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ABSTRACT

This project is concerned about design with encode
principle techniques to modulatale into CB transinitter. The
receiver can be receiver only the same deceoding which no effected

any other receiver at the same frequency.
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Modulation degree

M= Em = Signal Ampulitude ) 1

Ec Carrier voltage

% Modulation & 100%
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hd

" MOTOROLA o

o SEM!CONDUCTOR it
TECHNICAL DATA
Encoder and Decoder Pairs | MC145027
CMOS ! _ MC145028
Thase devices are dnfgmd 1o ba vsed as ancodar/daceder palrs in ramats cone S 1 3 2
uo)rh spplications, SC41 343
o MC145028 encodes nins linas of lnformation and sarially sands this informa- - .
tion upon receipt of 3 tranam?t snable (TE) signal The nlae lines may ba encoded SC41 344
with tinacy data {low, high, or apan) or binary data (low of high). 'nu words are
vansmited twice par enceding 39Quanca 1o incroase sacurlty,
The MC145027 decoder receives the aerial stream and interpots fm of the trinary
dighs as an address coda, Thus, 243 addresses are poasbh o Haxy datals vsed P SUFFIX
a1 the sncodear, 32 addrasses are posadble. The tamamng serial lnformatlon is inters PLASTIC DIP
petad as four bits of blnary data. The valid transmission output (VT) goas high on CASE 843
, tha MC145027 whan two conditions a8 mat. First, two addre3ses must be consecus
" tively racelved (in one encoding soquance) which both maich the local address,
Secord, the 4-bits of data must maich the last valld-data recelved. The activa VT D SUFFIX
indicalaa that the lnformation a2 the data output pins has basn updatad. s0a
- The MC145028 decodar treats all nine Irdnary digits as an address which allows - CASE 7618
19,683 codsa. i blnary data is encoded, 512 codes ara poasible. The valid ransmis. $0°
slon output (YT) goas high on the MC145028 when two addresses are consecutively
rocoived (in one encading sequanca) which both mateh the local addresa. OW SUFFIX
¢ Oparallng Temperatute Rangs: —40° ta 85°C 580G
» Vory-Low Stangby Current fof the Encoder: 300 nA Maximum @ 25°C CA3E 7514
o Inedaces with RF, Urasonic, of Infrared Modulators and Demodulators
¢ RC Osclliatar, No Crystal Raqulred
» High Extarnal Componant Tolerance; Can Use 5% Components A T
¢ Internal Powar-On Reset Forces All Dacodor Cuiputs Low . D
¢ Forlnirarod Applications, Sae Applications Nots AN1018 ROBHIE INFORHAT\.ON
. o”(afng Vokag. Rzng.: 451018V MC145026P, SC41342P Passc OIP
» Low-Yoltage Varsions Available — MC1450260, SCLI3420  SOG Pacxage
8C41342: 2.510 18 V Yorsion of the MC 145026 : ;
§C41343: 2.815 10 V Version of the MC145027 ~ et o Soarsge
SC41344: 2.8 10 10 V Varsion of the MG145028 = K
MC146028P, 8C41344P  Plasic DIP
MC1450280W, SCA1440W SOG Package
' PIN ASSIGNMENTS
Mﬁs Whvey - aft . w%hveo s whveo
Rq2 sloaANT o afl2 1501 06 ri2 3P
Bfls upmE afs upor s ubw
M4 130 Ric M4 13508 M 1A
Qs uPCn MNQs 120109 As s 1N
Mosds  udRg A 08 uhvr A Qe wovr
AT T 10 [} ASDO ¢gr 1) RCy aq7 101 R2C2
Vss Q18 40 AS08 Vss 8 8D DATAW Vss 48 9 OATAN
148 . MC14Le? HCI4s08
SCHIM2 SCA1Ms TR
ENCODERS ~ " " " DECDOEAS DECOOERS

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS ~

217



« APR @9 ’93 @9:42 MOTOROLA INT® BKK

'MC145028°MC145027°MC1450289
| “5C4134295C413430SC41344

(-
3PN
L 14 | csiion - DATASELECT

18 DATA
JM

RN 2

EE8Bazui >
sloqa‘uu'sun—

\ Figire 1. MC145026 Encader Block j>|agn’m
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Figure 2, MC145027 Decoder Block Dlagram
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MC145028eMC145027+MC145028¢

SC413420SC4134308C41344
O L CONTRCL 11
: - e W1
Lo ' . SEQUENCER CRCUIT
.. ) 8 7+ 8. 5 43 2 4
LTl : EEE! %’ sant
: . 0 ‘2 2 : ! m
. bl 'n a . : L - Sm r mcam
. . W
5 Btl_ 9 DAA
BT o — M emucron "
{ “ i N ki ' 3 c‘ -
iy’ : _d}-l;ywl‘io Of:L Yoo« PN 16
H -~ 18 . ‘-& = R1 nz ,? VSUPN. .
i »&J&L \ - T
. P N . q
Y /&5 " Figute 3, MC145628 Decodar Block Diagram
muu'u RATINGS?* (Voltaga Rekqutovss.)' f . Yhi dovice copaing -

Symbol Pazamaqter [ Value Unk
Vpp' -| OC Supply Vollage (oxcapt 5C41343, SCA1344) 0.5 v18 v
VDo | OC Supply Voluge (SC41343, SC41344 anly) -0.81 +10 v

Via 0C Input Yoltage - V8LVHOW0S | V
Vost | OC Qutput Vohage ~0.5%Vppvo.s | v
Sn | DClaput Cument, per Pin T oA
low - | DG Outpus Cumrent, per Pin 210 mA |
PO | PowerDissipaton, per Packsgo P 500 mwW
Tasg | Storegs Temperatura o -5510 +150 <
T, | Load Tomperatre, | mm kom Case lor 10 Seconds % |«

* Maximum Ratings aro hosa vakses bayond which damage 10 the dovics may occus. Functonal

operndon should be resricied 1o the Emita In the Elsctrical
dons section. o

Characleristics adlas or Pia Descripe

culry © gua| against camage ase
© high Qalic voRaQos of alecric
folde. However, precautions must
be akeq 18 avoid agplications of any
volaga Ngher than maxmum ramd
volages w-this high-impedance civ-
st For pcpar operatan, Vy, and
Your shockd be constrained o the

ranga Vss < (Vi or Yeud S VOD-

MQTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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. APR @9 ’93 @9:43 MOTOROLA INT® BKK
MC145026°MC145027°MC145028s
SC4134205C4134305C41344

. ELECTRICAL CHARACT ERISTICS — MC145026, MC145027, MCMSOZB md 3041 342' (Vouago Referencod bvss)

-~

R~ R T e
Symbol Charscterletic .veo ~£0°C 25C +885C Ualt
Min | Msx | Rin | Mex | Min }| May
VoL Low-Level Ouput Yoltage S0 - o008 | — o.z - J 005 ]| V
naVpooro) - 10 —_ 0.05 - ) -— 0.08
=Yoo ) 15 | — Joos| — |oos | — | aos
VoH | High-Lavel Qutput Vokage 80 | 498} ~ { 496 495 | - v
{Vin = 0-or Vpp) 10 {.08% - 995 — $.95 -—
15 (1495 ] —~ |1495| — |1498] —
viL Low-Lovet MVM{ v
(Vo =43 or 0.5Vt 50 - 1.8 5| — | 15
Vot 9.0er 1.0 V)} 10 - 30 - 3.0 - 1 30
(VM widS0r 1.8 V) 15 o 4.0 4.0 - 4.0
Vir Ngb-l.nvolhpuubbgo : . v
(vm-toaoow 10 ‘70 - 7.0 - 7.0 -
(VM-1.5“13.GV) 16 1 - 11 -— 11 —_—
OH High-Level Qutput Cumrent ' \ mA
(th =25 Y) 3.0 -2.5 o =21 - -7 ] -
(Vw! L) ‘ ‘ W -5.0 ‘0.52 > — -0.4‘ —-— -0.35 . -—
(Yout £8.5V) 0 |ta] = 1] - |00 ]| =
Vot =135V} - 16 3.6 — .30 — -2.4 —
loL | Lowslevel Output Current | N A
Vout =04 V) s0 |os2 | — |o4 | — |02 | —
(Vout=05W) 10 13 ) = |.11 - tos | -}
Vout = 15V 15 ae - a0 - 24 -
Iy | lnputCument—TE so [ =1 —-Jaos|mn|[~=]-1m
(MC 138028 and SCL1342, Pulup Device) 10 — - 16 .60 -— -—
16 - | - 3 120 - —
b | Wput Cument 5 | =03 | — 03] =~ 0
R (MG 145028 snd 5C41342), 30 | WA
Data ln (MC145027, MC145028)
O lnput Curret pA
AlAS, AQ/09 (MG 145026 and SC41342), 6.0 - A = lao| — -—
AL-AS (MC145027), 10 8 - | = - -
AlAR (MC145028) 15 - | =] - 120} _ —
1000 |
Ca frput Cagacitanas (Vin = 0) - — - -_— 78 — —_ of
oo | Oulescont Current— MC145026 and SC41342 56 | — | = J.— o | -] =
’ 10 -— - - 0.2 - - A
15 - - —_ 0.3 — -
oo Quigscont c\igvm.. MC145027, MC145028 e‘;.: - = - ‘5000 = Sk
‘ 15 — -— 150 - -
I | OynamicSupplyCument—MGCt4sa26endsCaaz | 50 | — | = [ — 20 | — [ = ] a
{te « 20 kHz) 10 - - - 400 - —
15 -] =] = |0 ] - | -
© g Oynamic Supply Cument — MC 148027, MC145028 50 — - - 400 — - BA
{lc » 20 XHZ) 10 —_ - — 00 | — -
15 | — | = | — ].120 -

*Also s next Electical Characiornstcs tabie (or 2.5 VY specilications,




MC1450264MC145027+MC145028

SC41342¢SC4134398C41344

ELECTRICAL CHARACTERISTICS — SC41342 (Vohuge Rataronasd o Vgs)

\ . Guarsntesd Limit
Symbol Chsractatlatio -Veo “'C 25°C J45¢ Unlt
’ 1. o s Min | Mex | Min | Max | Mia | Max
VoL Low-Lovet Output Voltage 25 —_ 0.06 - 0.05 - 0.0% v
‘ A i
Von | High-Lavel Quput Voage 25 |24 | = [2e> | — 8 v
N w0VorVap): -
ViL | Lowlave(inpu vomege ™ 23 - 3 02 - 0.3 v
) Vout = 05Vor20V)
‘ViH High-Lowid input Vokoge 2$ 22 - 2.2 - 22 — v
" (Vour» 0.8V or 20V)
OH High-Lavel Output Cument a5 0.2 — 0.25 — Q.2 - mA
Nour=125V)y  °
! oL | LowLeval Output Current 28 o2 | — | o2 | — tow| ~ | ma
t (VOU( w04 V) . g
U Input Curtent (TE — Pudup Device) 25 | ~ | — |oos | 18 [;j— | = | s
ta | toput Cumont (A1-AS, AS/DS-AQIDY) 25 | = | = | — Jas |~ 1 = | wm
loo Cuisscent Cument 25 - — - | 005 |. — - A
las | Dynamic Supsly Cumment (i€ = 20 xHz) 26 | - | = | =l ]| —-]-1u
b,
I -
\ '1 \

i
;

ww.
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APR @9 ’93 89:48 MOTOROLA IMT® BKK

MC145026MC145027+MC145028¢
SC41342¢5C413435C41344

ELECTRICAL CHARACTERISTICS — SC41343 and SCA1344 (Voltage Refarunced to Vas)

Guanintsed Umit
Symbol Ghansctariatc ..!‘I;D —~40°C 28°C «85°C Unlt
soemenret e Min | Max | Min | Max | M | Mex
Low-Lovel Quput Voltage 28 - {005 ) —. 1005 |‘—. | 0Q05].V
Vo (Vn«0Vor V(m)'.° s.0 — 0.056 —_ 0.08 —..| 008
10 | ~ 1006 ) —:foos| —.fo008
\7 High-Level Output Voltage 2.8 275 -— 2,76 —_ 78 - V
on %’,‘h =0V or Vpp) 50 |46 | — |48 | — |05 | = | =
10 9.9% - 9.85 — 9.95 —
Vi Low-Lavel npt Yoitage . N I . V
v Vout=23Yx 0,6 V) 28 — | o84 ] — 0B | =1 084
(VM.‘.SVO‘O-SV) 8.0 -~ 1.3 — 15 —. 1.8
Vet =90V 1.0V) 10 — 1% | — |30 | — -} 30
v -Lavel Input Yoitage . . v
W (Voir=0.5Vor2.3v) 2.8 1.96 — 1.96 — 1.98 —
Vout=05Verddvy 50 s - 35 — 3s -
Vo= 1.0V or9.0V) 10 7.0 — 10 - 7.0 -~
High-Level Output Current i AR Y . o ma
'oH NM. 14 Y) 28 -0.73 0.7 — -85 -
Vot = 4.5 V) 60 |-0s8| — |05 | — [-041| —
(Voit=9.0Y) - 0 |13 | « |91} — |00 ] —
oL Low-Lavel Cutput Cumrent ;| mA
Vour »0.4 V) 28 1035 —~ | a3 024 | —
(Voyr= 0.5 v) 5.0 0.8 S— 0.6 e 0.4 —
{Voutv 1.0V 10 3 | — | 28 23 | -~
N laput Gurront — Data in 10 — | 203 — | 203 ]| — {20
A1-AS (SC41343), . 513 —_ o~ — 2140 — — A
1344 — - - - —
A-AS(SCP1344) <600
Cin_ | Meut Copacttanca (Vi = 0) T = | =4 =175 | — | - |
! Quioscent Cumront 28 — — — 80 —_ ~
o0 50 - -_ — 7% — - W
lag Dynamic S§pply Curent 8 —_ -— 00 - —
fg= ansn!m) 0| = | = | —leo| - | = |*
10 —-— —_ 1000 — -—

i

MOTORQLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS



MC145026¢MC145027°MC145028+ e
SC4134295C41343+5C41344 i

SWITCHING CHARACTERISTICS — MC145028, MC145027, MC145028, and $C41342¢ (G, = 500F, Ty, » 25°C)

¢ ', A Guaninteed Umit
Symbol -- B Charscterstic” Yoo Mln Uax Unke
TLH Output Transiton Tine s0 - | 20 s
P T ."HLA FEN N ""(FWQ."MG‘)' st medsascti e SR et te e mre s namire o b s et © 10 CEY 1 T Sabd SRR
Ce e 18 - 80
i Datx i Rize Tima (Dacoders) 5.0 - 1§ ys
(Figute 5) 10 - 15
15 — 16 »
] Dals in Fal) Tima (Decoders) S0 - 18 Ks
{Figurs $) 10 - - 30
A3 - 4.0
toee Encodor Clock Froquancy 5.0 0.001 20 MH2
(Figure 6) 10 0.001 80
. 15 0.001 10
{ Decoder Fraquency (Refacenced 1 Encoder Clock) 5.0 1.0 240 kHz
{Figure 14) 10 19 410
R 15 1.0 450
W TE Pulse Width (Encodors) 5.0 65 na
(Fywe7) 10 n |- .
15 20 -
*Also see next Swilching Charecledsstcs table lor 2.5 V specifications.
SWITCHING CHARACTERISTICS — SCA1342 (C) 2 §0 pF, T = 26C) - ‘
Guuu}u-ad Umit
Symbol ’ Chursetselstio Yoo Min Max Ualt
LR Cuput Translton Tima 2% —_ 450 ns
THL (Figuros 4 and 8)
loco Encoder Clock Frequancy 2.3 1.0- 250 k2
{Figuro 6)
tw TE Pulso Widn 2s —¢ - ns
(Figure 7) \
SWITCHING CHARACTERISTICS ~— SC41343 and SC41344 (C| » 60 pF, Tp = 25°C)
. . Guarsalead Umit
Symbol Charactarlstic Yoo Min Max Unlt
LN Quiput Transition Tlme 28 —_ 32 na
THL {Fiquras 4 und 8) C : 50 — 200
i 10 — 100
R’ Cau In Riea Time 28 - 15 2
(Figure §) 60 - 15
: .- . 10 —_ 15
i Da ln Fall Time 28 — 18 ps
(Figure S) 50 - 18
10 - 5.0
{ Cocoder Fraquency (Rateancod 10 Encodar Clock) 23 1.0 100 kM2
{Figure 14) 5.0 10 240
) 10 1.0 410

MQTOROLA CMOS APPUICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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OPERATING CHARACTERISTICS

m4m26 - el ‘.A..'. LT P I

Tha encoder sarially transmits lrinary data as defined by tha
atato of the A1 through AS and AG/D6 through AS/D9 input
pins. Thesa pins may ba in either of thirea states (low, high, ot
opan) allowing 19,683 poasible codes. The transmitsequence
is initiated by a low level on the TE input pin. Eachtime the TE
Input Is forced law, the encodar Sutputs two ieatical data
words. Betwaen the two data words, no signalis sentiorthree
data periods, ¥ the TE lnput is kapt low, the encodar cantlau-
ously ransmits tha data word. See Figure 10,

Upon powar-up the MC1456026 can continuously lransmit
dataas long as TE remains low. The device can transmit two-
ward sequences by pulsing TE low, Howaver, a0 application
should be designed 1o raly upon the flrst data word ransmixted
altar power-up, bacausae this lirst woid is Invalid data.

Each transmittad trinacy digt is encodad into pulsas (Ses
Figure 11). A logic zero (low) is ancoded as two consacutive
shonpulaes, alogicona (high) asiwocensacutive king pulses,
and an opan (high-impedance) as a long puise laliowed by a
shon pulse. The Input state s detarmined by using & weak
“oulput® davics (0 try to forea sach input ficat law, then high. If
only a high state (ssults from tha twa tests, the lnput i3 as-
eumad 10 ba hasdwired to Vpp. lf only alow stataisabtained,
theinputis assumedtobe hardwired to Vg, ffboth ahighand
alow can be forcad at an lnput, an openis assumod and is an-
coded as such, Tha *high® and “low” lovels ara 70% end 30%

MC145028

Thls docoder operatés In tha same manndr as the
MC145027 excepl that nine address lines are used and no
dataoutputis availabla. The VT output Is used 1o indlcatathat

, &valld address has bean tecalved. For ransmissian security,

of tha supply voltage asshowainthe Electrical Charactaristics -

-Yable. The weak "output® device sinks/sourcasup to 110 A at
a5V supply lavel, 500 A at 10V, and 1 mA at 15 V.

The TE input has an internal putiup devics 3o that a simple
swilch may be usedio forca the lnput low. Whits TE is high, the
ancodar is complately disabled, tha osdillatar Is Inhibitad, and
the current deain i reducad to quisscent curent. Whea YE is
teought tow, the ascillator Is starfed, add the transmit se-
quancabegins, Thainputs are thensequentially salected, and
detorminations ara mada 23 (o the input kgic states. This in-
formation is sarially ranamitted via the Data Qut pin,

MC145027 . .

This decoder recaives he serial data from the encoder and
outputs tha dals, if Ris valid. The Wansmitled data, consisiing
of two Kentical words, Is axamined bit by bit during reception,
The {irst five trinary digits ate assumediobatha addrasa. lthe
tacaived address matches the local address, next lour {data)
bits ara intarnally stored, but are nat transiecred to the cutput
data latch. Asthe second encaded word I8 recaivad, the ad-
dress must sgaln match. U @ match occurs, the new data bits
are checkad agalnat the praviously stared data big, if the two
nibblesof dare (faur bits each) match, tha datais transiarred 1o
tha output data latch by VT and ramains unlil new data ro-
placas &, Alihe sama lime, the VT autput pin Is braught high
and remaing high until an error s recaivad of untl no input sig-
nal is received for four data periods, Sae Figure 10.

Ahhaughthe addressintarmation mayba encaded intrinary,
the dala informatlon must be eithes & ana or a zero, Atrinary
(open) data lina is docoded as a koglc one.

-

two Wdentical transtéd wards must be consecutivdy e«
caived belore avaiid ransmisslon output (VT signalisissued,

The MC145028 allows 18,683 addrasses when trinary lov-
old are used, 512 addresaas are possile whaa binary lavels
are used,

PIN DESCRIPTIONS
MC145026 E:NCODER

A1l through AS, AG/D8 through A%/D9 (Ping 1 through 7,
g,and10) .-

Thesa addressidatalaputs are ancadad and the datais sent
sarially frem the encoder via tha datld out pin.

s, C1c, RTe (Plns 11, 12, und 13) .
Thase pins are part of the oscillator $octian aof the sncsdar.
Sea Figure 9,
¥ anenarnal signal source 8 usadinstead ot tha intarnat o3-
elfistar, itshould ba connected iathe Rg input and the Ay and
CY¢ pins should ba lsh open.

TE (Pln 14) : b
This active-low transmit anabie laput intiates ranamission
whan forced low. An intarnal pullup davice kaeps this input

notmatly high. The pullup current is spacifisd in the Eloctrical
Chasactarisics tabla.

‘Data Ot (Pin 15) AN

‘This Is tha output of tha encoder thay satially presanis the
ancoded data word,
Vs3(Pin8)

The mest-negativa supply patential. This pin is usually

.gnund.

Vpo (Pl 16) )
The most-peaitive power supply pin,

MC145027 AND MC145028 DECODERS

A1 through AS (PIns 1 through §) — MC145027
A1 through A9 (Pins’1 through 5, 15, 14, 13, and 12) —
MC145028

. Thesa ar¢ tha local address lnputs. Thae statas of thase pins
mustmatch the appropriate ancodar inputs fostha VT pinto go
high. The locul addrass may be encodad with innary of binary
deta -

DS through D9 {Pins 15, 14, 13, and 12) ~ MC145027
ONLY

Thesa outputs prasent tha blnary information that is an en-
codar nputs A6/06 through A9/09. Only binary data is ac
knowledged; a Ulnary open at the MC145028 ancoger is ca-
a:dc/d #3 a high leval {logic 1).

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIHCUITS
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-
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and
oulse or wide pulse hasbesnrecaived. The Umeconstant Ry x
C4 should Da 38t 10 1.7Z $NCOTR CRAR pnnase.

A1 C1 - 3.85 RTC CT¢C

Ra/C2 (P 10) o

As shown in Figures 2 and 3, this pin lccoptnmhmand

Copan 32 IS 5252 0 d2iatt Ih the and of n recolved

weand snddtha and f a transmission. The time contart R2xC2

| shoukd be 33.5 encoder cleck gcnods (tour deta periods por
Figure 11): R2 Cg = 77 RTc CTC- Thistime cantantis usedto

detorming sivathar tha dete In'nia hae mmained low for four’

data periods (end ol transm-mn) A separate on-chip
eamnnrator looks ot the voltage-equivalont two data periods
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Figure 1. Encodar Data Wevelorms
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.+ | DISASLE YT ON THE 1ST
z ADORESS MISMATCH
ANO GNCRE THEREST | .
OF THS WORD
;.
(3
4]
\
T OSABLEVT
Figure 13. MC145028 Flowchart
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.m Yoo Voo v
J. : _L—' 00
_ ) L ‘] il GrpFp ah
) : S w= . = 118 1
R ) A2 . . A ¢
. l..w_ ............... 11 SR VOV ¥ pysos 0 < -
TRINARY “ 8 A3 l * 4 g "\ ¢ (2 | b S
JOORESSES .
_ R ) KO : _ G [ 7] { Trewar
u w:ﬁm . Rt MC145027 & “Js. ADDRESSES
. ‘ §] ° ‘ 7 on M $
— 8] SCHM2 D : scuMy s ... ..
IRRR R . ir-% 'g__,'ctc_ ;‘h Eg; NS
.« BNARY 10 1 : 16 %N
.. DATA ) 08 j . . "‘-MN—J m De- -
' p 09 _L. * R2C
. LRI M o= ‘
. REPEAT OF *
ABQYE
f i REPEAT OF 1
e f '. ABOVE S
S ere’~Cre v Clayou + 1258 .
g ‘e . JOOPFSCYCSISPF | ~ "
a RTc210k; =-2Ryc =l
. -. 23ATccre’ Ry 210K Rs ,RT K ,.Ni‘., '
't * Gy 2400 pF d A
- R 14
R{C1 =386 RY¢CTG R22100k * _ ‘
ReC2 =77 RyeCre Caa70dpF - ® )
L
\
Example R/C Values
(Al Realsiors snd Capuciters are £5%) ;
(CYC’ = CTG » 20 pF) )
| loac(kHZ) | Ryc Cye’ As Ry Ct a2 2. .
32 10k 120 p7 20k 10k | 4709F | 100k | 910pF) -
181 10K 24008 20K 10k ot0pF | 100k | 1600 pF
8.7 10k .| d90pF | 20k 10x | 2000pF| 100k | 3900 pF
426 10k | 1020pF | 20% 10k | 3600pf| 100Kk | 7500pF
215 10k | 2020pF | 20k 0Kk | 8200pF] 100k | 0015pF
853 10k | §100pF | 20k 10k | 002pF] 200x | 0.02pF
.71 S0k | 510007 | 100k | SOk | 0.02uF| 200k 0.1 pF
Figure 15. Typlcal Application
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APPUCATIONS INFORMATION

{nfrstod Transmitter

- In Figurs 18, the MC 145028 ancoder Is set to run st anoscil
later frequency of about 4 kHz to 9 kHz, Thus, the time r-
quiredfor a complsta two-word encoding sequencs is about 20
m3 1o 40 me. The data output from the encoder gates an RC
oscillator running a1 S0 kHz: the ozcillator shown starts repldly
enough 10 be used in this apphication, When tha “sand™ button
is not depressed, both the MC145026 3nd oscitator mre in a
low-power standby state. The RC oscillator has to betrimmed
for SOkHz and has somae drawbacks for frequency, stablity, A
syperior system uses acaramic rosonator oscillator cunining af
400kHz. Thisoscillztorfeeds a divider as shown in Figure 17,

1he UNUBEG iNpuis Vi Ure 1S 1201 IUIR muat ha amindad,

The MLEDS1 IRED ig driven with the 50 kHz ¢quare wave at
about 200 mA {o 300 mA to genorate the camier, If desired, 2
IREDs wired In sorles can be used, (See Application Note
AN10186{or more Information.) The bipolar IRED swilch shown
in Figure 16 offers two advantages over a FET. First, 4 logic
FET has too much gate capacitance for the MC14011UB 1o
Arive wkhout wavsform distottion. Second, the bipolar drive
permits lowor supply vorages, wihich wrw ai sSvemieys 53 750
table battery-powered applications.

Theconfiguration shownin Figure 16 operates over asupply
range of 4.5 Vio 18 V. A low-voRage system which operates
down 10 2.5 V could be reaiized if the SC41342 (the low-vol-
sgeversionof the MC145026)is used in fleu of the MC145026,
The oscillator sectionof 3 MC74HC4060 s used In place ol the
MC14011UB. The Ustdoutput of the SC41342is inverted snd
{ad to the resat pin of the MC74HC4060, Altemataly, the
MC74HCU04 could ba used for the escillstor.

nformationontha MC14011UB is inbook number OL131/0.
The MC74HCU04 and MC74HC4060 are found In book num-

ber DL129/0.
infrared Rocelver 4

The teceiver in Figure 18 couples 3n IR-sensilive diods to
input preamp A1, {oflowsd by bandpass ampililer A2 with a
G O QOOWT 1V, Uinisiinny eraygs A3 1370wws, Whh an Autondt of

about 800 mVp-p. The Emiled 50 kH2 burst i datected by
compsrator A4 thet pastes only positive puises, 3nd

Sl

o W M T DL . * . I

pask-dstectad 3nd fikerad by a diodesRC network 1o extrect
the data envelope from the burst, Comparator AS boosts thy
signalto logic levels compatible with the MC145027/8 data In-
pul. The data In pin of these dacoders is a standard CMOS
high-impedanca Input which must NOT be afiowed to float,
Ih:;o!oro. diract coupling lrom AS to the dacoder input is wi.
‘z ',

Shialding should be uzed on 3t loast A1 and A2, whth good
ground and high-sensitivily circuit layowt techniques appiled,

For operation with supplies higher than +5 V, Kmper Ad's
positive output swing noeds to be limited o 3 Vio 5V, This is
accomplished via adding 2 zaner diode In the rogative
{eodback path, thus avoiding excessiva system noise. The
DIZEIG tw¥ivivn siann HeSUi B2 sdiumtad evnh sl VRIR 1,28 Y
1015V,

This system works up 10 a rangs of about 10 maters. The
guins of the system may be adjusted 1o suit the Individualda-
sign needs, The 100 Q rasistor in the emitler of the fkst

2N5088 and the 1 kA resistor leoding A2 may ba ahtered ¥
differant galnis required. la general, more ¢ain does nok nec-
F3300dy rasult in ianransad range. This is due to nalse fioor
limitations. The designer should incraase transmmer power
andlor increase recoiver mparature with fresnal lensing to
greatly improve range. See applications note AN1016 for ad-
ditlonal information. . .
Information on the MC34074 is in data book DL128.D.

Trinary Switch Manufacturars .

Midland Ross~Electroniec Connpector Div. §17/431.5400
Grayhill 31213541040
AugaVAlkoswitch 617/685-4371
Arigs Elecironics 201/396-6941

The above companies may not hava the switches in a DIP.
For more info, ¢all them or consult EEM or Gold Bock, Ask for
SPOT with center OFF

Altomalive: A SPST can be placed in series batwegn a
SPOT and the Encoder or Decoder to achieve Irinary action.

Motorola cannot recommand ene supplisr ovor:nothgr and
in O wWay SUGGOTLS AT INIS 5 & Wuipreiw nsing of Trinoe
switch manulacturers,

& B Sere - - - . Y
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Figure 16, IRED Transmitiar Using AC Oaclllator h,
10 Ganerata Carrler Frequency
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Figura 17, Using x Caramic Rasonator 1o Ganerste
Carrlar Fraquency

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS



APR @9 ’S3 ©3:47 MOTOROLA INT® BKK

MC145026¢MC145027+MC145028¢
SC4134205C413435C41344

N
—- *i ... 1mH—TOKO TYPEIPAOR 10PA
...L. OR EQUIVALENT
Itovr o~y
= Q.01 uF
2H5088 ‘____“____
0o pF g
— W X
22¢ w—p
Y MCMOTA
3
4% M:i'vF
"‘V l
4 3
N
W 7 ——
> 10K ' .-

) Y MC340T4
\
-. ‘
L ]
0k FOA APPROX. 4 ki v
wonrr  VGERORAPPROX Sk [ L 750k FORAPPROK Akt A
1 ~AAA = 00tpr iwamwrmc“
‘ ) I < 4Tx
= 9 - =
| o1 ) i o« | LS Ve21v
‘ wi— 1”0 %m
OATAN MCIASO2TA o Vie2sV
DAYA OUT
Voo Vss f UCIAS027 ONLY -13y
4 ¥ gFORMCISTT |
W = -§ FORMCIAS0ZE
. ADORESS
N SWITCHES

Figure 18, Infrared Racaiver



LM158/LM258/LM358/LM158A/LM258A/LM358A/LLM290

National
Semiconductor

Corporation

LM158/LM258/LM358, LM158A/LM258A/LM358A,
LM2904 Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies Is also possible and the low power sup-
ply current drain Is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM158 series can be directly operat-
od off of the standard +5 Vpg power supply voltage which
is used in dligital systems and will easily provide the required
interface electronics without requiring the additional +15
Vpc power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range Includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voitage.

m The unity gain cross frequency is temperature
compensated.

8 The input bias current is also temperature
compensated.

Advantages
m Eliminates need for dual supplies

& Two internally compensated op amps in a single
package

B Allows directly sensing near GND and Voyr also goes
to GND

® Compatible with all forms of logic

® Power drain suitable for battery operation

@ Pin-out same as LM1558/1.LM1458 dual operational
amplifier

Features
= Internally frequency compensated for unity gain
B Large dc voltage gain
® Wide bandwidth (unity gain)
(temperature compensated)
| Wide power supply range:
Single supply 3 Vpg to 32 Vpg
or dual supplies +1.5 Vpc to £16 Vpg
®m Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage (1 mW/op amp at
+5 Vpe)

100 dB
1 MHz

B Low input biasing current 45 nApg
(temperature compensated)

| Low input offset voltage 2 mVpg
and offset current 5 nApc

8 Input common-mode voltage range includes ground
w Differential input voltage range equal to the power sup-
ply voltage

® Large output voltage swing O0VpctoVt — 1.5 Vpe

Connection Diagrams (Top Views)

Metal Can Package
v

OUTPUT A ouTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

TL/H/7787 -1
Order Number LM158AH, LM158H, LM258AH,
LM258H, LM358AH or LM358H
See NS Package Number HOSC

i
OUTPUT A —]

2 1
INVERTING INPUT A — = QUTPUT 8

O ..
1

nonanverting 3]
INPUT A INVERTING INPUT B
4 5 y
GND NON-ANVERTING

INPUT B

TL/H/7787-2
Order Number LM158J, LM158AJ or LM358J
See NS Package Number JOBA .
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2904N
See NS Package Number NOSE

2-384




ebury aumBrodwe] |ind J8AQO
Wyw| 2t 20 T+ 20 L Lo L Lo A SPAL o VA sdwydOieUW 0o =Ty
Sy (A92 = +A ¥O6ZWY)
v 2 1 2 b 2 1 r4 l 4 t g : AGE = +A‘ce =Ty Jueuno Aiddng
(A9Z = +A'v062W1) ebuey ebeljoA
oa -l — . . o _— oy
A |G- +A 0 |S'l—+A 0 ISL—+A 0 |S'L—+A 0 |SL—+A 0 |St—=+A 0 (£ ©10N) ‘0CA 0E = +A | epow-uowwon) nduj
Oyu| o0s¥ SF 0S¥ &F 0EF €F 0EF  SF SLF¥ 2F oLF 2F A0 = WOA(=INi — (+)Ni [ ueung jespo indu
oy 2 (9 810N) ‘A0 = WOA
V! 0sg  Sv 0sz  S¥ 0sL  S¥ 0oL S¥ 08 ot 0$ 0 {(=)NIf 10 (+NI| | Juewins seig indul
Aaw| ¥ 2F LF 27 §F 2F eEF 2F EF ' LF 2F ¥ (g ®10N) | sbelyop1esyQ Induy
xely dAL uin] xew dAL uwi| xew dAL wiwn| xen dAl win| xew dAL uig| XBW dA) ulw
syun suonRIpuo)d Jajswesed
#06ZW1 8SEN1 8STW1/8SLAN V8SENT V8SZH1 vesSINT

pajEls asIMBYIO ssajun ‘052 = V1L 'OAA 0+ =

*S801ABp Junow soeuns Buuap|os JO SpoUlaL JaYlo 10}  AlijiqelaY
10npo.d U0 10943 Jisy L pue spoyiep Bununoy soeung,, 0S¥-NV 299

0.0cC
0.542

0.09¢

2.00¢€

0.09¢

0,061 + 01 D.59—

Oomm + Oﬂ OoO? -

062

-suonesl|oads pue AJjjIqejieAr JO} S10INGLISIA/30130 SIIES JOJINPUODIWAS [BUOKHEN 3U} 10BIUO0D ‘padinbai ae s

0.0¢2
0 15°] T4

0.09¢

0.00¢€

0.092

Ooom L+ 01 Onmw -
0.52L + 010,65~
Oomm + 0} OOMN.I
3.0 + 01 0.0

VB8SEWT/VBSZNT/VESLNT
8GEWT/8STNT/8SINT

(spuooss G 1) paseyuj
(spuooas Q) aseyd Jodep
abexoeq suipnQ lleWS
(spuooss g1) Buusplog
abeyoed aul-u|-jeng
uoneuuoju] buuspios
(spuodas o} ‘Buuep|os)
ainjesadwa ) pes
‘pauluLiaiep aq o3 bunes As3

dia (spuooas g1 ‘Buuspios)
ainjesadwe | pea

obuey sineisdwse | sbeinig
8GN
8SeN

8SEWT
sbuey sinjeiadwse) BunesedO

+A SO1ISIIB}ORIRYD [BOL09[T

(g 310N}

(C0A £'0— > NiA)wewung indy

052 = VL puedaAGL S 4 A

(2 @10N) (eiydwry auQ)
AND 01 IInosD-uoys IndinQ

abeyord aumnQ jlews
(HBSEWT/HESSN

/H8S W) ueD [e1ay

v 0§ vu 0s
snonupuo)D snonUuoD
MW 0gs Mu OES

Mut 0SS
Mu ogs MW Q€8

00 92 + 01 90A €0 —
20p 92
Oda gL F 20907 92

(NSSEWT) dIa Papion

(1 a10N) uonedissig Jomod

OdA ze+ 0190 g0

Odaze

0dA 9L F J00QA 2E

V8SEWT/VBSZWT/VEBSINT
8SENT/8STNT/8G LN

Y0621

abejjoA induy

abeyoA indu) fenuateniq

+ A ‘abejjop Aiddng

(6 ai10N)

201A9P Polj|oads acvdsosay /ARl JI

sBujey wnuwixew ajnjosqy

B




Odyu | 005 oOF 00S Ov 00E OF 00z oOF 00l O 00L OV (=INip s0 (+)NY aLn) seig ndu|
o0vd uug
0./°0y ot ot oL 00 Ol 002 O} 002 O 50 = Sy|  weuns esyo Ndu;
20wu [o0zF SvF ETE: 004 F N EYES ocF 0cF (=N — Ny L queng 18syo 1ndu)
o yLQ
Ou/A i L L e 2 st 2 st 2 U0 = Su|  eBeoA 1esHO dul
O0aw | OLF 6F LF S¥ ) ¥ vF (s e10N)| eBejoA 18SHO Induy)
OQyw | 08 o 09 ov 09 of 09 0 ot OIASGL = +A
v ov 09 oF 09 “(z ©10N) '0.52 = VL |Punosp 01 o) Loy
OOAGL = +A
‘00Aw 002 = OA ‘D52 = V1
OQyrl
1% 0s 2i 0s 2t 05 et 0s g2t 0s 2t 0s 2t 5p 0 = +NIA
VAA L = _NIA
Az = OA
Oayw 0z ot 0z ol 02 o1 oz ol 0z ot 0z O '0.52 = V1'O0AGL = +A
00A 0 = +NIA*DOA | = _Nip RIS
‘ 0.52 = Y1 00pa 2 = OpA
oa VAAGL = +A
vw or oz or 02 ov 02 oy 02 or 02 oy 02 DGp 0 = _NIp 601n0g
O0A L = 4 Nip weung Indino
(8 910N) ‘(Pouajey 3ndu)) Buydnop
& ozt= ozt= .\ o) C &)= f2~ 0.52 = V1L ‘ZHN0Z 0l ZHY | = 3| Joundwy-Ool-sendwy
052 = V1 '(F3A 9z )
ap 00L 05 00t S9 00l S9 00l 59 00l 59 00L  S9 OCA G = +A‘POGSNT) oney uogoeley
Dap0e 01 NS = +A'OA Aiddng Jemod
O0A G’ L— +AOYAD = WOA oney uonoafey
8p 0L 0s 0L 69 S8 oL g S9 S8 0 S8 0L 'oa 6PO-UOWIWOD)
©AALLO
AW/A 0oL S2 00L S2 00l 0% 00l S2 00L 0% 00L 0§ OaA L =Opso0d)‘tie Y urep
Oaa gL = +A| ebeyop reubis ebrey
xel dAL un| xely dAL un| xewy dAL upg|{xew dAL upn|xew dAl uin|[xew dAL uiy
U sSuoRipuocd Jajowieled
sHun 062N 8SEWT 8SZWT/8SINT VESEN Vv8sZW VeSIN

palels esmmiaLno ssafun ‘y 810N O0A 05+ = +A (PenunuoD) §J(1s1daloeIRY) |Bd1I103]3

NOTIAI™] /MOCCIMTI /YACZINTI /YACLIMTI/QCCIAITI /QC7IMTT /8C LIMT

A

P Y

2-386



LM158/LM258/LM358/LM158A/LM258A/LM358A/L.M2904

‘seouenbey) JeyBny 18 saseenur soueloEded JO odf) sup se pe1oolep eq usd Aireoidhy siy) “sued [BLISIXE 958U} UseMieq SOUBHOE!
W10 J0 seue 1N “(D.5Z 18) AL — + A St 8bues ebEloA
-00p gz 03 20A § WO 4 A 'YO6ZW1 104 "D.52 18 (O0A §'1— +A 01 207 0) 8bues apOW-UOWILIOD INCUL (N} BY} JOAO puB 00 og 01 O0A § WOl + A YWM U0 =

aimeiedwe) YESEW1/8SEW] W ‘D58 +

(0,52 18) O0A £°0— UBYL 483
ofse| e J0) punoi 0} J0) [@AB} abeyoa 4 A 8y 0y 06 ot sdwe do ay) §0 S8

-suoneoyoeds ARy 851N J0) X8S1S13Y 01 pue suonesyoeds Aeliw vBSLWT 40} XVE8S1S13 01 Jejey 6 SI0N
des Aens e Bugeubuo jou st Buitdnod 1ey sinsut ‘sjuauodwos rewsixe jo Ayuwixosd O) enq 8 SION
*+A Jo epnyubew 8y jJo 1uepuedepul (FO6ZWT 103 OTA 92 +) ebewep noym 20A g+ o 06 ued sIndul

OPOLI-UOWIWOD B4} JO Pud Jeddn ey, (0.2 1B) AS"0 UBY) 8i0u £q sageBau 06 0) pemojie 8q 10U PinoYs abeyoa feubis indu Jayue 4o obeloA spow-uowwod Indut 8yy 1L SION
“gouy 1ndur oL} UO SISIXe 8BUBYD GuIPBOj OU 0S N0 8y} JO BIvIS By} JC juspuedapul JUBISUCD Ajenuassa sj juawnd siy ebess indul dNd 8l O3 8np I 8ul jO 1IN0 SI wewnd ndul ey) JO uonoesp 8y} 9 ON
Sy '00A 'L = OA i§ 910N
‘3.58+ 5 YL S 0.0p— O} poywil ase suoneonoads yO6ZW1 oW PUB 0,02+ 5 YL S O.0 01 penwl aje suoneoyidads

s Vi s D52 01 psywy ese suopeoyoeds aimesadway (1B 'v8SSWT/85CW1 8Ul YIM VBSLIWT/8SLINT eul 10y D.S2h+ 5 Y] 5 0.56— Ol paliwy ase suoneayioads asayy iy SION
20,6 enjea B 0} swnjel urebe ‘aAqebeu SEM UdIuMm ‘9BRI0A Indu} 8Ul USUM YSIqRISS-81 [jiM S91E1S INCINO [BULIOU PUB BANRONASEP 10U §1 S, "aaedeu uaaup s| induy Ue 1By} UOHEIND BN BY) JO} (BAUPIBAD
SejioA INAINO 8L} 9SNED UBD UONOR JOISISUBS S L ‘diyo D1 OYY UO UONOE JOISISURS dNisBIRd NN [BISIB) OS[E SI 819U) ‘UONOE 3POIP SI) 0} uonippe u| ‘sdwe
epoip Induy se Bunoe Ageseyl pue paselq piemioy Bur008q SIOISISUBL dNd 1ndu 8y} j0 uoRdUN| 8SBG-101081109 8Ul O} enp st i ‘aAqEBaU UBALP S1 Speef Indul 8y} JO AUB 8 B6EII0A Bul UBUM ISIXD Ajuo (iim Juaund indu) Siyy g AON
‘5JeydWE |8 UC SLOUS SNOBUBINWIS woyy ynses ued uonedissip dAgonAsad ‘UOIIONIISOP [BNJLISAS BSNEd pue sBunes uoyedissip Jomod 8y} paaoxa ued SINOIX-UoYsS snonuiuod ‘00A 1 + 10 SS8oxe Ut 8fe1j0A AIddNS JO SONEA LY “ - A
10 epmuubew ey J0 Juepuedapul Yw OF Kiorewixosdde s) uaund INdING wnwixew sy ‘puncsB 0} SUSNID LoYS BUUBPISUOD UBUM "UOROTUISEP [BMNIUSAS puB Buneey BAISSEOXS @SNEBI UBD _ A O} INAING BY) WO SUNJD LOUS Z 10N
unouio pateiBelul oy Ul PSIRAISSIP ST YIUM Jamod BUl SoNpal O} 1O BlBIMEs O} soydwe syl molfe o) ‘a|gIssod

@IBUM ‘SIOISISOS [ELIBIXE esn—sieydwe yioq JO (810} 8yl S} UOREISSIP 8y L -anyesedwe) uonoun| WNLWIXBW O,0G1 + B UO PasEq paleJap oq UBD VBSIINT/ES LN PUB YBSZNT/8S2INT BU L aique JiE us & ul Bunessdo ‘preoq ndnd
pejuLd B Ut PAISPIOS BHABP BY1 10} sondde yomm M/D.02} 10 8oUEISISaL [euliay) B pue a.njeJadwa) uonoun| Whwew O,621 + B UO Paseq pejesep oq isnw ro6cl “YESEW1/8SEWT ous sesmesadwsy ubiy 18 Guyesedo 104 i 810N

. QAASL = +A
00yw g S . .
v 8 S 8 S ] 8 § 8 Sk Ok gy g = LNIADGA |+ = _Nip JuIS
O0yw 0z ot 0z Ol oz ot 0z Ol 0z ot 0z Ol O0ASL = +A
‘©00p 0 = —NIAQGA L+ = 4NIA 804n0g
20p 2 = OA waund INdinD
O0aw| 00 S 02 5 02 ] 02 ] 02 S 02 5 UNOL 2TH'OOAG = +A 04
(PGA 92 = +A ‘v0O6ZWT)
od vz €2 8z L2 82 lg g8z L2 82 L2 82 /2
A ¢ vioL 2
04 r14 92 .92 92 92 92 UNZ = WOOA0E+ = +A HOA
Buwmg abejjoa 1nding
vz ™™
AW/A Sl Sl T4 Sk se G2 (A LLaIO0A L = Op) uren
0apGL+ = +A| abeloA [eubig ebie
(OdA 92 = +A ‘Y0BZWT) abuey abejjoA
- - 2—+A 0 |2- z- -
oap 2— +A 0 [e—+A 0 + +A 0 +A 0 |2—+A 0 (£ 810N) '00A 0E = +A | ©@POW-uowwo indul
xew dAL win| xewy dAL uiN| XERW dkL umn| xew dAL um| xen dAL uin| xew dAL un
S3iu
wn ¥06ZA 1 8SENT SSTNI/8SLNT VestW V8SZN vestwi SUOHPLOD inpswitigd

pelEls esmiaylo ssejun ‘v 810N '00A 0'G + = +A (Penurued) §JfjSIda}oBIBYYD [BO1103(T

P G e B .




LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2°04

Typical Performance Characteristics

Input Voitage Range Input Current
18 ” ™71
3 P ] Vr =0 Vpe
$
hat Pw AL
[1 d
| 7 R o i I
§ NEGATIVE H 1 1
3 u V' = 415 Voc
i rosiTIvE 5 —
ros V4 g ——
- T2 V' =45 Ve
" / 2
10

L]
-5 =35 15 & 2% 45 €5 05 189 128
1, - TEMPERATURE (°C)

(] 1 1" 15
V4 RV~ POWER SUPPLY YOLTAGE ( £ Vac)

Open Loop Frequency
Voltage Gain Response
" l l l 140 s
LI~
] B 2 g N .
5 18 K 5 1 Ve S
v v R, r 280 Y AR
¢ - 2 N Vi =38V d |
= - P =88°C < T, < +125°C
e s \L
g P LW \
3 2 . _v‘-!nouv.,cn\
S5°CS T, SH125°C X
A o | CHEN |
[ ] " n n 49 10 10 180 1.0u 104 108k 1.0M 1OM
v* - SUPPLY VOLTAGE (Voc) 1 - FREQUENCY (Hx)
Volitage Follower Pulse Voltage Follower Pulse
Response Response (Small Signal)
] bl 00— P
58 3 22
- Vi=1§y 5
% g , > i t‘"
[~} B ol 1}
;’E ' \ 2w % T
- s i \ \*
‘) P 2 { INPUT
1 F { £ e
5 s 3 outeyt
gz ! -
TE ¢ w0 > Taeo2oC
* .
>l g N v 30 Voc
. " PL) EY) 7y o Vv 2 3 4 5 &8 11
t - TIME (s} 1 TIME s}
Output Characteristics Output Characteristics
Current Sourcing Current Sinking
[] vy v 10 a
. W V' 2 o8 Vpe 3 Ea
T H 3 v asvg 1]
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2 e 8 IR
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>e SH o -3 HEH i
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Typical Performance Characteristics (continued) (LM2902 only)

Input Current
100
f %
3 ¥ F
£ s A
t 25
E
] 18 » »
V¥~ SUPPLY VOLTAGE (Vpc)
Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpg.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large ditferential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than Vt+ without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cal PNP transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

-Voltage Gain

168 | [
s R 20
= 120 |
s v Ry 2.0kf) —
< wu
g
5 .
£

(] " ] »

V* - SUPPLY VOLYAGE (Vpc)
TL/H/TT87-5

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vpg to 30 Vpg.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal tusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors 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 typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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Typlcal Single-Supply Applications v+ = 5.0vp)

Non-Inverting DC Gain (0V Input = 0V Qutput)

W, W — — —
h——
1/2 LM158 +Vo
@
[
-l
(=]
R2 2
%V::: =9 R2
v GAIN= 1+ ﬁ—l
Rt *R not needed due to .
10k temperature Independent hy 181 {AS SHOWN)
- TLIH/TT07-6 0 Vi (V)
TL/H/TT8T-T
DC Summing Ampiifier
(Vin's 2 0 Vpc and Vg 2 0 Vpc) Power Amplifier
R1
810k
A A

Vo = 0 Vp¢ for Viy = 0 Vpg

\ Ay = 10
100k TL/H/7787-8 TUH ,.,-;87_,
Where: Vo = Vy + Vo + Vg + Vg4
(Vy + V2) 2 (V3 + V4) to keep Vg > 0 Vg¢
“BI-QUAD” RC Active Bandpass Filter
R1
100k
—T_. N
1
330 pF
1/2 LM158 l l
R2 || /5
100k 470k
Vin O—AAA— -
| 10M
L ' M 1/2 LM158
R3 c2
100k $ 310 |I)F + b
R6
470k
O Vo
1/2 LM158
Y]
100k

fo = 1kHz

Q = 50
Ay = 100 (40 dB)

RS
100k

lll—MN"Q

10.F

T

TL/H/7787~10

‘
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Fixed Current Sourcgs -

VO

+ +
w3y wh A2
ﬂ

ESiRT

R4
b 1mA
= . ( R1 ) |
2= | = |h
R2 TL/H/T787-11
LED Driver
@
20 mA
/
82 =
GZ NSL102
@

TL/H/7787-13

Driving TTL

[ oo

1/4 DMBAXX

TL/H/7787-16

Voitage Follower

L

1/2 LM3S8 Vo

Vo = Vin

+Viy O

TL/H/TT87-17

Typical Single-Supply Applications v+ = 5.0 Vpc) (Continued)

Lamp Driver

TU/HITT87-12
Current Monitor
R1*® W
0.1 —
V., O
R
R2
100 -
W (I
Vo Vo==x
A3 *(Increase R1 for I amali)

1k

Pulse Generator

A1
™

VL £Vt -2V

IN9I4

TL/H/7787-14

TUH/TT87~18

s mrrem e mm i 28 SA AT IWAN Y AT /OCCUIT JOCTINT /OC) W]
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Typical Single-Supply Applications v+ = 5.0vpg) (Continued)

Squarewave Osclllator Puise Generator
R{ Al
BN 0 INSI4

C _ A ﬂ ’
0.601,F M

A2
160k

v&
- TL/H/7787-18 —y TL/H/7787-19
Low Drift Peak Detector
o L
——
L 1/2 LM3s8 Vo
ls -
1/2 LM358 ﬂ + Zour
: Zl.
Vi O —
1uf

(POLYCARBONATE OR

Zin POLYETHYLENE) = zum’bl I

*Nig AT 108 nA 6.601.F
Is
-—
HIGH Zin
LOW Zoyr I R
zl. -y’ m
172 Lm3se
AUX AMP
-———
R fa INPUT CURRENT
M COMPENSATION
. = TL/H/7787-20
High Compliance Current Sink Comparator with Hysteresis

_A
VWV TUHITT8T-22

lo = 1 amp/volt Vi 1
(Increase Rg for lg small)

- TL/H/7787-21
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

Voltage Controlied Oscillator (VCO)

0.05.F

via Sik

O oUTPUT 1

NN

— ) QUTPUT 2

v

*WIDE CONTROL VOLTAGE RANGE: 0 Vpc < Vg s 2 (V* —1.5V pc)

AC Coupled Inverting Amplifier

Vin

R3
+ 100K

4]
10uf 7 l >

R
Ay = ﬁ-:- (As shown, Ay = 10)

Ground Referencing a Ditferential input Signal

A1
™
+ O Vo
Va
tVem

Vo = VR

TL/H/T787-23

TL/H/T787-24

TL/H/7787-25

HNAZWT/VSSEWT/VBSZINT/VESEINT/8SENT/8SCINT/8SIN
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Typical Single-Supply Applications v+ = 5.0 vpg) (Continued)

AC Coupled Non-inverting Amplifier

Rt R2
100k ™

Co 0 % Ivpp
\/

1/2 LM3Se (-] T
RL
10
‘ -—
Vin -
Ay=1+ 2—3

Ay = 11 (As Shown)

DC Coupled Low-Pass RC Actlve Fliter

c1
8.01uF

172 LM358 Vo
Vo i
l_
] 'o

R2
390K
1/2 LM358
1/2 LM358
AIQ
620k 2 +
1 .
0 R? R
10uF I\ 100k 100k
- = "

TL/H/7787-26

TL/H/7787-27

Vo

fo = 1kHz
Q=25

TL/H/7787-28




Typical Single-Supply Applications (v+ = 5.0 vp) (Continued)
High Input Z, DC Differential Amplifier

A2
100k
My
R4
100k
M
1/2 LM358 Vo
+
For N1 P4 (CMRR depends on this TL/H/7787-29
R2 R3 resistor ratio match)
R4
Vo=1 +’R—5(V2 Vi)
As Shown: Vg = 2 (V2 — V4)
Photo Voltaic-Cell Amplifier Bridge Current Amplifier
R +VRer
™

My

feeL l

{CELL HAS BV
ACROSS IT)

1/2 LM358 Vo

1/2 LM358

=

For§ <<t1andR;>>R
TL/H/7787~30 Ry

5\ R
Vo = VRer (5) ﬁ'

- TL/H/7787-33

High input Z Adjustable-Gain
DC Instrumentation Amplifier
R1
100k
A AS

GAIN ADJUST

TL/H/7787-31

itR1 = R5 & R3 = R4 = R6 = R7 (CMRR depends on match)

2R1
w | o —— -
Vo=1 A2 (V2 —Vy)

As shown Vg = 101 (V2 — V4)

Y062 T/VBSEW1/VSSZINT/V8SENT/8SENT/8SCINTT/8SENT

i



L1568 M258/LM358/LM158A/LM258A/LM358A /(2904

Typical Single-Supply Applications (v+ = 5.0vpc) (Continued)

Using Symmetrical Amplitiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

ane2e° A"
la
-

I R

ls - M
172 LM35E
f v/nal AUX AMP
1
2 z INPUT CURRENT
I COMPENSATION

Schematic Diagram &ach Ampiiier)

TL/H/7787 -32

BuA

Q2 a3
al

INPUTS

Qa4

(1] Q9

TL/H/7787-3

SIE——— e

2-396




CD4001M/CD4001C/CD4011M/CD4011C

National
Semiconductor

CD4001M/CD4001C Quadruple 2-Input NOR Gate

CD4011M/CD4011C Quadruple 2-Input NAND Gate

General Description Features

The CD4001M/CD4001C, CD4011M/CD4011C are mono- M Wide supply voltage range
lithic complementary MOS (CMOS) quadruple two-input ® Low power

NOR and NAND gate integrated circuits. N- and P-channel g High noise immunity
enhancement mode transistors provide a symmetrical cir-

cuit with output swings essentially equal to the supply volt-

age. This results in high noise immunity over a wide supply

voltage range. No DC power other than that caused by leak-

age current is consumed during static conditions. All inputs

are protected against static discharge and latching condi-

tions.

3.0V to 15V
10 nW (typ.)
0.45 Vpp (typ.)

Connection Diagrams :
. ) Dual-In-Line Package

TL/F/5938-1
Top View
CD4011M/CD4011C

Dual-in-LIne Package

]

Iz I: Ic Iu s l7
Ve

Top View
CD4001M/CD4001C

TL/F/5038-2

Order Number CD4001° or CD4011°*
*Please look into Section B, Appendix D for avaliabitity of vasious package types.
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Absolute Maximum Ratings (Note 1)

~ H Military/Aerospaco specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range ~65°Cto +150°C

Power Dissipation (Pp)

Dual-In-Line 700 mW
Volitage on any Pin Vss—0.3Vto Vpp+0.3V Small Outline 500 mW
Operating Temperature Range Operating Vpp Range Vss+3.0Vto Vgg+ 15V
CD4001M, CD4011M —565°Cto +125°C Lead Temp.(Soldering, 10 sec.) . 260°C
CD4001C, CD4011C —40°Cto +85°C
DC Electrical Characteristics coso1m, coso11m
Limits
Symbol Parameter Conditions —-§5°C +25°C + 125‘0‘ T Units
Min | Max | Min Typ | Max Min Max
I Quiescent Device | Vpp = 5.0V 0.05 0.001 | 0.05 30 | pA
Current Vpp = 10V 0.1 0.001 ] 0.1 6.0 | pA
Pp Quiescent Device Vop = 5.0V 0.25 0.005 | 0.2 16 | pW
Dissipation/Package | Vpp = 10V 1.0 001 ] 1.0 60 | uW
VoL Output Voltage low | Vpp=5.0V, V|=Vpp, lo=0A 0.05 0 0.05 0.05 \
Level Vpp =10V, V;=Vpp, lo=0A 0.05 0 |o0.05 005| V
VoH Output Voltage High | Vpp=25.0V, V|=Vsg, Io=0A 4.95 495 5.0 495 v
Level Yppo= 10V, V|=Vsgg, io=0A 9.95 9.95 10 9.95 \
VnL Noise Immunity Vpp=5.0V,Vp=3.6V, 1p=0A 1.5 1.5 2.25 1.4 v
(All Inputs) Vpp=10V,Vo=7.2V, lo=0A 3.0 3.0 45 2.9 Vv
VNH Noise Immunity Vpp=5.0V,Vg=0.95V,l1o=0A | 1.4 1.5 2.25 1.5 v
(All Inputs) Vpp=10V,Vp=2.8V, Ip=0A 29 3.0 4.5 3.0 ' v
loN | Output Drive Current | Vop=5.0V; Vo=0.4V, Vi=Vpp | 0.5 040 | 10 028 | | mA
N-Channel (4001) Vop= 10V, Vg=0.5V, V|=Vpp 1.1 0.9 25 0.65 mA
(Note 2) g
IpP Output Drive Current | Vpp=5.0V, Vo=2.5V, V|=Vgg | —0.62 -05 | —20 -035 | mA
P-Channel (4001) Vpp=10V,Vo=9.5V,V|=Vgs | —0.62 -05 | —1.0 : —0.35 mA
(Note 2) .
IpN Qutput Drive Current | Vpp=5.0V, Vo=0.4V, V|= VDﬁ 0.31 0.25 0.5 0.175 mA
N-Channel (4011) Vpp=10V,Vp=0.5V,V;=Vpp | 0.63 0.5 0.6 0.35. mA
(Note 2)
IpP Output Drive Current | Vpp=5.0V, Vo=2.5V, V{=Vgg | —0.31 -0.25| —-0.5 -0.175 mA
P-Channel (4011) Vob=10V,Vp=9.5V, V|=Vgg | —0.75 -06 | —1.2 —0.4 mA
(Note 2)
h Input Current 10 pA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operalin'g.'l'emperature Ranqa"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: IpN end IpP are tested one output at a time.
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CD4001M/CD4001C/CD4011M/CD4011C

DC Electrical Characteristics cosooic, cpso11c

Limits ) .
Symbol Parameter Conditions —-40°C +25°C +85°C Units
Min |[Max| Min | Typ [ Max| Min | Max
L Quiescent Device Vpp = 5.0V 0.5 0.005| 0.5 15 | pA
Current Vpp = 10V 5.0 0.005 | 5.0 30 [ pA
Pp Quiescent Device Vpp = 5.0V 25 0.025| 2.5 75 | .uW
Dissipation/Package | Vpp = 10V 50 0.05 | 50 300 | uW
VoL Output Voltage low | Vpp=5.0V, V;=Vpp, lo=0A 0.05 0 |0.05 005) V
Level Vpp=10V, Vi=Vpp, Io=0A 0.05 o [o005 005! Vv
Vou Output Voltage High | Vpp=5.0V, Vj=Vgsg, lo=0A 495 495 | 5.0 4.95 v
Level Vpp=10V, V|=Vgg, Io=0A 9.95 9.95 10 9.95 v
VNL Noise Immunity Vpp=5.0V, Vg=3.8V, lo=0A 1.5 15 | 2.25 1.4 v
. | (Altinputs) Vpp=10V, Vo=7.2V, Ig=0A 3.0 3.0 45 29 v
VNH Noise Immunity Vop=5.0V,Vo=0.85V,lo=0A | 1.4 15 | 2.25 15 v
. (Al Inputs) Vpp=10V,Vo=2.9V,io=0A 29 3.0 45 3.0 v
IpN ‘| Output Drive Current | Vpp=5.0V, Vo=0.4V,V}=Vpp | 0.35 ) 0.3 1.0 0.24 mA
N-Channel (4001) Vpp=10V,Vo=0.5V,V;=Vpp | 0.72 0.6 25 0.48 mA
(Note 2) .
IpP Output Drive Current | Vpp=5.0V, Vo=2.5V, V|=Vggs | —0.35 -03 | —20 —0.24 mA
P-Channel (4001) Vpp=10V,Vo=9.5V,V|=Vgg | —0.3 -0.25| —1.0 -0.2 mA
(Note 2) ;
IpN Output Drive Current | Vpp=5.0V, Vo=0.4V, Vi=Vpp | 0.145 0.12 | 0.5 0.095 mA
N-Channel (4011) Vpp=10V, Vo=0.5V, Vi=Vpp 0.3 025 | 06 0.2 mA
(Note 2) = . ,
IpP Output Drive Current | Vpp=5.0V, Vo= 2.5V, V|=Vgg | —0.145 —-0.12| —0.5 ~0.095 mA
P-Channel (4011) Vpp=10V,Vo=9.5V,V|=Vgg | —0.35 -03 | —-1.2 —0.24 mA
{Note 2)
] Input Current 10 pA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actuat device

oporation.
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AC Electrical Characteristics® 1, = 25°c, ¢, = 15 pF, andinput rise and fall times = 20ns.,

Typical temperature coefficient for all values of Vpp = 0.3%/°C

Symbol I Parameter l Conditions I Min I Typ I vMa.)( ) l Unlt;
CD4001M ’
tonL Propagation Delay Time High to Low Leve! Vpp = 5.0V 35 i r50 ) ns
Vpp = 10V 25 - 40 ns
teLH Propagation Delay Time Low to High Level Vop = 5.0V 35 . '6T5 1 ns
Vpp = 10V 25 |--40 ns
trHL Transition Time High to Low Level Vpp = 5.0V 65 12§ ns
Vpp = 10V 35 70 ns
triH Transition Time Low to High Level Vpp = 5.0V 65 ., 175 s N8
Vpp = 10V 35 75 ns
Cn . Input Capacitance 15555 Any Input 5.0 ) ' pF
CD4001C ' L
i | Propagation Delay Time HightoLowLevel | Vpp = 5.0V 8 | @ .| ns
Vop = 10V 25 55 ns
tPLH Propagation Delay Time Low to High Level Vpp = 5.0V 35 120 ns
Vpp = 10V 25 65 < ng
tTHL Transition Time High to Low Leve! Vpp = 5.0V 65 200 Y ng
Vpp = 10V 35 115 ns
truw Transition Time Low to High Level Voo = 5.0V 65 30 | ns
Vpp = 10V 35 125 ' ng
Cin Input Capacitance Any Input 5.0 pF
CD4011M )
teHL Propagation Delay Time High to Low Level Vpp = 5.0V 50 75 ns
Vpp = 10V 25 40 ns
pLH Propagation Delay Time Low to High Level Vpp = 5.0V 50 75 ns
Vpp = 10V 25 40 ng
tTHL Transition Time High to Low Level Vpp = 5.0V 75 125 ns
Vpp = 10V 50 75 ns
trLH Transition Time Low to High Level Vpp = 5.0V 75 100 ns
Vpp = 10V 40 60 ns
Cin Input Capacitance Any Input 5.0 pF
CD4011C
tPHL Propagation Delay Time High to Low Level Vpp = 5.0V 50 100 ns
Vpp = 10V 25 50 ns
tPLH Propagation Delay Time Low to High Level Vop = 5.0V 50 100 ns
_ Vpp = 10V 25 50 ns
tTHL Transition Time High to Low Level Vop = 5.0V 75 150 ns
Vop = 10V 50 100 ns
iTLH Transition Time Low to High Level Vpp = 5.0V 75 125 ns
Vpp = 10V 40 75 ns
Cin Input Capacitance Any Input 50 . pF

*AC Parameters are guaranteed by DC correlated testing.
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CD4069UBM/CD4069UBC

National
Semiconductor

CD4069UBM/CD4069UBC Inverter Circuits

General Description

The CD4069UB consists of six inverter circuits and is manu- Al inputs are protected from damage due to static dis-
factured using complementary MOS (CMOS) to achieve charge by diode clamps to Vpp and Vsgs.

wide power supply operating range, low power consump- .

tion, high nolsé immunity, and symmetric controlied rise and ~ Features

fall times. ® Wide supply voltage range 3.0V to 15V
This device is intended for all general purpose inverter appll- @ High noise immunity 0.45 Vpp typ.
cations where the special characteristics of the MM74C901, m Low power TTL Fan out of 2 driving 74L
MM74C803; MM74C907, and CD4049A Hex Inverter/Buff- compatibility or 1 driving 74LS

ers are not required. In those applications requiring larger lent to MM54C04/MM74C04
noise immunity the MM74C14 or MM74C914 Hex Schmitt Cauivelent to MMS4CO

Trigger Is suggested.

Schematic and Connection Diagram
. ~1 Dual-In-Line Package

Voo ]
m 13 Ji2 11 10 ¢ 8

—-|' ]
o 2% ol e
W= Doy o

\[ 1 2 3 4 5 .7
Vag
TL/F/5075-1 .
TU/F/8076-2
Order Number CD4069UB*

*Please look Into Section 8, Appendix D
for availability of various package types.

AC Test Circuits and Switching Time Waveforms

Vin Vour

1

Cp =50 pF

TUF/5975-3 t,x4,=20ns
TL/F/5076-4

i
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Absolute Maximum Ratings (otes 14 2) Recommended Operating

It Military/Aerospace specified devices are required, Conditions (Note 2)
contact the Natlonal Semiconductor Sales Office/ DC Supply Voltage (V.
Distributors for avallabllity and specifications. upply Voltags (Vpp) 3Vio 15Vng
DC Supply Voltage (Vpp) ~0.5Vto +18 Vpg Input Voltage (Vin) 0V'to Voo Voc
Input Voltage (Vi) —0.5Vto Vpp +0.5 Vpg O‘g’lgfg;%ljg'ape'a“"e Range (Ta) 55°C 1o +125°C
Storage Temperature Range (Tg) —65°Cto +150°C CD4069UBC —40°C o +85°C
Power Dissipation (Pp)
Dual-In-Line 700 mw
Small Outline 500 mW
Lead Temperature (T|)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics cpaosousm (Note 2)
Symbol Parameter Conditions =49.C t25¢C T125°C | ynits
Min Max Min Typ Max Min | Max
lop Quiescent Device Current | Vpp = 5V, 0.25 0.25 75 | uA
Vin = Vpp or Vss
Vpp = 10V, 0.5 0.5 15 HA
ViN = Vpp or Vgs
Vpp = 15V, 1.0 1.0 30 pA
VIN = Vpp or Vgg
VoL Low Level Output Voltage | |ig] < 1 uA
Vpp = 5V 0.05 0 0.05 005 Vv
Vpp = 10V 0.05 0 0.05 0.05| Vv
Vop = 15V 0.05 0 0.05 0.05 v
Vo High Level Output Voltage | |ig| < 1 pA
Vop = 5V 4.95 4.95 5 4.95 \)
Vop = 10V 9.95 9.95 10 9.95 v
Vop = 15V 14.95 14.95 15 14.95 Vv
ViL Low Level Input Voltage | |lg| < 1 pA
Vpp = 5V, Vp = 4.5V 1.0 1.0 10| Vv
Vpp = 10V, Vg = 9V 2.0 20 20 v
Vpp = 15V, Vg = 13.5V 3.0 3.0 30| V
ViH High Level Input Voltage | [ig| < 1 pA
Vpp = 5V, Vo = 0.5V 4.0 4.0 4.0 Y
Vpp = 10V, Vg = 1V 8.0 8.0 8.0 v
Vop = 15V, Vo = 1.5V | 120 12.0 12.0 v
loL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.64 0.51 0.88 0.36 mA
(Note 3) Vpp = 10V,Vp = 0.5V | 1.6 1.3 2.25 0.9 mA
Vpp = 15V,Vo = 1.5V | 42 3.4 8.8 2.4 mA
loH High Level Output Current | Vpp = 5V, Vg = 4.6V —0.64 —-0.51( -0.88 —0.36 mA
(Note 3) Vop = 10V,Vo = 9.5V | —16 -13 | —225 -0.9 mA
Vpp = 15V,Vo = 135V | —4.2 -34| -88 -24 mA
™ Input Current Vpp = 15V, Vi = OV -0.10 -10-5| -0.10 —-1.0| pA
Vobp = 15V, V|y = 15V 0.10 10-5 | 0.10 1.0 RA

Note 1: “Absolute Maximum Ratings” are those values beyond which the salety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Recommended Operating Condilions” and *'Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Vgg = OV unless otherwise specified.
Note 3: ioy and iy are tested one output at a time.
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CD4069UBM/CD4069UBC

DC Electrical Characteristics cpossusc (Note 2)

Symbol Parameter Conditions —40C +25°C +85°C Units
Min { Max | Min Typ Max | Min | Max
Ipp Quiescent Device Current | Vpp = &V, 1.0 1.0 75 | pA
Vin = Vpp or Vgs .
Vpp = 10V, 20 2.0 15 | pA
Vin = Vpp or Vss
Vpp = 15V, 4.0 4.0 30 | pA
ViN = Vpp or Vsg
VoL Low Level Output Voltage | |lo| < 1 pA
Vpp = 5V 0.05 0 0.05 005 V
Vpp = 10V 0.05 0 0.05 005 | V
Vpp = 15V 0.05 0 0.05 005| V
Vou High Level Output Voltage | llo] < 1 pA
Vop = 5V 4.95 4.95 4.95 v
Vpp = 10V 9.95 9.95 9.95 v
) Vpp = 15V 14.95 14.95 14.95 v
ViL Low Level Input Voltage | |lp| < 1 pA
Vpp = 5V, Vg = 4.5V 1.0 1.0 10| v
Vpp = 10V, Vg = 9V 20 20 20| v
Vop = 15V, Vg = 13,5V 3.0 3.0 3.0 v
ViH High Level Input Voltage | |ig| < 1 pA .
Vpp = 5V, Vo = 0.5V 4.0 40 40 v
Vop = 10V, Vg = 1V 8.0 8.0 8.0 \
Voo = 15V,Vo = 1.5V | 120 12.0 12.0 \'
oL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
{Note 3) Vpp = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 36 3.0 8.8 24 mA
lon High Level Output Current | Vpp = 5V, Vo = 4.6V -0.52 —0.44, —0.88 -0.36 mA
(Note 3) Vpp = 10V, Vg = 9.5V ~-1.3 11| —-225 —-0.9 mA
Vpp = 15V,Vpo = 13.5V| ~36 -30| -88 -24 mA
N Input Current Vobp = 15V, V| = OV -0.30 -10-5( ~0.30 —-1.0| pA
Vpp = 15V, V|y = 15V 0.30 10—5 | 0.30 10 | pA
AC Electrical Characteristics*
Ta = 25°C, G = 50 pF, R = 200 k{2, t, and t; < 20 ns, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
tpHL OF tpLH Propagation Delay Time from Vpp = 5V 50 90 ns
Input to Output Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns
tTHL Of tTLH Transition Time Vop = 5V 80 150 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
Cin Average Input Capacitance Any Gate 6 15 pF
CeD Power Dissipation Capacitance Any Gate (Note 4) 12 pF,

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “'Absolute Maximum Ratings” are those values beyond which the satety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “‘Recommended Operating Conditions" and “Electrical Characteristics” provides conditions for actual device

operation.
Note 2: Vgg = OV unless otherwise specified.
Note 3: oy and Igy_ are tested one output at a time.

Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application

note—AN-90.
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Typical Performance Characteristics

Power Dissipation vs

11

19

Voutr V)

&0

Gate Transfer Characteristics

| ISR

———Tp = H25°C
TA=-8§5°C

NN

Voo = 16V

\-Vnn-iv 4

PROPAGATION DELAY (as)

Vin (¥

TL/F/5975~5
Propagation Delay vs
Amblent Temperature

POWER DISSWPATION PER GATE (W)

:

11

1

w

bl I I
Vpp =18V
L]

- 8EE AC TEST CIRCUIT

LS
| _CL ~50pF

4 ct.

18 pf
l/

| o]

~68-26 0 25 S0 75 160 125
AMBIENT TEMPERATURE (°C)

Frequency
=
Ta=3C =H =
rewen ton
STHER BEVICES 18 SiVEN
OY P = Iy + CpgltvppP
H CLeWyf
1 Voo =W
3’:; 1Y)
Vapo WOV
=oid E
CLowpf
Yop WV
CL =00 pf =—}¢4
Vgg oV
4l
| 4 I |
10 1w el w
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TL/F/5975-6
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=
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<
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TL/F/5975-8

Propagation Delay vs
Amblent Temperature
160
T T
—Vpp =V ]
E 80 [ SEE ACTEST CIRCUT
z -
-
& g CL =88 pF - 1
= | J/r
e
< 40 €1 =16 pF
s L P ’__’iﬂ
3 —”
S a
]
~60 -26 8 25 68 75 160 125
AMSIENT TEMPERATURE (*C)
TLIF/5075-7
Propagation Delay Time
vs Load Capacitance
A T
~TVpp =V SEE AC TEST —
CIRCHTY ]
RN
/ Vpp = §¥
y ]
i
1 Voo =1ev
b
=B Vpp = 15V
1 [
LIfT
20 4] 180 150

€|~ LOAD CAPACITANCE (pF)
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