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Abstract

This thesis is complied from the invention of
the facilitating for telling the time, The appearing of
sound will be recorded in demiconductor device, dynamic
random acccss Memory (RAM), The method for anslog to
digital conversion or degital to analog conversion is- )
Continuously Variable Slope Delta -Modulator/Demodulator
(CVSD) technigue. This procedure will increase more
dynamic range and will help highslow freguency response
better, Therefore the guality of sound like the nature,
Advantage for using semiconductor will climinate all of
the difficulty of the mechanic problem, Talk Clock tells
the time everyhour before telling the time we will hear
the warning sound appearing, We can ifford by using

general material that we could find with not cost too

much,
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PC3417, MC3517

@ MOTOROLA MC3418, MC3518

<

Spoecifications and Applications
- Information

CONTINUQUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a s"nphl-:ed approach to digital specch encoding/
decoding, the MC3517/18 series of CVSDs 18 designed tor mibtary
telephone  applications.

secura communication and commercial
A single IC provides both encoding and decoding functions,

® Encode and Decode Functions on the Same Chip with

a Digital Input for Selection
o Utilizatibn of Compatible 121 — Linear Bipolar Technology
® CMOS Compatibie Digital Output

® Dignal input Threshoid Seiectabie {VC(C/< relerence L SUFFIX
provided on chip) CERAMIC PACKAGE
CASE 620

e MC3417/MC3517 has a 3-8it Algorithm (General
Communications)

e MC3418/MC3518 has a 4-Bit Algorithm {Commercial Telephone)

PIN CONNECTIONS

Anal
\ U °°| v | 16 chc
CVSD BLOCK DIAGRAM Jgout
Anatog 2 1 Encode/
Fesuback o |15 |Becoae
t g inse Sylisbne [—"‘ :}
- 3 14 Jdock
Qe ity Ul n talter Lo tloc
11s JJoa
Trom ot Gain l:4 13 Oigetal Date
Anaiog Inpat .~ Comparator Control input (-}
Anatoy Mesuback > Rl vl B .
V
Digial 3 > ) 3. or 4 tia + Aet ; Oigitat
Data input f Sttt Begistere : nput “)[:—5',-—4 2 1heesholt
Oigital T gafaanjoojag
gital g =e-d
Theeshota| VT - * Faltar Coincidence
" Input { } n Output
1oy Comndence
Crniat 9 Output "\""‘)Ur, 10 veer?
. \ Quiput Ly Qutput
Qutsut eV . i
levgerggr alone Conver e Syllabu ~
Tl _— .
Ampitiher Slew |3 o F sttens VEE [_8 9 Digital
Polarity a Output
10 V(g7 2 . Gain Control
VCC/7 pas cC t St -
p— | Ret ~
Qutout T i l ‘oo
'Ret o Yint
1l slle
Analog Rat Falter

ORDERING INFORMATION

Output Input  input

(R )

. Tempersture
Device Package Range
MC3417L | Ceramic OIP 09¢C 10 +70°C
MC3418L Curamic DIP 0°C 10 +70°C
MC3517L | Ceramic DIP | -559C 10 +1259C
MC3518L | Ceramic 0IP | -55°C 10 +125°C

2-11
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MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS

(All voltages referanced 1o Veg, Tp - 26UC uniasy sthmwise noted )

Rating Symbol Valiie Unit
Power Supply Voltage vVee -0d1t0 418 Vric
Ditterential Analog Input Voltage Vio +50 Vile
Digitat Threshold Voltage VTH —0.4 w Vee Vde
Logic lnput Voltage - Vioge -04 10 118 Ve

{Clock, Digital -Data, Encode/Decode)

Cowncidence Qutput Voltage _ - %—{C‘)“) 04w | Ve ]
Syltabrc Filter Input Voitage Viisyi) -04t0Vee Vdc
Gain Contral Input Voltage viGel -0.4 w0 Vee Vac
Reference Input Voltage Vi(Ret) [Veef/2-10to Ve | Ve
Veef2 Qutput Current ] '.—Iicl -25 mA

ELECTRICAL CHARACTERISTICS

(Veg = 12V, Vg = Gnd, T4 = 09C to +70°C for MC3417/18, Tp = =55%C 10 +125%C for MC3517/18 unlass otherwise noted.)

o5 MC3417/MC3517 ' MC3418/MC3618
Characteristic Symbo! Min Typ Max Min Typ Mex Unit
Powsar Supply Voltage Ranye (Figure 1) VeeR 4.7% 12 16.5 4.75 12 16.5 Vde
Powsr Suppiy Current (Figure 1) lce mA
{1ate Chennal}
{Vec=50V) ~ 3.7 5.0 - 3.7 5.0
(Veg =15 V) - 6.0 10 ~ 6.0 10
Clock Rate SR - 16 k - - 32k - Sampiles/s
Gain Control Currant Range {Figura 2) IGCR 0001 h 30 0.001t - 3.0 mA
Analoyg Comparastor Input Range Vi 1.3 i Vee - 13 13 -~ Vee - 1.3 Vde
{Pins 1 and 2)
(875 V< Ve < 165V)
Analog Output Range (Pin 7) Vo 1.3 - Vee - 1.3 1.3 - Veg-13 Vdc
(478 VL Ve < 165V, Ig =t 5.0 mA)
{nput Bias Currents (Figure 3) g »A
{Comparator in Active Region) .
Analog Input {I11) - 05 15 - 0.25 10
Analcg Feeaback {12} - 0.5 15 - 0.2% 1.0
Syllabic Filter laput {13) - 0.06 0.5 - 0.06 03
Reference Input (15} - ~-0.06 -0.5 - -0.06 -03
Iaput Oftset Current ho nA
{Comparator in Active Region)
Anslog Input/Analog Faixiback 0.1% 0.6 0.0 0.4
1Y =121 Figura 3
tatagratoar Amphtr - 0.02 02 - 0.01 0.1
1% -16i - Fiqure 4
taput Otlset Voltage Vio - 2.0 6.0 - 2.0 6.0 mvV
V/i Converter {Pins 3 and 4) —- Fiqure 5
Transconductanca g mA/mV
VIt Convarter, (3 to 3 mA 0.1 03 0a 03
fntagrntor Amphifun O ta « S0 mA Load 10 1w’ 1.0 1
Propagation Delay Times {Note 1) us
Clock Trigger to Giqital Output PN - 10 25 - 1.0 25
‘Cl. « 26 pF to God) Pt o8 25 0.8 25
Clock Togger 1o Comedenca Ouiput WL 10 3.0 1.0 3.0 .
{CL =~ 25 pF to Gndy) IPHL - 0.8 2.0 - 08 20
(RL -4 k{1l to VCC)
Concidence Qutput Voltage — VoLicony| - 0.12 0.25 - 0.12 0.25 Vdc
Low Logic State
loL(Con) = 3.0 mA)
Coincidence Qutput Leakage Current — 10H{Con) - 0.01 0.5 - 0.01 0.5 A
High Logic State
Vi = 150 vV, 0°C < T < 70%C)

NOTE 1 All propagation dalay tmes measucad FO% to 0% from the aegative going {trom Ve to +0 4 V) edge of the clock.




C3417, MC3517, MC3418, MC3518

ELFCTRICAL CHARACTERISTICS (continued)

] MC3417/MC3517 MC3418/MCU5 18 o
Chatacteristic Symbhol Min Typ Max Man Tvyp Mnx—" tmt
Apphiad [hgital Y heeshaid Valtage $lange Vi T 17 Ve 24 't ')--“ i ——M VT__(_ <20 V.
tin 12}
Digttal Thiushold tnput Cutrent Iy uA
(1.2V AV sVee-20V) )
(VL apohed to Pins 13, 14 and 15) 5.0 5.0
(V4 apphod o Ping 13, 14 and 141 10 H0 1) 50
Maximum Integrator Amphitisr Quiput Current 1y ' 5 6“ 1 v 50 ] - mA
Vee/2 Generator Maximum OQutput Carrent ‘Hat 10 10 - mA
{Source only} -
V2 Generatar Qutput Impedance Iylat u 60 30 6.0 ¥
{0 to 10 mA)
Vee/2 Ganerator Toleranee or '35 3h %,
475V e Ve~ 165V)

_t—mm Iapat Vohtage (Fios 13 T4 and 15) - T —— .0—“ i - Ve
L.ow Logu: Staty Vit Gind Vin -0 4 (and Vi - 0.4 )
High Logic State Vit Vin t 04 18.0 Vin +04 18.0

Dynamk Totsl Loop Otiset Voltage LVottset mv
{Note 2} —~ Figures 3, 4 and 5
e = 12.0uA, Vo ™ 12v
Ta = 25°C - - - [« 105 +15
0°C < Tp « +70°C MC3417/18 - - - - + 0.75 123
-55°C < Tp < +125°C mc3517/18 - - - - 15 140
Igec = 33.0uA, Ve =12V
Ta - 25°C - <25 . 5.0 = = -
0°C < Ty < +70°C  MC341718 b, + 3.0 75 2§ - -
-56°C & Tp < +125°C MC3517/18 - 45 +10 - - -
Ige = 120uA, Vec =50V
Ta=259C - o = 110 120
09C < T4 « +70°C MC3417/18 = 4 13 128
-850C & T4 & +1257C Mcas1 718 v 25 1 5.0
ige ~330uA, Ve =50V
Ta = 25°C - 4.0 * 6.0 - - -
0°C < T4« +70°%C MmGasrv/18 3 145 1 8.0 Y - -
-559C < T < +125°C MC3517/18 k- 155 + 10 L4 4 -
Digital Cutput Voitage . Vde
llgg = 3.6 mA} Vou - 0.1 0.4 - 0.4 04
{tor = -0.35 mA) VoH Vee -1.01vee -0.2 - Vee - 10vee -0.2 -
Syllabic Filter Appiied Voltage (Pin 3) Visyl) +372 - vee +3.2 - vee Vdc
{Figure 2)
Integrating Current (Figure 2) Hypg! .
{ige = 12.0 sA) 8.1) 10 12 8.0 10 12 uA
(igc = 1.5 mA) 1.45 1.50 1.55 1.45 1.50 1.55 mA
lige = 3.0 mA) 2.75 3.0 3.25 2.75 30 325 mA
Dynamuc Integrating Currant Match VO {Ave) - + 100 + 260 - t 100 1 250 mVv
tige = 1.5 mA) Figure 6 .
Input Current - High Logic Stata T uA
(Vg =18 V)
Dtyital Data tnput - t5.0 - +50 ’
Clock Input tH1 150
Encoae/Decode nput - 450 - +5.0 . -
Input Current - Low Logic State [T . m
(Vi =0 VI .
Digrtat Data tnput - -10 -10
Clock Toput -360 -360
Encodclé?c—o-(s; Input -36 - -36
Ciuck Input, Vi ~ 0.4V -72 -1

NOTE 2. Dynamic tatal loop offset (X Vgfsaq) wauals V(g lcomparator) (Figure 3) minus V ox (Figure 5). The input offset volit
analog comparator and o! the integrator ampiihier include the etfects af input oftset current through tha input resistors
polarity switch current musmatch appears as an average voltage across the 10 k integrator resistor. For the MC3417/N
clock trequency s 16.0 kHz. For the MC3418/MC3518, the cluck frequency 1s 32.0 kHz, tdle channel performance is ¢
thas dy namie total luop dftset s less than one hatl of the change in integrdtas outpul voltage during one clock cycle {rar

Laset LEnmimng 15 usetd to nsure gond wile channel pertormance

2-13 :
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DEFINITIONS AND FUNCTION OF PINS

'in 1~ Analog Input

This 1s the analog comparator inverting input where
he voice signal is applied. It may bre a¢ or de coupled
lepending on the application. If the voice signal is to be
evel shifted to the internal reference voltage, then a bias
esistor between pins 1 and 10 is used. The resistor
s used to establish the reference as the new de average of
he ac coupled signal. The analog comparator was designed
or low hysteresis (typically less than (1.1 mV) and high
ain (typically 70 dB).

in 2 — Analog Feedback

This is the non-inverting input to the analog signal
omparator within the [C. In an encoder application it
would be connected to the analog output of the encoder
ircuit. This may be pin. 7 or a low pass filter output
onnected to pin 7. In a decode circurt pin 2 is not used
nd may be tied to V /2 on pin 10, ground or left open.

The analog input comparator has bias currents of
.5 uA max, thus the driving impedances of pins 1 and 2
ould be equal to aveoid disturbing the idle channel
aracteristics of the encoder,

in 3 — Syllabic Filtar

This is the point at which the syllabic filter voltage is
turned to the IC in order to control the integrator step
ze. it is an NPN input to an op amip. The syllabic filter
nsists of an RC network between pins 11 and 3. Typical
me constant values of 6 ms to 50 ms are used in voice
decs.

n 4 — Gain Control Input

The syilabic filter voltage appears across Cg of the
Habic filter and is the voltage between V¢ and pin 3.
ne active voltage to current {(V -1} converter drives
n 4 to tha same voitage at a slew rate of typicaily
B V/us. Thus the current injected into pin 4 (Igc)
the syllabic filter voltage divided by the Ry resistance.
gure 6 shows the relationship between 1G¢ (x-axis) and
e integrating current, i, (y-axis). The discrepancy,
hich is most significant at very low currents, is Jdue to
rcuitry within the slope polarity switch which enables
mming to a low total loup oftset. The Ry resistor s
en varied to adjust the loop gain of the codec, but
ould be no larger than 5.0 ki2 to maintain stabulity.

n 5 — Reference Input

This pin s the non-inverting input of the integratos
wlifier. It is used to reference the dc level of the output
inal. In an encoder circuit it must reference the same
Itage as pin 1 and is tied to pin 10.

n 6 — Filter input
This inverting op amp input is used to connect the
legrator external components, The inteygrating current

2-14

i) tows anto pan 6 when the anslog smput {pin 1) 18
high with respect to the andog feedback (pin 2) in the
encode mode or when the digital data input {pin 13) s
high in the decode mode. For the oppasite states, 1y,
flows out of Pin 6. Single integration systems require a
capacitor and resistor between pins 6 and 7. Multipole
configurations will have different circuitry. The resistance
between pins 6 and 7 should always be between 8 k{2 and
13 k{2 to maintain good idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable of
driving a 600-ohm load referenced to Ve/2 to +6 dBm
and can otherwise be treated as an op amp output. Pins 5,
6. and 7 provide full access to the integrator op amp
for designing integration fiiter networks, The slew rate
of the internally compensated integrator op amp is
typically 0.5 V/us. Pin 7 output is current limited for
both polarities of current flow at typically 30 mA.

Pin8 - VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected to
the most negative suppiy.

Pin 9 — Digital Output A

The digital output provides the results of the delta
modulator’s conversion. It swings between Vcg and
VEE and is CMOS or TTL compatible. Pin 9 is inverting
with respect to pin 1 and non-inverting with respect
to pin 2. it is clocked on the falling edge of pin 14.
The typical 10% to 90% rise and fall times are 250 ns and
60 ns respectively for Vg = 12 V and C = 25 pF
to ground.

Pin 10 —~ V¢ c/2 Output

An internal low impedance mid-supply reference is
provided for use ot the MC3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability, If a +6 JdBmo signal is expected across a
600 ohm input bias resistor, then pin 10 must sink
2.2 V/600 §2 = 3.66 mA. This is only possible if pin 10
sources 3.66 mA into a resistor normally and will source
only the difference under peak load. The reference load
resistor is chosen accordingly. A 0.1 uF bypass capacitor
from pin 10 to VEE is also recommended. The Vcc/2
refarence is capable of sourcing 10 mA and can be used
as a reference elsewhere in the system circuitry,

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the
voltage across Cg. The coincidence output will be low
whenever the content of the internal shift register is all
1s or all 0s. In the MC3417 the register i$ 3 bits long
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DEFINITIONS AND FUNCTIONS OF PINS (continued)

while the MC3418 contains a 4 bit register, Py 11 15 an
open collector of an NPN device and requites a pult.up
resistor, |t the syftabic filter is to have equal chage and
discharge time constants, the velue of Rp should be
much less than Rg. In systems requiring different charge
and discharge constants, the charging constant is RgCg
while the decaying constant is (Rg + Rp)Cg. Thus longer
decays are easily achievable, The NPN device should not
be required to sink more than 3 mA in any confiquration.
The typical 10% to 80% rise and fall times are 200 ns and
100 ns respectively for R = 4 k82 to +12 Vand C =
25 pF to ground.

Pin 12 — Digital Threshold

Thus input sets the switching threshold tor pins 13, 14,
and 15, It is intended to aid in nter tacing dodferent logic
families without external parts. Often it is connected to
the Voi/2 1eterence for CMOS interface or can he biased
two diode drops above VEE for TTL interface

Pin 13 — Digitsl Data Input

in 8 decode application, the digital data stieam is
applied to pin 13. in an encoder it may be unused or may
be used 1o transmit signaling message® under the con-
trol of pin 15. It is an inverting input with respect to
pin 8, When pins 9 and 13 are connected,.a toggle
flip-flop is formed and a forced idle channel pattern

FIGURE 1 — POWER SUPPLY CURRENT
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can be transmatted, The digital data input level should ba
maintamed for 0.5 us before and atter the clock trigger
for proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the codec
circuit. A 32K bit rate requires a 32 kHz clock. The
switching threshold of the clock input is set by pin 12,
The shift register circuit toggles on the falling edge of the
clock input, The minimum width for a positive-going
pulse on the clock input is 300 ns, wheteas for a negative-
going pulse, it is 900 ns,

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
compatitor the
internal shift register. |t hgh, the result of the analog
comparison will be clocked into the register on the
talling edge at pin 14, If low, the digital input state will be
entered. This allows use of the 1C as an encoder/decoder

and  the digital mput compatastor to

or simplex codec without external parts. Furthermore, it

‘allows non.voice patierns to be forced onto the trans-

mission line through pin 13 in an encoder.

Pin 16 - Vcg
The power supply range is from 4.75 to 16.5 volts
between pin Vg and VEE.
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG

FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET

COMPARATOR OFFSET VOLTAGE AND CURRENT - VOLTAGE AND CURRENT
Vee Vee
Vio(comparator) | 11 1k gj_: I po EI I;
.+ 0 — 1 16 S, 1 16 IR

= 12 1k X i

15 15
I so:r:r"v E. - _'l'
© 0.01, uF . 14/—oClock 3 14—
.[100 k cvso 0.1 uF T cvsp i

v-o— 4
T A A s timaar e
- [—)'1 Mc3s1e .| — b
0% 1° s ¥
A 4 1 o o 1
0.05 uF L et
3 10 +o- 10
- ‘L0.1 uF (Integrator 0.05 uF 0.1 uF
8 9 I Amplifier —i8 9
- <] < Otfsat < +
% e Voltage)

Note: The analog comparator offset voltage is tested
under dynamic conditions and therefore must
be measured with appropriste filtering.

FIGURE 5 — V/I CONVERTER OFFSET VOLTAGE,
Vig and Viox
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FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH
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Note: V|gx is the average voltage of the triangular
waveform observed at the measurement points.
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*32 kHz MC3418/MC3518
16 kHz MC3417/MC3517
Notes: 1. Vo(AvV). Dynamic Integrating Current Martch,
is the average voitage of the triangular wave-
form observed at the measurement Points,

across 10 kQ resistor with Igc = 1.5 mA.
2. See Note 2 of the Electrical Characteristics,

page 3.
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FIGURE 7 — TYPICAL ljn versus Igc (Mean £ 20) ...
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FIGURE 11 — BLOCK DIAGRAM dF THE CVSD ENCODER
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FIGURE 12 - CVSD WAVEFORMS
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FIGURE 14 --16 kHz SIMPLEX VOICE CODEC
{(Using MCI41T, Singla Pala Cormpanding and Sinalae Integr itional
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(CVSD) is a simple alternative to more complex conven-
tional corlversion techniques in systems requiting digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance o digital  transmussion and multiplexing,
switching and repeating hardware s more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The:CVSD A to D is well suited to the requitements of
digi\:al communications and is an economically efficient

means of digitizing analog inputs for transmission.

The Deita Modulator

The innermost control loop ot a CVSD converten is
a simple delta modulator. A block diagram CVSD Encoder
is shaown in Figure 11. A deita modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog -signal and the
integrator outpul, Thae compardtor output reflucts the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and dehvered to a stmilar mitegrators at a remote
puint, the remote mtegrator output is a copy of the
transmitting control loop ntegrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
:md' clock rates from 8 k and up are possible. Thus the
delta modulator digitizes and transmits the anaiog input
to 3 remote teceiver, The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. If the two integrators are made leaky, then
during any loss of contact the recever output decays to

E
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CIRCUIT DESCRIPTION {continued)

aro and receive restart begins without framing when the .
eceiver reacquires. Similarly a delta modulator is tolerant
5f sporadic bit errors. Figure 12 shows the delta modu-
ator waveforms while Figure 13 shaws the corresponding
SV SD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the deita modulator
are it; simplicity and the serial format of its output.
its limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band himited and amphitude Limited, The fre
quency limitations are governed by the nyquist rote while
the amnplitude capabihities are set by the gain of the
integrator

The frequency lamts are bounded on the upper end,
that s,
frequency larger than that bandwidth which will trans
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and tower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic delta
modulator has a small dynamic range over which the

for any input bandwidth there exists a clock

noise level is constant.

The continuously variable slope circuitry provides
increased dynamic -range by adjusting the gain of the
integrator. For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulator’s dynamic range. External to the basic
delta modulator is an aigorithm which monitors the
past few outputs of the deita modulator in a simple
shift register. The register is 3 or 4 bits long depending on
the application. The ac;:epted CVSD algorithm simply
monitors the contsnts of the shift register and indicates

if it contains all 1s or Os. This condition is called coinc-
dence. When jt occurs, it indicates that the gain of the
integrator is too smail. The coincidence output charges
a single pole low pass filter. The voltage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control aigo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power.or level of the input signal. Other
techniques  provide more instantaneous information
about the shape of the nput curve. The purpose of
the algorithm is to control the gain of the integrator
and to increase the dynamic range. Thus a measure of
the: average input level s what is needed,

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bit rate.

The effect of the algorithm is to compand the input
signal. It a CVSD encoder is played into a basic delta
modulator, the output of the delta modulator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from.a standard delta moduy-
lator with a constant level input,

The delta modulator encoder with the.CVSD algorithm
provides an efficient method for digitizing a voice input
in a2 manner which is especially convenient for digital
commungciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CCNSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14, Thesa ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encodar’s transmission characteristics to the
aprlication. Thus, the achievabie transmission capabilities
sre constrained by the fundamental limitations of delta
modulation and the design of encoder parametars. The
performance is not dictated by the internal configuration
of the MC3417 and MC3418. There are seven design
considerations involved in designing these basic CVSD
building blocks into a specific codac application.

These are listed below:
1. Selection of clock rate

Required number of shift register bits
Selection of loop gain

Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filtar transfer function

7. Design of low pass filter at the recsiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
thew simplest form. The “syllabic and integration filters
are both single pole networks. Tha selection of items
1 through 4 govern the codec performance.

omawWwN
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CVSO DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be excrened 1 solate il digted gl
paths (pins 90 11 13, and 1) fom ane ong gl praths
{pins 1-7 and 10) 10 order 1o achieve proner wdie channel
performance.

Clock Rate

With mmor modiicatons the ciaua m Figure 14
may be operated anywhere from 9.6 hHz to 654 k.
clock rates. Obviously the higher the cloes tate the lughie
the S/N gerformance. The circuit in Frgure 13 vypncally
produces the S/N performance shown in Figare 1%
The ssiection of clgck rate is usually dictated by the
handwidth of the transmission medium. Voiwcr band-
width systems will require no hagher chan 9800 Hs
Some radio systems will allow 12 kHz Private 4 wire
telephone ‘systems are often operated at 16 kMHz and
commercial teiephone performadce can be achieved
at 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 16 ~ SIGNAL-TO-NOISE PERFQRMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE POLE
AND COMPANDING AT 16K BITS — TYPICAL
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Shift Raegister Length (Aigorithm)

The MC3417 has a three-bit algorithim and the MC3418
has a four-bit a'lgorithm. For clock rates of 16 kHz and
helow, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
nput signal, a longer shift register is required to obtaip
the same internal hsitory. At 16 bits and below, the
1-bit algorithm will produce a shghtly wider dynamic
ange at the expense ot level change response. Basically
e MC3317 45 designed tor Jlow it rate systems and the
MC3418 is intended tor high performance, high st rate
ystem. AU bit rates above 64K thts either part will
vork well,

Ter

Selection of Loop Gain

Ihe qun ot the cucwt an Figure 14 65 50t by resistor
Ry Byomaont e welented 1o provide e peogpnes titegratos
step o size dor hugh Tevel swnals wuch that the companding
rutio does not excecd about 289%, The companding ratio
s the active low duty cycle of the comaidence output on
pin 11 ot the codec cucuit Thus the systermn qan s
dependent on.,

VoM miamum Tevel ane frequency of the innuat

gl

2 The transter function of the mtegration filter,

For voice codecs the typical input signal is taken to be
2 sine wave at 1 kHz of 0 dBino level. In practice, the
useful dynanuc tange extends about 6 dB above the design
level, I any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
fiter. In the basic circuit of Figure 14, a single pole of
160 He is used.

R= 10k, C=0.1ufF
Vo 1 . K

oGS+ LRC) €3,
o = 2
103 wg * 271
f=159.2 Hz

Note that the integration fifter produces ¢ single-pole
response from 300 to 3 kHz. The current requirad to
move the integrator output a specific voltage from zero
is simply:

|l~ = Y.g + M
R dt

Now a 0 dBmo sine wave has a.peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
s puak value. The CVSD step should trace that change,
The required curtent tor a 0 dBm 1 kHz sine wave is:

LAV 0 pF(LT)
YUP2(10kQ) 0.125 ms

"The maximum voltage across Rl when maximum

=0.935 mA

slew 1s required is:
1.1V

2
Now the voltage range ‘of the syllabic filter is the

bower supply voltage, thus

|
Re 025V
x TLET 093y ma

A simdar procedure can be followed 1o establish the
proper gan for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS {continued)

inimum Step Size
The final caramatar to be selectad for the simpie codec
Figure 14 is idie channel stap size. With no input signal,
o digitsi output becomes a one-zaro alternating pattern
d the snalog output bacomas s smail triangla wave.
smatchas of interna! currents and offsats limit the
nimum step size which will producs a purtect idle
annel pattern. Tha MC3417 is testad to ensure that
20 mVp-p minimum step size at 16 kHz will attsin a
oper idle' channal, The idla channel step sire must be
ica the specified total loop offset if a one-zero idle
ttern is desired. In some applications a much smaller
nimum step size (a.g., 0.1 mV) can produce quist
rformance without providing a 1-0 pattern,
To sat the idle channei stsp size, the value of Rmin
15t be selected. With np input signal, the slope control
orithm is inactive. A long series of ones or zeros never
curs. Thus, the voltage across the syllabic fiiter capaci-
(Cs) would decay to zero. Howaver, the voltage
ider of Rg and Rmin (see Figure 14) sets the minimum
owed] voitage across the sytlabic fiiter capacitor. That
tage must produce the desired ramps at the analog
tput. Again we write the filter input current equation:

For values of Vg near Ve/2 the V/R term is nagli-
gible; thus

" CsEr

whars AT is the clock pariod and AV is the dasired
pask-to-peak valus of the idle output. For a 16X-bit
system using the circuit in Figure 14

0.1 uF 20mV -
;o LIHE DMV g9 A
i 62.5 us H

The voltege on Cg which produces a 33 uA current is
determined by the value of Ry.

Iiﬁx = Vgmin; for 33 uA, Vgmin = 41.6 mV

In Figure 14 Rg is 18 k{. That selsction is discussed
with the syilabic filter considerations. The voltage divider
of Rg and Rmin must produce an output of 41,6 mV.

Rs
Vee o— = = V8min Rmin = 2.4 MQ

RS+ Rmin

Having established thase four paramaters - clock rate,
number of shift register bits, loop gain and' minimum
step size ~ the ancoder circuit in Figu(g 14 will function

at near optimum performance for input levels around
0dB8m.

INCREASING CVSD PERFORMANCE

agration Filter Design

The circuit in Figure 14 uses a single-pole integration
work formed with a 0.1 uF capacitor and a 10 k§2
istor. It is possible to impruve the pertormance of the
zuit in Figure 14 by 1 or 2 dB by using o two-pole
egration network. The improved circuit is shown,

The first pole is still placed below 300 Hz to provide
' 1/8 voice, content curve' and o second pole s placed
newhere above the 1 kH: frequency. For telephony
:uits, the second pole can be placed above 1.8 kHs
exceed the 1633 touchtone frequency. In other com-
nication systems, values as fow as 1 kHs may he
cted. In general, the lower in frequency the second
e is placed, the greater the noise improvement, Then,
ensure the encoder loop stability, a zero is added to
p the phase shift luss than 180°. This zero should
placed slightly above the low-pass output filter break
nuency so as not to reduce the effectiveness of the
ond pole. A network of 235 Hz, 2 kHz and 5.2 kHz
typical for telephone applications while 160 Hz,
kHz and 2.8 kHz might be used in voice only channels.
dice only channels can use an output low-pass filter
ich breaks at about 2.5 kHz.) The two-pole network
“igure 16 has a transfer function of:

2-23

1
RoR1{S +
Vo _ ) 1( R1C1)

i RgCa(Rg + R1)(S e +‘R”C1)s +(R2102)

FIGURE 16 ~ IMPROVED FILTER CONFIGURATION

P
(3]
~

Anslog Output

MC3417
ofr
MC3418

R1 600 ©!

e

0.1 uF

Ro

13k

These cormmponent values are for the telsphone channel circuit
poles described in the text.The R2, CZ product can be provided
with different valuas of R and C. R2 shouid be chasen to be squal
tc the termination resistor on pin 1.
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INCREASING CVSD PERFORMANCE {continued)

Thus the two poles and the zero can be selected arbitrarily
as long as tha zero is at a higher frequency than the first
pole. The valuss in Figure 156 represent one implementa-
tioh of tha telephony filter requiremaent.

The selsction of the two-pole filter network effects
tha selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

!94 E&gg.w4c‘ AVO
Ro Ro Ro AT

lj= +

£
R]C]RQCQ):‘.\V02
at?

RpC2Cy ¢+ ——
(221 "Ro

The calculation of desired gain resistor Ry then proceeds

axactly as previously described.

Syliabic Filter Design

The syilabic filter in Figure 14 is a simple single-pole
network of 18 k§2 and 0.33 uF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
nteyrator current which in turn establishes the step size.
The integrator current and the resulting step size deter-
mine the companding ratio and the S/N parformance.
The companding ratio is defined as the voltage across
zs/Vee.

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
t ditferent portions of the total Ry are shunted by diodes,
the integrator currant can be other.than {Vce = Vsi/Ry.
[hese breakpoint curves must be designed experimentally
or the particular system application. In general, one
vould wish that the current would double with input
evel. To dasign the desired curve, supply current to pin 4
f the codec from an external source. Input a signal
evel and adjust the current until the S/N performance

is optimum. Then record the syllabic filter voltage and
the current. Repeat this for all dasired signal levels.
Then derive the resistor diode natwork which produces
that curve on a curve tracer,

Once the network is designed with the curve tracer,
it is than inserted in place of Ry in the circuit and the
torced optimum noise performance will be achieved
from the active syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. l{\ the past they have been used in
high pertormance telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 17 ~ RESISTOR-DIODE NETWORKS

R1 R2 R3
P—AAA——ANA—O

i

(=} 02 O3

A1 R2
—ANW——————0

D1

If the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
simulates the companding characteristics of nonlinear
Rx elements in a different manner,

Output Low Pass Filter p

A low pass filter is required at the receiving circuit
output to eliminate quantizing noise. In genersl, the lower
the bit rate, the better the filter must ba. The filtar in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
ically intended to meet the psrformance raquiremants
¥ commercial telephone systams. First, slope polsrity
witch current matching is laser trimmed to guarantee
roper idle channsi performance with 5 mV minimum
tap size snd a typical 1% current match from 156 uA
o 3 mA. Thus a 300 to 1 range of step size variation is
ossibls. Second, the MC3418 provides the four-bit
lgorithm currently used in subscriber loop telephons
ystems. With thase specifications and the circuit of Fig-
re 18, a talephone quality codec can be mass produced.

2-24

The circuit in Figure 18 provides a 30 dB S/Nc¢ ratio
over 60 dB of dynamic range for a 1 kHz test tone at
a 37.7K bit rate. At 37.7K bits, 40 voice channals mey
be multiplexed on a standard 1.544 maegabit T1 facility.
This codec has also been tested for 10=7 srror rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the dasign is applicable in telephons quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued)

stive Companding Natwork
~unique feature of the codec in Figure 18 is the
ze control circuit which uses a companding ratio
ce, the prasent step size, and the present syllabic
output to aestablish the optimum companding
and step sizes for any given input level. The com-
g ratio of a CVSD codec is defined as the duty
of the coincidence output. It is the parameter
red by tha syllabic filter and is the voltage across
ided by the voltage swing of the coincidence output.
ure 18, the voltage swing of pin 11 is 6 volts. The
ing companding ratio is analoged by the voltage
sn pins 10 and 4 by
pins 3 and 4 of the V to | op amp within the inte-
circuit. Thus, the instantaneous companding
of the codec is slways available at the negative
of Al.
s diogde D1 and the gain of Al and A2 piovide
npanding ratio reference for any input lgvel. If
stput of A2 is more than 0.7 voits below vee/2.
he positive input of Al is (Vgc/2 - 0.7). The on
drop at the input of Al represents a 12% com-
ng ratio {12% = 0.7 V/6 V).
e present step size of the operating codec is direct

means of the virwal short

ly

related to the voltage across Ry, which established the
integrator current. In Figurs 18, the voltage across Ry is
amplified by the differential ampiifier A2 whose output
is single ended with respect to pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 volts, Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% comp-
panding ratio and the instantancous companding ratio at
pin 4 is amplified by A1. The output of A1 changes the
voltage across Ry in a direction which reduces the dif-
ference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting companding
control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the-diode drop.
The operating companding ratio on pin 4 is then compared
to a companding ratio smailer than 12% which is deter-
mined by the voltage drop across Ry and the gain of A2

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER
{Both doubis integration and active companding control are used to-obtain improved CVSD performancs.

Laser trimming of the integrated circuit provides retiable idle channel and step size range charact

eristics.)

Voice/Non-Voice Clock Digital
SELECT Input  Qutput
o— 37.7 kHz ? 37.7 Bits . (veel2)
P12V
Anslog 16 16 14
0.22 uF
Input
L ] _ Y
j 2 ! & 4 flat
Huygistue ’;
a9 - 1
! LB ¥ inota
Non-Voice[d.6 & 2 E iR
input I . y 2~ 0.33 uF
o 10 %00 k v
{Digital v . 2]
A cc/ mun -
Input) S-AAA— o
oO— 13k 3
v
Anaslog ? Siope + v Svi
i 4 R
Output Polanty - X
[ Switch 2.2% 7.8 k
MC3418 13 k !
c2 P J B> A
0.025 uF { 7.5 k
100 &
A1, A2
13 ——
. o — MC1a58
= 0.1 uF 0.1 uF
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TELEPHONE CARRIER QUALITY CODEC USING MC34 18 (continued) ‘

FIGURE 19 - SIGNAL TO NOISE PERFORMANCE
AND FREQUENCY RESPONSE
{$howing the improvemaont real.zed with
tha circuit i Figure 18}

SIGNAL TO NOISL PEREFORMANCE OF TR EEPHUNY
QUALITY DELTAMODULATON

s
h *
@ 4
N v -
z
o 30
] A 5Q dR
(o] . 4 81T ALGORITHA
Z 37 7K BI1TS
o ; TxMz TEST TONE
5 4 C MFSSAGE WEIGNHT
4 25
z
[} 4 ~
7 4
4
4
20 T T 1T Y b Ianater ) kit M o=~ s
40 R 24 V2 0 12
INPUT LEVEL IN dBm0
b. FREQUENCY RESPONSE versus INPUT LEVEL
{SLOPE OVERLOAD CHARACTERISTIC)
0 dBm INPUT
£ 07
- - 10 d8m INPUT
O -10+ \
z — 20 dBm INPUT
- -20 4
w
2 -301
-t
i ~40 4 -4 81T ALGORITHM
z 37.7 K BITS
- -504
2
o -
-804
Al T A v T T T T g T T
s} 2&kHz 4kHz 6kH2z 8kH: 10 kHz
' INPUT FREQUENCY IN Hz

S

and AL The gan of A2 s also expernimentally determined,
but once determined, the circuitry s easily repeated.,

With no inpuat signat, the companding ratio at pin 4
aues 10 seco and the voltage across Ry goes to zero, The
voltage -at the output of A2 becomes zero since there s
no diop across Ry, With no signal mput, the actively
contratled step size vamished,

" e e step size s established by the 500 k
resistor between Voo and Vee/2 and s therefore inde-
pendently selectable, s

The signal tc noise results of the active companding
network are shown an Figure 19, A smooth 2 dB drop is
realized from +12 dBm to -24 under the control of A1,
At -24 dB8m, A2 begins to degenerate the companding
reference and the resulting step size is reduced so as to
extend the dynamie range of the codec by 20 dBm.

The slope overload characteristic is also shown, The
gctive companding network produces nnproved petfor-
matnce with fiequency The O dBm slope overload puint is
raised 1o 4.8 kKHe because of the gan avalable in contiol-
hing the voltage across Ry. The curves demonstrate that
the level hinearity has been maintained or improved.®

The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By modifying the crossover region (changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step fqrwird in the art
and cost of CVSD codec designs.

®A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
trequency. In Figure 18, 0.050 uF would work wall.

FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD QUTPUT

c1
AN
S
f 1000 oF
Al R?
A= e AAA
87.6 x 178 k
€3 c4 I
157 pF 78 nF LR

SRl i

R3
247 &

(—g-{ —

||I—J‘

wp =
Ws

AdB at g and above 29,5 98

Designed for Of28 Jd8 ripple in the pass band

3 kH2
T 6 kHz
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FIGURE 21 - FULL DUPLEX/32K 81T CVSD VOICE CCDEC USING MC3517/18 AND MC3503/6 OF AMP

Gtgltai Quiput

D'nun tiile o— >
Clianinal C
. Hiy 18 4 v
[P
i€ '
N nl [AN] b
Anasog Inbut 0—'
) b
p—d
R1 C3 = 12 MC417
or
I 10 MC3418
L —>—
n 7 b
i
A R
- ™ z—
x < Cn s A
8 14
] Ciock
= 0
14 +BV
’ 12 18 )
L_“ PN
nalog Qutput 2 P % = T |Cga
] J i e
T
T Digital 9 MCI417 ~
Taest or u‘:n
c6 Mc3418 i3
7
L
b Am2 Rx2
R4 Ci2 « 6 Y
8 15 |13

Codec Components

Ry j. Axa 3384

Apy, Rpy 33411

RAgy. Rgy — 100 k1

R)y. Rz - 20%82

Ria - k§2

Ay, Az -5 M (MC3817)

Mimimum step size = 20 mV
Rary. B2 — 15 M3 {MC3418)

Minmimum step size = 6 mV

Cgy. C52 - 0.05 ufF
Cyy. €2 - 0.08 uE
2 MC3417 (or MC3418)
1 MCJ403 {or MC3406!

All Res 5%
Att Cap 8%

Nots

tnput Filter Specifications

12 ¢t Ovtave Rolioft above 3 0 kHiz
6 JdB/Octave Rollaf! hetow 50 He

Output Filter Specitications
Break Fraquency — 3.3 kHz

Stop Band 9 kHz
Stop Band Atten 50 dB8
Rotiotf + 40 dB/Octave

Digitat input

——Q
Filter Components
A1 96542 c1 33mF
R2 72 k42 C2 837pF
R3 - 72 k§l C3 - 536 pF
R4 — 63.46 k1 C4 — 1000 pF
AS - 127 k{1 CS -~ 222 pF
R6 - 365.5 k2 Cc6 - 77 pF
R7 1.645 M4} C7 J38ypF
RB -~ 72 k{} C8 — 837 pfF
ARG — 72 k2 €9 —~ 536 pF
R10 - 29.5 %2
R11 - 72 w§l
Note. All Res. 0 1% to 1%.

All Cap. 1.0%
4
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MC3417, MC3517, MC3418, MC3518

COMPARATIVE CODEC PERFORMANCE FIGURE 22 ~ COMPARATIVE CODEC PERFORMANCE ~
The sahient featuie of CVSED cudecy using the MC3517 SIGNAL TO NOISE RATIO FOR t kHz TEST TONE

and MC3518 tamily s versatility. The range of codec A R i T I

complexity tradeotts and bit rate is so wide that one M I { i

cannot grasp the miterdependency of parametess for
. . N . R + P —p—, —
voice applications in a few pagus, b /"\:‘>/ : \ |
N b /“

Design of a specihic codee must be talored 1o the

:

digital channel bandwidth, the analog bandwidth, the /,' 'T\>’///" i ’\\
quality of signal transmission requured- and  the cost : " // ! i
objectives. To dlustrate the chowces avalable, the data i T / / 32Kt "Vf;“_”""
Figure 22 compuares the signal to-nowse rabos and dynanue . " ! MCMA”'" M{.Mm
range of various codec design options at 32K buts, '
Generally, the relative mernts of cach design teatare will whl
remain ntact 0 any apphceation, Lowenng the tnt rate " ’ A l _
will reduce the dynamic range and nose pertonmance LU T R T (T 1Y 0 14 [T T
of all techmiques. As the bit rate s mcreased, the overall AMPLUITUDE {dR)
petformance of each techmique will improve and the need These curves demonstrate  the woproved perfogrmance obitained
for more complex designs dimnmeshes with sivecal code: designs of vary g compladity

Non-voice applications of the MC351/ and MC351H Curve o Complax campandhing and double intagration

are also possible. In those cases, the signal bandwidth {Figuie 18 MC3418)
and amplitude characteristics must be defined before Cutve b Double untegration (Figure 21 using Figure 6

the specilication of codec parameters can hegin, How s 8y

A A . Curvee ¢ - Singly intogratinn (Figure 21 MC3418) with
ever, in general, the design can proceed along the hines of 6 mV step size
the voice applications shown here, taking into account the Curve d — Single integration (Figure 21 — MC3417) with
ditterent signal banagwidth requirements. 25 mV step size

THERMAL INFORMATION
The maximum power consumption an integrated voltages and supply currents at the waorst-case oper-
circuit can tolerate at a given operating ambient ating condition.

temperature, can be faund from the equation®
Tjtmax) = Maximum Operating Juncuon
Tutmax) - TA Tempera(urc a-s hsted |n' the
PD(TA) = N GR Maximum Ratings Section
0JA ' Typ T A = Maximum Desired Operating Ambient
Temperature
RyalTyp) = Typical Thermal Resistance
Junction to Ambient

Where: Pp(Tp) = Power Dissipation allowable at a
given operating ambient temperature. This must be
greater than the sum of the products of the supply

2-28
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o) outaut voltage ig = tma 03 Y SNSAL 7INTAL * circults. g S04 CIRCIT
wient at = . E
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T 0y
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U AmA e 2 " %0 58
1
VoE =MAX, V| =7 A
voltage ce ey B} e
t current Vg =MAX, Vig=2.7v |°® 20| uA
U ourrent VCoQ = MAX, Vi =0.5V ~0.4| mA . outnr
utput current @ | Vo =MAX 20 ~100| mA s - \ :
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Pin Assignments (Top View) i
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 as MIN or MAX, use the ApprOprwte values specitied unoer r
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d operating

oxoved one second.
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Quadruple 2-Input Positive-OR Gate

67

Schottky TTL High-Speod TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
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Resistor valugs shown are nominal and in ohms.

Qundiong shawn a8 MIN or MA X, usy the appropriate vae specified under recommended operating conditions,

typroal values are al Voo =5V,

Ta =25°C

more (han 0ne oulput should be shurted 3t a lime
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Dual D-Type Positive-Edge-Triggered Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Packsge Package Package Package
Device Type Device Type Device Type Device Type Device Type
clPmicF C|P[MICF c|P|MmicF C{P|M|CF C|P|M|CF|
. SNS4ST4 D W SNSeHTa 3 wiZf SNS4LS T4 Jw W(] SN54T4 U W2 SNSAL T4 JDINDITD
A0 © | SNus 3D IND SNTAHT4 U D SNT4LST4 J(DINep SNT4T4 ) IN | BTN ). DINDITD)
JRCHILD FMS4S74, F M3S7410.00 FMS4H 74/F MH 14 (D) F 2] rwsasie - s oy FD| FMSAT4/F MINTA  |DD F |
FC4S74,FCIST4 (DD AT FCTAH74/FCIHTE 10D |PD F 2| Ferwsie s sonsie EED FP| FCr474/FCINTA  [ODIP T
ITOROLA SN74LSTA P
L c | OMS4HT4 JD[ND OMS4LS T4 P DM5474 JDIND) WZ{ OMS4L T4 J(DIND F
2 OM14ST4 N (M 74H 14 33 DM74L S 74 | OM 7474 J(DIND OM 4L T4 (L iND F 2
|5 |
ILIPS NTAS T4 | G131 TANTa ol | Tnracsu i F11131,7474 it
g S54574 S54H74 Fol AW Wil S5474 F A W)
mcs NIAS T4 NTaH T4 Fojan NTALS T4 {A NT4T4 FoifA
MENS o] 5
Jirsu 741 S74 L MB420 ‘DImi
ACHI HO74S 14 ([>T HOTALS T4 P HD7474/402510 DIPD
“SUBISHI MT4S 74 P i M4 S 4 P T M$327/M53T4 Pl
- g B o
. 45 14 C i L5748 C 't uPB214 DG
1 | |
SHIBA I | R | i 1 TUs A t WR | \
Electrical Characteristics SNSALS74/SN74LS74
DBt memUm rEUNgS operating fre: ¢ lamperature range 2
Sumeny v VOO ™ Ovwrsivg wee-ee | SNMLS -WE W inT . . .
ign View
(vt ot v womesras i TSNTALS ¥C e e Pin_Assignments (Top F )
Srmage e s (nge -4 @ V4T !
recosmended operslng conditions . 2 ® @
o ] P .t Voo LR 0 XK PA X 0 PR 10 10 OND 20 20 R
L NOM  MAX | MM NOM Max 14 imi nLinLfelL [ (7
-y vorage VOO s s i o 3 s » T
W A Gt O -0 ~ %00 o, [o »-qj
e : e = L
Um 1, ..::‘ e Ll .2 wl Cr d o8 OLRbT Aeka pnps
— - (e - ) :7 - L o CX cx .
Hgr | data E- 3 Y
RTE A Low-jave: dsia 20° H s v Lf—']
™ s! st s 7 1712 ptigligks
iy boean lompmaiae T, -8 " 0 L T 1 10 1ICk PR 1Q 10 aND 1cx 10 I vge 7 ™ XK
CLA cLn cLA
oloclrilcal charactenstics over recommended operating Functional Table
free-air temperature range 4 % el 'S74 (Sea N 2
PARAMETER ® TEST CONOITIONS t [ MIN TYPE mAX [uMIT % > = (See Note 2)
Hign-leve: wpul voilage 2 v INPUTS OUTPUTS
Lawsovel npul voltage 0.3 \ PRESET CLEAR CLOCK D Q Q
Ut ClAmp voltage Vog =MIN. 1y = - 18mA ~ i8N L H X X Wik
VEC =MIN. Vig=2V, H L X X £ H
L 4 v
High-tevel outpul voltage Vi =0 8V, Igw=MAX 0Ly & L L X X H W
VEe “MIN, V2V, H H M
Low el ouput voitage ec i ! B 5
Vi =0 8V, g = dma H H 1 ks L H
0.1 K H - L %100 0
Inpul surrent al
Cloar
nput IVEC TMAX, V=V
oo ¥ : :
5y A Ny Functional Block Diagram
Hiyh-laval
Voo TMAX, Vy a2,V
noul ourrant Prosat cc 4 ]
Cloen
AT e WIS O S R = o
( . e |
SR
Low-evel Cloar >
nput ourrent P renet YOO T MAX. SXIRENe
Clock .
Shortcwcunt Secies S4L 5 -0 *
= \lc‘;“MAl -
oulpul Curent @ [ Swies TIL S ~20 .
Sty irrent VGC=MAX, See Nots 1 4 D
(Average por _thp- top)
clock frequency 25 33 MHZ ‘74, ST4, 'W74, 'LSTA, L74 DUAL DFLIP FLUP WITH CLEAR AND PRESET
vee =5v. &
fom Olear presel of clouk é‘ TS ' i
(as apwoorate) 10 Q or O L=iSBE s
AL =20 P 0
NOTES I 1 With ail outputs open, |GG 18 measured with the O and § oulputs high i turn.
At the uma of maesurement, the clock input is grounded
2 H=wmgh level (steady siate), L =iow leval (steady state), X =wralevant
1 =transition trom low 10 high luve!
Qo=1tha ieve: of Q beiore the ngut wero
*This wl'wlhﬂﬂ 13 NONNLALIS . Ihat s, 1T wili NOL Dersist when preset
and Cledr nDuts ceturn 10 ther nactive (Nigh) el
condtlna Cwn as MIN or MAX (se the appropiate value specified uider g
1yoa), vales are 8t Voo =SV, T4 =25°C
oMM L0 R (UL S T 3ne ted ity time >
M MNUCAUATON delay Lime oW L0Mgh-level output
LM DOPeAtON Joly ine. NN 1o uw ievel outin(
)} Mrom ndicate (e edge Of MO CIOOR DuIse Used fx (atence. T Ine risng edge
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Monostable Multivibrator with Schmi tt-Trigger Input

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Packayge Package Pa cage Package Package
Devica Type Davice Type Dsvice Type ™ Cavica Type Dexica Type
; clpImcA ©° clP[mlcH clPIMc c[PImlcH Pe (cTpmIcH
SNS4121 J'l Wi SNSAL 121 {4 O[NETT
SNT4i2¢ JD[NE SNT&L 12} JUANGAT L
-D | FMSdI21/FM9603 (Gl F.
| FCT4121/F C3603 10.11P1.
MCS4i 21 L Fn
.l-A MCM121 Libpa Fa
OMS4121 JIN wl
DM 74121 JibIN
| F K101, 74121 W
S 554121 Fulan] Jwl
g N74I21 FD|AD L
| FLKI0I T
|
|
|
| HD74121/HD2543 | (D|P(1
Hi | MS3321 P
] |
| TDI21A Tpi]
Electrical Characteristics SN54S12| SN74S |21 Pin Assignment (Top view )
ohite maxmum ratings over Operating free-air temperature range ad"
& VeC NG Ne Cmi Cour A,
e ¥C B v Goeratiag tree aur | smas 8. 10 128C "L‘E ,[:_;14%' ;’;' F;T'» '_fl ﬁ NC-No internal connection
0 - T L et ase [ sans 0 1o 0 LIS LU LUISN :
Stange ‘ergeratere ange §3C 10 i%0C Ho—— ” 121=-Ring = 2kQ NOM
— e e e LI2ZIRpy=4kQ NOM
recomended operating conditions : ‘_je’_ 1l nt
' SN545121 | SN74512] @ ﬁ > ’
MIN NOMMAX [MINNGMMav ]| ' [ i e
- o s 58 o i el ! v I
Dul Costent O “00 .
put cument X { I8 ~
wioor l SCha mout B i | ¥ s
v o | TR I | ) o v
AN 1 a . = ¥
“ = £ ) Function Table
ECopaciiance feqt ‘ 2 i « L0 3 5
€ oo tance lent e T "0 o 121, "LI21 (See Note)
[ ac Y 5/ p INPUTS QUTPUTS
LA e o « Al 1A 8| @ G !
o Iemgscatun A 1) 128 0 0 ¢ L X Hi L L H
lectrical characteristics ovar recommended operating X L Hf L H
ee-air temperature range x X S H
RAMETER TEST CONDITIONS f MIN TYP § MAX |UMIT H H L RS M
ra-goig Ihveanoid voltege | Voo - MIN A npat e 2t v : o LN Fy v
ve <309 Pveshoid voltage | VoG = MIN A ioout a8 14 v 3 Hogwl gW u
8-90Ing tveshold vollage | Voo =MIN B wout 15§ 2, vV }. of w5 v
VeDOING (We3haid vaitage | Voo = MIN 8 nout 0.8 135 v L > Wnooow
clamp voltage VCC=MIN. |, = —12mA 9T X L v
Vel output voitage VQC“MIN_ 1M *MAX 24 34 v s . A
VL il voTene VCCAMIN, oL < MAX 02 oSy schematics of inputs and outputs
current at = . Vee e - Vee 3
VCC=MAX, V =55y :
M 0put  voltage cc ! a4 Ren P
vel wnput current VeC=MAX, Al or A2 01| uA o
vai nput current Vi=2 4V 8 20| uA INEUE ke
VCC =MAX, Al or A2 -1 s X
vl Wpul Owrent V=04V 8 -32| mA ¥ . aourteyuY
S4 Family -20 ~55 ¥ -
*
' TR | VooaMAX 74 Famiy | ~18 T R,q NOM
INPUT )
) : %
et Ve =MAX Quiescent 3 5 A 121 L2 e '
Triggered 23 40 Al 4 ki LR 21 AL, - 100 11 NOM
= = A? 4kl Bl . : it
ton a.h: ldm:.-a: to-high “ % | hs 8 25k o1 (S F1} Roq * 260 11 NOM i -
oulput Oom et nout
% TYPICAL OF
o Biaj e, GoajVCC~ Y EOUIVALENT OF EACH INPWT CAL OF BOTH OuTPYTS
Ta=25'C  |Cy =00 pF, » S| ne :
output from B put R sy g
on detay 11me, high-10-tow- C =1SoF , nt o Vee n NOTES : A. H=Mgh level (sesady stete), L =iow ievel (steady state), fe=iransition from
outut from sither A wput R =400u : S0 o low l: h;gn“:vcizlrl -|rm:‘|'mml.r'om high lux) low level, S =one ' i
— high- teve se, 1 =one low- buise, "X =irrelevant (any input, inckuding :
tion delay time, high-to-low 0 65| ns transitions). | ‘-
output_from B mput B. To use e iternal timing resistor conneat At 1o Vgg }
1dih obtained using Ve =Sy, Cr =80pF, 201010 i o C. An external timing may be b Coxt (portive) and !
tming resistor TA=25T At 1o Voo Roxt/Coxt. = i
1dth obtained with CL =I%F Cy=0, D. For scourste repeatadle pulse widths, conneot an external resstor between !
cApaGIan08 a Rint 10 Vog N il oe Rext/Coxt 8nd Voowih Ry open-cwourted. i
iy Ay =400¢ e T E. To obtan veriadle puise widtha, 0ONNeOt external values resis(ance Betwesn ;
Wth 00tamed using [Cr=1000F Ay =10 i Rint & Rexy/Coxy and Veg, 5 !
_timing resistor [Cr=IuF. Ry =10k 3 1 8| ms

m‘o-n a3 MINor MAX, use the appropriate velue soucified under recom mended operating sonditions.

vos are at VCC=sy, Ta=28C
 one oUtpul Showld De B ted at & Lime.

1
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SCL4001B, SCL4002B
SCL40258,SCL40788

CMOS NOR GATES

SCL4001B — Quad 2-Input NOR
SCL4002B — Dual 4-Input NOR
SCL4025B — Triple 3-Input NOR
SCL4078B — 8-Input NOR '

FEATURES

4 Buffered Outputs

4 Diode Protection on all Inputs

¢ Fully “B” - Series Compatible

¢ Balanced Output Drive Current Specifications

Inputs Output
0D, ;.8 1
All other combinations 0
FUNCTION DIAGRAMS

SCL4001B SCL4002B
1Al 3 1A
2 L 4 1B

4 1y

2A I 9916

2B 1D
A 2A '

- 10 3y w0l

3B 28 3

* 11 4y 3¢ 12

48 : 20

© [0 & W N

-

Y=A+8B Y=A+B+C+D
SCL40258 SCL4078B
1Al Al
1c8 g
2A3 5 By
a 6 E
28 2Y £ 10
2¢c2 : e
11 H 12

3y Y = A+B+C+D+E+F+G+H

W W W

0O orrp
N
o
o

Vpp =Pin 14
Vgs =Pin7
for All Devices

Y=A+B+C

B 5 4

ers

CONNECTION DIAGRAMS
(all packages) :

Vpp 4B 4A 4Y 3Y 3B 3A
R T ] e

14 518 1210 "9 8

SCL4001B =4

R T i TR S

| | |
1Y 2Y 2A 2B, Vss

—

1A 1B

Vpp 2Y 2D 2C 2B 2A NC
] | 1 | ]
A3 12 11 100 9 8

—

SCL4002B
1 2908 45 6
1 I RN | | |

1Y 1A 1B 1C 1D NC Vgg

Wn-12 3B 3a\¥% 1Y 1C
B~ 1 NN
N o= 1¥ TN 9 8
SCL4025B
Y Fea | 4315086 -7
Tl R § T

1 1
1A 18 2A 2B 2C 2Y Vgg

Vpp Y H G F E:- NG

i | |- | 1 !
1473l 2™ 11 1P 9 8
SCL40788B

Vo) 3 A /9 6 1

{ 1 | 1 1 | |
NC A R TG D NC Vgg

Add suffix for package:

C 14-pin Cerdip

D 14-pin Ceramic

E 14-pin Epoxy

F  14-pin Flat
~H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VDD - Vss ¢

Operating Temperature TA
C, D, F, H Device
E Device

3to15 Vde

55 to +125 ©C
40to +85 ©C




SCL4001B, SCL4002B, SCL4025B, SCL4078B

: ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS ''?

2 -]
PARAMETER Voo | conpITIONS | TLOW ne THigH® | ynits
¢ (Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE i :
CURRENT 5 |Vin=VssorVoo | - | 0.05| - [0.0005 0.05| - 15 | pAdc
. . 10 | All valid input - 0.10 - |0.001 | 0.10| - 3.0
15 |combinations - | 020 - |0002|020| - | 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
» = -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device. 1 .
3 These devices have been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, =50pF, Tp =25°C)

VDD . .
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME ok
5 - 125 250 ns
10 - 60 120
15 - 45 90
OUTPUT TRANSITION TIME St
5 - 100 200 ns
10 & 50 100
X AD W - 40 80
Vs, DRAIN VOLTAGE (Vdc) %0 15 ¢ :
<20 -18 -16 -14 -12 -IIO -? -(]5 4 -2 0 E 45 Vi, = 15 Ve
Vos==5 Vdc—— 5 - T 4
A A e
=
Ves =-10 Vde // 15 £ £ ¥ ;
» 2 = s 25 7 Ves =10 Vde
4 -25 g : 20 y, I
30 2 = 15 // t
35 3 =210 7
Vs =15 Vde —L<] 40 3 2 54 Vcsl=5l""‘ Ta=25°C -
B it : T |
T n=wc 45 8 0 2 4 6.8 10 12 14 16 18 20
Lai— N / Vos, DRAIN VOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics_ Sink Current Characteristics _
& LOGIC DIAGRAMS SCHEMATIC DIAGRAM SCL4002B (1 of 2 gates)
' [l & 00
eyt I _]
-SCL40028 _J E

scu'ozsé M s L ﬁ

Vo

£

S |
Syl
#7013

SCL40788

51
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SCL4013B

CMOS DUAL D-TYPE FLIP-FLOP

—

g 3

FEATURES i
Independent Set and Reset Controls

Static Operation b
Logic Edge-Clocked Design
16MHz Toggle Rate @ 10Vdc

Balanced Output Drive Current Specifications

L b b & 2

DESCRIPTION

The SCL4013B consists of two identical, inde-
pendent D-type Flip-Flops. These devices can’ be
used for shift register applications, and, by con-
necting the Q output to the Data input, for counter
and toggle applications. The logic level present at
the D input is transferred to the Q output during
the positive-going transition of the Clock pulse.
Setting or resetting is independent of the Clock and
s accomplished by a high level on the Set or Reset
ine, respectively.

TRUTH TABLE

cLa [ p |R|s |a|aQ
= e B 0 0 0 1
=R R 0 0 1 [
“N_| x |0 | o | a| @ |[NocHANGE
" x 1 ] 1] 1
= x (] 1 1 o
x x 1 1 1 1
A = Level Change
x = Don’t Care
LOGIC DIAGRAM
> &
CL »
o a c
ﬁ ’
a
X a
- - °
° D CL
" ——-——Do—b»—ao
:l.__—{>°_>"T_‘{>—a ?
cL

72

CONNECTION DIAGRAM
(all packages)

Vop Q2 Qz CLp; Ry Dy S

] | ]

4513 125109 78
! SCL4013B

3.5 @b 6 B

| | 1 |
1 CLqy Ry Dq 84

1 2
by
Q; Q Vss

Add suffix for package:

C 14-pin Cerdip 3
D 14-pin Ceramic

E  14-pin Epoxy

F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature TA
C, D, F, H Device
E Device

31015 V& f

65 to +125 o¢
40to+85 oO¢

BLOCK DIAGRAM

Voo
3 —
ser, & .20 -18
0, = 2.5
cLocx, 2 A e TS
reser, AL ]
ser; 8
4
02 3 2 Gz
cuocrp L Frr2[ T3 o)
meser, 2L ]
T7
Vss s
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SCL4013B
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '? :
2 o B
PARAMETER Voo | cONDITIONS | TtOW mLg TuigH” | ynits
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=VssorVop| - | 1.0 | .— |0005| 1.0 - | 30 |pAdc
10 | All valid input - 2.0 - |0.01 | 20 - 60
15 |combinations ~ |40 - 1002 | 40 - 120
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
2 T, ow =-55°C for C, D, F, H device.
= -40°C for E device. :
Thigw = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.
DYNAMIC CHARACTERISTICS (C_ = 50pF, Ta =25°C)
PARAMETER l (‘\//32) | Min. I Typ. | Max. | Units
CLOCKED OPERATION .
PROPAGATION DELAY TIME fteLH. tPHL 5 o 125 250 ns
10 - 65 130
15 - 45 90
OUTPUT TRANSITION TIME triH. tTHL 5 - 100 200 ns
10 = 50 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWe 5 - 70 140 ns
¥ 4 10 5 30 60
15 - 20 40
MAXIMUM CLOCK FREQUENCY feL H 5 3.5 7.0 - MHz
3 10 8.0 16 -
15 12.5 25 -
MAXIMUM CLOCK RISE AND FALL TIME! " tcy. ticL 5 15 S = us
10 10 - -
15 5 - -
MINIMUM SETUP TIME Y tastip 5 - 25 50 ns
10 - 10 20
15 - ) 15
MINIMUM HOLD TIME o 5 = -25 0 ns
10 - -10 0
15 - -5 0
SET AND RESET OPERATIONS
PROPAGATION DELAY TIME
StoQ,Rto 0 topm 5 # 125 250 ns
5 10 - 65 130
15 - 45 90
MINIMUM SET AND RESET PULSE WIDTH PWs.PWg 5 — 65 130 ns
10 - 30 60
15 - 25 50
SET AND RESET REMOVAL TIME Krom 5 - 0 25 ns
10 - 0 10
15 — 0 5
“ 1When units are cascaded, the maximum rise and fall times of the clock input sho;xld be equal to or
less than the transition times of the data outputs driving data inputs, plus the propagation delay of
+ the output driving stage for the output capacitive load.
P —
Vos. DRAIN VOLTAGE (Vde)
N 18 16 14 -12 10 8 -6 4 2 0 = Lot 3
T T T = 4 Vgs = 15 Vde
Vos==5 Vde ] 5 g % 40 .
S 1 L 55 A -10 i ) 0
R '/ 15 3 E
= Vs ==10 Vde 7 : g i :
, -20 g 25 Vs =10 Vde
. —— /] 25 § 7 ¢ 8 99 /
= 30 2 ; 15 ///
- 2 s 3 & 10| /A
P Vg=~15 ““/ /] 40 % 2 s/ vn.l-s l“t T,=25°C -
— = & { L
, t 25 R 'r,l-zslc--45... 0 2 4 6 8 10 12 14 16 18 20
- K ~ - ‘ ‘ Vos, DRAIN VOLTAGE (Vdc)
7 Typical P-Channel ; Typical N-Channel
Source Current Characteristics - Sink Current Characteristics

e
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SCL4040AB

FEATURES

12 Fully Static Stages

All 12 Buffered Outputs Available
Common Reset Line

8MHz Counting Rate @ 10Vdc -
All Inputs Buffered

b & & & 4

DESCRIPTION

The SCL4040AB consists of 12-ripple-carry
binary counter stages with appropriate input buffers
and reset circuitry. The counter is reset to its “all
0's” state by a high level on the Reset input. The
counter is advanced one count on the negative-
going * transition of each input pulse. Isolation
from external noise and the effects of loads is pro-
vided by output buffering.

Applications include time delay circuits, counter
controls, and frequency dividers.

TRUTH TABLE

Clock Reset Output State
J 0 No Change
= 0 Advance to next
state
x 1 All Outputs are low

r( = Don’t Care

CMG§
12-STAGE BINARY coumER

CONNECTION DIAGRAM
(all packages)

VDDQ11Q10 @8 Q4 R CL Qq .-

il S o

16 15 14 13 12 11 10 9]=%
SCL4040AB P =

piz -3¢ 85 8778

| I | 1 I [

Add suffix for package:

C  16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F- 16-pin Flat

H  Chip

Q12 Q6 Q5 Q7 Q4 Q3 Q2 vss

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vpp-Vgs 3to15

Operating Temperature TA

C, D, F, H Device : 55 to +125 o
E Device g <40 to +85 o

LOGIC DIAGRAM

—

cLock QI Q2
(7)

(10) 5 (9)

Q3 04 Q5 06 Q7 08 09 QIO oI

Q12
(6) (5) T(S) T(Z) T(‘) T(IS) T(IZ) T(M) T(Iﬁ) ()

—>o—cL o g Lo cw o L )
FFI _% FF2 3 FF3 FFa FFS THRU FFI2
: & & & & A & @ a 3
R R R R R
un | | | [
RESETo—— S0 J>

136

é devil

OUTPU
CURRE
C.D,F

E devic

DYNA|

=

CLOCKE

PROPAG
Clock tc

Q; to Q;
OUTPUT

MINIMUN

MAXIMUL

MAXIMUN

RESET OF
PROPAGA

MINIMUM

—

RESET RE

e 8




_ SCL4040AB
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '
2 o 2
PARAMETER ‘\’,°° CONDITIONS | Ttow™ | +25C THIGH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
| QUIESCENT DEVICE = ,
| CURRENT A 5 |Vin=Vss or Voo - 5 - | 0.05 5| — | 150 |uAdc
% 10 ' |All valid input =2 A0 s= 1100 10| - | 300 |
: 15 |combinations - | 15 - 0.2 20 — | 600
OUTPUT HIGH (SOURCE) , lon
CURRENT
C, D, F, H device % 5 [Vou=4.6V -0.15 - |-0.12 | -0.5 - | -0.08 — | mAdc
J 10 [Von=9.5V -037| - |-03 |-115| = [-0.21| -
15 |[Vou=13.5V -125| — |-1.0 |-45 - |-069} . -
V|N=VSS or VDD
E device 5 |[Vou=4.6V -0.14] - |-0.12|-05 — |-0.10| ~ |mAdc
10 [Vou=95vV  |-035| = |-03 [-1.15| - |-025| -
15 (Vou=13.5V 2122 —{-10 |45 - |-085] =
V'N=V55 or VDD z
OUTPUT LOW (SINK) V.
CURRENT
C,D, F, H device 5 Vou=04V -~ | 015] — |-0:127] 05 - | 008 - [mAdc
10 VoL =0.5V 0.37 |V & 0:3—|=10 N 0.21] =
15 [Vo_=1.5V 125 — (10 | 58 - | 069 -
Vin .Vss or Vpp i
E device : 5 [Vor=0.4V 014 — | 012 05 - | 010 - [mAdec
10 Vo, =0.5V 83517 N10.35=i=] .0 St 025 -
15 [Vo_=1.5V 1.2 4 BLRg.0L42568 - | oss| -
VIN'VSS OF VDD »
’. NOTES : Remammg Statnc Electrical Characteristics are listed under “SCL4000B Series Family Spec:flcatlons
TLOW -55 C for C, D, F, H device.
= -40° C for E devuce
Tuicn = +125°C for C, D, F, H device.
=+ 85°C for E device.
" DYNAMIC CHARACTERISTICS (C, =50pF, T4 = 25°¢)
- VDD . °,
=1 _PARAMETER (vde) Min. Typ. Max. Units
- } CLOCKED OPERATION
PROPAGATION DELAY TIME :
Clock to Q1 tpLH. tPHL 5 - 200 400 ns
’ : 10 £ 100 - 200
: 15 = 80 160
QitoQ;,, teLH. tPHL 5 - 150 300 ns
: 10 > 75 150
e 15 o 60 120 r
OUTPUT TRANSITION TIME N 5 L5 180 360 -~ ns
; 10 = 90 180
— : 15 . 65 130
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 100 200 ns
2 10 o 50 100
=8 y 15 < 40 80
MAXIMUM CLOCK FREQUENCY feuL 5 2.0 4.0 - MHz
, . 10 4.0 8.0 -
e 15 5.0 10.0 - .
vuj\X|MUM CLOCK RISE AND FALL TIME Tt \13 }g - - us
e — . 15 5 - -
}RESET oPERATION ;
| PROPAGATION DELAY TIME oL 5 - 300 600 ns
| B 10 = 150 300
> ; 15 e 120 240
%_",?N'MUM RESET PULSE WIDTH © |PWg 5 - 150 300 ns
i ; 10 o= 75 150
‘ : 15 - 60 120
RESET REMOVAL TIME tidh 5 - 250 500 ns
10 - 125 250
A ST, 15 o 100 200

137 : s
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58

21B, SCL4052B
03B

hUnES

CMOS ANALOG MULTIPLEXER:

ES

Range of Digital and Analog Signal Levels:
I-3 to 15V, Analog-to 15Vp
ON-Resistance: 802 (typ. f’ over entire
p Signal-Input Range for Vpp-VEg = 15V
OFF-Resistance: Input Leakage T 10pA
@ Vpp-VEE = 10V

Level Conversion for Digital Addressing
s of 3 to 15V (Vpp-Vgg= 3V to 15V) to
' Analog Signals to 15Vp.p (Vpp-VEE
/)

ed Switch Characteristics: ARy = 582
for Vpp-VEE = 18V

Low Quiescent Power Dissipation under
ital Control Input and Supply Conditions:
yp. @ Vpp-Vss = Vpp-VEE = 10V

' Address Decoding on Chip

'TION

CL4051B, SCL4052B, and SCL4053B are
Controlled Analog Switches having low
lance and very low OFF leakage current,
>f analog signals up to 15V, , can be
by digital signal amplitudes of 3 to 15V.
ple, if Vpp = +5V, Vgg = 0V, and Vgge
nalog signals from -5V to +5V can be
| by digital inputs of 0 to 5V. The multi-
cuits dissipate extremely low quiescent
er the full Vpp - Vgg and Vpp - Vg
'tage ranges, independent of the logic
he control signals. When a logic “1” is
. the Inhibit input terminal all channels

51B is a Single 8-Channel Multiplexer
ee binary Control inputs, A, B, and C,
1ibit input. The three binary signals select
annels to be turned ON and connect the
e output.

52B is a Differential 4-Channel Muiti-
ing two binary Control inputs, A and B
1ibit input. The two binary input signals
f 4 pairs of channels to be turned on and
he differential analog inputs to the
| outputs.

53B is a Triple 4-Channel Multiplexer
ee separate digital Control inputs, A, B,
i an Inhibit input. Each control input
 of a pair of channels which are connect-
jle-pole double-throw configuration.

the devices are used as demultiplexers,
VNEL IN/OUT” terminals are the outputs
COMMON OUT/IN” terminal(s) is (are)
).

170
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¢y§

CONNECTION DIAGRAMS
(all packages)

16 19018 12 3500

SCL4051B
b 25 %8 bt 6

e e |
4 6COMM7 5

| |
INH Ve VS

comM

Apomido IX X 0X 3% A &
| | R N | | | I
16 15 14 e I 10 g
SCL40528B
1 2/, 374 Do Nl 8
I I | | 1 | O

OY ' 2Y COM 3Y 1Y INH VEg Vol
Y 0\ 'S8

i COM COM : %
Vpbp B A A1 A0 A B @
1G b= F NG, Bebd B T § W

16015\ G190~ 18 P32 1L\ 1044 9

SCL4053B

L2 -\Baaaatoof e/ ;.8
Ak W DO TIN5 54

B1 BO C1 COM CO INH Vgg Vgg

c

Add suffix for package:

€ 16-pin Cerdip

D  16-pin Ceramic.
E ' 16-pin Epoxy

F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage  Vpp - Vss
VpD - VEE
Operating Temperature Ta
C, D, F, H Device
E Device

3to15

NOTE: There are no restrictions on the relati
magnitudes of Vgg and Vgg, providig
Absolute Maximum Ratings are observed.

ERS

3t015 Vvl

5510 +125 xff
4010 +85 «f

Single




LOGIC DIAGRAMS

‘ \ ———(:) COMMON & WIAN
: ! I l .—-@—( 3) cnamat 0 it g [ l
Voo . P—&—@ CHaRNEL O InOuT

.—9—@ cuammte 1 iyt
? . >-®—( ©) CuawngL 18 Ut
s (O — ,-@.@ CraRNEL 7 10001 « ® L
ey Sinary ’_®_< :) CANALL Y IWOUT
o (0 b R e 17) cnannty 3 mbut Locic ';"‘. = —
vl i
otcootr HOam =1 otcooer CHAmREL 1T W OU
¢ ®' 1 1 win )—c 1) CuanmeL & 18 001 s
. - e ,—@—@ CramntL OV 1n 001

o o S @ cunmt s et ot ]
e R o ; Cadma
o SN RS e Lo

%) . e 4 2 va O @) common v ouipn
SCL4051B ) SCL4052B
Single 8-Channel Multiplexer Differential 4-Channel Multiplexer

! r - 3 F_Q-@ CHANREL RO W OUT
Voo (16) —Q—f@ CHaRNEL Al 1N OUT
* O— P ——8)—® cumnis 3 m our

B0yt LOCIC e 0 1) CnAmnfL 81 18 OUT
il 100 7 ’_-®—O
convinsion oicoots
¢ () T p-@-@ CHANNEL CO i OUT '

s % - }-@-—@ CHANREL CT 1w OUt

v (@) D) common ¢ i b S
I l (5 wommon § OuT

v 14) COMMON A OUT N

SCL4053B
Triple 2-Channel Multiplexer

TRUTH TABLE v
INPUT STATES " “ON" CHANNELS
INHIBIT | C B A 4051 4052 4053

0 0 0 0 Q Ox, Oy | cx, bx, ax
0 0 0 1 1 1x, 1y cx, bx, ay
0 0 1 0 2 2%, 2y cx, by, ax
0 0 1 1 3 3x,3y | cx, by, ay
0 1 0 (0] 4 cy, bx, ax
0 1 0 1 5 cy, bx, ay
0 1 i1 0 6 cy, by, ax
0 1 1 1 7 cy, by, ay
1 » ol * NONE | NONE NONE

* = Don’'t care
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60 SCL40518, SCL40528, sc[:

ELECTRICAL CHARACTERISTICS : : $oo
STATIC CHARACTERISTICS '3 3
Vee [MobelV Tiow® +25°C Thigy?
PARAMETER ONDITIONS | “SS | ¥DD | VEE GH
% (Vdc)|(Vdc) [(Vde) [ Min. | Max. |Min. | Typ. | Max. |Min. \J
—— |
QUIESCENT IDD VIN=VSS or VDD 0 +5 0 - 5 -— 0.05 5 —
DEVICE CURRENT All valid input [ 9 [+10 |0 e 10 =0 10 2l
combmanohs +5 |5
0 [+15 |0 = 20 =l 202l 0 A
+7.5(-7.5
MINIMUM INPUT | Vin Vi=Vee 0 5 |0 = 36| =276 E3n =
HIGH VOLTAGE Vos=Vop 0 (10 |0 = 70| — | 55 .04 =
. (Control and Inhibit los =101A 0 |15 5.0 - 11.0| - | - 825] ‘11.0} =
Inputs) : .
Lk
MAXIMUM INPUT | V,_ Mw=Vee 0 5 |0 15 A o e LY R B
LOW VOLTAGE Vos=Vob o JRE  To  as, 30| - |30 45 - |30
(Control and Inhibit los=10uA 0o |15 |0 4.0 = &0 B = 40
Inputs)
SWITCH INPUT/
OUTPUT LEAKAGE : :
Any channel OFF bFF V!N=VSS or VDD 0 +7.5(-7.5 e +100 ~ +0.01 |*100 =
Vi =+7.5Vdc
All channels OFF | lorr(inh = 7.5Vdc 0 | +75]|-75
Vis=£7.5Vdc
SCL40518 ¢ — | #400 | — |+0.08(+400 | —
SCL4052B — |=#200 |1 =] +0.04 [+200 4| \—
SCL40538 ~' |*100 | —{£0.02|+100 | =
ON-RESISTANCE &
C,D, F,Hdevice | Ron/Vin=Vssor Vpp|-75 [+7.5 |-7.6
Vee<V;<Vpp | 0 [+15 | 0 = 200 . '4f 175128 [ €280 Y — Q
R =10kQ = |-5 +5 |-5 -1 3104~ { 180 |-400." | — Q
g 0 |#10 [ O
-25| +2.5-25| —~ |2000 | — | 470 {2500 | — Q
0 #6=| 0
E device - Ron|Vin=Vss or Vop(=7.5 | +7.5|-2.6 | =~ | 230 | — | 125 280 | - ol 0
Vee<Ve<Vpp | 0 |+15 |0 /
RL=10k -5 | +56 |5 - | 30 | - | 18] 400 | = Q E=
0 1+10 4.0 i §
25| +261-251 - [2100 | ~'| 470 {2500 | -~ | 3200 Q |
0 |+ |0 i g 3
ON'RES.ISTANCE ARONVIN=VSS OI’VVDD -7.5 +7.5/-7.5 > o - ) &~ - o Q i ; i
MATCH Vee<Vi<Vpp | 0 |+15 | 0 el Sk
(Same Package) R, =10kQ 5 _|+10 |-5 o d e ey Y M e S
0 |+10 |0 =3
-25| +25|-25| = = — g - - 19|
0 +5 | 0 ‘ i

JOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”
2 TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device. ,
P These devices have been designed for balanced output drive current specifications. Consult Family Specifications
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§CL4051B, SCL40528, $CL4053B
=2 : : ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS ‘(C_ =80pF, T, = 25°C)

\' V. Vv g 2
PARAMETER CONDITIONS ss oD EE | Min. ; :
(Vde) | (Vde) | (Vde) 2 it i s
» SIGNAL INPUTS (V) AND OUTPUTS (V,,)
B PROPAGATION DELAY [to
¥ TIME tPHL
= Signal Input to Signal Inh = Vgg 0 ‘S 0 - 30 60 ns
5 Output Vin=Vssg or Voo 0 10 0 - 15 30
ot V= Square Wave| 0 15 0 - 125 25
e R = 10kQ
g e BANDWIDTH (-3dB)  [BW [Inh=Vss R, .
= e (Sine Wave) Vin=Vss| 1kQ 0 +5 -5 - 54 - MHz
£ 5 or Voo | 10k | - | -
gy Vie=5V,, [100kQ - 38 -
¢ centered | _1MQ) f = 37 =
@ 0.0Vdc
5 INSERTION LOSS
THE Inh=Vgs R,
T B Rl Vin=Vss | 1k2| 0 5 |5 - 23 - a8
EEARS orVpp | 10kQ| “ 0.2 -
5 gus i gasntn s V=5V, [100kQ - 0.1 -
f? = : . |centered | 1MQ = 0.05 -
g @ 0.0Vdc
3 SIGNAL DISTORTION Inh = Vsg y
g (Sine Wave) Vin=Vss or Voo | =7.5 +75 |-15 & 0.1 = %
B Vie = 5Vpp -5 +5  |-5 - 0.2 -
iR centered 25 | +25 |-25° % 1.0 =
VYT @0.0vde *
4; s f = 1.0kHz
e Ry = 10kQ
;3 < 9§ FEEDTHROUGH Inh =Ves Ry :
= &t BT (-40dB) | | [Vin=Ves [_1x0 © 45 |5 9 1250 - kHz
N S5 or Vpo 10k - 140 -
& Vie=5Vpp [100kS - 18 -
centered | 1MQ) - 2 -
% @0.0Vde )
CROSSTALK (-40dB)
Between two switches Inh = Vgg 0 +5 -5 - 1.0 - MHz
Vin=Vss or Voo
Vie=5Vop
centered $
@0.0Vde -
Ry = 1.0kQ
CAPACITANCE Inh =Vpo
Input 0 - 5 - pF
¥ 30 =
Common 0 = 18 = pF
o 10 3
Feedthrough 0 -5 - 0.2 - pF
CONTROL INPUTS
PROPAGATION DELAY
TIME! toLn, Inh = Vgg 0 +75 | -715 - 160 320 ns
; it |Vee<VikVoo | O +15 o R0 SR 120 240
Turn on Ry = 10k 0 +5 -5 - 25 450
0 +10 0 = 160 320
-25 | +25 |-25 - 400 800
[ +5 0 o 360 720
INHIBIT INPUT
PROPAGATION DELAYlte n|Vin=Vss or Voo| 0 +75 |-15 = 160 320 ns
Py tery |Vie = Voo 0 v 1416 0 = 120 240 .
Ry = 10kQ2 0 5 _|-5 S 200 -400
Turn on 0 +10 0 - 160 320
-25 | +25 |-25 - 400 800
0 +5 0 = 360 720
INHIBIT RECOVERY [t |[ViN=VssorVpo| 0 +75 |-15 - 150 300 ns
TIME? Vee<Ve<Vool 0 |+15 | 0 - 80 160
Ry = 10kQ 0 +5 |5 - 200 400
0 +10 0 = 105 210
-25 | +25 |-25 = 300 600
A 0 +5 0 < 225 - 450

Notes: ' Channel Overlap time — interval following change of control input during which two channels may be ON simultaneously.
% |nterval following removal of Inhibit during which channel information is invalid.
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F_—-. 330 AMBIENT TEMPERATURE j %;iikg““,, ;.;{ «}3‘.
§ |weasec Seaqiagsiosns IR
& 300 T S R ECTREEPRER
1 I»{ sheiasdenn ‘Hi“ s [suppLy VouTaGE: I {411}
‘g.z_ . 8 L. .; ir'i‘q (Vpp=Vgg)* 5V |11l
5 ey PEE RN
- (8} t4e4 ¥ R ER RN Fd e e B RS 4:..
¢ ool G REE R ADRRRIS00 SHRY Be 08 ENRRE SRRX
= JESREbes st east SRR T f:ii EXE ETRRT RERE
S He R R HERR
@ 15013 FAATS IR
. q‘ 1. dad ; la thgm 14’:‘ L 0'1-
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£ - IR T e et
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58 64 -¢ -2 .0 . ]

o=

2
SIGNAL VOLTAGE (V,,) — VOLTS

Typical Channel “ON” resistance vs. signal voltage v

rIe

vs

|coNTROL VOLTS (vc)e+8

PUT SIGNAL RMS

SUPPLY VOLTS: Vpp*+3, ves*—5
INPUT SIGNAL VOLTS (Vis)® S vp-p

SINE WAVE (1.77 rMS)

LOAD CAPACITANCE * (Crix *Coe TER)

RF VOLTMETER

VOLTS (Vos)
ey

| E-1- | | |
LOAD RESISTANCE (R )= 1m0 '
CTiRRS -
PYNER
1"wh
1 0 4 ¢ 100

WPUT SIGNAL FREQUENCY 1)) inig

Typ. switch frequency response-ﬁvitch “ON” .

SUPPLY VOLTS:Vppe+5, Vgg* -5 1TTH M
INPUT SIGNAL VOLTS (Vig® S Vp.p SINE WAVE (177 RMS)
3 FIXTURE AND METER NULLED OUT 388
z ol o R
g vc*Voo 57
| g
i I £
' r F VOLTMETER 4183
d VCTVSS BOONTON EADO &
; MODEL 91-CA / 3
2 N OR EQUIV. as &
e 4 /
P Vos (8) *
xn xa s
8 54 T
20F 4 SWITCHES l J
o 1 0 02 3¢ ‘e

NPUT SIGNAL FREQUENCY (f; )~ kM2

'yp. crosstalk between switch circuits in the same
package

62

OUTPUT SIGNAL VOLTAGE (Vog) — VOLTS

E[SUPPLY VOLTAGE . vpp*5V
Vgs*OV  Vgge=5V"
AMBIENT Ttnr:uwnz (T )e28°C

INPUT SIGNAL VOLTAGE (V) —VOLTS

Typical “ON” characteristics

[CONTROL VOLTS (Vc)»-S

SUPPLY VOLTS: Vpp*+ 5, Vgg*-5

INPUT SIGNAL VOLTS (Vq)*5 Vp_p SINE WAVE (177 RMS)

INPUT SIGNAL FREQUENCY (fyg) kM2

2 3% 0AD CAPACITANCE (CL)-Cnxnn: *CMETER
= FIXTURE AND METER NULLED
" Cios, T3
; ZJ ‘. 5 «'_‘: RF vouu(vu M / L""!"
& uoou. eas / I
3 T JLo" £ouv </ 3
g 20 Vantd] ‘\ & g'/ b » 3
H - E RNy y &

1o VetVss £ g
4 ’ ST K7l
: e LA LA A
5 AN dlils
§ & A // ,/ ™

) .
Al ANIIARY
11 A e T8, o3 ot

Typ. feedthru vs. freq. — switch “OFF~

SCHEMATIC DIAGRAM
OF ONE SWITCH

FROM DECODER

CONTROL
i

SwiTeH

CONTROL

S{>o1




SCL4081B, SCL4082B
SCL4073B

S

CMOS AND GATES

SCL4081B - Quad 2-Input AND
SCL4082B - Dual 4-Input AND
SCL4073B - Triple 3-Input AND

FEATURES

Buffered Outputs

Diode Protection on all Inputs

Fully “B"-Series Compatible

Balanced Output Drive Current Specifications

L R R & 2

TRUTH TABLE

Inputs Output

11--°1 1
All other combinations 0

FUNCTION DIAGRAMS

SCL4081B
1A 1
18 z_—jD—
R
2B 6
A :'T:D—to 3y

38

4A 12:
4B-13

D S

2A 9'—]
28 10— _T
g6 11~

2D ‘2—r

L
18 3
1 1Y
g
1cC 4 ,"‘D—

1A
38 27T

2a 3/,
28 4—3——6 2Y
B o

3A 11
38 12—

ac 13—

10 3Y

Y = ABC

Vpp = Pin 14
Vgg = Pin 7 %

for all Devices

CONNECTION DIAGRAMS
(all packages)

Vpp 48 4A 4Y 3Y 3B 3A
| ] ] | | ] |
1413 =120l #1098

; SCL4081B
1 2 3 4 S I
T R LA SRR R
1A 1B 1Y 2Y 2A 2B Vsgs
Vpp 2Y 2D 2C 2B 2A NC
| ] NN | |
B4 1312 N\N100 9 8
SCL4082B
1 2 3.4 X2 6 7

| i | 1 1 I 1
1Y 1A 1B 1C 1D NC Vgs

Vpp3C 38 3A.3Y 1Y 1C
E L | | | L |
1=t 31 U108 09 8
SCL4073B
" MY s Ss5ffe 1
iz T | )= | | | |
2 1A 18 2A 2B 2C 2Y Vsg .

Add suffix for package:

C  14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIQONS
For maximum reliability:
VpD - Vss
Operating Temperature  TA

C, D, F, H Device

E Device

DC Supply Voltage 3to15 Vdc

55 to #1256 QC™
40to +85 ©C

195 :



‘64 . SCL4081B, SCLA082B, SCLAgyy

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '-?

%

!
% 4 2 © 2 D
PARAMETER Voo | conDITIONS |__TLOW g THIGH | Uit ‘{%
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max. i}
QUIESCENT DEVICE T ‘ > . T
CURRENT 5 |Vin=VssorVpp| — 0.05| - |0.0005 0.05| — 1.5 |pAde 1&
) 10 |All valid input - 0.10| - ]0.001 | 0.10| - 3.0 3 i
15 |combinations | — | 020| — 0.002| 0.20| - | 6.0 g
e !
NOTES: ' Remaining Statlc Electrical Characteristics are listed under “SCL4000B Series Family Specaflcatlons _,;‘;t
2 T ow =-55°C for C, D, F, H device. gt
= -40° C for E device. i
TH,GH =+125°C for C, D, F, H device. ,E\‘!;i
4 =+ 85°C for E device. :
3 These devices have been designed for balanced output drive current specifications. Consult Family Specifications, =+ ,"é
: : i
. ; DYNAMIC CHARACTERISTICS (C_ = 50pF, Ta =25°C) ik
PARAMETER voo | Min. Typ. Mex. | Unin | ol
PROPAGATION DELAY TIME Foeri thil 5 = 150 300 ns
e 10 - 65 130 g
15 - 50 100
OUTPUT TRANSITION TIME trin. tTHl 5 - 100 200 ns g
10 - 50 100 k-
15 = 40 80 2,
-
——
Vps, DRAIN VOLTAGE (Vdc) 5/ 50 —
-20 -18 -16 -14 -12 -1]0 l8 IG 4 2 0 =6 45 Voo = 15 Vde
Vos == 5 Vdc 5 = g 40
| | A 40 ¥ E 35 s
| | / 15 2 w30
Vos =-10 Vdc 7 g E
’ 20 s 2 Vs =10 Vde
/] .25 § 520
g 15 A A
30 R TV
& 35 = °; 10 y
Vos =—15 Vic L 40 i < Spa _'ﬂl‘ﬁr"‘ T,=25°C
e fral
i T p e 0 2 4 6 & 10 12 14 16 18 20
-50 Y Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel . Typical N-Channel :
Source Current Characteristics Sink Current Characteristics f
: J —
LOGIC DIAGRAMS SCHEMATIC DIAGRAM - SCL4082B (1 of 2 gates) ‘9
Voo
g

SCL4081B : ' ; '
e : [ ; -yt —4—-{ H
SCL4082B '

- e

SCL4073B -yt - <

WA

ok
§
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v
AANUNIU

R20
R24
Raz
R23
Rg-R2s5

Rog

~ -
nﬁtnuﬂr:?

¢

C2
C3C1o0

C1n =Ce4
G5

10
10
22
2,2
22
10
4.7
10
447
10

47

10
3.3
18
2.4
1.3
10

20

100

10
0.1

O.1
6.8

Kan
KN
K
K
KR
Ko
K&
K
X
Kn
Kn
Kn.
Kn
Kxn
Ko
Kn
K
Ka

Kn

uft
ut

uf

65

I's
rwunwrgﬂnfm

50v

10v
o0v

507
16w

R27

RaogeRgg

10

150

2.7
330
680

82

10
10
150
4.7
470
100

10

KA.
KA

MA
M

Kn
En

Ko

:$+8
K
KnB

Kn



Cig +C 19
C1s

C19

—
[}
=A

ICy

ICcy
IC3-ICx
ICG~IC10
IC” -IC14
1015.1016
ICa7

ICss

ICq9

1C20

2,2
0.022
10

150
0.001
0.0068

0.1

Mc 14001
MC 14556
MC 14040
MC 14053
41256
7474
1404
7432
MC 14013

MC 14051

ut
uf
uf
pt

uf

uf

uf
uf
uf

pf

16
50
16
50
50
50

50 1

50

50

66

Cag

C30

C3g,C40

Ca1

0.1 ut
0.01 uft
10ut
22 uf
1000 ut
O.1uf
10uf
470ut
10t
1000uf
10ug

1uf

1Cs3

IC24
1025

ICag

IC27
IC2s

IC59

IC30

IC34

IC32

CA3130
MC3417
LM7805
LM78205
LM79205
TMABOTP
2716
74121
1474
T411

50
50
16
16
16
50
16
25
25
25
16
16

4
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Qq BC 540 Qs BC 328
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