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ABSTRACT

This thesis present the design and construction of a stereo
coder for A.M boadcasting system. In this thesis an exciter
which consist of frequency synthesizer and encoder of stereo
signal has been construction.

A well known of A.M stereo coder that developed by Motorola

called C-QUAM has been use for principle in this thesis.
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3.2 M3TdaLaAluaen ( Low frequency equalizer)
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3.6 9937 VOLTAGE CONTROL OSCILATOR (VCO)
3.6.1 ane Voltage Control Oscilator(vco)
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. < .
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3.6.2 VARICAP N1HL11N29378aRTRIALABINAY VCO
Voltage -variable Capacitor Diode (Varicap)
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AALUURAWTU (Abrupt Junction) ﬁﬂﬂﬂiﬂdﬁﬂ@iaﬂﬂﬂné@uas Varicap AU
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Jagaanuy 1dtdauawiy (Hyper-Abrupt) deiedn r Lﬂu 1 M%a 2

Device |[Capacitance TR T fr Junction
Series Available Type
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ORDERING INFORMATION
Device Temperature Range Package
WC 14960 S04
ke ocC wc S Mcl496
o
MC1496L Ceramic DIP
MC1496P Plastic DIP Mc 1 596
MC1596G Metal Can
$5°C 10 +126°C
MC1596L Caramic DIP
Specifications and Applications BALANCED
Information MODULATOR/DEMODULATOR
BALANCED MODULATOR! DEMODULATOR SKICON MONOLITHIC
INTEGRATED CIRCUIT
. . . designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation, G SUFFIX
synchronous detection, FM detection, phase detection, and chopper METAL PACKAGE
applications. See Motorola Application Note AN-531 for additional CASE 603-04
design information 7 VEE
® Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz w0q .t Signal — Output
— 50 dB typ @ 10MHz" T Input (8) - Carrier
® Adjustable Gain and Signal Handling 4 Input
® Balanced Inputs and Outputs + Carrier
® High Common Mode Rejection — 85 dB typ Input
+ Output
Bias (Top View)
L SUFFIX
CERAMIC PACKAGE
CASE 632-08
FIGURE 1 -
SUPPRESSED-CARRIER
OQUTPUT WAVEFORM D SUFFIX
PLASTIC PACKAGE ~ QY
CASE 751A-02 1
SO-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06 5
. ! 1
00 vene + Signal
Input (] VEE
- Gain Adjust fm NC
3 FIGURE 2 — Gain Adjust (3] —Output
‘é SUPPRESSED-CARRIER £ Signal - NG
J SPECTRUM
|
"B?:; - Carrier Input §
T Satput Gl bi Carrier
NC £ Input (Top View)
“JQKN; -
FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM
e S0UNME
g 10ams
FIGURE 3 -

AMPLITUDE MODULATION
OUTPUT WAVEFORM

1 500 am:
ty 104,
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MC1496, MC1596

MAXIMUM RATINGS® (T4 = +25°C unless otherwise noted)

Rating Symbol Value Unit
Applied Voltage av ' 30 vde
(Vg - V7.Vg - V{,Vg ~ V7, Vg Vg, V7 - V4. V3 - Vq,
Ve - Va. V6 - V8. V2 - V5. V3 ~ Vg)
Differential Input Signat V- Vg +5.0 Vde
Vg - Vi | 2(5+IgRy)
Maximum Bias Cutrent I5 10 mA
Thermal Resistance, Junction to Air Rasa cw
Ceramic Dua! In-Line Package 100
Plastic Dual In-Line Package 100
Meta! Package 160
Operating Temperature Range Ta °C
MC1496 0to 4170
MC1596 -55t0 +125
Storage Temperature Range T,(g -65to + 150 ‘c
ELECTRICAL CHARACTERISTICS® (Ve = +12 Vdc. Vgg = - 8.0 Vdc, I = 1.0 mAdc, R = 3.9 kil Rg = 1.0 ki1,
Ta = +25°C unless otherwise noted) {All input and output characteristics are single-ended unless otherwise noted.}
MC1596 MC1496
Characteristic Fig. Nota | Symbol | Min | Typ | Max | Min Typ | Max Unh
Carrier Feedthrough 5 1 VeFT puVirms)
Vg = 60 mV{rms) sine wave and fc = 1.0kHz - 40 — — 40 -
offset adjusted to zero fc = 10 MHz — 140 — — 140 —_
V¢ = 300 mVp-p square wave: mV(rms)
offset adjusted to zero fc = 1.0 kHz — | 004 | 02 — 1004 | 04
offset not adjusted fc = 1.0kHz -— 20 100 —_ 20 200
Carrier Suppression 5 2 Ves d8
5 = 10 kHz, 300 mV{rms)
¢ = 500 kHz, 60 mV{rms) sine wave 50 65 = 40 65 -
fc = 10 MHz, 60 mV(rms) sine wave - 50 — —_ 50 - k
Trensadmi Bandwidth (Magnitude) (R_ = 50 ohms) 8 8 BW34g MHz
Carrier Input Port, Vo = 60 mV{rms} sine wave — 300 | — — 300 | —
fs = 1.0 kHz, 300 mVirms} sine wave
Signat tnput Port, Vg = 300 mV{rms} sine wave - 80 - —_ 80 -
V¢l = 0.5 vde
Signal Gsin 10 3 Ays 25 35 - 25 s - w
Vg = 100 mV(rms), { = 1.0 kHz; V¢] = 0.5 Vdce
Single-Ended tnput Impedance, Signal Port, f 5.0 MHz 6 -—
Paraliel input Resistance fip —_ 200 -— — 200 — kN
Parale!l input Capacitance Cip — 2.0 -— —_ 20 - pF
Single-Ended Output Impedance, { = 10 MHz 6 -
Parallel Output Resistance fop —_ 40 - - 40 - kit
Parallet Output Cepacitance Coo - 5.0 —4 - 5.0 - oF
input Bias Current 7 — .y
1y + 1 Iz + s U/ —_ 12 25 — 12 30
[l = 3! = bS
bS 7 e T we | — (2|25 —112] 2
Input Offset Current 7 - RA
ligs = h1-la: Yo = t7-1g llios! —loez})so| — o7} 10
fioc) — 0.7 5.0 — 0.7 7.0
A ge Temp Coefficient of Input Offset Current 7 —_ ITCyiol — j+20 — — 20 —_ nASC
{TA = -55Cto +125%C) -
Output Offset Current 7 -_ ool — 14 50" - 14 80 nA
{lg-tg)
A ge Temp: e Coefficient of Output Offset Current 7 — ITCio0l — 90 —_ —_ 90 -— nArC
(TA = ~55°Cto +125°C}
Common-Mode Input Swing, Signsl Pon, fs = 1.0 kHz 9 a cMmy - 5.0 - - 50 — Vp-p
Common-Mode Gain, Signe! Port, g = 1.0 kHz, 9 - ACM — | -85 ] — — -85 | — d8
Vel = 0.5 Vde
Common-Mode Quiescent Output Voltage (Pin 6 o Pin 9) 10 - Vout - 8.0 - - 8.0 - Voo
Differential Output Voltage Swing Capability 10 —_ Vout — 8.0 — — 8.0 - Vp-p
Power Supply Current 7 [] mAdc
g+ 19 icc — 120]30] — | 201} a0
119 33 — 30 40 - 10 5.0
DC Power Dissipation 7 5 Pp - 33 - —_ a3 - mW
* Pin number references pertain 1o this device when packsged in # metal can. To ascertain the cotresponding pin numbera for plastic or
ceramic packaged devices refer to the first page of this specification sheet.
. MOTOROLA LINEAR/INTERFACE DEVICES
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MC1496, MC1596

GENERAL OPERATING INFORMATION *

Note 1 — Carrier Feedthrough

Carrier feedthrough s defined as the output vollage al carnier
frequency with onty the carrier applied {signal voliage = 0),

Carrler nult is achieved by balancing the currents in the differ-
ential amplifier by means of a bias trim potentiometer {(Ry of
Figure 5}.

Note 2 ~ Carrier Suppression

Carnier suppression is defined as the rauo of each sideband out-
put 10 carrier output for the carrier and signal voltage fevels speci-
fied.

Carrier suppression s very dependent on carrier input level, as
shown in Figure 22. A iow vatue of the carrier does not fully
switch the upper switching devices, and results in lower signal
gain, hence lower carrier suppression. A higher than optimum car-
rier level results an unnecessary device and circuit carrier {eed-
through, which again d the supy i figure. The
MC1596 has Leen charactericed with 8 60 mV(rms) sinewave
carrier input signal. This level provides optimum carrier suppres-
sion at carner frequencies in the vicinity af 500 kHz, and is
generally ¢ di for bat, modulator applications.

Carrier feedthrough is independent of signal level, Vg. Thus
carrier suppression can be maximized by operating with large sig-
nal fevels. However, a linear operating mode must be maintained
in the signal-input transistor pair — or harmonics of the modulating
signat will be generated and appear in the device output as spurious
sutehands of the suppressed carcier.  This requirement places an
upper timit on input-signatl amplitude {see Note 3 and Figure 20},
Note also that an optimum carrier level is recommended in Fig-
ure 22 tor good camer suppression and mimimur Spunous skie-
Land generation.

Al higher iequencies circant fayout s very inportant in order
10 muumize carrier feedthrough.  Stuelding may be necessary in
order 10 prevent ¢ gpacitive coupling Lietween the ciwnier mpt
teads and the output leads.

Note 3 — Signat Gain and Maximum Input Level

Signal gain {singie-ended} at low frequenctes is delined as the
voltage gan,

Vo R 26 mV
AVS =Yg * R+ 21, Where fe * TRy

A constant dc potentiat is applied to the carrier input terminals to
fully switch two of the upper transistors “on™ and two transistors
“otf” (Ve = 0.5 Vdc). This in effect forms a cascode differential
amplifier.

Linear operation requires that the signal input be below a criu-
cal value determined by Rg and the bias current 1g

Vs < tg Rg (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to &
maximum vatue of 1 volt pesk.

Note 4 — Common-Mode Swing

The cotnmon-mode swing is the voltage which may be applied
to both bases of the signal differential amplifier, without saturating
the current sources or without saturating the diffecential amplifier
itself by swinging it into the upper switching devices. This swing
is variable depending on the particular circuit and biasing condi-
tions chosen (see Note 6).

Note 5 — Power Dissipation

Power dissipation, Py, within the integrated circuit package
should be calculated as the summaton of the voltage-current prod-.
ucts a1 each port, ie. assuming Vg = Vg, Ig g+ 1y and gnoring

base current, Py = 2 15 (Vg — Vqg} + Ig (Vg5 — Vqg! where sub-
scripts refer 10 pln numbers
Note 6 ~ Design Equations

The following is a partial hst of design equations needed 1o
operate the circuit with other supply voltages and input condi-
tions. See Note 3 for Rg equation. .

A. Opetating Current
The internat bias cuments are set by the conditions at pin 5.
Assume
15=lg=lg
ig <<Ig for all transistors

then,

Rg ¢ !-;——(‘2 -50062  where: Rg 15 the resistor between pin
5 5 and ground
©=075Va1Ty =+25°C

The MC1596 has been characterized {or the condition g =10
mA and is the generally recommmended value,

8. Common-Mode Quiescent Outpui Voltage
Vg=Vg=V*'—15R

Note 7 — Biasing

The MC1596 requues three de bias voltage levels which must be
set externally. Guidehnes for selting up these three levels include
maintaining at least 2 volts cotlector-base bias on all transistors
while not exceeding the voltages given in the absolute maximum
tating tabte,

30 Vde 2 [(Vg, Vgl = (V7. Vgll = 2 Vde
30 Vdc 2 [{V37, Vg) = (Vq,Vql] = 2.7 Vdc
30 Vde 2 [(Vq,Vq) — Vgl 2 2.7 vde

The foregoing conditions are based on the following approxima-
tions:

Ve =Vg, Vy=Vg Vy=Vyg

Bias currents flowing into pins 1, 4, 7, and 8 are transistor base
currents and can normally be neglected if external bias dividers
are designed Lo carry 1.0 mA or more.
Note 8 — Transadmittance Bandwidth

Carrier transadmitiance bandwidth is the 3dB bandwidth of
the device forward transadmittance as defined by:

ip (each sideband)}
Y21C = Vg (signal}
Signat transadmittance bandwidth is the 3-dB bandwidth of the
device forward transadmittance as defined biy:

Vo-0

in (signal}
Y218 = v signal

V=05 Vde, Vg = 0

*Pin number references pertain to this device when packaged in a
metal can. To ascertain the corresponding pin numbers for plas-
tic or ceramic packaged devices refer 1o the first page of thus
specification sheet.
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Note 9 — Coupling and Bypass Capacitors Cq andCy

Capacitors Cy and C3 (Figure 5} should be selected for a re-
actance of less than 5.0 ohms at the carrier lrequency.

Note 10 — Output Signal, V,

The output signa! is taken from pins 6 and 9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resul'ling from variations in both the car-
rier and modutating signal inputs with a single-ended output
connection.

Note 11 — Neg

ive Supply. Vgg

VgEg should be dc dnly. The insertion of an RF choke in series
with Vgg can enhance the stability of the internal current sources.

Note 12 — Signal Port Stabitity

Under certain values of driving source impedance, oscillation
may occur, {n this event, an RC suppression network should be
connected directly 10 each input using short leads. This witl reduce
the Q of the source-tuned circuits that cause the oscillation.

SIGNAL INPUT
{PINS 1 & 4)

T 10 pF

An alternate method for low-frequency applications is to insert
a 1 k-ohm resistor in series with the inputs, pins | and 4. In this

case input current drift may cause serious degradation of carrier
suppression.

TEST CIRCUITS

FIGURE § — CARRIER REJECTION AND SUPPRESSION

vee
412 Vde
Tk 1 y
T i
L Cul -
st 01uf } ""% Ry Ry
&2 I 1 3 3 39e8y 1339«
CARRIER 0 14F : ¥
INPUTVC o3} ME14956 g £l
Vs ' me1sses oy
MODULATING O ) o
SIGNAL
INPUT 10k
R1
CARRIER NULL T
NOTE Shielding of -s/\EI:c

input and output leads may
be needed to properly
perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS

FIGURE 6 « INPUT-OUTPUT IMPEDANCE

Re=1k
2 3
gsv, 1
I ) :ﬂ l o Vo
- w1496 [g 3
—= ol ucises Zout
Zin .—_o_—ol 9 -V
0 5
Bk
-8 Vvde ]

FIGURE 8 — TRANSCONDUCTANCE BANDWIOTH

vee v
112 vdr 1" e ~$§v4c
- ! e
Re~ 1% . l e % 2%
s 01 uF 1% ) _lgm
z% }J I 2 3 uf
" 2k CARRIER U1f 6 50 350 ’_L
INPUT 7 .=
MC14966 == Voo 5] Mcuss W
ME 15366 - Vs o MC15966 v
3 MODULATING ! 9
SIGNAL 4
10 B xpyt 0% L] H
o
| 68k 634
v
= CARRIER NU N
-8 Vde u 8 Vde
Vee Vee

NOTE  Pin number references pertain to this device when

numbers {or plastic or caramic packaged devices refer 10 the first page of this specification sheet.

packaged in @ metal can. To ascertain the corresponding pin
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Note 8 — Coupling and Bypass Capacitors Cy and Cy

Capacitors Cq and Cg (Figure 5) should be selected for a re-
actance of less than 5.0 ohms at the carrier frequency.

Note 10 —~ Output Signal, V,

Note 12 — Signsl Port Stability

Under certain vatues of driving source impedance, osciliation
may occur. In this event, an RC suppression network should be
connected directly to each input using shost leads. T his will reduce
the Q of the source-tuned circuits that cause the oscillation.

SIGNAL INPUT

The output signal is taken from pins 6 and 9, erther balanced (PINS 1 & 4) O— WA
or single-ended. Figure 12 shows the output levels of each of the §10 _]_
two output sidebands resulting from variations in both the car- 10 pF
rier and modulating signal inputs with a single-ended output

connection.

An alternate methad for low-frequency applications is to insert
2 1 kohm resistor in series with the inputs, pins 1 and 4. 1a this

case input current drift may cause serious degradation of carrier
suppression.

Note 11 — Negative Supply, Vee

VEE should be dc only, The insertion of an RE choke in series
with VEE can enhance the stability of the internal current sources.
TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION FIGURE 6 — INPUT-OUTPUT IMPEDANCE

vee .
" ™ a2 :nc
L T .
4 N l 2% Re=1k
51 0.1uf 1k RL Ry { }
t; I ! 3 39ug; g339% osv. 1.2 !
CARRIER 0.1 4F - 19 1 m o« *Vo
INPUT VG o3} MCI96G [ PN L& T mcuses g Zoun
VSe— 1 mcisssc o————o—  MCI5966
1 Vo Zin —= 4 Vo
MODULATING . B —_ 9
SIGNAL o 3
INPUT 10K 10k 2 81 51 10 3
t
50 k 68k
L 1,5 $68¢
R v L
CARRIER NULL = -8 Vde
NOTE  Shislding of '?IV‘“
input and output leads may €€
be needed to properly
perform these tests,
FIGURE 7 — BIAS AND OFFSET CURRENTS FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH
vee Vi
112 Ve 1k 1% lfltvd:
I :
Re=fh : l fle "
51 0.1 uF 1k 001
1{ }J > , I 2 3 ss0 To
6 c:\Nansa 01,F : . L
T =
MC1495G '; UT vgeyy 3l Mcusss W
MC1596G -— V§o— —o] MC1596G V,
9 MODULATING 9
SIGNAL ¢
10 [} NPUT 10k 0k 51 35! 10 [
he 4o 50k 1 68k
= CARRIER NULL VT
-8 Vde B Vdr
VEE Vee

NOTE: Pin number references pectain to this device when packaged in s metat can. To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.
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TEST CIRCUITS {continued)

FIGURE 9 - COMMON-MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
vee v
. cC
- ’ +12 Ve T +12 Vde
=1k
1k Re 1k Re=1k
z§ %3 H 3
A 39k 394 1 usv -, 39k 39k
.
v 8 L
“‘i L——o1  MC1e966 y Yo i ‘ ‘: MCIgs6 [ 81V
= o MCI5966 ] Vo vy MCI596G v,
vg 4 ] * [ 3 v
10 5
w0 J: 10 5
w0 684 4 1= ’ 68k
1mA
4 Wi 1
= ACM = 20lag =% =
-8 vdc Ct = 2000 o2 8 Vde
VEE VEE

NOTE  #i number reterences pertain 10 this device when pachaged in a metal can  To ascertain the corresponding pin
Numbers tor plastic or ceramic packaged deveces refer to the 1151 page of this specification sheet

TYPICAL CHARACTERISTICS (continucd}

Typrcal characternistics wure obtained with circutt shown 1 § e bt 500 ks (sine wave),

Ve = 60 mViams), (g - 1 kHe, Vg =300 mVirms), Tp = 1258°C uniess otherwise noted,

FIGURE 12 SIGNAL-PORT PARALLEL-EQUIVALENT
INPUT RESISTANCE versus FREQUENCY

FIGURE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS
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FIGURE 13 - SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY
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TYPICAL CHARACTERISTICS (continued)
Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz {sine wave),
Ve = 60 mV(rms), fg = 1 kM2, Vg =300 mV(rms), Ty = 425°C unless otharwise noted.

FIGURE 15 — SIDEBAND AND SIGNAL PORT FIGURE 16 —- CARRIER SUPPRESSION
TRANSADMITTANCES versus FREQUENCY versus TEMPERATURE
1 T Hil ’ -
09—+ -3 -4 P
_ SIGNA m)m " o
3 08 P s
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E 01 -1 1 -+~ 15 s 0 ]
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2 02 4] \ L
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0 Lo g 1 10
0.1 1.0 10 100 1000 75 50 228 0 425 450 415 4100 #1265 4150 +10§
fc. CARRIER FREQUENCY {MHz) Ta. AMBIENT TEMPERATURE (9C)
FIGURE 17 — SIGNALPORT FREQUENCY RESPONSE FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY
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. FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION
FIGURE 19 ~ CARRIER FEEDTHROUGH versus FREQUENCY versus INPUT SIGNAL LEVEL
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TYPICAL CHARACTERISTICS [continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC FIGURE 22 — CARRIER SUPPRESSION
SIDEBANDS versus CARRIER FREQUENCY versus CARRIER INPUT LEVEL
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OPERATIONS INFORMATION

The MC1596/MC1496, a monolithic balanced modutator cir-
cuit, is shown in Figure 23. FIGURE 23 - CIRCUIT SCHEMATIC

This circuit consists of an upper quad differentiat amplifier 0

N y ' s n I ) —O v, mreut
driven by a standard differential amplifier with dual current o
sources. The output collectors are cross-coupled so that fullwave e
batanced multiplication of the two input voltages occurs. That is,
the output signal is a constant times the product of the two input CARRIER o Y
signals, Ut s

Mathematical analysis of linear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and ‘1)
difference of the two input frequencies. Thus, the device may be f:::::l Vs O 2

used as a balanced modulator, doubly balanced mixer, product Ny f“"—;gnm aomst

detector, frequency doubler, and other applications requiring 1
these particular output signal characteristics. NAS & Oee b _ Légn I 4

The lower differential amplifier has its emitters connected to s mombors
the package pins so that an external emitter resistance may be e ™, T or €6 oo gl

used. Also, external load resistors are employed at the device 8200
output,

Signal Levels
FIGURE 24 - TYPICAL MODULATOR CIRCUIT

The upper quad differential amplifier may be operated either tw 1" @ 117 Vi

in a linear or a saturated mode. The lower differential amplifier

is operated in a linear mode for most applications, _L f L o

For low-level operation at both input ports, the output signal ) I“-“" 2 LIRL 3 ”'; 4 1;"
will contain sum and difference frequency components and have = = ) - i
an amplitude which is 8 function of the product of the input signal yp 01¢F "—0;"‘ 0 @ sV,
smplitudes. cARRtER &) ; .

For high-level operation at the carrier input port and linear mmrv.; —O0— N
operation at the modulating signal port, the output signal will unnuu:mn Ll —0——4-8 v,
contain sum and difference frequency components of the modu- SIGNAL 10t
lating signa} frequency and the fundamental and odd harmonics of eyt 10 [
the carrier frequency. The output amplitude will be & constant 50k
times the modulating signal amplitude, Any ampliticie variations g 2 BBk
in the carrier signal will not appear in the output.

CARRIER NULL -4 Ve =

NOTE  Pin number references pertsin 10 this device when packaged in a metal can. To sscertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.
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The finear signal handling capabilities of a differential amplifier
are well defined. With no emitter degeneration, the maximum
input voltage for linear operation is approximately 25 mV peak.
Since the upper differential amplifier has its emitters internally
connected, this voltage applies 10 the carrier input part for afl
conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its finear signat handling range may be
adjusted by the user. The maximum input voltage for linear op-
eration may be apgroximated from the following expression:

v :(ig) {Re)votts peak.

This expression may be used to compute the minimum value of
Rg for a given input voltage amplitude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate Qutput Signal
Signal {v¢) Voltage Gain Frequency(s)
Ry Vv,
Low-level dc L'c KT v
2(Rg + 2@(;
ioh. L
High-level dc RE + 21 M
Low level Ry Vgirms) P
ow-tevel ac ST o ctim
2J2(5(Re + 2r)
637 R
High-leve! ac FEIPRD fc tim. 3fc tw.
Rg + 2r¢ 51c ¢y,

OPERATIONS INFORMATION {continued)

The gain from the modulating signal input port 1o the output s
the MC 1596/MC 1496 gain parameter which is most often of interest
to the designer. This gain has significance only when the fower
differential amplifier is operated in a linear mode, but this includes
most applications of the device.

As previously mentioned, the upper quad ditferential amplifier
may be operated either in a linear or 3 saturated mode Approxi.
mate gain expressions have been developed for the MC1596/
MC1496 for a low-leve! modulating signal input and the following
carrier input conditions:

1) Low-level dc
2) High-level dc
3) Low-level ac
4} High-level ac

These gains are summarized in Table 1, along with the fre-
quency components contained in the output signal.

NOTES:

1. Low-leve! Modulating Signal, Vy, assumed in all cases
Vg is Carrier input Voltage.

2. When the output signal contains multiple frequencies,
the gain expression given is for the output amnlitude of
each of the two desired outputs, Ic 1 Iy and I ~ fpy

3. AW gain expressions are for a single-erxied output. For
a differential output connection, multiply each expres-
sion by two.

4. R = Load resistance.

5. Rg = Emitter resistance between pins 2 and 3.
6. re = Transistor dynamic emitter resistance, at 425°C;

Ay 6 mV
‘e ™ Tg (ma)

7. K = Boltzmann's Constant, T temperature in degrees
Kelvin, q = the charge on an electron.

-':—T =2 26 mV at room temperature

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the hasic
application of the MC1506/MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

in some applications, it may be necessary to operate the
MC1596/MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modutator designed for
operation with a single +12 Vdc supply. Performance of this cir-
cuit is similar to that of the dual supply modutator.

AM Modulator

The circuit shown in Figure 27 may be used as an amplitude
modulator with a minor modification.

All that is required 10 shift from suppressed cartier to AM
operation is 1o adjust the carrier null potentiometer for the proper
amount of carrier insertion in the output signal,

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range. Therefore,
the modulator may be modified for AM operation by changing
two resistor values in the aull circuit as shown in Figure 28.

Product Detector

The MC1596/MC 1496 makes an excellent SSB product detec-
tor {see Figure 29},

This product detector has a sensitivity of 3.0 microvolts and a
dynamic range of 90 dB when operating at an intermediate fre-
quency of 9 MHz,

The detector is broadband for the entire high frequency range.
For operation at very low intermediate frequencies down to S0
kHz the 0.1 uF capacitors on pins 7 and 8 shoukd be increased to
1.0 UF. Also, the output filter at pin 9 can be taitored to a
specific intermediate frequency and audio amplifier input im-
pedance.

As in all spplications of the MC1596/MC1496, the emitter
resistance between pins 2 and 3 may be increased ot decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may aiso be used as an AM detector by introducing
carrier signal at the carrier input and an AM signal a1 the SSB
input,

The catrier signal may be derived from the intermediate fre.
quency signal or generated locally. The carrier signal may be in-
troduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad dif ferential amplifie!
1f the carrier signal is modulated, a 300 mV(rms) input level is
recommended

MOTOROLA LINEAR/INTERFACE DEVICES
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Doubty Balanced Mixer

APPLICATIONS INFORMATION (continued)

The MC1596/MC1496 may be used as a doubly balanced
muxer with either broadband or tuned narrow band nput and

outpul networks.

The local osciflator signal is introduced at the carrier nput
port with a recommended ampiitude of 100 mV(rms)}
Figure 30 shows a mixer with a broadband input and a tuned

Oulput,

Frequency Doubler

The MC1596/MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show 3 b

It

bl

d trequency di

and a

tuned output very high frequency (VHF} daubler, respectively.

Phase Detection and FM Detection

The MC1536/MC 1496 wiil function as a phase detector. High-
fevel input signals are introduced at both inputs When both inputs
are at the same frequency the MC1596/MC149G will deliver an
output which is a function of the phase difference between the
two input signals.

An FM detector may be constructed by using the phase detec-
tor prnciple. A tuned circuit is added at one of the inputs to
cause the two input signals 10 vary in phase as a function of fre-
quency. The MC1596/MC 1496 will then prowde an ouiput which
15 3 function of the input signal frequency.

NOTE #in number references pertain 10 this device when packaged in a metat can
numbers far ptastic or ceramic packaged devices refer 1o the first page of this specification sheet.

To ascertain the corresponding pin

TYPICAL APPLICATIONS

FIGURE 26 - BALANCED MODULATOR
{412 Vdc SINGLE SUPPLY]

FIGURE 27 - BALANCED MODULATOR-DEMODULATOR
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FIGURE 29 — PRODUCT DETYECTOR
FIGURE 28 - AM MODULATOR CIRCUIT {+12 Vdc SINGLE SUPPLY)
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MC1648/MC1648M

VOLTAGE-CONTROLLED
OSCILLATOR

( The MC1648 requires an external parallel \

tank circuit consisting of the inductor (L}
and capacitor {C),

A varactor diode may be incorporated into
the tank circuit to provide a voltage variable
input for the oscillator (VCO). The MC1648
was designed for use in the Motorola Phase-
Locked Lpop shown in Figure 9. This device

Bias Point 10
Tank 12

may also be used in many other applications
requiring a fixed or variable frequency clock
source of high spectral purity. (See Figure 2.)

The MC1648 may be operated from a +5.0
Vdc supply or a -5.2 Vdc supply, depending
upon system requirements,

input Capacitance = 6 pF typ

Maximum Series Resistance for L {External
Inductance) = 50  typ

Power Dissipation = 150 mW typ/pkg
(+5.0 Vdc Supply)

Supply Voltage Gnd Pins Supply Pins

Maximum Output Frequency = 225 MHz typ +5.0 Vdc 7,8 1,14
-6.2 Vde: 1,14 7.8
L SUFFIX P SUFFIX F SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE CERAMIC PACKAGE
K CASE 632 CASE 646 CASE 607 j

FIGURE 1 — CIRCUIT SCHEMATIC

Vee? vVeer
14 [R))

Qi a2
31
-0 Output

j r) {E“
Qs O|OK{ Qr aé
ot
l e
+4¢
Qs
D2 Qs
l -
n {10} (12 183 151
Veg s Bias Pt Tank Vegg 2 AGC .

Numbers in parenthess denote pin number for £ package (Case 607), L peckage (Cave 6321, and P package {Case 646!
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FIGURE 2—SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHZ TESTING

W8Y9LOW/8v9LON

L: Micro Metat torroid £T20.22, 8 turns L=40Nn
£30 Enamied Copper wire. C=100pf
C ¢ 3.0 -35pF +5.0 Vde TEST VOLTAGE/CURRENT VALUES
@ Test (Voits) mAdc
Wemnarature ViHmax I ViLmin 1 Vee un
MC1648 N
-30°C +2.00 +1.50 5.0 -5.0
+25°C +1.85 +1.35 5.0 -5.0
+85°C +1.70 +1.20 5.0 -5.0
B.W. = 10kH2
Center Frequency = 100 MHz MC1648M
Scan Width = 50kHz/div -55°C +2.07 +1.57 5.0 ~5.0
Verncal Scale - 10 aB/duv “*The 1200 ohm resistor and the scope termina: +25°C +1.85 +1.35 5.0 =5.0
ton impedance constitute a 25.1 sttenuator
probe. Coax shati ba CT-070-50 or equivatent. +125°¢C +1.60 +1.10 5.0 -5.0
t ELECTRICAL CHARACTERISTICS
Supply Voltage = +5.0 Volts -
-55°¢ -30°% +25°C +85°C +125°C .
Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit Conditions
Power Supply Drain Current g — - - - - 41 - ~ - - mAdc | Inputs and outputs open.
Logic 1" Qutput Voltage VOH 3.92 413 3955 | 4185 | 4.04 4.25 4.11 4.36 4.16 440 { Vde | V|_min to Pin 12,1 @ Pin 3.
Logic 0" Output Voltage VoL 3.13 3.38 3.16 3.40 3.20 3.43 3.22 3.475 3.23 3.51 Vdc | Vigmax to Pin 12,1 @ Pin 3.
Bias Voltage VBias® 1.67 197 1.60 1.90 1.45 1.75 1.30 1.60 1.20 1.50 vde | ViLmin to Pin 12,
Min | Typ | Max | Min { Typ | Max [Min | Typ | Max | Min| Typ | Max | Min |} Typ | Max
Peak-to-Peak Tank Voltage Vp.p - - - - - = - 400 - - - - - - - mV
Output Duty Cycle Ve - - - - - - - 50 - - - - - - - % See Figure 3.
Oscitlation Frequency fmaxe* | — 225 | - - {225 - J200{225 | - - 225 - - | 225 - | MHz

*This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor turning diode at this point.
* *Frequency variation over temperature s a direct function of the AC/A Temperature and AL/A Temperature.



PN

W8¥9LOW/8¥91ON

TEST VOLTAGE/CURRENT VALUES
@ Test {Volts) mAdc
Temperature ViHmax ViLmin Vce I
MC1648
-30°C -3.20 -3.70 -5.2 -5.0
+25°C -3.35 -3.85 ~5.2 -5.0
+85°C —3.50 -4.00 -5.2 -5.0
MC1648M
-550¢C -3.13 -3.63 -5.2 -5.0
+25°C ~3.35 -3.85 -5.2 -50
+125°C -3.60 -4.10 -5.2 -5.0
ELECTRICAL CHARACTERISTICS
Supply Voltage = -5.,2 Volts
-55°¢ -30°C +25°C +85°C +125°C
Characteristic Symbol Min Max Min Max Min Max Min Max Min T Max Unit Conditions
Power Supply Drain Current e - &2 & - - 41 = — - - mAdc | Inputs and outputs open.
Logic “1”° Output Voltage VoH ~1.080 | -0.870 | -1.045 | -0.815 | -0.960 | -0.750 | -0.890 | -0.640 | -0.840 | ~0.600| Vdc [V|{mntoPin 12,1} @Pin3.
Logic *°0"* Output Voltage Vor ~1.920 | -1.670 | -1.890 | -1.650 | -1.850 | ~1.620 | -1.830 | -1.575 | -1.820 | -1.540| Vdc |Viymax to Pin 12,1 @ Pin 3.
Bias Voltage Vgias® -353 -3.23 -3.60 -3.30 ~3.75 -345 -3.90 ~3.60 -4.00 -3.70 | Vdc | Vi mn toPin 12.
Min | Typ | Max | Min | Typ | Max | Min | Typ { Max | Min | Typ | Max | Min | Typ | Max
Peak-to-Peak Tank Voltage Vp.p - - - - - - - 400 - - - - - - mvV
Output Duty Cycle vpe - - - — - - - 50 - = - - - = % See Figure 3.
Oscillation Frequency frmax** - 225 -~ - 225 — 200 | 225 - 225 - - 225 — | MHz

* This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor turning diode at this point.
**Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature,



MC1 648/MC1 648M FIGURE 3 — TEST CIRCUIT AND WAVEFORMS

Vce

‘Use high smpedance probe [ >1 0 Megohm must
be used)

°*The 1200 ohm resistor and the scope termination
impedance constitute 3 25 1 attenuator probe
Coax shalt be CT 070 50 or equivalent

1200 ***Bvpass onty that supply opposite ground

PRF & 1 0 MH, '
a
Duty Cydle tVpel) - —
5

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the FIGURE 4 - THE MC1648 OPERATING IN THE VOLTAGE
MC1648. The oscillator incorporates positive feed- CONTROLLED MODE
back by coupling the base of transistor Q6 to the

collector of Q7. An automatic gain control {AGC) [ mindadadal ——-—:

is incorporated to limit the current through the
emitter-coupled pair of transistors (Q7 and Q6 ) and
asllow optimum frequency response of the oscillator.

In order to maintain the high Q of the oscillator,
and provide high spectral purity at the output,
transistor Q4 is used to translate the oscillator sig-
nal to the output differential pair Q2 and Q3.

Q2 and Q3, in conjunction with output transistor
Q1, provides a highly buffered output which pro-
duces a square wave, Transistors Q9 and Q11 pro-
vide the bias drive for the oscillator and output
buffer. Figure 2 indicates the high spectral purity

the cathode of the varactor diode (D} should be
biased at least 2 Vgg above Vgg (=1.4 V for pos-

itive supply operation).

of the oscillator output {pin 3). When the MCI(;MB is used with a constant dc voltage

to the vaiactor diode, the output frequency will vary

When operating the oscillator in the voltage slightly because of internal noise. This variation s plotted
controlled mode {Figure d), it should be noted that versus operating frequency in Figure 5.

FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

=
L 00— : e
g 1 I i—Vec 5.0 Vdc :-? Qsciltator Tank Components
1 ) g s . { Fi
< T e {Circunt of Figure 4)
Z 1 { 10 t L
8 LT I MH2 [} uH
I
g 1 1D 1010 mv211s | 100
< - :
> e . 1060 [ Mv211s | 23
o "CEX 1 +
T A 60 100 | MV2106 | 0.15

>
) 1 1
z 1
3 e

3- i 134
C 1 P 1ot
Iy R
- 10 1 Lttt
1 10 10 100

1, OPERATING FREQUENCY, (MHz}
Sgnat Generator
HP GOB
20k Hz sabove MC 1648 Frequency \ or Equiv
300 wv
MC1648 10 v P 20 k442 B"g};.‘,;?\:vﬂl Volimeter
Under Test Attenuator T e Meter ams
MC1648 riecto HPs2108 HP34Q0A or Eauw
Freq v

(HPH210A output voitage) 1E Uit Suale Frequencv!

10volt

Frequency Deviation &

NOTE: Any frequency deviaton caused by the signal generstor and MC1648 power
supply shoutd be determined snd minimzed prior 10 testing.
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MC1648/MC1648M

TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp =25°C

FIGURE 6
64
L: Micro Metal Toroidal Core #T44 10,
~ 60 4 turns of No. 22 copper wire
I &6 v
2 n
N 52
>
g 48
P
w 449
3 a0 -
w yd 1k 1200°
T 36 e 01
« 32 P ut I
. 2 7 L tour
2 28 P i
= 4
5 24 / ] .
o 20 4 mviaor 12 s
3 6 5 ut v - .15 Vvd
5 L~ I cc1 " Veea = 18 Vue 01 uf
- 12 - VEgy ™ Vgga = Gnd I
80 = =
[¢] 10 20 30 a0 50 60 20 80 9qQ 0 *The 1200 ohmn resistor and the scope termena-
won impedance constitute a 251 attenuator
" ivalent.
Vo INPUT VOLTAGE {VOLTS) probe Coax shall be CT 070 50 or equivalent
FIGURE 7
8
L Aliro Metal Torowdal Core #4744 10,
= 17 4 turns ot No 22 copper wire
z Vll\
2 I
> C = 500 pF
o 119
4
w //
2 14 ZL 1T L1 < G et~ ) W7 || ooy e S o
(o] .
L, yd 142 0 1200
: S
. 12 i O tout
3 =
a
b 1
S O
o 10 mvisor 12
H 5 uf Ve = Vee2 ™ 45 Vde
3 a0 ve I cc1= Vee? © 01 uf
- 80 L. Vege1 = Vegg2= Gnd :_E
0 1.0 20 30 40 50 60 70 80 90 10 “The 1200 ohin resistor and the scope termina
: Hon umpedance constitute a 25 1 attenuator
aob ax shall b, 7 lent.
V,",lNPu! VOLTAGE (VOLTS! wrabe Coax shall be CT 070 50 or equivalent
FIGURE 8
190
18 L Micre Metal Torodial Core =T30 22,
~ o 5 turns ot No 20 copper wire
I o
2 160 '/ Veer *Vee2 =t Ve
> v -V 2= Gny
o 150 /4 (9] EE2
2 P
w 140 10
3 mop—p—~— -+ + 1 Il 1l || T —oqr—--
w 1200°
@ 120 ~ b3
°v hd
1Mo - tout
S 100 >
a b3
£ % )74 N N s I L TN |
e} 80 Vd
é 70 01 uf
S so - T "
50 y =
] 10 20 30 40 S50 60 70 80 90 10 “The 1200 ohe 1e5i5107 and the s Ope lerning

V. INPUT VOLTAGE tVOLTS)

LON smpedani e onslitute o 25 1 attenuetor

wobe Coa» shatt e CT 020 50 0r equivatent
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MC1648/MC1648M

Typical transfer characteristics for the
oscillator in the voltage controlled mode are
shown in Figures 6, 7, and 8. Figures 6 and 8
show transfer characteristics employing only
the capacitance of the varactor diode (plus the
input capacitance of the oscillator, 6 pF typi-
cal). Figure 7 illustrates the oscillator operating
in a voltage controlied mode with the output
frequency range timited. This is achieved by
adding a capacitor in parallel with the tank
circuit as shown, The 1 k{} resistor in Figures6
and 7 .is used to protect the varactor diode
during 'testing. It is not necessary as long
as the dc input voltage does not cause the diode
to become forward biased. The larger-valued
resistor (51 k§2) in Figure 8 is required to
provide isolation for the high-impedance
junctions of the two varactor diodes.

The tuning range of the oscillator in the
voltage controlied mode may be calculated as:

'max P \/CD(max) + Cs
fmin _ /Cplminl + Cg

1

2n/L{(Cp(max) + Cg)

Cg = shunt capacitance {input plus externat
capacitance).

where f i =

Cp = varactor capacitance as a function
of bias voltage.

Good RF and low-frequency bypassing is
necessary on the power supply pins. (See
Figure 2.}

Capacitors {C1 and C2 of Figure 4) should
be used to bypass the AGC point and the VCO
input (varactor diode), guaranteeing * only
dc levels at these points.

For output frequency operation between
1 MHz and 50 MH2 a 0.1 pF capacitor is suffi-
cient for C1 and C2. At higher frequencies,
smaller values of capacitance should be used;
at lower frequencies, larger values of capaci-
tance. At high frequencies the value of bypass
capacitors depends directly upon the physical
layout of the system. All bypassing should be
as close to the package pins as possible to
minimize unwanted lead inductance.

The peak-to-peak swing of the tank circuit
is set internally by the AGC circuitry, Since
voltage swing of the tank circuit provides the
drive for the output buffer, the AGC potentiat
directly affects the output waveform, If it is
desired to have a sine wave at the output of
the MC 1648, a series resistor is tied from the
AGC point to the most negative power poten-
tial (ground if +5.0 volit supply is used, --5.2
volts If a negative supply is used) as shown in
Figure 10,

At frequencies above 100 MHz typ, it may
be desirable to increase the tank circuit peak
to-peak voltage in'order to shape the signal
at the output of the MC1648. This is accom-
plished by tying a series resistor {1 k$2 mini.
mum) from the AGC to the most positive
power potential (+5.0 volts if a +5.0-volt sup-
ply is used, ground if a -5.2 volt supply is
used}, Figu;e 11 iltustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9
illustrates the use of the MC1648 as a voltage
controlled oscillator. The iltustrates
a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and
landmobile communications, and
CB receivers, The system operates from a single
+5.0 Vdc supply, and requires no internal trans.-
ltations, since all components are compatible.

Frequency generation of this type offers
the advantages of single crysta? operation,
simple channel selection, and elimination of
special circuitry to prevent harmonic tockup,
Additional features include dc digital switching

figure

amateur

{preferable over RF switching with a multiple
crystal system), and a broad range of tuning (up
to 150 MHz, the range being set by the varactor
diode).

The output frequency of the synthasizer
loop is determined by the reference frequency
and the number programmed at the program
mable counter: f,, = Nfgs. The channet
spacing is equal to frequency (f ().

For additional information on applications
and designs for phase locked loops and digitat
frequency synthesizers. see Motorola Applica.
tion Notes AN.532A, AN 535, AN 553, AN
564 or AN594.



MC1648/MC1648M

FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION

Voliage
‘ Prase Low Pass Controlied ‘
ret ———— Detector £ ater Oscillator out
MC4044 MC1648
fout = Niget
where
l Modulus Enable Line ' N:NpoPtA
Caunier Conwrol MC 12012
Logic % . —_
= Pl
| mci20ts NP
Zero Detect Line
tout = =
“Np TA
Programmable Programmable
Counter Counter
MCa016 MCa016
l Counter Reset Line }

N NpeP+aA

Figure 10 shows the MC1648 in the variable {requency
mode operating from a +5.0 Vdc supply. To obtain a sine
wave at the output, a resistor is added from the AGC
circuit (pin 5) to VgE.

Figure 11 shows the MC1648 in ¢the variable frequency
mode operating from a +5.0 Vdc supply. To extend the
useful range of the device {maintain a square wave output
above 175 MH2), a resistor is added to the AGC circuit at
pin 5 {1 k-ohm minimum). &

FIGURE 10 ~ METHOD OF OBTAINING A SINE-WAVE QUTPUT

——0 Output

L

Figure 12 shows the MC1648 operating from +5.0 Vdc
and +9.0 Vdc power supplies. This permits a higher voltage
swing and higher output power than is possible from the
MECL output {pin 3). Plots of output power versus total
collector load resistance at pin 1 are given in Figures 13
and 14 for 100 MHz and 10 MH2z operation. The total
collector load includes R in parallel with Rp of L1 and
C1 at resonance. The optimum value for R at 100 MHz2 is
approximately 850 ohms.

FIGURE 11 — METHOD OF EXTENDING THE USEFUL RANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)

Qutput

1k oun

i
o_:I:E.
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MC1648/MC1648Mm

FIGURE 12 — CIRCUIT USED FOR
COLLECTOR OUTPUT OPERATION

t50V

FIGURE 13 — POWER OUTPUT versus COLLECTOR LOAD

4 Cutput
0——~‘VF\‘/\’*
HZ. 3 ~ 190V
ZAKE] T
J}_NW\__J i‘L:o.m HF
(R} 1
14 1&;_ -
+50V

FIGURE 14 — POWER QUTPUT versus COLLECTOR LOAD

See test circuit, Figure 12, ¢ 100 MH 7
€3 3.0 -350F A\
Collector Tank
L1 0.22uH Cl 10 700f
R 5051 10kQ

Rp of L1and C1
Oscitlator Tank

L2 4 turns 220 AWG 3716 1D

€2 1.0-700F

11k @ 100 MK/, Resonance

POWER QUTPUT {mW RMS)
w
o

0|0 100 1000 10.000

TOTAL COLLECTOR LOAD tohms)

POWER OUTPUT tmw RMS)
-]

See test circuit, Figure 12,1 « 10 MHz
C3 470 pF
Coltector Tank
LY 27 uH (o8}
R 509! 10k§}
Rpof L1andC1 68k @ 10 MHz Resonance
Oscitlator Tank
L2 27uH
C2 16 150 pF

24 200 pF

10 100 1000 10,000

TOTAL COLLECTOR LOAD (ohms)
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§4168,/74168(CONU NUED)

Functional Block Diagrams

ct.oc«ﬂ—pz EHABLE T uo
OATA & . (13) APPLE
voan 2 oy o of%o, ENagLe P focaf
wo% - P 2% ct:;: ]
1 Y D
oata 9 ¥

b cx “"|°A

]-ﬁ
a .
g}!}—' 0 o L—"Oc oata o'
9 P CK T
4 iy o

| Ll E
1] H D—‘—

H Do——
-1 ' LN ]
{ b ox X e =g £
PR (mo°
\ ing gu

e 0
wu&{ . e e,
" y_RIPPLE (o ~y |

A " CaRRY L
L] ouTPUT

=
ver

|

OATA D

&1

!

;

{1
| %

'S168 DECADE COUNTER

typwcsl load, count, and Inhibit sequences

Hustratod below 13 the following sequonce. ‘LS 168 DECADE COUNTER

(. Load {presst) to BCO seven

2. Count up 1o sight, mine (maximum), Zero, one, and two

3. inhebit

4 Count down 10 one, zaro (miumum), ne, eighl, and seven
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54168,/74168 Syrchronous 4-Bit Up/Down Decade Counter
Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low- Power TTL .
Package Package Package Package Pack
Device T Device T Device T Device T Device T
YPe [cTPIMIce] YPerclpmlcE YPercTr|Mkr PereTrlmk e [eTRM
SN5AS 168 1§ Wi SNsaLS168 I Wi ‘
T.L SN745168 IDNG SN74LS 168 JOING
FAIRCHLD d
MOTOROLA
OMIAL S168 0]
NS.C. DMTILSI68 o
PHUPS
SIGNETICS
SIEMENS
FUATSU
HITACHI HDT4L S 168 PO
MITSUBISHI}
NEC
TOSHIBA ;
Elecrtical Characteristics SNS4LS|68/SN74LS 168 Pin Assignment (Top View)
sbsolute maximum ratings over operating free-air temperature range
Supoly voltage, Voo v | Oversting free-air {SM54Ls]  —55T to 125T AIPPLE ouTPUT
CARRY ENABLE
Input voltage W | temparature range [snms 0T 1o 70¢C Voe ouTeut H
Storage temperature range —65T to 150C e ™
recommended opersting conditions I
SN54LS168 SN74LSIE8 | .o
MIN_ NOM_ MAX|MIN_ NOM MAX i
Suoply voltage, Voo 45 5 58|4s s s25] V oUTPUT
High-level oulput current, oK 400 W00 | pA . UPDOWN
L ow-evel output current, oy 4 8| mA
Ctock frequency, {etock 0 25 ] 25 | MHz oK y ¢ ENADLE
Width of clock pulse. tw(clock) (high or low) 25 25 ns 8 . d .
Data inputs A,8.C.0 0 20 l l l ] T 1‘
Enable P or T 20 20 H
Seto time. Lsenp Load 25 25 - 1 1 ] ‘. s ' {1 '
Up/Down 0 30 w0 oK A 8 c D , ENABLE OND !
Hold time st any input with respect to clock. theld 0 [ s v t s
Operating lree-air temperaturs, T4 (soe Note 2) | - 55 5] o 0] ¢ & Fr
electrical characteristics over recommended operating positive fogic :
free-air temperature range
PARAMETER ¢ TEST CONOITIONS ! [ MIN TYP 1 MAX | UNT
Vil Highdevel mput voltage 2 v
ViL Low-evel Input voltage ¢8| Vv
vy nput clamp voltage VoG =MIN, = —18mA 15 v
. Voe=MN, Vig=2V,
v High-tevel t X .4 v
OH igh output voltage Vi =0V, loth = - 400ua 2.7 3
Ve =MN, Vi=2v, -
v Low-level outout v
oL ow-level output voliage ViL=0.8V. lod=8mA 863 0§
Input current A.B8.C.0.PUD 0
1y a1 mawmum | Ctock, ¥ veg MAX. v TV 011 ma
npat voitage | Loac 02
Hrghvtevel A.8.C.0.PUD 20
(') Jnout Current Clack. T voe Max. vt 2 0] w4
s Load 40
K A.8.C.0.P.UD 0.4
[ "' ¢ carremt | S Y Voo MAX, vy 04V g 4] ma
. v
rout ertent I osd 08
105 Short-creut output cureent § [ Voo MaX 20 « 100 ] ma
[ Supply current VoG MAX, Seb Noe 2 20 M| mA
T
paramerer | FROM [ TO | tesT conpimions  [MIN Tve max|umT
{ NOTES: | Tha is the voltage between two emitters of & awdtiple-emitter irmnsisin, For
trax 3 u MHz these ciroults, U¥ ratng applies betwren the count snable inputs P end T.
PLH . Rupte 2 3% 2 An SN54S168 In the W package at free-sir above 910
1PHL Clect carty 23 35 m requires & heat sink that provides 8 thermal resistance from case te freeed,
T an Ce ~150F %) 20 RacA. of nct more then 26" C/W.
Cluck 0' [ PR 3 TH] m 7 ns 3 GG is measured after applying & momentary 4.5V, then ground, to the cledk
1PHL See Figues 2 and 3 nput with el other inputs grounded and the cutputs epen.
PLH ensote F| 2% [and Note 3 0l & Procagation deley ime from up/down 1o ripple OMTY MUSL be Messrad Wik
1PHL carry i "0 " ) the countor at eithet a mirkmum of & manmum counl As the logw level of
PLH Aipple [ 23 e w0rdown ot is changed, the ripple carry output wil foltow It the o
N" Up Down carn Ty o ns s mdnimum (0), the rioole carry outout transition wil be in phase If the
LA ! count 15 maximum 9 for’ S 162), the ribple carry output wifl be out of shas

1 F or conditions shown as MIN of MAX, use the appropriate vehm specilied under recommended coereting conditiona,

¢ Atl typical values are al VoSV, TA=25°C.

*Not more then one wutput should be shorted st & time.

® P H{mpropagation defay time, fow-to-highteve! output
P HL = propagation delay time, high-to-low-level output

CONTIAUED ON WEXT PagL




MOTOROLA T RAVIS AT 1
m SEMICONDUCTOR " MV1401, H

TECHNICAL DATA MV1403, H
MV1404, H
MV1405, H

L Tuning Diodes ]
. : HIGH TUNING RATIO

VOLTAGE-VARIABLE
CAPACITANCE DIODES

SILICON HYPER-ABRUPT TUNING DIODES 170 550 pF

designed with high capartance and a capaetance change of 12 VOLTS
greater than TEN TIMES for a thas chanae from 2 to 10 valis

Provides tuning over hread iequeney tanges tunes AM cadio —

broadeast band, goneral AFC and tuming applicatons in lower e - -
RF frequancies Qg -
MV 14041 - ASE 51
@ High Capacitance 120 G5O RF MVM”"-'_,“ A 1(1:0 204AA
® larqe Capacitanee Change vl Soall fRias Change per o n
® Guarantesd High O
MV1401 (Y4 CASE 146
® Availahla in Standard At Glacs Packages o DO 204AR
® H Sulfix Devices with 100 . Sereeming DO 14
e
(&)
i
" -
1 § "= =7 v
100% SCREENING FOR HIGH REUABILITY . i' I
MV1401H, MV1403H, MV1404H, MV1405H are screanad with the : I-l L
following tests: L '
'
Internal Visual Inspaction A
per 12M539578 (MIL STD-750 METHQD 2073 PARAGRAPH 3.3
AND METHOD 2074 PARAGRAPH 3.1.3) |
High Temperature Storage B B 2 DA
Ta 200°C.0 AR haurs elaw Leer ool o
Thermal Shock {Temparaturn Cycling) N A L o ::,‘;
MIL STD 207, Method 107 Conddtron C oxeeopt 10 eyeles | . l-\.,. I.:'m!'....... v
continuousty performgd [T —
toxtremes) 16 nundies CASE 51.02
Constant Acceleration - () -
MIL-STD-750, Mathod 2006 /
20,000 G’s (Y1 axis only) P
Hermetic Seal _[’_ a !
MIL-STD-750, Method 1071 v

Fine Leak - Condiion G
Gross Leak - Candition D, Step 1

Electrical Tast P \U
Inand Cy H

i
t
High Temperature Reverse Bias ] Tk
TA 120C * SC. t 96 howns , S
VR  80°% of Viprir MIN \ *

Lownr tempetatine till To - 306 C L <
. . - . itk A _iRehid
Maintain this temperalire prios (o temoval of Beverse Rins ] ey s | W] aiEs
Valtage. Pacinrm Flectical Test within 24 howres following H
hias ramaval, °

I

sea frer ferefewm
14 Fass {dron feno
N Joye aow [0l

-, |"ese

" "
Efnctrical Tost & [
th and C1 P L L e p——
{ CASE 148.01
— .- - — e e



MAX|MUM RATINGS

-Ralmq

ELECTRICAL CHARACTERlSTICS (Ta

Reverse Breakdown Voliage
(IR =10 uAdc)

Leakagc Cum.nl at Reverse Votlagc
(VR 7 10 Vdc, 'IA 25°C}

Sanes Induc(ance

Chauclorlsnc - AII Tvpas

{f = 250 MHz, Leadlength 1 167
(—:;s; (-Z;pacuance

{1 = 1 O MHiz, Leadlength 1 167)

Cr. Dio;e (;apacilnncu
VR 10Vde.! 1O0MH: | vg 20vdc ¢
pF pF

 Device Min | Nom | Mex | Min | Nem
MV1401, H 468 550 633
MV1403, H 140 179
MV1404, H 96 120
MV1405, H 200 250

PARAMETER TEST METHOOS

. Lg. SERIES INDUCTANCE

Lg 15 measured on a shorted package at 250 MHz using an
impedance bridge {Boonton Radio Madel 250A RX Meter)

. Cc. CASE CAPACITANCE

Ccis measured on anapenpackageat 1 O MH( USING A Cagract
tance bridge (Boonton Electronics Model 75A ur vquivalent)

. Cy. DIODE CAPACITANCE

{Cr C¢ ¢ CPCyts meisured at 1.0 MHZ using 3 capacitam e
bridge {Boonton Electromics Model 75A o equivalent)

. TR, TUNING RATIO

TR ts the ratio of Cy measwied at 2 0 Vde (1 0 Vde tor MV 1401)
divided by Cy measured at 10 Vdc

. Q. FIGURE OF MERIT

Qis calculated by taking the G and C readings of at adnuttance
bridge at the specified lrequency and subsittuting in thu: tollow
ing equation
2niC
G
{Boonion Electronics Model 33AS8) Useleadlength 1

16

Symbol Vatue
Reverse Vollag; - \'7 12
;;:;ard El.f:em 'Y 250
Dewc_a _D-v-s;l;.y;;;on @ Tp -~ 259C Py 400
Derale above 25°C 267
--;unclion ?‘e‘r;\-p_er—a'uuc Ty 175
'Slorage 'I—';m- al—me Range Tsig 65 10 4200

25 € undess otherwise noted)

Symbot

VIBRIR

‘n

1.0 MH:

Max

210

1344

300

g

g g

23 DIODE CAPACITANCE tof
5% 8 8

=

MV1401, H ¢ MV1403, H e MVV1404, H e MV 1405, H

12

Typ Max Unit
Vi
010 sfAde
HO (3]
2% of

Q. Figure of Merst TR, Tuning Ratio
VR 2 0Vde Ci1 Cyo C2 Cyo
1 10MH2 f IOMN} f 10MH:2
Min Min Min
200 14
200 0
200 10
200 10
FIGURE 1 DIODE CAPACITANCE versus
REVERSE VOLTAGE
. P
- p—
vum T »C
s g 1M
MVia0s %\H\\X 3
MV1403 \ .
'\‘_‘
mviaos ¢ [
l . e
Y2 ) 4 s & 1 8 9 10

V. Rt VERSE VOLTAGE (VOLTS)



LF355, LF356,
@ MOTOROLA LF357* LF3558,
LF356B, LF357B*

Specifications and Applications
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

MONOLITHIC JFET INPUT
OPERATIONAL AMPLIFIERS

These internally compensated operational amplifiers incorporate

highty matched JFET devices on the same chip with standard
bipolar transistors. The JFET devices enhance the input charac- H SUFFIX
teristics of these operational amplifiers by more than an order METAL PACKAGE
of magnitude over conventional amplifiers. CASE 601-04

This series of op amps combines the low current characteristics / ne
typical of FET amplifiers with the low initial offset voltage and 'II

: I/ oftset Null or O vee
offset voltage stability of bipolar amplifiers. Also, nulling the offset [ Th T Invt Input (2 ® outout
voltage does not degrade the drift or common mode rejection.

‘l

8

O,
Oftset Null

0

Noninvt Input

Low Input Bias Current — 30 pA Vee

Low Input Offset Current — 3.0 pA (Top View)

Low Input Offset Voitage — 1.0 mV

Temperature Compensation of {nput Offset Voltage —
3.0uv/ec

@ Low Input Noise Current - 0.01 pAN/HZ
e High Input Impedance ~ 1012
[}
e High Common-Mode Rejection Ratio 100 d8
1
e High DC Voltage Gain - 106 dB
J SUFFIX
R CERAMIC PACKAGE
CASE 693-02

SERIES FEATURES

Offset Nutl 1077
tavt input 2
Noninvt Input 3

18 NC
=1 Vee
6 Quiput

® LF355/3558 — Low Power Supply Current

Veg 4 5 Offset Null

e LF356/3568 — Wide Bandwidth mw;-
e LF357/3578 — Wider Bandwidth Decompensated {Aymin = 5)

LF355/355B|LF356/3568}LF357/3578
Fast Settling Time to 0.01%| 4.0 us 1.5 pus 1.5 ps APPLICATIONS

_|Fast Siew Rate 5.0 Vips 12 Vius 50 Vips .
Wids Gain Bandwidth 25MHz_| 5.0 MHz | 20 MHz The LF series is suggested for all general
Low Input Noise Voltage |20 nV/VHz | 12 nV/\ Hz[12 nVIVHz purpase. FET dnput amplifier seauiroments
where  pregision  and fiequency  sesponse

flexibitity are of prime imporiance.
Specific applications include:

ORDERING INFORMATION e Sample and Hold Circuits
e High Impedance Butiers
Device Tempersture Range Package o Fast D/A and AJD Converters

LFI5568H.H Oto +70C Metal Can ® Precision High Speed fntegrators

LF3558).J 0to ¢70C Ceramic DIP o Widchand, Low Noise, Low Drift Amplifiers

LF3568H.H Oto ¢70C Metal Can

LF3568J,J Oto +70C Ceramic DIP

LF3S7BHH Gto +20°C Metat Can r . . .

LFISTBIS D10 + 70°C Ceramic DIP *NOTE: The LF:?57I-357B are dasigned for wider
bandwidth applications They sra dacompensated

(Avmin - 5.

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF3568, LF357B

MAXIMUM RATINGS .
LF3558/
Rating Symbol 3568/3578 LF355/356/357 Unit
Supply Voltage vee +22 +18 v
VEE ~22 -18

Differential input Voltage Vip =40 =30 \
Input Voltage Range (Note 1} ViDR 220 +16 \
Qutput Short-Circuit Dyration Ts Continuous

Operating Ambient Temperature Range Ta 0to +70 °C
Operating Junction Temperature Ty 115 °C
Storage Temperature Range Tstg ~651t0 +150 °C

Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply
voltage.

CIRCUIT SCHEMATIC

Oftset Null .

T
1 5 v
cc
7

[e3]

13

._H 18 it Qs
- 17 10 pF** o \_ cL
1
. | 1 4 y SN -
Inv, input -+ ’_65— Pt 6
1 J5

) A \‘ A
3 o— 41142 ¢
Non-inv, Vee @ 03
Input J9

E QB—‘
A2 R3
Q7 30 10 Qaﬁ
y—rn—”
— an}
L, o) - fane
N o LG
3 . $R4 RS A6 pa¥Y YoOs [T 4
- 10pF" T10Kk {50k 5.0k
OVEgE

*C1 = 6.0 pF on LF357.
**C2 = 2.0 pF on LF357.

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF356B, LF357B

DC ELECTRICAL CHARACTERISTICS (Vo = 1510 20V, VEg = - 15 to -20 V for LF355B/356B/3578; Ve = 15V, Vgg =
— 15V for LF3565/356/357; TA = 0°C to +70°C unless otherwise noted)

LF3558/68/78 LF355/6/7
Characteristic Symbot Min Typ Max Min Typ Max Unit
tnput Offset Voltage (Rg = 50 2, Ve = 0) Vio mv

{TA = 25°C) — 3.0 5.0 — 3.0 10

{Over Temperature} —_ — 6.5 -— — 13
Average Temperature Coefficient of Input Offset | AV|o/AT - 50 — — 5.0 — uvrc

Voltage

(Rg = 50 1}

Change in Average TC with Vg Adjust ATC/AVY0 — 0.5 — — 0.5 — nvre

{Rg = 50 01) {Note 2} per mV
Input Offset Current (Vcpg = 0) (Note 3) o

(Ty = 25°C} — 3.0 20 — 3.0 50 pA

{Ty < 70°C) -— — 1.0 — ~ 2.0 nA
tnput Bias Current (VM = 0) (Note 3) [T:]

(Ty = 25°C) — 30 100 —_ 30 200 pA

(Ty = 70°C) — — 5.0 —_ —_ 8.0 nA
Input Resistance (T = 26°C) f = 1012 —_ - 1012 — Q
Large Signal Voltage Gain AvoL VimV

(Vo = £10V,R = 20k Vce = 15V,

Veg = -15V)
{TA = 25°C) 50 200 - 25 200 —
(0°C < Tp = +70°C) 25 - - 15 — —
Output Voltage Swing Vo A\

(Vec = 15V, VEg = —15V, R = 10 kM) +12 *13 - 12 =13 —

IVee = 15V.VEg = — 15V, Ry = 2 kil +10 *12 — +10 +12 -

Input Common-Mode Voltage Range Vicr *11 +156.1 — +10 +15.1 —_ v

(Vee = 15V, VEg = - 15V) -12.0 -12.0
Common-Mode Rejection Ratio CMRR 85 100 — 80 100 — dB
Supply Voltage Rejection Ratio (Note 4) PSRR 85 100 — 80 100 — ds
Supply Current {(TA = 25°C, Voe = 15V, 115} mA

VEg = -15V)

LF3558/355 — 20 4.0 — 20 4.0

LF356B/3578 — 5.0 1.0 — — —

LF356/357 — — — —_ 5.0 10
AC ELECTRICAL CHARACTERISTICS (Vo = 15V, Ve = ~ 15V, Ta = 25°C)

LF355B/355 LF356B/356 LF3578/357
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit™
Slew Rate {Note 5) SR Vius

(Ay = 1) LF355'356 . — |50 — |75 12| — ] —1 — ] —

(Ay = 5) LF357 - |- =] =1 =] =135 ] —
Gain-Bandwidth Product GBwW — {25 — | - |80 — |~ | 2] — MHz
Settling Time to 0.01% (Note 6) tg — |40 | — J — |15 — | —15]| — us
Equivalent input Noise Voltage en aV/VHz

(Rg = 100 0, f = 100 Hz} — {25 | -] —]11B] -~ ]| —=1]15] —

{Rg = 10001, { = 1000 H2) — 2| -] —]12} —|—=]12]—
Equivalent Input Noise Current in pA/VHZ

(f = 100 Hz) — {001 | —~ | — (001] — | — |OO1| —

{f = 1000 Hz) — 00V — | — {001] — } — |]oO1| —

Input Capacitance [ — 130 | — |~ (30| —}~130| — pF
NOTES
{1} Unless otherwise specified, the absolute maximum negative input tudes increasing or decreasing simul v, in with

voltage is equal to the negative power supply.

{2) The P tfici of tha adj input offset voltage
changes only 8 small amount (0.5 xV/C typically) for each mV of
edjustment from its originat dj d valve. C de fe-
jection and open loop voitage galn are also unatfected hv offset
adjustment,

(3} The input bias currents approximately double for evary 10°C rise in
function temperature, T). Due to limited test time, the input bias
currents are carrelated to junction temperature Use of 8 heat sink
is recommended if input bias current is 1o be kept 10 & minimum

{4} Supply voltage rejection ratio is measured for both supply magni-

commaon practice,

{5) The Min. slew rate limits apply for the LFA568 and the LF357B, but
do not apply for the LF356 or LF357.

(6) Settling time is defined here, for 8 unity gain inverter connection
using 2.0 k resistors for the LF355/6. tt is the time required for the
error voltage (the voltage at the inverting input pin on the ampfifier}
to settle 10 within 0.01% of its final vatue from the time a 10 V step
input is appliad 10 the inverter. For the LF357, A, = -5.0, the feed-
back resistor from output to input is 2.0 k and the output step is 10
V (see settling time test circuit).

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF3558, LF356B, LF3578B

TYPICAL DC PERFORMANCE CHARACTERISTICS
{Curves are for LF355, LF356, and LF357 series unless otherwise specified}
INPUT BIAS CURRENT versus CASE TEMPERATURE

FIGURE 1 — (LF355 SERIES) FIGURE 2 — (LF356 AND LF357 SERIES)
:E_IUG\ U W [ G ,‘:,wm -
z =
R e 4 AT
T veo s WV.Vgge OV 3 Veg 20V, Vgg s -20V
o t +—\— o ' t +——
‘5’ V[c-ﬁV,VES‘-l‘.’DV E vee® ISV,IV§S=-|5V
com 4 = 100 1 =
£ l veg - 10V, vgp -0V g Vg 10V, Vg = -10V,
ER! 1 ; 4 2 w0 | n +
@ @ L vppe ..
= Vfc SV,‘V“ -SlV = —— \’lcc 5 V,lV“ 5IV
10 - - 10 == - {
| s ] ] eass7 |
[N L 01 I
55 225 80 38 6 70 55 -5 50 38 65 70
1. CASE TEMPERATURE (9C) Tc, CASE TEMPERATURE (°C)
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE (LF355B/3568/3578}
8 T T}
Ve s t18v
n Veg-15V .
“; 60 To*259C LF3567 \ R . AL =2k
N AL =50k Free Air L7 e Tp= 255C /
E‘ 50 /‘ é /4
H e
é 40 ] w;mal Sink g 2 / g
: s | P // g
5 Free Air 5
g R e 2 7 £ A
. 20 — 5w v
@
= Iy L .
10 LF355 with - >
Heat Sink S
0 0
10 -50 0 50 10 (] 590 10 15 20
V(. COMMON-MODE INPUT VOLTAGE (VOLTS) V(. Ve SUPPLY VOLTAGE (:VOLTS)
SUPPLY CURRENT versus SUPPLY VOLTAGE
FIGURE 5 — (LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES)
P
2 W F— — - i
c ~4—- z 19
w H
s -t 3 60
o = T 25°C
i - g’ -
a e 29 a ) 4./‘/
& 0 - o a0
£ e b1
30
LF355 LF3I567
10 1 20 4
[) 50 10 15 18 20 2 " 50 10 15 20 2
Veg. Vee. SUPPLY VOLTAGE (- VOLTS! Vee. Ve, SUPPLY VOLTAGE (:VOLTS)
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LF355, LF356, LF357, LF3558, LF356B, LF357B

TYPICAL DC' PERFORMANCE CHARACTERISTICS {continued)

FIGURE 7 — NEGATIVE CURRENT Lt FIGURE 8 — POSITIVE CURRENT LIMIT
& _
S t I 2 1
g Veg = +15v ] s Vee = +15V
e Ve = - 15V z VEE - -15V
§ 45 e Tc=25C | g T3 S S S T = ¢
3 \\ w
< o b—
= ~ 2 \
g . § 10
5 f
] g
2 \ s
é‘ 50 w 50 ’
3 s
o v —
¢ g \
S S
> >
0 S0 -0 95 200 .25 30 .35 .4Q 0 50 10 15 20 b3 30 5 40
ISink. OUTPUT SINK CURRENT {mA} ISink. OUTPUT SINK CURRENT (mA)
FIGURE 9 — POSITIVE COMMON-MODE Ys FIGURE 10 — NEGATIVE COMMON-MODE
& INPUT VOLTAGE LIMIT 2 INPUT VOLTAGE LIMIT
= e -
: | :
5 - A o —
g 0= Tp < 70C 2 v
3 - 2 .15 = -
g T 4 e )
2 o
g 3 L~
a 5 /‘/ g w0 /’ -
S =
g 4 z A
=
c§> 10 / ] 50 = /
S -5
s L1 s |7
> Z -
(=3 Y
L%] -
2 o 10 15 20 2 .so -1 .15 -2
Vee. POSITIVE SUPPLY VOLTAGE (vOLTS) Vee. NEGATIVE SUPPLY VOL TAGE (vOLTS)
r FIGURE 12 — OUTPUT VOLTAGE SWING
FIGURE 11 — OPEN LOOP VOLTAGE GAIN
versus LOAD RESISTANCE
oM 5
} e T TT
E :Rl'Zl J—¥loi Vcc-|5v
2 Rg =50 & 28 |-~ Veg®-15v
z - Ta=250C L
3 e u ] 1
g 1M H H
K Z
o Ta*250C . w0 7 — - L L
> <
5 g A
8 8 16 4
1 = [
A ==t - IN Y, | 1
< 2 /
)
(‘;‘ S0 /]
10% a0
s0 10 15 20 0.1 10 10 100
Veg. Vg, SUPPLY VOLTAGE (+vOLTS) (. OUTPUT LOAD RESISTANCE (k$2)
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LF355, LF356, LF357, LF3558, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT

FIGURE 13 — (LF355 SERIES) FIGURE 14 — (LF356/357 SERIES}
50

: . | |
T Tes T LT sa |1
N LF357 Curves |dentical,
10 . But Multiplied by 4.
'

i H
£ S
] \ vee OV v g 1 —-—--\ - ]
@ -3
& & —4 RN U R S
5 < l z N |
o 30 =] - - - g - e 60 p—
z \‘\ Vee - 15V Vgg - <15V Z N Vee = 10V, Vgg = 10V
E WL - gl H Vet 15V, Vgg s -15V
; @ ¢y M 4 —
g 20f—- == R s Z N
s 5 ~
z - 1 N £ a0 \&‘
——
10
85 .36 .15 50 25 45 65 85 105 125 55 .35 <15 50 25 &5 65 85 105 125
1 AMBIENT TEMPERATURE {5C) Ta. AMBIENT TEMFERATURE (0C)
INVERTER SETTLING TIME
FIGURE 15 — (LF355 SERIES} FIGURE 16 — (LF356 AND LF357 SERIES}
a T T & Ij 4
s - 4 = —bLta s
2 LF355 &) veg BV
R U el G Bt | 1+ 117 2 W1 vge sy
- a
H |} 1a-25%C IOmV/ /7 1] = = Il]mV,/
= . vep: Y // / 1oV R R S q
I S A
g s Vees-15V V4 g *0 I irsra, = -5 A v
IR it {2
Q S D TN W W - o ¢ fee- O
E 1] 4 - k E
? N 1 mv B S K NJWN v
-50 S -50
g wav N 2 nav [N\
o N 3
£ 0 l” AN 3 49 l l ] \\
> - > -
0t 02 05 10 20 50 10 01 0.2 05 10 20 5.0 10
15, SETTLING TUME (us), tg, SETTLING TIME (us}
FIGURE 17 — NORMALIZED SLEW RATE FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE
g e Vee =15V = S sl | S
AU Sl veg sy [T = N Veg= 15V
2 \ - e e e S w0 -\ RSN P ] vgge-tsV
] 2 LF3567 ] 3 — \\._ —
ERRL Y - J— LF357 -
a \.\ - '_'s 10 \ Lo
N T — e (O B I\ \ N (Y e
<
E o8 5 50 S LF356
< 06 £ AN
2 04 ; LF355 \\
a g w AN
02 < 9
[) -10 \\
-8 -3% -1 50 25 45 (1] 85 105 128 10 100 1KY 10k 100k Im 10M
1. AMBIENT TEMPERATURE (°C) 1. FREQUENCY (Hz)
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LF355, LF356, LF357, LF355B, LF3568B, LF357B

TYPICAL APPLICATIONS

FIGURE 37 — WIDE BW, LOW NOISE,
LOW DRIFT AMPLIFIER

tmax = 280 kHz
wov

~-1g Vv
Q)

® Power BW: fmax = z%‘ - 240 kHz
(]

o Parasitic input capacitance {C1 = 3 pF for LF3SS, LF356, and LF357 plus any
additional {ayout capacitance) interscts with feedback elements and creates un-
i high pole. To add C2 such that: R2C2 = RICT.

FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT

vee TO VOLTAGE CONVERSION
<1
ms8 5 14 A4
Al OG— — @ Viet
A20- 15 Vet = 2.0 Vdc
ABOB— —O—'vwﬁ_m4= R15 = 1.0k12
R1§ Ap = 5.0 kil
24051 mc1406L-8 ="°
A8 O5 T 3]
AET 2 w
A? 0—1; HO——.
AB O—
Lse
16 3
15
oF Vee P
Theuretical Vg
Vo « St ) &,i’...“.?...‘i.:‘i..&..‘l..:‘i]
R4 2 3 8 16 32 64 128 2%

Adjust Vg, R14 or Rg 30 that Vg with all dgital inputs at high
teval is wqual to 9.961 volis.
3 1 1 1 1 A 1 ]

\% 2—"[5&)[10 + +
LT 2 64 128 256

4 8 16 32
c1ov[2lig061v
256 -

FIGURE 41 — LONG INTERVAL RC TIMER

[RERY
sl

R6

LF355

>

*Poiycarbonate or
Polystyrene Capacitor
Tume {t) = RACLN(VR/VR~V ), Ry Ry, Rg = 0.1 R6
MR =R2: 1= 0693 R4C

Design Example: 100 Second Timer
va=10v C=1uf R3=H4=- 144 M
A6 - 20k R5= 2k Ri1=R2- 1«

FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS

R2 51k
—O Vour
Vee c
c
5““‘ 20 pF
. A3 dou

12V

i
~2V

¢ Overshoot 6%

ty 10us

®  Whan driving large C; , the V4, slew rate is determined by C |
and 1oy (max)*
2Vour_ lour . 0.02

< C-L- a2 o5 Vius = 0.04 V/us (with C_ shown}

FIGURE 40 — PRECISION CURRENT MONITOR

R1 2

LFI55
3

A2

System

Vg - 5 R1/R2 {(V/mA of 1)

R1, R2, R3: 0.1% Resistors

®  Use LF3S5 for —

4 Common Mode Range to Supply Range
4 tow!lg

4 Low Vo

4  Low Supply Current

FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT
INSTRUMENTATION AMPLIFIER

Al
7 LF35S

+15V O

® Vout = RMRIZR2RI ¢ 1)

AV, Vgg + 2V € Vi, common-mode < Voo
* Systsm Vi Adjusted via A2 Vig Adjust
® Trim R3 to Boost up CMRA 10 120 8

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS

5.0k

“LFISSBR =~ 5.0k
LF357 R = 125k

Due 10 a unique output stsge design these amplifiers have
ability to drive large capacitive foads and still maintain stabll
Ci(max} = 0.01 uF,

Overshoot < 20%

Settling time (1} = 5.0 ps

FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT

Vee

o
Vee

¢ V0 is adjusted with a 25 k potentiometer
® The potentiometer wiper is connected to Vee
® For potentiometers with temperaturs coefficient of

the
ity.

100

ppm/OC or tess the additionsl drift with adjust is * 0§ v/

2¢/mV of adjustment.
® Typical oversil drift: 6.0 uv/°C £(0.5 pv/PC/mVv
of sdjustment.) .

FIGURE 35 — NONINVERTING UNITY GAIN

FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER

10v 3 1oV
-|.ov’/"3va‘ S0V

For distortion < 1% and 8 20 Vp-p Vout
swing. power bandwidth is: 500 kHz.

FIGURE 34 — SETTLING TIME TEST CIRCUIT

2.0k, 0.1%
et e —
iov [_ 18V
] 2k,0.1%
*400,0.1%|
I S ¥
| trasse7
5.0k 0.1%3
“1.0Kk,01%3
Summing Sk 0.1%
Node |
5V

2N4416
® Settling time is tested with the LF355'6

connected as unity gein inverter and LF357
connected for A, ~ §

Oscilloscope

® FET used to isofats the probe capacitance

® Qutput ~ 10V step
*Ay = -5 for LF357

FIGURE 36 — INVERTING UNITY GAIN FOR LF357

OPERATION FOR LF357
A2 A2
RIC > EWE'GWT) A2 Ric> (iﬁéﬁ’:r_)
‘;1 —O ""R_L;RS :l —0 m-—f?.
Q e LF357 Avioes - 1 Lras? Aviocy !

f 348 ¥ 5 MHz

{.3d8 ~ 5 MH7
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LF411C, LF412C

DC ELECTRICAL CHARACTERISTICS (Vee 15V, Vge 15V. TA 0 Cto 70 C unless otherwise noted)

Characteristics Symbol Miv_z‘_ _ Typ Max .‘i’.ﬁ.{ _
Input Offset Voltage (Rg 10 k{1, Vem O0V.vg o0Vl Vio my
LFa1t — 0.5 20
LF412 — 1.0 3.0 e ]
Average Temperature Coeflicient of Input Offset Voltage AVig AT wV C
(Rg ~ W0kiLVcm OV.Vg 0V | - 10 — 1o
Input Offset Current {Vopp = OV, Vo owi ho
LF411 T4 = 25C - 20 100 PA
Ta 0Cto70C — -— 2.0 nA
LF412 Tp ~ 25C - 25 100 pA
Ta = 0Cto 70C = — 2.0 _nA
Input Bias Current (Ve O V) g
LF411 Ty - 25C —_— 0.6 200 pA
TA=0Cto70C — - 40 nA
LF412 T4 25C - 0.5 200 pA
TA " 0Cto70C — —_ 4.0 nA
Large Signal Voltage Gain Vo c1OV.RL 20k AyvoL Vmv
LF411 74  25C 25 80 -
Ta GCwo70¢C 15 -
LF412 T4 25C 25 150 —_
TA 0Cto70C 15 -—
Output Voltage Swing Vip “LOV.RL 10kt v
LF411 Vo - 12 139 -
Vo - 147 12
LFa12 vg - 12 14 -
Vo — 14 12
Common Mode Input Voltage Range (Vg OV} Vicg \%
LF411 -1
LFa12 S '
Common Mode Rejection {Vem *11V.Rg 10« CMR a8
LF411 70 90 —
LF412 70 100 -
Power Supply Rejection {Note 3) PSR dB8
VecVee =15V 18V10 <50V 50W)
LFa11 70 86 -
LF412 70 100 —
Power Supply Current Vo oV In mA
Lran 25 34
LF412 - 28 68
AC ELECTRICAL CHARACTERISTICS Vee 15 V. veg 15V. To 25 C unless otherwise noted)
Characteristics Symbol Min Typ Max Unit
Slew Rate {V|y 10Vio *10V.R 20k, Ay 101 SR Vs
LF411 8.0 25 - |
LFd12 : 8.0 13 -
Gain Bandwidth Product GB’W_ MH,
LF411 27 80 —
* LFa12 27 4.0 —
Channet Separation (f 1.0 Hz to 20 kHz, LF412) CcS — 120 — a8
Ditferential input Ressstance (Ve - 0 V) Rin - 1012 — 1t
Equivalent Input Voltage Noise Rg 100411 10%H LS nv\ Hy
LF411 30 -
(F412 — 25 -
Equivalent Input Noise Current {f 1.0 kHz) in pA N Hz
LF4N - 001 -
LF412 —_ 0.01 —_ 4

MOTOROLA LINEARANTERFACE DEVICES
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SCLA04GB
SCL4446B

CMOS PHASE-LOCKED LOOPS

FEATURES

¢ Very low power consumption — 70 yW (typ)
@ fo = 10kHz, 5Vdc
4 Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCLA046B)
Up to 4MHz (typ) ® 10Vdc ({SCL44468)
Low frequency drift — 0.04%/°C {typ) @ 10Vdc
Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for lock indication
VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
High VCO linearity 1% (typ)
Source-follower output of VCO control input
(Demodulator Output)
Zener Diode to assist Supply Regulation
Balanced Output Drive Current Specifications

L K J

* e oo o

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

L X X X X X K X 2

DESCRIPTION

The SCL40468B and SCL4446B phase-locked
loops, contain two phase comparators, a voltage-
controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, -or__indirectly
coupled {with a series capacitor) to smali voltage
signals,” The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a
digital error signal PCI, ¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inpuits (hoth at 50% duty cyele) Phase
comparator IT {with leading edga senalng logee) pro
vides digital arrar signnls PCH Gy nned Phinse Palees
and maintains a 0" phase shift between ot
signals {duty cycle is immnterial}. The linear VCO
produces an output signal VCO gy whose frequency
is determined by the voltage of input VCO;,, and
the capacitor and resistors connected to pins Cla,
Clg, R1, snd R2. The source follower output,
Demod Out, with an external resistor is used where
the’ VCO;,, signal is needed but no loading can he
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation.
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CONNECTION DIAGRAM
{all packages)

ZENER DEMOD OUT
SIG PC vVCO
Vpo IN OUT oy Ry IN
| ] | | | ,
16 15 14 13 12 11 10 9
SC1L40468 SCL44468B .
1 2 3 4 5 & 7 8
| i l { | ]
rcl VCO INH C1  C1 Vgg
ouUT ouT (A (B)
PHASE comMp
"t st s IN

Add suffix for paekagae:

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

H  Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vpp-Vgs 3to 15  Vde

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

-565to0 +126 ©OC
-40to +85 OC

BLOCK DIAGRAM

SEL @D @voo
T
t
PHASE
COMPARATOR “:“"‘““\‘“‘ ! FHAST COMP T OUT
. ™ |- )) Yoo ~
' - ‘ e rUARE ToNe f oy T
‘ iARf J e ot o
[ COMPARATLLR
o wn o _j=1() <
1 oyt 'HASE PUL ST L)}
t “.) - ?
or——{@®}- veo Low
bt veo . e — PASS
Cogr ) | - e
vgs V-G §- oemoouLaton ST
ss n? SOURCE @_1 ouY
‘NV\,.QD - FOLLOWER v
vss @ :r- £1
1 - L]
INNIBY f.{j s
l L}
s (:) 61! HER ‘
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- VCO SECTION

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor Rt and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-
quired. The high input impedance (10'2§2) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to 1oad the low piss
filter, a source-toflower output of the VCO mput
vtage e peonvichind b tonoaal 10 (1] MO A

TOR QUTPUT). 1f this terminal is used, a load
resistor {Rg) of 50k§1 or more should be connected
from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1

“turns alt” Lath 1o minimize stund-by power
LRI R RSN I TR RN

PHASE COMPARATORS

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

Phase comparator I is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averagsd Voitage to the VCO input-and causes
the VCO to oscillate at the center frequency (fy).

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

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

With phase comparator [, the range of frequen
cles over which the PLL can acquite tock (Coptury
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator [ enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.,

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the {typical} triangular
phase-to-output response characteristic of phase-
comparator I. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator [
in'locked condition is shown in Figure 3.
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-5 AVERAGE OUTPUTY

H VOLTAGE

(>, Vool-

’..

>

o

5 v

= bose }-

wJ

©

q

o ' 1

b 0 90°  @0°
SIGNAL: Y0 - COMPARATOR
INPUTS PHASE DIF FERENCE

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATORI

1nput State ;
()¢ ? 20
X x 1
V\ 1 )@ } 10
Sig Comp 1
in In |
—— —————
PC I Qut o 1 1

SIGNAL INPUT (TERM. 14} I l I l
VCO QUTPUT (TERM 4 )« [—j [‘
COMPARATOR INPUT

(renm 3y

PHASE COMPARATOR I
OUTPUT (TERM. 2)

— Voo
VCO INPUT (TFRM. 9)s SN
LOW-PASS FILTER
ouTHPUT —Vsg

Fig. 3 — Typical waveforms employing phase comparator I in locked condition
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PHASE COMPARATOR II

.
tnput State

09

X X
Siy Comp 1"
In tn
I 1
N e —— ———— D - — - —
I ate
1

PCI[OUt 0 Output isconnectan

Phase Pulses 0 ' 0

SIGNAL INPUT (TERM. 14) ._J—_l

8 N

L)\

YCO QUTPUT (TERM 4]+
COMPARATOR INPUT
(1FRM 3)

PHASE COMPARATOR I

—’__L——«Lmer———'—

OUTPUT (TERM 13) Al £ UL Ao N ,___u.__u__'voo
-Vss
-v
VCO INPUT (TERM. 9} e L, N— — . 0D
LOW-PASS FILTER - Vss
oUTPUT . <
-V
PHASE PULSE (TERM.L) || \f : || v°°
-Vss

NOTE: DASHED LINE tS AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator II in locked condition.

Phase-comparator II is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control gating, and o thive staty outpt
clicuit comprising p- and n typu diivars having o
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. 1f the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

drivers 1emain OFF. Thus, the phase comparator
output becomes an open circuit and holds the volt-
ade on the capacitor of the low pass filter constant,
Marcover, tha signal at the “phase pulses™ output is
a high tevel which can be used for indicating a
locked condition. Thus, for phase comparator II,
no phase difference exists between signal and com-
patator input over the full VCO frequency range.
Moteover, the power dissipation due to the low-
pass hiter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle.

it should be noted that the PLL fock range for
this type of phase comparator is equal to the cap-
ture range, independent of the tow-pass filter. With
na signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com-
parator II. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator I in a
locked condition.



This information is a guide for approximating
external
SCL40468 and SCL 44468 in a Phase-Locked Loop
system. The selected external components must be
within the following ranges:

the values of

DESIGN INFORMATION

components for the

SCL40468B,

R1, R222k(), Rg > 10k}

C1 2 15pF

In addition to the given design information refer
to Figuie 5 for R1, R2, and C1 component selec-
tions.

SCL44468

CHARACIINIRTH S

USING PHASE COMPARATOR I

USING PHASE COMPARATOA IT

VCOWITHOUT Orrge 1
Hgo =

veowitoresey

VEOWITHOUT OFFSET
Ny = -

VCOWITH OFFSETY

VCO Frequency
Yoo/2 Voo Yoor2 Voo Yoo/2 Vo Yoo’2  Vpo
VCO INPUT vOLTAGE VCO INPUT VOLTAGE vCO INPUT VOLYAGE V€O INPUT VOLTAGE
. . ’ ) VCO in PLL system will adjust
For No Signal tnput VCO in PLL system will adjust to center lrequency,fo to lowest operating frequency, frmin

Frequency Lock Range, 21

211 = fult VCO

frequency range

i

214 = tmax foun
Frequency Capture o ¢ T
Range, 2i¢ O\~
T1:R3C2 Icz 21 =+ 20
I m
Loop Filter fc=10
Component IN R} our
Selection
Re
For®2 1, see Ref,
€2

Phase Angle between
Signal and Comparator

909 ot center frequency (o), spproximating €2 and
180° at ends of lock range (21 )

Atways 0° in lock

Lacks on Harmonics of

fmax 1o t f
—_—s. 2

fn o - f.
fmax

- Use 1. with
man

Fig.5¢ to determine
1atio R2/R1 to obiamn
R1

ratio R2/R1
obtain R1

Center Froquency Yes No
Signel Input Noise
Rejection High Low
- Given: 1, Given {1 and (| Given { - Given: i & {10,
- Use 1, with Fig Sa 10 Calculate {5, trom Calcutate f from ~ Use {min with Fig Sb
determine R1 and C1 the equation the equation to deterrmine R2andCl
firn * 1y e ’ fimax frmax
. - Use Imn withFig. S 0"y ~ Celcutate T
to determine R2 and C1] . Use 1, with Fig.5a to (
fmax determine R1 and Ct - SLLLL g i
vCco - Calculate ' Use {min with Fig.5c
mun
Comp?ncnt from the equation 1o determine
Selection

to

REF. G. S, Moschyitz, “Miniaturized RC Filters Using Ph

ase L.ocked | oop”, BSTJ, May, 1965.
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ELECTRICAL CHARACTERISTICS '

. - —
PARAMETER Voo | conpttions | Twow® | +25°C
(Vdel | Min. | Max.| Min. | Typ. | Max.
QUIESCENT DEVICE bt
CURRENT 5 {tnhibit - Vi, 5 - 0.05 5
10 {Signal tnput = 10 0.01 10
15 ] ° Voo - 20 0.2 20
,__ e . e SISl -
TOTAL POWERDISSIPATION [P, Inh * Veg
VC()‘N 00
fy - 10kHz2
| paetSTF 0.07
10 | R11MQ, - 106 - - i
15 | RZ Rg o ‘ 2.4 - - .
NOTES: ' Remaining Static | lectrgeal Churacteristios ate tisted ander “SCEAOOOR Series | amily Specifications®,
! Teow 55°C ton €, 0 11 device,
= -40"C fot E device.
Tiigu = +125°C 1o €, D, F. H device.
=+ 857C for E device.
' vCo output (pin 4) and Phase Comparator Outputs (pins 2 and 13) have heen designed for
balanced output drive current specifications. Consult Family Specifications.
25°C :
PARAMETER CONDITIONS Voo - ;
e A\ Min Typ. '
VCPD SECTION ol
MAXIMUM OPERATING| f..... ol
FREQUENCY e |
SCL40468 Rl cCl =¥
W g Bl
R2 - oo 10k S0pF 5 0.5 0.8 MHz f
V.COw - Von 10 10 15 B
N BIRFS 19 R |
5k 50pF 5 0.6 1.0 MHz 7§
10 1.4 2.1 ¥
L Y B ¥ S N 4
2k 50pF 5 1.3 MHz Y
10 2.9 S N
R |- - 38 s b
SCL44468B R2 = oo R1 C1 $
VCOiy = Vpp | 10k 50pF 5 0.7 1.0 MHz
10 1.3 2.0 .
15 t9 28 . o
Ok WOpd N 00 11 MH»
n (] I
1 Ju KR}
2k H0pf 5 18 MH:
10 39 I
e 15 54 . N
LINEARITY N2 o . I
. VCOn 25403V, 5 1 % M B
R1>10kS2 |
VCO\y = 5.0:2.5V, 10 - 1 o
R1>400k 2 :
VCO,y - 7.5¢5.0V, 15 - 1 !
- Rizame R R
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ELECTRICAL CHARACTERISTICS (Continued)

+25°C
PARAMETER CONDITIONS Voo | min. Tvo, Max, .—_UNIT
\{CO SE_CTIQN {Continued)
TEMPERATUIN
FREQUENCY
S1AHBILINY
: No Offset H2 = 5 0.12-0.24 - %/ C
10 0.04-0.08 -
o ) | s 0.0150.03 | -
With Offset R2< 10X R1 5 0.06-0.12 - %/°C
10 0.05-0.1 -
15 - 0.03-0.06 -
INPUT RESISTANCE Rin
(VCO,) 5,10, 15 10° - M
QUTPUT DUTY All valid input combin -
{ CYCLE ations and voltages () /N R 50 = %
| OUTPUT TRANSITION |, Tt
TIME TR o BopE 5 100 200 |ns
10 50 100
) in] ‘@19 A0 .80 | ]
1 PHASE COMPARATORS N
INPUT RESISTANCE i
Signal [nput Rin 5 1 3 - M2
10 0.2 0.7 -
= _15 e .03
Comparator Rin 5,10, 15 10¢ M2
Input B . e 77 o
| AC-COUPLED INPUT |V,
| SENSITIVITY
Signal Input 5 200 400 | mv
10 400 800
= NSNNP/ 15 | 700 1400
OUTPUT TRANSITION
TIME
PC1, PCH Gun 5 100 200 ns
Outputs C. = 50pF 10 50 100
15 - 40 80
Phase Pulses [ty .ty 5 - 130 260 ns
Output 10 - 65 130
— — LT B _5 ] 1o |
‘DEMODULATOR QUTPUT .
OFFSET VOLTAGE  [VCO,y-
Voem | Rg>50k 2 5 - 14 2.2 | vde
10 16 2.2
R - 1.8 2.2
LINEARITY Rg>50k 2 .
VCOy = 2.5¢0.3V 5 - 0.1 - %
VCOy = 5.042 5V 10 0.6 -
VCOyy = 7.515.0V 15 - | _o08 -
ZENER DIODE B
ZENER VOLTAGE Vs iz = 60uA I 6.3 7.0 7 b v
DYNAMIC Ry 12 = ImA - . 100 s 9}
RESISTANCE MLUSNLELBVLAG A BIR I
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Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (c) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain approximate total

power dissipation of PLL system

tor no signal input
~ Phase Comparator |

PD (Total) = PD “M'N)
- Phase Comparator |1
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@ MOTOROLA CA3054

DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER
GENERAL PURPOSE

. TRANSISTOR ARRAY
The CA3054 consists of two independent differential amplifiers SILICON MONOUTHIC
with associated constant-current transistors on a common monolithic INTEGRATED CIRCUIT

substrate, The six NPN transistors which comprise the amplifiers are
general purpose devices usefut from dc to 120 MHz.

The monolithic construction of the CA3054 provides close
electrical and thermal matching of the amplifiers which makes
this device particularly useful in dual channel applications where
matched performance of the two channels is required.

® Two differential ampiifiers on a common substrate
@ Independently accessible inputs and outputs

® Maximum input offset voitage — 5 mV

P SUFFIX
MAXIMUM RATINGS YA
Rating Symbol Value Unit
Collector-Emutter Voitage Veeo . 15 Vdc
Collector-Base Voliage N Veso 20 Vdc
Emitter-Base Voliage Ves 5.0 Vdc
Coltectar-Substrate Voltage vecio 20 vdc
Collector Current — Continuous ic 50 « mAde
Junction Temperature T3 150 Sc
Operating Temperature Range Ta -40 10 +85 oc
Storage Temperature Range Tsig -65 to +150 %

PIN CONNECTIONS

Ml f G5

-
[\ /L]

' |52 S I Y B % [ 3 I 3 R |

Pin 6 is connected to substrate and must remain at the lowest circuit potential

MOTOROLA LINEAR/INTERFACE DEVICES

9-7



CA3054

ELECTRICAL CHARACTERISTICS (T4 = 259C, unless otherwise noted!,

[ Characteristic [ srmbat ] min [ rve Max unit |

STATIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER

fnput Offset Voltage Vio - - 5.0 mv
{Vcg = 3.0 vdc)

Input Offset Current lio - - 20 BA
(Vg = 3.0 vdal

tnput Bias Current ig - - 24 uh
{Vce = 3.0 vdct

STATIC CHARACTERISTICS FOR EACH TRANSISTOR

Bage-Emitter Voltage \Z:13 Vde
(Veg = 3.0 Vdc, Ig = 50 uA) N 9 0.70
(Veg = 3.0 Vdc, I = 1.0 mA} - - 0.80
{vcg = 3.0 Vde, I¢ = 3.0 mA) - - 0.85
(Vcg = 3.0 Vde, Ic = 10 mA} =~ - 0.90

Coilector Cutoft Current icao - - 100 nA
{Vcg = 10 Vde, Ig = 0} .

Coltector-Emitter Breskdown Voltage V(BRICEQ 15 - - Vde
ic = 1.0 mA) =

Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc
i = 10 uA}

Coll Sub Breakd: Volitage V(BR)CIO 20 - - Vde
{ic = 10 uA)

Emitter-Base Breakdown Voltage V(BR)EBO $0 - - Vde
{ig = 10 uAl

MOTOROLA LINEAR/INTERFACE DEVICES
98





