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The QRS - Inhibited Ventricular Demand Paceumaker

Abst.ract.

The thesis describes the design of the QRS-Inhibited ventricular
demand pacemaker. A pacemaker is an electronic apparatus used in a heart
disease therapy that causes by abnormal conduction system of a heart. The
pacemaker consists of a narrow pulse generator for stimulating the heart
muscle and an ECG detector. The pacemaker dilivers a pulse to stimulate the
heart only if the heart rate is slower than desire. An electrode in the
right ventricle serves two functions, delivering a stimulating pulse and
sensing the ECG. All of the circuits must consume current as little as
possible. The ﬁrototype was tested at Ramathibodee hospital in seven

patients, giving a satisfactory result.
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Connection Diagrams (ousl-in-Line Packages, Top Views)

)

1
1
‘. 1
V' — = v
[ 12
P H—
L] l_ 1"
1 "
sty _¢ L
ALD e

LMI4E

Order Number LM146J. LM246J or LM346J
See NS Package JIGA

Order Number LM236N or LM346N
See NS Package N1BA
.

Schematic Diagram

- V" )

10 DTHER
OF amrs

— g
L P}

3 3.4 avwsnae lunasaaasihiie Weunauls uad IM346



40

iﬁnhauﬁﬁﬁmiﬂiuﬂﬁniﬁﬁaqquﬂzﬂéWﬁﬁ«%ﬁsﬁﬁNﬂqﬁ1uﬁ0ﬂ1nauLnéaaﬂuuQuﬁqwdznﬂixﬁunaq
#la  Lwswardwnsnaanuin e Tnaeua e wnan

quzﬁ% 3.4 udary Wiinnasna lunavaatuout 1M346 Bt Thuaakanilioe Tkunga
B 2l ludsssnauiaans wdd nad Qe+ Qs Q, Uz Q

#ﬂlﬁu‘]\l'ﬁ’

19

il 4 - 4 ar . w ‘Jl l.
denaunazid  (Current. Mirror) nusuﬂ1uaﬁﬁa01qwiqzﬁua§ﬂuﬂﬂnnﬁumﬁunwunmaagﬁnﬂ
4 3 o ' Ve 6 e
AAALARLADTTAY ng ﬁdLiﬁﬂzﬁﬁuﬂﬁunwuamnﬂﬂqﬂaqnﬁzua ISET imaqlugﬂ 3.6 Qmﬂuum
' w8 < & - . o
@19 4 maw LM346 udad U luniewuwann 2 1unﬂ1aanuuu1ﬂ1aen1uﬂuaan1zn11tauuaq
i Ltk Len I_.. tauiiu 120 nA ttﬁaﬁq1ndﬁndwuﬁﬂunﬂugqqﬁﬁﬁiwwﬂﬁﬂ fa 10 Mo 39

& '
W r__, 1l 20 Mo )

Dual Supply or Negative Supply Biasing Single {Positive) Supply Biasing

1 U 16 1 U 16
2 15 i 5
3 D q 1 = q [
B I'ad
1 v

4 13 v

v g~ _—‘]
5 [ 2 2 =
= MH— =
] C 1l i
o e Rser -
! 10 10

R

SET g |sit 501 lj;:_' :

J:_ LM3aE 1_ LM346

V7~ 0.6V vt - o6v
ISEY S

1 =
RSeT g RseT

1 3.5 09 luiid LM346



41

& -4
3.4  AAATALALAATUAZINITNTAIMD

: 4 v & 5
1u10w13ﬂﬁ 3.6 LﬁunqaﬁaaﬂiaLaLmaiﬁ1ﬂ1utn?aqnauqunqudsn11Lﬁunaqn11

A lan 1 Haa andlshe Tawn a1y Uﬁsnauaﬁuaoﬂ1ﬂxﬁnmtuauam111u1laa§ (Astabl

[T 7]

Multivibrator) hiiiwstefaen9aavin ¥nTenden 1 ANNTNIN MDA ﬁq1u3ﬂ 3.1

<
azWﬁHQWMHnaqnw1aaaﬁalanaﬁu

£ % 1

e 2ZRC In¢ 1+ 2Ry /Ry ) (3.2

naanui las 13 R, 2R wli

1
1Y )€ yroceee e ) (3.3)

M v o6 . ow alof X tes 4 '
"?']n'n\l(']ﬂa'l']uqua')‘[u“']ﬁﬂ 3.2 ﬂ')juﬂnj\r‘-’r:ﬂﬂﬂialﬂﬂ?ﬂ'ﬂuaﬂ'ﬂmqﬂaﬁ N 1azen

x : ) ' c'h (5] x - 4 - - -~
TN AR Ei.ﬂ!lﬂ']':iﬂilﬂﬂ'iﬂﬂ‘! N iy 2 ANMLIRINANAT 0.3 N LAa¥amnTINT

o 8 2 ® ) ' d & = & o
n1s§uﬁnﬁtﬂu 72 @Teaui A wiinagaTandial anasian e 120 V39 RefidmnTonae

o ' b - . " o o '
AMINATTAY R WAz C 1u1qw11ﬁnﬁumq1u3ﬂn 3.6 Fearmaw R femawld  Asildnvenn

u ] - " ar ’ ar
3.78 Mn L§n1ﬁn1n11unﬂﬂwgnﬁaq amamnm R 39 a0 mdnnniiuan 18 audes

7l 3.6
W

1
10M

oM |
b 1
oLk a1
- G2
g RST G3|—
i RSET
20M
M2 2m2 FROM REFRACTORY
» MONOSTABLE

=VEE

? gime

X Y ('
71l 3.6 wwa:ﬁﬂmmmmm\hmmmmﬁ‘lﬁnmhtauﬁ
u



42

~ g - . &
3.5 luludieitiaiiad [Lusiaad
o K o 4 s "
AL Ned B ludiaitaiiae lusiaad e Luad 4528 wia 4538 879 L
H o v [ (v s 3 " T
tvmnzﬂuﬁqsu1uﬁ131utﬂ?HQﬂanqu?qquﬂﬂ1Lmunaqu11nu AMNVINEAB WL INEA (3l T
diaitia 4528 lifnssud bieindn 20 xA 682935 (Mia 40 wA 6o ladwied)  Aewdiinacud
WEe 40 A 21anana e e nszuandeutnsiiasd wiuaeas aafia . wed wmiuiaing
aauquiqwisn11Lﬁunaqﬁ11q911131qqiﬁﬁun1suﬂﬁaﬂHQQLﬁﬂﬁqsﬁ11ﬁ Tasns 939
X d - & - : & s 3
T Tudia tan linsudidinad 2 69 dwrTsonszaanuin aeas Waseud e nan
Ml 4
3.5.1 7u1uﬁtmtuann1uqut1aﬁma (Refractory Monostable)
‘l - ﬁu K < -’4’ . -
uai 3.7 4 1ea1ThTuﬂLﬂtuann1uqnLﬁaﬂma F9F WO EaN
w166 eeia 11k
I v, @ dmauasinluiinianeness  Beasildaiaiy
9 R NN AT, (3.3)
s W« ' "l
129mavamLIaIea Al Awnirenaeviad t iatﬂutaaﬂ1un11ﬁ1=1 iy
v 3 g .—_,“" lru
Tan R.. NG ( V, + 08 -ViV¥ WNIHNA ( Vee + 0.6 ) V. sziaiiniiy
LN o InC 1 - N7 S22V =Yar) ) (3.4n)
dwnaniasdiednnas vV, aanla sl
T R e (3.4
o o o
dnamiaamm Q (v ) awilan
V. wia "o°" (t >t t, )
EE S oy K10
v, N (3.5)
-4
VEE+(VS-VBE1) r R,/ (R .4R__) MWV, ., Wi nqy BOR Gl )
dnen v__ Lﬁaiqﬂiaéqudnﬂusgnnﬁzﬁu (0 <t <t ) Awbaiidming
iz Wi inavamnaawidued 4024 16 Feaviasilanagsiiasiavanu 0.55 v_ i

- 4 -1 . a
wise M age9asiien £ 3V 9 maun1T 3.5 Azl



43

d B
To Reset
I Freq. Divider
Vin
From

Volt.comp 2n.
{Input Sensing)

]
]
i
L)
]
! ]
[} '
i Vee(sar) . /
j'f L { } £
{31 e ] ] ]
i | ety )
b | ks
Hi 0.6V L G
M L ot = 4
I :
Ay |
M & b I
...:.;—avaé : 3
1
l [ T4vged : :
. i |
te | t =0Q t= 'iw
it tvee 'r '
Yoz 01
o i | A "
@ R e i MR 5
il | k.
i1 TYes feergaer ST R R | Efed)
f Ve (5a7)

= e £ o dedo)uy o
Al 5.7 e b Tua e tadtad Laus Leadn Ensuddiaas

et



4Li

R, > 0.6 - v_,
sz You:™ VS
fin V_ = 8V (+ 3V) uaw v_, » 0.55 V 3¢ 16
R, /R, 2 1 (3.61)

' w oA 5 oo w o o ¢ 4 T -
A0 NTRIAE nﬂ1u1m1a FMANNIT 3.4 UL A WRUIUUN maﬁngﬂ
1 i 1] - - 1 1] - 4
91 C_ anlseaauingn v deninaiiu v B9 O Wazanilies lagdw R WM
T % q c1 cc T o N %
H ¥ H v .
chtuﬁauanﬂuzxﬁu "0" (19190 ty Tuzﬁ 8:T) aquunauﬁq¢ﬂ1ﬁzgﬂn1=qu1un1¢na1u

' V
abio il dan L Waswanae - C e audnan v_ ddn it v nau Naziiuaznn Wau

v
Laataaia llusiuan
. 4 : 3 io 6w ' e
T ot, dvhaaitlilnosses o dilideen v, e immean
- [
Vo, = Vot Veiaar, WV, 2 V. +0.95 V. Gilauriiin v )
Tazdaan v vihemd  [sdwnTnawamndn o e
CE(SAT) 3 X, ()
t, 2 R, C. Int 1-0.95 )
£, 52 P SRICE (3.70)

(4 B
< 1 d‘luu 0 ﬁui"‘““ P
FAMMNMNATINIY WU LRI ATy tu wae to CH aQ“ﬂTWHQQWTWﬂq1
v <
nizunQQWﬁanﬂﬁaQ

-

W [ ‘ - " 2 3 i
fhp _@ds ﬂ11ﬂﬂ7n1zﬂuﬂqqﬂﬁﬂﬂtﬂ?ﬂﬂ gt edeeaunn A 16

ma

L -4 & < 60/P (3.8)

w (¢] e T X
5h1ﬁnq1n1zﬁuqqqmnaqLﬂ?ﬂeﬂiuquﬁhudznﬂitﬁunaqﬁd1ﬂuuu VI  dinas
<4 P 2 < 3, <4 1 ' ' o
e i 120 aFssaun ATLIAMREIEADHIENING 0.2-0.4 Ium

W op . =120 aeFeweui

*x

J v ar 3 ' d
HTaaia hileildninanniansiu 72 edwbaum  nasiwueli P = 120

s -lg 4 o @ s
aFgnauni Linnsasnuumidaants

t = 0.3 Fum

w



45

a6 t ¢ 0.2 W
- <
wia R..C_* § *0.08 Wh (3.71)
x " a - .
qqasThTuﬁtﬂluaﬁﬂqnqutqaﬁﬁa AufaNdaaaaneiuL Jau lnpasdunis 3.4
- o<l & 4 4 J
3.60 Waz 3.71  dwduniuBdieadn i aan linsnBdieaduatsd tuad MC3386  H9an
Y] 4 0 O‘ e b - '
naganaqnﬁﬂuiataa11sq11ﬁ1u11n1ﬁq1unn15uﬂﬂaaLanxﬂaf1ﬂa1nq 10 xA  WEIINNTT
o ' i G
naaavaanuuy leg l@nTsudaaatantaadeainin 10 uA waz 1ian Hp, = 10 293930dsdmiaan

el T wNEanuLLLL SHERINNITRMUSAN R,, =10 Mn (1 Thed@md N

ﬂdl o (] - . x"'
qﬂQMnﬁquuﬂﬂ) T B REY] aJTugﬂ 3.7 FeTudiaitan \Enseudlsen 3.6 uA

wr

< ) ¥ <
(nam1ﬁnﬂinisqn 72 @790au

3.5.2 Tu‘[ummﬁa?'ua’:‘wﬁaémsﬁ:u (Pacing Monostable)

e B 2 Y] 3 P
71l 3.8 10?11u1uﬂtatuaﬁsﬁquaﬁn1squ

< - *‘ - w © H - " = 4
dMTULATa \‘)FI'J‘UF‘IN'Q SN TL U L 1??1?12]51? "Iﬂ'l'iﬂ‘!tﬂﬁ‘l‘uﬂ 'ﬁ.'lﬁ nalaay

G o tar . 4 3.3 3
nazudaan lnasiivavas ludnwuen sinanai Tagnszuaiaasaan lnsedusstuagiviu
Y

' & ~ % i :
Fwnunasagianastii Wifiome  Beaeildaiafdmbennn 500 Tat  wazaanna 1w Tediu



46

-1 < ¢ 4. o ' ¢ e
Tihianeeniu + 2 v dnan il Erimmmagiadasiaeianlenn 5 Toaft S
w 4 T xq;u 35 uz‘ w ' 2ran
vimm @ e TuTuds e adia¥siva nawdul WA TnIenTend e 10 mA
r's I ws ¢ - v
mnddieas Q39 e iAiunimddinad uassuaqawntﬁﬂﬁgn Q (v_ bileit#ew
4 - o o lr U o
IdWIaL A R vie o Taawm: 112181 i R W Feawm B Wnruaiianag
ﬁqﬂugﬂ 3.8
‘Iu Y] w 8‘3 o 4 0 N -‘
MAWNTITDILEAMMIAY L 6 0.5 ms  Teaediadieduns 3,47
- X 4 e 3
uauﬁwniﬁTuTuﬂtnluanﬂ%14uaﬂn1u§uu L11n=ﬁﬂqGQﬂ1an1a1ﬁ1§1un11ﬂ1zeuaznﬂn
w xl}' - q‘ w vv
Wiamas ¢ @ ¢, il Uiaifasiuintsuaaseannuue aad v 1ua1ﬂ§naqu;ﬁau111

" ul g ¥\ ' o
Tann R, 1u1¢a13ﬂ 3.8 i fine nﬁﬂulﬁauqungnn1s§uuulaq

G‘ g ' 3-.- . '-\
n1suﬂn1ﬂ?aaﬂaaaaan1ﬂn1x§un5ﬁuLuaﬂ11w i @8 nreuditiaannniens
- ' ' '
hzanas C, Tunaemi B aad Q, wwnmmd  lasnreudazilddan q  aeadanng
o -
1ﬂnﬂTuLuulﬂﬂa AIFANNT

—t% /RC

¥ = I e (3.90)
- L] L] 1 -r ‘.:
Fanveuat e R, bimraridnanasiiu 5% lutaeiaamas t, i
" o 1 [ ') m
AMaY €, AITAEdianagaiian
C 2 -t / R 1Int0.95) (3.91m)
Lo} wp L
AmTu t., = 0.5 ms uaz R, = 500 n AwdHaa 1 & afNNiAn 19.5 uF
Rataan 1Han £ vihe 22 uF
o 3 ' v
TumeiinTniddiaad Q, naanm  C, nasgnﬂ1e§Tmaw1u Ro, 9 €,
' - o a -
ATIEanEIEnen v_ T 0k Aaeiin Yo 1%u1nn§a ua C_ n?81ﬁﬁuﬂ153§151uliaﬁ
u 9

Lagams B C, war C amhwawdnan v_, Ha i V.. + 0.95V_ L28°0 W lunny

U?z?ﬂzﬁdﬂl



47

Sk e SRR (3.10M)
T9r9L 28 t i %
b =T R e e

s -~

i1 mzﬁn11nizﬁuudﬂ 72 afwaun = 1§
- o
R (G #8 e € 4218 Fun (3.10m)
4 . = ;
LUBYIMANTEY b << b UaEIINENNT 3.4D i 3.10n LIEWATOR

N . v @ ' Y] ' y
ENA17 1097 Co 2> € Maw@mTaman R, T tsenw 12 kK avmavaunadiau q fia
9

ﬂﬁuﬂinﬁwuamaaﬂuuu1ﬁﬁe1uguﬁ 3.8 laalfdn H.., = 1000 was H__, = 10

4‘ = vy 4 '\z v v
wiat tunnsilasiiviiuaaiaiae  feiuivaeas  ilavaneSasidusaaead
= - - 4 Sas " ~ . 5. sy
(Defibbrillator) =Fv6a Z, nuquagnuganauaqndiuﬁﬂ ) Z, ﬁﬁﬂmﬁauﬂnssuﬂ-n1oﬁu
9

N - v'l uz - - i
vlauiudiuad o laa 2 mqﬁmaaqnﬁunaunqﬁuﬂu gandas 13 lunauunnt 2

“

3.6 293TR TN wAa ki Ta

avasarsiudnnueau biliihla  taznauiiansaTasns 2eaTnTasuaue I mEm
. s § -
(Band Pass Filter) uaz 2997113801 Hawmns i Tmﬂas1ﬁtﬁﬁﬂgﬂtﬁuwaﬁ1ﬂnisﬁuqqq1
x 2 x : “d b d w @ 1 VU e -‘l o I
Tiluaatiaauan R Feae b invasiiviauiiasiidien N fiaiio Al an L i
ar v - 2 . [ x - w 3 ﬁ v o Vo ]j&t‘lﬂ
ThasldasmiFananames 15 Taludia danadia nasbuiae binen aauaudi i lu
bY ¥ H "t é Wu
AINNG Ha LM346N  Byd@wnaansen e i 2937 linszud awan  luaeasiidwue
W 1___ =120 na
. : s z o " . i
dtmnmnﬁu‘lﬂﬁﬁm‘hmw'\131’"-:'lﬂm'lﬂﬂ'lﬁagn'm‘lum'hﬁa\sa'l\r-u:il‘mnauma Amma
dona Qrs waz T ithdwlml  dwsasin P WATUIAA NI W QRS waz T 37N
dn QRS Swality UanFuas luva v wil 20-50 Hz  wasidyw T il anTuabsewing
\ d g - s - 4 ] s ar ] s 3
5-10 Hz lasMignnm QRS thiAaann 1 awadot lae i aseinenianasiia latiaedans  dviiu

ar a
veae A wnavign Qrs i 1 fiudaiedienas L dunaiiala



48

+vCcc

-r ‘. ar
71 3.9 2vaseradvdnnenay ihiia T

Tumii 3.9 tiurssmeiimIarsasnsaniudnronas b T 29INIIEAATN
ﬁu o e “ 3‘1 o flu"lﬂ 0w &l ﬂiz‘ln
UIA 1T Taanatuanaui s 1iasaniia wﬁﬂﬂugnﬁﬂ WA LAl nowniia i iy
' Ly ¥ ar <4 ar Wats 2 fad G v d v
vaasnIzuansiu navi b Fudgnmedn i Ta mauuuaﬂnﬂaaaaan1ﬂnszqunaz1nwu1
w & .~ o L ew & o u
faavarnanaionuaan Wi b RN D, D, asﬂ1ﬂa@nu1ﬂnaauaaLaqﬂgﬂntnﬂuﬂ
[V - o 2 o o 4 - ol
B09AT0EE wazasiwiiniia i et dmnasin liusedenasadasithndaiaaadinie
o 4 & : : o -t
1aTen b, waz 0, 3 Lituadadanwein i 12 an L L ia s nHonnunau ki

» H 1 -y
S Tt slowredwon Cbiviv 10 mv)

ﬁnmﬁmﬂ§u1uﬂ1ﬁ11aaxgndqdﬂu c, liearnang Foaznwiin diau thineas

334‘0.1

- [ 4ol Y -~
nIaamnd I  fiviiwantdaine lwan s ieanniia i wazH g ananmiata i

2.

¥ o a8 y .t 4
nﬁu ik Cz ’ Ra n'mu'f'ml.ﬂﬁau‘lw‘:n'smn'nunmm'm ﬂ'\'r-lsl.ﬁum‘:‘hnﬂummaﬁna\nqn

' woa r ;
LWaAA AR TN uaznwwmwaﬁn1uﬁﬁ 7iM 3.10 tiunaintmausia e mii a9l

-1
TETENEUL TN

l‘ " J - ‘J '
A0 anana Tunaudiui @ eaFama oo QRS agluga9m1mATE i 20-50 Hz



49

dB
45 T T ST

]- N N CiC AL 1]/ 1eL 1 L ' |
e KRG KPR E/ 0 50 100 Hz

-J s o - - =3
1 3,10 DGR UEND e ) BRI DA N AT T EA LT
R ]

< o -~ . . . - 3 “~u 6] 3 “d b ' i
LMARAHANIITUNIUBANAIWE 50 Hz  Fuian Liewdieudna e e199ins e wann o s
U
Uizn 20 Hz wae'lden Q ilgeu i 3
dnarkiwnsasniasiine QRS annilmuihiad  Taseas i e Aeus i
- ‘4' ' 4-4 . :: e . g sy
TUIADAIHBOTWI  (peak) A TEIIRINTEIAIIME QRS el T=aaw 200 nv  Laalauwn
%
- - <y - _#y ~ < e L .
Lihadaaau lihia 1a daimeduy I QRS 2wV angaeiieee wasilaldsw 1.2 v
<d= 2 ia g Y S VI ’ g oA t’d‘_ o ' .. YRR
'T.ﬂzmam;lmi]uuaﬂmwpa @Nlugﬂ 311 nEasalEEa T wued me @nen 81989899935

VFmu Aaus e 16 B9 Téinni wied e T



50

Wby 1 2 mV / gav

AN 100 mV / gay

W LEL 100 ms / Hay

UHIAY . 5 v/ dag

AN 1V / dag

W 100 ms / day

-4 - < w4 . % <
31 3,11 zﬂﬂaunaQMygwmﬂLawngnnaauaqaniaqmuwuﬂ
Tmaﬁﬁugﬂﬁﬁﬁiwﬂﬂtﬂu
m dpaaan Ll la?u‘hrmmnmﬁryy"uu QRS 2 mV

3 d= P i 'Y
) uaaﬁmﬂ%aaﬁaﬂﬂaﬂn1uﬂizqu w5V,



51

H . ' & o 1 BN 3
Tupuen Iamaing @ ndusd gt daaaas A e masdnanineasiaths 0.15 v

a & b a s
waz TN 16T 29da N 1IN 9 WEE 9993375 atiad AT AHAN 1IN 19U 91930 5 TN

Y s =y o » F A G % H i [
aaw luiia laaan laam e indw winda93751 Rmd1a9ina S 98 ﬂi’sgqm'\mam
ﬂaaﬁh@qwmﬁuﬂﬂﬁﬂﬁaqaﬁgﬂnn1ﬂnﬁuﬁa fwa lidnagitneninod  lusedindual ninda

12

93 fie 1 v wasWinaenad lwasin R,, - R fanihe 250 na dwnazuﬂﬁuqn1uﬁﬁ
99 LM346 e laEnm 3 nA e Ll I, w120 nA ) a2 lidmag R K&,

11
-r n U ‘7: [ o é '
R,, (-N‘ln';‘u'il 2.9 L5mnaaEA e linaeusn aun R,o = R,, #A7@M71 250 nA
vursaTendam luiidnas 1M246 Feidine 2 nA  pdannseonlesn e ndeuadi e
q
[ "1 ' kv “f 1 v 5 1< o ]
WW R, - R, 69077 250 nA WAl R, AEAMINNGY 10 Ma T3 bildweing

of g - w LY s
?f'J 3.42 1 ﬂlnﬂ‘mﬁuyl‘smn JHHA TN LA R ~:1ﬂ'qumm=< T tﬂu,nax‘i'm‘lw.uu VVI

& ciiyy v T i ~
?{\'j"uﬁlﬂrj']ﬂ']qﬂ'j-‘:ﬁu 72 QTI0041N
4



9

UWLHNECUNLY Z L Ewnwcrr:rhsmzvm
~ o tad e G

5
IAA gﬂwrﬁmvmnﬁm TELURLUD EIEBITL B @W_u i vmnﬁg\_&:rmnmw.rﬂvﬂ
[ s

1]
al1°€g [1&




53

o
unn_ 4

NEI L H:}'rNH‘J‘l WU IWIEN L ﬁunmﬁ'fhuim VV1

Baawranuwioaaw 1 Tunvsuinnn eamnse wasiisainasnianisi

»
—

( Construction of the adjustable Sensitivity , output Current

and Pacing Rale VVI Pacemaker )

& '8' = u " g + Y 4;1 2 3 Py ) P ]
1“’117}7] 3 1(5]“31']'Jﬂ\iﬂ'l'ii:]'ﬂﬂtl.ll‘llﬂ‘j'I\ilirl'iﬂ\%l‘)ﬂ%ju"l‘i‘ﬁ'wn"l"alﬁluﬂil\'m') l"lll'lj'll VV1 'B\i

ilv._. ) -qi = i‘t * ,-‘" -’4' N ‘lu__«‘@_ P et : - - Aﬂ'g as
NI INIEiuaN - Blind 4 0 A adnnaien saanninn 19 19 a3 90N oz
W ws 6 i s i o - . q s
nTLeuasin L Wi daaeadFueanan T lunns Sodurmaeean i la - aawiaenas
naswaEaanann Ll was e oo l‘i=53;iu W vad Wwansesaoannt ae0n b s Wnag

vy v 8] i .‘: ig b - “w o ' e o~ s
Fawrdnann  Mesadaudisasuacts il Tusasin g sinnasuadad st e3a SILANTIIENTY

iz 9o La unaannas uaz‘lﬁﬂm‘n“iuw‘mL‘du'luﬁa\at-i'lﬁemf‘saﬁmﬁwi’mﬁtc-m (1CU)

4.1 t@an leasun g b ing
N - ") - £ . ur :
lu-gll'n 4.1 Lfhsuﬁmflmawuniunamt-u"i'mmuqmm'mrnlmmmm lawnm w1 Ay
e 22 o Rl e a <4 - 46| 2 i) f <
@ InlFuaneng 9 1899937 :a‘qnumnn'nmq‘mt'thuﬁa-m‘uuu‘un11aasr-§-nlwniwilumn a9
Toatura i bamit 3 (it 3.3)
e 1 s ) o & pui *i' « 4 3
Ui R LU RUREE R naen leanig L Rsuansiineeivasnadtalalead  lagee
6 s — i 5 bl < o f ‘ ia
AANULIL lﬁﬂ’]iﬂ‘lﬂﬂ‘iﬂﬂ']ﬂEI\!EJ(;’I’i'Iﬂ']'?m‘iSGlu‘lGI luda9 40-480 adwauan  Teawdiile 2 Wids
. " <A <d - - o
fa ?-.IE?EJI:'HMJ\!’QBR"IN"I’iil‘ll“‘l“ui‘:iﬂ‘i'lil'l‘ail‘i‘-‘:ﬁilu“.al luda9 40-160 aFwau i TIAZANTIN TS T
- ¥ wes | s 4 0 - <, 3 .
WI  uaziidaeud Ty luasaﬁ‘1:‘115111zqulﬂu 3 Lrinua sl fa 120-480 @F96aUIN
Taaa3avasiinadnasnn thuan voo - @a bialadanasiiunasin A leamsauga Beiiaa
- ' A | 3 i 2 ' W o & -t ' ),
m‘m'w%a:u'luﬂ'mmnmﬁ L IBRT ML TN T L a0 Lanan Feilae e lunn S nen
Tyatia Tauettiia 16 %Waaﬂuuu'lﬁ'sq’-a'ia'mfrmﬂ’:'uil’w1111'11n1361:u‘luﬁnm56|’~u1a'11

nrfamtae L lun s Suinaesu ilhiinls Teanas ddsimene naviunafae



RAte

s

Power Supply

Loy

+15
+3
-3

51 4.1
Vv

Pacing :

VRer

1
%

Output
Current

Vel

Sersltivity

o . wr E Y o 6
ua m_jc_.n._ AELULNTITNDTL Sm ] aﬂdﬁm_tuaﬁ\uude LERDaWii? Lauuy Vv

LE

-



23

LENAD99T LT AU O TG WA L UAEIA AL T 9 B8 9N TS E L i»i"nfnfn TasnnFumnana swas
h']

“. a Ll s ‘II - 4 Al ! ..: J
i Lidaw B s L @enaes seie thins=ud ¢ Voltage to Current Convertor »  Helad
w 4 Wl o i & ) " - q' N S
LR gl hmnmu::i‘|1sttai@:qn131ﬂtaa|gi TLE 6 16 TN e las NENE IR R

q U
Tl Fudaedu lifwinla waseruwssaasnnszdu il ssdmrandnedas i o
1 o & 'o e © o ¥ i &) gad) .- i
ATe s IRaud e anas 39 Wl st ennasd diaila e daenas i lun S nenag1ean29 13
1 ]
Lignae
y 6) wr v w i Y 8 i 0
LW lmq’»na'm‘mnI’nmn"mu'j\-m'u-uLa'm»ymaﬂwn\a 10 mA mrwmaquaa'ernig\mﬂ

< o ~4 2 d H ' w H - 4 el o -
10 V39 Theasiineinaaanas vilasuaans e Widaiimieenas £ 3 Lan 1 thasseiu

VA 6] wsus wo £
T 15 v adna i easane iaun

4.2  AVIDANMUINYINIELEAL 5ﬂf‘ru{mqﬁ'

AMTU9R9L ;]"IY'I{'!-:‘IYI‘HEI\‘.! LA 96 QICIEEVRENRE humaaiia Tahd s amiFudan s o
nﬂ1n1ze?ju1ﬁ§ i Thisinmuenaeudaeh  Furwr i W leanmindiadiainene s dad i
29 aevine 1 thinssus ﬁqtmsm'lu?;il’ﬁ' 4.2 dwineaadsiadraenenne  feae
2wy B lwaantia Feasiin luaduon b dacs L

naEwd i A ll‘a:illﬂlg'lf{lﬂ‘ﬂﬁlkléuﬂ « taamaan . FeazawsouSoan T luda e
0.1 - 10 mA

AN Eavaaluaml s o

\.'1 = lu‘hl

" N ¢ o 8] wrad = ws "
‘Ivmn't‘naafm‘rmﬂznmm Q, Hﬁuﬂﬂ Heo  Hn=0 ﬁﬂﬂu’u’:‘nwmlwwuu‘lﬂ'.r‘nr:::u.ﬂ  E

. e . P 1 = ¢ e g [
Rewmiiin i luibden Q, thiuad 25C1000 Bl 1 hsaa 500 nsu
s - 3 « = ) . Bk 2%

ADALAALEAT 0.1 = 10 mA ) dunasud D17 u‘-‘{a WATINBENY 1 1 . G
v, & £+ 101}'\’1 (4.1

Vaann Lia i, W s i AEERRE s wasaEe o a6 e

- s & g 6) wsas 1
nsLlasumenasiad v il easil



56

R1
82
+
[
8 =i e tw?
L < T @ i
i —3
P P E
Ky
a - {
-4 }
9 |
< | I
X . :
Vs E e ey '
(=3
o

*Mecd

AY
c1

- ) - - 4 ( i
4.2 0T immasi
1



5

1 - L R =] (4.2)
© 1 1 O

' . By o3 A
VTN C; was i dwuwnnwwuanmmumaTﬂu

at § o “ “d =4
C, swambizyaianazud i lud-ss0 91 ¢ . Bazasanglasy Loz pa anazuaL iy
" 3

1
N ' N - yias ar o - W
.8 e 1909 L 291980 L nqafn C, 5 umanun a1 ﬂﬂﬂﬁaunwanﬁzquﬂstﬁu
Qi = A (4.3)

ar

@ 1 < «
Reda91 7@ b, B il
t, ” T < [ e EOTAIN
L) =] P Wi Wi
P @ 5m1ﬁnﬁ1n1=ﬁu Hun:ﬁﬁﬁaéﬁsniw« 40-480 AF9G0AUIN LA
-~ ' R, &8 7o 0%, DIOR
L, @8 awmniasiadiasiin ld 500 us
G MDA ty il o ih
*'o., e 60/ P (4.4)

0 H - 6] s “
uaxmnaqu‘w'ﬁ (,‘1 ke lm'm'l 1 ﬂ']U':‘li:I‘Jﬂ'I‘J'ﬂ‘iSGP& il

QD 5 lptwp (4.5)
i Qn Qc;n
- . .\ \
Wik i = OO /P (4.6)
P WP €«

&

U i - 5 ‘-11 . ' = -4 w ey . <9 4
lumusii c anthizg lag i) 0 deaden © ) [siaainiwionme Voo e v, W
- e
AN
Vs = V‘_, = IDRL
[ ad :‘: . ni: 't -4 - -‘.a‘ 1
ﬂﬁﬂdﬂumﬂuﬂﬂuﬁauanNMﬂaaﬂﬂﬂmnua:ﬂn1ﬂd1nzuﬂﬂgqqmﬂizumu 1.2 K (AR
dA9dernny V '-wl.fm 12 ¥
TR ) o
mwvud i, ssbinniliey o lediacaan b ditlaaitde Giasonasin v vida
- L] ' e ' a 3 z v o) a4 ] - v H
Hoeatdan ¢ ﬁﬂﬂtﬂwnunwqumnuq v, B deth e Wawmodamisua i3 ngqu ki
) wr 2
VI IRt PR CRRURE UL R RMDNATIEEA W50 L Beuaun s o e
/ = (4 5
\’c:nuvmx> B ("lcu( 1o) / c: (4.7)

Az 6 6, 2 dasii o (4.8)



58

nae io 2 C1P(nAx)1p(MAx)RL(MAx) / 80 (4.9)

VMANNTT 4.8 Uaw 4.9 Awli C, = 0.47 4F uas i, > 45.1 uA

CRUTI a1t e i lafnseudaen LM334 ?qﬁﬂ0ﬂiﬂﬁznﬂuﬁq1u3ﬂ 4.3

Ry (Rype)= 67.7 0V /I, = 1.5K

4.3 asvanasdaen Readieanlat LM3ss

Amay R, & wsauangen [iaindmavdnatanasan R, Swiiaamnnasud i waz i

4 w

10 & P [ el 9 a 1 H
fiu swias binn Waatuwanfania nanoda Taans iwseiv il davasasanueieas + 3 v
Feawsviiu il mazanasiFos 9 uastaiBwgeein i naswdaz i gadndn 1.1 vV rass

- - Y ] - 1 -y
MUAWA I N WINTUN L8082 W96 WL a8eI43s fa £ 2.2 V InaNANIGnay LM4250
f " [ & i o s
s liiniaeeavas £ 2.2 v iin  1M4250 qulﬁtﬁﬁﬁgﬁTﬂﬂizNﬂm 1.5 V  Gieiiu

(, + i )R, + 0.6 ¢ 1.5

P{MAX)

wli R, ¢ 8960 Budanliér R, 1T 82 o

2
v < [ i "
w3 a6 Tl L a9 Voo Bivilazaziaiian th

]
VCCO 2 VUZ(SAT) L ID(MAX)RL(NAK) i VCEI(SAT) * (lp(mx)+10)R1
- 4 o ™ o 2 3 at

Viecsar, A8 ¢dnananadanlad vz endandsdwnaom Biled vz iewls il

AMl5ENN 0.8 V 1“%§ﬂﬂ31ﬁ

v 2 14.2 v

cco



59

¥ - :: 4 A L U v o ¥ "
Frmadam:lrmaﬂ v, NRZUA RN INAUNIT 4.1 %’wsum‘szmw 11.9 - 823.7 mV
o ' - e < a @ wn £ v, «f o
AT LUAIUANTA STAMIAT n'a::m‘lum::uazmmgn i vAmanas A WTnn enI T
4 Y [
A9 ::uzﬂ.'ii'ﬁﬂgﬂﬁ'hfnmm-m?-mam VR1 VRZ war R ah e Bwesdnnm vR1  ad
L |

e 0.1 - 10 mA

»
4.3 ﬂ']'iﬂ'ﬂﬂu’lnl‘]Qqﬂﬂ'nﬂ‘uiiﬂ'i'lﬂ'l'iﬂ'xﬂﬂ‘uuﬂb"]\S?TH'I'IMén’sgiu
- 2 P [Y) W '
AN Iﬂui‘]ﬂ'i']ﬂ']'H]'.i-‘:’(i“ﬂ.lﬂx'Jﬁﬁﬁﬁﬁﬂuﬂﬂﬂﬁﬂﬁlu 1'1371511]@']”')\33133@3 LALAAT
9

i 5 ¢ X 4 5 ¥ -4 2 v e
INITNIIA NI bJTummuaﬂ'mquma"laa naz lummuaﬂ':wwazfm:ﬁqu mumﬂuzﬂ 4.4

“»
a4 SRRURIGHE LR r'-:rie:(’siml.n:n~.1"-|7:1"1'Nwaz§n1=:§'p:,



60

3 ' i, w <4 < © o “d as - wb Y] w & o
?ﬂ?dﬂiumazﬁiu AEHNTN G lu'n’luél SLEEINL H'; ENIE LS A0 10 L BT I \.WLL'UUEIGI‘)"I
4

. < L] ws wd :d’ - ) o . < " s
ﬂ‘a‘-SGJuﬂ NN luw'mau’-w AOUE LT \uz-f'mmumsr )

. G X 4

4.3.1  nvisanuun b luden aaoesn 2anea
5

Y gdo o o it : a8 “ o ¥
tiaaman L B aastiiin. - uananseun |mq*»n‘uii11‘4111myy'uunau‘1ui3“|m 14

y ' voq X 4;.\‘ ar a L o X A W
i Closinbilwaa Taaauau i) e buda el i s g
vy luiidmann. 29363 Suipana il Taasdas bidew (voo)  dwyamsiasiae

L) ' ¢ wy G ar o \ <
DA MAATIAN (OR GATE) 39l Lo D, D, uazaiuéawnm R, AL I

-3

' { :I’ 4' ar - o DT B - as o - <
AATLANY LAz ma‘lnu 'lb'l‘i"l?h’lﬂli]\JEllil‘i’lﬂq‘)'ﬂ’jS({I“lm VR4 l'ﬂl‘lﬁl LB YI\IUEQ'EIFQI'KWM\‘ILI.R%

-

<~ W o # :: T - 2 & Y Y]
ﬁﬁﬂgmﬁ'm Febaan i thaiaduay < Bnadvis o c, uar R LN AINAIHN 1918

T ¥ s Y./ &
saanaan T Tus L @ adiadasiinmn S 1eiuene i an

11 4.5  DRaganenaaeaicene Wwnned L an e
UG

2 -
WM NAALGET NPN waz PNP

LitaRasnfemsneanasuaasi: i s 8T Tuaoe Safe¥ag
NI WBALAaS L L nasnainin T3 Eno sasiivasduna g R, fiaen T Doasdne snaTas
R, Vet Lﬁﬂ'\ﬁﬁnmﬁﬂ’i‘%L%‘n‘ﬂaﬂq"nﬁuﬁohgwnﬁ'-n:‘%L“ﬁ’m\rﬂﬁiﬂﬁ (Wi 0.55(V -
V__))  asdiaann i R, anen R, uas R, wei [t Tuset L 614 STl 93 T AL wa s

SSs

[ [ 8 . ' H ®) as 3
ﬁtﬂuﬁuﬁﬂ Hnenanaa VCE '4533@!']&'“l']']ﬁll(ﬂ'“ﬂfWl'ﬂ‘l'ﬂ NC.‘ uin %\iﬂ’m11’1’)0‘4131"131’|'mn“1~!'1u



61

[T ' ) . > o X «f P ) . e o
Towvuaunan e et lif b Tu e afid 193 nns wlda aafil Suil dratiudhnnafin e

5 X%

I 1 AR : 5 & ¥ y
Ll a vatiazBaa fhitiadnnananmas S lunaima e lud e L?mmuqu 1108 donanTe
u . ri -4 wr “© W ‘ly N -l - -
FUHANANITTII NI I0 909 L9 v e Nenm s sthaanmig g
o a0 A - . ar 1 o 1 1 Ao 1
LA @TAIAIVANTINIENNTLOUBE T [3NNa9E9 i T swnnauan

' ) L 1 [ —— ¥ e - ) 4. otqfq s o
TN UAAAI LN DVTAANLITNGATHHIRHaWANN TN 11 %ﬂ'ﬁ::lt?fﬁl’]ﬂifﬁ

P vi-rﬁm'mﬁm:n‘-jugqqm AR 160 aF9aaum (‘luﬁﬁngma'm LATAY 4
mamnihe voo Je it
' 1 J ' T vy o wal 1 o
b DEMENAMILIANAN T BT 0.2 Sl Ter e Widnen
a

) A E dedas v - '
NN IQIPATAILATAY ﬂllﬂm'!']ﬂqTﬂTﬂG!qun LWIIEA

a“r » -l 1 "
LRI m'n'i::t'«'lugnrxazmuﬂ' 1N
q 1

AIMAUNTT 3.8 @ATRY ¥ Az

-~ -
—~ fo [ 4
by § STSOUP L Rl A\ P e (4.10)
o o 5 ~ n -': 4, -
NN VI MDA 9T o8 Biaamnianngiad b nsl/0%2 ) W | uax t, =

- ; ; 2 o R 2 ‘
0.175 Jum  13aulnau 9 wduidsatimaarsat biludie va i de 2.5, 1 NIWBAL AT

i @n 2scass a1 Rowas ¢ aag o dalumil 4.6

10M
c2 =C3
W= 30n
202 R4 C4 TO RESET
FROM VOLT BBOK
COMP

=

FROM
PACING MONOSTABLE

5 G 4 b1
511 4.6 2933l hliflml“ﬂﬂ']‘llb‘!ill')a'lﬂﬂ
kU



62

2.2.2  nvsnanuan b ludie Sads -Jﬁni‘fnﬁ::%ju
tadimin Lt lineasnsendaain 3'17‘11!71 Haildnaah it UAmua e
AnsmaauiaLen Iy Biasiineain a1s et lelea  uasmimeaThaanum
St WeTaaakdanats LED f"l‘l11ﬁ'l'?.l?.f’f'l-Jﬁ?lﬂ'mﬁf]‘“ﬁﬁ‘ilﬂ’mlﬁ"l‘fﬂfﬂ Fattnahanatan
oloattdmaans widnbsum 1.5 - 2 v uasiiodaulinend wanamdi sy

WAANANIZNITI MRS AT lenaan lul 4.7 udessaduiBngsud - usetunas lelaa
Y £l

LiaanAanng 1

2.0

154 /

t

& .
Aasmar in Ean 1 lwaeas)

-]

3 -
o diwangmenang

- [
A1 Anmmna lwl

31! 5.7 Q}mﬁxliﬁvrs::muu-i\:rﬁuml-ﬂﬂciﬂmLlJ.’écum



63

a

1 E ¢ ab 4 '
11nn11ﬁ1ﬁ1a13atUaaudqﬁ%wauaﬁnqnWﬁnﬂﬂtﬁﬂnqn 2937 W lud o Danaslia s Tndng
; - b u'e ¥
nivud lBlvenm 5-10 mA uazLﬁaﬁa1ﬁmﬁﬁmmﬂmnu1ﬂ1sﬁu Fai thaiadnrenoumntiu fae

4 oS - o : :
dﬂ”ﬂ?ﬂﬂﬂﬂﬂﬂU?ﬂﬂﬁTﬂTuﬂtmlUﬂﬂ%WﬁNﬂﬂﬂTsﬁﬂ1ﬁﬂﬂzﬂ 4.8 Ao lnsend admiseun

P v g -
13 uA Yli]ﬂ‘ﬂﬂ’l'm‘mﬁ‘]u T2 A7962U M

v u
71l 4.8 10111u7uﬂ1ﬁtﬁaa¥1¢uaﬁn13ﬁu



64

g 2
4.3.2  NITAIANUDINATADATA L AL AATLAL 19TV TN D

[<1 4 o y by as alod o
?}ﬂ 4.9 11hgas aazﬁ?a LALGAIATHAL IIATINITIA U0 i\lﬂﬂ'\ﬂﬂmlmuﬂm'l"l

i ‘1‘ "’II o "
m::epm AN @mnTaINIIAaRTAL and U InNe 1“'][“16]'41[]

fc - NP / 60 Hz (4.11)
" s (Y] o .’..’ ' - of a
AMBNARTININTAY P az1q1uﬂuo 40 - 160 ATGAUIM war N ue1 2

o, Y < (5] o - = a -

AWTIRIHIRMS way 3 x 2 ﬂwuunuﬁngmﬁwu 3 e manasn1saadiatant e 42.7 -

U

H . )
170.7 Hz VR3 ﬂ%hqwmwwaﬁnﬁnﬂqnw7aaﬁﬁatanaéﬂuﬁqoﬁhnawqﬁ LB e d@uma

- l‘-" " ‘JJ' 3 L}
nmjwnﬁﬁnwx@un VR4 ﬂﬂquﬂﬂﬂﬂhﬂﬂﬂﬁﬁ A0 40 - 160 @iRauan

R17 o, VEE  -VEE 4VCC  -VEE
| i 10M
S LM34EN
o ¥
i U3A
’ TO PACING
i o o MONOSTABLE
VR3
VR4 FROM C4
A7OK 1M X3
RATE

£ <
51 4.9 ) Q’*l'iﬂ?lﬂ:ﬁﬂ LALADTHRAS IIATHITA TR
W



65

4.4 Y IRAnuNNN3ITa TR R eaay Wi s

o g - y v [ ’ L D"‘
ey Wit lanaaaias « FetwranuFudndne 4 1 2937
' ar - o i i ' (=3 -«
d'nﬂmmé"mnmtmin‘h'iawrmm:fél:im\'iﬁ dwiwandra antins Aa 293 TidTau feo 1

wunddd 5 thaann g Lﬂﬂﬂ?']ﬂi&ﬂﬂﬂtﬂlﬁﬂﬂ’mﬂul‘13'16‘1‘5] &r’aam‘mgaﬁmsﬁ:umq
PAUBNRGE ENATIWET  war 2933Hne iR amagreaT 1 Fau e viia WA ToR we
wwmsrdumasarm b lunasfudnneedn Wil dmesitieninadeaetinsa il B
nasm i bihnasmuniens  Fedwnsan §les W ladinaiea LM385Z1.2 4
Awnan liaw linseusaniine 10 04 Cladfitnaniraseialy iinlinssudagnliag 1 ma)
A7 IMEAIET VR Li';aﬁwmmmm'ﬂdmmmﬂ1'm“lﬂun11‘3'1|§fq;yﬁmﬂ?;u1ﬂﬁﬁ1fia‘lw &
nsER lasmnila¥aang q ulnfude Sada i
M amnruuniend + 2 v Tea Wi gaianetoarsamne. A WM 4 1A
?-anz’ﬁai'lL?fa'ammmmq'lﬁ\rm L?‘Jﬂl.rmé’u\1.14il-mﬂmmia::nfa?lciﬁ'm'iw 1.1V deieeaad

PV o "’i’ :— ol
w39 Wi AngagaTendaasin + 2.9 v
q

. & . o v y
n Lﬂmnwmqmmﬁf‘mna-s LM346  [a=unan Tusesd g9 il Anea9aTien

2 w4 - 3 -~ [
x 2.2 % LM346 a::mm'm‘lma'mt-{n\lﬁll'}::mm Kis V VUL TTIIITH LAY
QUTPUT
CIRCUIT
R21 C8 R22
3K 330n 47K
D& Ds
1N4148 1N4148

&—<Gm
TO REFRCT g

MONOSTABLE




66

«d wlar o & o, ! '
NFANAIIE QRS a1 19 huu’nn‘nm;ﬁqﬁw + 1.5V
. d L . o
W anananeaasilaudunrweau ilhviaTa duitoneosvasedurw QRS 2 nv
w o S . y ol S e S a1 1Bea -
’-m‘lmﬂmummwumﬁ‘my’numu'mm;rmuw'm AR e 205 WY wWiaaEnana e e

AWML AN TENAD WOV TDENETWL AU 102.5 11

‘ . : ' 7 o T )
o amiaga ludio o waz g d@asdonasibyywaan Lo Laitazilau fdreas

U
' ” “d™ 5 = i & i B <4 o < i
sgienlzna 15 wv o danan Bani oo b baeeiomna Bicie 10 my Heag

Tuzau aan 1 enlé
w - 4’ wr « - a ws & i o % wisd 4 . w
v amtaualutia o, Svoswens siurwaan i Tandmn i 1 oy e
o
. 'i' w_ £ 2 4 & -ﬁ. & - [l
TUNREER 1D SEWNATL B MNEE O Snaaa sl e 102.5 nV daeowdzeon lun e
Jwia VRS aunauiiu VRG avlugl 4.10  nannadivdn ves  Teadlaudnrmedu Tk Tad
< - wl o N 6], o g o
AmaTaNHBAENIIM QRS 1 @V uw@liu VRS 1uWa linwianasaae i S immnn 99939
iy %
g ' N 4 o
NIANAWANANATEN VRE deitihs 100 mv
o ' . il -y o) wssd o » & i w o
@ nveema oy v i g0z zmdﬂu'mzmsazﬁyg’uuﬁLa"umglnnao
4t e - - ‘ ar . [
N'ﬁﬂm‘m-a'mn\‘umwnﬁmmgn QRS 1wV wAann s VRS uda  Redmay Vo
wiile 90 mv  nnaRuenas vRe  Liali Voo, il 90 v
B A e man ea o U e ddeneea i i 1ah v Yaannatlen
- w W i-y = " & ar w8 [
dnpundu liwin lafsimneoasase Qrs 619 9 Cladae 1215 mv) wi sy vee  wulde
e -4 : 0 < f+1 -
navmaaaadpyw v, dleaihe 100 mv AT IIRsRRIMENEL 9 da e
& . - P
909713 13 luna Fudtannasan tilaiia 14
¥ & - e w o 6 A a2 8) w8 &
LB —luﬂ"l’iilﬂﬂuﬂll'.l\l'ﬂ‘.) LFl'fi'e'J\‘l'i’i'J‘iJ\"lM"iﬁ‘l’l'}:’-ﬂ'l'ﬁ LG E v l';i'u. FITATININNG l'lﬁ ln‘
d M o g ' -‘ - - . -t H < o) w
NIZULAGY 9] BNTiET R 69 9 luoeas 'wi"u-ruju Lad e e e sens Wil 1 ashia g
.y o ol g c vy Mg sy a3 i ey - (e = o & o e '
il au&gnauwmwdﬁzgw mn laana hlamgnauwmminm saanaRiLAaTMInaadda lad lad sl b
Vi 10 Mo Bedivas bivssvadwiuies T ed i Wil luovas Tudilm eadanvas

-~ dof ¥ & . O 8] weed 1 o=y -y g
it waTna 19 legaatam] 1F356 Faasnn lmic-nmwgnauﬁmwﬂzgqu'mnq 10°% a

™ W . ° P d_‘l = ' < B 4
AN LaTEa 4.1 e luﬂ']'il'l'iiib;luﬂ'zl\uﬂ‘)i-lﬂ “ W AL 2 Wids ?\‘m



67

= - pa- a ’ & L = L
wilgenaw Ladavas i e thay voo e S, Sliea i R, i
u
v o< ) P o o o o O} iy s a L5 : w“
vwmhaﬂaaﬂuauﬁmﬂwumuuui|'~a'm'm'n 1‘|s-u:m:'nmam lﬁn'wmn;'lumai' [H] 'ffx]'N'q'aarmul‘a'rea’»au

asaaan Wil Laas i

4.5 29vERan W
w J -'i.) e ™ ‘:l/ P ] o s o=
N'-rmwuma'mum;mmam.rmrwmu‘hl-d“n.amw'ﬁaﬂ'lmsr 14.2 V (vuﬂulnﬂljflﬂﬂ
k|
w8 wr s Yl s bl "-I‘ " AH' o ¥ - o»
uialwiatia 4.2 nrsa¥aauseen Linnndn 14 v anammeiead £ 3 v avsdgawasarin
) 6] T Y ws W " ™, " = v b WL us =
Tﬁqﬂﬂﬂﬁilﬁ?ﬁ?ﬁﬂmﬂﬁ@ﬂu1ﬂﬁﬂ mqlugﬁ 4.111 1ﬂﬁiuWHSQMU13NBUG1ﬂlm[ﬂmuﬂzmﬂﬂ1zi
pdvaz 2 60 B LEwsd Ltk B e e Aug Vi dwgqumﬂnuuﬁu
i b |
H o o ad " v " & i -] . = G _ & i
ﬁmaauaugnmuﬂm lu'zﬂ u'uu'umn"rju’n\'lmﬂm}d’m“inn'a'l (56 BN ARG lﬁ”N’w%xu
- 5 ' popi=t S0 “ N T e

w4 ‘:c-muwa'lzr.zmmmn:‘n'mf|1a'41ﬂm-r Vs o Wb L B A6 90117
ﬁﬁu?ﬂqaq1naunwniﬂa1wtﬂunqauﬁq1u3ﬂ 4.110 wﬁuﬁtnﬁﬂuﬁﬁWNWLﬂuﬁuqnnaa
o o ey 4 - ) -y E o L
VIO B MBBETAL AL G e IR 0 'n\n::ﬁwnuﬁaghaﬂw 43
< a W i fo & P H H 3; % - 'L -
v 171 Hz  Tosillad ur fwiinns totivad mz'ﬁﬁmé’zmua*mn::"ln’aaﬂ'ﬁamwm-sﬁm{omm
ity uwiuwamlﬁwslnandqun v Lol Bueeae Endsuannin adindiaanai
zzxmu dwdia davasnas e wien da 'm'u'a~:'li{6|‘-a-ﬂ*ss'stﬂ"|§q ‘B’aﬂ"ménqéi’amzimmmﬁmwu

~1571"!“

C - FELGAFY, (4.12)

S & < & sl
Taizm I, = ) b osend lvae 3 limiillenm 50 1A (45.1 ua)

F. : (Hz) A8 arwimasduida (Ripple)  Feasildtitin funn aiine we e Wiz
Wa 43 Hz ('lifd‘wf’l‘q«n
a ey £ % 9 6) iy & f = -
Vs (V) munenaai s aenguida eniwine enaa 14 e (2v_-1.2) laaia
3§ 44' L ) i -l‘l . -y - 8 .
L aa e T awei o daunasudas L da i was 1.1 V Gatuan
© ..‘I“'-" 2 3
was V. humiasiih 1% a9 4.4-1.2) V = 32 wv

32 16 C > 36.3 uF



68

u7a

uze

| t—o"o—
b
&

EE Lk Bk
¥
L

FROM OSC
U3A
2011
u7D
011
i >-VEE
l L c17
f /—l_’;zzuF
— B2
/iav
. 29 Imaanaay W
Pl AN G e o e N i I
5 T
+
I L 1
4 *01 hs ez !
i i
LY elBILORAIYS. 4 2vp-1.2
:"tT T g S "':
: |+_ ; e I avg-3.4
I ]
i .o cz _‘J_ ]
| F N T 2vp-1.2
| :
4 . >
AT A I T2 3
77

. IR a6 Tkl

;:I| =13 VA8



69

AL aen i R T R
LB LA e Ty T e v Tdaanu o saian 1adaum s sou Wil sawuet ead 14
dar  Toaaldaauuwami s wwiiiinosasiSam tamaein o lasn Jawsts D15 A=y Lila
o -7;3 H v s -4 7-); 4 -
w96 b maswue L eaSHees i 4.4 v W 4.12 LﬂMQQQ1ﬂﬂNHTNnﬂdlﬂﬁaﬂﬂ?uqu
ezt huoasia by Wi Sedaraaddodaaas I s udone e wasiinsn

[ 2 A U 4y s <4 " -gl. <d= < '3
QREHEET Z. LR N W TS L JEWIER0 L RS ARWLUAR LA LD



R18

R17

uzp

p12]

10M

10M

CD401




7

-
imn 5

n11nﬂaaq1ﬁﬁu§d1auaza1ﬂua

4 s s T T al e
WATLATaAILANTIIEn L funa i lauu wI fhariainlnTnTeiunsh way tilai
ar 0 “ o ar g Qlly €L a o - 4‘
ﬁﬂuﬂiﬂﬂﬁﬂﬂﬂﬂﬂ:ﬂizqu1m Qnﬁ110num1un1naanuun1a uae HmT299daUN 1IN TLL AT DY
aasiyanau Wit le  swniladasasgmasanen i bifovats  wivannin lin Ty
as W @ -J"" T | < o0
nmaaa1ﬁqﬂuﬂugﬂaniaﬁqqﬂniiquﬂﬂnﬁaswuﬂﬁum uag lawweauna lsensisan w3 3 mou

7 98 imﬂﬂﬂﬁqﬁlﬂ%ﬂﬂﬂgﬂﬂﬂuﬂﬂiﬁ@ﬂﬁﬂ uaxqﬁﬁﬁﬂﬁﬂﬂﬂuﬂﬂﬂﬂiaﬁmﬁﬁLﬁﬂéﬁ?ﬂ?

5.1 1@389 4 §q1ﬁﬁh1ﬂn1zﬁunqﬁ
5.1.1 Qpﬂuﬁaﬂ101ﬂﬁﬂﬁaﬂtﬁéﬂq
o Taa A wsun i van 500 o ﬁqquﬁﬁaq
I. Method of operat.ion ( ICHD Code ) B I

II. Electrical Characteristics :-

Basic Rate : 72 PPM
Magnet. Rate : 72 PPM
Output Current 2 10 mA
Pulse Amplitude 3 5 v
Pulse Width : 0.6 mSec
R Wave Sensitivity 3 2 mV,, of QRS
Pacing Refractory Period : 350 mSec
Sensing Refractory Period 3 350 mSec
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5.2.1 Qmﬂuummﬂm}ihnammm
& o
Sa Taa WarwdwnmuTwae 1 Ko figamniiiia g

Rate Range - : 40 - 160 FPM , VWI

120 - 480 PPM , VOO

Output. Current. Range 0.1 - 10 mA to a maximum

af 193

o

Pulse Width 0.5 mSec

Sensitivity Range 1 - 15 mV,no Sensing (V0O)

Refractory Period 190 mSec

"

Power Source AA Size Drycell x 4 cells

: AA Size Ni-Cd x 4 cells

Power Consumpt. ion no pacing , 170 uA

.

pacing at. 60 PPM 10 mA
output: «'s .. 295 nA

Battery life

e

2 months ( 60 PPM 10 mA ,
- 100% Pacing )

Lead Connection L Unipolar
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National
Semiconductor

Operational Amplifiers/Buffers

LM146/LM246/L.M346 Programmable Quad Operational

Amplifiers

General Description

The LM146 series of quad op amps consists of four
independent, high gain, internally compensated, low
power, programmable amplifiers. Two external resistors
{RSET) allow the user to program the gain bandwidth
product, slew rate, supply current, input bias current,
input offset current and input noise. For example, the
user can trade-off supply current for bandwidth or
optimize noise figure for a given source resistance. In a
similar way, other amplifier characteristics can be
tailored to the application. Except for the two program-
ming pins at the end of the package, the LM 146 pin-out
is the same as the LM124 and LM 148,

Features (et = 10u4)

Class AB output stage—no crossover distortion
Ideal pin out for Biquad active filters
Input bias currents are temperature compensated

® Programmable electrical characteristics

® Battery-powered operation

= Low tupply current 350 A amplifier
® Guaranteed gain bandwidth product 0.8 MHz min
® Large DC voltage gain 120 dB
® Low noise voltage 28 nV/\/Hz
8 Wide power supply range 1.6V 1o £22v
-

.

-

Connection Diagrams (oual-in Line Packages, Top Views)

L Pl

2= fa = = AL

PROGRAMMING EQUATIONS

Total Supply Current = 1.4 mA (IggT/10 uA)
Gain Bandwidth Product = 1 MHz (Igg1/10 uA)
Slew Rate = 0.4V /us HggT/10 nA) ¢
Input Bies Current = 50 nA (IggT/10 pA)

ISgT = Current into pin B, pin 9 (see schematic-

4 diagram)
i
== vi_ov-_oev
" ISET®
Rser
sy 0 L]
- sETe
[
Order Number LM146J, LM246J or LM346J
See NS Package JIGA
Order Number LM246N or LM346N
See NS Package N1GA
Schematic Diagram
- OV W
-

T0 OTHER
OF Amry

Vi r—e-

—
Yo
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Absolute Maximum Ratings (vow 1)
LM146 LM246 LM346
Supply Voltage 122V t18v +18v
Ditferential Input Voltage (Note 1) 30V 130V t3ov
CM Input Voltage (Note 1) 115V 116V 116V
Power Dissipation (Note 2) 900 mw 600 mw 600 mwW
Output Short-Circuit Duration (Note 3) Indefinite Indefinite Indefinite
. Operating Temperature Range -66°C to +125°C -25°C 10 +85°C 0°C 1o +70°C
Maximum Junction Temperature 150°C 110°C 100°C
Storage Temperature Range -65°C 1o +150°C ~66°C 1o +150°C ~65°C 10 +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C
Thermal Resistance (0ja). (Note 2)
Cavity DIP (D) (J) Py 900 mwW 900 mW 900 mw
bja 90°Cc/w 90" C/W 90°Ccw
Molded DIP (N) Pd 500 mwW
Uja 140°C/wW
DC Electrical Characteristics (vs=«:i5v, igeT = 10 ua, Note 4)
: & LM146 LM246/LM346 uNITS
s sy 5 e MIN | TYP | MAX | MIN | TYP | MAX
Input Offset Voltage Vem =0V, Rg <6002, Ty = 25°C 05 6 0.5 6 my
Input Otfset Current Vem = 0V, Ty = 26°C 2 20 2 100 nA
Input Bias Current VeM = 0V, Ta = 25°C 50 100 50 260 nA
Supply Current (4 Op Amps) | Tp = 25°C 14 20 1.4 25 mA
Large Signal Voltage Gain R = 10 k2, AVQUT = t10V, 100 1000 50 1000 Vimy
Ta=26"C
Input CM Range TA = 26°C 135 ‘14 1135 114 v
CM Rejection Ratio Rg <10k, Ta = 26°C 80 100 70 100 ot
Power Supply Rejection Rg < 10kf2, Tp = 25°C B0 100 74 100 Je
Ratio
OQutput Voltage Swing RL 2 10ki2, Ta = 26°C 112 114 112 114 v
Short-Circuit Current * TA=28°C 5 20 30 5 20 30 mA
Gain Bandwidth Product Ta=25°C 0.8 1.2 05 1.2 Mhig
Phase Margin Ta=26"C 60 60 Deg
Slew Rate Ta=25°C 0.4 0.4 Vi
Input Noise Voltage f=1kHz, Ty =25C 28 28 nVi/TTL
Channel Separation RL =10 k2, AVQUT = OV 10 120 120 ug
112V, Ta = 26°C
Input Resistance Ta=25"C 1.0 1.0 mMa
Input Capacitance Ta=25°C 20 20 oF
Input Offset Voltage VeMm =0V, Rg < 5002 05 6 05 156 m
Input Offset Current Vcm = 0V 2 26 2 100 nA
Input Bias Current Vem = 0V 50 100 50 250 nA
Supply Current (4 Op Amps) 1.5 Z.b 1.5 25 mA
Large Signal Voltage Gain RL =10k, AVQuT = t10V 60 1000 26 1000 Vimy
Input CM Range 1136 114 135 | t14 v
CM Rejection Ratio Rg <600 70 100 70 100 o
Pawer Supply Rejection Rs < 5002 76 100 74 100 a8
Rauo
Output Voltage Swing RL > 10kQ2 112 114 12 114 v
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OC Electrical Characteristics (vs- +15v,1geT = 1A)

PARAMETER CONDITIONS s ot UNITS
MIN TYP MAX MIN TYP MAX
kout Offset Voltage VeMm = 0V, Rg < 5062, 0.5 5 05 7 mv
Ta=25°C
Irout Bias Current Vem =0V, Ta = 25'C 75 20 75 100 nA
S.ooly Current (4 Op Ta=25°C 140 250 140 300 A
Amps)
Cra Bandwidth Product Ta=25"C 80 100 50 100 kHz
OC Electrical Characteristics (vs - +1.5v, iseT=104a)
PARAMETER CONDITIONS - i UNITS
MIN ™WE MAX MIN TYP MAX
-put Olffset Voltage Vem =0V, Rg< 5010, 0.5 ] 05 7 mVy
Ta=26°C
-put CM Range Ta=25°C +0.7 0.7 v
M Rejection Ratio R§ <500, Ta=25"C B0 B0 dB
“utput Voltage Swing RL> 10k, Tp = 25°C +0.6 0.6 v
%on 1: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
%ots 2: The maximum power dissipation for these devices must be derated a1 elevated temperatures and is dictated by T MAX. 8]A, and the

wbient temperature, Tp. The

wor i less.

power

Ai t

1 8t any temperature is Pg = (Tjmax — Tal/8ja or the 25°C Pgpaax, which-

“%ote 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the

=sumum junction

will be ex 1.

%om 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted.

Typical Performance Characteristics

Input Bias Current vs ISgT
(=== e =T "
= = -
; L] : j |
| 41 . =
2 ] H
< >
il | H =z E
b =11 | E &
: i v
= CLTHIE vs = 1vsv
Ta=25°C
" /| - o
(1] 1] " 100
Iser WA
Slew Rate vs ISET
" =rr - EEE
EEci =8 = §
. ]
; B —ef g
& - £
& . E
LA == e
HI = - 1
a LA i 1
LLLN =2 =g == H é
IR Vg e 15V 2
Tae25°C
e L1 2
L] ] " 100
IgeT luA)

Supply Current vs ISET

. = 7?-
FEH = i
j } =1 \l‘-llllv
4 Ta=25°C

"
Iser WAl

Gain Bandwidth Product vs
ISET

Iggt LuA)

OPEN LOOP VOLTAGE GAIN (dB)

PHASE MARGIN [DEGREES)

-

eassSEs8ss 328

Open Loop Voltage Gain vs
ISET

T |
w5 & 2 _l._ g
.
_..{ -1
Vg = 116V
Ta=25'C
1] 1 1 100
IseT WA

Phase Margin vs ISET

Vg 15V
Ta=25°C
(8] 1 L] 100

Iset LA)
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Typical Performance Characteristics (continued)

DUTPUT VOLTAGE SWING {-V)

INPUT BIAS CURRENT inA)

Input Offset Voltage vs IggT

1
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Qutput Voltage Swing vs
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Input Bias Current vs

Temperature
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Typical Performance Characteristics (continued)

Open Loop Voltage Gain Gain Bandwidth Product Slew Rate vs
vs Temperature vs Temperature Temperature
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Application Hints

Avoid reversing the power supply polarity, the device
will fail.

Common-Mode Input Voltage: The negative common-
mode voltage limit is one diode drop above the negative
supply voltage. Exceeding this limit on either input will
result in an output phase reversal. The positive common-
mode limit is typically 1V below the positive supply
voltage. No output phase reversal will occur if this limit
is exceeded by either input.

Output Voltage Swing vs ISET: For a desired output
voltage swing the value of the minimum load depends on
the positive and negative output curent capability of the
op amp. The maximum available positive output current,
{IcL+), of the device increases with ISET whereas the
negative output current (lgL—) is independent of ISET.
Figure 1 illustrates the above,

n gy
1 -CuRRENT LT gy ) —— ,
3 "
£
i n
-
E" f
E 2 - fCURRENT LT (hgy ) |t
EIHA
e 4 -
[

FIGURE 1. Output Current Limit vs ISET

Input Capacitance: The input capacitance, Cjy, of the’

LM146 is approximately 2 pF; any stray capacitance,
Csg, (due to external circuit circuit layout) will add to
CiN- When resistive or active feedback is applied, an
additional pole is added to the open loop frequency
response of the device. For instance with resistive feed
back (Figure 2), this pole occurs at 1/2r (R1||R2)
(CyNy + Cg). Make sure that this pole occurs at least
2 octaves beyond the expected —3 dB frequency corner
of the closed loop gain of the amplifier; if not, place a
lead capacitor in the feedback such that the time con-
stant of this capacitor and the resistance it parallels is
equal to the R|(Cg + CN), where R| is the input resis-
tance of the circuit.

" n
-
Gty _j_:'
FIGURE 2

Temperature Effect on the GBW: The GBW (gain
bandwidth product), of the LM146 is directly propor-
tional to ISET and inversely proportional to the ab-
solute temperature. When using resistors to set the
bias current, ISET, of the device, the GBW product will
decrease with increasing temperature. Compensation
can be provided by creating an ISgT current directly
proportional 1o temperature (see typical applications).

Isolation Between Amplifiers: The LM146 die is iso-
thermally layed out such that crosstalk between all 4
amplifiers is in excess of —105 dB (DC). Optimum
isolation (better than —110 dB) occurs between ampli-
fiers A and D, B and C; that is, if amplifier A dissipates
power on its output stage, amplifier D is the one which
will be affected the least, and vice versa. Same argument
holds for amplifiers B and C.

LM146 Typical Performance Summary: The LM146
typical behavior is shown in Figure 3. The device is fully
predictable. As the set current, ISET, increases, the
speed, the bias current, and the supply current increase
while the noise power decreases proportionally and the
Vs remains constant, The usable GBW range of the op
amp is 10 kHz 10 3.6—-4 MHz.

o : o [
H
| ]
2 == “ 2 L] -
E - - E
1l a i
!nﬁ + ~ mE- He
=3 =
" (1) 1]
] 1] L) W
SUPPLY CURRENT (A)
o o ki i
hir LA
“(3)
ot |
] L]

FIGURE 3. LM146 Typical Characteristics

Low Power Supply Operation: The quad op amp oper-
ates down to 1.3V supply. Also, since the internal
circuitry is biased through programmable current sources,
no degradation of the device speed will occur.

Speed vs Power Consumption: LM146 vs LM4250
(single programmable). Through Figure 4, we observe
that the LM146's power consumption has been opti
mized for GBW products above 200 kHz, whereas the
LM4250 will reach a GBW of no more than 300 kHz, for
GBW products below 200 kHz, the LM4250 will con-
sume less.

Z (T 3it ;&" [T} §
i -.n“l‘ 1L W Vi, g
e | . =1 Aeh ¥l am
LRl =5 T v E

1l i
L — Vi
- L1 1™
' " e "
SUPPLY CURRENT LA}

FIGURE 4. LM146 vs LM4260




LM4250/LM4250C

1

National
Semiconductor

Operational Amplifiers/Buffers

LM4250/LM4250C Programmable Operational Amplifier

General Description

The LM4250 and LM4250C are extremely versatile
programmable monolithic operational amplifiers.
A single external master bias current setting resistor
programs the input bias current, input offset cur-
rent, quiescenl power consumption, slew rate,
input noise, and the gain-bandwidth product.
The device is a truly general purpose operational
amplifier,

Features

= 11V 1o $18V power supply operation
® 3 nA input oftset current

Standby power consumption as low as 500 nW,
No frequency compensation required
Programmable electrical characteristics

Offset Voltage nulling capability

Can be powered by two flashlight batteries
Short cucuil protection

The LM4250C is identical to the LM4250 except
that the LM4250C has its performance guaranteed
over a 0°C to 70°C temperature range instead of
the -558°C to +1256°C temperature range of the
LM4250.

Schematic Diagrams
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Connection Diagrams

Matal Can Packaeys
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cunminl Gl

Ter wim

Order Number LM4260H or LMA250CH
See NS Package HOBC

o=

Typical Applications

Ve,

Ousnceni Py - 06 mi

X5 Ditferunce Amplifier

600 Nano-Watt X10 Amgplifier

Dusl-In-Line Package
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Order Number LMA250CN
Ses NS Package NOBB

Swe NS Package JOBA




112

UNNULLED CHANGE FROM
Vos AT lggr * 10A (mV)

Typical Performance Characteristics
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Typical Performance Characteristics (continuea)

Input Noise Current (1) and

RSET vs ISET

Phase Margin va Igg 1 Voltaye (E,) vs Frequency
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ORDERING INFORMATION
Device Temp. Range Reverse Breskdown Voltage  Tolersnce

LM2862-1.2 - 40°C 10 +B6°C 1.235 Volts 1.0%
LM2852-2.6 -40°C 10 +856°C 2.500 Volts 216%
LM38582-1.2 0*Cio +70°C 1.236 Volts 21.0%
LM882-1.2 0*Cto +70°C 1.23% Volts £2.0%
LM38882-2.5 oCto +70°C 2.500 Volts +15%
LM3852-2.5 oCio +70°C 2.500 Volts +30%

LM285
LM385

MICROPOWER VOLTAGE REFERENCE DIODES

The LM285/LM385 series are micropower two-terminal band-
gap voltage regulator diodes. Designed to operate over a wide
current range of 10 uA to 20 mA, these devices featlure excep-
tionally low dynamic Impedance, low noise and stable operation
over time and temperature. Tight voltage tolerances are achieved
by on-chip trimming. The large dynamic operating range enables
these devices to be used in applications with widely varying sup-
plies with excellent regulation. Extremely low operating current
make these devices ideal for micropower circuitry like portable
Instrumentation, regulators and other analog circuilry where ex-
tended battery life is required.

The LM285/LM385 series are packaged in a low cost TO-226AA
(TO-92) plastic case and are available in two voltage versions of
1.235 and 2.500 volts as denoted by the device suffix (see ordering
information table). The LM285 is specified over a - 40°C to + B85°C
temperature range while the LM385 is rated from 0°C to + 70°C.

® Operating Current from 10 uA to 20 mA

* 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades
¢ Low Temperature Coefficient

@ 1.0 N1 Dynamic Impedance

e Available in 1,235 and 2,500 Volt Versions

MICROPOWER VOLTAGE
REFERENCE DIODES

SILICON MONOLITHIC
INTEGRATED CIRCUIT

EQUIVALENT CIRCUIT SCHEMATIC

®

(Bortom View)

D SUFFIX
PLASTIC PACKAGE
CASE 7561-01
S0-8*

*Surfsce Mount pin-out Is different than
standard package pin-out for this device.
Please refer to Chapter 7 for detalls.

800
260 k 10k
7 ﬁ"'."mv
|< i o Y -
600 k K 4 =
sask b
i ¥ 3 F Y
600 k A
mo:..:vl 425k ™
X
800 500 N 100 k

Fi

STANDARD APPLICATION

16V
Battery —

1238 v

LM385-1.2
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LM28S, LM385

MAXIMUM RATINGS (Ta = +25°C unless olliarwise noted)

Rating Symbol Value Unit
Reverse Current IR 30 mA
Forward Current If 10 mA
Operating Ambient Temperature Range Ta *©
LM285 =40 10 +856
LM388 0to +70
Operating Junction Temperature Ty + 160 °C
Storage Temperature Range Tsig -65 10 +150 °C
ELECTRICAL CHARACTERISTICS (T4 = 25° unless otherwise noted)
LM285-1.2 LM385-1.2/LM3858-1.2
Charactaeristic Symbol Min | Typ | Max Min 'l’!_’ Max Unit
Reverse Breakdown Voltage VIBRIR v
IAmin < IR < 20 mA
LM286-1.2/LM3858-1.2 1.223 | 1.235 | 1.247 1.223 | 1.236 | 1.247
LM385-1.2 - = -_— 1.206 | 1.235 | 1.260
Minimum Operating Current IAmin — 25 10 - 25 15 WA
(Ta = Tiow to T'\!I' h Note 1)
Reverse Breakdown Voltage Change with Current AV(gRyAlR mV
IRmin < IR < 1.0mA, Ty = +25°C P = 1.0 o B 10
TA = Tigw 10 Thigh (Note 1) - - 1.5 - - 15
1TO0mA < IR < 20mA, Ty = +26°C - - 10 - - 20
Ta = Tiow 10 Thigh (Note 1) e - 20 - - 25
Reverse Dynamic Impedance z n
IR = 100 wA, Ty = +26°C —_— 0.2 06 - 04 1.0
Ta = Tiow 1 Thigh (Note 1) - -— 1.5 - - 15
Average Temperature Coefficient AV(gryaT - 20 — - 20 = | ppmsC
WA < Ig<20mA, Tp = Tigy to Thigh (Note 1)
Wideband Noise (RMS) n - - - 60 — My
IR = 100 4, 10 Hz = f < 10 kHz
Long Term Stability -1 - 20 -_ - 20 —  |ppm/kHR
IR = 100 wA, Ty = +25°C =0.1°C
ELECTRICAL CHARACTERISTICS (Ta = 25° unless otherwise noted)
LM285-2.5 LM385-2.5/LM385B-2.5
Characteristic Symbol Min Typ | Max Min Typ | Max Unit
Reverse Breakdown Voltage ViBRIR v
20 pA = Ig = 20 mA
LM285-2.5/L M3858-2.5 2.462 25 2538 2.462 25 2538
LM385-2.5 _ — — 2426 | 25 | 2575
Minimum Operating Current IRmin — 5.0 20 - 6.0 20 HA
" TA = Tigw to Thlgh (Note 1)
Reverse Breakdown Voltage Change with Current AVigRy mv
20 pA % lg < 1.0mA, Ty = +25°C -alg - - 10 - — | 20
TA = Tigw 10 Thigh (Note 1) - - 1.5 - - 25
10mA < Ip < 20 mA, Ty = +26°C — - 10 - - 20
Ta = Tigwto Thigh (Nots 1) -— = 20 — - 26
Reverse Dynamic Impedance | n
IR = 100 uA, Tp = +26°C -— 0.2 08 —- 04 10
___TA = Tiow ' Thigh (Note 1) meie] Pt . 18 INSC B 5
Average Temparature Cosfficient AVigryY - 20 — — 20 — | ppmrC
NM‘M‘NMTA-ﬂwloT'_.iﬂ_htNoull AT
Wideband Noise (RMS) n — 120 -_ - 120 — Iy
Ig = 100 wA, 10 Hz < | = 10 kHz
Long Term Stability H -t 20 - - 20 = |ppm/kHR
IR = 100 uA, Ta = +26°C +0.1°C

NOTES: [1. Tigw = - 40°C for LM285-1.2, LM286-2.5 Thigh = +85°C for LM286-1.2, LM286-2.6
= 0°C for LM386-1.2, LM3858-1.2, LM385-2.6, LM3850-2.6 = +70°C for LM386-1.2, LM3868-1.2, LM386-2 5, LM3868-2.6
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TYPICAL PERFORMANCE CURVES FOR LM285-1.2/385-1.2/3858-1.2

FIGURE 1 — REVERSE CHARACTERISTICS
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ZENAMIC Is the product name of a metal oxide varistor,
ZENAMIC features better surge voltage suppression characteristics

and large surge energy absorption,

because the whole element is used to distribute and absorb surge energy.
The main use of a ZENAMIC ia for lightning surge suppression
and suppression of surges generated within electronics equipment

{e.g., by coils).

Surge wavelorm

The surge wavelorms vy according lo the source.
An EXP wavelorm Is usod for surgo testing the
ZENAMIC, while @ AC half-wave ls used lor the
energy absorption test. The EXP wavelorm reachos
its poak voltage (current) at |ta] as shown in the
figure, then decreases as time passes and reachos
hall of the peak voltage (current) at [th),

This type of EXP wavelom is shown as a [ta x tb)
voltage (current) waveform. For surge testing

the ZENAMIC, an 8 x 20 « sec current wavelorm s
used.

. L]
| Nl
)
I
[ £ oo
- 3 L] S —
» sl 1]
i
(1] =
) T~ - f Tows (2} =
n
" Z7L 2100 2100 2Z21L
O | max 10| max 13 | max 18 | maxod | V! Charactorstics ;
t_ | max 8 | mox. 8 | max 8 | mas @ ZENAMIC haa the forward-Reverse symmutrical
P o8 83 83 BETY) eloctrical characloristics shown in the ligure,

Tha voltage-current curves show the varistor
Charactoristics In the range 1 »A to 10* A, and show
the resistance characteristica for ranges undor 1 uA
and over 10* A

The voltuge betwoon terminals whon test currant (It: 1
mA) is appliod to the ZENAMIC is a standard varislor
valtage (Vz), and the voltage between terminals when
a standard swrge (Ip) is applied represents the
maximum suppression voltage (Vc).

P

Yolage ‘v =
g
~

B U T T b

Currant (mA) «

Temperalure Characteristics

In the minimum current range, Zonamic featwes
outslanding temperature characteristics. Mutal oxido
varistor shunt resistance Rp has the temperature
character- istics shown in the following equation.

Rp = AeE0/2KT @

T: Absolute temperaturo
k: Boltzmann constant
A, Eg: constants

§ E8E

VoRage (V) —~

S E8%

Curtant (&) =

As shown In the fligure above, the temperalure dependence
Characteristics are minwmal in the 1enge over the lest current.
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