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ABSTRACT :

IN NOW , MOST ADVANCE TECHNOLOGY HELPS THE HUMAN
EVIDENT SEEING AROUND HIM BUT IN PHYSIOLOGY THE TOOL WHICH HELPS
LOOKING THAT IS ONLY BIOMEDICAL INSTRUMENTATION ,AS THE RESULT OF
TECHNOLOGY , THE ATTASHMENT OF THIS TECHNOLOGY IN FABRICATION AND
OPERATION IS FINNING ,HARD TO LEARN ,NO EXACTLY EXPERT ETC.

THIS PROJECT STARTED WITH REQUIREMENT TO REDUCE
THE GAP OF THESE LIMITATION BY 1) CREAT THE STEP PROCESS IN THAI
LANGUAGE , 2) OPERATE WITH ONE KEY PRESS , 3) DISPLAY IN WARNING
MESSAGE , 4) ON SCREEN DISPLAY WITH EEG WAVE PICTURE IN FINE
MEASUREMENT ETC.AND THE DATA IN MEASUREMENT CAN KEEP BY RECORDING
IN FLOPPY DISK TO EASY IN DOCTOR’S DIAGNOSIS . OF COURSE USER
MUST NOT BE THE DOCTOR BUT ONLY SHOULD STUDY AND KNOW ABOUT THAT
IN THE LESS FOR SAFTY IN OPERATION .

026884
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CUTANEOUS SENSATION

There are 5 basic skin scnsations — TOUCH, PRESSURE. PAIN. WARMTH
. and COLD. There is much controversy as to how these are registered. In
some aress they appear to be served by special nerve endings (sensory
receptors orend-crgans) in the SKIN. These end-organs are not uniformly
distributed over the whole body surface. (o Zeuch'endings'are very
rumerous in hands and feet bulsre much less fregueritintie skin of the

QS back,)

;“g:- 3 '~.~
t \

\h HAIRLESS patts.
- of the skin  (the palms

' ofthe hands &and soles
% . of the feet):

MEISSNER corpuscles
' register TOUCH. .

N KRAUSE bulbs
{function encertain)

N
RUFFINI endings

(function vAacertsin):

~PACINIAN corpuscles  [5X-24 surfaces of body
. 2 P VX
o | deep in dermis sre ~'"Nctwork of nerve
Branching nerve stimulated by L hrok toiiid SHAET

endings in epidermis PRESSURE. Gt HAIR registers
and dermis register - - sensations of TOUCH -

PAIN and probsbly . R when hair is moved.
other skin sensations. ¥

Tickling, itcking, softness, hardness, wetness are probably due to -
strmulstion of two or more of these specia/ endrngs end fo a blendingaf

the sensations rn the Brein.

Eﬂﬁ 2.1 waaRIRUGEN ruau-:zmn-‘fuﬁnﬁaa'\ﬁaag'



- TOUCH and PRESSURE PATHWAYS from
TRUNK and LIMBS - :

Touch and Pressure endings are linked by a chain of 3 Neurones with
the PARIETAL LOBES.

EEREBRAL CORTEX~— —=~~~~——Za ?

MEDULLA OBLONGATA —-=-= :
Cuneate -~ L~

ond Gracile N /
Nucler b
g The broccss of the I57

PPRINAL CORRN 2L Scnsory Neurone mby
‘"‘-‘ reach the Gracile or
Cuneate nucleus before
synapsm? with the 2%
Sensory Neurone.
Others may run up
several segmants of the
Spinal Cord before
synspsing or £ynapse
in their own segment
of the Cord.
The processcs of .
Sy B most of the 2%°
IST Sensory -Sensory Neurones
Veuronc cross the midline.

Ventre/ Spino- \\™
thalemc Jrect -7~

3 :
end Fressure
receptors /n skin

Eﬂﬁ 2.2 uﬁaeﬁqﬁuﬁﬁdqnssuﬂﬂszaﬂntﬁﬂéﬁﬂﬂq Tamiu lndhadia Ladiaan g9

ﬁausﬁﬂTﬂg CEREBRAL CORTEX ( Lﬂuaﬁtnqﬂﬁqnwilﬁa 3.3.9. fawsaiald )



PAIN and TEMPERATURE PATHWAYS from *
TRUNK and LIMBS

The nerve endings registering Pain and Warmth or Cold are linked by

a chain of 3 Nzurenes with final Receiving Centre — the sensory area in
the PARIETAL EO3ES of the CEREBRAL
CORTEX.

CEREBRAL CORTEX === —=-—e—mm e
(Higher Sensaory Cemtres)

Mea’/a/

242 Sensory
Neuvrcne

3¢ . PAIN snd TEMPERATURE

fibres runtogether in
~the lsters/ Spino-

> thal/smic Tract.

root ganglicn
ofspine/cord

Aﬁ‘ere’nt fibre
skwn of of /57 Sensory

e.Q. lrenk Nevrone

[Mastof the fibres
cross the mudline/

H a W < ) ) as
Eﬂﬁ 2.3 udawn1IFUTAIIML Inheuas Bl naquaﬁanﬂquﬂéﬁuaq

(tﬁuaﬁtuqnav 3.3.3. 0 lusarilasuazil SPIKE |



MOTOR PATHWAYS to TRUNK and LIMBS

The CONTROLLING CENTRES in the MOTOR CORTEX are linked by
2 Neurones with the EFFECTOR ORGANS — the VOLUNTARY MUSCLES.

PRECENTRAL GYRUS send out
messages which travel along
their nerve fibres in the

__~INTERNAL CAPSULE,
_.-MIDBRAIN,
_PONS,

v MEQUL. LA - where most of the

, fibres cross to the other side and
continue downwards in the
_LATERAL CORTICO-SPINAL TRACT.

.+ Some fibres remain uncrossed in
ANTERIOR CORTICO-SPINAL TRACT.

These UPPER MOTOR NEURONES
now synapse with cells in the
ANTERIOR HORN of the SPINAL
_CORD at various levels depending
7"on the muscles they are
e destined to supply-

The AXONS of these LOWER
MOTOR NEURONES travel in the

SPINAL nerves to the s|_<¢!etal
/‘ muscles of trunk snd limbs.

SPINAL
TRACT

ANTERIOR

: CORT/CO~ ----
_ SPINAL

“TRACT . B

: Note:- /n this way one side of the CEREBRAL

CORTEX controls activily of the muscles

on the OPPOSITE side of the body.

31!?1 2.4 uHANNTANNTEUALSTE M CEREBRAL CORTEX lURiueunanuidaana
1

= 3
Giunaaida 3.3, 3. lugnasindeiininasin sua)
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PATHWAYS and CENTRES for TASTE

The RECEPTORS for TASTE are linked bya chein of 3 Neurones with the
RECEIVING CENTRES for TASTE in the CEREBRAL CORTEX. 3

382 Sensory
MNeurcres

CEREBRAL CORTEX ~--——==—==-— e 43
(Higher Sensory Centres)

TP omusS ——g=wis 2

? a5
{Lower Scrisory Centres) 57 Leceriving

";‘_‘y‘ Centre
N m
Y . Psriets/
ay lobz

. & A
55 5
N

~

S~ 2¥P Sernsory
b Neurones
7/

PONTO-MEDULLARY JL{EICT‘ON

-

Fibres now cross
micling

LOWER MEDULLA «-—-4
CBLONGATA

/T~ Impulses from
one sige of thz torgue
poss o the 7aste enidre
/n the Porretsl lcte of
the opposite side of
the Cerebrum.

3 N
i Jongue \ /%7 Sensory
Nevrones

Tt 2.5 udalszAmIuia dﬂun1zuaﬂisawn1ﬂ§auaqdduﬂaﬂa

(tﬁuﬁwuuﬁaa1aﬂﬂauﬁ.§.5.naqauaqﬁnaanﬁqqﬂa111aauﬂﬁ1§u§1a)



Cz (vertex) | _
\ 20%
20% / _
Py 2%
N c. T-N_ N
20% A\ ,;p’\\/ry
I : H - !
e ! T, \\ C } Nasics
~j--C,"
o \,_______ ,)
- /
tnion \
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gﬂ'ﬁ 2.6 udavEwminnTraianInga lusemi 10-20 system
FP = PREFRONTAL ; F = FRONTAL ; C = CENTRAL ; P = PARIETAL
0 = OCCIPITAL
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¢pwv—qvwwMA&VﬁﬁvN“V¢WﬁAANN““/V . R
vy ,.WM\A\’ -VA.' Y /‘W&WMP

J

L

0 ! 2 3
TIME, sec

a)

by

gﬂ?; 2.7 a) udasidnTn i unnTindn 3.3.3. A, A’= AMPLIFIER ;
I = FRONTAL LEAD ; II = OCCIPITAL LEAD ; R = REFERENCE LEAD
'Tﬂsaﬁx&tnafiﬁqsfmﬁﬂ‘lﬁﬂgmﬁmn'nu?;zge 9emI79 LEAD I fiu R
LﬂaLﬁanﬁm?'m‘lmhasmw?ii’ﬂﬂ'h?;i‘mﬁﬂ\lﬁ 9+W319 LEAD II fiu R
b) udAIN1TiR EEG Taaanedia bindae ludwmisdnaeg

A = UNIPOLAR METHODE ; B = BIPOLAR METHODE
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\3an41 10-20 ELECTRODE PLACEMENT SYSTEM lasui@wvasniisaifia FRONTAL
POLE (FP) , FRONTAL {F) , CENTRAL (C) , PARIETAL (P) , TEMPORAL (T)
Wat OCCIPITAL (0 nnvindnimantiniu tussirdinthifinandudne AR
BASAL Wa® CEREBELLAR AREAS Tzﬂsﬁﬁﬂ%ﬂﬁﬁﬂﬁﬁquﬁﬂﬂﬂaﬂ (INION) Qnuﬂqaaﬂtﬁu
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v v 1 ! 1
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VI ¥4
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2 #funnsivFnaauatsdndsewinediinInte 2 SuinawiivdTeewia PIAL  SURFACE
o <o 4 o <o ) 4\ P oA g " ° I
RaunTiufnuuuiiag aga L untsiidinanua eindTewanea s 5o InTeismianaidee -
wia PIAL SURFACE fiu INDIFFERENT Wia REFERENCE #3a STABLE ELECTRODE 1
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l beta (>13Hz)—

I alfa (8-12Hz)
I theta (4—8Hz)

I delta (0-4Hz)

1sec. \ 100 uV
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il 2.8 udacAAUATMMMI NN 4 Tasusazeaurslia A Rl awns
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4 1 \ c Vol Y yu
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C4-FO
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(1) ﬂgunaaaﬁ nia¥wnsiaaan  (delta rhythm) ﬁaaawuﬁnaqwﬁu
ondiaandn 4 (Beed (1-3.5 1Bved)  emiin g Ywae Bisiuana  wlEludn
Wuwuﬂuﬂuwlwmnnwaqmu umxnmnuiuwaﬁﬁsvauuquﬁn (deep sleep) WAZa1ITWIUNNT
NwﬂﬂﬁﬁﬂﬂwunWuﬁuﬁaﬂ 9 1y midline thalamus aaﬂQTiﬂmﬂuﬂauﬁumuLnm1ﬁ1u5m3
fealaredreEaadinnd (iauandiu¥anad i nadaaninaaniid T Z AT LA AAR
fmngat e luaad s nnd 1 Tag LidwinnminenmasTareadae luanasdmang

Toada T ﬁuuﬁqmnaﬁﬂﬁutudﬁﬁﬁawumLﬁuﬁmdqunﬁuﬁuaawugﬁaqﬁuﬂguﬁ
uﬂ1ﬁunﬂauﬂtiﬂn1ﬂ fast activity uazﬂﬁuﬁﬁﬂqwuﬁﬁWL%aniw slow activity

2.3 ﬂqqanuua1unﬁ1tﬂﬁauuﬂaa1ﬂ1ﬁqannmsnacnauiuﬁﬂauaq
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£ v 1 léll&l.uQ ) 4 .
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! v 1 3 . r's r'd
(@) alpha blocking ﬂﬁﬂaﬂ?uﬁdiﬁmﬂuﬂﬂaﬁdﬁﬂzuaaﬂﬂﬁaﬁﬂﬂiLﬂﬂﬁ§
L] v )
Tz L eusewinennasiig (vaking state) Juwuiigningin 1§ 1 daifgnnedauriauaana
Lo < s A [} ) o Y. | o 6l vaes 9]
Fa319nnauazdalanasviuaniivgasline a1 lafiaw ﬂﬁaumﬂqzﬂﬂqﬁmQﬂﬁzquﬁﬁﬂﬂﬂi
¢ X o a4 & g X b 3 . IR
NAYL UL AR TuuN ﬂauuaawﬂnannuqsnﬂunuﬂTmaﬂauLan 9 ﬂ1ﬂunﬁ01uﬂuﬁtaua 184
ﬂauumﬂ Urngannadm Jandn alpha blocking Feaas et Tmanﬂini sifuleam
7u§uwaﬁum1aq (1 ®a9, aw, nadtuild) wia Tmﬂnﬂinﬁmﬂﬂqmﬁaaﬂnna1a@wuqxiaqqm
L2 ﬂﬁaquﬂﬁmwﬁnﬂqﬂmmﬁﬂami alpha blocking uaﬁﬂtiaﬂaﬂ desynchronization
..,uul 9 s . . . . 'S H
LWTEsLNE TN TR uuEauiu (synchronizing activity) 1891 TARUTEFINI
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Nernst equation

E = -RT ln CF,
NF C,F,
R = gas constant (8.315 x 10° ergs per mol per degree-kelvin)
T = aovpuduyTil (29d11AaTW)
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7l 4.5 iy IMPEDANCE Tewineuvavinauas INPUT 1aNI9aTnans
nJsud loop = 50 nv
10 Mohm + 100 Kohm

i
of

wreds Vv, T input mawsvasmanaviiu 4.5uv wia 99 % HiniTmandu
j 73 ]
n7gy Ramasihnna 1% w¥d input inmpedance yavTsuniaz 1N 10Mohm Aidlawwa

§ 74
Sw¥urzinnl A 22 Mohm Tuurensilh s sndwuionnadan 3a Tag

V' = S0 uv_x 22 Mohm

22 Mohm + 100 Kohm

50 uV x (99.54%)



qtuﬂ":fﬁ‘xﬁﬂﬁ contact impedance telectrode impedance’ A

k74 : - o ’ <@ 3

A77 90 Kohm it Hupnam¥uAnnieaToanaas’lnd 100 % 4A21 9136
input impedance N 22 Mohm Tazia R 22 Mohm 7 input 2892937B8187Y ground

1< -
o NN I +~
22M l L l
> Differential

amel ifier

<
L
1K =
o A + |
g S
<
L

7 4.6 112939189 INPUT IMPEDANCE

4.1.2 DIFFERENTIAL AMPLIFIER

R1 P
NN ¥ NN
-
Ao
+
R1 Ro

N - NN ]

‘3’1] 4.7 M7 SINGLE QUTPUYT DIFFERENTTIAL INPUT
Basuuaintihs  op-amp fluqﬂuﬂa Hay ﬂ'a'mt}i'mmu‘lugauﬂﬁ LIIRINTH

v
L HauaunT 18eath

Vo = Ro (V, - V)



. R ' o :
Differential amplifier (Tugﬂ 4.7) ATHAUTUDUR L HESFONNAUAIN
p 7 '
uenANNEay input V, waw v, 193Tiananan? i A TadnnuTunouni iasan
] . i ar oy
WiadgmeEay (V, uae V) gu 4.7 s1ﬂuaﬁaﬁuﬁqaﬁqanqmauumnaiu FANNNT
agngfonnumnaiin ¢ Fvanssemlitiiedme e (commonmode signal) Hn'¥
2937 differential amplifier #Ww e_  3wgni¥aly w76 mode am
< v w8 . < o <4
(e, Tugu 4.7 ) Azl vauioE  input mee op-amp ST dilau
a ¥ s [y v . a4 oy w 1
\fntulu op-amp 2 lireaaniiluTeii inputcomnon mode Fugaieiadtiagnitmig
IANUVANANEU TN nTidunadinnn  mode M (CMRR) wsuq1ﬁ7madﬁﬁuysﬁ

1aNdaTdueay differential @acommon mode gain

CMRR = Adm ( Wait, J.V. 1975 )

uazlumite dB  ( Meiksin, Z.H. wa Thackray, P.C. 1980 )
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(a) input impedance i 2R, 1 gain TNz Ry 31 Thisiasiian
Auazasm i impedance mawvavINgdapnmITduen  (low-level) Hav¥umae
(loading) un
a . y ) o o . o !
(by nnTU¥u gain Hevime awATalSul8ena Winter uar Webster WldadRy
Gl‘ 4" ar gy <t Qdug
NAANLLLILWARANTTRAAUNTADANLTIU common mode Twd 2 0o
p 74
1. common mode rejection ratio naqaqainawaqsﬂ%UUEQTnmnuTma
194 Ve (common mode voltage FuitnaudiiswTednilnduazuwiwie ac line)
nutas i thasedu interference

a¥ . T T ﬁmu
2. Ve umin1Iassull active uar passive NauN3EEN1IUURSL hULTIRN



interference nﬂiﬂizuﬂmdwﬁqﬂaquuuﬁquqqnﬁasﬁw157ma

- BTN IUDaNINATIANE

_ W electrode HH 3 unuu1qﬁussniﬂq§ﬂqauaaqaa1naﬂan§a

- ¥ ground LﬁuﬁaLﬂ?auLﬁauﬁazTﬁﬁuu1cﬁunaq1011ﬁﬁ1Qﬂaa

i dauddFEamiisime  Winter uar Webster HuudasdunnTde
gwnrane T lunTaanuiaea s TaiuTedy common  mode ﬁﬁwﬁqumausﬂﬁaqnWQﬂNTﬁ
(a1 TagnTda electrode Huft 3 ﬁéﬂ?ﬂuﬂﬂﬂ1ﬁLﬁﬂdﬁﬂ?ﬁuﬁﬁﬁ@nﬂﬂ TR
nwsaﬂaanaﬁﬂaﬂuﬁgqnaqngu interference 31nvaaa fluorescent

1937 Differential t313eMHivad M 321 Feiwtizanzalinuandiy
N9 input &z output , nIwUd drift ﬁﬁ s 5h1ﬁnﬁ1naﬁa§quaz CMRR gd(lzodB
a9 LM 121) gﬂﬁ 4.8 uday schematic diagram 789 93ITHAIAAIUANGN
(Linear applicatio hand book 2NS 1977)

Re

:
505

RS
aave
- el =
—— ;I——- -
R1

“"\""'35

L——-«/\/‘»m +
]
0

-

T 4.8 293TmATAwMY DIFFERENTIAL
A, ey loop e fugwnTailRmised  input AM793T  buffer amplifier
i funssudnas differential output 111 1 uasnn 8 tuafiudvaTnang A, 1T
mana A, ‘uRmnssua Thaasduasiifonnafitaname output ol Ree Ak
nw R, , R, uarx R, 3w set nimudmay A, usv¥u offset null R,
-~ W < . < & o U ar .
avffuinTinang  szlimidavt antiagasewieiaTinaTeanauae  null pot  dif-amp

ﬁu1sTﬂﬁﬁNﬁn1uﬂwsﬂﬁﬁu1qa1nawaﬁﬁaqn11Lnmﬁge uﬁiqnﬂ1ﬂaun5uqz1ﬁgﬂ1§1u A,



4=
[
Ne)

CMRR 3¢ WEWALNNT matching AMWMEAIUNTM N1TANRAIIRAINITAINL Ren T Tuna
LY 1 t
match AMWAWNUAUINAT  dif-amp Gl m\il.ﬁanﬁﬁ%z@na\m'\‘mmaﬁqryﬁm‘lunw

midnnuTunuAa 2937 dif-amp

RS

A
129K
= 1 1 ~
=, AZ = A4q O

B a

25K

7l 4.9 29971 1§93 39nay DIFFERENTIAL AMPLIFIER
'Jxrn‘lifxmwmm'lugu 4.9 1311 R, ddawatn 1% R, = R, = 2.5Kohm
waz short R, uar R, Testii@ennami¥u  offset uar gain usiTni¥u

U U v
of fset Taan17ra L dautuin LEE  Teacafuns i Wul GunianieinTnangnas A, tuagd

H U
fiu R, usz R, 1 thagiadianTsnang WpasinTnanafun Tous uﬁmﬁqgu 4.10 (NS

data book)

Difterential Yoitage Gain-

L vy - z1svil !
Lietoamu i

- H!l&h B

1=

4

7

T
)
n

DIFFERENTIAL VOLTAGE CAIN
3

= e

. M IEmassie
f i T
H S 0 W % o1 ™
SET CURRENT/SIOE LiA)

7l 4.10 Favmanmuas  anuduvasaaussuiu + 15 v

WRENTERATNITRA WU 1 laadun1T 4.1

I set(uA) = 600 (4.1)
R set (Kohm)
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?ﬂﬂ1€111u3ﬂ 4.9

I set = . 600 = 24 uA
25 Kohm

awnnsﬂwqugﬂ 4.10 NTEUAN  24UA  UAE Vs = +15 V dRTzansnad A, UTrunu 50

outrur ar

1
auTruY

nis
"

AT

27N

v

U 4.111ih SCHEMETIC DIAGEAM may OP-AMP Lua¥ LM 321

ATINUTEY A AasuLifimaiTedu input TwanaiihaTedu output
i collector(mas a wae q, Wyt 4.1 Hifunstlauiif dif-amp ca,)
afheWlBuTedu output \faa  unadmanmay A, war A, dwnTnd o liTea

(NS linear application handbook)

gain =  Rg + Ry

0.1 * Rset

u¥7 gain Toumas differential amplifier iih
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120 Xohm + 120 Kohm

gain

0.1 % 25 Kohm

12

100

” . ‘ ¢ . .
ihmvantae input ﬂﬂﬂﬁﬁlﬂmﬂﬁﬂﬂﬂﬂﬂﬂ1 polarization aavelectrode

(Heuningun, R.V.,1984) AwFunTLmig iy langRTeiuagaTnang polarization

lﬁuﬁﬂlﬂﬁqﬂuﬂ11ﬂ1u offset n output 2843970818, BATITRANT Swing WTIAU

<4 1 . v 1
out.put n39IITHANE u1ﬁﬂ1qthuau11?s saturatlonﬂﬂnﬁﬂtuqnﬂﬁuuQQQTnﬂﬂﬂ1n

' N " ar a -
a1u11nﬂs§tﬂmn§cuas input. impedance §ﬁ31H1Ulnﬂuﬂﬂﬂ1 coupling 1agaTa

b 74
TR Tau T vE dmaTani i leali2937 RC el 4.12

e

o

~C-P
zlectrode

‘nJ 4.12 UARINITATIAL TR POLARIZATION Taa CAPACITOR COUPLING
n19 saturate #¥a  overload aﬂﬁquLﬂﬂTﬂﬂﬂﬂTﬂ:sﬂﬂMSaﬂuq 1%
coupling 288 C 43z charge ag1st5uenT discharhe 784 C ny4 electrode

Vv 1
asfun  LwsEasiunna input aqﬂqa§1uanﬂqs saturate 1NiIAMWIUMAIINENIE

overload LiAsu

3l Ta L fan AR W@ 1ae wei  input offset W lw DC
amplifier fwawn1T highpass null off nﬂ111uﬁ1naﬂqmauﬁﬁnaq DC input
HasnNIINAURUANNNG ac nzﬁﬂ1sTaﬁﬁﬁu electrode N impedance §ﬂ S0 B9U TI6T

gu as 1 ) v ‘NIQGVJ - +
461 L B HIL TUNLL TIGAULARNNEY qu1ﬁﬂLﬁaaﬂuﬁ1naaﬂuuu1ﬂuanqznnnLﬂmuu Lnaag

Aevasnia input a4 dif-amp ﬁﬁgﬂ 4.13
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RG
AN ——
N
[a¥. S ? O
0 r :5’//’ <
§ R7

i 1 é\j e
T_W_H,

‘zﬂ 4.13 3937U5U AUTO ZERO BASE LINE Wa® OFFSET
IATEaL HeRzUTenay Wena  dif-amp  filoundu  Ta#9937 integrator
lunten 2 289 amplifier wT4éw DC @ input wANTWMALING 193N input
AN I MIENI9IT  high pass filter T4 time constant AWuR a8 R¥C
X Vo ) z [y l:' L) e 5
TunWQUQuaasnununﬂ111naq capacitor wasnizud bias mav integrator po-amp
$ 74 1
fa8 Tuaeaniia7 ¥ FET input po-amp T4H input impedance §9 nwud bias
drdamiuLasn R dﬂgq HATANLANMYaY  capacitor  LWaszaaNaniin’IMNTELAF

-

y H i) v
L9104 time constant N 1 AN 1Ran C @1 0.88 uF wia

R7 = I sec
0.68 uF
1.47 Mohm

197 R, @1 1.5 Mohm

ﬂﬂngﬂ 4.13 NITRALAUBNRINDINGY N3RS integrator d&MITRAMM
183naun1T (Meiksin, A.H. 1980)

v = 1 (4.2)
RC2 f

M (4.2) @M cutoff 1 0.22 Hz WRINT1TRausuavmIun output n1a

A, auy Ty high pass filter MA2MG cut off N 0.22 Hz (-3 dB) RIS

[ U z
nTU¥u  off set null win it nifnaninn  isolation amp iWwtulag VR
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4.1.3 DRIVEN GUARD

4‘! . o ] p ¥ 4 3 (v

vda dif-amp uunﬂﬁﬂQWEQQﬂﬁunaquzamunaqgﬂqaasgnLiandﬁu10ﬂu

v
common mode (Ve) #ihutsedu Ve fwntautavlagdvaTnanaifhudhnne interfering
differential lagdiawnTlii Ve HA@ Tosfat ¥y electrode #un 3
Vv

ﬁu@:ﬂ?a (Winter, 1983) electrodes #Hl "'l impedandce izmwgﬂ'}mms
ANRTEANEEAEL Y Ve AELEn  n1Tdanasy electrode lnaaTeiWatlauiiuRen biawnnT
el 2 LVGIQ

1) H12937 Liuandungsuat wan e electrode §M 3 Ml Aaiuaina

2) AnTaamaNy  electrode 1ﬂaaﬁ1ﬂzﬁ11ﬁﬂdﬁuﬁﬂunﬁu§0 100 Kohm
1swiﬂq§ﬂ18uas common

a d' ﬂ‘ J ar

common WarWwanTEmuamsn il electrode Hun 3 iatFaufiune’s

driven guard a2vInanui laipniieiu  Tagsaaua  asTnuzasAINA N

pa9  electrode Tasmiiovansq  Trdiunavazaay lvaTmasnTsudim electrode

’
af

N3
3u 4.14  LRANRMUTENALUNANINRT driven guard R, uax R, JuLaad

L) 1 i + L% ar H o
uwaunmg: electrode?lumnmxa?\'xi Yc A‘3 (1N317878) AL TEasiiauiiu

afuNTelectrode 1 3

T - +
22M [_ o T E -
“ < N -
__; ;— + /
. g e LA DiffF—amme
o + M
o~ i e
=2+ :/
< R=
—?L — V=
R4 -
o &' as

hdad ol e

?.’l.l 4.14 39397 DRIVEN GUARD
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gain AN A (@) = R,
R, // R,
= 2R, / R,
Yo = -G % V¢

) o U . .

a8 FRT1duANeUN LAY inverting amp
L huarnudunwdniianeud

L Fuaanudinun1u electrode

437 equivalent uﬂﬂﬂﬁﬁgﬂ 4.15

ReZ2 2 Ro/2
NN GV aVe [T
~ o
N R1IA/R2
4 T2 R3
' av¥ave
Td 2= R4 | Y /):
NS = (= =
N Tl Vo \\'t
] v Fls v
Ve \\T V Ch Idz << Idt )
SOH= |

.|||[

3“ 4.15 12937 BQUIVELENT 184 GUARD SYSTEM

R_, Wa¥ R_, ummdwimunm electrode

1 2

cb  undan C 184919n08

Vo @ = Ve - id (R, + R (4.3)

ve =  Re % id, (4.4)

f Re = (R, +R_, ) (4.5)
(G+1)

AUANT  (4.5) WEANIMN G >> 1 u¥an 1 Tan AR WINRRR Re
' 1 i £ 3 . v
war Ve umt111nawuﬁsn set. A, ﬁtﬂmngqgw1ﬁsaﬁqqasqz oscillate 1qasiﬁ1§

%
1znuua=uamqqu3ﬂ 4.16
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gain AN A_ = 200K % 2

Differential

amel ifier

Ve

Ri=R2=20
RA=10K

T 4.16 29379 MNavI9’T DRIVEN GUARD AMPLIFTER

ar

R, Wlunsiniia nisuaivasiy  electrode  mwfiannist wiwbiuduiimasinia

w3 Taa Zener diolde N1 +3 V -

4.1.4 DETECIOR R773M I INANAATANAE

i1 electrode Ligwiauwheifuwlieiihmima¥i  inpedance mav
electrode gﬁtﬁu1ﬂuazﬂ§uﬁaeugréﬁ§q 1937 lead fault detector udaviiiu
schematic diagram ﬁczﬂﬁ 4.17 wanfauiay A waz A HitinTiudsy
\fiswmin  window nTsud threshold wntaufulaa’lf VR, uaz VR, Tamund
v, wln¥eudifh  uiedmaonane mae output maw buffer amplifier Heaw
utwuseiulas R, uas R, V, qsgﬂﬁﬂTﬁﬁdﬂquﬂa A, FsdaraTmanauwy
driven guard electrode u¥aflauiird  input  mavavaTiuFamFau A,
uaz A, Hllniaflewatanay  electrode wxiildive ussi  input comparator
ganiﬂw?aﬁﬂndﬁu1eﬁu threshold (+ 5 V) &% input WINAI WU

threshold output 783 A, il v oiduidaiulu i input  GIng IR
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threshold output 189 A, avithe v wiall  guard electrode ananiawaT®

furzaaUtEangn W ln 11 IRARUFIAUNTA TRMNNETNIT  AAURAAUNTARY

foe |
WOt DS
U S

v/ fims |

Eﬂ 4.17 MNI71a8 LEAD FAULT DETECTOR
- X o . ' 3 v 4 '
(AetullnnA  output a9 dif-amp  ad N lsfenEnminasaseRudasunTnisuanndn
WTe  bound (6N lag VR, N 2.5 V) output 284 A, aviih v Tavea¥1enas
937 19718937 comparator(IM 339) Buithwun open collector éiiin
1778WNTAAE output M A, , A, uaz A, LEv@giu He function

8

. s 1 . 8
NavuaTay A, , A, uar A ERNUN input N9 3 sfm AND gate truth

table 7184 function NWRAYHINANY




A, A A, Y=A_ALA,
L L L L
L L H L
L H L . L
L H H L
H L L L
H L H L
H H L L
H H H H

< P
L @& -V , H a8 GND
A

v
#1919 4.2 1 ius1919na9 FUNCTION fiammanas A, , A, , A,

2701, X . .o
AMNATTIN 4.2 §1 comparator ¥ output iiu V- u&9 function fuvue
» 1
setlow VT #0e output  teedaunduliiiin optoisolator udlavdmantewaie
lunnna L faudie

V] -1 q s it 9wt [
‘lumﬂqmmana%huﬁtﬂmxwma'\aixm'm'l'mmmﬂmﬂ‘lumﬂum\ﬂum set,

fanu  output wuﬂ13ﬁq§qszﬁu§@naqqqﬂ1 modulation qqavﬁauﬁmuTugﬂ 4.18

. . < as 4 ’ <@
?stﬁmmu noninverting amp NEINATAUILLAMMTLNEING 1 09 20

o

1K

pS
=

3‘1] 4.18 37 ADJUSTABLE GAIN AMPLIFIER



4.1.5 ISOLATION
At andiasan GND  3a9edTRanEdstiniuAfau andunnaEumay
an o v [y ' as a. ) ] u
19 3vanihugiae’ld opto 1 Thuinasionnaeinu luiisaauandnnadumdswmunnseas in
mafuTasate  nTawinuinnu thanmazunaan Tﬂaﬁammﬁmﬁiqﬁ
+1(5v§ o

rR2a >

=

etresmsemsmsoonas

;m?n 4.19 7937 ISOLATION

Fnanauidasanztawaint 3fiasll opTo  deiuiduiu - Taass 1A

A NWULAARDA WITUFA ST

@y ey
R19 <
1.8k < ; L
!:’:K e AN
IeuT > = j-“ < CAITION
; R25
i

313?1 4.20 7935 ISOLATE OF LEAD FAULT DETECTOR



YHIATITdNY NOLIVIOST Lttt TZ ¢ UL




+~-20

4.2 anenandannaundy ( FILTER )

Wit 1 e ndungg y98aaninnT FILTER (andpne taue

uitasduaanun Tagfid w1 Ha9ATNAT 51daan T
1. #pnw EEG faawadae 0-20 H_ (-3 dB)
2. dpe aadn arwdidae 0-4 H_ (-3 dB)
3. S Lnaein fawdidae 4-8 H_ (-3 dB)
. o dadn farwiigae 8-13 H_ (-3 dB)

. Hgw i Faaawuiidae 13-30 H, (-3 dB)

4.2.1 A1TAANLINNNAT ACTIVE FILTER

ANNTTRENNNTAINEL Tt et 17 TeRas i FILTER 1 ¥wndas
WN1TNT89AINAREENN1T 1937 FILTER  iaeaanuuui3as e ORDER 4 *° #aw
Tislawatedu Tunasiianan (-0 dB) Tagi17az1#2937mu0a ORDER 4 ° wuy LOW

PASS FILTER Waz HIGH PASS FILTER ﬁﬁgﬂ 4.22

T 4.22 WHAN293T LPF, HPF

=3 1 B
WANNITEUMMNAY R URE  C  1a9NaTREaY BunainntT dans
4‘1 U P [ k7] < o LM
L HANAINNNTHIAT R uay C awﬂﬂWsﬂwuqmasqqaﬁﬂumnﬂqﬁaﬁnﬂ1Lﬁﬂmqﬁwqasanwia
0 P 4 s
AL 5Tu Tﬂﬂmqiﬂﬁiﬁuﬂﬁﬁﬂﬂuﬁaﬂ MANUL OF ACTIVE FILTER DESIGN (uay JOHN
L ) ‘:.ﬁ) ’ as 1
L. HILBURN AND DAVID E. JOHNSON) GiilIunaumianéi



ks B R—

K PARAMETER

FN1THNAT R UAE C 18NINAT

5.

AWuaa CUTOFF uay GAIN 7ay FILTER

1daR1519MAY K PARAMETER  Fwae l§ananidandn C

1l 1861 K PARAMETER u¥1 13anan1namidn R Tasidana u
GAIN WA ORDER HHavn1T

\iaLAananTeen R Taeny liudn 1ﬁ§ﬂﬁﬂﬁzﬂiﬂﬂlﬁuﬂ11ﬂ A1 K
wag R (qﬂﬁd)

i1 luneaas

#7879 A1 R waz C 23T LPF 0-8 H_

1. AWua3a CUTOFF 4 H_ GAIN 4 nuu 4 “" ORDER

2. WA1 K 461719 4.3 fianaud CUTOFF - 8H_ Taa'lildn ¢ 1rinfiu

0.47 F (Awmeiaw) e K tiafy 26

102 1ox g . —r e
9 - - b 44 —r 1 o el
~— '(‘ X ‘A' ‘ol - Y Y e ? V({!'
ST PR » w " 0\\ 1
4 :
A b WEESE O VEET 1 1 WO
s = - Xlo) SEH
ST S N O g TEo
» RN R = : ¥ 0. 3 -
Saes: ? P S
N 4 T I I O et !~01
1 TOTIE 5y ‘ﬁ/ n T
3 et — NN O s
T 2 = : o T/t
== = PN S Mo =
; : s SEEEE
. N + ‘-3' +
ia v 3 ) o — £
- Za T " N O St I
1 P
&
10 10 : - ) O N
9 T e g v = - ,ge = { = -
L 3l “ L <
" 1 A Ty Nt
2 ! s 198 FRTH WS Q =
] 3 £ 1 T T INT
s : = : I = H
S 0 == '
4 ~— 100 g 7
% Al. ‘] "/O =
i NG GHENO. 7
Y
A\ HE — :
x;oé L
2 - e A
T
T
A
h
|
1= L
2 3 4 5 6 7 8910 2 3 £ 8 .8 1% 910
2
l Nl T 10

CUTOFF FREQUENCY, i(Hz)

X oarameter versus frequency.

a1 4.3
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Fourth-order low-pass Butterworth filter.

P
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170K
= 200K

R4

-

R3

33K

R2 =

Rl = 54 K

R8

R7,

R6 = 75K

RS = 22 K
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Y ' as [V P~ -3
dodlaldidn R uaw ¢ nndmen Fin limeaay Bay 3NNTIMARANEIRY

HavtiBmutiaedn R unedia Widiaatmsimnsau

guﬁ 4.23 1435 LOW PASS FILTER 0-8Hz

1 k74
Tagt 373967 R,C 284 FILTER 1AM FaamdFnnT7 ananoum e

1935 FILTER ﬁqzuﬁ 4.24
él‘ ] as ﬂ‘ t [v3 Qg - v q. i3 U
avanninnTUfuL URaudn R unedia i FILTER S9fin 1 GAIN irwua 1

anrar L lamatae i St eiineiineaTiidy GAIN navudasta9n21E Wit nnfiu Teavad

lunna A/D

4.2.2 ANTaanuuL 93T NOTCH FILTER

\Havannael S0Hz W 1iedIn  POWER LINE & wasnt¥awnrunou
qﬂn1&naq;1ﬁ Sathil T1398a90aNUINNNAT  NOTCH FILTER W 50Hz iian¥adhnn
50Hz ﬁuﬁiﬂﬂduﬂﬁﬂuﬂiﬂm?aTﬁLﬂﬁﬂﬁﬂﬂﬁﬁ@ Tzt 5132187997  NOTCH FILTER ﬁgn

$RAUINIIININRT TWIN-T iﬁﬁ§m1n11nwdﬂ R,C éiail

f, = 1 (4.6)

211 BR 6 )
it R, = 2R, (4.7)
waz c, = C,/2 (4.8)

Ry R1 l:z"
ITEEUT Y al? —— <P ]
I
R2
c1 c1
(._

gﬂﬁ 4.25 UW&ANIN3T NOTCH FILTER
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.1“

1M 4.24 uda9N’T FILTER ThwuA



133 50 Hz

f
L9t Ran R = 680 Kohm
'l R = 340 Kohm
INNFAWITN(4.6) C = 1
eflf, R,
= 0.0047 uF

C = 2C

2 . 1

= 0.0098 uF

Lﬁaﬂﬂﬂﬂliﬂﬁﬂﬁﬂﬂ?ﬁﬁ Q a9y NOTCH FILTER Tﬁgquqﬂq L 973 1 HOP-AMP

1 v [
Vi luEn 1 6 cWaU¥uen Q maq10ﬂ11ﬁ§qnu 197N 4,26

itpe
E
)
P
3

1B oK
G
R3 1458
< 38K
c3

R
.||

ifft 4.26 M3 TR T
3ﬂﬁ 4.27 WHAANTNANTAAINIT NOTCH FILTER tH1243% FILTER #adu
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AM 4.27 ANRTUIAR0E
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4.3 AAWYRININNAMAL INTERFACE  (CONVERTOR AND INTERFACE)
4.3.1 dnanlaed e ANALOG TO DIGITAL (A/D)
| TRl T1esudawal CoMPUTER 18 asdiavuiimudhnna £5G Fifh

azwnaan 13 fhednaat denaulag 1935 A/D ﬁauﬁazgmﬁqauqs nagmﬁqﬁﬁm A/D Aawn
<4 -1
Tagiiss Landvil
1. FLASH A/D CONVERTER
MﬁﬂnﬁsaéﬂQdﬁaﬁqﬂmaﬂﬂﬂﬁLuﬁauﬁhgnmasuﬁaaﬂLﬁuaamaauunﬁuﬂu WHA
ﬁﬁgﬂﬁ 4.28 HivuSawfay 3 & aaludneusmnuiie 68 UNUE AL LN TIEUANN
A Yo ¢ o 5 $as ¥ a as ] as
TeOUE9R Y TaﬂﬁﬁumﬂﬂuwamumﬁqaﬁmqLﬂ?auLﬁﬂunq 3 $n HedaTanies i Tedis

X ] Ve ) s b=y { [
g19dianvaedian infuduTsdugedanasipduyati tuasunaand 13

P &7 AR e

- ¢ w4 < IOWJIWGI
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National
Semiconductor
Corporation

LM221/LM321/L.LM321A Precision Preamplifiers

General Description

The LM121 series are precision preamplifiers designed to
operate with generel purpose operational amplifiers to dras-
tically decrease dc errors. Drift, bias current, common mode
and supply rejection are more than a factor of 50 better than
standard op amps alone. Further, the added dc gain of the
L.M121 decreases the closed loop gain efror.

The LM121 series operates with supply voltages from £3V
to 120V and has sutficient supply rejection to operate from
unregulated supplies. The operating current is programma-
ble from § pA to 200 pA so bias current, offset cutrent, gain
and noise can be optimized for the particular application
while still reafizing very low drift. Super-gain transistors are
used for the input stage so input error currents are lower
than conventional amplifiers at the same operating current.
Further, the initial offset voitage is easily nulled to zero.

The extremely tow drift of the LM121 will improve accuracy
on almost any precision dc circuit For example, instrumen-

Jtation amplifier, strain gauge amplifiers and thermocouple

amplifiers now using choppar amplifiers can be made with

the LM121. The full differential input and high common-
mode rejection are another advantage over choppers. For
applications where low bias current is more important than
drift, the operating current can be reduced 1o low values.
High operating currents can be used for low voltage noise
with low source resistance. The programmable operating
current of the LM121 aliows tailoring the input characteris-
Bes to match those of specialized op amps.

The LM221 is specified over a ~25°C to + 85°C range and
the LM321 over a 0°C to +70°C temperature range.

Features

B Guaranteed drift of LM321A—0.2 uV/°C

8 Guaranteed drift of LM221 series—1 pV/*C

@& Offset voltage fess than 0.4 mV

® Bias current less than 10 nA at 10 pA operating current
= CMRR 126 dB minimum

B 120 dB supply rejection

u Easily nulled offset voltage

Typical Applications

15V

RN
10k

Thermocouple Amplifier with Cold Junction Compensation

RS RS
. t o 365k 996k
z: —AN AN
50 pf
LM113 R0 J l
+15Y l l
{7
1 2™
= 4
] QUTPUT
LA 110 mv/ )
]
CHROMEL. Rt R2
ALUMEL S0k f3° 25 50 oF 100 pF

10k

I T

'5_01 for 2.96V atoutpufwith LM113
shored. Output shoukd equal ambi-
-1s5v ent Wmoersture &t 10 mv/ K,

TAGJst for output reedng N °C. 1 H/T780-1

VICENT/IZENT/IZZAN




LM221/LM321/LM321A

—
Absolute Maximum Ratings
Supply Vottage 120V Operating Temperature Range
Power Dissipation (Note 1) 500 mwW LM321A 0°Cto +70°C
Ditferential Input Voitage (Notes 2 and 3) +15V Storage Temperature Range ~65'Cto +150°C
Input Voltage (Note 3) +15V Lead Temperature (Soldering, 10 sec.) 300°C
ESD rating to be determined.
Electrical Characteristics (ote 4) LM321a
LM321A
Parameter Conditions Units
Min Typ Max
input Offset Voltage Ta = 25°C, 6.4k < Rger < 70k 0.2 0.4 mv
Input Offsat Current Ta = 25°C,
Rser = 70k 0.3 0.5 nA
Rger = 6.4k 5 nA
Input Bias Current Ta = 25°C,
RAger = 70k 5 15 nA
Rget = 6.4k 50 150 nA
Input Resistance Ta = 25°C,
RseT = 70k 2 8 MO
Rger = 6.4k 0.2 MO
Supply Current Ta = 25°C, Rget = 70k 08 2.2 mA
Input Otfset Voltage 6.4k < RgeT < 70k 0.5 0.65 mv
Input Bias Current Rger = 70k 18 25 nA
RseT = 6.4k 150 250 nA
input Offset Current Rger = 70k Q.5 1 nA
Rser = 6.4k 10 nA
Input Offset Current Drift RseT = 70k 3 pA/"C
Average Temperature R < 2000, 6.4k < RggT < 70k
Coefficient of Input Offset Ofiset Voltage Nulled
Voitage 0.07 0.2 pvIrCc
Long Term Stability 3 pViyr
Supply Current 1 3.5 mA
Input Voltage Range Vg = 115V, (Note 5)
RgeT = 70k 113 v
Rger = 6.4k +7,—13 v
Common-Mode Rejection Rsgr = 70k 126 140 dB
Ratio Rser = 6.4k 120 130 d8
Supply Voltage Rejection Rger = 70k 118 126 d8
Ratio RgeT = 6.4k 114 120 dB
Voltage Gain Ta = 25°C, RgeT = 70k,
Ry > 3MN 12 20 \'7a%
Noise ] RseT = 70k, Asounce = © 8 nv/fHz
Note 1: The maximum pnction temperature of the LM321A is 85°C. For operating at elevaled temperature, devices in teh TO-S§ package must be derated based on
a therrnal resistance o 150°C/W, juncti iont, or 45°C/W, ju 10 case. For the flat package. the darating is based ona therfhai resistance of 185" C/W
when mountad on & 4 inch thick epoxy glass board with ten, 0.03 inch wide, 2 cunce copper conducions. The thermal resistance of the dualin-line package is
100°C/W junchon to ammbient, .
Note Z The inputs are shunted with back-to-back diodes in series with a S00N resstor for overvoliage protection. Therefore, excessive current will flow i 8
Criferential iInput voltage in excess of 1V is apphed between the inputs,
Note 3: For supply vocages less than 2 15V, the absoluts maximum input voltage i equal 10 the suoply voitage. A
Nots 4: These spechicadons apoty tor 25 < Vg £ 220V and —55°C < Ta < + 125°C, uriess otherwise specrhed. Wih the LM221A, however all temperature
" specifications sre hmited 15 ~25°C 2 Ta < +85°C, and for the LM321A the specificabons spply over 8 0°C 1o + 70°C ternperuture range.
Note 5: Extamal precsion ressstor —0.1%— can be placed from pes 1 and 8 B 7 increase positve common-mode range.




Absolute Maximum hatings

If Military/Aerospace apecified devices are required, Operating Temperature Range
contact the National Semiconductor Sales Office/ LM221 —-25°Cto +85°C
Distributors for availability and specifications. LM321, LM321A 0*Cto +70°C
Supply Voitage +20V Storage Temperature Range -65°Cto +150°C
Power Dissipation (Note 1) 500 mW Lead Temperature (Soldering, 10 sec.) 260°C
Ditferential Input Voltage (Notes 2 and 3) + 15V ESD rating to be determined.
Input Voltage (Note 3) 15V
Electrical Characteristics (Note 4) tM221, LM321
Parameter Conditions Lu221 Lu321 Units
Min Typ | Max Min Typ | Max
input Offset Voitage Ta = 25°C, 6.4k < Rger < 70k 0.7 1.5 mV
Input Offset Current Ta = 25°C,
Reer = 70k 1 2 nA
RgeT = 6.4k 10 20 nA
Input Bias Current Ta = 25°C,
RgeT = 70k . 10 18 nA
Rger = 6.4k 100 180 nA
Input Resistance Ta = 25°C,
AgeT = 70k 4 2 M0
RseT = 6.4k 0.4 0.2 MO
Supply Current Ta = 25°C.Rget = 70k 15 22 mA
Input Offset Voltage 6.4k < Rgpr < 70k 1.0 2.5 mV
Input Bias Current Rggr = 70k 30 28 nA
Rggr = 6.4k 300 280 nA
Input Offset Current RgeT = 70k 3 4 nA
RsgT = 6.4k 30 40 nA
tnput Offset Current Drift RggT = 70k 3 3 pA/*C
Average Temperature Ag < 2000, 6.4k < Rgey < 70k
Cosfficient of Input Oftset Voltage Nulled 1 1 pVvIrCc
Offset Voltage
Long Term Stability 5 5 uVviyr
Supply Current 25 3.5 mA
Input Voitage Range Vs = 115V, {(Note 5)
RseT = 70k +13 £13 v
Ager = 6.4k +7, —13 +7,—13 v
Common-Mode Rejection | Rger = 70k 120 114 dB
Ratio RgeT = 6.4k 114 114 dB
Supply Volitage Rejection | Rget = 70k 120 114 dB
Ratio Rger = 6.4k 114 114 d8
Voltage Gain Ta = 25°C, RggT = 70K,
RL>3MQ 16 12 ViV
Noise RseT = 70k, Rsource = 0 8 ~ 8" nv/JHz

Note 1: The

L~ o of the LM221 = 100°C. The

e of the LM221 is 85°C. For operating at elevated

juncton funcbon
termperalure, devices in the TO-5 package must be derated basad on a therma! resiszg~cs of 150°C/W, juncton 10 ambiant, or 45°C/W, junction 10 case. For the
fiat package, the derating s basad on & thermal resistance of 165° C/W when mountad on a Y inch thick epaxy glass board with ten, 0.03 inch wide, 2 ounce
copper conductors. The thermal resistance of the dua-n-kne package is 100°C/W junction to ambient.
Note 22 The nputs are shunted with back-to-back diodes in series with a 5001 resistor for overvoliage protect Th
criterantal input voltage in excess cf 1V is apphed batween the mputs.
Note 3: For supply voitages less than = 15V, the absokste maximum input voltags is eaua' to the supply voltage.
Hote &: Thess specifications apply for 5 S Vg < 220V and =55°C < Ty < +125°C, unless othermsa specified. With the LM221, however all temperatre
specthcabons are lrmied to —25°C < Ty < +85°C, and for the LM321 the specificatons apply over a 0°C to + 70°C temparstse range.
Note 5: External precision resistor —0.1%— can be placed from pins 1 and 8 10 7 Incresse positive common-mode range.

arem will flow i a
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LM221/LM321/LM321A
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Frequency Compensation Ry
UNIVERSAL COMPENSATION Table 1 shows typical vaiuves for the two compensating e.?'é
The additional gain of the LM321 preamplifier when used pacitors for various gains and operating cusents. ¥
with an operational amplifier usually necessitates additional TABLE1
frequency compensation. When the ciosed loop gain of the
op amp with the LM321 is less than the gain of the LM321 Closed
alone, more compensation is needed. The worst case sitia- Current Set Resistor
tion is when there is 100% feedback—such as a voltage Loop
follower or integrator—and the gain of the LM321 is high, Gain 120k | 60k | 30k | 12kN :
When high closed loop gains are used—ior example Ay = -
1000—and only an addition gai of 200 s inserted by the A . o ’23;’ 257: fgg
LM321, the frequency compensation of the op amp will usu- v
ally suffice. Ay = 10 10 15 27 €8 \‘
. . . Ay = 50 1 5 15 27 i~
The frequency compensation shown here is designed o op- E
erate with any unity-gain stabie op amp. Figure 7 shows the Ay = 100 - 1 3 5 ~10 ~z
basic configuration of frequency stabilizing network. In oper- Ay = 500 - - 1 1
ation the output of the LM321 is rendered single ended by a Ay = 1000 - - - - -
0.01 pF bypass capacitor to ground. Overalt frequency com- . . &
pensation then is achieved by an integrating capacitor s ta}:le apphes for the LM108, LM101A, LM741, LM118,
around the on sme. CapacﬂanaeusmpF.
B8 t uni 12 DESIGN EQUATIONS FOR THE LM321 SERIES - o
andwidth at unity-gain & ———— - 1.2 % -
2mRgerC Gain Ay = 12 x 108
for 0.5 MHz bandwidth C = ——a— Fser
o ~ 10%Rser Nuli Pot Value should be 10% of Rggr
For use with higher frequency op amps such as the LM118 \ = 2 X 0,65V s
the bandwidth may be increased to about 2 MHz. perting Current RseT
If the closad ain is greater than unity, “C” be .65V X
decreased m.bop o p. ma Positive Common-Mode Limit = V+ — [ 0.6 — 0——2—5—0“—] -
: SET
c 4 o
108 Acy Rser ‘
ALTERNATE COMPENSATION
The two compensation capacitors can be made equal for -
improved power supply rejection. In this case the formula for —
the compensation capscitor is:
Glah s N
108 Acy Reet
Typical Applications
A 2 7
INFUT —AAA,
LM321A
3
5 3
R1
- 50k R3
- % 10
*Offset adprst, ) T

1Ses table for frequency compensation.

o— V™

TU/HITTE9-2

FIGURE 1. Low Dritt Op Amp Using the LM321A as 2 Preamp




Typical Applications (continued)
Galn of 1000 instrumentation Ampilfier:

RS
»
[ B33

AAA
AAA 4

eyt . LM321A e QUTPUT

: *Ottast adjust

us 1Gain tim
L ct Betier than 1% Ineartty for nput sig-
= dad nals up to 210 MV gain stabikty typi-

cal +2% from —55 1o +125°C.
Match of RS and RG sifect power

TL/HTTeR-3

3
. >t 1
12x
AAA
VWA~
?
eyt z
W32A
3
P T
12 2%
113
i ‘Banowndth = 10 MHz
7 Stew Rate = 40 V/us
Y TUH/TT80—4
Medium Speed* General Purpose Amplifier
v
v
L
2
mPyTS WAz ouTRUT . .
3
+
T E T
%
»

>____..T *Bandwndth = 3.5 MHz
Stew Rate = 1.1 V/us
T/MITTE9-5

.
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LM221/LM321/LM321A

Typical Applications (continued)
Increased COmmon-Mo&o Range at High Operating Currents

v v

¢

.

AAA
VYVV¥

A

v
2

.

INPUTS

? , \1 l:c'

]
3214 tme? suTeuT

Connection Diagram

“Match 10 0.1%
+Depends on close loop gaig

Metal Can Package

TUH/TTE-T

Top View

Note: P 4 comnectad o case.

Order Number LM221H, LM321H or LM321AH
See NS Package Number HO8C

Note: Outputs are invertng from the input of the same numbe.

TL/H/7789-8
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LM221/LM321/LM321A
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Typical Performance Characteristics
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Typical Performance Characteristics (continueq) N
-
~
¢ Common-Mode Limits v Output Common-Mode Voltage . Ditferential Voitage Gain E
R [T, s ¢ (T T " T 2
£ ] il ] R RIIm; g | 8
e = ;; Ta v -58°C = ! ! S~
i Te i I £t i L/ =
s M § « [ - DT | B
§ - I To s 12PC § = b 11 i x W : : s 2-;
H neFeRmED TR | i« L Yacoume 3 i ol pr
! -8 L—m"n[l'nln H gi | FERT ] T >
g R { 3 e T s i I
2 e 2 n_! "
- <Y, <on'e § 2 VE S Y - il s | by
v vl AN IR i g L
Tt W o Womem T 8w oW o momom % o5 0B owom
SEY CURRENT/SIDE LAY SET CORMAENTRI0L LA) TEMPERATUAL ( O
/ Common-Mode Rejection
Supply Current o Offset Voltage Adjustment Ratio
" — T 18
. a2 g ]
N vy J:w 1 \s Toeawe | : l g - I "': '::
. 1 -
i l l o L i I
= ey 2 8AMD s AT 4 . g w NS .
- -~ < H i o ] [Ty EY )
£ L i V=N L 3w \ .
. g o fur -l Z o1 A4 ;'ucm— 2 ""’"‘Q\
L Y] = 2 u . i J | g - I
¥ o = P H \
(Y] " ! :__l_}u_ !
@ ] H i S
pe i) ~1% % - 3 1% 1 12 1t LY 3 15 28 " i) "® AL "a
TEMPERATURL (0 Ror B2TW T2/M) FREGUENTY (W)
TUH/TT88-10




TTNTV ey

\,

LM108A/LM208A/LM308A
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National
Semiconductor
Corporation

LM108A/LM208A/LM308A Operational Amplifiers

General Description

The LM108/LM108A series are precision operational ampli-
fiers having specifications about a factor of ten better than
FET ampiifiers over their operating tamperature range. In
addition to iow input currents, these devices have extremely
low offset vottage, making it possible to eliminate offset ad-
justments, in most cases, and obtain performance ap-
proaching chopper stabilized amplifiers.

The devices opsrate with supply voltages from +2V to
%18V and have sutficient supply rejection to use unregulat-
ed supplies. Although the circuit is interchangeable with and
uses the same compensation as the LM101A. an alternate
compensation scheme can be used to make it particularty
insensitive to power supply noise and to make supply by-
pass capacitors unnecessary.

The iow current error of the LM108A series makes possible
many designs that are not practical with conventional ampli-
fiers. In fact, it operates from 10 MQ source resistances,

introducing less error than devices like the 709 with 10 k(]
sources. Integrators with drifts less than 500 uV/sec and
analog time delays in excess of one hour can be made us-
ing capacitors no larger than 1 pF.

The LM208A is identical to the LM108A, except that the
LM208A has its performance guaranteed over a —25°C to
+85"C temperature range, instead of —55°C to + 125'C.
The LM308A devices have slightly-relaxed specifications
and performances over a 0°C to + 70°C temperature range.

Features

® Offset voltage guaranteed less than 0.5 mV

B Maximum input bias current of 3.0 nA over ternperature
m Oftset current less than 400 PA over temperature

B Supply current of only 300 pA, even in saturation

B Guaranteed § pV/*C drift

Compensation Circuits

Standard Compensation Circuit
a1 A2
-V-
M ; S
Vi ’
1
R1Co
G2 RI+R2
[ Co = 30 pF
TUH/TTS9-1

**Bandwidth and siow rate are proportional to 1/C; .

Alternate* Frequency Compensation
R R2

100 pF
*Improves rejection of power supply I
noise by & tactor of ten. —

TL/H/ITTS9-2"
**Bandwirth and slew rale are proportional to 17GC.

Feedforward Compensation

[+4
§ oF

INPUT

3]
500 pf

ouTPUT

Ix

i
I~

TUH/TI59-3
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LM108A/LM208A Absolute Maximum Ratings

It Military/Aerospace specified devices are required, Storage Temperature Range —65Cto +150°C
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) (DIP) 260°C
Distributors for availability and specitications. . " .
(Note 5) Soldering lr:n ormation
Dual-in-Line Package
Supply Voltage Ta0v Soldering (10 sec.} 260°C
Power Dissipation (Note 1) 500 mW Small Outiine Package
Differential Input Current (Note 2) +10mA Vapor Phase (60 sec.) 215°C
Input Voltage (Note 3) +15V . ':'“"; (’g s:c‘) " Methods and Th ";";O'C
. . " n-450 “Surface Mounting Methods an eir Effect
Output Short-Circuit Duration . Indefinite on Product Reliability” for other methods of soldering sur-
Operating Free Air Tamperature Range ) face mount devices.
LM108A —-55°Cto +125°C o .
LM208A —25°C10 +85C ESD rating to be .detennmed.
Electrical Characteristics (Notes)
Parameter E g Conditions 1 7 Min Typ Max Units
Input Offset Voltage o Ty = 25°C 0.3 05 mv
Input Offset Current [ Tp=25C 0.05 0.2 nA
input Bias Current Ta = 25°C 0.8 2.0 nA
input Resistance Ta = 25°C 30 70 M
Supply Current Ta = 25°C 0.3 0.6 mA
Large Signal Voltage Gain TA = 25°C, Vg = =15V,
Vour = 10V, R_ = 10kA . S Vimv
Input Offset Voltage 1.0 mV
Average Temperature Coefficient .
of input Offset Voitags 10 50 Ve
. Input Offset Current 0.4 nA
Average Temperature Coefficient ] .
of Input Otfset Current - 25 pAI"C
input Bias Current 3.0 nA
Supply Current Ta = 125°C 0.15 0.4 mA
Large Signal Voltage Gain Vg = *15V,Voyt = 10V, 40 v/mv
RL 2 10kQ
QOutput Voltage Swing Vg = £15V,R = 10k +13 t14 \"
fnput Voltage Range Vg = 15V +13.5 v
Common Mode Rejection Ratio 96 110 dB
Supply Voitage Rejection Ratio 96 110 dB
Note 1: The ST g of the LMI0BA is 150°C, while that of the LM208A is 100°C. For cperating 8l elevaled temperatures, devices in lhe

TO-5 package must be dergied based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, juncbon to case. The thermal resrstance of the dualin.
fine package is 100°C/W, pancbon to ambiant.

Note zThe'routsnroMsdmmbaci-lo—buckdnodalorovofvonagewmw.exmowmwﬁmﬂnwmﬂhp\nvomgcmgxmso(
1V is applied between the nouts unless some limitng resistance is used.

Note 3: For supply voitages kess than # 15V, the absolute masmum input voltage i ecqual 10 the supply voltaga.

Nots 4: These specrications apply for SV £ Vg < 220V and —55°C < Tp S 125°C, unless otherwise specrfied With the LM208A, however, all temperatre
specrfications are kmutad 10 —25°C < Tp < 85°C. - -

Notas 5: Refer to RETS 108AX for LM108AH and LM108AJ-6 military specificatons.

V80EWT/VB0ZINT/VBOLINT
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LM108A/LM208A/LM308A

LM308A Absotute Maximum Ratings

—

LI
s

it Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) (DIP) 260°C
contact the National Semiconductor Sales Office/ Soldering Information :
Distributors for availability and specifications. Dual4n-Line Package i
Supply Voltage +18v Soldering (10 sec.) 260°C’
Power Dissipation (Note 1) 500 mW Small Qutline Package
Differential input Current (Note 2) +10mA apor oz':;‘sg’)s‘”" gg_‘g
_Input Voltags (Note 3) 15V See An-450 “Surface Mounting Methods and Their Effect
Output Short-Circuit Duration Indefinite on Product Reliability” for other methods of soldering sur.
Operating Temperature Range ' 0*Cto +70°C face mount devices.
Storage Temperature Range —65'C o +150°C ESD rating to be determined.
H-Package Lead Temperature
(Soldering, 10 sec.) 300°C
Electrical Characteristics (ote 4 ’
Parameter Conditions Min Typ Max Units - -
Input Offset Veltage Ta = 25C 0.3 0.5 mv
Input Otfset Cumrent Ta = 25C 0.2 1 nA ...
Input Bias Current Ta = 25C 1.5 7 nA
Input Resistance Ta = 25°C 10 40 MO - -
Supply Current Ta = 25°C,Vg = t 15V 0.3 0.8 mA ..
Large Signal Voltage Gain Ta = 25°C,Vg = +15V,
L Vour = £10V, Ry = 10kA 33 T V/imv
Input Offset Voltage Vg = £15V,Rg = 1000 0.73 mv
Average Temperature Cosfiicient Vs = +15V,Rg = 1000
of Input Offset Voltage 80 50 wVre
Input Offset Current } 1.5 nA
Average Temperatire Coefficient .
of Input Oftset Current 29 10 PAI'C
Input Bias Current 10 nA
Large Signal Voltage Gain Vg = 215V, Voyt = £10V,
RL 2 10k &0 Vimy
Output Voltage Swing Vs = £15V,Ry = 10k +13 14 v
Input Voltage Range Vg = 115V 14 v
Common Mode Rejection Ratio 96 110 dB
Supply Voltage Rejection Ratio 96 110 dB
Note 1: The maximum juncaon tempersture of the LM308A is 85°C. For porating at e d temp: , devices in the TO-5 kage must be besea
on a thermal resistance of 150°C/W, junction to = o 45°C/W, junclion to case. The ollfudml-m—lmpadugoiﬂwC/w.incﬁonlo
ambrent.

Nonzﬁwivmsuemmdwmu&-to-buckdodulaov«vomgeptmmMm,cmmmmmundﬂwwwhmd

lvbapﬂwmmmmmmwmtwﬁ
Note 3: For supply voltages less than :1w.mmmmw5nﬂhﬂnmm.
Note 4: Thess specifications apply for 5V < Vs < 215V and0°C < Ty < + 70°C, unisss otherwise specified.
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Typical Applications

Sampie and Hold

INPUT

tTeflon, polysthylene or polycarbonate disiectric capaciior. 30 pF
Worst case &'t lgss then 2.8 mV/sec,

High Speed Amplifier with Low Drift and Low Input Current
Ren Re

INPUT AN —G— T

150K

150K

OUTPUT

TUH/TTS8-5

V80EW1/V80ZINT/VBOL W
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Application Hints

A very low dritt amplifier poses some uncommon application
and testing problems. Many sources of emor can cause the
apparent circuit drift to be much higher than would be pre-
dicted.

Thermocouple effects caused by temperature gradient
across dissimilar metals are perhaps the worst offenders.
Only a few degrees gradient can cause hundreds of micro-
volits of error. The two places this shows up, generally, are
the package-to-printed circuit board interface and tempera-
ture gradients across resistors. Keeping package leads
short and the two input leads close together helps greatly.

Resistor choice as well as physical placement is important
for minimizing thermocouple effects. Carbon, oxide film and
some metal film resistors can cause large thermocouple er-
rors. Wirewound resistors of evanohm or manganin are best
since they only genarate about 2 . V/°C referenced to cop-
per. Of courss, keeping the resistor ends at the same tem-
perature is important. Generally, shieiding a low drift stage
electrically and thermally will vield good results.

Schematic Diagram

Resistors can cause other errors besides gradient generat-
ed voltages. If the gain setting resistors do not track with
temparature a gain error will result. For example, a gain of
1000 amplifier with a constant 10 mV input will have a 10V
output. if the resistors mistrack by 0.5% over the operating
temperature range, the emor at the output is 50 mV. Re-
ferred to input, this is a 50 uV error. All of the gain fixing
resistor should be the same material.

Testing low drift amplifiers is also difficult. Standard drift
testing téchnique such as heating the device in an oven and
having the leads available through a connector, thermo-
probe, or the soldering iron method—do not work. Thermal
gradients cause much greater errors than the amplifier drift,
Coupling microvolt signal through connectors is especially
bad since the temperature ditference across the connector
can be 50°C or more. The device under test along with the
gain setting resistor should be isothermal.

COMPENSATION COMPENSATION
- “d < N
s RS RS SRJ
20k 20K 10X S 10K &
a? a9 o1
a8 010
- o (S 13/1
: DAy
- —o—{m
Ry 027 b,
50K a2
e
T
INPUTS o 2 2% '
a1
~ 840
: » e
+ a2 R13
20¢
> R1 \n
o R2 6
— Pl
TR > A1z
820
029 3 P 624
R1s 1: R16
R19 50X R1? S 20x R1%
500 K .
- ‘v‘v‘f fv"v v V-

TUH/TT59-6

,l,*. bk
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Connection Diagrams

Metal Can Package
comr 2

NPUTS

£in 4 is connected o the case.
**Unued pin (no intemnal connaction) to allow for input ant-leakage guard
Order Number LM108AH, LM208AH or LM208AH
See NS Package Number HOBC

r
=
—hy
S
Dual-in-Line Package 2
=~
coMr -—11 L cowr2 §
(=4
®
NPuT ™ - . v 2
-
sl E
npuT* = L oUTPUT 8
P2
>
- uc
TUNITTS9-8
Top View
Order Number LM108AJ-8, LM208AJ-8, LM308AJ-8,
LM308AM or LM308AN

Sse NS Package Number JOSA, MOSA or NOSE
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ADC0808/ADC0B0BC/ADC0809C

ne

National
Semiconductor

ADC0808, ADC0809 8-Bit uP Compatxble A/D Converters

With 8- Channel Multlplexer

General Description -

. The ADC0808, ADC0809 data acquisition component is a

monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer ana microprocessor compati-
ble contro! logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-singie-ended analog signals.

The device eliminates the need for-external zero and-full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADCO0809 has bean optimized
by incorporating the most desirable aspacts of several A/D

-convaersion techniques. The ADC0808, ADC0809 offers high

speed, high accuracy, minimal temperature dependencae,
excelient long-term accuracy arg repeatability, and zon-
sumes minimal power. These fsatures make this device-
ideally suited to epplications frem process and machine
control to consumer and automolva agpi-cators. For 16-
channel multiplexer with common output (sample/hold port)

. 866 ADCO816 data sheet (See AN-247 for more informa-

Features

® Resolution—8-oits

8 Total unadjusted emor—+%, LSB and +1 LS8

¥ No missing codzss

u Conversion timas—100 uS- -

® Single supply—= Vpg

B Operates ratior--trically' or with 5 Vpc'or analog span
adjusted voltage reference

® 8-channel muit=lexer with latched control logic

® Easy interface to all microprocessors, or operates
“stand alone"

B Outputs meet TZL voitags level specifi eauons

B 0V to 5V analog nput voltage range with smgle 8V sup-
ply

& No zero or tull-szale adjust required .

B Standard hermebic or moided 28-pin DIP package Ll s,

.® Temperature rzrge -40°C to +85°C or ~55'C to"f

+125°C . .
W Low power corslmpon—i5 mw
B Latched TRI-STATE output

tion.)
Block Diagram
START  cuoek
r = ot e e wf o e e e
( Wit 7.
o EN0oF »
i | CONTROL & TiMING - T UNTERAGIT
1
G=== l l .
o | | !
$ ANALOG INPUTS — ANALGE | .
o—{ swrcnes AR, | )
o~ | ’ |
[ COMPARATOR | . —0
o | T —o -
| :uu‘ Lo
uTPUT 8T OUTPUTS
{ &1 I urer O
| 1 wereR 0
I l
)
. | SWITCH TREE |
Qs '
31T ADORESS < Qe ADDRESS L [
0 LATCH ] | i ;
ADDRESS o | AND |
DECODER
LATCH ENABLE 2568 RESISTOR LADDER 1 See Ordering
R Information
| !
| R | ¢
vu. m AER(s) REF- OUTIUT
ERABLE

TL/H/SET2-1

g

A




Absolute Maximum Ratings otes142) Operatihg Conditions (otes 182)

Sucoh Vattage (Voc) (Note 3) 6.5V Temperature Range (Note 1) TMINSTAS Tmax

Vo'z2e 2 Any Pin ~0.3Vto (Ve +0.3V) ADCO0808CJ ~55°C<TA< +125°C
Exeex Control Inputs . ADC0808CCJ, ADCOB08CCN,

Vo=aoe 2 Control inputs -0.3Vto +15V ° ADCO809CCN —40°C<TpA< +85'C
(STA=T, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Range of Vog (Note 1) . 4.5Vpct08.0Vpe

Sireo: Temperature Range —65°Cto +150°C ' .

Paxzze Dissipation at Tp=25'C 875 mW .

Le2= Tz-perature (Soldering, 10 seconds) 300°C . -
, :

~

Electrical Characteristics ,
Contvemar Specifications: Vocc=5 Vpc=Vagr+. VREF(—)=GND, TMINSTAS Tmax and forx=640 kHz unless otherwise
stz } A

Symbol Parameter Conditions Min Typ T Max Units
ADC0808 b )
Total Unadjusted Error 25°C % ’ 3 LSB
(Note 5) . Tmin 10 Tmax ! 2y, LSB
ADC0809 7
Total Unadjusted Emror 0*C to 70°C +1 LS8
(Note 5) Tain to Tmax g . 21Y, LSB
Input Resistance From Ref(+) to Ref(—) 1.0 25 ) kN
Anglog Input Voltags Rangs | (Now ) V(+)orV(—~) | GND—010 | - . | Voc+0.10 Voc
Voez iy - Voltage, Top of Ladder Measured at Ref(+1 vec | Veot0a4 v
Veezas = Vage(— 3 : -
Yes» “ VAEF(-) | yoitage, Center of Ladder ; Voo/201 | Veo/2 | Veg/2+404 |V
I3 > .
VEFI-y Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
I ‘Comparator Input Current fo== 640 kHz, (Note 6) -2 77| %05 2 pA

Electrical Characteristics -
Dg>a Lavels and DC Specitications: ADCO808CJ 4.5V<Vop<5.5V, —55°C<Ta<+125°C unless otherwise noted
2252600, ADCOBOBCCN, and ADCOS0SCCN 4.75 <Vec<5.25V, —40°C<TA< +85°C unless otherwiss noted :

Sepol |, Psrameter [ Conditions | Mn | Typ. | Max | Unis
ANALOG MULTIPLEXER '
B SV OFF Channel Leakage Current Veg= 5V, Vin=5V,
Tao=25'C 10 200 nA
I Twmin to Tmax ' 10 nA
‘ loFF ) OFF Channel Leakage Current Vee=5V, Vin=0, . :
TA=25C ’ ~200 -10 - nA
I T to Tmax : -1.0 pA
| CONTROL INPUTS
t Yinty Logical 1" Input Voltage Veg—15 . v
' Vingd) “Logical “0" Input Voltage . . 15 v
H 0
I thm Logical “1” Input Current Vin=15V 4w BA
! (The Controt inputs) :
T Logical “0" Input Current Vin=0 -10 pA
l {The Control inputs)
lee Supply Current foLk =640 kHz 03 3.0 mA
= :
-

7608070V /9808020V/80800aY
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Electrical Characteristics (continue) :
Digital Levels and DC Specifications: ADCO808CJ 4.5V<Vcgo<5.5V, ~55°C<Ta< +125°C unless otherwise rumi
ADCO808CCJ, ADCO808CCN, 2nd ADCCS09CCN 4.75 S Vop<5.25V, —~40°GSTa< +85°C unless otherwise noted

ADC0808/ADC0808C/ADC0809C

symbol | Parameter | conditions Min | Typ | -Max | . U
DATA QUTPUTS AND EOC (INTERRUPT) '
Vout1y Logical “1" Ousput Volage lo= —360 uA Veg~04 b
Vour(o) Logical “0" Owput Vollage lo=1.6 mA 045 ‘s
VouTio) Logical 0" Crut Voltage EOC lo=1.2mA 0.45 0
lout TRI-STATE Cuuput Current " Vp=5V 3 | e
Vo=0 -3 !
e
Electrical Characteristics - : - . .
Timing Specifications Veg = 'v'agF(~) =5V, VReF(-)=GND, == 20 ns and T4 =25°C unless otherwise noted.
Symbol‘ Parameter Conditions Min Typ Max Unt
tws Minimum Start Puise Width (Figure 5) "100 200 .
tWALE . Minimum ALE Puisa Width (Figure 5) ! 100 200 14 ;
ty Minimum Address Set-Up Tire (Figure 5) 25 50 r
th Minimum Address Hold Tima (Figure 5) 25 50 ri
o AnglogMUX Delzy Time | Rg=0n (Figure5) - 1 | 25 o
From ALE ’ . .
.40 | OE Control to Q Logic State Cy = 50 pF, Ry = 10k (Figure 8) 125 250 "
timlow | OE Controlto Hi-Z C_= 10 pF, A = 10k (Figure 8) 125 250 M
te Conversion Time {o= 640 kHz, (Figure 5) (Note 7) - 80 100 116 ,.i
fe Clock Frequency “10 | 40 | 1280 ke
teoc EOC Delay Time (Figure 5) A 0 d - 8+2uS Ci
» Per
Cin Input Capacitance At Control inputs 10 15 4
Cout TRI-STATE Outpuz At TRI-STATE Outputs, (Note 12) 10 15 £
Capacitance

Note 1: Absoiute maximum ratings are Tose vanes seyond which tha kfe of the device may be impaired.
Note Z Al voltages are messured witr —Bspecs 13 34, unless othewise specified.

Note & A zoner Giode s, intemauts. from Vac < 3ND and has a typical breakdown voltage of 7 Vog.
Note & Two onchio Godes are tied T sach s-@og rout which wilt forward condutt for analog input voltages one diode drop below ground or one diods

gru:ummevogtaww.mw-clnmtocn-vlforwdbhsdmm.Mmmmlumnhmvmdmmmmumw-
by more than 100 mV, the autput coce =ik be corect, To achisve an absotute OVpg (0 SVpg input voltage range wik therefore require a minimum supply vohz!
" 4.900 Vpc over tempensiire variaiors. rhial tiera~ce and loading. .

Nob&Toume.moﬂmu—nh.m.Wmuuplutms.oﬁguvamdmummtuuwoahl-eabp

Hanver.nmmmmhamummmmmo.ov.aﬂammh}uhwmwmmmbmwb)mm+

d 10 schi

itages can be adh
Note 8: Comparator input currertt is a Sas curme 2 or out of the chopp d

™ See Ao 13,

fitle tamperature dependence (Figure 3). See paragach 4.0.
Note 7: The outputs of the data registmr are warac ne clock Cycse before the rising edge of EOC.

L The bias current varies direcy-with clock frequency ant

.
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Functional Description

sultiplexer. The device contains an 8-channel single-end-
»1.analog signal multiplexer. A particular input channel is
seloctod by using the address decoder. Table | ‘shows the
«ut states for the address lines to select any channel. The
+»¥o0ss is latched into the decoder on the low-to-high tran-
»on of the address latch enable signal.

YABLE!

SELECTED ADDRESS LINE
ANALOG CHANNEL B A
INO L L L
INt L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H t j.H
IN6 H H L
IN7 H H H

COMVERTER CHARACTERISTICS

The Converter-

The hoart of this single chip data acquisition system is its 8-

‘b analog-to-digital converter. The converter is designed’

1o give fast, accurate, and repeatable conversions over.a
wide range of temperatures. The converter is partitioned
into 3 major sactions: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional A/2R ladder because of its inherent
monotonicity, which guarantees no missing. dighal codes.

Monotonicity is particularty important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in thess resistors causes the
output characteristic 1o be' symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 1 LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale.

. The successive approximation regnstsr (SAR) performs 8 it-
_ erations to approximate the input’ voltage. For any SAR type

converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADC0809, the approximation technique is ex-
tended 10 8 bits using the 256R network.

CONTF.OLS FAOM S.A.R.
L

R’E'F(ol 0—-] T j

J

%R

256R

%R

‘M—rw—w"nw

A

N—
N

70
. - COMPARATOR
ANPUT

REF(=) Oomomemd

TU/H/5872-2

FIGURE 1. Resistor Ladder and _smtch Tree

060800Qav/0808020V/80800GY



ADC0808/ADC0808C/ADC0809C

Functional Description (contied)

The A/D converter's successive approximation register
(SAR) is reset on the pesitive edge of the start conversion
(SC) puise. The conversion is begun on the falling edge of
the start conversion puse. A conversion in process will be
Interrupted by recet of a new start conveérsion pulse. Con-
tinuous conversion may be accomelfished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
mode, an extemal start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. it is this section which is responsible for the
ultimate accuracy of the entire converter, It is also the

m
m IDEAL CURVE
m
100
m
81

= FULLSTALE
<7 ERROR=172138

i BONLINEARITY = 1/2 451
SORLAEANTY-= ~172 LS8
i Jens nmea= v 15
™ mnanaoa ™
Vix ASFRACTION OF FULL SCALE

AJD DUTPUT CODE

-

FIGURE 2. 3-8/t A/D Transfer Curve

ERROA
INPUT o
VOLTAGE

QUANTIZING {ll i

'FIGURE 4. Typical Error Curve

comparator drift.which has the greatest Influence on

‘repeatability of the davice. A chopper-stabiiized compy

provides the most effective method of satisfying all the
verter requirements.

The chopper-stabilized comparator converts the OC ¢
s!gnallntoanACstgml.TNsslgrmlamonfedmrow
high gain AC amplifier and has the DC level restored. °
technique limits the drift' componsnt of the amplifier s

. medﬂﬁlsaDCcomponentwhichlsnotpasudbyw

amplifier. This makes the entire A/D converter extrer
insensitive to temperature, long term. drift and inpyt <*
errors. ’ .
Figure 4 shows a typical ermror curve for the ADCO8CA
measured using the procedures outlined in AN-179.

INFINITE RESOLUTIO
mi. PERFECT CONVERTIS
e +172158 . IDEAL 3-81T CONVERTER

H TOTAL i e A}

8 191 | UNADJUSTED

: ERROR ¢ ,

5 m . L-lm

= ABSOLUTE

a3 o - ACCURACY

Samf . -121

QUANTIZATION
L ERROA
208 Vig
LRI N TR ] -
Vin AS FRACTION OF FULL-SCALE
.
FIGURE 3, 3-Bit A/D Absolute Accuracy Curve
REFERENCE LINE

FUlL
SCALE

TUHI!‘TE




Connection Diagram
Dual-In-Line Package
.y ’ LY
m-d LA
s =L 2 e
G e It—"llll
W] = IiMlll
sTaxt =4 . apoc
£0C = P ] L
4 - L o-use
TR _8 n
it "'"1 N
croex -2 L
vy .
nert - 1 roen
oo S, nerey
Tor ViEwW

Timing Diagram

STARY ) - % -
At [— m* - ‘-
1 At .
STABLE AGORESS -4
—" :
s — N .
ot N\
‘.,‘5-1 -
SORPARATOR o
.-......"a'.'f.', - X .
- ’ r——'-'——.
ERASLE — .
m .
. "
e U
wmn THETATY - ( :::
. TUH/S6T2-4
FIGURE §
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ADC0808/ADC0808C/ADC0809C

Typical Performance Characteristics’

13 T 2 .
fe= 1200k0s Ta=85C
1 : .
;2,‘ o E Yo 25°C -\
o W : R\
g T $40 kHz 2 TN
£ £ / \
- -
Tac—40C
-1 foo 1208 b3k ‘
-1 L ]
8 125 25 - 3§ . ] 128,25, am. 8
ViV . Vg
i ) TUH/SE?
FIGURE 6. Comparator Iiy v8 Vix FIGURE 7. Multiplexer-Ron v Vin
(Vec™Vaer=5V) (Vec=Vagr=6V) °
TRI-STATE Test Circuits and Timing Diagrams
tae Bt  t4, Gy = 10pF . ty1, CL=50 pF ’
Yee 4
Vee 5w
OUTPUT
T ENABLE Se%
o ! GND 10%))
ou ‘ ;
exasie O 7 ¢ —-l "
L — * Vou o . .
l . ouTPUT -
= = = GHp ————————
o toH, CL= 10 pF
Ve . Y
vee
suTruT %
] ENABLE 0%
GND ) !
ouTPUT .
ENABLE [~teH g ’
, . o veg ———
I ouTPUT / i se%
= = - VoL —— 1%
.' . wH!
FIGURE 8
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Applications Information '
OPERATION .

10 RATIOMETRIC CONVERSION
*~e ADC0808, ADC0809 is designed as a complete Data

acquisition System (DAS) for ratiometric .conversion sys-- .

wms. In ratiometric systems, the physical variable being
~aasured is expressed as a percentage of full-scale which
a not necessarily related 1o an absolute standard. The voit-
a0 nput to the ADCO808 is expressed by the equation

Vin __ Ox
Vis—Vz  Dmax—DuN
Vin = Input voltage into the ADC0808
Vys = Full-scale voitage
Vz=Zero voltage
Dy =Data point being measured
Dmax = Maximum data limit
Dy = Minimum data kimit

a 900d example of a ratometric transducer is & potentiome-

' w used as a position sensor. The position of the wiper is
arectly proportional to the output voltage which is a ratio of

- v full-scale voltage across it. Since the data is represent-
o as a proportion of ful-scale, reference requirements are
» eatly reduced, eliminating a large source of error and cost
+» many applications. A major advantage of the ADC0808,
1.450808 is that the input voltags range is equal to the sup-
s~ range so the transducers can be connected directly
».70s3 the supply and their outputs connected directly into
*e multiplexar inputs, Figure 9).

M

. Ratiometric transducers such as potentiometers, strain

gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be.referred to an abso-
Jute standard such as vottage or current This means a sys-
tem reference must be used .which relates the full-scale

voltage to the standard volt For example, if'

Vo™ VRer=5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step Is 1 LSB
which is then 20 mV. ‘

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selocted into 8 imes in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
Is referanced to the supply. The voltages at the top, center
and bottom of the ladder must be controlied to maintain
proper operation.

The top of the ladder, Ref(+), shouid not be more positive
than the supply, and the bottom of the ladder, Ref(—),
should not be more negative than ground. The center of the
ladder voltage must also be néar the center of the supply
because the analog switch tree changes from N-channel
gwitches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Figure 10 shows a-ground referenced system with a sepa-
rate supply and reference. In this systsm, the supply must
be trimmed to match the reference voltage. For instancae, if
a 5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

4

T Vee
I'—-l— REF(#)

~

DISITAL

QUTPUT
PROPORTICNAL
TO ANALOS
weyT
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15t Courm N .o
= Vrer” Voo

475V sVoo = VREpS3.25V-

T r—' IEF(.-)
=
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* Ratiometric transducers
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FIGURE 9. Ratiometric Conversion System

»

2608000v/2808000Y/80809GY



Applications Information (continued)

The ADCO808 needs less than a milliamp of supply cutrent
80 developing the supply from the reference is readily ac-
compligshed. in Figre 17 a ground referenced system is
shown which generates the supply from the reference. The

_ butter shown can be an op amp of sufficient drive to supply

the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
wili supply the transient supply current as seen in Figure 12.
‘The LM301 is overcompensated 1o insure stability when

The top and bottom ladder voltages cannot exceed Vg
and ground, respectively, but they can be symmetrically less
than Vcc and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the. converter can be increased, (i.e., size of
the LSB steps decreased) by using & symmetrical reference
system. In Figure 13, & 2.5V reference is symmetrically cen-
tered about Vce/2 sinca the-same current flows in identical
resistors. This system with a 2.5V reference allows the LS8

ADC0808/ ADC0808C/ADC0809C

loaded by the 10 pF output capacitor. bit to be half the size of a 5V reference system. P
ve
surpLY Vee
ms3
" Vper REF(s) DIGITAL
: ouTPUT
ouT REFERENCED
O—lm 10
vin{o— ¢ GROUND
| O= l:g
[——- REF(-) 158 v
S GND Qout = ==
VRer
ADCAS08 475V < Voo = VRer € S25V°
- _ FIGURE 10. Ground Retsrenced
Conversion System Using Trimmed Supply
vee:
\?' M
DIGITAL OUTPUT
Vaer ° g out AEFERENCED TO
VREF(+} O a7 GROURD
mjo—
ol -
1—- REF(-) Ls8 Vrer
&—— G0 475V £ Vg ~ Vagr < 5.25V
ADCOBSS ’

TLH/S6T2-8

FIGURE 11: Ground Refersnced Conversion System with

Reference Generating Vcc Supply
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Applications Information (Continued) .

10-15 VpC
O

1%

REF(+) )

+ Wuf
== 50110

: TT:IITALW

P 620
REF(-)

FIGURE 12. Typical Reference and Supply Circuit

\AA g g Vee
IV gerin bt
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L[]
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PROPORTIONALTD
5 Sour ARALOG INPUT
o 125V SVIRS IV
. e
o8 > AE1A Pra)
v
REFERENCE Ry s
—AAN~@ GND FRa=Rp-.
l *Raiometric Fwmacens
. : TWWEST2-9
FIGURE 13. Symmetrically Centered Reference
3 0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

-+« yransition between adjacent codes N and N+1 is given

LN )
e { (Vner(ﬂ-vnerr-))[ﬁ*’;;;] tV-ruz} +VREF(-) @
~~e canter of.an output code N is given by: ,
. N
oni (VREF(H'VREF(-))['Z?J *Vnz} ansf(-) )

-«e output code N for an arbitrary Input are the integers
o the range: '

. Vin- -
o5 —YNZVRER(D) 558 4 Absciots Accracy
VagF(+)~ VREF(~)

w~ore: V= Voltage at comparator input
VREF(+)™ Voltage at Ref(+)
VRer(-)=Voitage at Ref(—)
Vyue = Total unadjusted error voltage (typically
VRer(+)+512)

@

The dynamic comparator input current is caused by the perk-
odic switching of onchip stray capacitances. These are
connected altemately fo the oumut of the resistor ladder/
switch tree network and to the comparator input &s part of
the operation of the chopper smaoilized comparator, *

The average value of the comoarator input current varies
directly with clock frequency enc with Vi 88 shown in Fig-
ure 6.

!fnoﬂlte'rcaplcilorsareused &t the analog inputs and the’
signal source impedances ase low, the comparator input
current should ot introduce converter eors, as the fran-
gient created by the capacitance discharga wil die out be-
fore the comparator output is stobed.

It input filter capacitors are desired for noiss reduction and
signal conditioning they will tend 1o average out the dynamic
comparator input current. it will then take on the character-
istics of a DC bias cuttent whosas effect can be predicted
conventionally.: ~ .

AENRNAY/I808000Y /808004
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ADC0808/ADC0808C/ADC0809C

Typical Application

TR

$00 kHz = CLX " oF -—I
KGORIS $.000V !
SErott VREFt) [ 4114 - INTERRYPT
AD4-ADIS)* 4000V =t VRgr(~) ’ .
2=V 037 uss
START Pl ey 3111
BT ALE ] ey Y7
_~= —>on
ADO—{A i | S—— YT
ADl=—8 :gg:g; 78 ey 032
AD2=—{C 1 p——p 081
T ——aposs - L v
SvsumLy t .
Vee W =—Vin$
GND .
.L =
GROUND "= ° } ANALDG
. INPUT RANGE
g —vVin V'
¢ TUH/B8T2-10
“Adcress latches needed for 8005 and SC/MP intariacing he ADCOS0S to a microorocessor
“-i
MICROPROCESSOR INTERFACE TABLE:
PROCESSOR READ WRITE -| INTERRUPT (COMMENT)
8080 MEMA | MENW INTR (Thru RST Circuit)
8085 RD 4 WR INTR (Thru RST Circuit) .
Z-80 RD - WH. INT (Thru RST Circutt, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A) :
6800 VMA®$2eR/W | VMAe$oR/W | .TROA or THTE (Thu PIA) 3
Ordering Information .
TEMPERATURE RANGE —40°Cto +85°C "—§5°C to. + 128§%¢
Ermor -% V4 Bit Unadjusted ADC0808CCN ADCO808CC) - ADC0808C.S
<+ 1 Bit Unadjusted ADCO809CCN ) T -
Package Outline N28A Molded DIP J28A Hermetic DIP J28A Haermetic Dl
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