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ABSTRACT

This project proposes a study of FSK modem design. It also presents an implementation

including with performance test.
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v 1. s Y o 1 Yo ° @& o o ' ' <
AWIPUNU AUUVDNMHUUAYDN FCC lﬂuﬂ']iﬂTHNﬂiSﬂUﬂTﬁQQTNiUUTNﬂ'J']lIﬂfI\iﬂ'J']‘b"J\i 300 949 330 Hz
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I’JGNF]']S‘N‘U'NE‘NH

Frequency 3.995 10 4.000 © 10.00 to 25.00 w0 Above
(KHz) 4.005 10.00 25.00 40.00 50 {
Maximum Power level [dBm) -18 -16 -24 . =36 -50

AT ‘Nﬁ 2.1 FCC Phone Line Pestrictions
2.3 NATGIU RS-232-C
Humwsgnufldfunshanafigagnusenalull 1969 Tao Electronic Industries Association
EIA) A muamsifeudegunseisudadoyalatoms (Data Terminal Equipment : DTE) fugunsel
’é"r)’c‘f‘li i’aqa (Data Communication Equipment : DCE) Tﬂtnél RS 8911910 Recommened Standard LAz
232 fhumnoianivuenveunasg i ¢ dumnoavwesniiutegavemnas g

o (Y a d a a )
dwivdld luTnsaoufiuaes DTE Avmnedeialulnsaeufiuaesias DCE Avunoia Tudy

RS232C
Intarfzce .
.
—
DTE ] oCt DCE DTE
' ! !
Micro Micro
Meccam Modem .
compurter ' compuiar

51 227 uadans 1§ Rs-232-C WenrougUnyel

Foyganldimualy RS-232-C
Protective Ground ( PG 9 1 )
wuetafvsanieansemeau

&

Transmit Data (TD ¥1¥12)
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1. Request To Send ( RTS)
2. Clear To Send ( CTS)
3. Data Set Ready ( DSR)
4, Data Terminal Ready ( DTR )
ﬁ"muﬂﬁvarj‘luam'zz “oN"
Receive Data (RD ‘11‘1‘7; 3)

v
o Y -] =

o o Y v o & tet o a
Humavesdygrendr 1Ude DTE die lufidyanasudmn nflezlivouammeasindu

U v
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1” wSeaanz “ OFF
Request To Send ( RTS ‘11‘1‘7; 4)

970 DTE 1164 DCE

amiz ON Ao tanuld DCE ﬂtﬂu Transmitting Mode aeld

aonmz OFF fie 1aul DCE oglu Receiving Mode Ag'lyl
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Wounaz iy n Clear To Send (CTS) ndumuiumsuenindald

mstBouon oN 1 oFF iflumsuenlsd DCE dedoyarimdesdoms Inuaudandu leg
u Receiving mode wionfuld CTs ndJ'LI 0
Clear To Send ( CTS ‘U‘l"?'l 5)

110 DCE 1 DTE @n1g ON wugawideyain DTE 41 2 szgadeas U lugeams
Foms ( TududadoyasenmoTnsdwii ) #ufi CTS 12 ON n&wWn DSR way RTS syluanie
ON uazmsionvenesdonts (yuameTnsdwd) 1faud
Data Set Ready ( DTS mﬁ 6)

911 DCE 1 DTE o anwndeuvealudmiums szilu oN (wiow) el
1. DCE (Tufn ) Wandesey uazegluamaz off-hook (iousnyInsdws )
2. DCE Llu'aq"lu test mode
3. DCE Wmsaedyana ldfimanaionda

DSR ofluannz oN WumsuenDTE 11 Twdndedhdume TnsdwiSoudeouduas
wioufiazda

DSR ofluan1iz OFF wuwield DTE A379 Ring Indicator
Signal Groud (SG ¥ 7)

Ao S IWVBITYYIUNNAT
Carrier Detect ( CD "U‘lﬁS)
91n DCE 1 DTE

a

aniy ON wwwdsh DCE Judygrammelugeansdomsiseriinisé lugaald

v o
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Data Terminal Ready ( DTR ¥41120)

1 DTE 1 DCE

A2 ON Wwwfell DCE inssuiieifouaniudou tasspungeanianne 13ae 1y

d‘ o 9 & ot 9 & A wa 9 ar

( M5150Y Channel MidMatomn A wyuiSundlelioniednIula ) 61 DCE awisonsusy
Fuynauson-( cal) 18 AlMaouTY ( answering ) iWelidyy a5 Ring Indicator tag DTR ON 8y

annz OFF fin MWy uagile OFF ud21iAsd ON 8n9undi DSR 9% OFF
Ring Indicator (RI 47 22)
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SaTulid ( Auto-answer ) dayaeilez ON ieldyaanszAudn uazey OFF sevnufoidives
nTEAN
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MC14412

UNIVERSAL LOW SPEED MODEM (0600 bps)

The MC14412.contains a complete FSK (Frequency-Shift Keying)
modutator and demodulator compatible with both foreign (C.C.1.T.T.
standards) and U.S.A. low speed {0 to 600 (bps} communication net-
works.
® On-Chip Crystal Oscillator with External Crystal
® Echo Suppressor Disable Tone Generator
® Originate and Answer Modes
® Simpiex, Half-Duplex, and Fuil-Duplex Operation
® On-Chip Sine Wave Generator
® Modem Self Test Mode
@ Single Supply:

Vpp =4.75 to 15 Vdc MC14412FP, MC14412 FL
> Vpp=4.75 to 6.0 Vdc MC14412VP, MC14412VL
® Selectable Data Rates: 0-300, 0-600 bps

® TTL or CMOS Compatible Inputs and Qutputs

® Post Detection Filter %

ife)
4

CMOS LSl

(LOWPOWER COMPLEMENTARY MOS!

UNIVERSAL LOW SPEED

{0-600 bps)
MODEM

D
\

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

' OROERING INFORMATION
MC144XX Suffix  Denoles
E L Caramic Packsga
P Plashc Package
F 43510 15 Vde
V 47510 6.0 Vdc

Oscour 3 3 i»('ib)[\ Tocy. | 250 kHz
Oscin 4 i %

Voo b
[ 7 Stege
Transmit Frequency
Enoble 120 »__Counter
Trarsmit o -
Data l ; i
Modulator
Mode 10 0O— iF'equech
Tyoe 140 I r» Decodar
Echo 130~

TTL Pult Up 150

Disable

o | Sine Wave Transmit Carrier -+
—»-09
Genaralor {FSK Qutput)

- 1
Voo<t”4 } l : I l °
Level
; Data Rate Demoduistor
R Rate-
eceive Daa Rate- 6 Generaror Countar Change
Detector
Voo ‘t: r, 7 4
o L , ¥
Rewer § Buftared Post- - Demodut
Rocaiva Data 7O~ Output | Detection "[’)“° ator
Register Fittee __|* ecoder
VoD . ter___J
S 4 T ! Vpp=Pin 16
I VggwPin g
Self Test 20

- s e e e et e momed b

Recejve
Carrier




ELECTRICAL CHARACTERISTICS

Vop** -40°C +25°C +85°C |
Characteristic Symbol Vde i Max i o T i VP Unit
Output Voitage Pin 7 Only 60 - 005 - 1} [ X0 - 0.05
<0 Levet | VoL 10 - 0.08 - 0 0.05 - 0.05 v
Vin=Vpp or 0 15 - 0.05 - 0 0.05 - 0.08
1" Level 5.0 4.9 - 4.95 5.0 - 4.9 -
Vin=0o0r VOp VOH 10 9.9 - 9.95 10 - 9.95 - v
‘15 14.95 - 14.95 15 - - 1496 -
Input Voltage® .
“0” Lavel -
(Vo=46010.5V) Vie 5.0 - 1.5 - 225 1.5 - 1.5° v
(Vo=800r10V} 10 - 3.0 - 450 3.0 - 3.0
(Vo=13501 1.5V 15 - 40 - 6.75 4.0 - 40
“¥* Lavel
Pin 16 St 15| vpp~0.75 - vpo-08 {Vpp-2 - vpop-0.85 -
(Vo=050r45V) 5.0 35 - 3s. 2,75 - 35 -
(Vo=100r2.0V} VIH 10 70 - 70 6.50 - 70 - v
Vvo=150r135V) 15 10 - 1.0 8.25 ~ "o -

Output Drive Current
Pin 7 Only
(VoH=2.5) I5H [} -062 - -05 -15 - -0.3% - mA
(Vop=9.5 10 ~0.62 - -0.5 -1.0 - -035 -

(VoH = 13.5 15 -18 - -15 -3.6 - -1 1 -
tvoL=04 475 23 - 20 40 - 16 -
VoL =0 5) oL 10 5.3 - 45 0 - 3.8 - mA
tVop =1 5) 15 15 - 13 35 - 10 -

Iny

f;;:ﬂc“‘;f:',‘oo | ha - - - - £0.00001f 0.1 - - aA
input Puli-Up Resistor

Souice Curtent

(Pin 15=Vgg,

V=2 4 Vdc) Ip 5 285 - 250 460 - 205 - pA

Ping 1,2,5,6, 10, 11

12,13, 14

Input Capacitance Cin - - - - 50 - - - of

Totat Supply Cutrent 5 - 45 - 1. 40 - 5
tPin 16=Vpp) I 10 ] - 1] - 4l 12 - n mA

15 - 27 - 8.0 25 - n

Modulator/ Demoduiator o
m‘;‘;" ACC | 58] - - - 05 - - - *

! {Excluding Crystalt

Transmit Carner Output v ) - - -2 -2 - - - o8

" 2nd Harmonic H 5 - - -3 -32 - - -

Transmit Carner Qutput 5 - - 02 0.30 - - -
Voliage (R = 100 kD) | Vouy 10 - - 05 085 - - - |vaums
{Pin 9} 15 - . 10 15 - - -

Maxumum Receive 5 - 15 - - 15 - 15
Carniet Rise and Fall [PARY] 10 - 5.0 - - 50 - 5.0 A3

L Times tPin 1) 15 - 40 - - 40 - 40

m::“(:)vsculalot e 5 _ _ 12 5 - - - MHz

Minumum Clock Pulse :
widin b 5 - - N » = " " "

*DC Nawsa Immunity (V|, Vir) 1s dehined as tha maximum voliage change lrom an deal 0 or 1" input level, thal e cucuil wall withstand
beiora accepung an erfOneous iNpuL. .
**Noie: Only 5-Voli speciticavons apply {0 MC14412VP devicus.



MAXIMUM RATINGS (Voltages referanced to Vgs, Pin 8

PIN ASSIGNMENT

This device contains circuitry to protect the

sting Symbol Value Unit inputs against damage due to thh .smic
oc Sllmdv Volt = " voltages of electric fields: however, it is ad-
ages . . &
MC14212FP_ FL « Voo -0510 15 v “se.d lhat:no_m\a' precautions b: 18 enh |:
> * 6.0 . avoid appfication of eny voltage higher tha:

MC1ed1ZVvP. VL =056 maximum rsted voltages to this high im-

noUt Vpp#051t0 v pedance circuit. For proper operation it is

Input Voltages, AN Inputs Vin Vg5 ~-05 recommended that Vi and Vouy be con-

DC Curnrent Drain per Pin fexcept Pin 8, 7} 1 L) mA strained to the range Vgs<(Vin or
i Vout! = VDOD-

DC Current Drain (Pin 8, 7) ] 3» ".‘A 70 % VOO. 18 must swava be tied 10 an

Operating Temperature Range TA -40 10 +85 C appropriate logic voltage loval le.g., either
Storsge Temperatura Range Tstg' ~-6510 + 150 °C Vss of Vpp!-

i

DEVICE OPERATION

GENERAL

Figure 1 shows the modem in 8 system application. The
data to be transmitted is presented in serial format to the
modulator for conversion to FSK signals for transmission
over the telephone network. The modulator output is buf-
fered/amplitied belore driving the 600 ohm telephonia line.

The FSK signal from the remote modem is received via the
telephone fine and filtered to remove extraneous signals such
as the local Transmit Carrier. This filtering can be either a
bandpass which passes only the desired band of frequencres
or a notch which rejects the known interfering signal. The
desired signal is then limited to preserve the axis crossings
and fed to the demodulator where the data is recovered from
the received FSK carrier.

INPUT/OUTPUT FUNCTIONS
Figure 2 shows the 1/0 interface for the MC14412 low-

speed modem. The following is a description of each in-
dividual signal. *

TYPE {Pin 14)

The Type input selacts sither the U.S, or C.C.1.T.T. opera-
tional frequencies for both transmitting and receiving data.
When the Type input="1", the U.S. standard is selected
and when the Type input="0", the C.C.I.T.T. standard is
selected.

TRANSMIT DATA (Tx Data, Pin 11}

Transmit Data is the binary information input. Data
entered for transmission is moduiated using FSK techniques.
When opersting in the U.S. standard (Type=""1") 3 logic
“1” input level represents a3 Mark or when operating in the
CCITT standard (Type="0"1 a logic "1 input level
represents 3 Mark.



FIGURE 1 — TYPICAL LOW-SPEED MODEM APPLICATION

Transrut Data ¥ »
Pacaltel Format _ . Data Flow
r 1 -~
Tx .
Termunal Tx Data | Modulstos I oy T
Transmutier HI lB Car v 7 Nework
| MC14412 | £SK
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Terunal Rx Daw I bR a':;p“s
< Demodulator s
Recaiver 7] I Vv Car and Limiter®
U |
Recsive Data .
Pacaltel Formal
Since the mwdulaior and cemodulator secuons of the MC14412 are
funcilonally equivalent 1o those ot the MCE860, addionat apphcation
nk ion can be ob d trom the foll g Motorala publicas-
tions:
AN-731  Low-speed Modem Fundamentals
. AN-747 Low-speed Modem System Design Using the MCB860
EB-49 Application Performance of the MC6860 MODEM.
FIGURE 2 — MC 14412 INPUT/OUTPUT SIGNAhS
1.0 MHz
*CRYSTAL SPECIFICATION Crystal
Ciystal Mode ~ Paraliet
Frequency — | MHz +0.1%
Rg =540 0 yp
Co=17 pF typ Rg
Tempetature Range — 40°C 10 +85°C q 3
Test Level — 1 mW 4 -
»Suggested Crystal Suppliers __),__‘.‘.. T?soc"?. Cscour '
Tyco, CTS Knight and 2l ¢ Tx Car 9 ™
Motoiola Ceystal Products ) 13 oculator
. ~—p—={ Echo
REs 15 md £ 0% N -
To —)——4 Moage To
Date Terminal 1 1ype Conuol % Telephone
Equipment — 8110 Netwoik
—>—Hsr
——4———7' Rx Data 1
6 Ax Car f———e——— Damodulatof
—b—‘s Ra Oats Rate
——p———d Res0l )




TRANSMIT CARRIER (Tx Car, Pin 9)

The Transmit Carrier is a digital-synthesized sine wave
derived from a 1.0 MHz osciltator reference. The Tx CAR has
an AC output impedance of 5 kd typical. The frequency
characteristics are as follows:

United States Standard

Typa="1"
Echo= "0" )
Mode Tx Data Tx Car
Originate e I Mark e 1270 Hz
Originate e Space "o 1070 Hz
Answer "o Mark i 2225 Hz
Angwer “0” Space "o 2025 Hz
C.C.LT.T. Standard
Type="0"
Echo="0" .
Mode Tx Data Tx Car
Channel " Mark N 980 Hz
No. 1 e Space "o 1180 Hz
Channel "o Mark e N 1650 Hz
No.2*| "0" Space “0” 1850 Hz
Echo Suppressor Disable Tone
Type="0"
Echo="1"
Mode Tx Data Tx Car
Chan. No. 2"0” "y 2100 Hz
TRANSMIT ENABLE (Tx Enable, Pin 12} 4

The Transmit Carrier output is enabled when the Tx
Enable input = ""1"", No output tone can be transmitted when
Tx Enable="0".

MODE (Pin 10 .

The Mode input selects the pair of transmitting and
receive frequencies used during modutation and demoduta-
tion. When Mode="1", the U.S. originete mode is sslected
{Type input="1" or the C.C.1.T.T. Channel No. ! (Type in-
put="0"). When mode="0", the U.5. answer mode is
salected {Type input= 1”1 or the C.C.I.T.T. Channel No. 2
{Type input="0").

ECHO {Pin 13)
When the Echo input="1" {Type="0", Mode="0", Tx
Data=""1") the modulator will transmit a 2100 Hz tone for

disabling fine echo suppressors. During normat data
transmission, this input should be low ="0"",

RECEIVE DATA (Rx Data, Pin'7)
The Recsive Data output is the digital data resuiting from
demoduiating the Receive Carrier.

" RECEIVE CARRIER (Rx Car, Pin 1)

The Recstve Carrier is the FSK input to the demodulator.
This input must have either a CMOS or TTL compatible logic
level input {see TTL pull-up disablel at a duty cycle of 50%
+2%, that is a squsre wave resulting [rom a signal imiter.

RECEIVE DATA RATE [Rx Rate, Pin 6}
The demodulator has been optimized for signal to noise
performance at 300, and 600 bps.

! D‘au Rate - [ Rx Rate .
0-300 bps ‘1 )
0-800 bps 0 *

SELF TEST (ST, Pin 2) ’

When a high level (ST =""1") is placed on this input, the
demodulator is switched to the modulator frequency and
demodulates tha transmitted FSX signal.

RESET (Pin 5)

This input is provided to decrease the tast time of the chip.
In normal operation, this input may be used to disable the
demodulator {Reset="1"} — otherwise it should be tied
low="0". The reset pin does not reset Rx data pin 7.

CRYSTAL (Oscjp, Oscout, Pin 4, Pin 3, respectively)

A 1.0 MHz crystal is required to utilize the on chip
oscillator. A 1.0 MHz square wave clock can also be applied
1o tha Oscjn input to satisfy the clock requirement (see
Figure 2).

When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance. must be
<9 pf at the crystal input (pin 4). Pin 3 is capabte of driving
only one CMOS input. .

TTL PULL-UP DISABLE (TTLD, Pin 15)

To improve TTL interface competibility, all of the inputs to
the MODEM have controllable P-Channel devices which act
as pull-up resistors when TTLD input is fow ("07). When the
input is taken high {*1""} the pull-up is disabled, thus reduc-
ing power dissipation when interfacing with CMOS. Pin 16
should be taken high ("1} with Vpp greater than 6 volts.

FIGURE 3 — M6800 MICROCOMPUTER FAMILY BLOCK DIAGRAM
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BELL 103 300 BAUD MODEM BAND-PASS FILTER

The MC145440 is a 300 baud modem filter designed to be used with
the MC14412, MC145445, or MCB860 modems. These modam/ filter
combinations fulfill the major requirements of a complete Bell 103 300
baud modem system. The MC145441 is also available to fulfill the
CCITT V.21 equivalent filtering function. Features of the MC145440 in-

clude:

Low Band Band-pass Filter

High Band Band-pass Filter

Bell 103 Frequency Compatible
Spare Operational Amplifier
Answer or Originate Mode

Sell Test Loopback Configuration

Single or Split Power Supply Operation 0{

18-Pin Packaga

ILOW-POWER COMPLEMENTARY MOS}

CMOS

300 BAUD MODEM

'BAND-PASS SWITCHED |,

CAPACITOR FILTER

PRI RERBSP TR

L SUFFIX

CERAMIC PACKAGE

P SUFFIX
PIASTIC PACKAGE

R
\‘\\0 \(__ A | CASE 726 CASE 707
o Px N
4 A M 4‘\!1 -
b\f \ AT
(\ N a\;
":\ ?\ : BLOCK DIAGRAM
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2
. ’
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Clock 17 Plogk
8 Circuitrv
Clock 2= and 1
Originate/ nswn.ylz—‘ Mode VAG
i " Control v
Clock Qut—=1 [—1 - — oD
2 Vo
VLsLr High Band
- Filtar >—
& Y Vss
Vpp = Pin 18
Vgg=Pin9
VAG=Pin 1
4 13 14
Sell Test Receive Receive
tnput Output
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FUNCTIONAL DESCRIPTION

This device is capable of four basic analog configurations
determined by the state of O/X and ST. The normal (non-
sell test) and sell test modes in both the answer and
originate modes will be discussed.

In the normat originate mode, O/A is a "1" and self test,
ST, is a "'0”. When in this mode, the Tx carrier from the
modem is input on Txi and routed through the low band
band-psss filter. The filter output 'ls switched to the input of
the Tx op-amp which typicaily drives the Tx carrier off chip
into a duplexer circuit which could be implemented with the
spare operational amplifier. The output of the duplexer
drives Rxl which is switched 1o the input of the high band
band-pass filter. The filter output is available at RxO which is
typically the input 1o a limiter and carrier detector.

FIGURE 1 —~ TEST CIRCUIT

The normal answer moda is established by a 0" 6nbollf:
OfA and ST. This mode is identical to tha normal origing
mode with ona exteption: the band-pass filters swap i
tions, i.g., the high band band-pass filter is switched intd 1
transmit path, and the low band band-pass filter i8 swichl
into the receive path. e ’

When used withi the MC14412 in the self tgst moddF
device will function as foflows. A 1" on the self tesi b
both devices enables the self test mode. The ™t
switéhes its demodulator to its modulator frequénty”
demodulates its own modulated carrier. The moden i
switches the transmit carrier of the modem from Tl thesie
the low band filter and out the RxO pin 1o the lirmiter wh
the originate mode. When tha system is in the answer

the modulated signal is instead routed through thé
band filter. TxO will remain at mid-supply (VAG) during Qf
test operations. Ty
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MAXIMUM RATINGS (vgs=0V)

Symbol Value

PIN ASSIGNMENT

i, . Rating
BC Supply Voliage ; Voo 05w 18 v vag 1@ P Voo
Tnput Voliage, all pins Vin “0510Vpp+05 | V Tx0 42 A+
DC Current Dran per pin (Not Vpp or Vgs) 1 10 mA Txi 43 1 AO
Operating Temparature Range Ta —40 10 85 °C ST f4 1 A=
Storage Temperature Range Tsig -85 10 150 °C Viet 15 b AxO
Cik Sel 6 h Axi
RECOMMENDED OPERATING CONDITIONS J ok
I Parameter Symboi Min | Typ | Max | Unit g
iOC'Supolv Voliage Vpop-Vss | 45 | 10 16 v C2(8 ) CO
- i Vss 9 h Vis -
DIGITAL ELECTRICAL CHARACTERISTICS {Tp= ~40 10 85°C} )
Characteristic Symbol Min Typ Max Unit
Opesating Current, Vpp = 10V, Vgg =0V, 1 MHz Crystal DD - - 10 mA
Input Capacitance Cin - 50 15 pF
Moda Control Lagic Levels )
vis TTL Moge - Vss - Vpp-4.0 v
) CMOS Mode Vih | Vop-05 - VoD
Clock Select (CS) ‘ Siate 1,4 0 MH2 Vit vpp-08 - Voo v
State 2, 3 834 MH2 Vim VDD - VssY - VDD - VssY]
2-058 2+05
State 3, 1 OMHz Vit vss - Vgs+0.5
OJA TIL Logic Levels Vpp=5V, Vgga -5V, Vy g=0V) .
Input Current , . . “171gvel It - - +0.3 A
LI "0 Levet T8 -03 - -
[finput Voltage 1" lavel ViH Vis+20 - - \
"0 level ViL - - Vi s+08
- ST, C1. O/A CMOS Logic Lavels {Vy g =VpD, V§5=0 VI .
Input Current “1“ tevet ™ - - +03 rA
‘0% lgvet T8 -03 - -
Input Vohage “1*level, Vpp = 10V Vin 75 8.75 - V.
. “0” levet, Vpp = 10V Vi - 425 30
- CO Output Charscteristics (Vpp =10, Vgs=0V)
TTL Output Voltage (TTL Mode) “1" lovel, 1I0~8 mA VoH 24 - - v
. “0%level, g =2.5mA VoL - - 0.8
CMOS Output Current Vpo=10V.VorH=9.5V 1oH -13 -2.25 - mA
- Vppo=10V,vgL =05V oL 1 225 -
ANALOG ELECTRICAL CHARACTERISTICS (Vpp=10V, VAG=5V. Vgg=0V, To=0 10 70°C
Characteristic Symboi Min Typ Max Unht
OC Input Current (VaG) 1 -50 - 50 aA
DC taput Current {(Txl, Rxi} h -10 - +10 pA
AC Input Impecance {Txi, Rxl) Z, 0.2 10 - MAQ.
Input Volitage Range (Txl, Rxl) Vin vgg+1$5 - vpp-15 \
OP-AMP CHARACTERISTICS (Vpp=51010V, VAG=VYpp/2. V§5=0V, To=0 10 70°C)
Ch {8t Symbol Min Typ Max Unit
{nput Otiset Voitage AOQ) WO - 50 - +50 * mV
Open Loop Gain (Ry =10 k1} AQL - 45 - dB
input Bias Current tA + A=} [IT: - +01 - pA
Output Noise (900 1) PN - -3 - dBsnC
Slew Rate SR - 2 - Vius
Output Voltage Swing (R =600 0 10 VAG) - 16V - Vop=-15V V'




‘ PIN DESCRIPTIONS

.Vpp (PIN 18) — Posiuve power supply.

"Vgs (PIN 9) — Negative power supply.

VAG (PIN 1) — Analog ground. In single supply epplica-
tions, VAG is driven from Vef.

Vit (PINS) — This pin provides an outpul OC voliage at

approximately (VpD-VSSH2 for use as an external analog
ground in single supply apphcations. In symmetnc dual
power supply appications, Vrel IS not used.
.. Vs, LOGIC SHIFT VOLTAGE (PIN 10) - This pin deter-
‘mines the input/output logic levet compbupiity of 0/A and
CO. When the voltage on this pin is greater than Vpp -0 5V
ang less than Vpp, these digital inputs and outpuls are
CMOS compatible When the voltage on this pin 15 less than
Vpp-4 V and greater than V§g, these digital Inputs end
outputs are TTL compatble, ang Vy S 15 connecied 10 digital
ground .

C1, C2, CLOCK 1, CLOCK 2 (PIN 7, PIN 8) — These pins
connect 10 an internal crystal oscitlalor. In operauon, a
paraliel resonant crystal is connected from C1 10 C2 as well
as a 10 MQ resistor 1n parallel with the crystal and 20 pF
capacitors from C1 and C2 to Vg Crystal frequencies ol
1.0, 3.6864, or 4.0 MHz may be used. Alternatively, an exter-
nat CMOS level signal at the crystal frequency may be ap-

tied to C1 in fieu of the crystal, capacitoss, and resistor. The

Ewsned clock signal will appear at C2 and will be a CMOS
'Qulpul from Vsg to VpD.
; Clk Sel, CLOCK SELECT (PIN 6) — This pin 1s 8 three-
late selector used 10 select one of the three crystal/clock
options. When at Vpp, VAG. 0f VSS. this pin selects the
4.0, 3.6864, or 1 0 MHz crystal/clock option, respecuively,
lor C1 and C2.

Clock Clock Clock
Selact Frequency OQutput
Pin 6 * Pin 11
Voo 4 0 MH2 ) 10 MHz
VaG 36864 MH2 N/A
vss 10 MHz 10 MH2

*Usa ether an eaternal clock o dnve C1 Pin 7 or eaternal Liystol
across Cl and C2 Pins 7 anut 8

i €O, CLOCK QUT {PIN 11) — This provides a 1.0 MHz oul-

put clock signal when either the 1.0 or 4 0 MHz clock is

selected and 1s typically used to dnve the clock inpui to 8
MC14412 or MC6860 modem. The clock output is not usable
when the 3.6864 MHz option 1s used. The logic family com-
patibility {CMOS or TTL} of this output is determined by
VLS.

O/A. ORIGINATE, ANSWER (PIN 12) ~ The mode of the
device, onginate or answer, is selected with this pin, in the
originate mode, selecied with a logic 1", the low band
band-pass filter s switched into the transmit path and the
high band band-pass fiiter is switched inio the receive path.
In tha answer mode, the filters switch position, The input
levels of this pin are determined by V) S.

Txi, TRANSMIT INPUT (PIN 3) ~ Txl is the'input'to the
wransmit band-pass filter which is the low band filter in the
orignate mode and the high band filter in the answer mode.
In the selt test mode, this input 1S routed o the appropnate
band-pass filter inpul 50 as 10 pass the inodulated data 10 the
dernodulator.

Tx0, TRANSMIT OUTPUT (PIN 2) — This pin is the oul-
put of the Tx output amphher and typically drives the
modulated data into tha duplexer or hybnd cicuil (see ST
pin}.

Rxl, RECEIVE INPUT (PIN 13) — Rxl 15 the input 10 the
receive band-pass filter wiuch is the high band filter in the
onginate mode and the low band tilter in the answer mode.
In the self test mode, this input is disabled.

RxO, RECEIVE QUTPUT {PIN 14) ~ The output of tne
receive band-pass tilter, whether low band or high band, is
provided at RxO. Typically, this signal is capacitively coupled
10 the 1nput of the external carrier detector and limiter. The
AC coupling capacitor is required because of the vanable OC
olfset of the receive filter.

ST, SELF TEST (PIN4) — A 1" on ST puts the device in-
10 a selt test mode which routes the modulated carcier from
Txl, through the appropnate filter,and out Rx0 back t0 the
tecerve carner input of the modem Tx0 remains at VAG dur-
ing a $eli 1est operation. This pin is a standard CMQS input
segardless of the state ot V| S.

A+ (PIN 17) — This s the nomnverting input 10 the spare.
operational arfiphhier

A- (PIN 15} — This 1s the inverung inpui 10 the spare
operational amplitier.

AQ (PIN 16) — This 1s'the output of the spare operational
amphfier.
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Quad Single Supply Comparators
These comparators are designed for use in level detection, low-ievel sensing

and memory appiications in ccnsumer automotive and indusirial electronic

applications.

* Single or Split Supply Operation

* Low inputi Bias Current: 25 nA (Typ!

® Low Input Oifset Current: £5.0 aA (Typ)

* Low Input Offset Voltage: £1.0 mV {Typ) LM139A Series _

¢ Input Common Mode Voltage Rang2 to Gnd

® Low Output Saturation Voltace: 130 mV (Typ) @ 4.6 mA

® TTL and CMOS Compatible

* ESD Clamps on the Inputs increase Reliability without Affecting Device

Operation

-

MAXIMUM RATINGS

LM139,A

LM239,A, LK2S01,

LM339,A, aC3302

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

pITY

J, L SUFFIX
CERAMIC PACKAGE
CASE 832

1

M, P SUFFIX

D SUFFI

;E : Y PLASTIC PACKAGE
pX3 T -+—— CASE €46

—/‘?
"hagwm

X

PLASTIC PACKAGE

ég‘? CASE 75

12 NNES

(SO-14

1A
)

Rating . Symbol Vatue Unit
Power Supply Voltage \ole} Vde
LM12S. AILM232S, A/LM33CA LM28C +36 or =18
MC3302 ~30 or 15
Input Diterential Voltage Range VIDR Vde
LM123, AMLM239, A/LM339, A LM2E21 36
MC3302 30
Input Common Mode Voltage Rangs VicMR -0.3t0Vee vde
Qutput Shor Circuit to Ground (Note 1) Isc Continuous
Input Current (Vi < — 0.3 Vdc) (Note 2) lin 50 : mA
Power Dissipation @ Tp = 25°C Po .
Ceramic Plastic Package 1.0 w
Derate above 25°C 8.0 mwrC
Junctien Temoerature Ty °
Ceramic & Metat Package 175
Plastic Package 150
Operating Ambient Temperaiure Range TA i *C
LM132. A -851tc ~125
LM23G, A -25t0 +85
MC3302 —40 to +85
LM2901 —iC o ~1C3
LM339. A Oto +70
Storage Temperature Range Tsig -65t0 ~150 °C

Figure 1. Circuit Schematic

PIN CONNECTIONS

] -/ i
Ourput 2 ‘_1 4] Qutout 3
Quiput 1 r— il E Qutput 4
Vo £31 R , l —-] Gnd

- leput 1 5 >_l !‘{E +input 4
4 _I -

+input 1 L' 10 | - Input 4

- lnput2 E s |

+lnput2 [7]

>_ _d— 5 j+lnputd
2 ! 3’ L.
= ¢ | -laput3

T

[=

(Top View)

VCC? 0 + Input -inpute o Output
: ORDERING INFORMATION
% Temperature
B Device Range Package
S o~ o 537 1 267 {f
J AT =< 1 M139J, AJ 55° 13 +125°C CarfmmD i
= N 1142260, AD 50-14
X I % _ LM239J. AJ ~25° t0 +85°C Caramic DIF
e ' LM23SN, AN Plasuc OIP
L] L_f"{ﬁ"j— 24 173390, AD 5014
— ! Z LM322J, AJ ° 0 +70°C Ceramic DIP
g—T i LM33SN, AN Plastic DiP
dh! M2901D T imee SO-14
T LM2901N —0°00+105°C | piagiic DIP
MC3202L ° o Ceramic CiP
NOTE: Diagram shown is for 1 comparaior. MC3302P —40°t0 +85°C Plastic DIP
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Dual‘h\—Nide Bandwidth
Operational Amplifier

The MC4558, AC, and C combine all the outstanding features of the MC 1458
and. in addition, possess three times the unity gain bandwidth of the industry

siandard.

« 2.5 MHz Unity Gain Bandwidth Guaranteed (MC4558 and MC4558AC)
s 2.0 MHz Unity Gain Bandwidth Guaranteed (MC4558C) -

internally Compensated
Short Circuit Protection

Low Power Consumption

MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.)

Gain and Phase Match between Amplifiers

MC4558,

MC4558AC

MC4558C

DUAL WIDE BANDWIDTH
OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

MC4558 -
Rating Symbol | MC4558AC | MC4558C | Unit
2ewer Supply Voltage Vee +22 +18 Vdc
VEE -22 -18
~out Diferential Voltage Vio +30
~out Common Mode Voltage (Note 1) {  VicMm £i5
Jutout Short Circuit Duration (Note 2) tsc Continuous
Ampient Temperature Range Ta -551t0 +125
O0to +70
Sierage Temperature Range Tstg °C
Ceramic Package ~65to +150
Plastic Package ~E5to +125
«snction Temperature Ty °C
Ceramic Package 175
Plastic Package 150
“OTES: 1. For supply voltages fess than £15 V, the absolute maximum input voltage is

equal to the supply voltage
2. Shent circuit may be ta ground or either supply.

8
1
P1 SUFFIX
PLASTIC PACKAGE
CASE 626

B

N
Ny
ar'
1

U SUFFIX
CERAMIC PACKAGE
CASE 693

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0O-8)

Equivalent Circuit Schematic
(1/2 of Circuit Shown)

2.9k

OVes

N

)

Inputs A {

PIN CONRECTIONS

>

8} Ve
7] Output B

Veel!]

(Top View)

5|

ORDERING INFORMATION

OVee

_—
o <
s ]
K ="
hY |
7r \T
1
N~ N
Sk .
. TPSF‘ 5.0k mr lmé gzu: S0k

Temperature
Device Range ' Package
MC4558U ~55° to +125°C__| Caramic DIP
MCA4558CD | : SOs8- T
%%?&ACPi ' 0° 10 +70°C Plastic OIP
MC4558CU Ceramic DIP
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FREQUENCY CHARACTERISTICS (VG = +15 V. VEE = =15V, Tp = 25°C)

MCA4558, MCAB58AC MCA558C —
Characteristics Symbol | Min | Typ | Max | Min [ Typ [ Max Unht
Unity Gain Bandwidth BW 25 | 28 | — | 20 | 28 | — MHz
ELECTRICAL CHARACTERISTICS (Veg = 15V, VEE = ~15 V, T = 25°C, unless atherwise noted.)
Input Offset Voltage vio — |10 15 | —T207] 66 i mv
(R < 10 kQ) ;
Input Offset Current ho - 20 | 20 | — 20 200 nA
input Bias Current (Note 1) hg — 80 500 —_ 80 500 nA
Input Resistance i 03 | 20 | — J 03 | 20 — MQ
Input Capacitance G —,. | 14 —_ — 1.4 - oF
Common Mode Input Voltage Range VICR #12 | #13 - *12 =13 — v
Large Signal Voitage Gain AvoL | 50 | 200 } — } 20 | 200 | — | Vimv
(VO =10V, Ry = 2.0kQ) ’
Output Resistance fo - 75 —_ — 75 — T a
Common Mode Rejection CMR 70 90 - .1 7 20 — a8
(Rg < 10kQ) l
Supply Voltage Rejection Ratio PSRR - 30 150 — 30 1
{Rg < 10kQ) ' 0| v
Output Voltage Swing Vo
(RL 2 10kQ) 12 | 14 — | 212 | 214 — v
(RL 22.0k0) 10 | #13 — *+10 +13 —
Output Short Circuit Current Isc 10 20 40 10 20 40 A
Supply Currents (Both Amplifiers) [} — 2.3 5.0 - 2.3 5.6 mA
Power Consumption (Both Amplifiers) Pc - 70 150 —_ 70 170 mw
Transient Response (Unity Gain}
(V) = 20 mV, Ry 2 2.0 kQ. C_ s 100 pF) Rise Time tTLH - 1031 — | —~ | 03 - ps
(V1= 20 mV, R_22.0 k, C_< 100 pF) Overshoot os - 15 - —_ 15 — %
(Vi = 10V, R_2 2.0k, C|_< 100 pF) _Slew Rate SR 15 | 18 | — 11016 | — | Vs
ELECTRICAL CHARACTERISTICS (VoG = +15 V. VEE = =15 V, TA = Thigh 10 Tiow: Unless otherwise noted. See Note 2.)
Input Ofiset Voltage Vio — 10 | 6.0 — —_ 7.5 v
{Rg < 10 kQ) "
input Offset Current o nA
{TA = Thigh) - 7.0 | 200 — — —
(Ta = Tiow) — | 8 |50} — | — | —
(Ta = 0°to +70°C) — —_ — — 300
Input Bias Current s nA
(TA = Thigh) - 30 | s00 | — _
(Ta = Tiow) — |0 f1s00] — | — | —
(T = 0°10 +70°C) — — -~ - 800
Common Mode Input Voltage Range VICR +12 +13 - —_— . — V]
Large Signal Voltage Gain AvoL 25 - - 15 -_ — Vimv
Vo =+10V, R = 2.0 k)
Common Mode Rejection CMR 70 90 —_ — — i P
(Rg < 10 kQ)
Supply Voltage Rejection Ratio PSRR - 30 150 - — — W
(Rg S 10kQ)
Qutput Voltage Swing Vo v
(RL 2 10kQ) £$2 | 214 | — | 22 [ 214 | —
(R 22.0kQ) #10 | #13 | — | 10 | $13 —_— -
Supply Currents (Both Amplifiers) o mA
(TA = Thigh) - =145 ~ | — | s0
(TA = Tiow) — =160 ] —~ 1 — | &7 '
Power Consumption (Both Amplifiers) Pc mwW
(Ta = Thigh) — | —j1as| — | - | 150 A
(TA = Tiow) ~ — — 180 - —_ 200

NOTES: 1. g is out of the amplifier due to PNP input transistors.
2. Thigh = +125°C for MC4558
= +70°C for MC4558C and MC4558AC

Tiow= —55°C for MC4558

.= 0°C for MC4558C and MC4558AC.,

s de, |



Lo LT T

e

@

s R S -

B T T

o v R

- —
Lo I R I TR i I SIS —

QUAD LINE RECEIVERS

The MC1489 monolithic quad line receivers are designed to
interface data terminal equipment with data communications
equipment in conformance with the specifications of EIA Standard

No. EIA-232D.

® Input Resistance — 3.0 k to 7.0 kilohms
® Input Signal Range — £ 30 Volits
® 1nput Threshold Hysteresis Built In

e Response Contro!
a}l Logic Threshold Shifting

} -

MC1489
MC1489A

QUAD MDTL
LINE RECEIVERS
- EIA-232D

SILICON MONOLITHIC
~INTEGRATED CIRCUIT

b} Input Noise Fiitering 13
1
ORDERING INFORMATION L SUFFIX P SUFFIX
Device Temperature Range Package CERAMIC PACKAGE  PLASTIC PACKAGE
MC1489PAP Plastic CASE 832 CASE 646
JMC14890,AD 0to +75°C SO-14
MC1489L AL Ceramic D SUFFIX
PLASTIC PACKAGE %
CASE 751A 1 -
(50-141 S
TYPICAL APPLICATION
S
LINE DRIVER LINE RECEIVER input A E EVCC
rar IRTEPCONNECTING uCien Reponse
= cante o= Contra & 2™ 3] 1nput ©
—i D— Respons
U “ -7 Qutput 4 E E]Conu:l .D
1nout 8 {4 (73] outout 0
! I Aesponse —
! INTERCONNECTING ! Control 8 — tnpue @
MOTL LOGIC INPUT tadLE  —e—t=———nmor C iy
1C NPy —-—t—— 't : . MOTL LOGIC OUTPUT output (3] 5] feronse
GroundE E Output C
EQUIVALENT CIRCUIT SCHEMATIC {1/4 OF CIRCUIT SHOWN)
: "
—0 Vec

L

<

Af

RESPONSE CONTROL 2 O——

% i

iXPyT 1 O

x 3o~

[ucieey |
fs] 67K 163

3
Sk pEEAY
1

L——-———O J0UTPUT

MOTOROLA LINEARANTERFACE ICs DEVICE DATA
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage - Vee 10 Vde
input Voltage Range . VIR =30 Vvde
Qutput Load Current . Iy, 20 mA

Power Dissipation (Package Limitation, Ceramic

and Plastic Dual In-Line Package) (v} 1000 mw

Derate above Ty = +25°C Vg4A 6.7 mwWrC
Operating Amoient Temperature Range TA 0tq =75 °C
Storage Temperature Range Tsta -65t0 ~175 °C

ELECTRICAL CHARACTERISTICS (Response controi pin is open.) (Vce = +5.0 Vde =10%, T4 = 0to +75°C unless
otherwise noted)

Characteristics Symbol Min [ Typ Max Unit
Positive Input Current (Vi = ~25 Vde) [ 36 | - 8.3 mA
Vg = =3.0 vde} 0.43 - -
Negative Inout Current Vi = -25 Vdc) W ~36 — -83 mA
(Vi = -3.0 Vdc) -0.43 — -
input Turn-On Threshold Voltage Vin Vde
(TA = -25'C. VoL % 0.45 V) MC1489 1.0 - 1.5
MC148%A 1.75 1.95 2.25
Input Turn-O# Threshold Voltage ) ViL Vde
(TA = -25°C.VQH = 25V I = -0.5mA)  MC1489 0.75 - 1.25
MC1483A 0.75 0.8 1.25
Qutput Voitage High (Vily = 0.75 V, I = =0.5 mA) VoH 25 4.0 5.0 Vde
{\nput Open Circuit, It = —~0.5 mA) 25 4.0 5.0
Qutput Voltage Low (Vi = 3.0V, 1 = 10 mA} VoL -— 0.2 0.45 Vde
Output Shart-Circuit Current los - -3.0 -4.0 mA
Power Suoply Current (All Gates “on,” loyt = 0 MA, Viy = +5.0 Vde} Icc - 16 26 mA
Power Consumption {(Vi4 = -5.0 Vdc) Pc. — 80 130 mw
SWITCHING CHARACTERISTICS (V-cc = 5,0Vde =1%, Tp = -25°C, See Figure 1.}
Propagation Oelay Time Ry = 3.9 k1) tPLH - 25 85 as
Rise Time (R = 3.9 k) ITLH - 120 175 ns
Propagation Delay Time R, = 390 k1) tPHL —_ 25 50 ns
Fall Time (R = 330 k(1) tTTHL — 10 20 ns

TEST CIRCUITS

FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NGDE

*5 Vae
AL = s
Al digdes
1N3064
or equiv

e
MC1489A

RESPONSE NODE

ITLM 30d ITHL Vi &
measuied
104 - 90%

C. capacetos s tar naise filtersng.
R, remstor it for theeshatd shilting.
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The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equip-
ment in conformance with the specifications of EIA Standard No.
E1A-2320.

Features:

® Current Limited Output
*10 mA typ

e Power-Oft Source Impedance
300 Ohms min

MC1488

"QUAD MDTL LINE DRIVER

ElA-232D

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® Simple Slew Rate Control with External Capacitor g :
e Flexible Operating Supply Range i ﬁ
. . 1
e Compatible with All Motorola MDTL and MTTL Logic Families L SUFFIX P SUFFIX
CERAM!C_PACKAGE PLASTIC PACKAGE
CASE 632 CASE 846
ORDERING INFORMATION
Device Temperature Range Package P sg_]?:UFF‘x
" LA PACKAGE
MC1488P . Plastic CASE 751A 14 @.
MC14880 0to+75°C SO-14 {SO-14)
MC1488L Ceramic !
PIN CONNECTIONS
NS
TYPICAL APPLICATION vee(T] e vee
LNt oven INTERCTNECTING ume necerven Inout A (2] 13] lnput O1
_I"“"\\ ket Output AE Elnpux 02
_ﬂt . L /D' input 81 (4] (7] Output ©
Input BRE@ (16} Inpur C1
I |
s ] ] Cutput BE 9jlnpur C2
MOTL LOGIC INPUT -—-—l—-'—.m%?\::: “I"-E—-i-—uon L0GIC OUTPUT :]
l ] Gna E EO\"W: c
CIRCUIT SCHEMATIC
{174 OF CIRCUIT SHOWN)
vee u o
21 2sn
NS4S 12002
Ut de
&
nryT o———n_ 4
MNES 10,1 ”

- ouTPUT

l/| R
VEE | O—

PNS G R T10RY

i
»t
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MAXIMUM RATINGS (Ta = +25'C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage vee +15 _Vde
. VEE -15 )
Input Voltage Range VIR -15<Vpp= Vde
7.0

QOutput Signal Voltage Vo =15 Vdc
Power Derating {Package Limitation, Ceramic

and Plastic Dual-In-Line Package) Po 1000 mw

Derate above Tp = +25°C 1RgIA 6.7 mwWrc
‘Cperating Ambient Temperature Range TA 0to £75 °C
Storage Temperature Range Tﬂ -65t0 +175 °C

ELECTRICAL CHARACTERISTICS (Vee = +9.0 1% Vde, Vgg = —9.0 =1% Vdc, TA = 0 to 75°C unless otherwise noted.)

Characteristic Figure | Symbol Min Typ Max Unit
input Current — Low Logic State (Vi = 0) 1 I, — 1.0 1.6 mA
Input Current — High Logic State (V)4 = 5.0V) * 1 [1¥} —_ — 10 nA
Qutput Voitage — High Logic State 2 VoH Vde

fViL = 0.8 Vdc, R = 3.0 kf}, Voc = +9.0 Vdc. Vgg = -9.0 Vdc) +6.0 +7.0 —
Vi = 0.8 Vdc, R = 3.0 kfl, Vog = +13.2 Vde, Veg = —13.2 Vdc) +9.0 | +105 -
Qutput Voitage — Low Logic State i 2 Vou Vdc
(VI = 1.9 Vde, R = 3.0k, Vce = +9.0 Vde, Veg = —9.0 Vdc) -60 | -70 -
{(Vi4 = 1.9 Vde, R = 3.0k, Ve = +13.2 Vde, Vgg = -13.2 Vdc) -9.0 -10.5 —
Positive Qutput Short-Circuit Current, Note 1 3 10S + +6.0 +10 +12 mA
Negative Output Short-Circuit Current, Note 1 3 105 - -6.0 -10 -12 mA
Qutput Resistance (Ve = Veg = 0,[Vol = =2.0V) 4 fo 300 — - Ohms
Positive Supply Current (R| = =) 5 icc mA
(Vig = 1.9 Vde, Voo = +9.0 Vdc) . — +15 |, +20
(Vi = 0.8 Vdc, Vg = +9.0 Vdc) - +4.5 +6.0
{(VIH = 1.9 Vdc, Vg = +12Vde) —_ +19 +25
(ViL = 0.8 Vdc, Ve = +12 Vdc) - +55 | +7.0
{(ViH = 1.9 Vde, Vo = +15 Vdc) - — +34
(Vi = 0.8 Vdc, Ve = +15 Vde) -— — +12
Negative Supply Current (R = =} 5 Igg
{ViH = 1.9 Vdc, Vgg = -9.0 Vdc) — -13 -17 mA
(Vi = 0.8 Vdc, Vgg = -9.0 Vdc) - — ~500 HA
(Vi = 1.9 Vdc, Vgg = —12 Vdc) - -18 -23 | mA
(Vi = 0.8 Vdc, Vgg = —12 Vdc) — — ~500 } ‘WA
(Vi = 1.9 Vdc, Vgg = —15 Vde) - - -3¢ | mA
(Vi = 0.8 Vdc, Vgg = —15 Vdc) — — -25 mA
Power Consumption Pc mw
{(Vcc = 9.0 Vde, VEg = —9.0 Vde) - — 333
{(Vce = 12 Vdc, Vgg = —12'Vdc) — = 576
SWITCHING CHARACTERISTICS (Ve = +9.0 =1% Vde, VEg = ~9.0 =1% Vde, Tp = +25°C.)°
Propagation Delay Time (zj = 3.0 k and 15 pF) 6 tPLH — 275 350 ns
Fall Time " [z = 3.0k and 15 pF) 6 THL — 45 75 ns
Propagation Delay Time (z) = 3.0 k and 15 pf) 6 tPHL — 110 175 ns
Rise Time {z1 = 3.0 k and 15 pF) ) 6 tTLH — 55 100 ns

Nots 1. Maximum Package Powsr Dissipation may be exceeded if all cutputs are shorted simultaneousty.
' .




r——wrn Wt = e o mmrew  wme wowmm wwmmm mwm w W wn T owemger o

2 i

e I

Jonaidena,
5
"t“

{1] Larry Hughes, “Data Communications MCGraw-Hill, 1992.

-
&

[2] Ken Sherman, “Data Communications a user's guide” Prentice Hall, 1993.
{3] Driscoll, “Data Communications  Saunders, 1993.

[4] Y. Tsividis, “Design of MOS VLSI circuits for telecommunications~ Prentice Hall,

1985.





