
TL/H/5680-21

Order Number LM231AN, LM231N, LM331AN,
or LM331N
‘See NS Package Number NOSE

Smatl-Outllne Package

Current N\
Output ™ 1 14 p=NC
Refarences _| |
Current 2 13N
NC=—3 121—NC
Frequenc
%ulpu{—' 4 " "‘:S
- | Comparator
GND=45 10 Jnput
NC—1 6 9}—NC
R/C=17 8 | Threshold
TL/H/5680-24
Top View
Order Number LM231WM

See NS Package Number M148
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Schematic Diagram
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|1.F353 Wide Bandwidth Dual ~
JEET Input Operational Amplifier

General Description

I° Thése devices are low cost, high speed, duél JFET input

'operational amplifiers with an internally trimmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
. LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
- of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
‘glew rate and wide bandwidth. The devices also exhibit low
noise and offset yoltage drift.

81.FET 11™™ Technology

Features - -

n Iritefnal|y timmed offset voltage T 1omv
m Low input bias current ’ 50pA
m Low input noise voltage 16nV/VHz
m Low input noise cufrent 0.01 pA/VHz
-m Wide gain bandwidth 4 MHz
m High slew rate = 13 V/u$
® Low supply current 3.6 mA
® High input impedance 10120
m Low total harmonic distortion Ay =10, <0.02%

RL= 10k, Vo=20Vp—p, BW=20 Hz-20kHz

A Low 1/f noise corner 50 Hz
| Fast settling time to 0.01% 2 uS

Typical Connection

A
A

Vie

had {1

Simplified Schematic

14, Dual

Vee O 2

INTEANALLY
TRIMMED

INTEANALLY
TRIMMED

~Vee O

Connection Diagrams

Top View

outruT R

N e
INVERTING INVERTING
INPUT A INFPUT B
NONANVERTING NONARVERTING
INPUT A o INPUT B
v
Order Number LF353H
+ See NS Package H08C
Top View
ouTPUT A~ u bv
M 2 7
IRVERTING INFUT A~ - t— OUTPUT S
onawveatn 3 = [ I )
IRPUT & INVERTING INPUT &
v ‘4 i § _ NONANVERTING
INPUT B
Order Number LF353N

See NS Package NOSE
: TU/H/5648-1

£5e47
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LF353

Lo

.

Absolute Maxmum Ratmgs

Supply Vol

Power Dnssxpatlon (Note 1)
Operatmg Temperature Range

T](MAX)

tage R

Differential Input Voltage

500 mW
0°Cto +70°C

18V

115°C
30V

v

DC Electncal Characterlstlcs (Note 4)

Input Voltage Range (Note 2)
Output Short Gircuit Duration .,
“Storage Temperature Range

. Lead Temp. (Soldenng, 10 seconds). e{

el ot

. Sym.bol Parameter Conditions LF353 -
. . P Min Typ Max
Vos Input Offset Voltage Rg= 10k, To=25°C 5 10
N . . Over Temperature 13
AVpg/AT Average TC of Input Offset Rg=10 k2 10
* Voltage
los Input Offset Current =25°C, (Notes 4, 5) 25 100
. S T]S70°C ' T4
Iy {input Bias Current Tj=25°C, (Notes 4, 5) 50 200
: Ti<70°C 8:
AN Input Resistance Tj=25°C 1012
AvoL Large Signal Voltage Gain Vg= 15V, Tp=25°C 25 100
' Vo=%10V,R =2kQ
Over Temperature 15
Vo Output Voltage Swing Vg= £ 15V, R_ = 10k} 12 +13.5
Veum Input Common-Mode Voltage Vg= %15V £11 +15
Range -12
CMRR Common-Mode Rejection Ratio Rs< 10kN2 70 100
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100
Is Supply Current 3.6 6.5
AC Electrical Characteristics (Note 4)
Symbol Parameter Conditions LF3S3
Min Typ Max
Amplifier to Amplifier Coupling Tao=25°C,{=1Hz~ —120
20kHz (Input Referred)
SR Slew Rate Vg= £ 15V, Tp=25°C 13
GBW Gain Bandwidth Product Vg= 115V, To=25°C 4
en Equivalent Input Noise Voltage Ta=25°€,Rg =100, 16 nv/JHz §
, 1= 1500Hz
in . Equivalent Input Noise Current”  [” Tj=25°C, f=1000Hz 0.01 pA/Fz
Note 1: For operating at el d s, the device must ba derated based on a thermal resistance of 160°C/W junction to ambient for the N package and

150°C/W Junction to ambient for the H package
Note 2: Unless otherwise spacified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: The powaer disslpation limit, howaver, cannot be exceeded.
Note 4: These specifications apply for Vg= £ 15V and 0°CsTas +70'C. Vos, Ig and logs are measured at Vep=0.
Note 5: The input bias currents are Junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited
production test time, the input blag currents measured are corralated to junction temperature, in normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+0ja Pp wheralj, is the thermal resistance from Junction to ambient. Use of a heat sink Is’
racommended If input bias current Is to be kept to a minimum,
Note 6: Supply voltage refection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice,

'
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POSITIVE COMMON MOOE INPUT

INPUT S1AS CURAENT tpa)

REGATIVE QUTPUT VOLTAGE SWIRG (V)

URITY GAIN BANDWIDTH (MH2}

VOLTAGE LIMIT (V)

TEMPERATURE ('C)

i lPerfbrmance Characteristics - - - -
Typl
! . Input Blas Current i _Input Blas Current
LT T T T 1 L e T
100 f-Vs* 15V - : - Fovem:o
Lo tars €t . y Fvse 1sv.~E _f—
. 4 £ 7
& /,1 S w W
- 2 7~
@ - &
5 =
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[ . 10 4
-0 -5 (] 1 10 o 10 20 3} 4 58 € TN
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—TTT 20 Y
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=
10 7 25 1 /
Ve 82 //
Nl ;g
B £ 5
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= 4
[} [}
[} 1 10 1% 20. 0 5 10 15 .20
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e Y
g 2 4
-2 ¢ 2 A
-5 '; E , //
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SUPPLY CURRENT {mA)
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OUTPUT VOLTAGE SWING (Vpp)
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.. Supply Current ~
[ e T -
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-8 '. - e R
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‘24
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15
e
N
\
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Output Voltage Swing
h1] T
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:1.F353

Typiqal_Performancé

6

LT,
Distortion vs Frequency

1 T ..
! Vgr :16V . -
S o I
sl LI :
g .
= 0128 Vg =20 Vpp]
g {
E a +
o Ay =10
G008
g [
6.050
i Av-u—-/
0.028 L
- 1o LA A
o =T
1 100 1 T 100k
FREQUENCY (H2)
Common-Mode Rejection
Ratio
= 10
: LRI T
- 1 l'
] " ~ Tps28¢C
N v
% . 0
2 v S
5,80 ™ B,
H | | AN
g wfp 't L E
E CMRR*20L0G —O3 + OPEN LOOP
S wl - ven
E VOLTAGE GAIN L l
N T I
0100k 10k 1008 W 1OM
FREQUENCY (Hz)
Open Loop Voltage Galn (V/V)
1
. ME =
£ ERen F——
2 Ta -0 CT0+25C]
x i
3
: ,‘,
2 // Tas20C
5 100K =
o
>
o
=3
o
S
H S
&
o
10K
s 10 15 0

SUPPLY VOLTAGE {-v]

OUTPUT VOLTAGE SWING (Vp-p)

g

POWER SUPPLY REJECTION RATIO {40)

OQUTPUT IMPEDANCE (1)

Characteristics (continued) -7, :;

1€ T e e ’
Undistorted Output.Voltage

= Swing .
30
V= 15V
N RL22k-
Ta=25C
Aye1"
» \<|xm1
10
0
10k 100k M
FREQUENCY (Hz)
Power Supply Rejection
Ratio '
10 1 T
Vge:1sv |
g Tan25°C
10 !
\\ l
1
N +SUPPLY
60 \\
N
]
-SuPPLY N
2 r }
] !
10100 1K 10k 100k 1M 1OM

Output Impedance
100

FREQUENCY {H1)

FREQUENCY (Hz)

QPEN LOOP VOLTAGE GAIN (4B)

.Open L30p Frequency i

\ )
: Response .. . '
120 'l
_\ B o] mpey f
« 100 - Vg isv
. \\ hetsc ||
L 1]
,\\ M i
&0 N

49 N
20 \

R AN

1710 100 1% 10x 100k VA 10M
FREQUENCY (Hz}

Equivalent Input Noise

" Voltage

o

E

£

-

o

«

= B
5 4
H

> B\
- !
4 !

E '.‘:i
5 =
E ‘,Li
H kS
= %
- #
-1 .
3 ¥
é A
g 10 1006
FREQUENCY (H:} f

"
K2

Inverter Settling Time

I AR
z tomy [/ ] Tan 25
g s U 1mv
H
E
-
§ 1oV
g 10mv NN -
N
g, \
at 1 10

SETTLING TIME (i1}
TL/H/5642-3
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e Response - -

TR S

{4 “small Sighaling inverting

1)

OUTPUT VOLTAGE SWIRG (50 my/oW)—

TIME (2 us/DIV)

-1

TL/H/5649-6

deti ] e iy,

OUTPUT VOLTAGE SWING {1V/DIV)

Application Hints

These devices are op amps with an internally trimmed input
offset voltage and JFET input devices (BI-FET ). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, targe differential input voltages can easily
be accommodated without a large increase in input ‘current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
 should be allowed to exceed the negative supply as this will
cause farge currents to flow which can result in a destroyed
unit,

Current Limit (R = 1000)

n <

ouUTPUT VOLTAGE SWING (50 mV/D1V)

TIME (0.2,15/01V) *

X N TL/H/5649-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING {5V/DIV)

TL/H/5649-7

TU/H/5649-8

Exceeding the negative common-mode fimit on either input
will cause a reversal of the phase to the output and force
the amplifier output to the corresponding high or low state.
Exceeding the negative common-mode limit on both inputs
will force the amplifier. output to a high state. In neither case
does a latch occur since raising the Input back within the
common-mode range again puts the input stage and thus
the amplifier in a norma! operating mode. '
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LF353

Application Hints (continueg), -

Exceedlng the positive common-mode llmlt on a single input
will not change the phase of the' output however, if both
inputs exceed the lrmrt *th output of the mpllr Ter wrll be

age equal to the posltrve supply; however;, the gain band-
width ahd slew rate may" be decreased In’ ‘this “condition.
When the negatlve common-rnode voltage swings to within
3V of the negatrve supplyf an |ncrease in input offset voltage

Each amplll' er rs indeually blased by a ‘zeher reference
which allows normal circuit ‘operation on +4V power sup-
plies. Supply voltages fess than, these may result in lower
gain bandwidth-and slew rate. -

The amplifiers will drive a 2 k2 load resistance to +10V
over the full temperature range of 0°C to +70°C. If the am-
piifier is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an.active current limit on
both posrtlve and negative swings. e
Precautions should be taken 1o énsure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through theresult-

o

Detailed Schematic

v,

e - ".'.'5’('\.',‘!""{.'

ing forward diode within the IC, could cause fusmg of“ :
lnternaI conductors and result ln a destroyed umt . i

As thh most 'amplll' ers. care should be taken ‘wl
dress, component placement and supply decothIln ' B
der to ensure stabrllty For'example. resls*orc from theb‘a ;
put to an lnput should be placed with the body close o K

A feedback pole is created when the feedbac-c ar0undJ
amplifiet is -resistive. The parallel resistance and capai B
tance from the input of the device’ (usually the rnvemngh B
put).to AC ground set the frequency of the pole. In '
instances the frequency of this pole is much greater !han k
the expected 3 dB frequency of the closed loop gain ang
consequently there is negligible effect on stability margm :
However if the feedback pole is less than approxlmatelys
times the expected 3dB lrequency a lead capacitor shouy
be placed from the output to the’ lnput ‘of the op amp. Thy §
value of the added capacitor should be such that the R
time constant of this capacitor and-the resistance jt parallgj §
is greater than or-equal to the ongmal feedback pole tm i
constant . ‘

Vee O - ) 4

an
RS
n

aie
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LF353

Typical Applications :(continued) - BEROBG it T
’ ‘- ++ . _-Improved CMRR instrumentation Amplifier ~ T e e
. . g - . . “ . .
{ N

SEPARATE
2R2
Ay~ (-—— + 1) Rs N
R1 R4 \\
/7’7 and -é.— are separate isolated grounds N\

Matching of R2's, R4’s and R5's control CMRR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB

& Very high input impedance
e Super high CMRR

Fourth Order Low Pass Butterworth Filter .

o Corner frequency (fc) =/ 1 - L AL S
Rl F}ZCC‘! 2n R1‘R2'CC1 2n .

Passband gain {Hg) = {1 + R4/R3) (1 + R4'/RY’}

First stage Q = 1.31

Second stage Q = 0.541

Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100
Offset nuiling necessary for accurate DC performance N

TL/H/5648-11
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Rhor, et . .
Lical Applications (Continued) .
S :::::; S " Fourth Order High Pass Butterworth Filter,l . & 75

D, s 8

A
roae 3
X

vV Sl s

Y AR Oy A BN
+ Comer trequency ) = \/Zieaes * 52 = VRIRZ'CE 2
+_Passband gain (Ho=(1+ R4/R3) (1 + R4/R’)
» Firststage Q = 1.91

o Second stage Q = 0.541
« Circuit shown uses closest 5% tolerance resistor values for a filter with a comer frequancy of 1 kHz and a passband gain of 10.

tels s .

Ohms to Volts Converter ,

Voyr*tv
FULL SCALE

TL/H/5649-13

. A
vg= Y
RLao0ER
Where RUAppER i8 the resistance from switch S1 pole to pin 7 of the LF353.

X R,
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