narfinun 2531

A a4 = - ¢ ’ }
lH?‘El\ll]ﬂﬂl.ﬁhiﬂ?uﬂﬁﬂf’l‘?ﬁﬂn‘nﬁﬁﬂﬁTLWWI

4
Tny
~ | ¢
Uty UMM
uawg Tou Frufiys(pg
3 a
293178 TNRA
i o o ol - ¢
gl #7823 119y
= ¢
76,1t fa11rma1
fot Bacilatad
oy v

024709 ,opams



- - ’
Urygaiimus tharfinua 2534

oo~ -
Njﬁﬁﬁﬁ twnunqnﬂﬁunrrn

L 4 v

- ¢ . ot
noe IMINT TUANEANT ﬂﬂﬁuutWHTUTﬁUWTzﬁﬂUtﬂﬁﬁl?ﬁqmﬂﬂﬁf &

4 ‘ o o~ -~ ¢ 4
LT lh?ﬂﬂuﬂﬂlahTwTuhﬁnTQﬁﬁﬂuWﬁQnﬁTuwwﬂ

| .

L 4
uynnn
i

[ ¢ [ ¢
1. UMM Juminnas

v' o o] ¢
2. Uﬁﬂ%?ﬂﬂ Tﬂuwyﬁﬂlﬂﬁ

* PL
0000000000000 0000000000n ﬂﬁ?ﬂfﬂﬁﬂ;ﬂl&']

[ - 4
(urwghe #fTrz s9u)

'
4

g -
.‘.............'........“.‘ ﬂq?qrunﬂrnyq

(17,1008 Emrﬂnﬂ')

MNTEIN

024709



faga

i 4
La3aaNad L anTnsiadastadaunieniswms

ugIfed  uauraed

v( L
uegim  Saunysduad

) - 4'
wigis  A3573Tsd anesfiiuinn

o -
sh.fd deasdad  31Rv9fiuThmn

-ih1sfinen 2531

v & ' X Ul J “"
71HQ1UQUUU1ﬁL?HUlgHQﬁUQ1ﬂﬂﬂQ1Uﬂ1iWWu1lﬂ?BQNﬂﬂqﬂTUWﬂQﬂWTHWWE

4 4
3 #iin ﬂa Lﬂiﬂiuﬂ?ﬂﬂ?WNﬂuTﬂMﬂ lﬂ?ﬂﬂuﬂ?ﬂﬂﬂ77ﬂ17lﬂﬂﬂ?qquﬂulﬂ?ﬂﬂ?ﬂﬂmﬂﬂu

379908 Luaqanntﬂsaquawa 3 dia Frusnuassenaaslfenlagean ﬁTﬂhaQLﬁuUﬂﬂa

nuaawufﬁnqn1suwwansaLnﬂ1ﬁsunﬁsau1uu1nau LﬂsaauaaLaﬂTwsunéﬂiaaaaunﬂqn11

Y . LY - 3 1 -f L3
w1 et i ada it n 3 duminisnay lugaingaty Tasa fudinay (nigigad

i \ T
LButead (Silicon Pressure Sensor) Laguninadulanadudouaalia 14

- v v
TuTﬂsTwuLUﬂﬂuL%ﬂqn1stﬂuﬂaauaialﬂuﬁ@qwm1ﬂﬂﬂ uastiiuaLiand Lo gad

(Temperature Sensor) \Wauugamgis1eniefudgonalirudniluyseanaudns

andudiiey WilEFandzaan yasaia lugansoldowld
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Abstract

This report is base on the result of the development of
three basic medical instrument namely manometef, electrocardio ‘graph’
and thermometer. Up until now, it is not very convenient when those
three medical instrument have to operate seperately in one set of
basic medical testing, moreover, only a knowledgeable person in the
field of health sciencés or the one who already passed some special
training course are able to use those three testing instrument
correctly. As a result, a lately biomedical electronics meter has
been develop to be used by any individual with very limiteé of.health
sciences knowledge.. This equipment was designed to perform exactly
the same as those three instrument mention earlier. The bodyxblood
pressure., the rate of heart beat and the body temperature are.,
simulated into electric signal byusilicon pressure sensor, midrophone
and temperature sensor respectivgly. Then the result-of tesﬁing is.

~

reported in some meaningful numbers.
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Counters with Multlplexed 7-Segment Output Drlvers

general description ‘ draaen. ) - G e
These CMOS counters consist of a 4-digit counter, an , - carry-out i.s-_' overflow indicator whvch is_high -at
internal output latch, NPN output sourcing drivers for 2000, and it gqges back low only when the counter’is
a 7-segment display,” and an internal’ multnplexmg‘. . ‘resat, Thus, thlusqt l_3 1/2-digit coprlter . .

circuitry with four mulliplexing .outputs. The multi- . -y E

plexing circuit has its own free-runnmg oscxllator, features _" . L e e
and requires no external clock. The | counters “sdvance - @ Wide supply voltage range .+ .3V to BV-
on negative edge of clock. A high signal on tne Reset - - Gl ppdyn ”?n"?: TR . 1V
input will resat the countar to zero, and reset the casry: uarantege ngl L L
out low. A fow sigrial on the Latch Enable input will ~ * & High noise |mmumty . 045 Ve typ
latch the number in the counters dinto the nnt-rnnl out: « H!gh segmant sourcing current - - 40mA
put latches. A high signal on Display Select input will ~ @ Vee — 1.6V, Vcc = SV
select the number in,the counter to be displayed; a low - Internal mul:iplemng c,rcuiuy ' .
level signal on the Display Select will soloct the number o
in the output {atch to bn dlsplayod X7/ ok desngn conslderatlona - -
The MM74C925 is » 4decode counter ond has Latch: - Segment romtors are desirable to minimize power
Enabley Qlock’ing Adkat ifpucs: ' ¥ dissipation and chip heating. The DM75492.serves as a

good digit driver when it s desired to drive. bright
displays. When using this driver with a 5V supply at
room temperature, the display can be driven without®

The MM74C026 is Hkn".ho MM74C026 Qicipt that It
has a display select and a carry-out used for. cascading -
courfefl. i Thiyfutliganls 9003 hlgh :‘ £50 segment resistors to full illumination. The user must use .
goes back low at 0000, \ -
caution in this mode however, to prevent overheating of

The MM74C927 Is Iike the MM740926 ‘excapt the - the device by using too High & supply voltm or by
second most significant digit divides by 6 rather than'10,, = Pperating Yy high ambient  temperatures. :
Thus, if the clock input frequency is 10 Hz, the display. .. . =, Nl <
would nad tenths of seconds and mlnum (i.- \9 69.8).. -, | The Input prat-ctlon circultry comlm ofa mlu mi{zor.

¢ . and a diode to ground. Thus Input ngnals cxcnodlng
The MM74C828 is llko the MM74C026 cxccpt tno most . ~ Vee will not be clamped, Thls input signal :houtd nqt be
significant digit divides by 2 rather tr)an 10 lne thc - allowed to cxcood 15V L _""" y “"“““h"““' t;:’ c-sary

&\, A
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{‘absolute maximum ratings (Now1) .° Lt

Voltage 8t Any Output Pin

4, Voltage at Any Input Pin oo R
'Operating Temperatura Rangs (T, )
Storage Temperature Range ™~ _. =
Patkage Dissipation’” - _,
Operating Vo Range -

\"

dec elef:trical characteristics Min/max limits apply at ~40°C <1< +85"C, unless otherwise noted.

14
.
et a

1%,

vee - 1Y . -
* Lesd Temparature {Soldering, 10 seconds)

] ‘Refer to 'PD(MA'X) vs T5 Graph

.Gnd - 0.3V to Ve 0.3V
. Gnd - 0.3V to +15V°

- —40°C'to +85°C .

. —85°Cto +150°C -
o 3V to 6V
6.5V
. 300°C

}

IED [ Tve | max |

PARAMETER [ CONDITIONS UNITS
CMO8 TO CMOS
Vi © Logicat “1” Input Voitage Vee = 5.0V : kX ] . .
"V | Logical “0” Input Voltage . Vee = 5.0V i 15 ;
“Vourin- * Logieal **1° Output Voitage Vee = 5.0V, 1o = =10pA 45 3
- . {Carry-out and Digit Output .
.. Oniy} N
L Al
Vouri . Legicsl “0° Output Voitage Vee = 5.0V, ig = 10uA \ 05 v
hineny Logical 1" Input Current Vee = 8.0V, V, = 16V \\ 0.008 1.0 HA
hinioy Logics! 'O Input Current Vee = 8.0V, V,\ = 0V ,iu.o ~0.008 uh
tee Supply Current Vee = 8.0V, Outputs Open Circuit, 20 1000 A
. Vin ® OV or BV
CMOS/LPTTL INTERFACE
Vintn Logical “1" Input Voltage Vee = 4.75V Vec-1.8
Vi © Logical “0” Input Voltage Vee »4.76V 0.8
Voury  Logical 1" Output Voltage Vee = 4.75V, 24
' {Cerry-Out and Digit lg ® =360 A
Output Only)
Vourfa- Logicsl "0” Qutput Voltage Ve =4.75V, 0.4 v
) g = 360 A
OUTPUT DRIVE
Vour  Output Volage (Segment lour =86 mA, Ve = BY, T, = 25°C Veem13 | v
Sourcing Output) 4 = 100°C Vee=1.6 | Vee-1.2 v
. lour = 40mA.Vee ® BV | 10 ys0c  [Vee=2 | Vec-14 - v
Ron Output Resistance {Segment lour *—§5mA, Ve = 5V, Tj = 25°C 20 0
. Sourcing Output) y T, = 100°C 30 40 ¢
lour = 40 mA, Ve = SV 7, 160°C A %0 Q
Output Resistance (Sepment 0.6 0.8 %/C
Output) Tempecsture Coefficient
lsoumcs  Output Source Currant Vee @ 476V, Voyy = 178V, T) + 160°C -1 -2 ma
{Digit Output) ‘
lsounce Output Source Current Vee A5V, Vour =0V, Tj = 26°C ~1,76 |- -33 mA
{Carry-out) Wi ’ A N
Isin Output Sink Current Vee ® 5V. Vour = Vee. Ty = 25°C 1.75 36 mA
{All Outputs)
O Thermal Resistance MM74C926 {Note 4) 75 100 ‘cw
) MM24C926, MM74C927, MM74C028 70 90 °Chv

. Notw 1: “Absalute Maximum Ratings” sre those values beyond which the safety of the device cannot be guarantesd, Except for “Operating

conditions for sctusl device operation.

Note 2: Capocitance is guaranteed by periodic testing. .
Note 3:. Cpp detarmines the no load ac power consumption of any C

soplication nots, AN-90.

Note 4: 0“ maeasured in free-air with davics u;ldond into printed circuit bosrd,
-~

Renge” they are not meent to Imply thst the devices should be opersted at these limits. The table of “Electrical Charscteristics” provides

MO device. For complete explanation see 54C/74C Family Charactaristicy




ac electrical characteristics T,=26°C, C, = 50 pF, uniess oth

o -

erwise specified

PARAMETER CONDITIONS 1 MIN TYP MAX UNITS
oy
tmax Maximum Clock Fraquency Ve = 6.0V, Ty ZQ'C'.‘_ 2 4 MMz
Square Wave Clock T, »100°C 1.6 3 MH2
Loty Maximum Clock Rise or Fall Time Vee = 5.0V 18 L i
twn Reset Pulse Width . BV T, = 25%0 250 100 n
. . Vee » & Tet00c | 320 126 m
wee Latch Enable Pulte Width s.0v T,=25°C 260 100 ™
s . VCC = 5.0’ r' - 'a.)uc 320 126 . n
tgerickLe) Clock to Latch Enable Set-Up-Time a5V T = 28°C 2500 1250 L
. Vee = 54 T,=1w00'c [ 3200 | 1600 o
ten Latch Enable to Reset Vee = 6.0V T,=26°C 0 I -100 ‘m
Wait Time T;=100°C 0 -100 -ns
tgernogy  Raset to Latch Enable Set-Up Time \ A\ o ot T, =25°C 320 160 nt
Lehi T,=100°C 4bo 200 ns
faaux Multi Output Freq Y Vee = 5.0V 1000 Hz
Cin Input Capacitance Any lnput {Note 2) 6 pf
typical performance’ characteristics . Typics] Average Segment
Typical Segment Current vs - Power Dimsipstio Current vs Ssgment Resistor
Output Voltage- i vs Amblent Temperature Vaive -
i T 7T : g» i e W)
s T,e25°¢C // T, 10 g e = fae 8t
E 4 < 1 -3 |
H K | g 1o g Nahs
LA A, shiie 2 e 5
§ g |: ML ! " B
g " 1 .
“ - PN
e L -4 Vool -
j / ! ™ i, by \'\\:\
; n {I : § l.- |.l -
5
e i L)
s 48 8 18 e & Mt NN N 5 T U N M B an
Vour (VI 1, -~ AMGLNT TEMPERATUNE (°C) SHEMERT RERSTOA 12

logic and block diagrams
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@ MOTOROLA

MC145288

DUAL MONOSTABLE MULTIVIBRATOR

which is determined by the external timing components, Cx and Ry.

Separate Reset Available

Diodo Protoction on All Inputs
Triggerable from Leading or Trailing Edge Puise
Supply Voltage Range = 3.0 Vdc to 18 Vde

Schottky TTL Load Over the Rated Tomperature Range
Pin-for-Pln Raplacement with the MC145388 and MC 145488,

The MC145288 is a dual, retriggarable, resettable monostable
multivibrator. It may be triggered trom either edge of an input pulse, and
produces an output pulse over a wide range of widths, the duration of

Capable of Driving Two Low-power TTL Loads or One Low-power

MAXIMUM RATINGS" (Voltages Referenced to Vgs)

Symbol Paremeter Vaiue Unit
Voo OC Supply Voliage 0.510 + 18.0 v
Vin. VYout | Input or Output Voltage (DC or Transient) < ~0.5t Vpp +0.5 v
lin. fout |!nput or Output Current (DG o7 Transiant), per Pin =10 mA
e J‘_g. Power Sissiosion l;ol Packaget 500 nwW
T"H Storage Temperature ~8510 +150 °C
T Load Tompecaturo (8-S S 0) 260 *C
‘Maximum Ratings are those vaiues beyond which damage 1o the device may occur,
1Temperalure Derating: Plastic P Package: —- 12mW/°C Irom 65°C to 85°C
Ceramic “L" Package: - 12mwW/°C from 100°C to 125°C
ONE-SHOT SELECTION GUIDE
100 ns tus W0 us 109.,‘.1 ims 1t0ms 100ms 1 10s
MC145208 SE—
MC145368 3 23 hr
MC145388 k— ¢
MC14541 I 3} 8 min.
MC 145488 - ol
HC4538°
“LIMITED OPERATING VOLTAGE (2-6v)
Totat Qutput Pulse Width Range s
Aacommended Puise Width RANQ® Yo

CMOS MSI

[LOW-POWER COMPLEMENTARY MOS!

DUAL
RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series - 55°Clo +128°C
MC14XXXBAL (Ceramic Package Onty)

C Serins: ~ 40°C 10 +85°C
MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)

BLOCK DIAGRAM

’ 1
x Rx1
= o2
Al 4 601
B1-2 57
Reset | 3
Cx2

I

- I 4

Vpo = Pin 16
Vgg=Pin 1, Pin 8, Pin 15
Ay and Cx are external components
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MC14528B

ELECTRICAL CHARACTERISTICS (voltages Relerenced to Vgs)

losd Capecitance (C| ) snd at
timing (Cx),
use the formula —

Voo Tiow” 25°¢ Thigh®

Chnt..clwinic Symbol Vde Min Msax Min Typ # Max Min Max Unit
Output Voltage 0" Level Vou 5.0 - 0.05 - 0 0.05 - 0.05 Ve

Vin=Vpp or 0 10 ~ 0.05 - 0 0.05 - 0.05

15 - 0.05 ~ 0 0.05 - 0.05
1" Level Vou 5.0 495 - 4.95 5.0 - 435 - Vde

Vin=0or Vpp 10 9.95 - 9.95 10 - 9.95 -
. 15 14,95 - 14.95 15 - 14.95

input Voitage 0" Levet ViL Ve
(Vg * 4.5 or 0.5 Vdc) 5.0 - 15 - 2.25 1.5 - 1.5
Vg = 9.0 or 1.0 Vdc) 10 - 30 - 4.50 Jo - 3.0
Vg = 13.5 0r 1.5 Vdc} 15 - 4.0 - 6.75 40 - 4.0

1" Level] Viy
{Vg = 0.5 or 4.5 Vdc) 5.0 3.5 - 35 218 - 3.5 - vde
(Vo * 1.0 0r 9.0 Vdc} 10 7.0 - 7.0 5.50 - 7.0 -
Vo = 1.5 or 13.5 Vdc) 5 11.0 i 1.0 8.25 - 11.0 -

Output Drive Current (AL Device) 1oH < mAde
(VoM = 2.5 Vde) Source 5.0 12 ] -10 17 - 0.7 -

(Vo = 4.6 Vdc) S.0 --0.64 = 0.51] --0.88 T 0.36 =
(Voi = 9.5 Vde) 10 - 1.6 - -1.3 2.25 - o9 3
(Vou = 13.5 Vdc) 15 4.2 L -J.4 -8.8 = -2.4 L
(Vo = 0.4 Vdc} Sink oL 5.0 0.64 - 0.5} 0.88 - 0.36 - mAde
Vot = 0.5 Vde) 10 16 - 1.3 2.2% - 0.5 -
Vo = 1.5 Vdel 15 4.2 - 34 a8 - 24 -

Output Drsve Current [CL/CP Device) oK mhde
(Vo = 2.5 Vde) Source 5.0 10 - OH 0/ - (4] -
{VOH = 4.6 Vdc) 5.0 ~0.52 S ~-0.44}| .0.88 = 0.36 >
Vol = 9.5 Vde) 10 -1.3 ¥ - 1.1 -2.25 |V -0.9 —

(Vo = 13.5 Vde) 15 -3.6 A -3.0 -8.8 - -2.4 =
Vg = 0.4 Vdc) Sink lo 50 052 - 044 0.88 - 0.36 - mAdc
(Vo * 0.5 Vde) 10 13 - " 2,25 - 09 -
(Vor = 1.5 Vde!} 15 3.6 - 1.0 8.8 - 24 -

input Current {AL Device) Yin 15 - 0.1 - £0.00001 | 01 - 1.0 uAdc

fnput Current (CL/CP Device) tin 15 - 103 - £0.00001} 203 - 1.0 nAde

Input Capacitance Cin - - - - 50 1.5 - & oF
(Vi = O} .

Qusescent Currant {AL Devsce) o0 50 - 5.0 - 0.005 50 - 150 uidc
{Per Package} 10 - 10 - 0.010 10 - 300 |

15 ) 20 i 0.015 20 y 600

Ouiescent Currant (CL/CP Device) (130) 6.0 - 20 - 0,005 20 - 150 uAde

(Per Package) 10 - 40 0.010 10 4 100
15 - 80 - - 0.015 80 - 500
**Total Supply Current st an externsl tr - Ip{CL, Cx} = [(C + 0.36Cx)Vpp! + 2x10~8 RxCxIVpp=2)2(} x 10-3

where: IT in pA (per cireuit), C snd Cx in pF, Ry in megohms,

Vpp in Vde, f in kHz is input frequency.

*Tiow * -55°C for AL Device, -40°C for CL/CP Devics.
Thigh = +125°C for AL Device, +85°C for CL/CP Davice.

** The tarmulas given are for the Iyp!ct&chnuclnlum:u only st 25°C.

#Dsta tabelled “Typ™ is not to be used for design purposes but is

of the IC's

per

PIN ASSIGNMENT

vssfi
Cxl/Rx1

This device contains protection circuitry to guard against damage due to high
statlc voltages or electric flelds. However, precautions must be taken to avoid

applications of any voltage higher than maximum rated voltages to this high- 814
impedance circuil. For proper operation, Vi, and Vot should bae constrained
to the range Vgg < (Viy or Vout) < VpO-
Unused inputs must always be tied to an appropriate logic voitage level (e.g..
sither Vgg or Vpp). Unused outputs must be left open.

2
3
4
S
6
7
8

161 vpp
15[} Vss
14Pcx2/ax2

13[] Resat 2

120 A2
npe2
wfaz2
9{1 537
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MC14528B

SWIT THING CHARACTERISTICS** (CL ~ SO pF. Ty = 25°C)

"_ Chessetaristic Symbol :: :: ‘3:': Min | Typ # | Max | Unit
Output Rise and Fall Time TLR. - - ns
ITLH: ITHL = (1.5 ns/pF) C + 25 ns THL 5.0 - 100 | 200
ITLH. ITHL = (0.75 na/pF) C + 12.5 ns 10 - 50 100
ITLH. ITHL = (0.55 na/pF) C + 9.5 ns 15 - 40 80
Turn-O1f, Turn-On Dalay Time — A or B toQorQ PLH, 15 5.0 ns
tPLH, 'PHL = {1.7 ns/pF) C_ + 240 ns L 5.0 - 328 650
'PLH, tPHL = {0.66 ns/pF) C| + 87 ns 10 - 120 | 240
TPLH, tPHL = (0.5 ns/pF) C + 65 ns 15 - 90 180
Turn-Otf, Turn-On Dalsy Time ~ A or B 1o Q or 5 PLH, 1000 10 ns
PLH. tPHL = (1.7 na/pF) C_ + 620 ns tPHL 5.0 - 706 -
IPLH. 1PHL = -(0.68 napF) Cy + 257 ns 10 - 290 -
'PLH. tpHL = (0.5 ns/pF) C + 185 ns 15 - 210 -
Input Pulse Width — A or B e WH 15 50 [ 50 ] 150 | 70 - .
10 % 30 -
15 98 30 -
_“'WL © o6 T e Y - 70 - ne
1o - 30 -
18 -~ 30 -
Ou-pul Pulte Width — G or O w 15 5.0 5.0 - $50 - ns
{For Cx < 0.01 1F use oraph for appropriata Voo isvel) 10 - 350 -
16 - 300 -
Outpat Pulse Width -a o) FLRVA . AV, v‘ly; 10,000 10 $.0 15 30 45 s
(For Cx > 0.0t uF use tarmuta; > 10 10 50 90
'w = 0.2Ry Cx Ln [Vpp ~ Vgs! )T 15 15 88 [
Pulta Wedih Maich Batvean Circults In the same paciops ~ ~ =~ |’ Wz 10006 [0 [ 86 T 6o T & 1=
10 - .0 s
16 - 8.0 3s
rTl_«;ﬂul Pwp@mn Deolay — flaset 10 Q or Q PPLH, 18 .0 5.0 - 328 600 ns
} ) L 10 | < % | 228
15 - (] 170
! 1000 10 5.0 - 1000 - ne
i 10 - 300 -
15 - 260 -
Heuigger Mhino e 15 5.0 8.0 [o} - - ns
10 [+] - -
15 0 - -~
1000 10 8.0 0 - - m
10 [} -~ -
15 0 - -
Externat Timing Resistence Ax - - - 5.0 - 1000 k0
External Timing Capacitance Cx - - - No Limits * BF
I Hyam m Oting, Cyx 13 m larods, VDD and VSS m volts, Pwoul in suconds,
HCyx> 15 uF, Use Discharge Prolection Diode Ox. per Fig. 9,
**The farmulas given are 1or the typicsi characteristics only s1 25°C.
FUNCTION TABLE
#Dato inbelied “Typ” is nol to be used for design purposes but is
as an of the IC's P X 'npu‘s OUIDU(S
. Reset A 8 Q Q
H S H JL w
H L \ L
. H i W L Not Triggered
H H I\ Not Triggered
H JLHN H Not Triggered
H L LH/ Not Triggered
L X X L H
s X X Not Triggered




MC145288B

FIGURE 1 ~ OUTPUT SOURCE CURRENT TEST CIRCUIT

Voo

;-

Vou :

lon

FIQURE 2 — QUTPUT SINK CURRENT TEST CIRCUIT

Voo

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WA\iEFORMS

Voo

500 pF 233

Ry 2
<P

Cx

0.t u¥f

'o I Ceramic

< RAx

c

Voo

FIGURE 4 — AC TEST CIRCUNT

“Cx = 15 pF
“Cy - 15 pF
Ay =5.0x01

Pulse ; o4
Generator N
i 0—1 -]
Pulse
erator
N Geners: A
Putse 8
Generator —
Aoset’

-néj,
||H

S5,
-y

ivss

‘oL
Vot :

3 0 Open

Vi
v ov
Outy Cycla - 50%

INPUT CONNECTIONS
CHARACTERISTICS | Roset A 8
PLHPHL TTLH, TTHL
b LT Voo PG Voo
w
PLHPHL. TTLR, ¢
. L TR ves PG2
w
PLHIA)LPHLIR). tw PG PG PG2

*Includes capacitance of probes,
wiring, and finture parssitre.
NOTE AC test wavelormy

for PG1,PG2, snd PG an

neut page

‘ PG1= I l
PG2 - l I
PG - I ’



MC14528B

FIGURE 6  AC TEST WAVEFORMS

90% = —
R foo% % ﬂ sox}f \
e twh tTLH —-1 l:- tTHy
trHL TN
Y \ oo:] -
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10%
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PHL

PR

50%

FIGURE 6 — PULSE WIDTH versus Cx .

pom tpp

1000 \ | 5
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357 TN 15 v
wn..l-“ 1 _‘ i 11y .
3 ErET e o
= [ Rx = 100ks2 * 1
= 1 ] sV
H l.’ vt 3 1’ vV
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5. h; ’ Y " "lx'-ua{ t
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Cx. EXTERNAL CAPACITANCE {pF)

Voo

vss

Voo

vss

Voo

Vss

VoH

Vou
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TYPICAL APPLICATIONS

FIGURE 7 — RETRIGGERABLE FIGURE & — NON-RETRIGGERABLE
MONOSTABLES CIRCUITRY MONOSTABLES CIRCUITRY

Voo

Rising Edge
Tripger

Falling Edge

Failing Edge
Trigger

Trigper

FIQURE 9 — USE OF A DIODE TO LiMiT FIGURE 10 — CONKECTION OF UNUSED SECTIONS
POWER DOWN CURRENT SURGE
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. MOTOROLA

MC140718B

QUAD 2:INPUT “OR" GATE

Tha MC140718B is constructed with P and N channel enhancemant mode
devices in a single monolithic structure (Complementary MOS). The pri-
mary use is where low power dissipation and/or high noise Immunity is
desired.

Supply Voltage Range = 3.0 Vde to 18 Vdc
All Qutputs Buffered

® Capable of Driving Two Low-Power ﬁL Loads or One Low-Power
Schottky TTL Load Over the Rated Temperature Range

Double Diode Protection on All Inputs
® Pin-for-Pin Replacement for C040718 N

MAXIMUM RATINGS® {Voltages Relerenced io Vss)

Symbol Parameter Value Unit
Voo DOC Supply Voitage 0510 +18.0 v
Vin. Vout | Input or Output Voitage (DC or Trans:ent) 0.5 10 Vpp + 0.5 v
lin. tour {tnput or Output Current (OC or Transent), per Pin =10 mA

Pp Power Dissipation, per Packaget 500 mw
Tet Storage Temporature ~6510 + 150 *C
TL Lead Temperature (8-Second Soldering) <60 “Cc

"Maximum Ratings are those values beyond which damage to tha davice may occur
tTemperature Dorating: Piasnc "P" Packnge. 12mwWrC tram 65°C 10 8-C
Ceoramic “L" Package: 12mwrC from 100"C to 128°C

CMOS Ss| 7
ILOW POWER COMPLEMENTARY MOS)
QUAD 2:INPUT “OR" GATE

FOR COMPLETE DATA
SEE MC14001B

L SUFFIX P SUFFIX
CERAMIC FPACKAGE PLASTIC PACKAT
CASE 632 CASE 844

ORDERING INFORMATION

A Series: - 55°C 10 + 125°C
MC14XXXBAL (Coramic Packago Only)

CSarins -a0°C ta + ASC
MO LIOOINCE (Plasie Packagn)
MU TAXYXIVCL {Cararme Pachagan

LOG!C DIAGRAM

Vpp = Pin 14
Vgg = Pin 7

CIRCUIT SCHEMATIC
(1/4 of Device Shown)

Voo

l.C.B,l:l’-—--*‘ J

149vpp

2.5.9,120— :l

=

34,1011

7 lvss

-_J'_

Vss

This devics coniains protection circintry 1o
guard againsl damago due lo b st
voltages or olectric fliolds Howaver, 4]
tions must be taken to avoid apphcations oi
any vollage higher than maximum rated
voltages to this high-impedance circuit, For
proper operation, Vin and Vg should be
constrained to the range Vgg & {Vin of Vou1)
< Vpp

Unused inputs must always be tied lo an ap-
propriate loglc voitage level (e g.. either
Vss of Vpp). Unused outpuls musi be lef:
open.




“ MOTOROLA

MC140818

QUAD 2-INPUT “AND” GATE

The MC140818 Is constructed with P and N channal enhancement mode
devices in a single monolithic structure (Complemenlary MQOS). The pri-
mary use is where low power dissipation and/or high noise Immunity is
desired.

.

® Supply Voltage Range = 3.0 Vdc to 18 Vde
@ All Outputs Buffered

® Capable of Driving TwoA Low-Power TTL Loads or One Low-Power
Schottky TTL Load Over the Rated Temperature Range
® Double Diode Protection on All Inputs

Pin-for-Pin Replacement for CD40818

CMOS ssi
{LOW-POWER COMPLEMENTARY MOS)
QUAD 2-INPUT “AND” GATE

FOR COMPLETE pDATA
SEE MC140018

MAXIMUM RATINGS® (Voltages Reterenced 1o Vss)

L SUFFiIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

A Serles: ~55°C 1o + 125°C
MC14XXXBAL (Caramic Packags Only)

C Series: - 20°C 1o +85°C
MC14XXXBCP (Plasti Packanae)
MC14XXXNCL (Caramic Pachagai

Symbol Parameter Value Unit
Vop OC Supply Voltage ~0510 +180

Vin. Vout | mput or Output Voltage (OC or Transient) ~0.510vpp +0.5

Yins loug | Input or Output Current (DC or Transient), per Pin =10 mA
Po Power Diseipation, per Packaget 500 mw
Tat, Storage Temporature -8510 + 150 °C
Ty Load Temperature {8-Sacond Soldering) 280 “C

“Maximum Ratings are those values beyond which damage 1o the device may occur,
tTemperature Derating: Piastic "p~ Package: - 12mw/°C from 85°C to 85°C

Coramic “L” Package: - 12mWrC from 100°C to 125°C

LOGIC DIAGRAM l

N -

Vop - Pin 14

Vgg ~Pin 7
10 ss

sse

12

-
o
-
-

|

CIRCuUIT SCHEMATICS
(174 of Device Shown)

= .
.P”l_“ = 2 Te2aom

259,12 l . ‘
J |

1,86.8,13 '

14 evpp

4 1Vss

This device containg proiuction cHCuitry to
guard against damage duo 1o high state
vollaghs or olactric fiolds Howaver, peo-
cautions must be laken 1o aveud applica-
lions of any voltage higher than maximum
rated voltages to this high-impedance cir-
Cuit. For proper operation, Vi, and Vout
should be constrained to the range Vgg =
Min or Vour) < vpp.

Unused Inputs muyst always be tied 1o an
appropriate Icgic voltage level (e g.. ei-
ther Vgg or Vpp). Unused oulputs must
ba iait opon




@ MOTOROLA MC14017B

DECADE COUNTER
E ¢ CMOS MS|
The MC140178 is a five-stage Johnson decade counter with built-in

code converter. High speed operation and spike-free outputs are obtained

by use of a Johnson decade counter design. The ten decoded outputs are ILOW POWER COMPLEMENTARY MOS}
normally low, and go high only at their appropriate decimal time period.

The output changes occur on the positive-going edge of the clock pulse. DECADE COUNTER

This part can be used in frequency division applications as well as decade

counter or decimal decode display applications.

® Fully Static Operation

® DC Clock Input Circult Allows Slow Rise Times
® Carry Out Output for Cascading

@ Divide-by-N Counting
L]
°

Supply Voltage Range 3.0 Vdc to 18 Vdc L SUFfIx P SUtix
SLRAMIC PACK AGH PLASTC PACRAGE
Capable of Driving Two Low-power TTL Loads or One Low-power casPs10 CASE s
Schottky TTL Load Over the Rated Temperature Range
® Pin-lor-Pin Replacement for CD40178 ORODERING INFORMATION
A Senns HRC e v 12570

MO TAXXXOAL (Crmerme Parb iages Oty )
MAXIMUM RATINGS® (Voltages Heteroncod 1o Vgg)

Symbot Paremeter Value Unit fEfantal RC o U
-~ MC 1XAXBCP (P i Kangger)
Voo OC Supply Voltage 05to + 180 v MC 14XXXBCL (Cormme Packagn)
Vin. Vout | Input or Output Vaitage (OC or Irangient) 05tovpy 105 v
hn. oyt | Input or Output Current {OC or Transient). per Pin =10 mA
Pp Powsr Dissipation, per Packaget 500 mw FUNCTIONAL TRUTH TABLE
Positive Logict
1 Slorage Temperature 6510 - 150 °C
& €Locx DECODE
Te Lead Tomoerature (8-Second Sotdering) 260 “C CLOCK ENABLE AESEY | QUTPUT =~
‘Mawimum Ratings are those values heyond which damage 1o the device may otcur Q x o ~
tTemperatura Deranng  Piashic “P™ Packoano 12mwrC ram R5°C to RS C : o, °_ l;'"
o ey g, . 4 ~Cs f0y g x 1
Coramic “L" Package 12mWIC Brom 100°C 1o 195 — ° ° et
~ x o ~
x aand 0 "
. LOGIC DIAGRAM 1 4 [ net
X - DontCarte ‘tn 8§ Carry » 1" Ofherwise » "0
Qs Q1 Qr Q3 Qs
! b s ’ 'Y BLOCK DIAGRAM
Ciors 14 Ord Qo F—O J
Clock |, . a ?
Ctack [ Uf-—0 .
bty 12 .
Enable [13 { o Carry Q3o
I l N Q4 }—o0 10
.y § ) § SO 13 og as f—o 1
e e Erasia
4 - + 1 Q6 —o0 3
e s —m al
f _J ¢ QY —0 6
I *ED i
"‘B _____ 4 osf—0>9
= Q9 b——o 11
Aeier 135 O—f Cowr 0 12

Voo s Pin 1@
3 5 4 9 10 Vg~ fing
Qo Qs Q2 Q3 Q¢ ——




ELECTRICAL CHARACTERISTICS (Voltagan

MC14017B

Nt o Vyy)

Voo Tiow® 25°C Thigh®
Charsctensuc Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Veltaga T0” Leval Vou 50 00s . 0 005 005 Vde
Vin = Vpp or © 0 00y v 0aes 0 0%
15 005 0 00S 00
1 Level VoH 5.0 495 - 495 5.0 495 - Vdc
Vio = 00r Vpp 10 995 - 9.95 0 - 9.95 -
15 14.95 - 14,95 15 - 14.95 -
laput Vottage “0" Level ViL Vdc
(VO = 4.5 or 0.5 vdc) 5.0 15 22% 15 - 15
(Vo = 9.0 or 1.0 Vde) 10 30 : 450 [ 30 . 3.0
(Vo 13.50r 1.5 Vde) L 40 675 | 20 - 40
1 Level | Vg
(Vo = 0.5 or 4.5 vdc) 50 35 35 2.5 - is - Vdc
(Vo = 1.0 or 6.0 Vdc) 10 70 - 70 550 7.0 - )
(Vo = 1.50r 1.5 Vdc) 15 1o - 110 | 828 g 1o’ -
Output Drive Current {AL Device) fon mAdc
(Vom = 2.5 Vdc) Source 5.0 -3.0 - ~24 1 _4.2 - -1.7 -
(VOoH = 4.6 Vdc) 50 [-0.64 - -0.51] _o.88 - -0.36 -
{(Von = 9.5 vdc) 10 -1.6 ~-1.31 _2.2% -0.9 -
(Vo4 = 13.5 Vac) 15 -4.2 -3.4 8.8 = ~24 -
(VoL = 04 vde) Sink oL 50 0.64 - 051 0.88 - 036 - mAde
(VoL = 0.5 Vde) 10 16 - 13 2,25 - 0.9 -
(VoL = 1.5 vdc) 15 4.2 - JA 8.8 - 24 -
Output Drive Current (CL/CP Device) [fe1Y] 4 mAde
(VOH = 2 8 vdc) Source 5.0 -2.5 - -2 -4.2 - -1.7 -
(Vou = 4.6 vac) 8.0 -0.52 - -0.44] -0.88 - -~0.36 -
(Von 9.5 Vdc) 10 -1.3 - ~1.1 ] =225 - -0.9 -
Vo~ 13.5 vug) 15 36 3.0 88 2.4
Vo U4 Vi) Sk oL 50 057 044 o gn 016 mAc
Vi 08 Vae) 1w 13 [ 20 0y -
VoL 15 Vuc) 1% 36 30 88 24
t Currant (AL Davice) . b IS K 000001 [ ot - *10 | wAdc
topnt Carrent (U1 G Dovig) b 1% LR LR SHERHK ‘03 ‘10 sl
loput Capacitance Cin - 50 78 - (13
vV, O
Quisscent Cusrent {AL Device) oo 50 S50 0.005 50 150 uAdc
(Pes Puckave) 10 ] 0.010 0 4 300
15 20 0.015 20 600
Ouwrse oot Cureent (CHICP Deviee) uo 50 20 0.005 20 150 uAde
(Pee Pk npe) 10 a0 0.010 40 300
18 Ho 0.015 o - 600
Tutal Suppty Current” * 1 T 50 7 = (0.27 wA/KHZN T + 150 uAdc
{Dynamuc ptus Quiescent, Y] I » (0.55 nA/RH2) t + Do
Pec Packagel 15 I7 = {083 A/KH2) | ¢+ ipp
(C. S50pFounan oulputs, all
hutfers switching) 1

low = 87C ot AL Do,

AUTC Toe CLACY [hrwaene
r,"wI = 125%C tor AL Device, + B5°C fur CLICH Oeovice

s ok salaater Totasl Oy Catanl at ks, Ot e S0 nf

THCL) = 17(50 BF) + (C_ - 50) VIk

¥Rt Lsotind Ty s nol 10 bo UsU lor dusign puIposes Ll s

miterting g wn wihcation of e IC e poteotut perlormnmy

whintr 718 1 wA (per pachage),

P kb ot Beguoncy, ned k - (001 (

" The tonmtas given wrg for thy typrcal cheructonsiics only el 25°C .

This device containg protection circustry
10 guard against damage due 10 high
slalic voltages or electric lields. How-

aver, be

avoud apprh

precautions must

taken
hong of any voltago highor

to

M st talod voltiggan (o Hhas
high-unpedance circuit. For proper op-

orahon, Vin and Vot should be con-
Strained to the range Vss € (Viq or
Vout) < Vpp.

Unused inputs must always be tied to an
ippropnate logie voltnge lovel (o 3 ol
thus Vg o1 Vi) Unusod vt sl
be lelt open

L e
2
3
4
S
6 3
? &3
8

CympF V « {Vop - Vgs) In volts.

PIN ASSIGNMENT

Qs
Q1
Qo
Q2
Qe
Q?
Q3

Vss

vooL_ﬁ 16

Resst 115
Clock {7 14
CEfFn
Cout 212
Q933 11
Q4210
Qs




MC140178B

SWITCHING CHARACTERISTICS® (C_ = 50 pF, Tp = 25°C)

Cheracteristic Symbol :’;5 Min Typ # Max Unit
Output Rise and Fall Time TLH. ns
TLH. ITHL = (1.5 n8/pF) Cy + 25 ns IrHL 50 - 100 200
TLH. tTHL = (0.78 na/pF) C + 12.5 na 10 - 0 100
ITLH: ITHL = (0.55 ne/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time PLH, ng
Reset to Decade Output tPHL
PLH, tPHL * (1.7 ns/pF) €| +415 ns 5.0 - 500 1000
PLH, tPHE = (0.66 ns/pF) €y + 197 ns 10 - 230 460
PLH, tPHL * (0.5 ns/pF) Cy + 150 ns 15 - 175 350
Propagation Delay Time PLH, 0
Clock to Coyy PPHL
PLH, PHL * (3.2 ns/pF) C( +'315 ns 5.0 - 400 800
tPLH, tPHL = {0.66 ns/oF) C_ + 142 ns 10 - 178 30
tPLH, tPHL = (0.5 ns/pF) Cy_ + 100 ns 15 .- 128 250
Propagation Detay Time PLH, ns
Clock 1o Decode Output 1PHL
PLH, tPHL “ (1.7 ns/pFI Cy + 415 ns 5.0 500 1000
tPLH, tPHL “ (0.86 ns/pF) C + 197 ns 10 - 230 460
tPLH, 1PHL ® (0.5 ns/pF) C + 150 ns 15 - 175 350
Tura-Off Oetay Time PLH T\ A ne
Reter 1o Coyyy
tpLH = (1.7 nsipF) Cyp_+ 315 ns 50 - 400 800
tpLH * (0.66 ne/pF) Cy_ + 142 ns 10 S, 175 350
PLH ® (0.5 ns/oF) Cy ¢+ 100 ns 15 - 125 250
Clock Pulse Width tw(H) E) 250 125 - ns
10 100 50 -
15 75 35 -
Clock Frequency fel 5.0 - 5.0 2.0 MHz
10 - 12 5.0
15 - 16 6.7
Reset Pulse Width =) YUK S it~ [~ %5 500 250 > s
10 250 128 ., -
15 190 95 -
Reset Aemoval Time 1:,.,. 3 50 750 375 - ns
10 275 135 -
15 210 105 -
Clock Input Rise and Fall Time tTLH. 5.0 -
THL 10 No Limit
15
Clack Ensbte Setup Time loy 5.0 350 175 - ns
. 10 150 75 -
15 115 52 -
Clock Ensble Removal Time trem $.0 420 ) 260 - s
N 10 200 100 -
15 140 70 -

*The tormulas given are for the typicel characteristics only st 25°C.

#0ats labelied “Typ" is not to be used for design purposes but is
intended as an indication of the 1C's. potential performance.




MC14017B

Voo FIGURE 1 ~ TYPICAL OUTPUT SOURCE AND QUTPUT SINK CHARACTERISTICS
TESY CIRCUIT
— OVout B
V§§ ——————o—{Closk_ 54 .

Eneole | ouTPUT ouTPUT
a2 SINK DRIVE | SOURCE DRIVE
a3 Clock to

A DECODE | 1 t0a deswed
V50 =0 S1 a4 OUTPUTS outputs
—a——O-~— Rerer Q3 {S1t0 8)
L]
o a6 p——o0 Clock 105
Vss st ar o Coarry thru 9 Sl A
(S1to @)
c8—o vgs - Voo Vop
Q9 p—o0 External Vos * Vout Veur - Voo
Power
1ock ——0
-~ Cloe Cout Supply
FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT
S00 uF 00V uF
£ e Ceramic
—O———Clock Ensnle Q2 —O———
| e X
Q4 +—0O-
L—O—« Reer Qs — O
Q6 f==O-
: Qb
Putse fe 5 .
Ganerator Frock a8 o,
Q9 b0y
Cout '_‘01
y) Y S I U S I I dee L
< TCL FFCL IR CLARCL FRCL ARCLARCL TRCL FRCL FRCLSRE,

APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the MC140178. Decoded
outputs are sequential within each stage and from stage 1o stage, with no dead time (except propagation delay).

FIGURE 3 - COUNTER EXPANSION

Reset Reset Reset
Clock Clock Clock
MCr40178 MC140178 MC140170
[+44 [+13 ce
Q0 Q1+ « +8 Q9 Q001+ « « Q8 Q9 —— Qi « « o Q8 Q9
H— —
8 Decoded
9 Deroited 8 Decoded Ouwpuns
Guysun Ousts
Cioen -> —— e —
Freat Stage Intermediste Stages Last Stage
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MC14017B

FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS




$CL4046B
SCL4446B

FEATURES

# Vory low power consumption — 70 uW (typ)

@ fo = 10kHz, 5Vdc
¢ OQperating frequency range {no offsat) —
Up to 3MHz (typ) @ 10Vdc (SCL40468)
Up to 4MHz (typ) @ 10Vdc (SCLA44468B) .
Low frequency drift — 0.04%/°C (typ) @ 10Vdc
Choice of two phase comparators:

1. Exclusive-OR network

2. Edgs-controlled memory network with

phase-puise output for lock indication

VCO Inhibit control for ON-OFF keying and
uitra-low standby power consumptlon
High VCO linearity 1% (typ) s
Sourco-follower output of VCO controf input
(Demodutator Qutput) .
Zener Diodae to assist Supply Regulation
Balanced Qutput Drive Current Specitications

o &>

> > < & >

APPLICATIONS

FM dumodulator and modulator
Frequancy synthesis and multiplicatlou
Froyuency discriminator

Data synchronization
Voltage-to-frequency conversion -
Tone decoding

FSK-Modems . g
Signal conditioning

PO OCITCO

\

DESCRIPTION

The SCL40468B and SCL4446B phase-locked
ioops contain two phiase comparators, a voltage-
.controlled oscillator (VCO), source follower, and
zener diode, The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupled (with a series capacitor) to small voltage
signals. The self-bias circuit adjysts smali voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) “provides a
digital error signal PCIg¢, and maintains 90° phase
shitt at the center frequency between Signal and
Comparator inputs {both at 50% duty cycla). Phase
comparator I {with leeding edge sensing logic) pro-
vides digital error signals PCIlyy¢ and [ hase Pulses, *
snd maintains a 0° phasa shift between input
signals {duty cycle is immaterisi). Thmhnear vCO
produces an output signal VCOgqy¢ whose frequency .
is determined by the voltage of input VCO,n and
the capacitor and resistors connected tP pinsClp,
C"3 R1, and R2; The source follower output,
. .d Out with an external resistor isi used where
the VCOjq signal is needed but no londmg can be
tolerated. The inhibit input Inh when hlgh disables
the VCO and source follower to mmm']lze standby |
power consumption. The zener diode can be used
to assist in power supply regulation,

w
p—

CMOS PHASE-LOCKED LOOPS

CONNECTION DIAGRAM
{all packages)
N/
‘ZENER DEMOD OUT KN
SIG P ' vco
Voo IN OUT gy gy | IN .
L1 1 - I
16 15 14 13 W2 11 10 -9
SCLA40468B SCL44468
“t1.2 3 4 5 6 7 8
T T T T 1 )
PCT VCO INH C1 C1 Vgg .
ouT ouUT: (A) (B}
PHASE  COMP
PULSES IN
[ 3
Add suffix for package:
C  16-pin Cerdip .
D 16-pin Ceramic o -
E  16-pin Epoxy ' . ;
F  16-pin Flat. cee
H Chip \

RECOMMENDED OPERATING CONDITIONS ‘e

« v For meximum reliability: i
DC Supply Voltage

VpD-Vss . 3to1s . Vde: .

Cperating Temperature ' TA

C, D, F, H Device
E Device

~-55t0+125 OC
.40 t0 +85 ©C.

Yy

‘. BLOCK DIAGRAM Lo

a9
PNPSI PALSEY

Vqsé @motu '/v:, " ‘ R :

.Fig.,1
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VCO SECTION

The VCQ requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and

- R2). Resistor R1 and capacitor C1 determine the

frequency range of the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-

quired. The high input impedance {10'22) of the,

VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. in order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

TOR OQUTPUT). If this terminal is used, a load
resistor (Rg) of 50k$2 or more should be connected

from this terminal to Vgg. If unused, this terminal -

should be left open. The VCO can be connected
directly-or through frequency dividers to the com-

‘parator input of the phase comparators. A full

CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a iogic 1
“turns off” both to minimize stand-by power
consumption. !

PHASE COMPARATORS »

The phase-comparator signal input {terminal 14)
can be direct-coupled provided the.signal swing is
within CMOS logic levals [ logic "0 < 30% (Vpp .
Vssl, logic 1% 2 70% (Vpp-Vgg)]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signai input.

Phase comparator I is an exclusive-OR network;
it operates analogously to an overdriven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With 'no signal or noise on the signai
input, this phase comparator has an average output

- voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies-
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency {fo).

The frequency range of input signals on which
the PLL wiil lock, if it was initially out of lock,
is defined as the frequency capture range {2f.).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined as the frequency lock range {2f ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock {capture
range) is dependent on the low-pass-filter character-
istics, and can' be made as large as the lock range.

- Phase-comparator I enables a PLL system to remain
.in fock in spite of high amounts of noise in the in-

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VGO center-
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the {typical) triangular
phase-to-output response characteristic of phase-
comparator I. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator
in locked condition is shoLwn in Figure 3. ’

AVERAGE ouTPUT
VOLTAGE

AVERAGE OUTPUT VOLTAGE ~V

i
[ a0 80°
SIGNAL-TO- COMPARATOR
INPUTS PHASE DIFFERENCE

Fig. 2 — Phase-comparator I characteristics at

put signal, fow-pass filter output,
" PHASE COMPARATORI i
! SIGNAL INPUY {TER™. 14) | l r |
tnput State 1
| YCO OQUTPUT (TERM 4)a
T COMPARATOR INPUT . l l l
x {TERM 3)
X

Sig Comp .
in n : 4

. OUTPUT (TERM. 2}

i

L

I

!
PCIOut - o | ] 1

PHASE COMPARATOR I

Juui

~—Vpo
YCO INPUT (TERM.9): /N
| LOW=-PASS FILTER
ouUTPUT —Vss

parator I in locked condition

Fig. 3 — Typical waveforms

+

any
T acaddbbe,

DU
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PHASE COMPARATOR IT

3
Input State *

X %
Sig  Comp
in In
A-State
PCICOut a Output Disconnected \‘
0 v
Phase Pulses J 1] 1 N o -

YCO OUTPUT (TERM 4 )+
COMPARATOR INPUT
(TERM 3)

PHASE COMPARATOR II
¢ OUTPUT (TERM. 13}

SIGNAL INPUT (TERM. 14) _.[_]

s D s e e oy Y0

— =7

A

-Vss
" gy
VCO INPUT (TERM. 91s - — R 00
LOW~PASS FILTER “Vss
ouTPUT =

— 3 Voo

PHASE PULSE (TERM. ) | ‘el i -Vsg
NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION . .

Fig. 4 — Typical waveforms employing phasa comparator IT in tocked condition,

?

1
‘Phase-comparator II is an edge-controlied diglu_al
memory network. It consists of saveral flip-flop
stages, control gating, and 8 three stats output

circuit comprising p- and n-type drivers having a

common output node, When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgs. respect:vely Ths; typa of phass com-
parator acts only on the positive edges of tha signal
and comparator inputs. The duty cycles of the
signal and comparator inputs sre not important
since positive transitions control the PLL system
utilizing this type of comparator, 1f the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phose differonce. !t the comparator input

lags the signal in phase, the p-type output driver is .

maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until thejsignal and -com-

parator inputs are equal in both phase and frequen- .

cy. At this stable point, both p- and n-type output

!
iy

-

. } ~ .
drivers remain OFF. Thus, the phase comparator

\ output'becomes an open circuit and holds the volte

Fa

* age on the capacitor of the low-pass filter constant,

Moreover, the signal at the “phass pulses” output i
a- high level which can be used for indicating a
locked condition. Thus, for phase comparator II,
no phase.diffarence exists between signal and com-
parator input over the ‘full VCO frequency range.
Moreover, the power dissipstion due to the low-
pass filter is reduced when this type of phase com-"'
parator is used because both the p- and n-type

output - drivers are OFF for most of the signal .

input gycla.
. it should be noted that the PLL lock range for

thls type of phase comparator is aqual to the cap- .
. .ture range, independent of the low-pass filter. With* -/ s

no signal present at the signal input, the VCO'is

adjusted to its lowast frequency for phase com- .

‘parator TI. Figure 4 shows typical waveforms, for’
a CMOS PLL employing phase comparator I in 2
focked condition.

N

-

i
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SRR 2 ' N DESIGN INFORMATION i, . *
- S This information is a guade for approximating R1 R2>2k9 Rs>10kQ :
;d_"" thb values' of ', external components for the >159F
*. SCL40468 and SCL. 44468 in a Phase-Locked Loop  * " In addition fo the given design mformatson refer
" to Figure 5 for.R1, R2, and C1 component selec- i

Vo

system. The selected external componems must be
w:thm the followmg ranges: .

‘ L tions.

¥ ! 4

i
it
i
i

) . . usiNg MAS! COMPARATOR UBING PHASE COMPARATOR IT
PR Y A .
CHARACTERISTICS veo m'l:c::n.'. OFPSET . veowiT OFFsET - veo MT;:;O.U: OFFSET VCO WITH OFFSEY
. “
\ .
. . ‘o
‘ 1}
MAXP~ = . 1“‘% -
4 - t
. . 1.,.,_4{3': L
fof-— 20, '
VCO Frequency ' ‘ . 1
1, 1 1
1 VYoo’? Voo voo/2 Voo Yoo’2 Voo
VCO INPUT VOLTAGE VCO INPUT VOLTAGE VCO INPUT.VOL TAGE LVCO INPUT VOLTAGE
. i
. )
i
7 7 S
1. y . VCO in PLL system will sdjust
For No Signal Input VCO in PLL system will adjust to center frequency, Iy 10 lowest opereting frequency. {min
2{|_ = full VCO frequency range
L \

Fraquency Lock Asnge, 21 N
' 27 * tmax~tmin
Frequency Capture TR, out )
Renge. 21 o—rvwl——o
/ 1 famy N
T1em3C2 c2 o fo
3 e~
Loop Fiiter. fge= 1y
- Component IN B3 our
Selection. - |
? 0 = e
\ For 21¢, see Ref.
z '
twee tog 1 v tfo), spp 90° and -
Phase Arfgle between 9000“ Fengst ol ¥ Always 0%.in fock
Signst snd Comparator 1807 at onds of lock range (2f) ) { N
Locks on Hermonies of . . A 0 -
N
Canter Frequency " Yo °
"Signel Input Noise o ) .
Rejection Hiq_h 4 Low ’
’ ; — Given: fg - Given: f and fy = Given: frngy — Given: Imin & fnax
. = Use fy with Fig, So to - Cnlcuhu {emin from = Caiculate t from = Use Tmjn with Flg. b
. ! determine RY and C1 the equetion the equation to determine R2andC1
“ . n®fo—~f i - fmax fnax
~ Use Imin WithFig. 6b o - Calculate [y
. ‘ to determine R2 end C1i _ )44 fo with Fig.5s to m
. N frmax determine’R1 and C1 - Use wnh Fig.5¢
.VCO v . ~ Cslculate 'mT- Im
Component . . . . to determine
' f the stion
Seiection V 'mm '.?'L ratic R2/R1 to
- . Vo ' L L ) obtain A1
-~ ) 'mln fo—1lp
’ . 8%
) - Un m. — with
N

Fi¢.5e to dnumino
ratlo R2/R1 to obtain

A1 L*

x #w"
' :

REF. G. S. Moschytz, “Ministurize® RC Filters Using Phase-L.ocked Loop”, BSTJ, May, 1965
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ELECTRICAL.CHARACTERISTICS " *- . o
. [y - A
T : i . 1 . i
. 2 9, 2
PARAMETER Voo | conpiTIONs | TLOW *5C THIGH. | ypits
{Vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE loo N ’ : . )
CURRENT 5 |Inhibit = Vo - 5] -.]005| & ~ | 150 |uAde
. 10 {Signal Input = -1 10 - 1001 |-10 - | 300
15 ' Yoo - | 20 - |02 | 20 |- | 600
TOTAL POWERDISSIPATION |pP; Inh = Vsg, -
VCO, =Yoo | ‘
to = 10kHz2 .
« 5 | Cu=150F -1 - ~joor| -] =~ - | mw
10 | R1=1MQ, - = - loe .|~ - -
15 R2=Rg = ¢ = - - |24 - - -
: -
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifjcations”,
* Tow =-55°C for C, D, F, H device. . .
= -40°C for.E device. ;
Tuign = +125°C for C, D, F, H device. ..
=+ 85°C for E device, ° 7 /¥
3 VCO output {pin 4) and Phase Comparator Outputs (pins 2 and 13) have been designed for
batanced output drive current specifications. Consult Family Specifications.
PARAMETER ‘CONDITIONS Vv, pyC UNIT
. \ o Min. [ Typ. | Max. .
VCO SECTION - * ¢ : _Q ¢
MAXIMUM OPERATING] fmew ; \|”
FREQUENCY . )
SCL40468 , R1 C1 . .
R2=e0 . |10k 50pF 5 -] 05 0.8 - MHz "
MCON = Voo |~ » 10 1.0 15 -
. 15 1.3 1.9.° 7 - !
5k B0pF 6 0.6 1.0 - MHz
. io 0 | 14 2.1 -
15 1.8 27" - i
. . 2k, 50pF, 5 - 1.3: - MHz_
. & / 10 o 29 —_ -
4 o 15 = 3.8 -
SCL44468 ‘ R2=o0 R1 C1 } ‘ : .
VCON'=Vop | 10k 50pF 5 - 0,7 " 1.0 - MHz, }?
s 10 1.3 2.0 - .
. .18 1.9 28 ~ -
Sk 50pF 5 09 $13 7 = | MHz
. - 10 1.9 29 - -1, &
. ) 15 . 2.6 3.9 —
" "1 2k BOpF| .5 |. =~ 1.8 ° -~ | MHz
by - 10, -, 3.9 - : ,
. . ' 15" - 54 - .
LINEARITY “ i |R2mee’ ] ; A
1 |VCOw = 2.6¢0.3V, ° . 5 - 1 - % .
R1>10kQ -
VCOy = 5.0£2.5V, 10 - L I .
: R12400k$2 : ' T
© |VCON = 7.5¢5.0V, 15 - 4 - -
MR R1>1MS2 . ‘ I

van
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" ELECTRICAL CHARACTERISTICS (Continued)
. o !

i
are

' +25°C
P
ARAMETER CONDITIONS Voo Wi [ Tyo. [ Men] UNT
VCO SECTION (Continued) ' ' '
TEMPERATURE- ,
FREQUENCY . -
STABILITY o . '
. Nbé Offset R2 = oo 5. - 0.12:0.24 2 %/°C
, 10 - 0.04.-0,08 -
16 ~ 0.015-0.03 | -
. With Offset R2< 10X Rt 5 - . 10.060.12 - | %/Cc
: / 10, - 0.05-0.1 -
. . 3 15 - 0.03-0.08 -
INPUT RESISTANCE Rin ) .
{vco,,) - 4 . 45, 10,15, f  ~ ' | 10 - | MQ
QUTPUT DUTY . All valid input combin- : ‘
CYCLE - ations and voltages - 50 — %
OUTPUT TRANSITION f_. .
TIME e I 1y 1) P 5 = 100 200 |ns
.10 G ) 100
15 -~ 40 80
PHASE COMPARATORS
INPUT RESISTANCE - ]
Signal input Ry 5 1 3 - MQ
5 10 0.2 0.7 2
3 15- | 01 0.3 -4
. Comparator Rin 5, 10, 16 - 10¢ - MQ
Input
AC-COUPLED INPUT |V,
SENSITIVITY,
Signal Input ~ 5 - 200 400 mV
10 - 400 800
- 15 - 700 1400
OUTPUT TRANSITION
TIME 1
, PCI, PCIT trLm, trHL 5 - 100 200 | ns
Outputs C. = 60pF ° 10 .- 50 100
15 2 40 80
Phase Puises trLHe tTHL 5 130 260 ns
Output 10 - 65 130
' : i 15 - 50 100
DEMODULATOR OUTPUT N ‘
OFFSET VOLTAGE  [VCOw- |, '
E Voem | Rs>50kQ -5 ot - 1.4 22 | Vde
10 - 1.6 2.2
16 — 1.8 2.2
LINEARITY Lo Re>50k Q2
. VCOy = 2.5£0.3V 5 - 0.1 - %
VCOy = 5.022.5V 10 - 0.6 -
. VCO,y = 7.5¢5.0V 15 - 0.8 -
ZENER DIODE G
ZENER VOLTAGE " Iz = 50uA] - 6.3 7.0 77 | v
DYNAMIC Rz Iz = ImA - - 100 - o}
RESISTANCE o :

»
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

LOW POWER QUAD OPERATIONAL AMPLIFIERS

® SINGLE OR SPLIT POWER SUPPLY

® VERY LOW POWER CONSUMPTION

@ INPUT COMMON-MODE RANGE INCLUDING GROUND
® LARGE DC VOLTAGE GAIN (100 dB)

The LM 324 consists of four indipendent, high gain, internaily frequency compensated opamps speci-
fically designed to operate from a single power supply over a wide range of voltages. Botn in split and in
single supply the current drain is independent of the magnitude of the power supply voltage.

In the linear mode the input common-mode voltage range includes ground and the output voliage can
also swing to ground, even though operating from only a single power supply voltage.

The LM 324 is available in a standard 14-lead dual in-line plastic package and in a 14-lead micropackag?
version for thick or thin film hybrid circuits.

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage - 32 v
Vi Input voltage (single supply) -0.3t0 26 v
V, Differential input voltage 32 \%
Piot Total power dissipation 400 mW
Top Operating temperature for : LM 2802 Oto 70 °C
LM 324 -25to 85 °C
LM 324A -65t0 125  °C
Tsq Storage temperature . -65 to 150 °C
MECHANICA‘ DATA | Dimensions in mm
717 BT . 4987

!F ¢ éo ! ‘\f '

_a | __S__.s. AN—)

3 .02 04 i

0.45 L (28 537 2
15.24 938 0167 . .
20mas . .
; . . nonng nT
T‘nnn'nnn .;T- ’ ! ;
D il
; : .
CUUTUOo oo, Uyguvaguouryogyg

DIP14 sO-14
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.c:-y;"mwﬁ%{f ..~ LM 2902

CONNECTION DIAGRAM AND ORDERING NUMBERS

{top view)
——— _—

ITTEIN [ I ] outPuT 0

NY N A [ - ] ] NV SRR D .
Type DiP-14 S0O-14

HOWANY NP A [ -+ 4 11] NONINV.INR O
s i 1" ] vy LM 324 LM 324N LM 324CM
R | 4w ] NON INV, INRC LM 324A LM 324AN -
R D o) e LM 2902 LM 2902N LM 2502CM

RO q - ef]  oureurc

$-1%01

SCHEMATIC DIAGRAM

(one section) (\
< OoVs
é ‘{5[
6
INVERTING
INPUT a2 a3 az A
[oa €1 a4 Ce sC
' ouTPUT
o o a1
NONZINVERTING Q12
INPUT Qo
a8 Qs
*
$-5061 -t
THERMAL DATA DIP 14 SO 14
R j-amp  Thermal resistance junction-ambient max | 200°C/W | 200°C/wW*

* Meusured with the device mounted on a ceramic substrate {25 x 16 x 0.6 mm).




ELECTRICAL CHARACTERISTICS (Vs = +5V, T,n= -55 to 125°C for the LM 324A,
Tamb= <25 to 85°C for the LM 324 and Tams= 0 to 70°C for the LM 2902, unless otherwise specified)

LM 324 LM 324A LM 2902
Parametsr Tost diti Unit
Min, | Typ. | Max, [Min, Typ. Max, | Min, | Typ. | Max,
g Supply current A >0 Vg = 30V “ s 3 1.5 3 1.5 3 A
- m
0.7 1.2 0.7 1.2 0.7 12
1S Input bias current Tamp® 25°C 45 250 45 100 a5 250
nA
500 200 500
v Input offset voltage R, =0 T, = 25°C t2 17 v 2 L 3 12 vz
os v« 5vi030v} 270 mv
J : 9 5 10
AVqs Input offset voltage |Rg=0 7 7 30 ? uVI°C
drift
AT
tor  Inputoffsetcurrant | T,np" 25°C t8 1 +50 +5 | 30 +6 {160 \
(- — M1
/ 1160 76 o
4los  Input offset current - e
T driit 10 10 { 300 10 W
s Output short circuit | Tamp= 25°C () 40 | 60 40 60 40 | 60 | mA
to ground current
G, Large signal open Vg =15V Tamp®™ 25°C | 88 | 100 88 | 100 100
loop voltage gain Ry = 2K 311
g - 83 83 33 3 -
Input common-mode | V¢ = 30V Tamp=25°C ] 0 [ Ve-151 0 Vs-151 0 V,-1.5 .
|
vog® g 0 v, 2 vz | 0 V.o
Vo Output voltage swing | Tymp= 25°C |R = 2KQ Vi-1.5 Vs-15 v
' Ry > 10K V,-1.5
Vg = 30V Ry =2Kn 26 26 22 v
R_>10Kn | 27 | 28 27 | 28 | 23 | 24
Vo sat Output saturation R < 10K 5 20 ) 20 S 100 mv
voltage to ground
CMR Common mode Tamp™ 25°C 65 | 70 65 | 85 50 | 70 dn
rojection
SVR Supply voltage Tamp™ 25°C 65 | 70 65 | 100 50 70 d8
rejection
cs Channel separau‘n f=1KHz 1020 KHz
Tamp™ 25°C 120 120 120 de
{Input reforred)
lo*  Output source Vg = 15V Tamp®25°C | 20 | 40 20 | 40 20 | 40
current Ve =1V mA
Vi- =0V 10 20 1 20 10 20
[P Output sink current Vs = OV
Vi-= 1V Tamp=25°C | 12 | 50 12 | so pA
Vo= 200 mV
V- = 1V Tamp=25°C| 10 | 20 | 10 | 20 10 | 20
Vs =0V mA
V= 15V 5 8 5 8 5 8

{*} Short circuits from the output 1o positive supply voltage can cause axcassive haating and eventual dastruction. Tha maximum ol
put current is 40 mA typ, indapenderit of the magnituda of V5. Dastructive dissipation can rastdt lrom simultannous shoeis on ol
amplifiers.
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APPLICATION INFORMATION

The LM 324 can operate with a single power supply voltage, has true-differential inputs and remains in
the linear mode with an input common-mode voltage of OV. The four included op amps work over a
wide range of power supply voltage with little change in performance characteristics. At 25°C operation
is possible down to a minimum supply voltage of 2.3V. .

The input common-made voltage or either input signal voltage should not be allowed to go negative by
more than 0.3V. The upper end of the common-mode voltage range is V,-1.5V, but either or both
inputs can go to +32V without damage.

If the voitage at any of the input leads is driven negative (V;, < -0.3V), the collsctor-base junction of
the input PNP transitor becomes forward biased and thereby acts as an input diode clamps {max
current: 50 mA). In addition to this diode action, there is also lateral NPN parasitic transistor action on
the IC chip. This can cause the output voltage to go to the positive supply voltage level {or to ground for
a large overdrive) for the time duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage again returns positive (V,, >-0.3V).
The output stage design allows the amplifiers to both source and sink large output currents.

Therefore both NPN and PNP external current boost transistors can be used to extend the power capa-

e



APPLICATION INFORMATION (continued)

bility of the basic amplifiers. The output voltage needs to raise approximately 1 diode drop above:
ground to bias the on-chip vertical PNP transistor for output current sinking applications.

Output short circuits either to ground or to the positive power supply should be of short time di  tion.
Units can be destroyed, not as a result of the short circuit current causing metal fusing, but ratl,.r due
to the large increase in IC chip dissipation which will cause eventual failure due to excessive junction
temperature. Putting direct short-circuits on more than one amplifier at a time, the total IC power diss:-
pation will increase to destructive levels, if not properly protected with external dissipation limiting
rasistors in series with the output leads of the amplifiers. The larger value of output source current which
is available at 25°C provides a larger output current capability at elevated temperatures (see typica!
performance characteristics) than a standard 1C op amp.

The circuits presented in the following section emphasize operation on a single power supply voltage.
I split supplies are used, all the standard op amps configuration can be realised.

)

TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (V= 5V)

Fig. 7 = DC summing amplifier Fig. 8 - Power amplifier
Ri

"JK sy
R2 910K N 'S

k100K A 14

g
gt
wo oy |,

NinO— {2
; 31K A e
$=506) e

S-5062
Vor OV for V=0V
where: Vo=V +Vjy -V3-Vy G,=20dB
(Vy + V)" 2 (V3 +Vy) to keep Vg, > OV

Fig. 9 - LED driver Fig. 10 - Lamp driver Fig. 11 - Fixed current sources
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TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (continued)

Fig. 12 - Comparator with Hysteresis Fig. 13 - Ground referencing a dif-

ferential input signal
Hysteresis

—

Vol

Vint YREF "Viun
5 -3068

5-5069

s R1
Vo LF BTvRz Vou ~Vrerl + Veer

R1
Vis H® Ry Rz VoH - VRer) * VRer

: R1
Hy steresis= —m (VOH - VOL)

Fig. 14 - Driving TTL Fig. 15 - Squarewave oscillator

S o
114 O
LMJ24 i

Ry 116 7741 500
260N

5 - $0%0

S-10m

Fiy. 16 - High input Z, DC differential amplifier

Fig. 17 - Wien bridge oscillator

S0KAN

n
2x1IN40O1

114
—OVo

Pl 2—4 (CMRR depends on this resistor '_J
R2 3 ratio match) Z
S R4 z
Vo= 1+ 22 (V2-V1)
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TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (continued)

Fig. 18 - Function generator

TRIANGLE WAVE
QuTPUT

= R2
7' 05 = 300K 0
LM324 +
75KA [R1 1/”4” __osouéms
L 4 WAV
o ouTPUT

| "C « -%-“s =

Ry
T T 7 Moo
\liss7 s 5-5075
- o (B LELIBENE 50 T
4CR,R1 R2 +R1
Fig. 19 - Bi-Quad filter
" ] -\ A
—
: & 1 R
._—I f ( PQ 5 w— = . Y NaSN
V,E)_iv B2 = - 2r RC Cry g=r3 Gﬂ.” ‘
v a1 Viert & Vi R3= G R2: C1 100
1 re 2 S N
Example:
F o fo=1KHz R =160 KQ
3
I afd Q=10 C=1nF
it e Ggp= 1 R1=1.5MQ
B s Gn=1 R2=16 MQ
y . , o .R3= 1.6 MQ
= -~ —0adreur Where: Ggp= Center Frequency Gain

5- 8078

«"
i

Gy = Passband Notch Gain




- 72 -

R

- h \
S
The Lb1272 whose circuit configuration is 6-stage NPN darlington tran istor array, is especially suited

for printer hammer driving and lamp, relay driving. The built-in diode for protection against negative
input makes it easier to design the drive circuit of printer calculator, cash register which use display

tubes jointly,
Features ,
® Especially suited for 18-digit printer owing to (VIN==40 to +20V),
built-in 6 stages, = Especially suited for printer mechanism of load

® Built-in' diode for negative input protection current 85mA (IQyT max.=100mADC) .

ABSOLUTE MAXIMUM RATINGS /T.‘ZS.C, Pin 7=0V unit
Output Applied Voltage VouTt ~0.3~+20 v
Input Applied Voltage VIN —-40~+20 \"
Output Low Drive (Sink) Current .~ loyT per unit 100 mA
Instantaneous Output Low Drive  1op per unit, duty=10% 150 mA

(Sink) Current pulse width<20 msec
GND Pin High Drive 17 300 mA
(Source) Current -
GND Pin Instantaneous High Drive  17p duty=10% 500 mA
(Source) Current puise width <20 msec
Allowable Power Dissipation P4 max - 770 mwW
Junction Temperature Tj 125 ‘e
Operating Temperature - Topg ~20~+80 i
Storage Temperature Tstg —40~+125 i

ALLOWABLE OPERATION CONDITION / Ta=25°C, Pin 7=0V unit
Output Applied Voltage VouTt 20 "'V max
Input High Level Voltage ViH output pin current = 100mA 3~20 v
Input Low Level Voltage ViL output pin current = 100uA —35~+1 v

*Load Inductance Le using protection diode 100, mHmax
ELECTRICAL CHARACTERISTICS / T=25°C, Pin 7=0V. iy Ml unic
* Output Voitage_ VouT(l)  VaN=3V, loyT=150mA 17 v

VouT(2) VIN=3V, loyT=100mA 14 Vv

Output Sustain Voitage VouT(s)  Vin=open, loyT=150mA 20 v

applied time<10us

Output Leak Current loff ViN=1V, VouT=20V 100 puA

Input Current hin(1) VIN=20V - 14 mA

’ il(N(Z) VIN=3V 1 mA
Output Current louT IIN=0.3mA, VoyT=1.4V 100 . mA
Input Leak Current lleak ViN=-35V -10 g A

EQUIVALENT CIRCUIT
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Features
_® 6 stage NPN darlington transistor array.
® For 18 digit printer driving.

ABSOLUTE MAXIMUM RATINGS / Ta=25°C

Output Supply Voltage VouTt
'Input Supply Voltage * VIN
Supply Voitage at Pin 8 Vg
Output Flow-in Current lout

Peak Qutput Flow=in Current lop -

Forward Current at Spark Killer IFs

Diode
Flow-out Current at Pin 7 Iy

at Pin 8 (peak)

18)

Allowable Power Dissipation Pgmax
Junction Temperature Tj
Operating Temperature Topg
Storage Temperature Tstg

T \{er«v{

DAF-'OLIN TCJN

oAb e

ug,
Af

® Protector diodes fitted for negative input.

per unit

per unit, pulse width < 20msec,
duty factor £ 10%

per diode, pulse width < 20msec,
duty facter S10%

puise width < 20msec, duty factor
<10%

.

ALLOWABLE OPERATION CONDITION lTl‘ZS'C,Vr ov

Output Supply Voltage VouTt
Input ‘H’ Level Voltage ViH output pin current=100mA
Input ‘L’ Level Volitage ViL output pin current=100uA
Load Inductance L using protector diode
ELECTRICAL CHARACTERISTICS /T-ZS’.C, Vz=0v min
" Output Voitage - VOUT(1) VIN=8.0V, lgyT=150mA
VouTt2) ViN=9.0V, IgyT=100mA
+  Output Sustain Volitage VouTi(s) V|n=open, 10U<T-1 50mA, 22
: supplying tim
Output Leak Current loft VIN=1.0V, VoyT=22V
Input Current lIN(1) ~ ViN=18V .
lIN(2) ViN=9.0V
Output Current louT liN= 0.3mA, VoyT+1.4V 100
Input Leak Current lleak VIN =-35v -10
Leak Current at Spark Kille& lleaks  VouTt=0V. Vg=20Vv
Diode
Forward Current at Spark VEs IFg =150mA
Killer Diode

EQUIVALENT CIRCUIT c

-0.3 to +22
-40 to +20
-0.3 to0 +20
0to 100
01to 150

O'to 150

-700 to O

-500tc 0

1.15
125
-20 to +80
-40to0 +125

22(max)
91to 20
-351t0 +1
100{max)

typ max

1.7
14

18
0.8

30

unit

mA
mA
mA

mA

mA

mH

unit

Vv

HA
mA
mA
mA
A
UA



MC14043B
@ MOTOROLA % QUAD “NOR"* R-S LATCH

MC140448B

QUAD “NAND” R-S LATCH

CMOS MmSi
QUAD R-S LATCHES

The MC 140438 and MC 140448 quad R-S latches are constructed LR ] [ Jl _
with MOS P-channel and N<nhannei enhancement mode devices in a 1) ] J 4
sinagle monolithic structure. Each lateh has an independent Q output
and set and reset inputs. The Q outputs are gated through three- L SURF1X P SUFFIX

3 CERAMIC PACKAGE PLASTIC PACKAGE

state buffers naving a common enable input. The outputs are CASE 620 CASE 648
enabled with a logical “1" or high on the enable input; a logical
“0" or low disconnects the latch from the Q outputs, result-
ing in an open circuit at the Q outputs.

® Doubie Diode Input Protection ORDERING INFORMATION

® Three-State Outputs with Common Enable A Seres. -85'C 1o - 125°C
2 MC14XXXBAL (Ceramic Package Oniy)
® Qutputs Capable of Driving Two Low-power TTL Loads ¢ One Low-
Power Schottky TTL Load Qver the Rated Temperature Range C Senes - 40°C 1o - 85°C
MC14XXXBCP (Plastic Pacxage'
® Supply Voltage Range = 3.0 Vde to 18 Vdc MC14XXXBCL (Ceramic Pacxage:
MC 140438 MC140448

RO

1
X Q

R1

ke

12
s2 s A2 b
—0 a2 —0 a2
Vpp = Pin 16 ) Vop = Pin 16
3 Vgg = Pin 8 1" Vss = Pin8
R2 $2
14 14 -
s3 1 A3 1
—0 a3 —O a3
TRUTH TABLE TRUTH TABLE
] S|R|E Q 1 5|Rlel o
15 X|xj0o High A X|Xi0| Hwgh
R3 Imopedance s3 ! Impedance
0/ 0] 1{No Change oloh 0
2 of1]1 0 s o1 1
O_DO_D— Hop g O—-DO-OD——‘ 1op 0
Enable . Hip 1 Enable 1]1{11No Cnange

X = Don't Care X = Don 1 Care




- 175 - '

MC14043BeMC14044B

ELECTRICAL CHARACTERISTICS (Voltages Referenced o Vss)

Voo Tiow' 25°C T,,,_:!’
Characterstic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Vollage “0" Level Voi 50 005 - 0 0.05 > 005 Ve
Vin=Vppor 0 10 - 005 - 0 005 - 0.0s
15 - 0.05 - 0 0.05 - 005
17 Level Vou 50 495 - 495 S0 495 - Vac
Vin=0o0r Vpp 10 9.95 - 995 10 - 9.9% -
18 14 95 . 14.95 15 - 14 95 -

Input Voitage 0" Level ViL Vde
(Vo=450r05 Vac) 50 - 15 A 225 15 * 15
(Vo=90o0r 1.0 Vacl 10 - 30 - 450 30 - 30
(Vo=1350r 15 Vacl 15 - 40 = 678 40 - 40

“vesgvei] TR
(Vo=05o0rd5Vac) 50 35 - 35 & E 35 - Vde
(Vo =1.00r 90 Vac! 10 70 - 70. N 5%0 = 70 &
(Vo =180r125 vac) 15 1a - o 8 25 > 110 -

Output Drive Curnient AL Devicer Ion mAdc

IVom™ 25 vac) Source 50 =30 - -24 42 - -B7 -
(VoW =4 6 Voci 50 <064 - 0% | -oe8 = -0.36 -
VoM =9 5Voc! 10 <16 - «13 =2.25 - -9 -
(VoM =13 5 Voce) 15 -4.2 - =34 -8 8 - -24 -
(Vo =04 voe! Sink oL 50 064 - 05! o088 - 036 - mAgdc
(Vo =05 Vac! 10 16 - 13 22 - 09 -
(Vo =15 Vaer 15 42 - 34 88 = 24 -
Output Drive Current (CL/CP Devicel oW mAde
(Vom = 2 5 Voel Source 50 =25 - -2.1 -42 s 1.7 -
(VoM =4 6 voel 50 -0.52 - -0 44 -088 - -0.36 -
Vol =9 5 Voe) 10 -13 - =11 -2125 - 09 -
(Vo) = 13.3 Vao) 15 <36 s =30 88 4 24 %
(Vo =04 vac) Sink 1oL 50 052 - 044 oss b 036 - mAdc
(VgL =05 Voc) 0 13 - 1 225 - 09 -
(VgL =1 5 Vac) 15 36 - 30 88 - 24 -

Input Current (AL Device) bin 15 = <01 - Q00001 | <01 - +10 uAOC

Input Current (CL/CP Devicel Lin 15 - +03 - +000001 | =013 - 10 uAdc

Input Capacitance Cin - - - - 50 18 - - oF
(V,n=0i b

Quiescent Cuirent 1AL Dewice) oo S0 - 1.0 - 0.002 10 - 30 uAdc
(Per Pacaace) 10 - 20 - 0.004 20 - 60

15 - 40 » 0.006 40 - 120

Quiescent Current (CL/CP Device) D0 50 - 40 - 0.002 40 - 3 wAdc

(Per Package) 10 - 8.0 - 0.004 8.0 - 60
15 - 16 - 0.006 18 - 120

Total Supply Current**1 T 50 IT = (058 uA/kHz) f + 15p wAdc

(Dynamic pius Quiescent, Per Package) 10 I = (115 uA/KH2) £ + Ipp

(Cy = 50 pF on all outputs, all outputs 15 It = (1.73 uA/kM2) t + DD

switching)

Three-State Outout Leakage Current L L 15 - :0.1 - 00001 | :0.1 - :3.0 mAdc
(AL Device) 23

Three-State Output Leskage Curr T 15 — £1.0 - 00001 | :1.0 - 2158 sAdc
(CL/CP Dewice) -

“Tiow = = 55°C for AL Device. - 40°C for CL/CP Device.
Thigh= * 125°C for AL Device, +85°C for CL/CP Device.

““The formulas given are for the typical characteristics only at 25°C.

170 caiculate total supply current at ioads other than 50 pF:

#Data labelied “Typ™ is not 10 be used for design purposes but is

intended as an indication of the IC’s potential performance.

Ir(Cy) = Iy(50 pF) + (C( - 50) VIk

where: iy is in wA (per package), C in pF. V = (Vpp - Vgg) in volts,
fin kMZ is input frequency. and k = 0.004.-
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MC14043BeMC14044B

MAXIMUM RATINGS® (voitages Reterenced to Vss) This gevice contains protection circuitry tc |
Symbol Parameter Vaiue Unit guard against damage cue to hign stmc[
voltages or electric fields. However. precau- |
Vpp  |0C Suooly Vonage S09%0 1004 "V tions must be taken to avoid appiications of |
+ Vin. Vout|Input or Output Voltage (DC or Transient) -05t Vpp -0.5| Vv any voltage higher than maximum rateg
ges to this high ce circuit. For
hin. loyt |!nput or Outout Current (DC or Transient). per Pin =10 mA proper operation, Vi, and Vout shouid be
Pp  [Power Dissipation. per Packaget 500 mw 30"3)":"'\'/'0 o the range Vgg = (Vi or |
> out, DO-
{_Taig [Storage Temperature s A Sl 2 Unused inputs must aiways be tied to an ap- "
Ty and Temperature (8-Seconc Solgering) 260 ‘C propnate logic voltage levei (e.g.. either Vss

or Vpp). Unusea outputs must be left open. ]
"Maximum Ratings are those vaiues Deyona which gamage 10 the device may occur

tTemperature Derating. Plasuc "P" Package - 12mW °C from 65°C to 85°C
Ceramic “L" Package: - 12mW*C from 100°C to 125°C

SWITCHING CHARACTERISTICS® (Cy =50 pF, T4 = 25°C)

Characteristic Symbol \:P: : Min I Typ #» Max ; Unit
Output Rise Time TLH { T ‘ e
tTLH = (1.35 ne/pF) €+ 32.5 ns 88 ds ! 100 200
tTLH = (0.60 ne/pF) C|_ + 20 ns 10 l - S Ngo 100 I
tTLH = (0.40 ne/pF) C(_ + 20ns 15 - I a 80 !
Output Fali Time TTHL } 1 Lo
tTHL = (1.35 ns/oF) C +325 ng 80 ! - 100 200 |
tTHL = (0.60.n3/0F) C|_ + 20 ns 109 <, - 50 100 |
| tyuy = 10.60 ns/pF) C| +20'ns 3¢ 1 | 4= 40 ! g0 |
| Prooagation Delay Time PLH | | ns
tPLH = (0.90 ns/pF) C + 130 ns 50 - 175 350 |
tpLH = (0.36 ns/pF) C +57 ns 10 - 75 ws
tPLK * (0.26 ns/pF) C + 47 ns 15 - | 60 120 |
tpHL * (0.90 ns/pF)C 130 ns PHL 5.0 renl| " 178 350 ns
tpHL = (0.90 ns/pF) C|_ + 57 ns 10 - 75 178
| tpHL = (0.26 As/pF) C ~47ns 15 -~ 60 | 120
| Set. Sat Pulse Width W 50 1 200 ool ¥ £ n
g 10 100 40 -
15 70 30 -
e '™ 5.0 200 | 80 - I m
Reset, Reset Pulse Width 10 100 i 40 A
15 70 30 -
Three-State Ensbie/Disable Delay pL2. 5.0 5 150 300 | ns
::"2' 10 S 80 160
2L
\pzH 15 - ' 55 110
“The tormuias given are for the typical characteristics only at 25°C
#Data labelled “Typ " is not to be useg tor design purposes but is
intended as an indication of the IC s potennail pertormance.
AC WAVEFORMS
MC140438 MC140448
. 20 m — p=—20ns 20 ne—f 20 ne
Voo Voo
90% i X -90%
50% Set 50%4
Set 10% Vss L F10% Vss
20 u—' 20 ne
Voo 9ox  YDD
Rosst Rosst S50%
Ves 10% ah
: TLM TTHL
Vowu }- —-i l‘- Vou
Q
a 10%
VoL —— VoL
btp L M reteuL




MC14043BeMC14044B

THREE-STATE ENABLE/DISABLE DELAYS

Set. Reset. Enable, and Switch Conditions for 3-State Tests

Voo

—
= Vss

MC14043B{ MC140448
TEST |ENABLE| 81 s2 Jal s m | TI®
1oz _/~ |ooen |Ciosed| A Vop! Vss | Vss |Veo
tpz. | /" |Closed|Ooen | B |vse|Voo|Vop Vs
PHZ -‘! Ooen |Closed | A |Vpp Vss |Vss | Voo
T
terz | T e |ClosedOpen- |8 |Vss| Vop | Voo |Vss |
Enable fo‘ !
I NS
- pzH
9a !10‘
TP HZ
pete 1 2(
: ﬂ‘“ ipp 2 =
Qg
PIN ASSIGNMENT
MC140438
NS
e a3 Voo 16
2c] Qo R3 18
3] RO S3 ks
4 so NC 313
SCIE S2 312
63 s R2 31
7 R Q2 310
8 vgg Q1 e

NC = No Connection

Yoo
90%

Vou

Vowr
10%

Vss

MC140448
ey _——

=3 a3 Voo =16
2] NC SIS
3 S0 RI D14
4 RO Qo 13
SCJ € A2 2
e Al §2
73§ Q2 =310
8 vgg Q1 =9
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National
Semiconductor

Industrial Blocks

~M135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated, inte-
grated circuit temperature sensors. Operating as a
2-terminal zener, the LM135 has a breakdown voltage
directly proportional to absolute temperature at +10 mV/
"K. With less than 152 dynamic impedance the device
operates over a current range of 400 pAto 5 mA with
virtually no change in performance. When calibrated
at 25°C the LM135 has typically less than 1°C error
over a 100°C temperature range. Unlike other sensors
the LM 135 has a linear output.

Applications for the LM135 include almost any type of
temperature sensing over a =55°C to +150°C temper-
ature range. The low impedance and linear output
make interfacing o readout or control circuitry espe-
cially easy.

The LM135 operates over a —55°C to +150°C temper-
ature range while the LM235 operates over a —=40°C

to +125°C temperature range. The LM335 operates
from —40°C to +100°C. The LM135/LM235/LM335
are available packageq in hermetic TO-46 -transistor
packages while the LNJ335 is also available in plastic
T0-92 packages.

Features

® _Directly calibrated in °Kelvin

» 1°C initial accuracy available

8 Qperates from 400 uA to 5 mA

® Less than 12 dynamic impedance  *
= Easily calibrated

= Wide operating temperature range

= 200°C overrange

L] [6w cost

Schematic Diagram

¥

L >
ay <Sny S as l Al
2 Sm Sum
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<
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Typical Applications
Basic Temperature Sensor Calibrated Sensor Wide Operating Supply
v v sv-aav
a1 LU
LM
outrut P QUIPUT 1O VK
eV
A "
Lma38 M Ut
WmvrK

* Calibrate for 2,982V at 25°C
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LM135/LM235/LM335, LM135AILM235A)LM335A

Absolute Maximum Ratings

Reverse Current

Forward Current

Storage Temperature
TO-46 Package
TO-92 Package «

15 mA
10mA

-60°C to +180°C
~60°C to +150°C

Specified Operating Temperature Range

Continuous Intermittent (Note 2)
LM135, LM135A -55°C to +150°C 150°C to 200°C
LM235, LM235A- -40°C to +125°C 125°C to 150°C .

LM335, LM335A

-40°C to +100°C
Lead Temperature (Soldering, 10 seconds)

100°C to 125°C
300°C

Temperature Accuracy tmi3s/Luma3s, LM135A/LM235A (Note 1)

>

LM135A/LM235A LM135/LM23s
PARAMETER CONDITIONS UNITS
; MIN TYP MAX MIN TYP MAX
Operating Output Voltage Te=25°C.IR=1mA 297 298 299 | 295 2.98 3.01 v
Uncalibrated Temperature Error | Tg'= 25°C, Ig = 1 mA 0.5 1 1 3 c
Uncalibrated Temperature Error {-TmIN < Te<TMAX.IR=1mA 1.3 2.7 2 &
Temperature Error with 25°C TMIN <Te < TmAX. 'R = 1 mA 0.3 1 05 15 pH
Calibration
Calibrated Error at Extended Tc = TMAX (Intermittent) 2 2 'C
Temperatures
Non-Linearity IR =1 mA 03 05 0.3 1 i c
Temperature Accuracy Lmiss Lm3asa (Not 1) ,
PARAMETER CONDITIONS Saeiisa e | UNITS
MIN TYP MAX MIN TYP MAX
Operating Qutput Voltage Tg =25°C, Ig = 1 mA 295 298 | 3001 ~292| 298| 3.04 v
Uncalibrated Temperature Error | Tc = 25°C, IR = 1 mA 1 3 2 6 c
Uncalibrated Temperature Error | Tpmiy <Tc < Tmax, IR = 1 MA R 5 a4 9 'C
Temperature Error with 25°C TMIN < T < TMAX. IR = TmA 05 '] 1 2 c
Calibration
Calibrated Error at Extended Tc = TMAX (Intermittent) 2 2 'c
Temperatures
Non-Linearity IR=1mA 0.3 15 0.3 1.5 %
Electrical Characteristics (vote 1)
LM135/LM235 LM335 [
PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS
MIN TYP MAX MIN TYP MAX
Operating Output Voltage 400 uA < IR < 5mA 25 10 3 14 mV
Change with Current At Constant Temperature
Dynamic Impedance IR=1mA 05 0.6 Q
Output Voltage Temperature +10 +10 mv/'C
Drift
Time Constant Still Air S 80 80 sec
100 ft/Min Air 10 10 sec
Stirred Oil 1 1 see
Time Stability Tc=125°C 0.2 0.2 °C/khr
Note 1: Accuracy measurements are made in a well-stirred oil bath. For other itions, salf heating must he ;

Note 2: Continuous
ancy of the device.

operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expect
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Typical Performance Characteristics
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LM135/LM235/LM335, LM135A/LM235A/LM335A

“Application Hints

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of
calibrating the device for higher accuracies. A pot
connected across the LM135 with the arm tied to the
adjustment terminal allows a 1-point calibration of the
sensor that corrects for inaccuracy over the full tem-
perature range.

This single point calibration works because the output
of the LM135 is proportional to absolute temperature:
with the extrapolated output of sensor going to OV
output at 0°K (~273.15°C). Errors in output voltage
versus temperature are only slope (or scale factor)
so a slope calibration at one temperature corrects at
all temperatures.

The output of the device (calibrated or uncalibrated)
can be expressed as:
\" A 'S
= N 8,
OUTy ZMQUTry * -

where T is the unknown temperatura and To is a rof-
erence temperature, both expressed in degrees Kelvin.
By calibrating the output to read correctly at one

Typical Applications continuea)

Minimum Temp Sensing
{07
"
Twin
g P72
LM138 LM338 Lm338

Average Temperature Sensing

temperature the output ‘at all temperatures is coric

‘Nominally the o1tput is calibrated at 10 mV/ K.

To insure good sensing accuracy  veral precautior
must be taken. Like any temperai ¢ sensing devic
self heating can reduce accuracy. The LM135 shoul
be operated at the lowest current suitable for the o
plication. Sufficient current, of course, must be avai
able to drive both the sensor and the calibration o¢
at the maximum operating temperature.

If the sensor is used in an ambient where the therm:
resistance is constant, self heating errors can be cal
ibrated out. This is possible if the device is run wit
a temperature stable current. Heating will then be pro-
portional to zener voltage and therefore temperature,
This. makes the self heating error proportional to al-
solute temBerature the same as scale factor errors, -

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such s
manufactured by Raychem can be used to make lov:-
cost waterproof sensors, The LM335 is inserted into
the tubing about 1/2” from the end and the tubina
heated above ‘the-melting point of the core. The un-
filled 1/2*" end melts and provides a seal over the davice.

Remote Temperature Sensing

e e (111 TPUY ]

<
M35 <

Wira lengthfor 1€ aeror chue 1o wiee toop
In=1mA In = 05mA

AWG FEET FEET
14 4000 6000
16 = 2500 5000
18 1600 3200
20 1000 2000
22 625 1250
24 400 800

Isolated Temperature Sensor

\ s

ouTPuT
10 mV/ K
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Typical Applications (Continued) §
Simple Temperature Controller w
N
! 1ov -20v F
i PE) g
N
HEATER w
!
| | ! -
| b :: L ;: 0 =
<
i : s $ E
LM32ec - 4
1%“ 1 0.01 4F wan kf’ }/ LMIeS w
{ ,ﬁ[ | 1 u k‘ ‘01
| 2a ?m 1 | ‘ -
* =
| > o
|
i . (4,
Simple Temperature Control >
| [T -~
g HEATER =
| " {oor A g
" RLFRIR N S
I : = : N
1 a8 S ¥ w
i St o
| TEMPERATURE n
WA (wazse >
—
>
< r
i =
1 &
(%)
" g
-10v
Ground Referred Fshrenheit Thermometer Centligrade Tharmomaeter
15V 44'1:.'_ 1w
"w L
" :: Y
L
] ourpuT
Wmv/ 't
4& e ‘: mt
S :. 10k y S
[0 [C3E) s SR - 1;
i AmVIF W
LM J
# o & : 2 g
A =
1w = = = = " Adjust for 2.73V at output of LM308
* Adjust R2 for 2.654V across LM336.
Adijust R1 for correct output. Fahrenheit Thermomater
| w
4 <
S . ;: 100 ;
| 7 } ouTPUT
4‘:“. = :i‘ 1mv/F
> . 3 > N
s ’*’-—o:: = wa ’f——o:: %
*To calibrate sdjust R2 for 2.664V across LM336.
Adjust R1 for correct output,
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Typical Applications (continued)
THERMOCOUPLE COLD JUNCTION COMPENSATION

Compensation for Grounded Thermocouple

15V
*Select R3 for proper thermocouple type

in THERMO- R3 SEEBECK
: COUPLE COEFFICIENT
J 37170 523 uv/C

= ; F T 308 428 uv/C

AR K 2930 408 4V/'C

i | s 45 A1 GA VI

Adjustments: Compansates for both sensor and resistor toler
ances

1. Short LM3298

2. Adjust R1 for Seebeck Coefficient times ambient temper-
ature (in degrees K) across R3

+* - 4
l:“l" 3. Short LM335 and adjust R2 for voltage across R3 corre-
T E sponding to thermocouple type
126 J 1432 mV K 11.17 mVv
1 % < g 11.79 mV. S 1.768 mV
-15v
1' ¥
Single Power Supply Cold Junction Compensation ]
18V , }
- |
“Select R3 and R4 for thermocouple typa i
THERMO- A3 A SEERECK .
THEAMOCOUPLE COuPLE 41 coefficiEnT |
LMy J 1.05K 3852 523 uVviC y
o 856! 31582 428 uV/'C !
X 81612 3000 40.8uV/"C {
L s 12802 46.302 6.4 uv/c {
M Adjustments: i
1. Adjust R1 for. the voltage across R3 equal to the Seebeck
Coefficient times ambient temperature in degrees Kalvin
2. Adjust R2 for voltage across R4 corresponding to therme
couple i
. ouTeyT J 1432 mv K 11.17mv i
T MM.I9my 3 § 1.768 mV !
i
L3298 |
{
< |
= = .4 !
L |
‘ Centigrade Calibrated Thermocouple Thermometer |
102x 294k
% 1% 4 |
AN WA/ VA~ 15V |
690K |
10 |:|' :: LM238 % _Sw w2es Terminate thermocouple reference junction in close proximity i
o e T to LM335, ;
15w = JL Adjustments: }
3 - 1. Apply signal in place of thermocouple and adjust R3 for a i
efn gain of 245.7. i
,4!’ ‘f : 2. Short non-inverting input of LM308A and output of
§ LM3298 to ground.
b— Valir = 10mvre

3. Adjust R1 so that VoyT = 2.982V @ 25°C.
4. Remove short across LM3298B and adjust R2 so that Vour = |
246 mV @ 25°C.

5. Remove short across thermocouple.
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Typlcal App“cahons (Continued) Fast Charger for Nickel-Cadmium Batteries E
o ! W
Differential Temperature Sensor Q
1%y E
2% 5: 2% 3 > N
.:m < ! w
T «
3 Q
124336 LM325 e - ::tt W E
ot' w
LMI35 w
i a
~

THERMALLY COUPLE N — — e . . = "

-1
TAd[uu D1 to 50 mV grester V7 than D2. | e
Charge terminates on 5°C temperature rise. Couple D2 to battery. =

Differential Temperature Sensor Variable Offset 'l'hermumeterI

"W
200k ’
AAA~ cL03E l l
S
>

' ouTrPuT [ 7"\
0
Lnlee A 100 mv/ e 3 LMIOSA 100 mv/"C

S S
£| 32
33
VSEEWT/VSEZINT/VSELINT

k 1)
~om ’K’mns 100 f ’KI -l
* e o :
| 2ERD “AAA <
[ S
v 2 r
g 2
— M - LM3298
b LMI08A
‘b
h +B — 10
-1V 10 TURNS k
109 9¢ 'y{u.
TAdic.m for zero with sensor at 0°C and 10T pot set at 0°C "
* Adjust for zero output with 10T pot set at 100°C and sensor
i at 100°C
Quiput reads difference between temperature and dial setting :: P
ot 10T pat 1’
-16V
Ground Referred Centigrade Thermometer Air Flow Detector*
0 sV
! 0
_é__ ]., <
2 b3
‘b
“scALE
FACTOR
ourPuT
10mv/C LM338 OQUTPUT--HIGH
F WITH AIR FLOW
5
p= -3 P ™
Lmazsc " > AAA
L o 2ER0 5 VWA
£
% 10k
TRIP POINT :, !
1 AINIISYJL
1 = =
n
* Self heating is used to detect air flow
~15v .

9-31
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Definition of Terms

/
Operating Output Voltage: The voltage appearing across
the positive and negative terminals of the device at spec-
ified conditions of operating temperature and current,

‘Uncalibrated Temperature Error: The error between

the operating output voltage at 10 mV/°K and case
temperature at specified conditions of current and
case temperature.

Connection Diagrams

T0O-92
Plastic Package

BOTTOM ViEw

Order Numbaer LM335Z
or LM335AZ
See NS Package Z03A

#E

Calibrated Temperature Error: The error between oper-
ating output voltage and case temperature at 10 mV/’K
over a temperature range at a specified operating current
with the 25°C error adjusted to zero.

TO-46
Metal Can Package®

BOTTOM VIEW

» . n
Case is connected to negative pin

Order Number LM135H,
LM235H, LM335H, LM135AH,
LM235AH or LM335AH
See'NS Package HO3H
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‘ MO TOROLA

MC145848

HEX SCHMITT TRIGGER

The MC14584B Hex Schmitt Trigger is constructed with MOS
P-channel and N-channel enhancement mode devices in a single
monolithic structure. These devices find primary use where low
power dissipation and/or high noise immunity is desired. The
MC14584B may be used in place of the MC14069UB hex inverter
for enhanced noise immunity to “square up” slowly changing
waveforms.

3 Sur ply Voltage Range =-3.0 Vdc to 18 Vde

Schottky TTL Load over the Rated Temperature Range

© Double Diode Protection on All Inputs
® Can Be Used to Replace MC14063UB

® For Greater Hysterisis, Use MC14106B which is Pin-for-Pin
Replacement for CO401068 and MM74C14

® Capable of Driving Two Low-power TTL Loads or One Low-power

CMOS ssi

(LOWPOWER COMPLEMENTARY MOS)

MAXIN. UM RATINGS® (Voluges Relerenced 10 Vgs)

Symbol Paramaeter Value Unit
Voo DC Supply Voitage -05tc «180 v
Vin. Vout | Input or Quipul vollage (DG or Transient) 0510 Vpp 05 v
hin fout | Inout or Ouipul Current (DC.or Transient). per.Piy z 10 mA
Po 'pﬂwcl Uissipauon. per Packaget 500 mw
sig lSlmauo Temperaturo =65 to + 150 *C
e LLead Temoerature (B-Second Scidering) 250 c

Maximurm Hatings aré thaso valugs beyond which damage (o the device may Qecut
tHomperature Derating Plasiic “P Package =12mWe G froir 65°C 10 85°C
Ceranuc "L Package - 12mW/*C frem 100°C o 125°C

HEX
SCHMITT TRIGGER
1
14 14
L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632° CASE 646

ORDERING INFORMATION

A Series: - 55°C to + 125°C
MC14XXXBAL (Ceramic Package Only)

C Serles: - 40°C 1o +85°C
MC14XXXBCP (Plastic Package)
MC14XXXBCL (Ceramic Package)

EQUIVALENT CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)

This device contains protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be taken
to avoid applications of any voltage higher than maximum rated voltages to
this high-impedance circuit. For proper operation, Vin and Vg, should be
constrained to the range Vgg < (Vi or Vouy) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

" LOGIC DIAGRAM

|—-{>o—7
J——{>o—4
o—{>o——s
9——&0—9
n——.&o_w
|3—&-—|2

Vpp = Pin 14

Vgg = Pin 7




MC14584B ‘ .

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Voo Tiow" 25°C Thigh* | ‘] :
Characteristic Symbol Vde Min Max Min Typ # Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin = Vpo 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
“1" Level VoHn 50 495 - 495 5.0 - 495 - Vde
Vin = 0 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14.95 15 - 14.95 -
Output Drive Current (AL Device) ToH mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 o -24 4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - -0.36 -
(VoH = 9.5 Vdc) 10 -16 - =13 | =225 - -0.8 -
(Vou = 13.5 Vdc) 15 —42 - -3.4 -8.8 ~ -2.4 ~
(VoL = 0.4 Vdc) Sink o 5.0 0.64 T 0.51 0588 2 0.36 = mAdc
(VoL = 0.5 vde) 10 16 - 13 2.25 - 09 -
(VoL = 1.5 Vdc) 15 4.2 - J4 88 - 24 -
Output Drive Current (CL/CP Devicel toM mAde
(VOH = 2.5 Vdc) Source 5.0 -25 - -2.1 -42 -~ -1.7 -
(VoM = 4.6 Vde) 5.0 -0.52 - ~0.44 | -0.88 - =0.36 -
(Von = 9.5 Vde) | 10 =13 - =11 —2.25 - -09 -
(VoH = 13.5 Vdc) 15 -3.6 ~ -3.0 -88 - -24 -
(Vo = 0.4 vdce) Sink oL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(Vo = 0.5 Vdc) 10 13 - 1.1 2.25 s 09 -
(VoL = 1.5 Vde) 15 36 - 3.0 88 s 2.4 =
Input Current {AL Device) lin 15 - 101 - t0.00001 | 01 - 110 nAdC
Input Current (CL/CP Device) tin 15 - 103 - 10.00001{ :03 - 1.0 nAdc
Input Capacitange , Cin - - - - 50 2.8 - - pF 5
(Vig = 0) : |
Quiescent Current (AL Device) 1po 50 - 0.25 - 0.0005 0.25 ~ 7.5 uAdc ‘
(Per Package) 10 - 050 s 0.0010 0.50 ~ 15 728
15 = 1.00 o 0.0015 1.00 s 30 {
Quiescent Current (CL/CP Device) oo 50 - 1.0 - 0.0008 1.0 - 78 uAdc f
(Per Package) 10 = 2.0 - 0.0010 20 - 15 i
16 ~ 4.0 - 0.0015 4.0 - 34 i
Total Supply Current**1t iT 50 IT = (18 pAlkH2) t +1pp uAde |
(Dynamic plus Quiescent, 10 It = (3.6 pA/KHzZ) f % ipp !
Per Package) 15 It = (5.4 uA/kHzZ) t + oo
(C ~ 50 pF on all outputs, all
buffers switching)
Hysteresis Voltage VH’ 5.0 0.27 1.0 0.25 06 1.0 [ M3 ] 1.0 Vdc \
10 0.36 13 0.30 0.70 1.2 025 1.2
16 0.77 1.7 0.60 1.1 1.5 0.50 14
Threshold Voltage
Positive-Going Vs 5.0 19 35 1.8 2.7 34 1.7 34 Vde
10 34 70 33 53 6.9 3.2 8.9 5
15 5.2 106 6.2 8.0 10.5 5.2 10.5
Negative-Going Vs 5.0 16 33 18 2.1 3.2 15 3.2 Vde
: 10 3.0 8.7 3.0 46 6.7 3.0 8.7
: 16 4.5 9.7 4.6 89 ‘| 98 4.7 9.9
“Tiow™ =55°C for AL Device, —40°C for CL/CP Device. 17To calculate total supply current at loads other than 50 pF:

TNO"- +125°C for AL Device, +85°C for CL/CP Device.
I{(CL) = I7(50 pF) + (C_ - 50) ViIk
#Data labelled “Typ" is not to be u; design purposes but is
intended as an indication of the IC’s fptential performance. where: It is In uA (per package), CpLinpF. V = (Vpp - Vgg) in volts,
tin kHz Is Input trequency, and k = 0.001.

*VH = VT4 - V. (But maximum varistion of VH is specified as
less than V14 max = VT- min)- :

**The formulas given are for the typical characteristics only at 25°C.

TN



MC14584B

SWITCHING CHARACTERISTICS (Cy_ ~B0pF, T4 = 26°C)

Voo
Characteristic Symbol Vde | Min Typ # Max Unit
Output Rise Time tTLH 6.0 » 100 200 ne
10 - 50 100
15 - 40
Output Fall Tima TTHL 5.0 - 100 200 ns
10 » 80 100
18 e 40 80
Propegation Delay Time tPLH. PHL 5.0 - 1256 250 ns
10 - 50 100
15 - 40 80
#Data labelled "Typ" Is not to be used for design purposes but Is
Intended as un indication of the IC's potential performance.
FIGURE 1 —~ SWITCHING TIME TEST CIRCUIT AND WAVEFOlMS
20 ns = 20 ns
Voo
1nput 0% = Voo
Pt 50% x
ulse 10%
Generator o Vss
PHL LM
90% R ¢ Von
Output 50%
10% g 3
1y . oL
FIGURE 2 -~ TYPICAL SCHMITT TRIGGER APPLICATIONS
Vin o—{>.>——ovout
(@) Schmiu: Triggers will squere up (b) A Schmitt trigger offers maximum
input. with slow rise and fail times, naise i ity in gate i
Vi VYoo
AN 2T A
w TS N
T
| | | g
ss
| | |
Voo
Vout Vout
Vss Vss

FIGURE 3 — TYPICAL TRANSFER CHARACTERISTICS
*
& PIN ASSIGNMENT
e NS
3 \ 1cin1 Voo 14
E 2 c—Out1 In6fF— 13
= 3cin2 Out6f= 12
] 4acouwt2  InsE 1
5 A R sC{in3 outsfE=3 10
§ 6C—jout3  Inafm9
>§ 7 T vgg Out4f g
! l
[l [l
l
0 . 1
0 vr- Ve Voo
VH o

Vin. INPUT VOLTAGE (Vée)



MC7800
Series

Advance Information

L

]

3-TERMINAL POSITIVE VOLTAGE REGULATORS
These voltage regulators are monolithic integrated circuits de-
signed as fixed-voltage requlators for a wide variety of applications
including local, on-card requlation. These regulators employ internal
current limiting, thermal shutdown, and safe-area compensation.
With adequate heatsinking they can deliver output currents in excess
of 1.0 ampere. Although designed primarily as a fixed voltage
requlator, these devices can be used with external components to
obtain adjustable voltages and currents.
e Output Current in Excess of 1.0 Ampere
¢ No External Components Required
e Internal Thermal Overload Protection
* Internal Short-Circuit Current Limiting
« Output Transistor Safe Area Compensation
* Output Voltage Offered in 2% and 4% Tolerance

SCHEMATIC DIAGRAM

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

K SUFFIX
METAL PACKAGE
+» CASE 1
(TO-3 TYPE)

PIN.J. INPUT
2 ouTPUT
CASE. GROUND

T SUFFIX
PLASTIC PACKAGE
CASE 221A

O.inegt 10220 TYPC 7
100 100 10k
100 k i 500
<
"IN INPU 2
ol t r\ 2 _GROUND 5
) 3. outPur
j\ 240
200:& 03 STANDARD APPLICATION
4 ;
33k o —0 Outpui
< 1nput & | METRX X TOIQ Output
Cin* Cey*
[URRET ]‘ o
A common ground is required between the
019k mput and the output voltages. The input volt
age must remain typically 2.0 V above the out-
Put voltage even during the low point on the
nput ripple voltage
5 Kk XX = these two digits of the type number indi
cate voltage
Pin 2 is ground %
for Case 221A Cypets eauired of regutator s tocated an
Cuso is ground appreciable distance trom power supply
for Case 1. filter. ¥
i) G il ** =Cp is not needed for stability: however,
it does improve transient response
ORDERING INFORMATION XX indicates nominal voitage
Output Voltage
Device Taser Temperature Range Package
MC78XXK a% -55 to +150°C Motal Power NO/VOLIAGE
| MCPBXXAK Rl 50 Volts [ MCBIE 15 Volrs
MC78X XCK a% 010 +126°C &
MC7 O Val MCI81 1 i
MCTBXXACK % HOG 6.0 Vaolts 8 8 Volts
[ MCIRxxcT Tax e Piaane Poctr o | MC7808 8.0 Volts [ MC7824 24 Voits
MC78XXACT 2% MC7812 12 Volts

XX Indicates Nominal Voltage
This is inf ion and specifi

are subject to change without notice.




MC7800 Series

MC7800 Series MAXIMUM RATINGS [T = +259C unless orherwise noted.)

’ Rating Symbol Value Unit

r Input Voltage (5.0V - 18 v} Vin 35 Vdc

| (24 v) 40

| Power Dissipation and Thermal Char acteristics

f Plastic Package

, Ta * #25°C Po Internally Limited Watts

i Derate sbove T4 - +26°C 10 45 15.4 mw/°c

l Thermal Resistance, Junetion 10 Aw VAT 65 . %cw

i Ygy 172sYC Py Internally Limited Watts

| alaover 1C 0998 (e | wpna 1) 1o y¢ 200 mw/oC

! Fhermal Hesistance, Junictum 1o Case vy 50 “cmw

! Melal Packaye

l Ta 25°C Pp Internally Limited Watts

! Qerate above Ta-  126°C WA 225 mw/°c

! el Ressstince, Jonchiion 10 A 04 a5 o°cw

! Te = +289C L) Internally Limited Watts

i Derate above Te - 4659C (See Figure 2) 18,¢ 182 mw/°C

| T hermal Resistance, Junction 10 Case ;¢ 55 °cw

L Storuge Junction Temper ature Range T"’ ‘65 10 +150 * b
Operating Junction Temperature Range MC7800, A Ty -55 to +150 oc

MC7800C, AC~ ° J 0to +150

DEFINITIONS

Line Requlation The change in output voltage tor a change in
R npuat voltage. The measurement s nuxde ndee conditions ot
fow dissination or by using pulse tweehivigues such that the average
chip temperature 1s not sigeaticantly atfected

L omt Hegulation Fhe change v outpt voltage 1or a change

ot Cureent at constant chap temperatoe

Maximum Power Dissipation The maxunum total device dissi
paton tor which the requlator will operate within specifications

Quuescent Current That part of the mput current that 15 not
telivered 10 the load

Output Nomse Voltage The nns ac voltage at the output, with
constant load and no nput npple, measured over a specihied fre-
quency range

Long e Y Output voltigpe stability under xccolvratod
hle test conditions with the maximuam rated vollage histed i the
devices’ electnical characteristics and maximum power dissipation,




MC7800 Series

MC7805, C :
RICAL CHARACTERISTICS (Vin = 10V, I = 500 mA, T~ Tio to Thigh (Note 1) uniess otherwise noted).

MC7805 '805C
Characteristic s - . Onit
Min Typ Max Min Typ Max
Output Voltage (T = +259C) Vo 48 5.0 5.2 a8 5.0 5.2 Vde
Output Voltage Vo Ve
(5.0mA<Ig<1.0A, Po < 15W)
7.0 Vde < V;, < 20 Vde - - - 4.75 5.0 §.25
8.0 Vde <V, < 20 Vde 4.65 50 5.35 - -
Line Regulation (T = +25°C, Note 2) Reg;n mv
7.0 Vde < Vi, < 25 Vdc 20 50 70 100
8.0 Vdc < V;, < 12 Vdc 1o 24 2.0 50
Load Raqulation (T ) = +26°C, Nota 2) Heajg g * mv
S,OmA\los 15A 25 100 = 40 100
250 mA < Ig < 750 mA - 8.0 25 15 50
Quiescent Current (T = +259€) g - 32 6.0 a3 8.0 mA
Quiescent Current Change alg mA
7.0 Vde < Vi, ~ 25 Vde - 13
8.0 Vde < V,q < 25 Vde 03 08 ;
S0mA<Ig~10A 004 05 | " o I
Ripple Rejection HA GH ” (50 e
8.0 Vde < V,, < 18 Ve, |- 120 17
Dropout Valtage (10 - 1.OA, T 5 - 125C) Via VO 2.0 25 2.0 X Ve
Output Novse Voltage (T4 = +25°C) NMA - 10 40 10 “ViV
10 Hz < t « 100 kH2z [N =
Output Resistance 1 = 1.0 kHz Ho - 7 - - 17 - mi
Short-Circurt Current Limit (T4 = +259C) bees - 02 1.2 - 02 A
Vin =35 Vuc o
Peak Output Currant (T, = 4250C) b . _"" I,;_ i S W [ | A
Avarraqe T Coufl ol Vg ER mv,0C
Output Vol tuge
MC7805A AC
ELECT thﬂ: CHARACTERISTICS Vin= 10V, Ig = 10A, T = Ti5, 10 Thigh (Note 1) unless atherwise noted)
= & e MC7805A MC7808AC 2 ,
acteristics n L]
8 ~ Min Typ Max Min Typ Max
Output Voltage (Ty= +259C) Vo 49 5.0 S 49 5.0 51
Output Voltage Vo a8 50 52 a8 | sby [[52
(5O0mA< Ig < 1.0APg < 15W)
7.5 Vdc s Viq < 20 Vdc |
Line Regulation (Note 2) Hedq,,, 8 7 my
78 Vde =V, ~ 25 Vde, 10 = S00 mA = 20 10} - 70 50
8.0 Vdc S Viq~ 12 Vde 30 10 0 50
B.0Vdc & Vi, < 12 Vde, T =« +259C 10 a0 20 2
73 Ve < Y\ 20 vae ¥4 1359673 [}, S | ] 10 10 "W
Load Regulution (Note 2) oy, i my
SOMA I~ 1bA 25 50
SOmMAL g 1.0A 2 100
SOmMA SIS 1.5A, T)=425°C 25 100
250 mA < I ~ 750 mA 80 25 80 50 4
Quiescent Current g " 4 il g
5 50 6.0
Ty +25% 32 4.0 - 43 6.0
Quiescent Current Change alg mA
8.0 Vdc < V;, < 25 Vdc, Ig = 500 mA - 03 05 - 08
7.5 Vde < Vi < 20 Vde, T = +259C - 02 05 08
SO0mA < Ig<1.0A . 0.04 0.2 - 05
Ripple Rejection AR dB
8.0 vde < Vé,, < 18 Vde, f = 120 Hz,
Ty = +259C 68 % = - -
8.0 Vde < Vi, < 18 Vdc, 1 = 120 Hz,
IQ = 500 mA 68 7% - - 68
Oropout Voitage (Ig = 1.0 A, T, = +25°C) VinVo | 20 25 : 2.0 Vdc
Output Noise Voltage (T 5 = +25°C) Vi 10 40 - 10 - BVIVQ
10 Mz < 1o 100 kHz .
Output Resistance (f = 1.0 kHz) Ro - 17 - - 17 mil S
Short-Circuit Current Limit (T A = +250C) e 02 12 02 RS Sy
Vin * 35 Vdc '
Peak Output Current (T = +259C) Imax 13 25 33 = 22 » A |
Average Temperature Coefficient of Output Voltage TCvgo 06 - - -1 - mv/°oC

Notes. 1. Ty,,, = -55°C for MC78X X, A |
+ 0°C for MC78XXC, AC
Thigh = +150°C for MC78X X, A
= +125°C for MC78XXC, AC
2. Load and line | are fied at - Changes in V(y due to heating effects must be taken
Into account separately. Pulse testing with low duty cycle 1s used.
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MC7800 Series
MC7806, C
ELECTRICAL CHARACTERISTICS (v, 11V 1, SuomA, 1) ow 10 Thygy (Note 1) anless otherwise noted.)
e L MC7806 MC7806C
Characteristic Symbol v e vy ¥ Unit
TR SR L i R 5o e Min | Ty Max in Typ Max
Output Voltage (T j - +25YC) Vo .75 6.0 6.25 575 6.0 6.26 Vdc
Output Voltage Vo Vde
(50mA S 1~ 1.OA P < 15W)
8.0 Vde w V, = 21 Vdc 57 6.0 6.3
90 Vde < Vi, « 21 Vdc 565 6.0 6.35 - - -
L Hngabiatian (13 - 125°C, Note 2) Reettygy mv
BO Vde sV, < 25 Vil 30 60O 90 120
9.0 Ve sV, ~ 13 Ve 20 30 30 60
Load Reguiation (T = +259C, Note 2) Regiag mv
SO0mA~ Ins 15A - 27 100 - 43 120
250 MA <l s 7H0 mA 90 | 30 16 60
Quinscent Current (1) 4259€) Iy 32 6.0 a3 80 mA
Quiescent Cuucn-ramt; s By L Tk mA
8.0 Vdc * V425 Vdc < - - - - 1.3
9.0 Vdg ~ V 25 Vdc y 03 08 - - -
50mA S Igs 1.0A - 0.04 0s - - 0.5
Hipple Rejectuion RR ) dB
90 Vi €V, w19 Vi, 1 120 He 65 73 L) = 65 = E
Enopoit Vottage Gy R 1, 1204%0) My Vi 2 25 20 Ve
o 9. | ERSE
Qutput Nose Voltage (14 s28¢] Vi ' a & uvivy
10 Hz -t 100 kH2 8 . s
Uutodt Hesssance (11,0 A2 z Ry 17 17 - miy
Shott Cucant Corrent Liomt (14 0 259%C) g . 9 A
Vi - 35 Vac 02 12 02
Peik Outou Ymax 13 25 33 b 22 - A
T o 1cvg 0.7 - 2 08 3 mv/ec
MC7806A AC
ELECTHIC/ L CHARACTERISTICS (V" 11V, 0y 10A, T, " Tigw 10 Thign (Nute 1) unless otherwise noted.)
g 4 o, - J s. ‘ 5 { MC7B0GA MC7806AC " .
ractunatiG bl bt ot e w6 > ST e S i
R ML % M Ty | Mex | Mih ] Typ—] Mak v
Oatput Vol (T3 4259¢) E Vo 588 60 612 5.68 6.0 6.12 Vde
Quitput Valtage 0 Vi Ve
(5.0 MA « 1 FOA, PG s 15W) 516 (0 624 576 6.0 6.24
HO Ve s Vw21 Ve
Line Requiation (Note 2) ‘ Req,,, mv
8O Vdes Vi, < 25 Vde, I+ 500 mA, 30 1 9.0 60
90 Wile < Vs 13 Ve | 50 15 11 60
90 Vil <~ Vo 13 Ve by v 2690 i 240 50 30 30
VRS VS 2L Ve, |y - e 2b0 a0 1" 90 60
= W .k i a
Loud Hegulanon (Note 2) LT * mv
LomAS g~ Y5 ¥ 50 -
© HO0mA <lys 1.0A 43 100
SO0mA~TIgwI15A, Ty=259C 43 100
250 mA « 19 750 mA - 2.0 25 - 16 50
Quisscunt Current - Iy mA
50 - 6.0 s
TR0 X
facdehC 32 a0 43 6.0
Quiescent Current Chafige Alg mA
9.0 Vde € Vi, < 25 Vde, Ig = 500'mA - 0.3 05 - - 08
8.6 Vde < V,, < 21 Vdc, T = +259C - 0.2 05 - - 08
50mASIg~ 10A 0.04 0.2 - - 0.5
Ripple Rejection RR dB
9.0 Vde < V;, < 19 Vde, f = 120 He,
T, - +25°C 65 73 - i - -
9.0 Vde ~ V;, % 19 Vdc, | = 120 He,
Ig = 500 mA 65 73 - - 65 -
Dropout Voltage (Ig = 1.0 A, T = +25°C) Vin-Vo — 2.0 25 - 2.0 - Vde
Output Noise Voltage (T = +259C) Vo uVIVg
10 Hz « f < 100 kHz 5 0 40 = 10 g
Output Resistance (f = 1.0 kHz) Ro - 17 - - 17 - mi
Short-Circuit Current Limit (T 5 = +25°C) Isc A
Vin = 35 Vde =¥ 0.2 12 - 0.2 -
| Peak Outout Carrent (T) = 4259C) . 13 [ 28 33 22 - A
Average Temperature Coefficient ol Output Vol tage TCvo 0.7 - - 08 - mv/oeC
Notes: 1. Tigw « =55°C for MC78X X, A
= 0°C for MC78XXC, AC
Thugh * +150°C for MC78X X, A
= 41259C for MC78XXC, AC
2. Load amd hine 1 are hied at - Changes in V() due 1o heating effects must be taken
1010 account separately. Pulse testing with low duty cycle 1$ used.
v
| 4‘
£319 3 b
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' MC7800 Series

MC7808, C
ELECTRICAL CHARACTERISTICS (Vin =14 V, Ig =500 mA, T = T, to Thigh [Note 1) unless otherwise noted.)
MC7808 7808C
Characteristic Symbol MC Do
Min Typ Max Min Typ Max
Output Voltage (T = +25°C) Vo 77 80 83 7.7 8.0 8.3 Vde
Output Voltage Vo Vde
(5.0mA <19 < 1.0A,Pg < 15W)
10.5 Vde < Vj, < 23 Vde - - ~ 76 80 84
115 Vdc € V, < 23 Vdc 76 8.0 84
Line Requlation (T = +259C, Note 2) lh«; ol B3 mv 3
10.5 Vde « V,, ~ 25 Ve 30 B8O 12 160
11 Vde S Viq < 17 Ve - 20 40 = 5.0 RO
Load Regulation (T = +25°C, Note 2) Re) 00 mv
S50mA<Ig<15A 28 100 45 160
?SOmA<l0\7SOmA 90 40
Quiescent Current (T = +25°C) g 32 6.0 mA
Quiescent Current Change Alg 7 SR mA |
10.5 Vde < V,, 25 Vde 5 1.0
11.5 Vdc < V;, 25 Ve 03 08
SOmA < Ig« 1.0A oo | o 05
Hipple Hupection r & i b 1t =< R T e il
11.5 Vde & Vi & 21 5 Ve, 14120 M2 62
Oropout Voltage (g - 1.0 A, T, - +269C) Vin VO 20 Vie
Output Noise Voltage (Tp - +250C) Vo HVIVg
10 Hz & f ~ 100 kHz !
Output Resistance (f = 1.0 kH7) R 18 mee “
Short-Citeunt Currant Lunat (T < 1269¢) Vo] il B s o Al
Vi = 36 Ve Y N : |
Peak Output Current (T = #250C) Fe 1. 13 25 33 y B0 A i
Average Temparature Casificient of Outnat Voltage 10V, » N o | o ‘ \ vt J
MC7808A, AC :
ELECTRICAL CHARACTERISTICS (v, 14V, 10 7 HOATS Tigu 10 Tiign (Note 19 unless otherwise notdd §
MC7808A MCTBOBAC
Characteristic Symbol Unit
Y Min Typ Max Min Tve Max = :I
Output Voltage (T = +250C) Vo 784 B0 816 | 784 80 16 || V,TC‘J
Output Voitage Vo Vdc
(5.0mA < I < 1.0A Po s 15W) 77 80 8.2, 17 8.0 83
10.6 Ve < V,, < 23 Vdc |
Line Aeguiation (Nate 2) Reg,, mv
10.6 Vde = Vi, < 25 Vdc, 19 = 500 mA : 4.0 13 = 12 /0 |
11 Vde €V, %17 Vde 6.0 20 15 ry 4
11 Vde € V,, €17 Ve, T = +25°C 20 6o 2 50 0§\
10.4 Vde < Vin €23 Vdc, T, - +269C 4.0 13 - 12 £, '
Load Regulation {Note 2) Regjoad | mv
5.0mA < ig < 1.5A - 28 50 N
50mA < o< 10A - 45 100
50mA < ig<1.5A, T = +25% - as 100
250 mA < Iy < 750 mA - 90 25 - 1% 50
Quiescent Current ig mA j
- 0 - - 5.0 - 6.0 |
=Ein 280 = 32 40 = 43 6.0 !
Quiescent Current Change aig mA
11 Vdc < Vi, < 25 Vdc, I = 500 mA 04 05 on
106 Vde < Vo & 23 Vile, T - 426°C 0 05 0R
SOmMA<In<10A 0.04 02 05
Ripple Rejection nR i { N uB
11.5 Vde < Vi, < 21.5 Vdc, | = 120 Hz, |
T, = +25°C 62 70 £ ==
115 Vdc S Vi, < 21.5 Vdc, | = 120 Mz,
1g = 500 mA 62 70 62
sl
Dropout Voltage (Ig * 1.0A, T~ 125°C) Vin VO 20 25 0 Ve
Output Noise Voltage (T o = +259C) Vi uVivg
10 Hz < 1 < 100 kMz 10 40 10
Output Resistance {f = 1.0 kHz) Ry ] n i
Short-Circunt Curront Limit (T4 - 1250C) “Tu.'«> i S o "' 2 5 ) e _7 % e
Vin - 36 Vide a i
Peak Output Current (T = +25°C) Imax 13 25 33 - 22 A
Average Temperature Coefficient of Output Voltage TCvo - 1.0 - - -08 - mv/oC

Notes: 1. T, = =55°C for MC78XX, A
= 0°C for MC78XXC, AC
Thigh = +150°C for MC78X X, A
= +125°C for MC78XXC, AC

. Changes in Vo due to hearing effects must be taken

2. Load and line lation are ified at

into account separately. Pulse testing with low duty cycle is used
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MC7800 Series
MC7812,C
ELECTRICAL CHARACTERISTICS (v, =19V, g =500 mA, T3 * Tiow t0 Thigh (Note 1} uniess otherwise noted.)
MC7812 MC7812C
Charactenstic Symbol Unit
Min Typ Max Min Typ Max
Output Voltage (T~ +25°C) ~ Vo 115 12 125 115 12 125 Vde
GY ut v“’".;-.-~_- T v Vde
tS0mA S n~ TUA, PG~ 1LW)
14.5 Vdc « V,q & 27 Vdc - 1.4 12 126
15.5 Vde ~ V,,, ~ 27 Vdc 11.4 12 12.6 ~ - -
Line Reguiation [T+ +259C, Note 2) Angjn mv
145 Ve « V,,, « 30 Vde 5.0 120 13 240
16 Ve S Vg & 22 Vde 30 60 6.0 120
Load Reguiatinn (15 +259C, Note 2) Reginad mv
S.0mA<Ig<ISA 120 46 240
200 mA Iy~ 750 mA 60 17 120
Uuiescent Cureant (T = +25°C) Iy 6.0 - 44 8.0 mA
Oueeseent Current Change Alg mA
145 Ve © Vv, < 30 Ve 10
15 Vile v, < 30 Vi [UF) 0y
H0mAS kgL 10A - ) 0Y 0.5
Nl Aepection un o 58 60 . 48
T Ve s b e 05 Ve, t 120018
Lropout Volta {1 TOA, T +257C) Vi Vo) . 20 25 20 Vdc
Ot Nowgee Voltae (14 12520) HEN, v, “VIVQ
Wit 00 Kb 20 0
beis i - 4 ¢ A
Qutput Res tance {1+ 1.0 kHs) {479 v - 18 -~ il
Shart-Circudt Surrent Limit (T » +250C) " A
Vs 38 v \ 0.2 12 - 0.2 -
i Puak Output Currens i1y = +259¢) [ 13 25 33 2.2 - A
I Avesime Lot Colhennt of Ot t Vol tage 1eve by " 17 R Ay mUToC
MC7812A, AC
ELECTRICAL CHARACTERISTICS  (v,,=19V 15 10A, T3 * Tiow 10 Thigh (Note 1) unless otherwise noted.)
9 MC7812A MC7812AC
Characteristic Symbol - Unit
Min Typ Max Min Typ Max .
Ouitput Voltage (T +259C) 9 vy 1175 12 1228 | 1178 12 12.26 Vdc
| TOutiat Vottaae 0 T T vo Iz
; tYO0mA ~ 1w LOA PG 10w 1y 1”2 12.% 115 12 12,5
MEVIC v, 27 Vide
Tuse oulatomn - Vg, 17 T mv
BER VI Vo VG B B A 40 " 13 120
HoVek o« V22 Vi HY 0 16 120
o Vile ~ Ve 22 Ve, Ty e 258 Jo 90 40 GO
TS Vale sV w2/ Vike Ty 028 5.0 IE 13 120
Load Rugulation (Mate ) (AT R E mv
50mA S I~ 1 LA 30 50 =, -
SO0mA I~ 10A 46 100
NOMA S g TE A Ty : 46 100
o0 mA e I mA 10 25 & 50
Quinscunt Curr Iy mA
. 5.0 6.0
Ta 13stc 34 40 14 6.0
Ciescent € iy mA -
15 Vde & Vo~ 30 Ve, g 500 mA 03 05 - - 0,8
TR Ve« V= 27 Viie, Ty 1249C 0.2 0s 08
LUMAS LN IUA X u? 0.5
[ N
e HepreLion Ri o8
1 Vele s ¥y < 25 Vil b 120 s,
1y wow'e 61 G
15 Ve S Vg s 25 Vg, t 120 Hy,
o 500 mA 61 68 - .- 60 -
Dropont Volisge (1o 10 A, T, +250C) 2.0 2.5 - 2.0 - Vde
Gttt Nowam Vertwme T3 < 12501~ " g
10z < 1« 100 kH2 4 40 10 -
Output Resistunce {f = 1 0 kMz} fig - 18 - - 18 - mil
Short-Circuit Current Limut {T 4 = +25°C) [ A
Vin = 35 Vdc - 0.2 1.2 - 0.2 -
Peak Qutput Cuergnu (T = +259) Imax 1.3 25 33 - 2.2 - A
Average Terperature Coetlicient of Output Voltage ] TCvqg ‘15 - -10 - mv/oc
Notes T Ty;,  -55YC tur MC/BXX, A
- 0°C tor MC78XXC, AC
© Thigh = +150°C tor MCTBXX, A
* +1259C for MUTBXXC, AC
2 Lowmbad tine U e hiedd #t constant tenpser ature, Chanies in V() dus to heating effects must be taken
N0 aLcount scparately, Pulse testing with luw duty cycle is used.
~
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MC7800 Series
MC7815, C
ELECTRICAL CHARACTERISTICS (v,, 23v, 1) 500mA, Tj Tipp 10 Thy INote 13 unless atherwise ot )
T MC7815 T "mcreise
Characteristie Symbal Unit
Min Tvp Max Min Tvp Max
Outpat Valtage (T ) - +250C) ’ Vo 14.4 15 156 144 15 156 Vide
Output Voltage Vo Vet
(5.0mA n g & 1.0A, Py - 15W)
17.5 Vdc ~ V,,, » 30 Vde 1425 15 15.75
18.5 Vdc ~ V,u ~ 30 Vi 14.25 15 15.75 - -
Line Requtation (T +25YC, Note 2) Regin mv
17.5 Vde =~ Vi, * 30 Vdc - 6.0 150 13 300
20 Vdc s Vi, < 26 Vdc - 3.0 75 - 6.0 150
Load Regulation (T « +25°C, Nore 2} Reg)gad mv
SOmAwIgs15A 32 150 52 300
250 mA < ig X 750 mA 10 74 20 150
Quiescent Current (T 1259C) ig 3a 60 4.4 8.0 ma
Quigscent Current Change Alg T A
17.5 Vde ~ Vip~ 30 Vdc » to
18.5 Vdc & V,q ~ 30 Vi L1 (131}
SOmA« In10A [ER3Y] [ 05 |
pnle Rmection T e N o it
185 Vile~ Vin+ 285 Vete, | 120 My 6o 66 l
Oropout Voltage g - TOA, T;  +25"C) Vi Vi) 20 25 2.0 Vele
Outhut-Nowr Voltays (T +267C1 Va ho 20 " PV
10 Hz - 1~ 100 khiy 4
Output Resistance (1« 1.0 kH2) Heoy 19 m mee
Shart Circunt Currant Lunit (1,4 10600} I, S . = A
Vi 35 Vi 02 \ &
Peak Qutput Current (T, +255C) i ( 1 ah A4 =Y A
Averaae 1emper st elhant ol Ood Vil e vy, Y -tu myv e
- A -3 .
MC7815A, AC
ELECTRICAL CHARACTERISTICS v,, 23v. foy LOAT 5 d 100 T (N0t 1] giless athienvess noted 1
o METdISA T T mGTmsAcC v 1
Charactenstic Svinbaot - = . Ui
A Tyn Max Man Tvr Alax '
Output Voltage (T +257C) 3 Viy 117 18 1t 142 1 [ Vib !
Ot v, N Vo Viu i
(H0mA g LA Py 1w (X te 1 144 1" o
MBI S v B v o e (= A N
[RECRIY (Newe 20 Ve, 13 150 my |
2O Vi V0 B0 VIR By At inA GV o s 150
POV LV M ViR 90 30
20 Vile &0 Vg 4 26 Vde, Ty - «259C 3o 10 6.0 75
175 Vdc . V,q = 30 Vde, T + +25°C 6.0 22 13 150 |
Load Requiation (Notw 21 Remomg | K- 7y oo
50mA « Ig . 1.5A - az w0 .. I
5.0 mA « g~ 10A He oy [l
SOmA: I 15A T, 25 ny Ny
290 mA - 1yt 250 mA 17} h M (]
Ouiesennt Caceont L 0, 1 maA
20m0 xS 60 !
by e 3a ay 44 60 i
Ouiescent Corrent Chanes . 93 Ag Ya % mA |
17.6 Vde « V4 30 Vde, Iy = 500 mA - 03 0.5 or ’
17.5 Vde N Vi, < 30 Vde, Ty = +259¢ 0?2 0s 08
50mA < ign 1.0A 004 02 05
Rippie Rejaction Ri JH
18.5 Vdc < V;, < 28.5 Vde, f = 120 Hz,
T, 259 60 [H -
185 Vic *. Vyq~ 28.5 Vite, {120 M2,
o 500 mA 60 66 - 58
Dropout Valtage (Igy - 1.0 A, T, = +250C) Vin Vo i 30 75 Teo T Vel
Qutput Noise Voitage (T, +259C) Vo 10 - _'m 0 nVIVE,
10 Hs - 1- 100 kH/
Outpust Resistanee (1 1 0 h1te) " 19 mi?
. wetent Lemnt (1p 4750C) A
Vi 35 Vel 02 1.2 02
Peak Output Curcent (Ty  +259C) Lo 1.3 28 33 22 A
Average Temperature Coelfiient of Output Voitage J TCvy “IR ° 10 { - mv/eC

Notus 1 Ty, -559C for MCTBXX, A
0OC tar MCIBXXC, AC
Trugh  +150°C tor MC78X X, A
+1259C tar MC78XXC, AC

2. Load and hne reguistion sre spucified at conslant unction termnpesature. Changes in V@ due 1o heating eHects must be 1aken
10 account separatsty. Pulse 1esting with low duty cyele s usen



% .
MC7800 Series
MC7818, C
ELECTRICAL CHARACTERISTIC: Vin 27V, 0 500mA, Ty Tigw to Thy, (Note T3 untess atheowise nated )
["_' Tt e T T mcrsg MC7818C
Characterstc Symbol " Unit
Min Typ Max Min Typ Max
Output Voltage (T = +259C) Vo 173 18 18.7 173 18 18.7 Vde
Output Voltage vo Vde
(50mA~ Ig~ 1L.OA (s 16W)
21 Vet ~ Vy ~ 33 Vuie 171 18 189
22 Ve ~ Vi v 38 Ve 171 1] 149
Line Regutation (T 1259 . gy mv
21 Ve s Vi, - 33 Vde 70 180 25 360
24 Vit ~ V,,y « 30 Ve . a0 90 10 150
Load Regulation {7 V289¢ Notw ) T'Tl;luml mv
SOmMASIns 15A - 35 180 - 55 360
250 mA w19« 750 mA - 12 90 - 22 180
Quiescent Current (T +25YC) Iy - 35 6.0 45 8.0 mA
Qurescent Current Change Alg mA
21 Vide « V0 33 Ve - - ~ 1.0
WV Vot 33 Ve a3 08 -
SOmA S I TUA vu 0y 05
| Fuple Reprciion i)
oo 32Vde, ! 120 H, 9 65 7 - .
Deopuut Voltaue 11y 1O A 1, +7259) 20 25 20 Vde
Output Nense Voltage t1 4 +257C) Vi 0 a0 10 N uVIVQ
WMz 1o 00 bits
~U|l||nll Hoegistaeere (8 1 O bits} iy, 1K) 19 mit
Short-Cucurt Current Lumt (14 1259C) T T > Ao ) A
Vin 35Vde # i 2
Thea Owriput Curewnt 11 < 0 250C) T 13 25 33 2.2 - A
e wnt ot OGnit v TTev, [T 35T -0 mv/oC
MC7818A, AC
ELECTRICAL CHARACTERISTICS (v, - 27Vv.1n* 104, V5 * Tiow 10 Thigh (Note 11 unless otherwise noted.)
r Y MC7818A MC7818AC
Characterstic Sy Unat
Min Tvp Max Min Typ Max
Qutput Vintage (T3 +259C) Vo 1764 i8 18.36 17.64 18 18.36 Vde
Quiput Vol v Ve
(SOMA S I« TODA P~ 15W) 173 8 187 17.3 18 18.7
21 Vil - Vi ~ 33 Ve
L Aegqulatton (Note 2] Reyyy myv -
T Ve s V< d Vi, By S A 0 3 25 180
24 Vie © Vg & S0 Ve 12 ay 28 150
28 Ve ' Vyn = 30 Vate, 15 - 1 208C 40 15 10 90
206 Vde = V,p =~ 33 Ve, T, +25°C - 10 3 - 25 180
Load Reguiation (Note 2) Heyya mv
§.0mA < ig« 1L.BA 35 50 - - e -
50mALIgu10A = 4 - - s5 100
SO0mASIget5A T, +25°C < e - - 55 100
250 mA Iy~ TH0 mA 12 25 - 22 50
Quiescent Current Ig mA
- - - ~ 6.0
1, 7tC AN 60
Quiescrnt Current Chianoe Sy mA
21 Ve ~ Vi & 33 Vi, by - L0 mA 03 0% - 08
21 Ve s Vi € 33 Ve, Ty +299C 02 0.5 - - 08
SOmA SIS~ TUA 004 0.2 - - 05
Hipute Rejection HR B
22 Ve s Vi < 32 Vete t 1200,
ty- e 3] 65
LIVUE S Vo s J2 Ve 1= 120 1, .
Ip = 500 mA 59 (1] 57 -
Dropout Voltage (ig = 1.0 A, T = +259C) VinVo = 20 25 = 20 - Vdc
Output Norse Voltage (T 4 = +255C) Vo uVivg
10 Hz < 1< 100 kHz - 10 40 -~ 10 -~
Output Resistance (1 = 1.0 kiH2) Ro - 19 - - 19 - mil
Short-Circuit Current Limit (T4 = +26°C) Ise A
Vin » 35 Vde - 0.2 1.2 - 0.2 -
Peak Outpu Current (T y = +259C) Imax 13 25 33 - 2.2 - A
Average Temperature Coefticient af Output Voltage TCvo - 123 - - -10 - mv/eC

Notes: 1. Tigyy * -55°C for MC78XX, A
= 0°C for MC78XXC, AC
Thigh * *150°C tor MC78X X, A
= +1259C (or MC78XXC, AC
2. Loatt and line regul. e F at i ion temperaturs. Changes in V(O due 1o hesting elfects must be taken
into account separately, Pulse testing with low duty cycts is used.




MC7800 Series

MC7824, C
ELECTRICAL CHARACTERISTICS  (v,, - 11V, 1 tkiwA, 12 Yiogw 10 Frgn (Note 1) unless otherwise noted.)
[T T e R MC7824 MC7824C
Characteristic Sy Unit
Min Typ Max Min Typ Max
Output Voluge (T« +25°C) Vo a3 24 25 23 2 25 Vde
Output Voltage Vo Vde
(50mA <9< 1.0A,Py< 15W)
27 Vde € Vi, € 38 Ve - - - 228 24 252
28 Vdc € Vi, € 38 Vdc 228 24 252 - - -
Line Regutation {T = +25°C, Note 2) Regin mv
27 Ve € Vi, < 38 Vac - 10 240 N 4R0
30 Vde < Vi, € 36 Vde - 50 120 L] 240
Load Angulation (T + +259C, Nate 2) ooy | wmv ]
SOMACINCISA a0 240 60 480
250 mA < g < 750 A 15 120 75 240
Quiescent Current (T 5= +25°C) ™ 36 6.0 46 | 80 | A T
Quivscent Current Change Alg ) 3V 4D i s mA
27 Vdc « V,, ~ 38 Vde - ‘10
28 Vic « V,n « 38 Vde 03 08
SOMASIg<IQA 0.04 05 0s
Rople Reecton RR d8
28 Vele <V, € 38 Vdc, 1 = 120 Mz 56 62 - 54 9 .
Oropout Vaitage {lg = 104, T) = +250C) Via'Vo - 20 2.5 20 Vike
Output Noise Voliage (T4 » +259C) Vi 10 ViVg
10 Hz & . 100 kH, 0 40
Qutput Resistance (1« 1 0 kH/1 Ry 20 o T Toul
Y g
Short-Circutt Current Linut (Tp - +289C) he A
Vin * 35 Vde - 02 1.2 02
Peak Quiput Currant (T ~ #250C) Tmax 1.3 75 T3 L 7 o A
Average Temperature Coafficiant af Output Veltage l(:'v_{;_J T2l s40 =14 mv/eg
MC7824A, AC ’
ELECTRICAL CHARACTERISTICS (v, - 33V, 0 VOA Ty Tige 1o Ingn (Note 1) unless atheswise notat )
— MCTBZaA MCTE24AC
Characterintic Symhol - Unis
s Min Typ Max Min Typ Max
Output Voltage (T » +25°C) Vo 235 24 225°| 238 2¢ %5 Ve
Qutput Voltage Vo Ve
{5.0mA <19 < 1.0 A, Pg < 15W) 2 24 25 23 2 2
27.3 Vde ~ Vj, < 38 Vdc
Line Requiation (Note 2) Reg;n - "oy
27 Vde € Vi, € 38 Voc, Ig * 500 mA 10 6 3t 240
30 Vde < V,,, < 36 Vde 15 60 35 240
30 Ve & Vi « 36 Ve, T » +259C 50 19 14 120
26.7 Vdc & Vip < 38 Vde, Ty« +25°C - 10 36 N 240
Load Requistion (Note 2} Regigag * - P my
SOmA<Ig< 1.5A - 40 50 - -
SO0mASIgg1.0A - - - - 60 100
SOmMACIn < 1.5A, T, =4+250C - - - - 60 100
250 mA < i < 750 mA - 15 5 - 25 50
Quiescent Current g mA
- 0, B 6.0 - GO
Ty= +25°C Y 16 5.0 a6 6.0
Quiescent Current Change alg Ty
27.3 Vdc < Vin « 38 Vde, Ig ~ 500 mA 01 0% o
273 Ve~ Vi < 38 Ve, Ty 125°'C )2 0y [X:]
SO0mMACInCI0A 0.04 0.2 - - 0.5
Hipple Rejection RR 11}
28 Vde & Vi, < 38 Vde, t = 120 Hz, .
Ty = +259C 56 62 ;
2B Vde <V, < 38 Vde, [ = 120 My,
ip = 500 mA sh (] 2
Drapout Voltaga {1g = 1.0 A, Ty » +259C Veva |77 o 24 I X -
[ Output Noww Vaitas 114 3755C1 " 7 © 1 Ty, - ST T i
10 Hs < 1< 100 kH/ o 0 w
Qutput Reustance (! O kH/) (17D n 20
Shuset-2aecunt Corvant Lt L1 p = +750¢) I -
Vi - 35 Vit 0.2 12 02
Prak Qutput Current [T » +250C) Imax 1.3 25 33 - 2.2 - A
Average Temperature Coefficient of Output Voltage TCvo - 130 - - -5 - mv/ioC

Notes: 1. Tq * ~559C for MC78XX, A
= 09C for MC78XXC, AC

Thgh = $150YC tor MC78XX, A
= +1259C tor MC/8XXC, AC
2. Loadt and line U LR at constant tempersture Changes i Vo) due 160 beating ritects it e taken
nio account separately, Pulse trsting with low duty cycle 1 usmel
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MC7800 Series

SIPATION (WATTS)
~

" |

v

3

TYPICAL CHARACTERISTICS
{Ta = 4259C unless otherwise noted.)

FIGURE 1 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 221A)
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FIGURE 2 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 1)
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MC7800 Series

TYPICAL CHARACTERISTICS {continued)
{TA = 259C unless otherwise noted.)

FIGURE 7 — RIPPLE REJECTION AS A FUNCTION

OF OUTPUT VOLTAGES
(MC78XXC, AC}

FIGURE 8 — RIPPLE REJECTION AS A FUNCTION
OF FREQUENCY
{MC78XXC, AC)
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MC7800 Series

L

APPLICATIONS INFORMATION

Design Considerations

The MCT7BOO Series of fixed voltag \ators are ig
with Thenimei Overtowd Prowction that shuts down the cwrcunt
when subjected to an excessive power overload condition, Intgrnal
Short Circunt Protection that hmits the maximum current the -
cust wadt paasn, and Qutput Trenustor Sofv Arva Compmensation that
reduces the outputl shutt crowmt currunt os the voltagpe soross tee
pass transistor s increased.

In many low current apphications, COMPRNSATION CaPICITONs art
nut requued.  However, 1t s recor ded that the regub
input be bypassed with a cap if the r ! s

to the power supply filter with long wire lengths, or if the output
foadd capacitance is farge.  An input hypass capacitor should be
stlected to provide good hgh frequengy charactensuics 10 msure
stable operation under 8l 10ad conditions.: A 0.33 uF or larger
tantatum, mylar, or othar capacitor having low internal impedance
A hagh leoguanees shouid ba chosen, The bypass capacitos should
be mounted with the shuriest possible Jdeasds thisetly scruss the
regulators input terminals, Normally good construction technigues
should be used 10 minimize ground loops and lead resistancedrops
since the regulator has no external sense lead.

FIGURE 13 -~ CURRENT REGULATOR

FIGURE 14 — ADJUSTABLE OUTPUT REGULATOR

4 o Qutput
-0~ MC780%5 HO- 3 2
1nout
- Grouruted | vad hl
o fl'\ 0.33 uF
The MC7800 reyuiators can also be used as a current source 'S
when contectud oy abiove by order 16 annmize dnsstion the MCY12a1G
MCIB05C i chosan e thes appication  Hesestan £ deteounes
the current as lolluws
5V
1 h t g V. /0Vin20 v
Vin Ve c20V
107 15 mA over line and Busnd chamges -
g The athnon of an opuwrational anphibur sllows aljustineal o
For example, a 1 ampure current sousce would requae B 1o be a tughier o intomediate vatues whide retaimimg reguiation charm e
5onm, 10W resisior and the output voltage compliance would isties.  The munitnum voltage obtitnabie with this &riangement s
o the nput voltage Iwss 7 voits 2 O volis greater than the regulator voltage.
—

FIGURE 15 — CURRENT BOOST REGULATOR

MI2955 o7 Equiv

e

Ingret @=

.
O MC78XX —® Qutput

|0,.|I =

::I:ul,u
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The MC7800 series cian be cutient buosted with o PNP transs.
1or The MJ2U55 provrles current 10 50 umperes  Resistor H
W ocoeunetton with e Ve of the PNP deieimnes wiwa the
g, S GO el s et shat

pasy (ransistor bepns ¢
proot  loput output ditferentiol VOITage Imnarn e et by

Vg of the pass transistor

FIGURE 16 — SHORT-CIRCUIT PROTECTION
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st Rec or Equw
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|ouFI i

Output

XX 2 digiis of type number inihicating voltage.

Thu circuit of T 1gury 16 can be madihied 1o provade supply prootes
Don agwnst short Circusts by msding a short cocuit sense resisior,
ol aml an akbiional PNP 1ransistor. The current sensing PNP
die the short circast current ol the three-
Thmulure, 8 lout eanputae pLntic powss ran.

st D able 1t by
terenngd regutatn
sintor s specitied
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