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Abstract

The thesis involves the development ef a low cost thermosyphon
flow measuring equipment for solar water heaters. The flow rate is
determined from the time of flight of viscous eil dreplets, having a
specific gravity nearly equal to that of water, between fixed distances'
along the flow using electronic timers.

The accur%cy of the_equipment was demonstréted by measuring a
simulated flow frem a censtant head source which was adjusted to yield
flow rates comparable to those of thermosyphon flow. The results obtained

B )
were in good agreement with the known set flew rates.

By incorporéting the equipment to a solar water heater using
a flat-plate collector, thermosyphon flow rates ef the system were

measured for the first time in Thailand, Instantaneous efficiencies of

the collector were subsequently derived,
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Fig. 1. A system for measuring the velocity of a flowing liquid, where
Vg=C-Vcos@and Vg=C+ Vcosh.
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Fig. 2. Schematic diagra.m of the circuit in the experiment, consisting
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s dc amplifier.
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laminar flow a2y 2 u3tam fin

1, ﬂsvu3L1mﬁﬁva:auﬁ%§budaﬁﬂﬁaﬁvﬁ%LﬁutéHuwv%yihﬁ

o R :
2. @syudiiafl Header anvanfu riser  wovusviuded

. " » [ [ s &
n1sguiesnnasifoanu ATWMINLIYY NIvBDN Fulay Uszquhuens
1 ] Ll ’ -~ t o
wuueay 9 Juaeapn1sgutdoa1nns  Auanudaneayszuy vive ity luahiviivee
- . - ., N o - .
sufl SuavvuaTeahfivivuariuiau3Inads InakuuinesyLaun fed profile <wav
: >~ >’ -~ Qu'r » ~ : .
AL S UL L AuRTY Bz lTAun s Inanuuatduasssaswun tadn inutzsuty profile
C
LUURI31IURI
e - o ' 4 N . y - ¢ 4
(2)  wwmidneenwn luusa sauve wsn uInIngamgl 1 afue Rty 9
My lll’.J I- »
(bulk mean temperature) @vazlalafumedwunflufinasuuasgyifuniwsou
7l AR RO ' mSe . s Z o om
uAluIzuuady q nasedannuauueyNAndvIn1sguiiualuseu  uanIndnedwun

< : » - -~y . - b, [
LEuantiv gk Su v ineazfisnswnlan gampfiawuulervssauiiausuasian
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. ’ ] - o ] .
Wiy bulk mean temperature upaslyidussvatinduna riser wovuksSUy
O B > ! A - . ) ’
yoadwinla¥uainusau Anfave ﬁvuun:un11awwauqquuﬂ1nﬂ1walﬂqu1naﬁvwa
3qnuavey profile wavgumpdlune riser faznhin bulk mean temperature

' . F A g
uANAIYIN spatial mean temperature ARaARUNIMUIARYE WD

’ L]
bulk mean temperature muaqﬁﬂnnsns:aﬂuwavﬂaﬁuLgaua:qmﬂqﬂ
& Jd~ o : e ~ X ' e
anpafufinundnuaws  @unmifneevuhueyiun1inszinugey spatial mean

L] " L] v. [ ]
temperature lufusgfiuaiwiSrvewnlune

2.1,1-5 n1su51wjﬂﬂﬁaavwﬂvﬂﬁmﬂﬂaméﬂuﬁTﬂu Ranatunga [9 ] ’

> > ' o ., .
Ranatunga laun legsunnsovreviuahaswmivaliafiansaniussuumi

“. 4 L4 - L4 : [] - [ 4 L [ ] >
ghssunsouavpfapuuuiilny Tasfafiouuamavesy Close uwazlaun lafvnaludfie

(1) na9:8uanou (Friction)

ovannarmenlunasiianisivauvy  fully developed laminar
2., st | 3 & . - :
#913pn1n . transition length Jadunn iwsazasuulunisdiasisnnds L fuannugen
n1sInagawmalunaasBnfunazavnis inalugay  developing laminar

transition length, L' = 0,058 R D (2-11)

» ~ - 14 T ' -~
nﬂwuﬂﬂtﬂuunﬂuunaﬁvnﬂuiuwavwa,D = 2,25 cm ﬂ:nﬂﬁﬂ L % Rn AN 9 1n

o o
ANATIn 1

Rn L'(cm)
100 13.05
i
500 . 65.25
1,000 130.5
2,000 261

nﬁiﬁvﬁ 1l
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anmra1ef 1 aziiulanadan R QY (Wuﬂavnﬂsiwauuuaquuﬂs) A1
transition length ﬁéﬂuﬁnn{1ﬂ1ﬁuuﬂ1ﬂavwa riser Tauvh 1 T deifu
ﬁvLﬁﬂnﬁsLKUﬂwﬂunﬂnﬁhn§ﬁ1udﬁvﬁﬂn111wauuu fully developed laﬁinar
n1s 1 duanauluzay developing laminar a:ﬂnaadﬂnuﬂn#anﬂsinauuuLwag—

- '. » [ 4 L4
Tulevauluszuununseunouavaifing

(2) nasunloamiuns@fidnasinasylugqy develeping laminar

»~ - 1] [ 4
Langhaar [29'] 1ﬂ5Lﬂswznnﬂslnaiuﬂquﬁ\uﬁaﬂsv WRzZHAALA
wanefeastedl 2 Taofl

M = pressure drop luziy developing laminar . (2-12)

pressure drop ugqv fully developed laminar (wﬂaﬂu0ﬂ1waua. Rntﬁu1ﬁu)

A 2
£ M
DR,

0,0137 3.24
0,0179 2.78
0,0237 2.39
0,0341 2.01
0,0449 1.78
0,062 1.57 ' ‘
0.076 1.47
0.1 1.36
0,3 1.12 '
0.5 1.07
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-~ .‘vv
snaayaluatsed 2 dwsefouidusuniseey M ladd

= 1.0 + 0.038 (2-13)

2 0.96
7
n

rYy [ 4 .
ﬁdadﬂvwavﬁa riser flofuszdarweivUszuin 1.5 m WS LRUNT-

ﬂuﬁhaﬁvﬁa = 0.0l m

q Rn = 1000, M = 1.23 uanv e Iuanlannas L fuamaunana9 tiusde 19%
vl /4 >3 .I.IJ&J

ﬁ Rn = 2000, M = 1.46 usavrnuaalaninsifuanuaianianituasy 32%

#ivifu  correction factor @ miunaslivauuu developing laminar

» ? - .
avaavifuizr U lusunasft (2-7)  mw

(3) Minor lLosses

L] . - [ 4
VIS SufAH e minor losses 3INNTTIMALUY LNBTYLAUN ualunns
L] L4 L X U 9
Inauvuaduasszd kinetic energy corréction factor 100 % Wuflemn head
. 8 L] L] L] J -~ L4 [
loss coefficient fatiflu 2  ivrwevardlasinaisinauvy inesyiaundvaiuso

wanv AR U SARRAIER S ANT

2 R ‘Up . 5
- b, r - v -
5 29 dg = 05 -——g dr = 2 [—29 ] (2-14)

) * . ¢ 3
aﬁnﬁunwsqmtﬁuLdavawnnnﬂtﬂﬁuuwuﬁﬂwaaﬁn Header luUg riser 3z

finn  head loss coefficient whn3unaslwauuy fully developed laminar

groff
2
A A
2 1 8 1 .
1, 3 A2 3 A2
] ~ 4 t
ﬁHEUﬂwtﬂa Al: Az— 4:1 azlanan KL = 1.38 ua head loss

doefficient lunsfinaslnauyyinasyiawi, K, = 0,56



n¥93 0y correction factor uadmawhsnsan (error) lunas
. ~ n’ L] L] &
AMUINER 1IN 1S AR D INIRTEVUAAAN R (gema1 400 Zuldsufly 2000 )

1] Jl '. », *, -~
AzanawInuAnIWAnAnaIAna1 R arfounlelula

(4) Thermosyphon Head

- .~ L4 L
auunBnisaiuln  thermosyphon head arffufusfiuadrunuinuu
gawiafigan1y 9 luavesnasiva uasfuwusfiy bulk mean temperature — m

L o )
e q ussloamunisniifvEoy

,0 = ATZ + BT + C (2-16)

» L] ~, L]
A15AYUINAD LYY ILULYD YNNI bulk mean temperaturxe lune
" v, ” e % ) 2 . -~ K) .
awhezinaagnaey ualune riser 3IzasvAnfivnIINITINYVANRANRTNUIINNTT
L4 9 - L] .
Inasny Jufia thermosyphon head a:ﬂhaqﬁb spatial average temperature

1ufusyfiu bulk mean temperature

[} 1 ’ * ” 2
F3IREN ﬂ1ﬂ71uuﬂnﬂ1vwavﬂ11uwu1uuuﬂavu1ﬁﬂ1u1ma1ﬂ bulk mean
0] ' 13
temperature uay spatial average temperature luva riser nsfinasina
. - [ ]
Wy fully developed laminar azudaviwifiuseanluil

profile wpvaquﬁtﬁaﬂ heat flux Avfl

4aT 2
2V m ( 3 R2 r r )
T =T - =X Z R — - == (D
m X al 16 + 16R2 2 (2-17)

' P4 ~ - -
AIWAUNLUUL aduma aﬂwu*ﬁwu WRIZITUNN ‘m\)ﬁ
r i

1
P, = — j 21 r p(x) dr (2-18)
1T g2 e

(@]
e (x) AUNNRNEUNITR (2-16) uar (2-17)

WayRINIIBNA A nImaNNTT (2-18) Az husiod]
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L0

- : 2
6 = alr®+ 6 cr + 38261 43 T+3_G]+C (2-19)
1 m 33 1m 121 1 m o 11 1
2
Taun G. = 22& .d_i (2-20)
l 96 d at

ArAwnuaudu L afseewnidefinain  bulk mean temperature ﬂ:ﬁﬂunﬁsﬁvﬁ
5 2
P = AT +BT +2C (2=21)
2 m m

auntsf (2-21) lolaturswwSiiamavidizawe riser JuniInszaiuunvgoumnd

' A g b y Y ; v o
AWHFUD  ARDARUAIMUANAYAWE  uAnSwinveonYowa riser srldvaunnsfi (2-19)

(JefinanasInatuuuy  fully developed laminar

L4 - > 1’ 4 L] . L]
01ganRdRsIUSTIIAMINIY1DWE riser Jaravd  fiaqwasoatuaand

riser thermosyphan head laadnaunasfl (2-19) uaz (2-21) #fl

(n) thermosyphon head ahwuanm naunTsel (2-21) sz iduded

0.5 gH ( P2 in - P2 out)/p

2
]

TA

2 2 -
0.5 gH [A(Tm‘ - Tm ) + B(Tm'- Tm )] /P (2-22)
bR (o] 1 o -

» L]
(v) thermosyphon head afuaas nsunisfl (2-19) Taufiaanau
1 ] '. [ ] e » [ 4 .
MUIUNUEDIN IR DARIWEM DI riser  (Thutuutdeidy BRIV 9 We riser

) t 1, ' =
quﬁ?:ﬂﬁ:ﬂ"luau"\’au'\lanﬂ Lmﬁ‘S\M’NaaﬂQ:ﬂ proflle ?Ja\\ﬂnm’lﬂlluqus']Tua.q

{mun13fl (2-19)}

Hyy = 0.5 gH ( P2 in - F1 out) /P
2 2 :
= 0,5 - - -

.5 g [Awm 2) +B (T -1 )

1 Q 1 o
2 -
a6 T + 36.2 g% -3 B G] /P (2-23)
1m, 121 17 T O%

1] ." L 4
n719 U puudavwavar e uiurewhluavesnislne - s nn1sSiasaEn

g vausauanyiafivgd 2-3
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§Uﬁ 2-3

-~ ] ] ”. -~ ]
iUﬁ 2-3  uaavInuiuln whlawsuiulu Header wuu Aa wnmuuwY
’. .l ‘ ~ 1 ’
taduvavuna:twwwu flous1 bulk mean temperature szluiufou s wufou-
, : 4~ &
uUavyay spatial mean temperature iisuiwauftulu header  vuifindulaw
L] ] -~ -~ .‘. R
NITAVH MRV A WIBUTIWNNT Inagavuh Fvidunawawnas Sy profile wov
< t o, 4 ™ \
LS nuunlusunians Woesnaame riser  waviwuusuhisusly header

==

UYUNANIINAFTUTULRY

N3 WENNST (2-22)  hwan B1aszva lnaaflatauna 1A idua sy
fiv 40% Fvuaquan R, fian Rn A7 A WURNAINAZUBY LATIAN Rn CA ALUANRATN
- £z - 4 .
AN fun19A uaamaA1  thermosyphon head fian R g9 szauyfan
[}
715 LS EUUUR VAT WIHILUNYEWA AARIUEIIYAWE riser 3% indouffiudaunsn
. 0 N
»oWB riser fu1awan Fudan bulk mean temperature gradient aAnifizafiu
z i ¢ o - . ' . . .
FOHUATIWNUINUUARALA awnsoamanln Aol linear density gradient
. o >~ N - -~ -
1=n11vnﬂvlwﬂua:ﬂdﬂuwuﬂuuuﬁvlﬂaﬂnnﬂﬁaumLnsw fully developed temperature

profile {annnsﬁ (2—19)} Taofinaa e L avune riser
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o
n

thermal development length

0.05 RP_D (2-24)
ny

L d L] - P
NVDANYRTNNRIY T 1Tpudunsyen net  thermosyphon head

lunp riser ool

2 2
H = (0.5gH/p ) H [A(T -7 ) +B(T_ -T )
e L ) moM
_an( 6 36.2 2, _ 3 - _
A(.l_lGleL+ 51 Gl) B nGl] /P (2-25)

T n11las1nn1s  extrapolate @1 bulk mean temperature
L

gradient lune riser lufven L

2.1.2 S%upy Duffie uas Beckman [27]

-~ J L4
AINFTUNTITUBIRTININAT WIBURUL N SU S ESU TR

Q, = Fgp2c [s - (Tf Fi Ta)] (2-26)
r
ffu Qu = m Cp(Tf,o - Tf’i) =m cp ATf (2-27)
Touft P, = WAVNIUAD W SDUALH TU TV ESu e ‘
WAV UA ULk T AU la o Sused
ﬂqwnqﬁLﬁﬂﬁﬁamnqﬁﬁﬁtﬁﬁuuvﬁbﬁhﬁﬁh
6C, |1 - exp (~U.F / GC) (2-28)
= 2. p (U <
L

) HANA W SDuA N S S sula \
[wﬁhvﬁuﬂd1u§éuﬁuuv§u¥v§€b15 ﬁﬂuuviuﬁha]

ﬂqmnqﬁ;ﬁﬂﬁbaquﬁLQ#Uﬂavﬁaﬂuunvﬁﬁﬁhﬁﬁﬁ

= _ 179,

1 1 1-
W + + =
[UL{(W-—D) F + D} D, hf'i ch

(2-29)

L2



l
F o= tanh M‘(W--D)/2 (2-30)
M(W-D)/2
1/2
M o= L / 2-31
c = kp P (2-32)
b ¥
U= U+ U (lufn edge loss inszdauauun) (2-33)
4] . (
= 2-~34)
b L 1
}—(- +
i 4 4
de(’ri Tsky)
w L
(T; - T)
T L o) ol 1ACR (2-35)
sky a
Taom Tuszauyfiin T 3 s
U = - 2-36
N = (2-36)
1 + 1
kai:: + h + h hw [; hr, c-sky
N o7 p~cC r,p-=c
p—C
FunasN (2=36) ‘15&’1145’uum’s‘u%’vﬁmvaﬁmu'#ﬂuduﬂsau'la‘z"futﬁm
N k » L] . ] [
hp_c = _u air ; o= 1:u:nws:mwuwugﬂumﬁuuwmau'lﬂ
2
N = 0.06 - 0.017 (E_) /3
u Q0 x
. 1]
o = gBTE
by \)2
B = L FmFunnA
T
hw = 5,7+ 3.84, 0<% <5m/s, McAdams [30]

2.8 + 3.04 , 0 <A <7 ws,Watmuff et.al. [31]

L3

(2-37)

(2-38)
(2-39)
(2-40)

(2-41)

(2-42)
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%vmﬁ'-::'lﬁ"ann'ﬁﬁ (2-42) UANNIELNNTA (2-41) mﬂm‘wﬂnn‘mﬂ’

(2-41) ﬁﬂuawavn11ud€vas1uﬁun11w1ﬂ1ﬁu;éu UARNATSA (2-42) fALANRYBY

N1THAAN L TDUBLNN LREN [32]
(2-43)

2 2
T T T T
N _ d(p+ c)(p+ c)
r,p~cC
P c
2 2
b A" gb (1] + T)) (T_+T) (2-44)
S = HtR(’C (o} )e (2-45)
N> [ 1
(o) = (o) + & (1_'{'a) (2-46)
e U2
% T a
(Ta) = -
1-(1-o) (2-47)
Pa
Pa = (1~ ’l‘r'n) (2-48)
0 (1= P) (2-49)
In (14 p)
(avannaunasil (2-26) = sunasi (2-27)
a:"\5‘&11m‘s'ua\!ﬁwmm1'lﬂa'uavn1awav\:‘1ﬁ\15
]
s o “ULF A (2-50)
- A - -
c,ln [1- Wy 8T/ (S -V (T, ; .Ta)}]
1)

F i fusanelluauiusnsinas Inavewwaavawi

Taufinaa



2.2 nirslvawewalunanay [33'38]

2,2.1 swnsidevauaiimiunisinazeunii (ﬁmﬁuuw incempressible

flow) %ums

Datum line Y
PTTT777TI7 7T 77T 77877 77777 7777777777 77 777777777 7777777777 7777 %

W 2-4

N3UA 2-4 1Touaun1s Bernoulli  @mAunasinawewinlunaladed

V2 V2 3
Py 4 K71 +2zy=P24x, 2 4+ 2,4 by (2-51)
() 29 ¥ 2g

Tutlmwavna7inagew™ lunsdwingasamrsadnineudid x ol niolufasanmy

> ~ g )
Tiey daue Z,, 2, szfinatefununluamarrvegluuua s

2

fq'mimnwﬁ (2-51)

Cpoe
hooe tTP2_ Lp (2-52)
L Y Y
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Darcy-Weisbach InauNITTIN FUA U AN AN hL ol

2 V2
h,. = £ = — ; f = friction factor
L D 2g
£ov?
frictional stress, 'Do = %
* f
frictional velocity, 4 = V Fl

friction factor, £ ﬁuau’ﬁuﬁ‘t Reynolds number, Rn

relative roughness, (e/D) 2D

(2-53)

(2-54)

(2=55)

¢t
Ussa1

L6

>, — > s
nsilalunnsnan friction factor dvlaainnisnaneviiann Reynolds

N Cal )
number %1V 9 laull relative roughness s parameter LSunnsniinA
P
Stanton diagram ﬁ\':jth'l" 2-5
3F
0091 AEEN 1 nl
008 L8 | Whally [
. e mmarl Eq[, 9[‘10 ':)Jnge \\31. 9.24
0.06 Transition N : YR U & 00333
005 Tone. L] N
y - ] <t \
\ , \“’1 e . 0016 33
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! sl Dot 0008 33
003 Ma ol bt T - e/p
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‘q hd \4~ .
002
<& e 0.000 985
. Eq. 217 T
001 1

v s 100 2 5 100 2 s 10° 2 s
aff 2-5 o
Stanton diagram. [33]
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A1 Reynolds number, Rn
R = _VE.D_
n u

n1laan

VD

—

v

L9

(2-56)

> . ' -~ . 4 .
FounmIuaT Rn figmisomian £ lasan Moody diagram 787 /D AN 9

o .
uwaz friction factor fisquasnmhulnmaan head loss

- [ ~, « . >~ [
ﬂ’Wl‘i'lUﬂ’lﬂ’J’BJt“S’J Laﬁ'u‘va\m’l'lu'na, AN LIYENINE, ANUNTIINYDNIVIED

Darcy-Weisbach { aun1sfl (2-53) }

(hL)

1na1naunis

2.2.2 naslnsuvu fully developed laminar lunanay

a1slnauuy fully developed laminar a:ﬂﬁﬁ Reynolds number

agIEmInN 0-2100

- - - —— - — _—— - - -

(*ﬂnizlf)

- p—

A
d
7/ gy

"o

Tun153LESIEINT Wmawuy fully developed laminar lunonauszins

M 2-8
anqﬁﬁvﬁ
1.
2, profile 29 ﬂ11ut%awavﬁﬁluﬁaxﬁuuquﬁszqﬁw
3.
4,

. L . L ] -
profile upy shear stress uaza L Frvewn luness symmetry saULﬂuuﬂﬁuunaﬂvﬁa
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__2.2’_. = —=x (2-57)
wwr o= u = = -y (2-58)
~ . dy dr
aunsA (2-57) = aunasA (2-58)
N - - 2 -Yh
la V=4 . K, K _—74uL (2-59)
7 r = R, r = 0
5 4
#etiu K = ma>2( . (2-60)
R
wuAn X Tusunisf (2-59)
A Iy’ '
L- Vmax [1 L (E) (2-61)
INFUNISA(2-59) uar (2-60) n:‘léannﬂwav 'vmax grod
2
W TRX
max = ——4«;!7—- (2-62)
Frsn1s IflwuyUsuansvewma lainn
R
Q = J"U'dA = 5 L 2Mrdar (2-63)
A

0
Lmuﬂ'ﬂ Ar a'maumsﬁ (2-61) uwny vmax ‘a’mﬂumsﬂ (2-62) umuns

#l (2-63) uaBufinanazlewadwsed -

Yh 4 4 o
e = i'zs U“ED = ﬁzé o | (2-64)
pe

\Sunaunsfl (2-64) 21 "aunis Hagen-Poiseuille™

awiSaafy, Vv 2avumalasan

2
v = 2 o TMF o A (2-65)
A 8uf 2 )
. n = 32 U v ‘ (2-66)
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2.2.3 Minor Losses ‘lustuuwa
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!
i
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2 V2 D 2
A v
h = ( - __}) X X = [jl - (.i&) } x 1
e Az g D2 ‘2g
2 G
= k1 ; x = [1 - (rjﬁ) ]
2g B D2

K = expansion coefficient n1lasNnnsInUREATUIN

(2-67)

(2-68)
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2.2.3-2  nsanvunmanuiudiiule
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1
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S

e

I ' !

I

1

i

U 2-10

h = (l- 1)2 v_; ' (2-69)
¢ S 29

c \ &2 2 (2-70)
c VU A

A_/A 0.1 0.2 0.3 0.4 0.5 0.6 |. 0.7 0.8 0.9 1.0

C 0.624 | 0.632 | 0.643 | 0.659 {0.681 | 0.712{ 0,755 | 0,813 { 0.892 | 1.00

#1397 3 [42]

1}

T ] > ) - » 5
2.2,3-3 mss_{tytﬂuLdmmnmu'[ﬂ\ma\ma Ussqul URTZUBRBAIN 9

L

v, - V,,2
1 2)
h = - -
. =% P (2-71)
K. = loss coefficient 'ﬁv%uadﬁua‘nw:ﬂ'w q wBwBuR DY q




ﬂﬁﬁﬂvﬁ 4 [43 ]

Approximate loss Coefficient,

K. for Commercial Pipe Fittings

L

Valves, wide open
Globe
Gate
Swing~-check
Angle
Foot
Return bend
Elbows
90°- regular
- long radius
45°- regular
- long.radius
Tees
Line flow

Branch flow

Screwed
10

0.2

755

1.5

0.7

0.4

0.9

0.8

Flanged
5

0.1
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\\:/

." 4] 5 Rl 10
gdn 2-11
It&’s loss coefficients for smooth bends (R 200 000). [33]

Miter bends. [28]
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entrance region fully developed 1a‘ninar flow
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lugay developing flow, profile wavArw L Srmavihes v ly
vugunasnluan uaszass 9 (WEousan profile  flanhimueowuithugiwasaluanlu-
Agafszoznrwntouafiss i Tuivufeaenly  lusawfidunqa fully developed flow
]

srusnvuoy. developing flow 13un1 transition length, L G Langhaar

1ainaunaslantwradied

'
L = 0.058 RnD (2=72)
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-
max
D
V77 /77777 77777/ 7L
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doRuy® :-

1. nosunuddnwvos dugnnay

2. nomwidanmudflina i Boefiunhuan  Luuafiuuay
>, . [ * z

3. wnosudulnaluasvnaiwainniu

ﬂ. » -~ y ". ] .
4. woanatulunnlyn profile  wawnas Inavevuiluveiufou

2
v = [ HR) ] (2-73)
Vi = Viax/2 (2-74)
JI
v, - o) ¥(x) 2%radr (2-75)
ﬂrz

WNUAFUNTD (2-73) uaz (2-74) Tusunasi (2-75) uﬁﬁﬁuﬁtnsw@:iﬁhaﬁhgﬁhﬁ

ZE = 2 - fk Y :
v B ('ﬁ) , (2-76)
w

o > - ~y *
IIINFUNISY (2-76) Q:LﬁuTWQﬁLuawUﬂuﬂﬂuﬂwuﬁﬂ\5nn1nﬂ1ﬁuL%ﬁLaduwavnunuﬁﬂu

L] E N 4 U.v l‘ . I3 ."u L)
Iz iy r uﬂﬂﬂﬂUﬂUﬁuu1H@tﬂUﬂaﬂﬁﬁﬂ111lagﬂﬂaVHUﬂu1UuQ:tﬂﬁﬁﬁﬂ?ﬂu

& X )
LS?}QSUﬂﬂVUﬁ

» . I3 % o
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2.4

. Vb = KV, K = correction factor (2=77)
r/R 1/8 1/4 1/2 3/4
Vb/Vw 1.98 1.94 1.75 1.44
Error (%) 98.43 93.75 75 43,75
(o1w vy v N
Correction 0.504 0.516 0.571 0.7
Factor (K)
Vb/ VW
‘ ﬁﬂﬁﬂvﬁ 5
2.0"‘"f""“"“a——--._‘_\_°
1.8 - \\\\\\\\\
106 "
104 h
\
N
1.2 b \
AN
1.0
W
T _— . - — > r/R
' 1 1 1 3
0 - — - = ;
8 4 . 2 4
r N
‘;'.t!'n 2-15
N3P uIMIA s s AnSnndhons  (Instantaneous Efficiency)
- wﬁvvnuﬁdﬁuzauﬂunvgufhafuia (2-78)
WAV UAT WwSsuARnn TEnuL Ry SU e T lunnsdy
= m cp At/ (HtAc) (2-79)
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1. LDR Detector Circuit
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2. OR Gate
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fiu Analog Switch 14 CMOS t1uas 4071

3. Analog Switch
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5. 7-segment LED Display
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6. Power Supply
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1. Solarimeter model CM-5

2. Two-Channel Recorder model BD9

3. Solarimeter Integrator model CCl
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©-2.1(681] DENSITIES OF PURE SUBSTANCESt [ 68]
Teble 3-28. Density of Pure Woter Free from Air, 0° to 41°C.* Toble 3-29. Density and Volume of Water — 10° to ~ 250°C."
c Teotha of degrees | Fa Temp T Dea | Vo [Temp..: Deo- | Vol- jTexmp.,! Deo- | Vol
. _ 0o | ] 213 l___4__1 5 l.i.|_7_|_L|_9_ d:Serences sity | ume | °C. | sity | ume | °C. sty | ume
U 10 9% b6 B747,8812:8875 85, TP, 9053/9109,9163,9216!  +359 -m 0598151 00180] 20 10.99823.1 00177F 50 |C 988G7 T 01207
1 926,7,9315.9362, 5408, 19452 G4 °534!9573 9610 9645 <41 -9 843] 157 2 802! ! 51 762 254
2 9629 97! 9/4!*9409 (7% 982 9544 °60< 9661 °W5 +24 -8 849 B3 2 780 220 52 7l5l 301
3 9922,9937, 9951 2962 19573 99K: °985 9°v4 12095.0000 +3 -7 82| 08 2 57 2448 53 649, 349
4 {1 00 mlmlmlm.lmiw,‘)“‘?n °900|99(1 0934 -8 -6 912 0 24 733 268 54 621 398
5 10 999 9519,9902 9854 9“64 9642 9819,9795,5769,9742:9713 -24 -5 99930 1 000 25 99708 55 9E573 1 01448
[ 9682, '9£50'9812" (952 ‘9545" °507 S468 G427 9385 ‘9341 -39 —q 945 0581 26 682 60 34 705
7 9%, ?249 3208, 915"91“) K4k, !99( 12938 B&E‘ [Lva] -53 -3 958 42 655 65 059 979
8 8764, m’ 354! !ST7 85126445 5377 £308. 823/'5165 -6 -2 970, 031F 28 627 70 97781 1 02270
9 L ich] 6017 75407863 7784 T704 7622, 7539|4455|7369 -8l -1 979 ony 59 75 0€9| 57¢
10 TI82 7194,7105 7014 692} 6526°6729 6632 ¢532 6432 -95 0 w87 1 00013 30 99568 80 971831 02899
3] 6331 6125 61246020, 15913 SB0L 560 1586!5474:5362) —108 1 93! 007) 3 537 85 94865 1 0337
12 44‘5 151325016, 48Y8 4’750‘6604‘}5 44154291 166l —1n 2 997 003 32 506 % 34, 590
i3 3912 3784, )654 '3523 3291,3257; 3112 2088 2850 -133 3 o9 001} 33 473 95 192 959
12 7lZ 12572 243} 4259 2147 2003 "asa izt 1564]|4|6 - 145 4 00000‘| o000, 34 0 100 05838 1 04343
15 1266 ||o410%2 05-09 0635 0439.0343 01 85/002¢ 9865, —156 5 35 . D846 110 9510 .1 0515
16 | 998 6705, 9541 9376°9214 9045 888t 8 7'3 8544;8375'28202, —168 6 371 120 9434 1
17 829,7856.7681,7505, 17328 7150697136791, '6610 64271 —-128 7 3 336 130 0352 |1.0693
18 b4 6053 3673, 5666 5498 3309 ‘5719 4927 4735 45‘! -1% 8 300 140 9204 «1.079%4
19 434741523955 3257, 13558'3358" 3!56 2055'2752'2549.  —200 9 » 263 150 9173 Il 0902
b 2343,2137,1930,1722:1511 1301, 1090,0878,0043 0449 211 10 L L9925 160 %0725 1.1019
21 0233 Nlél‘:‘m 95809359939, !917 .53 M70 82450 -2 13 41 187| 170 8973 1 1145
2 | .7 %019,7792, 7564 7335.7104 6873, Kl 6‘06 6173,5938) -232 12 42 147) 180 8800 ;1 1279
3 37¢ 2 Foeedt 15227 493& 14747 4506 4264 ‘02”3777 383 <242 13 H 107 190 8750 1 1429
4 3286'3039,27%0 2541 2391‘2040 17881535, 1200/1026| 252 14 & 066 5628 ‘l 1590
25 0770;0513,0255,9957, 9736,9476'92“]!95' 8682 .8423| —261 \ 15 45 99025 210 [ .8%0 (1.\77
26 996 8158, 789" 7624 7356 T087 “17]6545 6273 woo \5726) 271 16 46 .9e082 1. 837 §1.195
2 5451, 5|76 4898, '4620 4342 4062:3782 /2500, 3218 2935 230 17 47 40 Z &3 1 215
28 26 52 ,2080 l793l!505 lﬂ71092!|%37 0346 0053 —289 18 48 896 240 .09 i|.236
29 | .995 9767 5468 9|7!l6576 8579, SZ&Z‘7W3 765“7383 083 ~298 19 843! 157 49 852 -250 794 ' 259
. s 4°C. is 2 Ertracted from Table 290,
2 6780,6478 6174 5569, 5564 5258.495C 4642:4334 40241  —307 L The zamof 1 ce. a2 4°C in takes as unity. Er
3 3714.5401 308912776 24622147 1832! rsis.nve ‘0280l —3i5 Smitbsonian Phyaical Tables,” 9tk rev. ed., Washingion, D.C. 1954.
32 0561 02” °920 9599‘91/6 2034 3630 7979 2653 -3
33 | 994 7328 6°97 % 16338 6(137 5676, 534515011 14672 ‘gl -33
M 40073671 5335 7997 3639 118 '975l‘6“ l"%i(‘953 =30 $Gases have been listed (in Tahle 3-31 only for 0°C and } &~
35 061010267 9922; 9576'9.30 55&3 2534 B186,7837 7486 —347 pressure. For all other temperatures use tahulated compressihility arnc
36 | .993 7136, 6754 N32~6075 57285 50 465! 1301 304 3] 358 volume dats together with p = MZ/V 1o ohtain density data For hig..2
gz %2 2oep. 959; g%!iﬁz E; "‘7% ;_;;? 11055 %ygzg '335170 air, argon, carbon manoxide, helium, methane. neon, nitroger.. and ow gex.
Bl { 2 L see Johnson {ed.), WADD-TR&-56, 1960 Extensive dute for cnoger.
» 6263 sm.”m 5140,6705 4”9'&!1‘%34‘3255'2176 32 | fuids are given in Gersh, “Low Temperature Cooling.” Part 1I. Moszw
«© 249712116, 1734;1352:0971 10587 10203:5818 8433,90471 334 1949, Data on liqud helium «nd hydrogen are alo gnen by S.co
o owraesil” 14T l ==t “Cryogenic Engineering.” Van Nostrand. Princeton. N.J.. 1939, For hg.:2
* According to P. Chappuis, Bureau International des Poids et Mesures. coolants see Weatherford. Tyler. and Ku, WADC-TR-54-595. 1959.
Under standaurd pressure (76 . Hg at every tenth part of a degree {rom 0°
1041°C..ing /ml Extructed from Table 287, “Smithsonian Physical Tables,”
9th rev. ed.. Washington, D.C , 1854 Gildseth, Habenst huss, und Spedding,
] Chem Eng Duota, 17, 402 (1972 . entseally review this and similar tables
and present another tabulation, tc $08°C. -,

Table 3-176. Heat Copacity of Water®
[68] . Air-free, st a constant pressure of 1 atm.

Haat capedty, toastant - Heat capaqty, constant Hasl capadty, coostant ‘Heat capecity, toostast
pers- Tezpers- " Texpers- Tenpers-
peeasure, | st jrwesurs, | atm., o prase, | atm, pressure, |atm,
*C. eal. /g, *C.1 turs, °C al./g. °C.t ture, °C. alp. *C.t tars, °C. al /g, °C.A
0 ~00803 25 %82 %0 0.%5919 75 1.00308
| .00717 2% 99885 51 99926 7 1 00225
3 00636 r 99878 52 99935 7 1.00241
3 00564 2 &N 3 99943 78 1.00258
4 00495 b 99869 54 99950 » 1.00277
H 00433 0 99866 55 999 0 , 1.0o
[ .00378 3] 99864 56 99969 81 00313
7 00325 2 561 . 57 99978 32 .00332
] frdord 3 99861 58 59988 3] 00351
9 00234 M4 9459 5 59998 84 003
10 00194 - 33 99859 [ 1.00007 ] .00392
it 00158 36 99861 61 1.00019 %% 00414
12 00124 37 99841 62 1.00029 & 00435
| §] .00093 38 99864 3 1.00041 ] .1.00457
14 00067 » 99865 o4 1.00053 » 1.00480
15 1.00041 [ 9860 &5 1.00068 %0 00502
16 §.00019 41 9871 [ 1.00079 [ 00526
17 0.99998 [ 99876 34 1.00091 92 00550
18 99978 Q 99630 68 1.00105 93 00574
19 R “ R < & 1.00117 4
2 9947 45 9580 0 1.00t3( ['e] 00626
21 99933 4% .95 i 1.00146 % 00853
n 99921 & . 99900 72 1.00160 w7 00684
D L9912 43 99907 n 1.00177 98 .00705
b L9902 7 » 9912 74 1.00t91 » 1.00734
100 1.00763
* From Ovbarns, Stimsor, and Ginningy, Bur. Stander chao\ ll. l97 \Im Bos aiso Benllc Algew. Wermatech,, l. (1954), Ramkazov and
Bheindlin, Doklody Akad. \’aul.S.S.S.R 130, 771 (1953,. Glmbﬂl Eng., 88, 135 (1959); “Handbook of Chemistry snd Phyga,” oy o, Chemical Rubber

Publishing Co. {p.-1259, below 0°C.; 0. m ‘W(W)Z’O‘ )
£ t | calorie w 4.1833 NBS ipt. j (Nationa! Buresy of Staodards isternational joule).
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w-2.2 [68]

Toble 3-177. Specific Heots of Organic Liquids*
Fromn “International Critical Tables,” vol. 5, pp. 107~113 and a few data from other sources

[68] Temperatare | 5.5 PR I T
Formula G al/ Compound Pormula "‘p.? ! el !
. [3 L. . g L.
0 0 487 | Bromochlorobenseae ‘0-) J CHBrCl 0 215
1999 520 {m-) CHBrOl 0 212
2595 522 | Bromoiodobensene {o-)..... CHBrl [} 183
306 Si4 $-100 160
0 . 3.2-64 6 157
24,2454 538 . 1.8-34 87
21-76 541 (@).eeennn...] CAIBrI 0 152
20-196 450 5-100 158
0 3% 3.2-64.5 156
0 430 1.7-34 1 154
0 .38 1.7-36 2 148
21-96 6485 1877 e
b1 .388 0 .54
0 451 21-118 .687
0 313 30 582
20 .36 -26.2 443
b .33 ~33.3 453
2 48 2.3 .52
2 451 19.2 563
2 .38 20 .45]
20 .451 2 459
M, P. 435 2 459
M.P. 435 20 459
M. P, K ool 0 A
2-125 Rt 40 50!
20-9 753 20-100 18
[ LR 21-113 547
B-233 .51
22.48 .55 29105 531 *
24.5%9 564 18-156 541
328 612 0 198
82 12 0 .01
i 30 20
n-1n 428 %-D3 .575
660 419 17-53 250
10 .30 55—”0 230
ngas ﬁ 10 .98
340 .34 20 .308
(] 346 0 0.3%0
20-100 K1l 0 .25
-200 540 M. P, 545
0 38 0 B2
(3 .93 ts s
0 it 30 D4
20-100 B 0-2 3%
16 965 2% | Chlor N O HeCA 0 315

*See line coordinate chart, Fig. 3-11, p. 3-129, for the specific heats of a number of substances as & function of the temperature. For additiona! data a7
the specific heat of liquid organic compounds see pp. 2275-2262 of “Handbook of Chemistry and Physius,” 40th ed., Chemical Rubber Publishing Cv
Extensive data on ethylene glycol, diethylene glycol, triethylene glycol, and propylene glycol solutions are contained in Union Carbide Corp publicati™
F4763F, 1958.
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Toble 3-283. Viscosities of liquids

[ 68] Cowrdtnates tor Fig 3435
Liquid X Y Liquid X Y
Acetaldebyde ........ Nee ae eeaseeessriesenensiatiis 15.2 4.8 [Freon-113. . ... ..iiiiiiiiiiien iiieieiii e 12.5 11 4
Aceticacid, 100%........ . .....oiueee b 120 14.2 | Glycerol, 10%. ......ooivnennnns 2.0 0o
Acetiz acid, 70%u. . ocenniiiiiinnnennnns 9.5 17.0 | Glyeerol; 50%..... «.coovvaenn 6.9 19.6
Acetic anbydride, .. ......., .iiecaiaiins 12.7 12.8 | Heptabe.......ovvvitiniinnn.. 4.1 84
Acetone, 100%.....oovuiinniiiniiennnes 4.5 7.2 |Hexane......... 14.7 7.0
Acetone, 35%. ... ittt 7.9 15.0 | Hvdrochloric acid, 13.0 16.6
Acetonitziie. . .ooveniii e 14.4 7.4 | lodobensene..... 12.8 15.9
Acryiie acid... e 12.3 13.9 | Isobutyl aicobal 7.1 180
Ayt aloohol . .oieniiiiit i 10.2 14.3 | Isobutyric acid . 12.2 14.4
Allyl bromide. .....ooiiviiiiiiiiiiiinenns 14.4 9.6 Iasopropy! alcnhpl . 82 16.0
Allyliodide. ... ..oovniiiiiiiiiiiininns . 4.0 11.7 | lsopropy] bromide ERERTN 9.2
Anmonis, 00 . . ooveririiraeienaies 12.6 20 | Isopropylebloride...c.ovvneeiiiiiiiiiiiiiiiiiiieieinin 13.9 7.1
Ammonis, %.e. ciiiieiniiiiniinaeinas 10.1 13.9 [ Iscpropyl iodide Ll 137 1.2
Amy! acelate. ... 1.8 12.5 10.2 16.9
Amy! slcobol .. 7.3 18.4 |Liseedoil, aw....ooooiiiiiiiiall 1.5 272
Aniline.......... 8.1 18.7 | Mereury.... Lo 184 16 4
i 12.3 13.5 [ Methanol, 100%. ....cvvininmnnninnnieneneneeeeaenes 12.4 10.5
13.9 14.5 | Metbanol, 0 %.....ooovvinnaens el 123 11.8
12.5 10.9 | Methanol 40%........cvivennnnn 7.8 15.5
6.8 15.9 | Mothylstetate.....oooovveennnnnn veeen] 1402 82
10.2 16.6 | Methylacrylate. ..o .oiiiiiiiiiiiiiniioieeniiianens 130 9.5
14.2 13.2 | Methyl t-butyrate. ..o ooivieiiiiiiiiiiiie e 12.3 9.7
Bromotoludne 20.0 15.9 § Methyl a-butsrste. .oooiiiiiinirinirrnenienaatinenannns 13.2 10.3
Suty} acetate 12.3 11.0 | Methyl chioride.... PN 15.0 3.8
utyl scryiate 1.5 12.6 | Methy! ethyl ketone.. Bas o« v eoconantasaonse ten 13.9 8.6
ey adooBol. oot e 8.6 17.2 § Methy! formate......ovieienenen. .. o 142 1.5
3UFTIE 80Hd. oo v e e e 12,4 15.3 | Methyliodide... ...coooonnniienn 14.3 9.3
Carhon diogide. ..ottt 1.6 0.3 | Methyl propiooate................. o] 135 9.0
Carbon disulfde. ...ovonnveeiniaeeeivennns 16.1 7.5 { Methylpropylketone. ......cooooiiiiiiieiiiiiiiiens 14.3 9.5
Carbon tetrachloride.......o.oivieiiirannns 12.7 13,1 | Methyisulfide.........ocovvvnnnnns. o] 153 6.4
Chiorobensens. . oovuiereinerecaneuassnnans 12.3 12.4 | Napthalese. .....cooioiiiiiiinin 1.9 18.1
ChIoroform. . ouvvnsesvmusenenennnnecraanses 14.4 10.2 | Nitricacld, $5%.....c...cioiiiins 12.8 38
Chlorosulfonie aeid....oienueninieinnnnnnes 1.2 18.1 | Nitrieacid, 80%. ..oceveniinnts 10.8 17.0
Chlorotoluene, orthd....... covvevurnenanns 13.0 13.3 | Nitrobensege. ........covvvnnnnnn 10.6 16.2
Chlorotoluene, Dets...oovvenavnniaranaenens 13.3 12.5 | Nitrogen dioxide..........oou..e 12.9 8.6
Chiorotoluene, para. 5 L. 133 12.5 | Nitrotoluene. . 11.0 170
Cresol, meta........ | vi i 2% 20.8 | Octape..... 13.7 10.0
Cyclobexanol. . S 1.9 24.3 6.6 218
Crclobezane. ...ocooniiiiiiinerinnes sonne 9.8 12.9 10.9 17.3
Dibromometiang. . ..oovvvnnaneraannieanins 12.7 15.8 14.9 5.2
Dichloroethane. .. .ooovevenneiienannneonen 132 12.2 6.9 2.8
Dichloromethane. ....oovvnvsicvnnnaceannes 14.6 8.9 3.8 16.7
X 13.5 9.2 16.2 10.9
1.0 16.4 12.8 13.8
5.0 24.7 13.1 10.3
12.0 18.3 9.1 16.5
13.2 8.6 | Propy! bromide........co.oiiiiiainn 14.5 9.6
10.3 17.7 | Propyichloride........ovevinernanns 14.4 7.5
13.7 9.1 3.1 9.7
12.7- 10.4 | Propyldodide.......oooviiieiiinnnnens 4.1 1.6
10.5 13.8 1 Soditm.ocuveevivrneeninananennnnons 16.4 3.9
9.8 14.3 | Sodium hydroride, 50%............... 3.2 25.8
6.5 16.6 | Stannic chlorids......cenveeiinnninn.s 13.5 12.8
B0 coovurhene es i sentaa s enshe 13.2 | 11.5 | Succinonitrile...c.oenvnieiiiiniiinint 101 | 2.3
Ethylbromide, . ....ooviviiiiniiiaeeciiiiieans 14.5 8.1 | Sulfurdiozide... .cocveevrnneniionees 15.2 7.1
2.Ethy! butyl serylate.......ooiiiiiiiiiiiiiln 1.2 14.0 | Sulfurie acid, 110%......ceenncnnnns 7.2 27.4
Ethylehloride .. . oooieiiieiieieieriiionanaes 14.8 6.0 I Sylfuricacid, 108%......cccvvnirunranns 8.0 | 25.1
Ethylether............ 5 14.5 .3 alfurie scid, 96 Y 7.0 24.3
Etby! formate,......... e 4.2 8.4 Murie aeid, 60%. . .0ueveeciennnnn A 10.2 213
2-Etbyl bexylacrylate. ....oooiiiiiiiiennnnns 9.0 15.0 { Sulfurylchloride........uununnenannanne. 15.2 12 4
Ethyliodide....couorrie e veioriiiniiinns 14.7 | 10.3 | Tetrachloroethane....c.ccvvvneevnnunnnns 1.9 15.7
Ethyl proploaste........ 1. 13.2 9.9 | Thiophene..... - O A 47 O 13.2 1.0
Ethy] propyl ether...... 14.0 7.0 { Titanium tetrachlotide.....cooovvnennnnes 4.4 12.3
Ethyl sulfide. . ......uue 13.8 8.9 |Tolueme......oevvvuciiiarinniniiiinns 13.7 10 4
Ethyiene bromide. ........ 11.9 15.7 1 Trichioroethylene.......coveevninienanns 4.8 10.5
Etbylene chloride. PR Wiy 12.7 12.2 | Triethyleme glyeol...coeiiennniennnnennn 4.7 24.2
Etbylene g15eal. ..oocvereeimnereeiurereriiiniaion 6.0 23.6 | Turpentine...... 1.5 14.9
Etbylidene chloride. ......oooiviiiinininieieeans 14.1 8.7 | Vioyl acetals.. 14.0 8.8
13.7 10.4 | Viayl toluene.. 13.4 12.0
10.7 15.8 | Water........ 10.2 130
14.4 9.0 | Xylene, ortho 13.5 12.1
R E 3 | s
. . ylene, para...... . .
172 | 47 e

Values of Seiner, Chem, Eng September, 193%, have heen indloded in this sting. Fur newer meusurements of the viscouty of water see Mosesunhs
J Heut Tramfer, 83C, 111 (1961, The Engineering Sciences Data Unit \London) are producing extensive tables e BRONG, i‘)ﬁﬁ. covers water, steai
heavy water, item T1003, 1971, higuid petrolenm products, ete. The Lamdolt-Bormtein vol Sa. 1969, probably represents the most extensive collestion
presently availuble for the liguid and sapor “ur gas) phases.
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Temperoture Viscosity
CegC Csg.F. Centipoises
200 —_ 199 100
T 380 90
180 1 370 80
150 I 360 70
4 3%0 ) 60
170 — 340 3
T 330 . 50
160 — 320 40
T 310
150 —— 300 30
"r- 290
140 — 280
T 270
20
130 L 260 J
tzo — 239 -
4 240
110 L 230
-4 220 30 10
100 —. 210 9
- 200 28 b
20 1 g0 7
i 26 6
- 180
80 7| s
4 170 24
70 — 160 - 4
+ 150 . 22
60 — 140 3
4 30 i
4 2
$0 120 18
<+ o
40 4 100 Y16
30 4 % 14 )
iy 80 7 - 09’
, ) - : 0.8
20 . 07
- !
4 60 10 " 06
10 -+ %0 05
<4 a0 & 04
°—t 10 6
4 03
- 20 a
~-10 — "
i . oz
— O
= o .
+ -0 © 2. e 6 8 10 12 W 16 I8 20 3
. X .
=30 —L -20 . [X]

Fi1e. 3-45. Viscosities of liquids at ) atm -For voordinates, see Tahle 3-283. [ 66]



Table 3-284. Thermal Conductivity of Liquids L.68]
k=Btu’hr

\ linear variation with tempetature mn be asained  The extreme salues given comtitute sho the temperature s anver which the data are 1

wag. ftyCF /i

mended.
Liqud [ 8 13 Tiquwd LY. 13
6 | 00 | Heaane (0P cveeenis covr connreniiinnnns R % | 00%
% R H alool l: g:
8% 102 1 aloobol (a-).......... bevearsecresinearerniaes .
155 | ey | e esbel (20 w6 o
7-8% 104 | Bexy! aloobol {a-)0......... PO eenreatrienaaneennes 2 093
5-86 B 167 0%
68 261
140 .2 | Ecrmenet 68 086
50 .083 167 .081
z?g 09 | Mereary? 82| 4B
. Mereary™.. . ovvoiiiiininnn e aseare e
-3 .088 | Methy! al . 63 0.124
167 .087 68 L1554
Aniliné® . ..... ereeraeene heaeareenianan veeeoag@P L 3263 . 68 190
68 D4
BensaneS,........... ceeens wrnerarnes gL g =% 63 )
Lg 2 e
BromobenseneS...... cheees veersdl® ... T, S 5 N1k
Buty! scetate (o-)8 7?‘%5 & Sl
1 F o 1 T R L L R R A -
[ PN P - 8% ] 095
e mlon
(€0 AN R . T o= 50 ‘;2 a
. - & .
Caldum ehlorde teine ?gé:: : N o
Carbon disulSded............. .« 86 % 083
167 .
32 180 .081
154 8% 079
5% &8 L 104
. % 212 . 100
8% &8 097
140 212 095
L] 084
I N a2 | om
0" b s | o
© 053 167 074
100 048 Perchloroethylone®, . ......... F X e, NN 2.8....... 12 092
140 ‘043 Petroleum etherd, ... LY SO0 D T N SR 15 g;;
AR B oot ek AUTIP-SN S R % | o
E 0 LT B O o U PPN SO SR 8% | .o
% 0% s { 0 | 0%
68 R T T £ S P T T T 212 16
68 105 410 | 46
&8 2137 [ Sodium chloride brine 25058, ......... 3 0.33
&8 176 12558 8 .34
68 . 224 | Suifuric acid 9098, % .2
63 -] .. 8 B
n .087 %% %
8% .086 | Salfur dioxide?.. 5 12
I: .%2 8% AN
&% w? LA - T S 86 .08
167 .078 167 .084
104 064 § 8- Trichloroethane® . .. ....ooiiiiiiiii 2 677
167 1083 | Trichloroethylene®. .. I ¥} .08
Ethylene glyeal? 32 153 [ Turpentioel. ... ooieeriiiiiiiiiiieieee o 55 074
Qoo oo % % | .08
yoerol 100%! .. . 32 343
0%... 68 100 363
6% 68 0 393
0% 62 300 135
2% 2 420 3%
1005 212 620 ‘s
Beptane (o) % .081 | Xyleve {ortbo-)? Tes .0%0
< ( 140 .09 (mm-))'. 63 .00

*Thermal conductivity data for a number of oils are as ailable from Reference 12. For many oils an everage value of 0.079 may De used.

tBates, Ind Eng Chem,, 28, 434 1936

! Bates, Huzzard, and Palmer, Ind. Eng Chem, 10, 314 *1938).
"Beuning, A. F., private vommunication, 1940.

4Bridgman, Proc Am. Acad. Arts Sa, 59, 141 {1923)

i

“Chilton and Genereaux, personal communication, 1939, based on data selected from the literature.

"Danilofl, . Am. Chem. Sor., 54, 1328 1832).
*International Critical Tables,” McGraw-Hill, New York, 1928,

“Kardos. Z. Ver. deur Ing. 71, 1158 11933}, Z. ges. Kalte-Ind., 41, 1. 29 {1934)

YKave and Higgins. Proc Ruy Soc (London®, A117, 459.(1928).

18 DyPont Chlorinated Hydrocarhons, Tech Bull . Electrochemicals Dept.,
' Shiba, Sci: Papers Inst. Phys Chon. Research Tokyoy, 16, 205 (1931).
125muth, Trans Am. Soc. Mech Engrs., 58, 719 :1936).

M'Tiunrot and Vargaftik, J Teeh Phys (U.S.S.R.). 10, 1063 - 1940)

du Pont, Buffalo, N. Y., 1938.
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1.

3.

Lo
5

6
7o
8.
9.

10,

11.

-~ 2,3

Specificetions

- ‘Bigh Speed Diesel

[

' ‘ (o} o}
Specific Gravity € 15.6/15.6 C (60/60 F)

Celculated Cetzne Index.

" or Cétane Number

° )

Kinematic Viscosity € 40 C (104 F), cSt.

: o
or S&ybolt Universal Viscosity @ 100 F, SIS

o o
Pour Point, C ( F)
Sulphur Coﬁtent, % wt,
. )
Cepper Stirip Correcsion € 50
Conradson Carbon Residue, % wt,
Water & Sediment, % vol
Ash, % wt |
o . : o] o

Distillation : -

e

. o}
90 % evaporation, C ( F)

Colour, ASTM

(o}
¢ (122 F), 3 hrs,

Specification
0.82 nin,
0.90 maX,
50. min,
50 min,
1.8 - 5.0

3R =43
10.(50) max.
1,0 max.
No. 1 meXe
0.05 maX,
0,05 nax,
0,01 mex.,

52 (125) min.

370 (698) mex.

245 max
- Y
SV~ I W)

\

143

Test lMethod

ASTH-D-1298

ASTH-D-976
ASTM~D-613
LSTH-D-445
ASTH-D-88
LSTH-D97
ASTM-D-129

or Egquivalent
ASTM-T-130
ASTM-D-189
ASTH-D-2709

ASTM-D-482

ASTM-D-86

ASTM-D-1500

/-\7:1.



1.

2,

L

6.
7
Be
9

Specifications

Low Speed Desel

' c o
Specific Gravity € 15,6/15.6 C (60760 F)
Calculeated Cetzne Index
or Cetane Fuzber
o Q
Kinematic Viscosity € 40 C (104 F), oSt
) )
Ar € 50 C (122 F), oSt
)
or Seybolt Universel Viscesity @ 100 F, SIS
) 5 or @122 F, S
o o©
Feur Feint, G ( F)

Suiphur Content, 2wt

Vater & Sediment, £ vol

Lsh, & v

o} 0
-sh Feint, (PJH.) C, ( F)

ny

Colour, /STM

Speecification

€.G20 2.
45 min,
L5 min,
8.0 mEX.
€.0 ImEX,
54 maX,
46 mex.
16 (60) max.
1.5 masl,
0.3 mEX,
0.0é GaXe
52 (125) min.
440 maXe

!

144

Test liethed
L STHoD]208

LSTM-D-276

[~k Y
LETH-D-38

:STH-I-97
KSTV-DT129
or Equivelent
ASTM-D-2709
ASTM-D 32
ASTHN-D-93

ASTH-D-1500

- -

(IPmNRY SO rﬁ?‘
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y3En Lﬂaauﬁaﬂs sindlng 3100
The Shell Company of Thailand lelted

140 Wirsless Road, 140 TUWINE
~ Bangkok nINNNLY ;1 :
P.0. Box 345 v,

»
" Telephone 2518291 § da. 345
Tnz. 2518201

Telegramn  Shell Bangkok.

‘ Telox. 3240 Shell TH = Thney: iyad

o T Yeurnt

l Our raf.. - 56 -

; L. . __| Dste:

?

| TYPICAL TEST FIGURES

& SHELL TALPA OIL

g 20 50 2

i Specific Gravity at 30°C 0.894 0. 898 0.895

‘Flash Point, COC NNy 229 246

‘ ]
Fire Point, °c 243 252 269
Bour Point, - °c -30 24 -21
Viscosity, Kinematic at 100°C, cSt 880 0 10.7 14.4

' High quality straight mineral oils suitable for crankcase lubrication of cross-
‘head diesel engines and lowly rated trunk piston diesel engires. Also recommended for

.general lubrication of bearings and gears and compressors of reciprocating type.

.

For: THE SHELL COMPANY OF THAILAND LIMITED

6000680000 00CREGOOIPBOOIOESEOTOEPRIOEETTOERNDREDDY

On behalf of Sales Technical Manager
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°3HY maa"uﬁaﬂszt-nﬂ'iua S.nn
The Shell Company of Thailand Limited

140 Wirsless Road,
Bangkok

P.0. Box 345
Telephons 2518291
Telegram  Shell Bangkok.

140 mnﬁng
nIENNURTIAT
L d

] .ol 34s
Tns. 2518201

Tolex 3240 Shell TH Tnnex: tvad
r— _'l Your ref,
Our ref..
L 7 _J Date:
TYPICAL TEST FIGURES
SHE LT VITREA OIL
.150
Specific Gravity at 30°C . T 0.882
Flash Point, COC °c 277
. (o] :
. Fire Point, 'C 303
(o]
Pour Point, S C -9
Viscosity, Kinematic at 40°C, cSt 150
Viscosity Index: ' ' 99 -

146

220

0.885

280

311

220

98

-71 -

320
0.890
305

330

320

97

High quality straight mineral oils, covering a wide range of viscosities.
Suitable for lubrication in cu'culatmg and other enclosed systems e.g. bearmgs and

gears of general machinery.

For: THE SHELL COMPANY OF THAILAND LIMITED

On behalf of Sa.les Technical Manager ..



tw-2,7 (471

492  Chapter 13—Rediation Tremsducers

1x10¢

'_.lUV{V'rsib‘GL infrared . |
P T A
sx100 |
Source Apeat
6000 K Xenon Arc 500 nm
2 x 10° Xoron AT carbon Arc 700 nm
i Tungsten Lamp 950 nm
Rernst Glower
1x 100 L
5x 1001
2x 100 L
&
Eaax10]
%
50 L
20 L
10 L.
5 L
2 i
' Visible tnfrared '
(] l 3 |
1'_‘1U\'ﬁ111111411111J

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28

Wavelength, u (= 10-¢ cm)

Figare 13.1 Emission curves for several typical blackbody radiators. Note the Jow
wavelength cutoffs whick fix the applicable wavelength regions of wse.

147



2enamic, which means ceramic with Zener characteristics, is a metal oxide varistor which is prirpa

used for surge absorption.

Characteristics
*  Great endurance against surge voltages
* Excelient voltage contro! characterstics.
* No follow-on current.
* Symmetcical voltage-current characteristics.

Applications
¥ Lightning surge absorption.
% Switching surge absorption.
% Semiconductor protection.
* Quenching contact sparks.

- Mode! designaticn A ’
’ i . Voltage a1 1 mA
z YIS 78 & 471 A 470 [7v)
\ /T \ “——"{ 102 (1000v}
Zenamic _Etement dia\ N
7.10,15,21, 33 mm y L:lead M:mold case
8 x 20 psec impluse current waveforms

{%)
100

Lightning Surge Waveforms sof

’Currem waveforms for lightning surges vary and they '
cznnot be expressed by a cartain waveform, JEC stipulates l
2 x 20 usec. and 4 x 10 psec. as standara waveforms. LOEW
Zenamic's withstanding endurance is determined by a £

siandard impulse current of 8 x 20 usec., therefore, setection s

shnuld be made based on the values given :n the catalog. ol '
T Oy .

l:_" 4——!20 ’—-—-l (Hses )
\ ——T;—v:_—.
Application examiples
—0 —————0 —
‘ L_‘ﬁ —A":' B é ﬁ ! e
' |

M
; =7 y.
; LA

.

f
i

[

”

]

.

©

L___x__ol

§~———'~——-

:
I—‘VWT



14 - [
’
Measured vah.»e@ Surge@ Surge energ Voliage @ Appled voltage Capscit l'
Type No = — current capacity - champing v u,‘:e:‘cye |
capacity sinusoidal ratio r.m.s,
o ex%ﬂm. half wave Exa/E; value Smooth DC velue |
T Type X =10 A : ‘
Z7L220 19 ~ 25v| 125 100A 1.00 22420% 12V 15V 42000F
Z7L270 23 ~ 3 : : : : 14 19 3300
Z7L3%0 28 ~ 38 : 17 23 2700
Z7L390 33 ~ 45 s 20 .o 20 27 2200
271470 9 ~ 54 : 1.0 18 25 33 1400
271560 47 ~ 64 : : 0 T a0 1100
271580 57 ~ 718 : 36 a8 870
271820 69 ~ 94 20 44 58 700
27001 gs ~ 1t 54 o , 50
Z7Li21 102 ~ 138 . (3] 86 420
X = 100 A
271151 13 ~ 165 | 11 250 1.0 20420 % 90 120 410
Z7\181 162 ~ 198 : : 20 : 110 140 ‘ 350
Z7L200 180 ~ 220 : 1.83 120 160 320
Z71221 198 ~ 242 : 130 ‘ 170 300
Z7t271 243 ~ 297 160 210 250
Z71L331 297 ~ 383 : 200 260 210
Z7L30 351 ~ ‘429 40 230 ' 310 | 180 .
v 271441 06 ~ 484 : 260 350 ., 160
v 2?47 423 ~ 517 280 380 ‘150
271561 504 ~ 616 : 340 450 | 160
Z7L681 612 ~ 748 : : 410 ' 850 .10
Z71821 738 ~ 902 8.0 1.75 490 I es0 | 96
Z7L02 900 ~ 1100 T | 600 ! 810 i 86
. X=10A T
Z10L330 28 ~ 3 125 250 _ 6.0. 2.2+20% 17 23 ! 4500
Z10L280 33 ~ 45 0 B j 8.0 : 20 I 27 i 3800
2100470 39 ~ 54 : 6.0 18 25 33 : 2400
Z10L560 47 ~ 64 ; : ; 0 40 y 1900
Z10L630 - 57 ~ 78 : » 48 i 1500
210LB20 68 ~ 94 8.0 , 44 : s8 [ #1200
Z10L101 85 ~ 115 : > 54 72 ; -.900
zioLi 102 ~ 138 ; & 8 1 720
X - 100 A i
2101151 135 ~ 165 | 11 500 6.0 183+20% 90 120 . 700
Z0L181 162 ~ 198 80 110 140 i 600
2101201 180 ~ 220 : 1.75 120 160 . 550
Z1oL221 198 ~ 242 10 : 10 170 i 520
2101271 243 ~ 297 - 160 210 | 440
Z10L33) 297 ~ 363 12 200 260 . 370
Z10L301 _H1 ~ 429 15 230 110 H 3N
Z10L441 396 ~ 4B4 : 260 ) P30
“—>V zi0La71 | 423 ~ 617 280 0 | 280
Z10L561 504 ~ 616 340 4s0 | 250
2101681 612 ~ 748 g : 410 550 T 220
2101821 73 ~ 902 20 1.67 490 650 i 190
Z210L102 200 ~ 1100 : . 600 810 {170
X=10A :
215L30 33 ~ a5 1.25 500 10 22%20% 20 27 i 8000
Z15L470 38 ~ 54 : : 8 18 25 k<] ! 5000
Z15L560 a7 ~ 64 ; : 2 a0 ! 4000
2151680 57 ~ 78 - 36 28 i 3100
Z15L820 69 ~ 94 10 44 58+ 2500
Z215L101 85 ~ 115 . .. 54 72 ;1900
Z15L121 102 ~ 134 12 . : & ' 86 : 1500
X- 100 A . i |
Z15L151 135 ~ 165 | 1.1, 1000 10 183420% 90 ! 120 | 1600
Z15L181 162 ~ 198 - : 12 1.75 110 : 140 i 1400
Z15L2M |- 180 ~ 220 : 167 120 I “e0 ' 1200
2151221 198 ~ 242 15 : 130 170 ;1100
215L271 243 ~ 297 : 160 210, i 970
Z15L331 297 ~ 363 17 200 260 ] 820
2150391 E1 ~ 429 20 220 310 700
2150841 | 396 ~ 484 : 266 w0 | 640
s 215047 423 ~ 517 280 0 600 .
Z16L561 504 ~ 616 v 340 450 £20
Z15L681 612 ~ 748 : 410 550 440
2151821 738 ~ 902 30 1.58 490 660 1 .380
2151102 Q00 ~ 110 : 600 810 330
X=10A T
2211470 3B ~ 54 1.25 1000 n 18420% ) 33 7800
2211560 47~ 64 : 4 : Malz K o 40 6200
2211680 57 ~ 78 : 13 . 3 ag 000
2211820 64 ~ -94 : 15 - 4 s8 4000
221101 85 ~ 115 : : X 54 72 000
2212 102 ~ 138 : . -] 86 ¢ 2300




150
Mesasured-vatos{¥)’ Surge () | Surge ener Vr‘":n"'gf-‘n@ Applied voltage Capacity
Type No Gpscity | smosoidal | ratio - | ACema, reference
3 € E1/Bos | gxz0 Hsec. half wave ExalEy value Smooth DC value
2271151 135 ~ 165 1.25 20C0A 15J X=100A 90 120 2300
2L 162 ~ 198 : : 18 1.67220% 110 140 2000
2211201 180 ~ 220 : 1.58 120 160 1800
Z21L221 198 ~ 242 2 : 130 170 1700
221L2n 243 ~ 297 : 160 210 1400
Z221L331 297 ~ 363 25 200 260 1200
7210720 229 ~ 222 30 230 310 1050
2211441 B6 ~ 484 : 260 350 950
2214 423 ~ 517 : 280 380 900
2211561 504 ~ 616 35 340 450 800
Z21.681 612 ~ 748 : : 410 550 680
2211821 738 ~ 902 40 1.50 490 660 580 |
2210102 900 ~ 1100 : : 600 810 © 500-
M Type ) X=100A .
Z33M221 188 ~ 242 1.1 10000A 504, | 1.58220% 130V 170V 5000pF
233M271 243 ~ 297 : : - : 160 210 4000
233M331 237 ~ 363 60 200 260 2200
Z33M391 351 ~ 429 75 230 310 2700
233441 386 ~ 484 : 260 350 2400
Z33M4M 423 ~ 517 i 280 380 2200
233M561 504 ~ 616 85 340 450 1830
Z33M681 612 ~ 748 1 2 410 550 1500
233M821 738 ~ 9802 100 1.50 490 660 1200
233mM102 800 ~ 1100 : : 600 810 1000

-

E and Ey express Zenamic voltages for currents of 1 mA and 0.1 mA DC, respectively.

When the rated surge current is applied twice at 8 2 minute interval, the change rate of Ey is within 210%.

When the rated energy is applied 1 000 times, the change rate of £ is within 210 %.

Outer dimensions of L type

Outer dimensions of M type

54

1

D

&

J\P.stﬁ

e
N

~o08¢

\

- Exa express the Zenamiic voltage when a current of XA is introduced with a waveform ot 8 x 20 Usec.

CHOAKCHAL tLéctqomc SUPPLIES LTD,, PART.
8172 THARON ATSADANG BANGKOX( 2, THAMLAN®:
Teol. 22?3921 2227001 Cabie Add. “SAHAPIPAT.®

7L ZioL 2150 Z21L }'
6 ~_;ax. 10 max 13 | max. 18 | max. 24 '
alnm - —h

t | max. 8 max. 8 max. 8 max. 9

P 6.8 8.3 8.3 10.8
Insulation withstanding voltage: AC 1500 V,
a minute
Lead wire extension: 2 kg or more

Power derating curve

100 -

. (%) '

P -
s - ’
§ % &
£ g
3%
B8
32

20
)3
A%) .
-20 30'40 50 60 720 8O 90 100 110
' o
()
Arnbient temperature| e
o

Ly
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L Type
103 ———
8
o
a

}&_
\
|
\ |
A

, }
] _,,_l——‘/ i 11\'_7-20// ] > |
i T l
2 _-—-"/ /r N ‘ l
1042 510°2 51072 510'2 510°2 5 510

Current {A) . .

* The characteristics for Z10L and 215L are mediam values for Z7L and Z21L. G

Voltage vs. current characteristics'of Zenamic (M type)

1002 5102 510°2

2}t MType
10?
8
.—-4—-‘—""""
4
2
8 o 41
8
o
>
100

1042 sie?2 53922 s 1wl s w2 syt 20 s a0t 25 et

Ct.;rrem (A)




Current duration rating

Energy duration rating
{Sinusoidal half wave)

Relaiability Standards

-

Number of times of Impression ——e

Current (A)——e

soooo233M 1 111
5,000[225M

1.000

o Z150] :\§

s 230t N NN\

2001 Z7L

50

20

...

/

1%1 ]\;L‘
11

10
| Relationship between time span

L/,

w

of surge and current capacity \l~

/

/
A1I0L

T ] |

/1
V4
/
/
/

05

02 }-___‘T

0.1 10 1]

w?2 s 102 s, 2 5

wt2 s
. Pulse width (msec.}) ———

10° 2

40,000 N 7

N\
30,000 NN

A
144

20.000

NN

10,000

A\
5.000 - N

\\\
N

3.000
2000

181 ¢ 2]

9oAX)

400

=00

200 \ X

....1.._...

Relationship betvseen energy and life
expectancy change of E;, within £ 10%

1 2 345 ")

200 30 A0 R0

1 S YIS ¥ L[0T

Applied energy (W - sec.) P

No.

ftem

Testing Method

Standard

Maximum rated surge value

A standard current of B x 20 [sec. is applied
twice in the same direction at a 2 minute interval’
for measuring £, 30 minutes later. :

Change rate of £} shoutd

be within * 10%.

Surge lite

A current of 8 x 20 Msec. is applied in the same

- direct.on 10,000 times, according 1o the

stipulation as set forth below, for measuring £
30 minutes later.

(230 ] 2100 | z1sL | 2210 | z33m | Z33w)
25A| '50A [ 100A | 200A { 5004 | 3004 |

Change rate of £ shouid

be within £10%.

A high temperature

Leave the device at 110 °c+5°Cor 1,000%12:
hours, then take it out into @ normal iemperature,
E, is measured 30 minutes tater, :

Change rawe of F| should

be within 2 10%.

Load under humig
condhitions

o —— v ——— —— T . o i st——

Temperature tycle

Place » device in 40 °C 2 °C and_a humidity of

90 -~ 35% and apply an AC 1ared voltage for
'1,0()0! Bhours. Then leave i1 in 3 normal temperature
and humidity for 30 minutes brtore measuting £y .

Repeat/ the cycle ot —25 °c 130 min.), normal
temperature (15 mun ), 85 “C (30 min.) and
notmal iemperature (15 min) five wines, betore |

H

measuring the change rate ol £. i

Change rate of I} should
be within * 10%.

Change rate of £} should
" be within £ 10%.
Thery shouki be no abnurmal

ouler appearance.

152
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ICMi7215

Complementary MOS LED

FEATURES

Total integration: osclilator, divider, decoder,
segment and digit drivers on chip

Four tunctions: starl/slop/reset, spiit, taylor,
time-out ’

Retrofit 1o ICM7205 for split and/or taylor
applications

Six digit display: ranges up to 59 minutes 59.99
seconds .

Requires only three low cost SPST switches without
loss of accuracy: start/stop, reset, display uniock

Chip enable pin to turn off both segment and digit

outputs; can be used for multiple circuits driving
one display

Low battery indicator on chip turns on well above
minimum operating vollage

Digit blanking on seconds and minutes lo conserve
batlery life J

High LED drive current: 13mA per segment at 16.7%
duty cycle with 4.0 volt supply

Wide operating range: 2.0 to 5.0 volts

Oscillator requires only 3.2768MHz crystal and
trimming capacitor

1KHz multiplex rate prevents flickering display
Fully protected against static charge, no special
handling precautions required

Stopwatch Circuit

Can be used easily in four ditferent single function
stopwatches or two two-function stopwatches:
start/siop/reset with time-out, spilf with taylor. The
component count for a three- or four-function
stopwalch will be slightly greater.

GENERAL DESCRIPTION

The ICM7215 is a fully integrated six digit LED stopwatch
circuit fabricated with Intersil's low threshold metal gate
CMQS process. The circuit interfaces directly with a six
digit/seven segment common cathode LED display. The low
battery indicator can be connecled to the decimal point
anode or 10 8 separate LED lamp. The only components
required for 8 complete stopwatch besides the display are:
three SPST switches, a 3.2768MHz crystal, a trimming
capacitor, three AA batteries and an on-off switch. For a two
function stopwatch or for adding a display off feature one
additional slide switch would be required. The circuit divides
the oscillator frequency by 215 to obtain 100Hz which is fed
10 the fractional seconds, seconds and minutes counters. An
intermediate frequency is used to obtain the 1/6 duty cycle
1.07KHz multiplex wavetorms. The blanking logié provides
leading zero blanking for seconds and minutes indepen-
dently of the clock. The ICM7215 is packaged in a 24-lead -
piastic DIP.

PIN CONFIGURATIONS

OSC OUT[] e bn 0sC IN
LB! ANODE [7] 75 TEST -~
Voo ] 7 START/STOP
¢ ANODE 3] 7T MODE
s ANODE [3] 73 RESET
¢ ANODE [F] 3 DISPLAY UNLOCK
d ANODE [7] 1oM 7215 53 10ths CATHODE
s ANODE (7] 77} 100ths CATHODE
b ANODE [7] ) Vss
t ANODE [9) T CHIP ENABLE
S1 CATHODE [™] i) M10 CATHODE
$10 CATHODE [ T3 M1 CATHODE

ORDERING INFORMATION

1CM 7215 t PG
-I:— Tachage lsee
out'ing trawing!
T Range
-20°C 10 -70'C
Tvoe

"Order devices by following part number ICM 72151 PG

Order dice by following part number ICM 7215 D

CHIP TOPOGRAPHY

PAD SIZE & x 5 mils
{0.127 x 0.127}

DIMENSIONS IN PARENTHESES ARE MM
OTHERS ARE INCHES




ICM7215

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Power Dissipation (Note 1)
Operating Temperature
Storage Temperature

-58°C to +125°C

INTERSIL

input and Output Voltage ................ eeeeraes equal to but never exceeding
the supply voltage

OPERATING CHARACTERISTICS
TEST CONDITIONS: Ta = +25°C, stopwatch circuit, Voo = 4.0V unless otherwise specified.
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PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage ~20°C € Ta S +70°C 2.0 - 5.0 Volts
Supply Current Display off 0.6 1.5
Segment Current 5 segments lit
Peak 1.8 Volts across display 8.0 132 mA
Average . 2.2 '
[~ Switch Actuation Current All inputs except chip enable 20 50
Switch Actuation Current Chip enable 50 200 A
Digit Leakage Current Voigit = 2.0V 50 ¥
Segment Leakage Current VSEGMENT = 2.0V 100
Low Battery Indicator 22 28 Voits
Trigger Voltage
L8B! Output Current Vppo = 2.0V, Vi = 1.6V 2.0 mA
Osciliator Stability Voo = 2.0V to Vpp = 5.0V. 6 PPM
Oscillator Transconductance Voo = 2.0V 120 pgmho
Oscillator Input Capacitance o 30 pF

NOTE 1: This value of power dissipation refers to the package and will not be obtained under normal conditions. The output devices on the
ICM7215 have very low impedance characteristics, especially the digit cathode drivers. If these devices are shorted to a low
impedance power supply, the current could be as high as 300mA. This will not damage the device momentarily, but if the short circuit
condition is not removed immediately probable device failure will occur.

STOPWATCH CIRCUIT
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ICM7215 INTEZSIL
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ICM7215
FUNCTIONAL OPERATION

Turning on the stopwatch will bring up the rese! state where
the fractional seconds are on displaying 00 and the other
digits are blanked. This display always indicates that the
stopwatch is reacy o go.
The display can be turned off in any mode by connecting the
chip enable input to Vpp.

START/STOP/RESET

When the mode input is floating and the display input is
floating or connected to Vpp, the circuit is in the start/stop/
reset mode. °
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CLOCK AND
DISPLAY COUNTING

START/STOP
ix’

RESET

The start/stop/reset mode can be used for single event
timing in a one-button stopwalch. An additional reset switch
can be used to provide reset at any time capability. The
diagram indicates the operation and the results. To time

START/STOP
x

DISPLAY STOPS RESET

START/STOP
RES

Seconds will be displayed after one second, minutes atter
one minute. The range of the stopwatch is 58 minutes 59.99
seconds. If an event exceeds one hour, the number of hours
must be remembered by the user. Leading zeroes are not

another event the display must be reset before the start of the blanked after one hour. .
event.
TAYLOR
When the mode input is connected to Vss, the stopwatchisin
the taylor or sequential mode.
T l ‘ RN A 10 o
. Lt s _nJ Tt 1 R
[ 1L START b Sk sTOP Lo i STOP it J
LAP
RESET CLOCK AND ! DISPLAY STOPS G DISPLAY STOPS
. DISPLAY COUNTING CLOCK RESETS CLOCK RESETS
AND STARTS COUNTING AND STARTS COUNTING
DISPLAY '
START/STOP START/STOP START/STOP UNLOCK
ix iz ix x

120,47 sec.

12.35 sac. 42.78 sec.

-

[ T
cC7

et
~l

CLOCK AND
DISPLAY COUNTING

DISPLAY STOPS
CLOCK RESETS
AND STARTS COUNTING

START/STOP
1z n

As depicted graphically above, each split time is measured
from zero in the taylor mode, i.e., atter stopping the watch,
the counters reset to zero momentarily and start counting
the next interval. The time displayed is the time elapsed since

‘RESET

ESaR :

171 ol o 1l
'L ] sror w1 1 ‘
tars
R :

the last activalion of start/stop. The display is stationary after
the first interval unless the display uniock is used to show the
running clock. Reset can be used at any time.



ICM7215

SPLIT
When the mode input is connected to Vpp, the stopwatch is
in the split mode.
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LAP Y LAP 2
RESET CLOCK AND DISPLAY STOPS DISPLAY STOPS
DISPLAY COUNTING CLOCK CONTINUES COUNTING CLOCIC CONTINUES COUNTING
) .
: DISPLAY
START/STOP START/STOP START/STOP UNLOCK
x 1x = . 1x
= 20,47 sac. 12.35 sac. 42,79 sec.
TR I [ C -t NI
[ I sToP [ AU S B WO L1t
LAP3
CLOCK AND DISPLAY STOPS RESET

DISPLAY COUNTING CLOCK CONTINUES COUNTING

START/STOP RESET
1= 1=

The spiit mode differs from the tayior in that the tap times are
cumulative in the split mode. The counters do not reset or
stop atter the first sfart until reset is activated. Any time

TIME OQUT _
When the mode input is floating and the display input is tied
to Vss, the stopwaich is in the time-out mode.

K AND

RESET CLOC
DISPLAY COUNTING

ETART/STOP
=

-———— 20.4730¢, —————-———— TIME OUT

START/STOP

displayed is the cumulative time elapsed since the first stant
after reset. Display untock can be used to let the display
‘catch up’ with the clock. Reset can be used at any time.

—
START
DISPLAY STOPS

CLOCK STOPS

START/STOP
x x
et e 22.32 wec.

DISPLAY STOPS
CLOCK STOPS

CLOCK AND
DISPLAY COUNTING

START/STOP
ix

In the time-out mode the clock and display alternately start

and stop with activations of the start/stop switch. Reset can

LOW BATTERY INDICATOR )

The on-chip low battery indicator is intended for use with a
small LED famp or the decimal points on a standard LED
display. The output is the drain of a p-channel transistor two-
thirds the size of the segment drivers. The LBI circuitry is,
designed to provide a trigger voltage of approximately 25
volts al room temperature. With normal AA type batteries the
discharge characteristics will provide many hours of
sccurate timekeeping atter .the indicator comes on.
However, the wide voltage spread between the LB! voitage
and minimum operating voltage is required to guarantee low
battery indication under worst case conditions. ’

be used atany time. The display uniock button is bypassed in
this mode. \

SWITCH CHARACTERISTICS

The ICM7215 is designed for use with SPST switches
throughout. On the display unlock and reset inputs the
characteristics of the switches are unimportant, since the
circuit responds to a logic leve] held for any level of time,
however short. Switch bounce on these inputs does not need
to be specified. The start/stop input, however, responds to
an edge and it requires a switch with less than 15msec of
switch bounce. The bounce protection circuitry has been
specifically designed to let the circuit respond to the first
edge of the signal, so as to'preserve the full accuracy of the
system. o

-
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APPLICATION NOTES

OSCILLATOR NOTES

The oscillator of the ICM7215 inciudes all components on
chip except the 3.2768 MHz crystal and the trimming capaci-
tor. The oscillator input capacitance has a nominal value of
30 pf. The circuit is designed to work with a crystal with a
load capacitance of approximately 15 pf. If the crystal has
characteristics as shown on page 2, an B-40p! trimming
capacitor will be adequate for a tuning tolerance of *£30PPM
on the crystal. If the crystal's static capacitance is signifi-
cantly lower. a narrower trimming range may be selecled.
After deciding on a crystal and a nominal load capacitance,
take the worst case values of Cin. Cout and Rs and calculate
the gm required by:

Co {Cin + Cout! 3

= v R
gm = Cour Rs {1+ Cin Cout

Co = stalic capacitance
Rs = series resistance
Cin = input capacitance

Cout = Output capacitance

w = 25 x crystal frequency ;

The resulting gm should be less than haif the gm specitipglor
the device. If it is not, a lower value of crystal series resis-
tance and/or load capacitance should be sgcified.

OSCILLATOR TUNING

To avoid loading the oscillator when tuning, a frequency
counter cannot be connected to the oscillator itself. Easy
tuning can be accomplished by using the [0th or 100th
cathode with the device reset. The frequency on the cathode
should be tuned to 1066.667 Hz. which is equivalent to a
period of 837.5 microseconds.

TEST POINT

The test point input is used for high speed testing of the
device. When the input is pulsed low, a latch is set which
speeds up counting by a factor of 32. Also, each puise on the
test point rapid advances both minutes and seconds in a
parailel mode. To accurately rapid advance the signal
applied to the test point must be tree of switch bounce. The
circuit is taken out of the test point mode by using either
reset or start/stop.

REPLACING THE ICM7205 WITH THE ICM7215
The ICM7215 is designed to be compatible with circuits
using the ICM7205. If the 7205 is used only in the split mode
no changes are required. If the 7205 is used in the taylor
mode and the split/taylor input (pin 21} is left open, a jumper
from pin 21 to Vss must be added when converting to the
7215. A jumper may also be needed if the 7205 is usec with a
split/taylor switch. Once the jumper has been added the
board can be used with either device.
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CHIP ENABLE

The chip enable input 1s used to disable both segment and
digit drivers without affecting any of the functions of the
device. When the chip enable input is fioating or connected
1o Vss. the display is enabled When the chip enable input is
tied to Voo the display is turned off. One example ot the many
possible uses of this feature is driving one display from two
ICM7215 devices, one in the split mode and the other in the
taylor mode The circuit below indicates how the user can
obtain lap and cumulative readings of the same event.

I DISPLAY l
TO DISPLAY TO DISPLAY
1 [’
1ICM7215 ICM7215
SPLIT ., . TAYLOR
15° 5
== S50pF
Voo

TAYLOR SPLIT
ALL OTHER SWITCHES COMMON TO BOTH DEVICES

LATCHUP CONSIDERATIONS
Due 10 the inherent structure of junction isolated CMOS
devices, the circuit can be put in 3 latchup mode il large
. currents are injected into device inputs or outputs. For this
reason special care should be taken in a system with multiple
power supplies to prevent voltages being applied to inputs
and/or outputs belore power is applied to Vpp and Vss. It
only inputs are atfected latchup can aiso be prevented by
limiting the current into the input terminal to less than TmA.

PACKAGE DIMENSIONS

jalnlisBuliniubalsinlabe

(13.716) D
- CToooooc T ooUuyU
1,
600 :.002 (31 4%6)
™ s.2e0 150 070 (1778) -+ 1o
-0.050) | .0250635 1387 TYe.
| TY;P. WEIW
1 .660 4 : -
T 125 3.475) = ==
) MIN, 018 (0.457) .033 (0.838) MIN.
! .020 i0.508) TYP.
TYP.

DIMENSIONS IN PARENTHESES ARE MM
OTHERS ARE INCHES - ,

NOTE: All dimensions in parentheses are metric.

.
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FEATURES
o Exact equivalent In most cases for SE/NESSS or 556
or the 355.

Low Supply Current

B0uA Typ. (ICM7555)
160.:A Typ. (ICM7556)
e Extremely low trigger, threshold and reset

currents - 20pA Typical
s High speed operation - 500 kHz guaranieed
s Wide operation supply vollage range guaranteed .
2 fo 18 volts .

Well behaved Reset function - No crowbarring of
supply during output transition.

e Can be used with higher impedance timing elements
than regular 555/6 for longer RC time constants.
Timing from microseconds through hours
Operates in both astable and monostable modes
Adjustable duty cycle

High outlpul source/sink driver-can drive
TTL/CMOS

‘Typical temperature stability of 0.005% per °C at
25°C .

¢ Normally on and normally off output with very low
offsets

Completely static protected - no special handling
considerations.
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ICM7555

Low Power General Purpose Timer

ICM7556

Low Power Dual Timer

(High Performance Equivalents
of the 555, 556, and 355 timers)

GENERAL DESCRIPTION

The ICM?7555/6 are CMOS RC timers providing significantly
improved performance over the standard SE/NES55/6 and
355 timers, while at the same time being direct replacements
{or those devices in most applications. Improved parameters :
include the lfow supply current, wide operating supply
voltage range, low THRESHOLD, TRIGGER andg RESET °
currents, no crowbarring of the supply current during any
output transition, higher frequency performance and no
requirement to decouple CONTROL YOLTAGE for stable
operation.

Specifically, the ICM7555/8 are stable controliers capabie of
producing accurate time delays or frequency. The ICM7556
is a dual ICM7555, with the two timers operatling indepen-
dently of one another, sharing only V- (Vce: and VTIGND). Inthe
time delay one shot mode of operation for each circuit, the
time is' precisely controiied by one exiernal resistor and
capacitor. For astable operation as an oscillator, the free
running frequency and the duty cycle are both accurately
controlled by two external resistors and one capacitor,
unlike the regular bipotar 555/6 devices, whichalsorequires
the CONTROL VOLTAGE terminal to be decoupied with a
capacitor to prevent multiple output glitching during a
transition. The circuits are triggered and reset on falling
tnegative! waveforms, and the output inverter can source of
sink farge currents fo drive TTL loads or provide minimal
offsets to drive CMOS loads.

APPLICATIONS

s Precision Timing

e Pulse Generation

¢ Seguential Timing

e Time Delay Generation

¢ Pulse Width Modulation

¢ Pulse Position Modulation .
e Missing Pulse Detector 2

t ’

ORDERING INFORMATION

st )

ORDER TEMPERATURE
PART NUMBER RANGE PACKAGE
IGM?5551PA -20to 70°C 8 Lead MiniDip
ICM75551TY -2010 70°C T0-99 Can
ICM7555MTY -55 to +125°C T0-99 Can’
ICM75561PD -20 to ~70°C 14 Lead Plastic DIP
ICM7556MDD 5510 ~125°C | 14 Lead Ceramic DIP
ICM75550 DICE
ICM7556D . DICE

PIN CONFIGURATIONS (Top View)
ICM7555
L TO-89
¥ {vic)
¥ IGND) 7) DISCHARGE
TRIGGER (s) THreESHOLD
CONTROL
ouTPUY VOLTAGE
.
RESET
8-PIN DIP
v (GND) ) | @ 8 ¥ (veeh
TRIGGER 7] DISCHARNGE
ouTPUY §] THRESHOLD
. CONTROL
RESET VDLTAGE
ICM7556 ' 3
piscrance 1)@ 54} v Ve
THRESHOLD [2] f13] DISCHARGE
CONTROL
SouTnet O TR
mesey [ 1Y) voLrace
ouTrUT [3] [ic) mESETY
TRGGER [§] §_ OuTPUT
v (GnD) 7] 1] TRIGGER
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ABSOLUTE MAXIMUM RATINGS (NOTE 1 ’
Supply Voltage V*-V*) +18 Volts Operating Temperature Range
lnput Voltage { Trigger SV*+0.3V ICM7555IPA ... ......... -20°Cto+70°C
(Note 2 Threshold to=Vv--0.3v ICM75551TY ........... .-20°Cto+70°C
Reset ICM7556IPD .......c..... -20°Cto+70°C
Control Voltage ICM7555MTY ......... —55°Cto+125°C
DutputCurrent ............................... 100 mA ICM7556MDD ......... -85°C1t0+150°C
Power Dissipation (Note 3! ICM7556 ............ 300 mW Storage Temperature .................. -65°Cto+150°C

ICM7555 _........... 200 mw Lead Temperature (Soldering 60 Seconds! ..... ... +300°C

, OPERATING CHARACTERISTICS (Ta = 25°C, V*-V- = +2 to +15 Volts unless other specified)

VALUE
3
- PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Supply Voltage -20°C € Ta < +70°C 2 18 v
-55°C < Ta < +125°C 3 16
[ Supply Current ICM7555 VoV =2V 60 200
(Note 4) Vv =18V y 120 300 A
»
Supply Current ICM7558 VTV =2V 120 400
(Note 4) Veev- =18V ’ 240 600
Timing Error Ra, Ra = 1k to 100k
(Note 5 C = 0.1u4F s
Initia! Accuracy 20 %
Dritt with Temperature 50 ppm/*C
Drift with Supply Voltage| V--V- = 5V 1.0 %/ Volt
Threshoid Voltage » JU3VEYT v
Trigger Voltage : f 1/3V=V)
Trigger Current V-V~ = 18V 50
Vo -y =5V 10
Ve =2V \ 1
{  Thresnoid Current VoV = 18V 50
k V-V =5V 10 . PA
Ve-y- =2V 1
Reset Current Veeser = V- V-V = 18V 100
Vi-V- =5V 20
y Vv =2V 2
Resst Voltage V-V = 18V 0.4 0.7 1.0
Vv =2V - 0.4 0.7 10,
{ Control Voltage Lead 2/3(ViVY
. 3 v
Output Voltage Drop Qutput Lo Vv = 18V Ising = 3.2mA 0.1 0.4
V'V =5V Isink = 3.2mA 0.15 0.4
Qutput Hi V-V = 18V Isource = 1.0mA 17.8 17.25
V¥ =5V Isource = 1.0mA 4.0 4.5
Rise Time of Output Ry = 10Mohms Cy = 7pF V'-y- =5V 40.0 s
n
Fall Time of Output RL = 10Mohms CL = 7pF’ V-v- =5V 40.0
Guaranteed Max Osc Freq Astable Operation 500 kH2
i
WOTES: )

1. Absolute Maximum ratings define stress limitations which, if exceeded, may permansntly damage the device. These ratings may not be
tontinuous duty ratings. For continuous operation these devices mus! be operstsd under the conditions defined under "OPERATING
CHARACTERISTICS.”

Due to the SCR structure inherent in the CMOS process used 1o fabricate these devices, connecting any terminal to a voitage greater than V-
i'OJV or less than V- -0.3V may cause destructive latchup.  For this reason it is recommended that no inputs from external sources not
ooent-ne from the same power supply be applied to the device before its power supply is established.  In muitipie systems, the supply ofthe

7555/6 must be tumed on first.
g;uncuon temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 1257 C. Balow 125'0 power
issipation may be incressed to 300mW at 25°C. Derating factor is approximately 3ImW/*C (7556) or 2mw/°C (7555,
E. The supply current value is essentially independent of the TRIGGER, THRESHOLD and RESET voitages.
. For supply voitages between S and 15 volits. ’

»
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TYPICAL CHARACTERISTICS

MINIMUM PULSE WIDTH
REOQUIRED FOR TRIGGERING
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ICM7555/ICM7556

APPLICATION NOTES
GENERAL
The ICM7555/6 devices are, in most instances, direct
replacements for the NE/SE 555/6 devices. However, it is
possible to effect economics in the external component
count using the ICM7555/6. In general because the bipolar
555/6 devices produce large crowbar currents in the output
driver, itis necessary to decouple the pcwer supply lines with
a good capacitor close to the device. The currenttransientis
shown in Figure 2.

$0C

Tac28°C

éoo

300
\/ SE'NESSS
200
100 X
ICMYSS55. 56
' )

L} 200 00 [ 00
TIME -n$

Figure 2: Supply Current Transient for a Standard Bipolar 555
During an Output Transition

SUPPLY CURRENY - mA

.. The ICM7555/6 produces supply current spikes of only 2-3

mA instead of 300-400 mA and supply decoupling is
normailly not necessary. Secondly. in most instances, the
CONTROL VOLTAGE decoupling capacitors are not
input impedance of the CMOS
comparators on chip are very high. THUS, FOR MANY
APPLICATIONS 2 CAPACITORS CAN BE SAVED USING
AN ICM7555 AND 3 CAPACITORS WITH AN ICM7556.

" POWER SUPPLY CONSIDERATIONS

Although the supply current consumed by the ICM7555/8
devices is very low, the tota! system supply can be high
unless the timing components are high impedance.
Therefore, use high values for Ra and Rg and low values for C
in Figures 3 and 4.

OUTPUT DRIVE CAPABILITY

The output driver consists of a CMOS inverter capable of
driving most logic families including CMOS and TTL. As
such, il driving CMOS, the output swing at all supply

- voltages will equal the supply voltage. At a supply voltage of

4.5 volts or more the ICM7555/6 will drive at least 2 standard
TTL loads. - ’

ASTABLE OPERATION B

The circuit can be connected to trigger itself and freerunasa
multivibrator. The external capacitor charges through Ra
and Rg and discharges through Rg only. Thus the duty cycle
may be precisely set by the ratic of these two resistors. In this
mode of operation, the capacitor charges and discharges
between 1/3 and 2/3 (V*-V-). As in the triggered mode, the
charge and discharge times, and therefore the frequency,

" are essentially independent of the supply voltage.

The frequency of oscillation is given by:

'xj__ 1.46
t {(Ra+2ReiC

v [GND) o

TRIGGEA

OUTPUT ws

RESEY v o— R
]
1
1 oPTIONAL

1 CAPACITOR
uahan

-L -
v-mnm-l- 6 v (GmD) )

Figure 3: Astable Cperation

;v ¥ )Ly

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a o‘ne-shot.
Initially the external capacitor (C) is held discharged by &
transistor inside the timer. Upon application of a negative
trigger pulse 10 pin 2, the flip fiop is set which releases the
short circuit across the external capacitor and drives the
outputhigh. The voltage across the capacitor now increases
exponentially with a time constant y = RaC. When the
voltage across the capacitor equals 2/3 (V*-V-), the
comparator resets the flip flop, which in turn discharges the
capacitor rapidly and also drives the output {0 its low state.

v T - 0.0 AC
v (OND) (1]
T micoen o—I7]| cursss
L eureur (1}
TH_ meservoo--{d]
R T T
v snoyd v-(aND)

Figure 4;: Monostable Operation

CONTROL YOLTAGE

The CONTROL VOLTAGE terminal permits the two trip
voltages for the THRESHOLD and TRIGGER internal
comparalors to be controlied. This provides the possibility of
oscillation frequency modulation in the astable mode or
even inhibition of oscillation, depending on the applied
voltage. In the monostable mode, delay times can be
changed by varying the applied voltage to the CONTROL
YOLTAGE pin. . .

RESET

The RESET terminal is designed to have essentially the same
trip voltage as the standard bipolar 555/6, i.e. 0.6 t0 0.7 voits.
At all supply voltages V- to V* it represents an extremely
high input impedance (Mohms). The mode of operation of
the RESET function is, however, much improved over the
standard bipolar 555/6 in that it controls only the internal {lip
fiop, which in turn controls simultaneously the state of the
OUTPUT and DISCHARGE pins. However, with the 555/6
the situation is much more complex and undesirable. When the
RESET pin is stowly taken negatively through its trip voltage,
the DISCHARGE terminalis initially partially turned on.
Then the internal flip flop has its state changed. Finally the
OUTPUT and the DISCHARGE pins are put into low
impedance "LOW" states.
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EQUIVALENT CIRCUIT

THRESHOLD ‘

CONTROL
VOLTAGE
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INTERSHL

=

TRIGOER

BLOCK DIAGRAM

TRUTH TABLE

-

O ¢l [l

DuTHRUT
| SadaRas)

THAESHOLD

CONTROL
YOLTAGE

TRIGGER
20

l RESET

4 FLIP-FLOP

RESET

DISCHARGE v

ouTPUT
DRIVERS

This block diagram reduces the circuitry gown 1o its simpiest equivalent components.

THRESHOLD! TRIGGER DISCHARGE
VOLTAGE | voLTace |RESET|OUTPUT) “owiren

DONT CARE| DONT CARE| LOW | LOW ON

>2/3(V-V-) [ >2/3(ve-V-) | HIGH ]| LOW ON 1
1/3<VTr<2/3 | 1/3<V1n<2/3 | HIGH ? ?

<1/3(V*-V-) | <1/3Iv*-v-) | HIGH| HIGH OFF
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MC14049UB

MOTOROLA MC14050B .

CMOS SSI

HEX BUFFERS
{LOWPOWER COMPLEMENTARY MOS)

The MC14049UB hex invérter/buffer and MC14050B noninverting
hex butfer are constructed with MOS P<hannel and N-channel
enhancement mode devices in a single monolithic structure. “These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired: These devices
provide logic-level conversion using only one supply voltage, VCe.
The input-signal high level (V) can exceed the V¢ supply voltage
for logic-level conversions. Two TTL/DTL Loads can be driven when
the devices are used as CMOS-to-TTL/DTL converters (Vo> 5.0V,
VoL < 0.4 V, IgL # 3.2 mA). Nofe that pin 16 is not connected
internally on these devices; consequently connections to this terminal
will not atfect circuit operation,

HEX BUFFERS

{nverting — MC14043UB
Noninverting — MC140508

® High Source and Sink Currents

High-to-Low Level Converter L SUFFIX P SUFFIX
) - / CERAMIC PACKAGE  PLASTIC PACKAGE
Quiescent Current = 2.0 nA/package typical @ 5 Vdc CASE 620 CASE 548

Supply Voltage Range = 3.0 Vde to 18 Vde
Meets JEDEC UB Specifications~MC14043U8
Meets JEDEC B Specification—MC140508 MET4XXXUB Sutfix Denotes

0 MC14XX X8 ‘E

f. o L

: »
A

’ MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

ORDERING INFORMATION

e o ¢ o

Ceramic Package
Piastic Package
Exrended Opersting
Tempearature Ranps
C Limited Opoerating

$ Rating Symbol Value Unit Temperaturs Ronge
"] OC Suppty Vottage Voo ~0.51t0 +18 Vdc
| Input Voltage. All Inputs Vin -0.5 to +18 Vde
DC Current Drain per Input Pin 1 10 mAdc LOGIC DIAGRAMS
OC Current Drain per Output Pin L} 45 mAdc
Operating Temperature Range — AL Device Ta ~58 10 #125 °c
CLJ/CP Device ~40 to +85
~| Starage Temperature Range Trg -65 to +150 ~C MC 1404808 MC140808
CIRCUIT SCHEMATIC
{1/6 OF CIRCUIT SHOWN)
. 5-—‘I So——a s ——{ >—— 4
MC14045UB MC 140508
Vee : 7-—{ So— e 7 —‘ >—0
. A"
ce s—Do— 0 9——-D— 10
'l‘—{ 0= 12 13 ——-{ Do 12
i = Do —>—
14 18 14 T 15

= Vas

NC = Pin 13, 18
Vgg * Pin 8
Ve = Pin 1

NC = Pin 13, 18
Vgsg ~ PinB
Vee » Pin 1
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ELECTRICAL CHARACTERISTICS
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*Tiow ™ 55°C for AL Device, -40°C for CL/CP Device.

Thigh = +125°C for AL Device, 485°C for CL/CP Device,
1To Calculats 10tsl supply current st loads other than 50 pF:

Ip(CL} = 17150 pF) + 6 X 10-3 (C|_ - 501 Vpp!
where: 17 is in uA (per package), G in pF, Vppy in Vdc, end fin

kMz is input frequency.

**The formulas given sre for the typicsl charscieristics only

a 259C.

-

..

Voo Tiow® 2% Thigh*
Characterintic Symbol! Vdc Min Max Min Typ Max Min Max Unit
Output Vohage "0 Level | VoL | 50 - 0.08 - [ 0.05 - 005 | Va
Vin*Vpp or 0 10 - 005 - .0 005 - 0.05
15 - 005 - 0 0.05 - 0.05
“1"Levet | Vo | 850 495 - 495 5.0 - 495 - Ve
10 | 895 - 895 10 - 295 -
15 1485 - 1485 15 - 14.95 -
input Voliage sMC14049U8 “0" Level ViL Vde
Vg« 4.5 voe) 50 - 1.0 - 225 1.0 - 1.0
Vo« 8.0 Vde) 10 - 20 - 450 20 - 20
(Vo= 135 vae) 15 - 25 - 6.75 25 - 25 .
1" Level [ Viy vde
Vo =05 vec 60 | a0 | ~ | a0 | 278 | - | 40| -~
(Vo= 1.0 Vde) 10 80 - 8.0 550 - 80 -
{Vo* 15 vde) 15 125 - 125. 825 - 125 -
input Voliage sMC14050B D" Level ViL vdc
(Vo =05 Vecl 5.0 - 15 - 225 1.5 - 15
tvp = 1.0 vac) 10 - 30 - 450 30 - 3.0
(vg=15 vde) 15/ - 4.0 - 6.75 4.0 -~ 40
“1" Level] Viy Ve
(Vo = 45 vec) 50 35 - 35 2.5 - 35 -
(Vg = 9.0 vde) 10 70 - 70 5.50 - 70 -
(Vo = 135 vee) 15 11 - 1 825 - 1 -
Output Drive Currert AL Device} on mAdc
{(VoH = 25 Vee) Source 50 | -16 - |-128 -2.5 - -08 -
{(VoH = 85 Vi) 10 -16 - [-13 -25 - -09 -
{(VoH = 13.5 Vde) 15 -4.7 - |-3.75 -10 - -2.7 —
VoL =04 vac) sink | oL 50 375 - 32 6.0 - 2.2 - mAde
. {vgpL =05 vac) 10 10 - [-¥ ] 16 - 56 -~
VgL = 15 Vde) 15 30 - 24 40 - |70 -
Output Drive Current {CL/CP Device) 10H mAdc
(Vor = 25 vee) Source 5.0 -15 — -125 -25 - -10 -
(VoH = 25 Veel 10 -15 - -125| -28 - -10 -
(VoK = 135 Vo) 15 ~45 - -3.75| -10 - -30 -
(VoL = 0.4 voe) Sink | oL 50 36 - a2 60 - 26 - mAdc
(VoL =05 vee) 10 86 - -] 16 - 66 -
(VoL = 1.5 Vdc) 15 28 - 24 40 - 19 -
Input Current (AL Device} lin 15 - 201 ~ 1:0.00001] 201 - 1.0 | uAd
tnput Current (CL/CP Device) fin 15 - 203 - 12000001} 0.3 - 210 | wAdc
input Capacitance Cin - - - - 10 20 - - oF
Vin=0)
Quiescent Current {AL Device) Le]s) 5.0 - 10 - 0.002 1.0 - 30 uAdc
{Per Packape} 10 - 20 - 0.004 20 - 80
15 - 4.0 - 0.006 4.0 — 120
Ouiescent Current {CL/CP Device) . Ipp s0 - 40 - 0.002 40 - 0 HAdc
(Par Packape) 10 - 80 - 0.004 8.0 - &
15 - 16 -~ 0.006 16 - 120
Tots! Supply Currem*®°t iT 50 7 = (1B sA/kKH2){ + Ipp HAOC
_ (Dynamic plus Ouiescent, Per Package) 10 . I = (35 aA/kH2M ¢ Inp
(Cy 50 pF on st outputs, all butters switching) 15 | « tr = (53 wA/kH2)( + Ipp
. E ]

#Noise immunity specified for worst-<ese input combination
B Sutfix Noise Marpin for both 1" and "0’ levei =

10 Voe min @ Vpp = 5.0 Vde
2.0 Vde min € Vpp = 10 Vdc
25 Vo min @ Vpp = 15 Vdc

UB Suffix Noise Margin for both 1 and *'0" level =

0.5 vde min @ Vpp = 5.0 Vac
1.0 Voe min @ Vpyp = 10 Vde
1.0 Vde min @ Vpp = 15 Vdc
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FIGURE 2 ~ TYPICAL QOUTPUT SOURCE CHARACTERISTICS

1gH QUTPUT SOURCE CURRENT (mAde)

&

E

&

&

Vos = Vou - Voo

VEs * 5.0 Vee
55—______/

o

vegs*

18 vde

Pp, MAXIMUM POWE R DISSIPATION (mW)

{Per Packoge)
S EEEREERER

-

48 49 40 -0
Vps DRAIN-TO-SOURCE VOLYASE (Vi)

FIGURE 4 - AMBIENT TEMPERATURE
POWER DERATING

4
b, PUASTIC OR CERAMIC
\ PACKAGE n
N
N
\\\
N
N,
% ] I3 100 128 150 I8

Ta AMBIENT TEMPERATURE (°C)

This device contsins circuitry to protsct
the inputs against damage due to high static
voltaget or electric fislch; howaver, it is
sdvised that normal precautions te taken
to svoid application of sny voltags higher
than maximum rsted voltages 10 this high
impedence circuit. For proper operstion it
i recormenended that Vi, end Vo, be
constrained 1o the rnga Vgs < (Vi or
Vout! € Vpo-

Unumed inputs must siweys be tied 0 an
ppreprists logic voltage level (e.g., either
Vgs or Vppl.

FIGURE 3 ~ TYPICAL OUTPUT SINK CHARACTERISTICS

Igy OUTPUT SINK CURRENT (mAdc)

MC 140808

180 ] I
Vgs = 15 Ve |
" i
120 -
o
e
4
/ ) vgs * 10 Ve
w P
Y i Cautran. Mo Package Jumpation
—--/ 4 e e e st 52 OB — — — = — ]
1157
Vs Vgs* 8.0 Vde
, =)
L} 10 48 $0 1 3] w

Vs ORAIN-TO-SOURCE VOLTAGE {Vec)

FIGURE 5 — SWITCHING TIME TEST CIRCUIT
AND WAVEFORMS

Pulse N ° 5 _
“Generstor 3 © oV

input E:g:
ML '—-

Output SO%
MC14049UB 10%

/1
R

LN

Output .
MC140508

#invert on MC140400U8 only
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MC14049UB e MC140508B

SWITCHING CHARACTERISTICS® (Cy » BOpF, T, = 25°C)

Yoo
Charscteristic Symbol Vde Min Typ Max Unit
MC14048U8
Output Rise Time TTLH n
TTLH = (0.8 na/pFI Cy + 60 ns 5.0 - 100 160
TTLH = (03 ns/pFIC +35m 10 - 50 100
TLH = (027 na/pF1 CL + 265 m 15 - 40 60
Output Fall Time TTHL ns
tTHL = (03 n/pFICy + 25 ns 5.0 - 40 60
tTHL = (0.12 ns/pFICL + 14 s 10 - 20 40
TTHL = (0.1 ns/pFIC L+ 10, 15 - 15 30 .
Propagation Detey Time e ns
LU~ 038 ne/pFICL +61 e S0 - 80 120
tpLH = (020 ns/pFI C + 30 ns 10 - 40 €5
tor " 01V m/pFIC +245ns 15 - 30 50
Propagation Delay Time tPHL "
R =038 m/pFICL+ 11 s 5.0 - 0 60
tp = (012 ns/pFIC) + O ns 10 - 15 30
tpyy = (0.1 m/pFI Cy +45 s 15 - 10 20
MC 140508
Output Rise Time LM 1 n
TTLH = (0.7 n/pFI Cy + 650 .80 - 100 180
TTLH = (0.25 ns/pF) C + 375 ns 10 - 50 80
TTLH (02 ns/pFIC 4+ 0 ns 1 - 40 €0
Output Fall Time TTHL ns
TTHL " (02 m/pFIC +30ns 50 - L] 60
tTHL = (0.06 ns/pF) C +17 ng 10 - 20 40
TTHL = {004 ns/pFIC ¢+ 13 ns 15 - 15 30
Propagation Delsy Time . LM ns
to 4= (033 nVpF)CL 4635 ms : 50 - 80 140
oL (019 ns/pFICL + 305 ns 10 - 40 20
Ly = COSns/pF)CL+27ms 15 - 3 -]
Propagstion Delay Time PR n
tpg = (02 ns/pF) Cp + 30 ns 50 - 40 80
tpHL = (0.3 ns/pF) C + 15 ns 10 - 20 40
tp = {0.05 ns/pF) Cp + 125 ng 15 - 15 30
“The formuta given is {or the typical characteristics only.
FIGURE 1 ~ TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC14049UB MC140508
1T ' I
3z vee » 18V 3z Vee @ 15 va
g ® cC 3 g " e ¢
g 3
-
= \'\ S | erzsoc 1T -ff
g N g |
S .| veoe wvee I Lego g N vepr 10vee
s " T et s 10
£ =uiid £ '
g <»4 g l
T 2 H | N
T ™~ i .
>§ . vee M,' |1 Jzsor 3 s ‘ N \ Ve - S Ve
—/*"—K I 5o
TN 4 |
b
8 10 1% " ] 10 % 18

Vi INPUT VOLTAGE (Vi)

Vin INPUT VOLTAGE (Véc)
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@ MOTOROLA MC14066B .

QUAD ANALOG SWITCH/QUAD MULTIPLEXER CMOsS ssi
The MC140668 consists of four independent switches capable of (LOWPOWER COMPLEMENTARY MOS)
controlling either digital or snalog signats. This quad bilstera! switch
is useful 'in. signal gnmg chopper, modulator, demodulator and QUAD ANALOG SWITCH
CMOS logic impiementation. QUAD MULTIPLEXER

The MC140668 is designed to be pin-for-pin compatible with the
MC1401868, but has much lower ON resistance. Input voltage swings
#s large as the full supply voltage can be controlied via each inde-
pendent control input.

® High On/Otf Output Voltage Ratio — 65 d8 typical ’ e
©® Quiescent Current = 0.5 nA/package typical @ 5 Vdc ‘£
® Low Crosstalk Between Switches —5C dB typical @ 8 MHz " sur;nx sanx
@ Diode Protection on All Inputs CERAMIC PACKAGE  PLASTIC FACKAGE
® Supply Voltage Range = 3.0 Vdc to 18 Vdc CASE 632 CASE 348
® Transmits Frequencies Up to 65 MHz @ 10 Vde ORDERING INFORMATION
® Linearized Transtfer Characteristics, SRoN <B0 Q for MCI&X XX Sutfix Denotes
Vin = VDD to Vss (at 15V}
® Low Noise — 12 nWA/ Cycle, f > 1 kHz typical | E 'L f:;:‘::"" .
® Pin-for-Pin Replacement for CD4016, CD4066, MC14016 O e aeine

Temperature Range
- C Limited Ooerating
Temperature Rangs

MAXIMUM RATINGS (Vottages reference to Vss)

Rating Symbol Volue Unrt =3
DC Supply Voitage Ypo 0.5 10 +18 Ve Conwol 1 © 2
Ingut Voltage, All inputs ’ Vin |-0S5tovpp+ 05| Ve 1 © Out ) .
Through Carrent ] 25 mAde A BLOCK
Opwrating Temperature Renge — AL Device Ta -55 t0 +125 °c Control 2 a_. f DIAGRAM
. 3
CL/CP Device 4010 +85 —0 Out2
Storsge Temperaturs Range Tew -65 10 +150 c "2 ;__
6
Control 3 O—i °
. b Out 3
CIRCUIT SCHEMATIC tn 3 O—
' 4 OF DEV H 12 ! Vop = Pin 14
i {1/4 OF DEVICE SHOWN) ) s . morpm
: L . . —Cout4
]. I in& O=—
Voo v
‘— vop 09 vpp '— LOGIC DIAGRAM AND TRUTH TABLE
Invout B-- - = L ¢ 13 {1/4 OF DEVICE SHOWN)
[ SV '
=100} i ,_I =100 -
= —’?2. ] In/Out O——ut’ Out/in
= vgs
1_1 Convwol O—‘ p-2
! vop I - N
F voo Yoo Voo Control | Switch | togic Disgram Restrictions
: . :J :3 I ECLII M et
L _] [ ON Vss <Vour SVpo
Conwol .::7 % J : Veontret | Vin 10 Vouy Resistance
2 ° Vsg >10% Onma typ -
- - = Vas Voo 3£ 102 Ohms typ




MC14066B

ELECTRICAL CHARACTERISTIC!

Voo Tiow® 259¢ Thioh®
Characieristic Symbol Vdc Min Max Min Trp Max Min Max Unit
trput Voliage {Controf) 0" Level viL J Voc
(Vo> 450r 0.5 Vde) 5.0 - 15 - 2.25 15 4 - 1.5
Vo=~ 8001 1.0 Vde} 10 - 30 - 4.50 3.0 - 30
(Vo= 135 0r 1.5 Vdc) 15 - 375 - 6.75 375 - 378
1 Levet Vin : vac
(Vo =05 0r 4.5 Vo) 50 35 - s 27 - 35 -
(Vo = 100 8.0 Vecl 10 7.0 - 70 £50 - 7.0 -
{(Vp=150s 135 Vo) 15 11.25 - 11.25 8.25 - 1.25 -
tnput Currem (AL Dewvice} Control [ 15 - £0.1 - +0 00001 | £04 - t10 »Adc
tnput Current (CL/CP Dewvice) Conitrol tin 15 - 203 - 2000001 | 203 - 1.0 nAdc
Input Capacitance Cin pF
Via- 0t .
Conno! Inpus - ~ - 50 78 - -
Switch Inputs 10 - - - 8.0 15 - -
Output Capacitance Cout 10 - - - 80 - - - pF
#sedthrough Capaciiance Cin-out 10 - - - X3 - - - pF
Quiescent Current (AL Dewvice} ‘o 5.0 £ 0.25 - 00005 | 025 - 7.5 #Ade
(Per Package) 10 - 0.50 ~ 00010 | 0.50 - 15
15 - 1.00 - 0.0015 1.00 - 30
Quiescent Current (CL/CP Device) ‘a 5.0 - 1.0 - 0.0005 1.0 - 75 »Ade
{Pe: Package! 10 - 20 - 0 0030 20 - 15
15 - 40 - 00015 4.0 - 30
ON Resisiance (AL Dewice) RON 50 - 800 - 250 1050 = 1200 5
10 - 400 - 120 500 | - 520
15 - 220 - 80 280 - 300
ON Resisiance (CL/CP Device) Ron 5.0 - 830 - 250 1050 - 1300 1]
10 - 450 - 120 S00 - 5§50
15 - 250 - 80 280 - 320
AON Resistance Between Any Two of ARON 5.0 - - - 25 - - - 13
Four Switches 10 - - - 10 - & -
15 - - - 50 - - -
input/Output Leakage Current - 15 - 2100 L 20.01 2100 ' 4 £ 1000 nAdc
Swich OFF {AL Dewice)
input/Output Leakage Current - 15 - +300 - £0.01 +1300 - £ 1000 nAde
Swiich OFF (CL/CP Dewvicel

*The formuias given are for the typical characteristics only,

Tiow = -55°C tor AL Device, -40°C for CL/CP Devics.

Thigh = +125°C for AL Devies, +85°C for CL/CP Device.

This device conising circuitry to protect
the inputs against damage dus to high static
voliages or electric fields, however, it is
acvised that norma! precasutions be taken
10 #void applicstion of any voitage higher
then maximum rated voltages 10 this high
impedancs circuitl. For proper operstion it
is recommended thst Vi, and Vg, be
consirained 10 the renge Vgg < (Vi or
Vout! € Vpp. i

Unused inputs mus siweys be tied to an
appropriste logic voitege level (e.g.. sither
Vgg or Vppl.
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‘WC140668

SWITCHING CHARACTERISTICS® (Cy =50 pF, Ta » 25°C uniems otherwise nowd.)

Charscteristic Symbol 3 Min Tve Max Unit
Propagation Deley Times Vgs = 0 Vde
Input to Oumput (R = 10 k1) PLH- tPHL . n
tPLH, tPHL * {0.17 ns/pF) C + 155 ns 5.0 - 20 40
tpLH. tPHL = (0.08 ns/pF} C( + 6.0 ns 10 - 10 20
tPLH, tPHL = (0.06 ns/pFI C +4.0ns 15 - 2.0 13
Control to Output (R = 1 k)
Output 1”10 High impedance PHZ 50 - 40 B0 ny
10 - 35 70
15 - 30 80
Output “0” to High Impedance wLz 50, - 40 B0 ns
10 - 35 70
\L] - 30 80
High impedancs 1o Output 1 PIZH 5.0 - 60 120 ns
10 - 20 40
15 - 15 36
High Impedance to Output 0" 2L 50 - 60 120 ~
10 - 20 40
15 - 15 30
Sine Wawve Distortion Vgs = =5 Vdc - 50 - 0.1 - %

{Vin = 1.77 Vdc, AMS Cantersd @ 0.0 Vee,
Ry =10 kA, =10 kHz)
Frequency Response {Switch ON) Vgs = -5 Vde - 5.0 - &5 - MHz

Vour
(RL = 1 &R, 20 Logyo ‘:‘---ua)
in

Fesdthrough Attenustion (Switch OFF)  Vgg = =5 Vde - 5.0 - 1.0 - MHz

v x
R = 10, 20 Logig :‘" = -50 aB}
in

Crosstalk Betwean Any Two Switches Vgg = -5 Vee - 8.0 - 80 - MMz

{RL =1 kN, 20 Logyp VnuﬂB)__ -50 a8,

Vin{A) .

{Switch A ON, Switch B OFF)
Cromstalk, Control input to Signal Output  Vgg = -5 Vde - 5.0 - 300 - mvV
Maximum Control lnput Freguency Vgs = 0 Ve - 5.0 - 8.0 - MH2

v,
(20 Logrg ™ =-6am) 10 - 8.0 -
. Vip 13 - 85 -

*The forrmulas given ars for the typical characteristics only, '
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FIGURE 7 — CHANNEL RESISTANCE (Rpy) TEST CIRCUIT

Voo
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TYPICAL RESISTANCE CHARACTERISTICS

FIGUREE - Vpp~75V,Vgg=-78V FIGURE® - Vpp = 6.0V, Vgg = 650V

3%0 3850
300 30
]
H
250 g™
3
g
00 z m
: ]
] P P -TA = 1259C ——]|
150 TAs 1] ? 150 A
P, 1
00 e — T 1 £ s T 2ec
— L, 2690 - 1
p— = T I B, Sy | © -559C
50 5890 —] bl ¥
l 3 't
0 i 4 ‘ [ ]
.10 80 %5 4B 20 ¢ 02 48 &0 80 W 0 A0 &8 40 -2 20 40 60 83 10
Vi INPUT VOLTAGE (VOLTS) Vin INPUT VOLTAGE (VOLTS)
FIGURE 10— Vpp =285V, Vgg =25V FIGURE 11 - COMPARISON AT 25°C, Vpp » -Vgs
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TEST CIRCUITS

FIGURE 1 — INPUT VOLTAGE

FIGURE 2 — PROPAGATION DELAY TIME,
CONTROL TO OUTPUT

Voo G— Voul'

Vour

FIGURE 3 — BANDWIDTH AND
FEEDTHROUGH ATTENUATION

FIGURE &4 — CROSSTALK BETWEEN
ANY TWO SWITCHES

Ve = Vpp for Bandwidth Test
Ve = Vgg for Fesdthrough Tat

vpo-ves _ [\
2
Vin O- NEJ y 3 -0 Vout
[}

L

=3

ve o
=]
Voo Vss
- FIGURE § — CROSSTALK,
CONTROL TO OUTPUT
Vin

N tc— Veur
ik -

W)

12 (Vpp -Vss) /W\

Vin = Vop O— Vout

. Vco—{>=>~-<>- "L Icn.

Voo "n r’l n
v
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B-SUFFIX SERIES CMOS GATES

The B Series logic gates are constructed with P and N channel en-
hancement mode devices in a single monolithic structure (Comple-
mentary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired.

Quiescent Current = 0.5 nA typ/pkg @ 5 Vde

Noise Immunity = 45% of Vpp typ

Supply Voltage Range = 3.0 Vdc 1o 18 Vde

All Outputs Buffered

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range.

Double Diode Protection on All Inputs

@ Pin-for-Pin Replacements for Corresponding CO4000 Series 8
Suffix Devices

ORDERING INFORMATION

MCiaXX X8 Sutfix Denotes

L Ceramic Package
P Plastic Package
A Extended Operating
Tempsrature Range 14
C Limited Operaring
Temperzture Ranpge
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 6232 CASE 648
MAXIMUM RATINGS (Voltages referenced 10 Vgs)
Rating Symbol Valus Unit
DOC Supply Voltage vVpb -0.510 +18 Vde
Input Voltage, Al Inputs Vin -0S5tw Vpp -0.5 Vdc
OC Current Draun per Pin | : 0 - mAde
Operating Température Range -~ AL Device Ta -§510+125 °c
CL/CP Devce 40 10 +85
Storage Temperature Range Tstg -65 1o +150 °c

MC140018

Quad 2-input NOR Gate

MC14002B

Duat 4-Input NOR Gate

MC140118

Quad 2-input NAND Gate

MC140128

Dual 4-Input NAND Gate

MC140238

Triple 3-input NAND Gate

MC140258

Triple 3-Input NOR Gate

MC140688

8-input NAND Gate

MC14071B

Quad 2-input OR Gate

MC14072B

Dual 4-input OR Gate

MC14073B

Triple 3-Input AND Gate

MC140758

Triple 3-Input OR Gate

MC14078B

8-input NOR Gate

MC140818B

Quad 2-input AND Gate

MC140828

Dual 4-Input AND Gate

Thit device contsing clrcultry 0 Protect the inputs sgainst demage due 10 high
static voltages or electric fleids, however, [t is sdvised thet normal precautions ba
taken to svold spplicstion of sny voltage higher than maximum rated voltages to
this high Impedanca circuit, For proper operation it Is recommended that Vj, and
Vgut b# constrained to the range Vgs € (V;, or Vo,0) € Vpp. -

Unused inputs must shwayr be tied to an sppropriste logic voltage level fe.g.,
sither Vgg or Vp,

CMOS SSi

(LOWPOWER COMPLEMENTARY MOS)

B-SERIES GATES




CMOS B-SERIES GATES

~

FY-X ¥ B3

SCOZ =~ W

“C9Z~ »

“Cv2~ &

-
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-
- -
N = 0Dt & Wn
-
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NOR

MC 140018
Ousd 2-input NOR Gare

o % 0 ;N -
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o

-
~

-

-
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-
w

MC140258
Tripls 3-input NOR Gate

[ 2 N L I Y R

-
-

1m0

-
»

VoY

-
“

MC 140028
Dusl 4-1nput NOR Gate

* A W N

6 s
E

"
12

MC 140788
8-input NOR Gate

3

A2
12

LOGIC DIAGRAMS

NAND

MC 140138
Cuad 2-Input NAND Gate

¢ B O N e
- w
-]

- -
w N
-
-

oY

MC140238
Triple 3-Input NAND Gate

h W BN o

biede

-
-

10

- .
w8

MC140128
Dua! 4.Input NAND Gate

-

OR

MC140718
Quad 2-Input OR Gate

1
2 3
-
4
[
8
10
o
12
11
TN
MC 140758
Triple 3-input OR Gste
1
=
8
3
ey
L
11
‘2%_ ‘o
13

MC18072B
Dus! 4-1nput OR Gate

L N

1M
12
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AND

MC 140318
Quad 2-Input AND Gate

«

-
N B BB N
-
(-]

-

w
-
-

peies

MC 140738
Tripis 3-1nput AND Gate

WO N -
®

- -
[
-
o

-
w

Yy

MC 140828
Dual £.input AND Gate

11
12

LR

Vpp = Fin 14
Vgg = Pin 7
for All Devices



CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS

Voo Tiow® 25°C Thgh®
Charactersue Symbol Vée Min Man Min Tys Max Min Max Unat
Outous Vollage “0” Level Vou 50 - 0.05 - 0 0.05 - 005 vdc
Vi Vppor0 10 - 005 - o 0.05 - 0.05
. 15 - 005 - 0 0.05 - 00s
. 1T Level Vo 50 495 - 495 $.0 - 495 - Vae
Vin OorVpp 10 8.85 - 985 10 - 9.95 -
18 14.85 - 1485 15 - 14.95 -
Input Vottage” 0" Level ViL Vdc
Vo 450r05 Vae) S0 . 15 ) 225 15 - 15
tvg $.00r 1.0 Vac) 10 30 - 4.50 3.0 - 3.0
Vg 1350r15 Voc) 15 - 40 - 615 4.0 - 40
1 Level| Vi
ivg 0.5 o145 Vac 50 35 35 2.5 - 35 - Vdc
tvg 1.0 0t 90 Vac! 10 20 - 70 £.50 - 7.0 -
Vo 1t 50r 135 Vde) 15 1.0 = 11.0 B.25 - 1.0 -
Qutout Drive Current (AL Devicel 10M mAdc
tVom 2.5 Vae Source 50 -30 o -24 4.2 - -1.7 -
VoW 46 Vac) S0 -064 - ~051, | -088 - -0.36 -
(Vou 95 Vael 10 -1.6 - -13 -2.2% - -09 -
(Vopr  13.5 vdel 15 -4.2 - -34 -8.8 - -24 -,
VoL 04 vdel Sink oL 5.0 064 - 0.51 088 - 036 - mAdc
tvg - 05 vael 10 16 - 1.3 2.25 - 08 -
VoL * 1.5 Vael 15 42 - 34 88 - 24 -
Cutput Drive Current (CL/CP Device) ‘oM mAdc
(VoW © 2.5 Vdel Source 5.0 -25 - ~2.1 -42 - -1.7 -
tVor - 4.6 Vocl s0 |-052 {. - -0.44 | -088 - ~0.36 -
(Vo ° 9.5 Vae) 10 -13 - =11 -2.25 - ~0.9 -
(Vou 135 vdel 15 -36 =, -30 -88 - ~24 - )
Vo » 0.4 Vdcl Sk o 50 052 = 0.44 088 - 0.36 -~ mAdc
tvoL - 0.5 V! w0 13 3 R 2.2 - 09 -
tvoL - 15 Vvael 15 38 - 3.0 88 - 2.4 -
tnput Current LAL Devicel hin 15 - £01 - +0 00001 ] :01 - $1 0 uAdc
input Current {CL/CP Device) b 15 +03 - 000001 | 203 - 10 uAdc
Input Capacitance Cin - - " - $0 75 - - 3
Vyq = 0
Quiescent Current (AL Devcet 100 50 0.28 - 0.0005 | 0.25 - 1.5 uAde
{Per Pachage) 10 0.50 - 0.0010 0.50 - 15.0
15 1.00 - 0.00i5 | 1.00 - 20.0
Quirescent Cusrent ICL/CP Device) 100 50 - 1.0 - 0.0005 1.0 - 75 wAdc
{Per Puckage! 10 - 20 - 0.0010 20 -y 15.0
15 - 4.0 - 0.0015 4.0 - 0.0
Toral Supply Current®®t [} 4 S0 i1 = (0.3 wA/KH2) f + tpD/N wAde
{Dynamic plus Quiescent, ) 10 i1 = (0.6 pA/KH2) ¢ + IDD/N
Per Gate, C_ = 50 pF) 15 A7 = 108 wA/KHZ) § + tpp/N
*Tiow * -55°C for AL Device, -40°C for CL/CP Dence. °

Thigh * +125°C for AL Device, *B5°C for CL/CP Dewce.
SNoise immuyunity spelied for worst Case input combnanon.
Noise Margin (or both “1” and 0" level * 1.0 Ve min & Vpp = 5.0 Vde
20 Ve mmn @ vpp *10Vde
25 Vvacmin® Vpp = 15 Vdc
1To calculate 1012l supply current at 16ach other than 50 pF - b
17(CL) = 17180 pF) + N x 10-3 (Cy_ -50) Vpp! .
where: Ip is in kA (per pachage), Cy in P, Vpp in Vac, 1 in kH2 is input frequency and N is number of getes per package.
**The formulss piven sre for the typical characteristica only st 23°C
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CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS®.(Ci_ = 50 pF, T4 » 25°C)

Voo |
Characterinic Symbo! Vde Min Typ Max Uniy
Ovtput Rise Time, All B-Series Gotes LM s
TTLH = (135 ns/pFI C + 33 ms 50 - 100 200
TTLR = (0.60 ns/pFIC + 20 ns 10 - 50 100 .
TTLH » (040 ne/pFICL + 20 m 15 - 40 80
Output Fall Time, Al B-Series Gates THL -
TTHL = (135 ns/pFI €y + 33 ms 50 - 100 200
TTHL «-(0.60'na/pFI C + 20 ng 10 - 50 100
TTHL = (0.40 ns/pF) C ¢+ 20 ng 5 - L I 80
Propaystion Delsy Time . tPLH. WPHL ns
MC140018, MC14011B only
PLH. PHL = (090 n/pF} C + 80ma 5.0 - 125 250
PLH. PHL ~ 10.36 ni/pFIC + 32 ns 10 - 50 100
L. PHL = (026 m/pF) C ¢+ 27 ra 15 3 40 80
All Other 2, 3, and 4 tnput Gates
LK. PPHL = (080 npF) C + 115 ns 50 - 160 300
LK. tPHL = (0.36 n/pFI Cy + 47 ns 10 - 65 130
L. PHL " (026 n/pFI C_+ 37 ns 15 - ' 50 100
8-Input Gates (MC 140636, MC140788)
PLH. PHL = (090 ns/pFI € + 155 ns ~ 50 - 200 350 1
1L H. PHL = (0.36 nW/pF)Cy + 62 ns 10 b7 80 150
PLH. PHL * (026 na/pFi C| + 47 ns 15 = 80 110

*The formulas piven are for the typical characteristics only.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS -

20 ns .
Input
14 50D
g ™~ e
. thput B Output 90% Vou
ulse . Output 50%
Generator Inverting Y
. Co Vou
. I - THL TN L
= Vowu
70 Vss Ouzput
CAll ynused inputs of AND NAND pates must be . Non tnvarting v
connectes to Vpp. . . * e ' oL
Alf Unused inputs of OR, NOR gates must be TLH . THL
connected 1o Vgg.




CMOS B-SERIES GATES

CHRCUIT SCHEMATIC

NOR, OR Gnm
MC140018
MC140718
One of Four
Gates Shown
14 9Vpp
‘I.G.I.IJF—T—ﬁ )
|

2.5,9,12

| e

3,90

2,10 o—

l

\_|

-—E’T
<
4

o
nglI

*inverter Omitted in MC140018

o m
4,12

0

— MC 140258
o 1 Ny MC 140758
One of Three
f Gatas Shown
29Vss Voo
1,3,110—1—-ﬁ p
24,12 3
A, ] 149Voo
)
I bé e
! .
[y
v 515 JE o980
MC140028 v;’p i T
MC 140728 [ ihoione &
One of Twa :
: |:
Gates Shown 8.5.13 3____]
7évgg
“tnverter Omitted in MC140258
‘IITVDD

=
=4

I:l:'o
i

L
o
=

*inverter Omitted in MC140028

Voo
e s
2 Iﬂ Gate
=
] J-_I I——J—H?-‘ 14 yvoo
} 2 11 )
Vss = .
4 rymp—— J L{:Z [:: l}}‘
s above J - 13
® Seme a
Er—a 1 ]
120 swove | révgy
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CMOS B-SERIES GATES

MC 140238
MC140738
Voo One of Thres
Gatm Shown
ope
1
)
24,12 3
1201 —4———-‘;
Vss,
Voo

|51

“=1

]
|

iz

CIRCUIT SCHEMATICS
NAND, AND Gates

14¢Vpp

-

25932

L
R

... ..--l.
llLIJU

168,12

7ovgs

*inverisr Dmitted in MC140118

14 ¢ Vop
L. l

!

|

WMC140128
MC 340828
One of Two
Gates Shown

76 Veg
*Inverter Omiried in MC140238 Voo
W=
1
J
2,10 3
39 wL———J;l
MC 140688 Vs
A ~Er il
G 511

Voo
.
o

Vss

3 1=
J{ ﬁ_;ﬂ:}__‘%..,.u

e
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CMOS B-SERIES GATES

TYPICAL BSERIES GATE CHARACTERISTICS:

N-CHANNEL DRAIN CURRENT ) PCHANNEL DRAIN CURRENT
{SINK) (SOURCE)
FIGURE 2 ~ Vg » 5.0 Vée FIGURE 3 = Vgg = $.0 Vde
¥ -10
20
] _ 48 Ta~ 45°C
i - ) —— ey
- A= -55"C [ o™ -40C
S 30 — £ 40 ,/ ]
H A _z:,c £ ¢ Z
= 50 Y, % TN = . 7 S
< & = = >
] // = 25t E.-:.n v/ /%;."'"—"'ﬁ"'c
LR 7 AT T
/4 19
° 0
0 19 0 1.0 [T} 50 0 T19 29 3 8 =]
vps. DRAIN TO.SOURCE VOLTAGE (Vec s Vps. DRAIR-TO-SOURCE VOLTAGE (Véd
FIGURE 4 - Vgg = 10 Vde FIGURE § — Vg = -10 Veée
» I -5 .
" T ~45
" Ta=-55°C \ o
- ~40" e,
T u pe ﬁ—ﬂ i-®
5 . . 2 = Tas-85°C
- x
g, . e ] £ T
T e =
z 15 e — R = f/ -
< s -
- V/4% 2 P e =
2w /'% 8 10 // P s S il
2 .
2|44 4 - i//////
X}
00 20, 38 b 50 &0 13 20 30 10 ey Y g TR V= R TR LI TR TR
Vps. DAAIN.TOSOURCE VOLTAGE (Ve Vs, DRAIN-TO-SOURCE VOLTAGE (Ved
FIGURE 6 — Vgg = 18 Ve FIGURE 7 — Vg = -1 Vde
0 -100
4 -«
) -«
3x e ise in
£ s p7 e = Tae-8°C
> < = -8
: . . g = . = e il
= 7 5 2 P — s
e '7/’ e .» 4 . =
o 8 g *,
o 4 = A =
52 -1 ~
¢ i 4 0 4 W 2 »w % u B S i3 49 &5 -35 -W -1l =% -4 -84 -8
Vps. DRAIN.TS SOURCE VOLTAGE (Véd Vg, DRAIN-TOLOURCE VOLTAGS (Véd



CMOS B-SERIES GATES

Vout, DUTAUT VOLTAGE (Vik}

Veut, DUTPUT VOLTAGE (Vée)

TYPICAL B-SERIES GATE CHARACTERISTICS {cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 - Vpp = $.0 Ve

Single Jnput NAND, AND
Mohwle lnput NOR, OR

]

L " Surgla trgus NOR, OR
Ll | Muitple inpur NAXD, AND

d

-

£ & = b3

[l
o

g

al

¥} 3 b ¥ 4 9 5D
Via INPUT VOLTAGE (vec)

FIGURE 10 ~ Vpp = 15 Ve

Vour, OUTPUT VDLTAGE (Vée)

50
(1]
40

28

FIGURE 9 - Vpp = 10 Ve

Single Ingut NAND, AND
Subipie Inpst NOR, OR

il
- :7.".37:«722"%'.»
r g /
) 4 &8 &5 10

Vin INPUT VOLTAGE (Ve
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Sangle Input XAND, AND

—

Buttiple tnput NOR, OR
fl

1 u.ul 0RO

Muttpl Input NAXD, AXD T

28 (Y] .0 [¥] ® 12 " %

Vin, INFUT VOLTAGE (V)

DC NOISE IMMUNITY (VgL AND Vi)

The dc noise immunity is defined a2 the input
voltage range from an idesl ~1” or 0 input level
{smsuming the previous CMOS driving swts is
uniosded which dost not producs cutut Fate
{combingtion) changels). The typical snd limit
values of the input rengss Vg snd Vg for the
outpUt to sty within 8 range oV o, from either
Vpp of Vgg are given in the Eisctricst Cher-
acwristics mble, The definitions of VNL VNH.
and &V gy re illustrated in Figure 11 for invent-
ing and non-inventing functions.

FIGURE 11 — DC NOISE IMMUNITY -

{s) invarting Functien

Vout ‘ Voo

AVour

AVayur

tof

AN

——q Vi o

Voo
Vin

Vno

Vout ]

AVour

AVout

Vgg = O velts ac

{p} Non-lrverting Function

Voo

[/

T
i

VoD

' 4 Vin
1 VNL b

e Vi fo— 3
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For complete data sheet, including Operaticn and Applications
Information, contact:

Litersture Distribution Center

P.0, Box 20912

Phoenix, Arizons 85036
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- LWMIT
LM217
LM317

.~ 3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117/217/317 are adjustable 3-terminal positive voltage
reguiators capable of supplying in sxcess of 1.5 A over an output
voitage range of 1.2 V 10 37 V. These voltage regulators are excep-
tionally essy to use and require only two external resistors to set the
output voltsge, Further, they employ ingzrnul current fimiting,
thermal shutdown and safe area compensation, making them essen-
tially blow-out proof, -

The LM117 series serve a wide variety of applications including
jocal, on card regulation. Thit device also makes sn especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting 8 fixed resistor between the adjustrnent
and output, the LM117 series can be used s a precision current
regutator,
® OQutput Current in Excess of 1.5 Ampere in TO-3 and TO-220

Packapes
Output Current in Excess of 0.5 Ampere in TO-39 Package
Outpu!' Adjustable between 1.2 V ang 37 V
{nternal Thermal Overicad Protection
Internal Short-Circuit Current Limiting Constant with Temperature
Output Transistor Safe-area Compensation
Floating Operation for High Voltage Applications
Standard 3-lead Transistor Packages

Eliminates Stocking Many Fixed Voltages

| 3TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

i
SILICON MONOLITHIC
INTEGRATED CIRCUIT
i

K SUFFIX o

METAL PACKAGE
CASE V'
(T0-3 Type) © 0} ¥
Adpon Vi
V.‘
[o]

{Bonom View)

Pirs 1 and 2 slectrically bolsted from casa,
Case 15 third electricel connection,

STANDARD APPLICATION

Al

¢ » C,p, I required M regulstor s iocated sr aporecisdle distsnce trom power
supply filter, M
** = Cq it not nesded for sTadiiity. Aowever 1t dos improve transient
reOOoNM.
.

"
Vour™ 125V (1 + il) +lag 2
1

Since 'Aai in controfied to lees than 100 kA, the error sssoclated with this
tarm s nagligible in mon xions

.
T SUFFIX
PLASTIC PACKAGE
CASE 2214
170-220)

Pin 1 Adjust
Pin2 Vo
I3

n33 Vie

Hasoink surtsce connected
1o Pin 2

H SUFFIX
METAL PACKAGE
CASE 79 \J 3
(T0-29)

{Cose s OUtDUL)

ORGERING INFORMATION

Device Tenpersturs Ronge Pachoge

LMI17K | Ty -85°C 10 +150°C | Mewl Can
LM117K | Ty= -630C to +150°C | Metal Power
LM217H | Ty= -25°C 10 +160°C | Mewst Con
LM217K | Ty * -28°C 10 «150°C | Motal Power

LM317H | T4 0°C 1o ¢125°C | Mewd Can
LM317K | T3+ 0°C to 4125°C | Mhetat Power
LMIITT | Ty= 0°C 10 +125°C | Plastic Power




LM117, LM217, LM317 (continued)

MAXIMUM RATINGS

Rating Symbol Value Unkt
Input-Output Voltage Ditferentisl V)-Vo 40 Ve
Power Dmsipation Po intsrnally
. Limiwd
Dperating Junction Tempersture Rangs Ty ec
LMI117 . -85 to +180 1
Lm217 ~2% 10 +150
LM31? . D1 +128
Storsge Temperature Rengs T | 65104150 | °C

ELECTRICAL CHARACTERISTICS (V| - Vo =5 Viig = 0.5 A for K end T peciages: Ig = 0.1 A for M package;
T4 Tiow 10 Thigh (380 Now 11 : Imax ®nd Prmgy Per Note 2; unless otherwise mecified.)

LM117/217 L3117
Characteristic Symbal Min Tye Max Min Tye Man Unit
une Reguistion (Now 3) Regling %NV
Ta=25°C,A3VEV -Vg<4&V = 001 | 002 - 001 | 004
Load Regulation {Note 3} Retioad
Ta = 25°C, 10 mA €10 € Imex
Vo<sSV - 8 15 - % 25 mv
vo>5V - 0.1 03 - 0.1 s % Vo
Adjustment Pin Current 'ML - 50 100 - S0 100 nA
Adjusiment Pin Current Change Sladj nA
25V<E Vi -Vg<40V
10mA S 1| < Imgx. PD < P - 02 s - 02 ]
Reference Voltage (Note 4) Vet v
IvEVy-Vp<4Vv
10 mA < Ig € lmax. PD < Poex 120 | 1.2 | 130 ] 120 125 | 130
Line Regulstion (Notw 3} Regiing %/v
IVKVj - VoS4V - 0.02 Q.05 - 002 | 007
Load Regulation {Note 3} Remosd
10mA € 1g € Imax
Vo<SV - 2 50 - 2 | mv
Vo>SV - 03 1 —~ ] o3| 15 | %svo
Termnperature Stability (Tiow € T3 < Thigh! Ts - 0.7 - - 0.7 - %Vo
Minimur Load Current to Ve min mA
Mainisin Regulation (V| — Vg = 40 V) - 35 ] - 35 10
Maximumn Output Current Imax A
VI—V°<|5V,PD<PM )
K ond T Packages 15 22 - 13 22 -
‘H Package [+3 os - 0s (¥ ] -
V|- Vo =40V,Pp <Py, TA=25%C
K and T Packages 0.28 o4 - 0.18 cA -
H Package - 007 - - 0.07 - N
RMS Noise, % of Vo N %vVo
Ta=25°C, 10 H2 < 1< 10 KH2 - 0.003 - - 0.003 -
Rippis Rejsction, Vg = 10 V, f = 120 Hz (Notr §) RR a8
Without Capy - 65 - - (11 -
CaDy ™ 10 4F 8 80 - 68 0 -
Long Term Subility, T3 * Thign (Now 6) 8 1%/ 1.0K Hrs
Ta * 25°C for Endpoint Messursments - 03 1 - 03 1
Thermal Resistance Junction to Case Resc L]
H Package (TO-3S) ’ - 12 13 - 12 13
K Package (TO-3) - 23 1 3 - 23 3 "
T Packaga {TO-220) - - - - [ -

WOTES: (1) Tyouy = 85°C for LMTIT  Tign = +150°C for LM117
® -259C for LM217 = +180°C for L2117

:

= 0.5 A tor H (TOI9! Pecleage

Prax = 20 W for X (TO3) and T {TO-220} Packages

= 2W tor H (TO-O9) Package

{3) Load snd lins regulstion srs soecified st constant

junction trmpersturs. Changee in V5 due to hesting

= 0°C for LM317 = +1259C tor LMI1?
{2} lngn = 1.5 A for K (TO3) and T (TO-220] Packages

eflecn mumt be mken into scoount ssperswety. Pules
testing with low duty cyche is veed. '

{4) Selecwd devicas with tighitened tolersnce reference
voltage svellabls,

(5} Capy. when used, is connected briwesn the
sdjustrrent pin snd ground.

{8) Since Long Term Stabiiity cennot be messured on
sach devics befors shipment, thir specification is e
onginesring sstimets of sverage stability from lot to
ot
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LM117, LM217, LM317 (continued)

184

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117 is 2 3-terminal fiosting regulstor. In opers-
tion, the LM117 develops and maintains & nominal 1.25
volt reference {Vige) between its output end adjustment
terminals. This reference voltage is converted to s pro-
gramming current {IpROG! by R1 (see Figure 1}, and
this constant current flows through R2 to ground. The
regulated cutput voltage is given by:

R
Vout ™ Vref {1+ i%) +lagj R2

Since the current from the adjustment terminal {1Agj)
represents an error term in the squstion, the LM117 was
designed to control [ Adj 1o ess than 100 wA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal, This imposes the require-
ment for 3 minimum losd current. If the load current is
less than this minimum, the output voltage will rise.

Sincs the LM117 is a floating regulator, it is only the
voltage differential across the circuit which is important
to performance, and operation st high voltages with
respect to ground is possible.

FIGURE 1 — BASIC CIRCUIT CONFIGURATION

Via Vout
o—a LM11?

Agjust (

'Ada

Vyet = 1.28 V TYPICAL

LOAD REGULATION

The LM117 is capable of providing extremely good
load regulation, but a few precautions are needed to
obtsin maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
etfectively appear in series with the reference, thereby
degrading reguiation, The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS

A 0.1 uF disc or 1 uF tantslum input bypass capacitor
(Cin) is recommended to reduce the sensitivity to input
{ing impedence,

The sdjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor {CaADJ! prevents
ripple from being amplified as the output voltsge is
increased. A 10 uF capacitor should improve ripple
rejsction about 1548 at 120 Hz in a 10 volt application.

Although the LM117 is stable with no output capaci-
tance, like any fesdback circuit, certain values of external .
capacitance can cause excessive ringing. An output capaci-

‘tance {Cp) in the form of a 1 uF tantalum or 25 uF

sluminum electrolytic capacitor on the output swamps
this effect and insures stability,

PROTECTION DIODES

When external capacitors ace used with any |.C. regu-
{stor it is sometimes necessary to add protection diodes to
prevent the capscitors from discharging through low
current points into the regulator,

Figure 2 shows the LM117 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance valuves (Cq > 25 uF, Capy > 10 pFl.
Diods Dy prevents Co from discharging thru the I.C.
during sn input short circuit. Diode D2 protects sgainst
capacitor CApJ discharging through the 1.C. during an
output short circuit. The combinstion of diodes D1 and
D2 prevents CAoDJ from dicharging through the 1.C.
during an input short circuit.

FIGURE 2 - VOLTAGE REGULATOR WITH
PROTECTION DIODES

Dy
INGDD2
Vin Vout
LM1t?
-
Cin < h1 Co
D2 T
Adjust IN4OO2
ny 7~ Capy

||}——4
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LM117, LM217, LM317 (continued)

' WLUMETERS]  InewES
- ? D] Wi | MAX | R | MAX
H SUFFIX [g L ] AL 80208 | o3es o
METAL PACKAGE F K 1 :u,) :; ). g _l.?as
ASE 79 . . 165 | .10
f‘ro 39 ommnls 431053 1oy o) |
’ atud —l—p CASE 7903 431089 | €01 | 0.038
X ] 016 | 4
& 431833 | 6180 710 ]
56| 0.8 | 0.0
Rgja = 180°C/W (Typ) X 07 | 0.028 | 0.0
i - S0 -
M| ASONOM | 65° NOM
Pin 3 connectad 1o casa. : 1-5‘:';: U___@"BV_.’__
| _S0°NOM |

b § ] ¢
l [ MILLIMETERS INCHES
1 = — pwme [ MIN_T MAX | Min | WAX
K SUFFIX r ] — (7 = 175
METAL PACKAGE Y &) D X ] 535 | 11.43 | 0250 1450 |
CASE 1 SEATING RN 7 | 108 | 0038 | 0643
. (TO-3 Typa} PLANE - 14 - RE:]
L CASE 03 | f | 7960 [3040 | 1177 187
Tl TO3Tyme | 6 | 1067 |11 1420 144
W 21 | 572 [ 0208 275 |
Rgja = IS°C/W (Typ) 0 3 16.64_| 17.15 | 0885 G
3 —~ la3iz =
N 1 a T O T AL
v \¥YT N - | - Q528
5 o 4 T - en] - 0.123
s
:] i‘ s r‘ B MILLIMETERS] _ IKCRES
< |_[ DI WIN | MAX | MR | MAX
el - 7] o A 11517 | 1575 | 0.595 | B.620 |
T SUFFIX T £ A ] s.?!j 76,29 0,360 ] 0 405 |
PLASTIC PACKAGE A - = — C | 406 | ¢82 | 0163 | 0.19 |
CASE 221A —l b4 B9 } 9.028 | 0.039
(LM317 only) | 1] I X 73 1 0042 Y]
(T0-220) ' v 2l . §7 1 0.085 1 0105 |
o~ case zz1a [} 2791 330 L0110 L0}
. Jj a H T0.220 3 36 | 0.56 | 0.0%4 | 0.
. ¢ 'y ; X 11200 | 1427 | 0.500 | 0.5
Rgsa = 85°C/W (Typ) X = t k ok 581
i  SECTan -
Heauink surface - . ot k. . &::L‘}_ﬁ_
connected to - r I'.l -t 3 r 110
center pin. I, .G : ‘: AR
D-J — €[ 127 100307005
N Y | Lid 043

THERMAL INFORMATION

The maximum powsr consuMPtion en imegrated circuit T Jimax) = Maximum Operating Junction Tempersturg as listed
ean tolerats 81 8 given operating ambient tempersture, can be in the Maximum Ratings Section
found from the squation: . | 3
T = Maximum Detired Operating Ambient Temperature
Vsimaxi - Va

R alTyp} = Typicst Thermal Resistance Junction to Ambient
1 4 ZVlg-Val "
DITAI® RgualTysl = Y187 700 15 » Totsl Suppty Currem
Where: 'D(TA) = Power Dimipstion allowmable st 8 piven

opergting embient temperature.




ed-2.15[69]

COMPONENTS :

/.,

- Sy

TECHN!CAL DﬂTA APR!L 1979

Features

e LARGE DIGIT
Viewing up o 6 melers (19.7 feet)
CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow
Green

s LOW CURRENT OPERATION
As Low as 3mA per Segment
Designed for Multiplex Operation

e EXCELLENT CHARACTER APPEARANCE
Evenly Lighted Segments
Wide Viewlng Angle
Body Color improves “Off” Segment
Contrast

s EASY MOUNTING ON PC BOARD OR
SOCKETS
Industry Standard 7.62mm (.3") DIP
Leads on 2.54mm (.1") Cenlers

e CATEGORIZED FOR LUMINOUS
INTENSITY
Assures Unlformity of Light Output from
Unit to Unit within a Single Category
¢ iIC COMPATIBLE

¢ MECHANICALLY RUGGED

Description

The 5082-7650, -7660, and -7670 series are large 10.92mm (.43
in.) Red, Yeliow, and Green seven segment displays. These
displays are designed for use in instruments, point of sale
terminals, clocks, and appliances.

The :7650 and -7660 series devices utilize high efficiency LED
chips which are made from GaAsP on a transparent GaP
substrate.

The -7670 series devices utilize chips made from GaP on a
transparent GaP substrate.

Devices”
Part No. 5082-  Color
-7650
-7651
-7653 High Etficiency Re8 -
-7658 High Eﬁlcoency Red
-7680 Yollow
-7661 Yellow’ Tomeon ﬁmse Righ:t Rm&wnd
7663 Yellow 7 commoncmoae mﬁmw eh
-7668 Yeillow _ iverest ShtHahd.
-7670 ‘ Groen
7671 Green
7673 ) Green
7676 Green

Note Universal pinout brings the anode and cathode of each segment's LED out 1o separste ping see internal dagram D,

36
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Package Dimensions

H
7017 2761 ~fa—— e 201 276 deaes :

‘
— —— 10"

4
5

1 fw i B T
H E"\i S ’— H I
ER L s ! 3 |
: e ! 19,06 : 025
o B 10827430 10.92 430 ¢ (7901 010
twor tha 10 _L l :
§ e i/ ¢
o a —t ,
" 3181128 _'!
No &
. j Anor
B 250; v §.21 (205
A 8,Cc [+]
FRONT VIEW
LUMINGUS
INTENSITY |
CATEGORY
lo_t270 sooi _!
; ax,
. |
Pyl DR ]
: SNy
3 A 638 12%0 1908:02¢ K
' E%2 ) 750« 010
io8 im0
[ 25
f l el 028 010 2
782 3001 5= 'l DATA COOE
END VIEW SIDE VIEW
NOTES:

1. Dimensions in millimeters and {inches).

2 All untolersnced dimensions era ‘or
referonce anky.

3 Radundant srodes.

4. Unused dp poson,

5 See Internal Curcuit Disgram.

€. Regundan: athode.

internai Circuit Diagram

Absolute Maximum Ratings Noves 1 sed sower serating

DC Power Dissipation Per Segmentor D.P.!" (Ta=25°C) ....... ..cccovini... somw curve (Fig2) 2 Derate average

i re Range ... - +85° current Irom 507 C at 0 4mA/” C per
Operating Temperature Range 40°C to +85°C segment 3. See Maximum Toler-

torage Temperature RanNge .............civiiinenerennnnenennn -40°C to +85°C bl \ Poak '
Peak Forward Current Per Segment or D.PIT,=25°C) ............cvient, 60mA :u,:es;‘%::gn c::ve‘c(::;en” v:'
DC Forward Current Per Segmentor D.P.\"¥(Ta=25°C) ...... ............ 20MA  Ciean only in water, isoproganol,
Reverse Voltage Per Segment or D.P. ... .. ittt 6.0V gthanol. Freon TF or TE (or

Lead Soidering Temperature 260°C for 3 S6C  equ:valent) and Genesolv Di-150r

{1.59mm (1/16 inch) below seating plane'‘!] DE-15 {or equnalent).
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Electrical /Optical Characteristics at T,=

25°C

HIGH EFFICIENCY RED 5082- 7650/—7651/—7553/-7658

Parareter B

Luminous Intenslty/Segmem "'9

{Digit Average)

Peak Wavelength

Dominant Wavelength*! .

Forweard Vottage/Segment or D.P. - ..

Reverse Current/Segment oc D.P,

Response Time!?

Temperature Coefficient of Vs/Segment or D.P

YELLOW 5082- 7660/-7661/ 7663/-7666

Parameter

Luminous ln:enszry/Seqmen!*&"

(Digit Average) = ¢ .~ .

Peak Wavelength -

Hy Pur
S e

Dominant Wavelength® -

Forward Vottage/Segment or D.P.7 7

Reverse CurrenJSegmen! or D,P # s I

Response Time!” D

Temperature Coefiicient of Vz/Segment or D P.1-;

GREEN 5082- 7670/-7671/-7673/ 7676

Parameter . i - .Test Condition ..

Luminous In!ensuty'Segmem"-" t10omA D.C. -« 3
e " ZOH'\A D c S

(Dugit Average) > G&nA Pk: 1 of 8]

tyFactor

Peak Wavelength

Dominant Wavelength!®

Forward Voitage/Segment or D.P.

Reverse Current/Segment or D.P. '

Response Time ™

Temperature Coefficient of Vp/Segment or D.P.

NOTES
Tne 3.:ts ae calegorded 1or I = nous inlensily witk the intensity calegosy des-gnated by & letter located o the right hand side of the package
The dorminant wavelangth_ A & Jerives iromthe C | E Chromaticity Diagram and s tha! single wavelsngth whick defines the coior of the device
T:me 10: 8 10% ~ 90% change o ihgnt :ntensity tor slep change i current.
Temperature coetticient of lum.=dus .Atensity |, #C 1s determined by the formula by = 1,4 @

wn

® um

1K (T4 -28°CI1

DEVICE K
-7650 Series -.0131/°C
-7660 Series -.0112/°C
-7670 Series -.0104/°C

38
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Figure 1. Meximum Tolerable Peak Current vs. Puise Duration,
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Operational Considerations

ELECTRICAL

The 5082-7600 series of displey products are arrays of
sight light emitting dicdes which are opticaily magnified
1o form seven ingividua! segments plus 8 decimai point.

The diodes in these displeys utilize a Gallium Arsenide
Phosghide junction on a Galiium Phosphide substrate to
produce high efficiency rec and yeliow smission spectra
and & Gatum Phosphide junction for the green. In the
case of the red displays, sificiency is improved by al ieast
& factor of 4 over the standard Gellium Arsenide
Phosphide basad technology. The use of Gallium
Phosphide as ths substirate coes result in an internal
dynamic resistance in the range of 12-4801. It Is this
resistance which causes the substantially higher forward
voltege specifications in the new devices.

The user should be careful to sceie the eppropriate
forward vollage from the V; versus [ curve, Figure 4, when
designing for 8 particular forward current. Anoths: way to
obtain Vr would be to use the foliowing formula:

Vi = Vsma + Rs (Ir — SmA)
where Viga and Rs are found In the foliowing table:

Device Vima Bs
-7650 Series 1.65V 210
-7660 Series 1.75V 250
-7670 Series 1.85V 180

Figure 1 retates refresh rste, {, and pulse duration, tp, to a
ratio which defines the maximum desirable operating
pesk current as & function of deraied dc current,

“1p max/Inc max, To most effectively utilize Figure 1, per-
form the following steps:

1. Determine desired duty factor.
Example: Four digit display, duty factor = 1/4

2. Determine desired reifresh rate, {. Use duty factor to
calcuiate pulse duration, tp.
Note: ftp = Duty Factor
Example: f=1 kHz; tp=250 psec

3. Enter Figure 1 atthe calculated tp. Move veriically to the
refresh rate line and then record the corresponding
value of tp max/TDc MAX.
Example: Al tp=250 nsec and =1 kHz,
1r max/loc wax = 4.0

4. From Figure 2, determine the valus for Inc max.
Note: Ipc max I8 dereted above To=50"C
Example: At To=70°C. Ipc MaXx=12mA

5. Calculate lp max from Ip max/lpc max ratio and
calculate Iovg from Ip and duty factor.
Example: [, = (4.0) (12mA) = 48mA peak

Iavo=(1/4) (48mA) = 12mA average.

The above caiculations dstermine the maximum
folerable strobing conditions. Operstion at 8 reduced
paak current or duty factor ls suggested to help insure
even mors reiieble cperation.

Refresh rates of 1kHz or faster provide the mos! efficient
operstion resulting in the maximum possible time average
luminous intensity.

These displays may be opersted in the strobed mods at
currents up to BOmA peak. When operating at peak
currents above 5mA for red and yellow or 10mA for green,
there will be ar improvement in the relative stficiency of
the dispiay (see Figure 3). Light output at higher currents
can be calculated using the foliowing relationship:

lave. rEAx
v iME AV = W spec
lave speci| T PEAK SPEC

tavg = QOperating point average current

lavc spec= Average current for data sheet luminous in-
tensity value, Iv gpec

npeax = Relative efficiency at operating peak current.

Relative efficiency at data sheet pask
current where iuminous intensity bv ¢pp
is specified.

= Data shest luminous intensity, specified at
lavg spec 8nd lpeax sPEC.

TIPEAK SPEC

v spEc

Example: 1p = 40mA and I, vc = 10mA:

(’:::) (—‘12) (300,d) = 948,cd/s0g.

Iv TIME AVG =

CONTRAST ENHANCEMENT

The 5082-7600 series devices have been optimized for use
in actual dispiay systems. in order to maximum “"ON-OFF”
contrast, the bodies of the displays have been painted to
match the appearance of an unilluminated segment. The
emission waveiength of the red displays has been shifted
from the standard GaAsP - 655nm to 635nm in order to
provide an easier to read device.

All of the colored display products should bs used in
conjunction with contrest enhancing filters. Some
suggested contrast filters: for red displays, Paneigraphic
Scarlet Red 65 or Homalite 1670, for yellow displays,
Panelgraphic Amber 23 or Homalite (100-1720, 100-17286);
for green, Panelgraphic Green 48 or Homalite (100- 1440,
100-1425). Another excelient contrast enhancement
material for all colors is the 3M light control film.

MECHANICAL

The 5082-760C series devices are constructed utilizing &,

lead frame in 8 standard DIP package. The individual
packages may be close-packed on 12.7mm (.Sin.} centers
on a PC boerd. Also, the larger character height allows
other character spacing oplions when desired. The
Isadframe has an integral seating plane which will hold the
package approximately 1.52mm (.060 in.) above the PC
board during standard soldering and flux removal
operation. To oplimize device performance, new materials
are used that are limited to certain soivent materials for
flux removal. It is recommended that only mixtures of
Freon and sicoho! be used for post solder vapor cleaning
processes, with an immersion time in the vapors up to two
minutes maximum. Suggested products are Freon TF,
Freon TE, Genesolvy DI-15 and Genesolv DE-15. isopro-
ponal, Ethano! or water may also be used for cieaning
operations. i
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a191w 1
Lgnaonunauuud 1 YUATMDALTTUNTY = % D
saflszus 5 cm|10 cm |15 cm |20 em | 1afy [Q(head avf) | whiufle
cc/sec
13.81 114,17 |13.75 |13.30 | 13.75 12.47 1x
13.9 14,17 113.84 |13.1 13.75 13.24
21.06 | 20.95 {21.06 }20.9 20.99 18.68
22.83 | 22,59 |22.59 [22.24 |22.56 21.64
25.5 26,13 126.56 | 26.69 | 26,22 28.68
- 38.38 |36.55 {36.45 | 37.13 32.43
Q(measured) 39.43 | 35,26 |35.36 |35.7 |36.44 34.92
cc/sec - 40.16 |39.67 139.08 | 39.64 38.3
37.39 | 43.81 |47.49 |49.01 |44.43 43.61 £I
49.29 | 45,66 - 46.14 | 47.0 46.72 ITX
65.72 [ 61.96 |60.8 59.42 }61.97 48.92
55.6 54.9 56.57 (58.22 [56.32 55.02
65,72 | 67.77 [70.72 [70.53 {68.69 66.87 III
80.32 - - 86.74 |83.53 83.06 : Iv
90.36 | - * [{92.94 | - |91.65 90.58 v
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A131v7 2
lonasaunauuufl 2 YU UALITUNTY = %-D
| . .
yaftszur 5 cm [10 cm {15 cm {20 cm | 1afy Q(head awfl) | vhuflly
cc/sec
55.6 57.1 57.1 57.1 56.7 66.0 Iv (1)
50.0 54.1 56.6 57.6 54.6 54.72
54.1 55.6 58.3 58.4 56.6 64.98
48.8 52.0 53.1 53.7 51.9 63.21
47.6 48.8 50.0 50.6 49.3 60.5
45.5 47.6 49.2 50.3 48.2 57.11
40.0 | 42.1 | 42.3 | 43.2 | 41.9 | 52.3
370 40.0 41 .4 42.3 40.4 49,65 ’
37.0 37.7 38.5 38.8 38.0 46,64
33.9 35.1 35.7 - 34.9 43.01
o(measured) - 32.3 | 32.6 | 33.5 | 32,8 | 25.07 IV (1)
cc/sec 36.4 36.4 36.0 36.5 36.3 35.21 Iv (2)
34.5 31.8 31.9 32,3 32.6 32,36
26.3 26.7 27.3 27.4 26.9 28.25
25.0 23.8 23.8 23.7 24.1 25,58
:
21,7 21.9 | 21.7 | 21.8 21.8 19.46
18.7 [ 19.3 19.8 19.7 19.4 16.61 IV‘QZ)
9.7 9.8 9.6 9.0 9.5 10.53 I
5.9 6.0 6.2 6.5 6.67 . 6.49
5.2 5.0 4.8 4.8 5.0 5.15
2.7 2.8 2.8 2.8 2.8 .2.95 ‘
2.0 2.0 2.0 1.9 2.0 2.16 [ I
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ﬂﬂsﬂuﬂ 3

lamasaunauu? 3 uARMUANNTUNRY = %-D
xaflszuy 5cm| 10 em| 15 om | 20 em | 198y [Q(head awfl) | uhonudly
cc./sec

62.5 |67.8 |68.2 |69.6 |67.0 64.1 v
- |66.7 |66.7 |67.8 |67.7 61.7
55.6 |'57.1 |57.7 |60.6 |57.8 55.6
55.6 |54.8 [55.0 |55.9 |55,3 52.6
45.5 [48.8 |49.2 [51.2 |48.7 | ~47.6
45.5 [46.5 |46.9 |48.2 |46.8 43.7
40.8 !42.1 |41.7 |42.8 [41.9 39.1
O (measured) | 33.9 | 34.8 - |34.9 |34.5 34.2
cc/sec | 35.7 |35.1 | 35.3 35.7 |35.5 33.3
33.9 [35.1 - |35.6 |34.9 -31.2
29.4 [29.4 |29.1 |29.0 |29.2 25.0
27,0 {26.7 |26.3 |26.1 |26.5 22.4
15.8 115.0 |14.5 [14.1 |14.9 15.6
13.2 [13.1 [13.1 [13.0 |13.1 12,9

9.3 | 9.1 | 8.9 | 8.9 | 9.05 8.6 |

2.7 | 2.7 | - | - 2.7 3.6 ‘ Jv
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Toflszuz 5cm|10 cm [15 cm [ 20 cm | 1a¥y | Q(head aufl) | uniufle
cc/sec
35.1 34.8 35.1 35,2 35.1 34.2 Iv
37.0 }35.7 [35.7 - 36.1 33.3
35.7 35.4 - 35.4" |35.5 31.25
Q(measured) 32.2 .31.2 | 30.6 130.3 [31.1 25.0
cc/sec 26.3 26,0 25.8 55.8 26.0 22.4
13.9 13.9 13.6 13.6 13.8 15.6 '
13.2 13.1 13.0 13.0 13.1 12.9 gV
8.3 8.2 8.3 8.3 8.3 8.6 III
2.7 2.7 2.7 2.8 2.7 3.6 III
avs1fl 5
1§Maaﬂuﬁauuuﬂ 3 suuaLaunEy = D
[ .
Yoflszus Scm | 10cm | 15 cm | 20 am | ta8y O(head avf) uhiufly
cc/sec
14.5 | 14.3 | 14.0 | 13.8 |14.2 15.6 Iv
Q(measured) |13.2 12.9 12.9. | 12.9 |13.6 12°9 ' v
cc/sec 9.0 8.6 8.5 8.5 - 8.7 8.6 IiI
3.2 2.8 3.0 2.8 3.0 3.6 II}









