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ABSTRACT

The project concerns about a design and implementation of Wireless Delta Modulation 4-Channel
Multiplexer. A signal of each channels are converted to digital signal by delta modulator from the transmitter,
The sampling rate of the delta modulators and the operation of analog switches are synchronized by using
timing signal from the clock generator. Four channels of digital signals and the controlling signal are
multiplexed together and then modulated in ASK format for wireless transmission.

The receiver use diode detector to detect the signal. Integrator and comparator are employed to
detect the controlling signal and to demultiplex each input chann'::'l‘ The controlling signal is used to start the

clock to synclironize each delta demodulator for converting digital signal to analog signal.
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@ MOTOROLA

Continuously Variable Slope
Delta Modulator/Demodulator

Providing a simplified approach to digital speech encoding/decoding, the
MC34115 CVSD is designed for speech synthesis and commercial telephone
applications. A single IC provides both encoding and decoding functions.

® Encode and Decode Functions Selectable with a Digital Input

e Utilization of Compatible I2L — Linear Bipolar Technology

e CMOS Compatible Digital Output

e Digital Input Threshold Selectable (V¢ /2 Reference Provided On-Chip)
& 3--Bit Algorithm

CVSD Block Diagram
Clock Voo
14 16
I\ 0, Bl
Analog Inpu10—1}—‘ :
Analog_, 2
Feodback™ | | l
Digital 13 |
Data Input 2B :
Digial _12 ] Sh—'f[' He@s['e' - |
Threshold™ | Vi QQQQQQ |
I l
K | Logic 1_ Coincidence
9l | Outout
Dighal Output©— ? oo
10l Voo2 leeglﬁfof ] o Converter lg
mpimer e i
Vee?2 Outputo—T::— Ref Polarty ~<—t70 zyl!ablc Flllelr
| | Switch o ain Control
t I Ref | -
|
| o} Fi | | oc
(A . —_— 1
7 5 6 &
Analog  Ref Filter Vee
Output Input Input
() ]
This device contains 144 active transistors.

Order this document by MC34115/D

MC34115

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR
SEMICONDUCTOR
TECHNICAL DATA
16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648
<
1
DW SUFFIX
PLASTIC PACKAGE
CASE 751G
{(SO-16L)
PIN CONNECTIONS
analoginput (4 (] [38] Ve
Analog Feadback (+) 15] Encode/Decode
Syllabic Fitter [ 3 [14] Clock
Gain Control [ 4 | [13] Digital Data Input (~)
Ret Input (+) [ 5 | [12] Digtal Threshald
Fiter Input (-) [6 | 11] Coincidence Output
Analog Output [ 7 | 10] Voor2 Output
Vee (8] | 9] Digital Output
(Top View)
ORDERING INFORMATION
Operating
Device | Temperature Range Package
MC34115P Plastic DIP
TA =0°to +70°C
MC34115DW SO-16L
© Motorola, Inc. 1996 Rev 1



MC34115
MAXIMUM RATINGS (All voltages referenced to VEE, Tp = 25°C,

unless otherwise noted.) (Note 2)
Rating Symbol Value Unit
Power Supply Voltage Vee —0.4t0 +18 vde
Differential Analog Input Voltage ViD 5.0 Vde
Digital Threshold Voltage Vih -0.4to0Vce Vdc
Logic Input Voitage Viogic ~0.4to0 +18 Vde
(Clock, Digital Data, Encode/Decode)
Coincidence Output Voltage Vo(Con) —0.4t0 +18 Vde ,
Syllabic Filter Input Voltage Vi(syl) -0.4to0Vce Vdc
Gain Control input Voltage ViGG) -0.4to Voo Vdc
Reterence Input Voltage Vi(ref) Voo/2-1.0to Voo Vdc
Voe/2 Output Current Iref 25 mA
Operating Ambient Temperature Range TA Oto +70 °C
Operating Junction Temperature TJ +150 °C '
Storage Temperature Range Tstg -55 to +125 °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vgc = 12V, VEE = Gnd, Tp = 0° to 70°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Range (Figure 1) Veo 475 12 16.5 Vde
Power Supply Current (Figure 1) Icc mA
(idle Channel)
Vee =50V - 4.6 7.5
Vog=15V - 7.0 12
Ciock Rate SR - 16 k - Samples/s
Gain Control Current Range (Figure 2) IGCR 0.002 - 3.0 mA
Analog Comparator Input Range (Pins 1 and 2) Vi 13 - Vee-1.3 Vdc
475V<Vpog <165V
Apalog Output Range (Pin 7) Vo 13 - Vee-13 Vde
475V Voo <165V, Ig=45.0mA
Input Bias Currents (Figure 3) B HA
Comparator in Active Region
Analog Input (I1) N 0.5 25
Analog Feedback (12) \ 0.5 25
Syllabic Filter Input (I13) - 0.06 0.5
Reference Input (I5) = —-0.06 -0.5
Input Offset Current o nA
Comparator in Active Region .
Analog Input/Analog Feedback - 0.15 0.8
{1 - 12| (Figure 3)
Integrator Amplifier - 0.02 0.2
115 - 16| (Figure 4)
Input Offset Voltage Vio - 20 10 mvV
V/i Converter (Pins 3 and 4) (Figure 5)
Transconductance gm mA/mV
V/1 Converter, 0 to 3.0 mA 0.1 0.3 -
Integrator Amplifier, 0 to +5.0 mA Load 1.0 10 -

NOTES: 1. All propagation delay times measured 50% to 50% from the negative going (from V¢ to +0.4 V) edge of the clock.

2. Devices should not be operated at these values. The “Electrical Characteristics™ provide conditions for actual device operation.

3. Dynamic total loop offset (EVfiset) €quals Vio (comparator) (Figure 3) minus Viox (Figure 5). The input offset voltages of the analog
comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch
current mismatch appears as an average voltage across the 10 k integrator resistor. The clock frequency is 16 kHz. idle channel
performance is guaranteed if this dynamic total loop offset is less than one—half of the change in integrator output voltage during one
clock cycle (ramp step size).

MOTOROLA ANALOG IC DEVICE DATA



MC34115
ELECTRICAL CHARACTERISTICS (continued) (Voc = 12V, VEE = Gnd, Ta = 0° to 70°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Prbpagation Delay Times (Note 1) us
Clock Trigger to Digital Output tPLH - 1.0 3.0
Ci =25pF to Gnd tPHL - 0.8 3.0
Clock Trigger to Coincidence Output tpLH - 1.0 35
CpL=25pFtoGnd, R =4.0kQtoVgo tPHL - 08 25
Coincidence Output Voltage ~ Low Logic Stage (0L (Con) = 3.0 mA) VOL(Con) - 0.12 0.25 Vde
Caincidence Output Leakage Current — High Logic State (Vo = 15 V) 10H(Con) - 0.01 0.5 MA
Appiied Digital Threshold Vollage Range (Pin 12) Vih 1.2 - Voo -2.0 Vdc
Digital Threshold Input Current lith) VA
1,2VSVih<Voc-2.0V
Vi Applied to Pins 13, 14 and 15 - - 5.0
ViH Applied to Pins 13, 14 and 15 - -10 -50
Maximum Integrator Amplifier Output Current o +5.0 - - mA
Vde/2 Generator Maximum Output Current (Source Only) Iref -10 - - mA
Vc/2 Generator Output Impedance (0 to 10 mA) Zref -~ 3.0 6.0 Q
Vcc/2 Generator Tolerance (4.75 V< Voo <16.5V) €r - - +35 %
Logic Input Voltage (Pins 13, 14 and 15) Vde
Low Logic State ViL VEE - Vih - 0.4
High Logic State ViH Vih + 0.4 - 16.5
Dynamic Total Loop Offset Voltage (Note 3) (Figures 3, 4 and 5) IVoffset mv
IGCc=33pA, Ve =12V
Ta=25°C - 125 +7.0
0°C < TA < +70°C ¢ 2 '+3.0 +10
lgc=33pA, Vo =5.0V
TA = 25°C - +4.0 £8.0
0°C<TA<+70°C - +4.5 +12
Digital Output Voltage (Pin 9) Vde
I = 3.6 mA VoL - 0.1 0.4
IOH =~0.35 mA VoH Vgc—-1.0| Vo -0.2 -
Syllabic Filter Applied Voltage (Pin 3) (Figure 2) Vi(Syl) 3.2 = Voo Vde
Integrating Current (Figure 2) Mt |
IgC =12pA 8.0 10 12 HA
i5c=15mA 1.4 15 16 mA
lac=3.0mA 2.75 3.0 3.25 mA
Dynamic Integrating Current Match (Figure 6) (Igc = 1.5 mA) VO(Ave) - +100 +300 mvV
Input Current — High Logic State (Vi = 16.5 V) i+ HA
Digital Data Input - - 5.0
Clock Input - - 5.0
Encode/Decodse Input - - 5.0
Ingut Current — Low Logic State (Vi =0 V) e HA
Digital Data Input -10 - -
Clock Input -360 - -
Encode/Decode input -36 - -
Clock input, Vi = 0.4V ~72 - -

NOTES: 1. All propagation delay times measured 50% to 50% from the negative going (from V¢ to +0.4 V) edge of the clock,
2. Devices should not be operated at these values. The “Electrical Characteristics” provide conditions for actual device operation.

¥

3. Dynamic total loop offsat (ZVyfiser) equals Vio (comparator) (Figure 3) minus Vijox (Figure 5). The input offset voltages of the analog
comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch

current mismatch appears as an average voltage across the 10 k integrator resistor. The clock frequency is 16 kHz. Idle channel
performance is guaranteed if this dynamic total loop offset is fess than one-half of the change in integrator output voltage during one

clock cycle (ramp step size).

iz
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MC34115
DEFINITION AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where the
voice signal is applied. It may be ac or dc coupled depending
on the application. If the voice signal is to be level shifted to
the internal reference voltage, then a bias resistor between
Pins 1 and 10 is used. The resistor is used to establish the
reference as the new dc average of the ac coupled signal.
The analog comparator was designed for low hysteresis
(typically less than 0.1 mV) and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator. In an encoder application it should be
connected to the analog output of the encoder circuit. This
may be Pin 7 or a low pass filter output connected to Pin 7.
in a decode circuit, Pin 2 is not used and may be tied to
Vce/2 at Pin 10 or ground.

The analog input comparator has bias currents of 2.5 pA
max, thus the driving impedances of Pins 1 and 2 should be
equal to avoid disturbing the idle channel characteristics of
the encoder.

Pin 3 - Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step size.
Itis an NPN input to an op amp. The syllabic filter consists of
an RC network between Pins 11 and 3. Typical time constant
values of 6.0 ms to 50 ms are used in voice codecs.

Pin 4 - Gain Controi Input

The syllabic filter voltage appears across Cg of the syllabic
filter and is the voltage between V¢ and Pin 3. The active
voltage to current (V-I) converter drives Pin 4 to the same
voltage at a slew rate of typically 0.5 V/us. Thus the current
injected into Pin 4 (iGgc) is the syllabic filter voltage divided by
the Ry resistance. Figure 7 shows the relationship between
IgCc (x—axis) and the integrating current, lint (y—axis). The
discrepancy, which is most significant at very low currents, is
due to circuitry within the slope polarity switch which enables
trimming to a low total loop offset. The Ry resistor is then
varied to adjust the loop gain of the codec, but should be no
larger than 5.0 kQ to maintain stability.

Pin’5 — Reference Input

This pin is the noninverting input of the integrator ampilifier.
Itis used to reference the dc level of the output signal. in an
encoder circuit, it must reference the same voltage as Pin 1
and is tied to Pin 10.

Pin 6 - Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating current (ljnt)
flows into Pin 6 when the analog input (Pin 1) is high with
respect to the analog feedback (Pin 2) in the encode mode
or when the digital data input (Pin 13) is high in the decode
mode. For the opposite states, lint flows out of Pin 6. Single
integration systems require a capacitor and resistor between
Ping 6 and 7. Multipole configurations will have different
circuitry. The resistance between Pins 6 and 7 should
typically be between 8.0 kQ and 13 kQ to maintain good idie
chahnel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable of driving
a 600 Q load referenced to Vcc/2 to +6.0 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 filter networks. The slew rate of the intemally
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.

Pin 8 - VEE

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

Pin 9 ~ Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vg and VEg and
is CMOS or TTL compatible. Pin 9 is inverting with respect to
Pin 1 and noninverting with respect to Pin 2. 1t is clocked on
the falling edge of Pin 14. The typical 10% to 90% rise and fall
times are 250 ns and 50 ns respectively for Vo = 12 V and
C\ = 25 pF to ground.

Pin 10 - Vcc/2 Output

An internal low impedance mid-supply reference is
provided for use in single supply applications. The internal
regulator is a current source and must be loaded with a
resistor to ensure its sinking capability. If a +6.0 dBmo signal
is expected across a 600 Q input bias resistor, then Pin 10
must sink 2.2 V/600 Q = 3.66 mA. This is possible only if
Pin 10 sources 3.66 mA into a resistor normally and will
source the difference under peak load. The reference load
resistor is chosen accordingly. A 0.1 pF bypass capacitor
from Pin 10 to VEg is also recommended. The Vgc/2
reference is capable of sourcing 10 mA and can be used as
a reference elsewhere in the system circuitry.

Pin 11 - Coincidence Output

The coincidence output will be low whenever the content
of the internal 3-bit shift register is all 1s or all 0s. Pin 11 is
an open collector NPN device and requires a pull-up
resistor. If the syllabic filter is to have equal charge and
discharge time constants, the value of Rp should be much
fess than Rg. In systems requiring different charge and
discharge constants, the charging constant is RgCg while
the decay constant is (Rg + Rp)Cs. Thus, longer decays are
easily achievable. The NPN device should not be required to
sink more than 3.0 mA. The typical 10% to 90% rise and fall
times are 200 ns and 100 ns respectively for R =4.0kQto
12 V and Ci_ =25 pF to ground.

Pin 12 - Digital Threshold

This input sets the switching threshold for Pins 13, 14 and
15. It is intended to aid in interfacing different logjo families
without external parts. Typically it is connected to the Vcc/2
reference for CMOS interface or can be biased two diode
drops above VEE for TTL interface.

MOTOROLA ANALOG IC DEVICE DATA




; MC34115

Pin 13 - Digital Data Input

In a decode application, the digital data stream is applied
to Pin 13. In an encoder it may be unused or may be used to
transmit a signaling message under the control of Pin 15. Itis
an iriverting input with respect to Pin 9. When Pins 9 and 13
are éonnected, a toggle flip—flop is formed and a forced idle
channel pattem can be transmitted. The digital data input
level should be maintained for 0.5 us before and after the
clock trigger for proper clocking.

Pin 14 - Clock Input

The clock input determines the data rate of the codec
circuit. A 16 k bit rate requires a 16 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

13

Figure 1. Power Supply Current
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minimum high time for the clock input is 300 ns and minimum
low time is 900 ns.

Pin 15 - Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the intemal
shift register. if high, the resuit of the analog comparison will
be clocked into the register on the falling edge at Pin 14. it iow,
the digital input state will be entered. This allows use of the IC
as an encodetr/decoder or simplex codec without external
parts. Furthermore, it allows non—voice patterns to be forced
onto the transmission line through Pin 13 in an encoder.

Pin16 -Vee
The power supply range is from 4.75 to 16.5 V between
Pin Vgc and Veg.

Figure 2. IgCR — Gain Controf Range and lint -
integrating Current
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5 12
10k } | VB
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: ] Ry < 50 k
0.05
'lmT ! o-—¢
= (Note 1)

NOTES: 1. Digital Output = Digital Data Input

2. For static testing, the clock is only necessary for
preconditioning to obtain proper state for a given input.

MOTOROLA ANALOG iC DEVICE DATA



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

4

MC74HC4017

Decade Counter

High—Performance Silicon-Gate CMOS

The MC74HC4017 is identical in pinout to the standard CMOS N SUFFIX
MC14017B. The device inputs are compatible with standard CMOS outputs; 16 W PLASTIC PACKAGE

with pullup resistors, they are compatible with LSTTL outputs. CASE 648-08
The HC4017 uses a five stage Johnson counter and decoding logic to 1

provide high~speed operation. This device also has an active-high, as well

as active—low clock input.

¢ Output Drive Capability: 10 LSTTL Loads D SUFFIX

¢ Outputs Directly Interface to CMOS, NMOS, and TTL 16& SOIC PACKAGE
¢ Operating Voltage Range: 2to 6 V 1 CASE 751B-05
¢ Low Input Current: 1 pA

» High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION

* In Compliance with the Requirements Defined by JEDEC Standard

No. 7A MC74HCXXXXN Plastic
. . ; MC74HCXXXXD SOIC
» Chip Complexity: 176 FETs or 44 Equivalent Gates

' LOGIC DIAGRAM PIN ASSIGNMENT
, as[l1e 16 [1 Veo
A ]
14 30 ) Qif] 2 15 [] RESET
CLOCK —-—'—}» L2 a4 w3 14 [1 CLOCK
CLOCK _13 L 4 o Q[ 4 13 [] CLOCK ENABLE
ENABLE 7
L7 a3 Qs 5 12 [] CARRY OUT
10
G ) DECADE arg e npas
-—;Qs OUTPUTS Q37 10 ] Q4
% 6 aND [l 8 9[1cs
1L,
L9 a8
R )
'i CARRY OUT
- P | PIN 16 =V
T _PIN8=GND
\ —
b
k
10/95 ( \
N}) MOTOROLA
© Motorola, Inc. 1995 REV 6 ~—




MC74HC4017

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
Vee | DC Supply Voltage (Referenced to GND) 0.5t0+7.0 v due to high static voltages or electric
Vin DC Input Voitage (Referenced to GND) -15toVec+15| V fields. However, precautions must
_ be taken to avoid applications of any
Vout | DC Output Voltage (Referenced to GND) 05toVec+05) V voltage higher than maximum rated
lin DC input Current, per Pin 120 mA voltages to this high—-impedance cir-
- cuit. For proper operation, Vi and
lout | DC Output Current, per Pin | 28 mA Vout should be constrained to the
lcc DC Supply Current, Vo and GND Pins 150 mA range GND = (Vinor Vout) s VeC.

- u i t al b
Pp | Power Dissipation in Still Air Plastic DIPt 750 mW Unused inputs must always b
soIC P tied to an appropriate logic voltage
ackagef 500 level (e.g., sither GND or Vgi).

Tstg | Storage Temperature - 6510 + 150 °C Unused outputs must be left open.

TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260

* Maximum Ratings are those values beyond which damagse to the device may occur.

Funétional operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: — 10 mW/°C from 85° to 125°C

SOIC Package: — 7 mW/°C from 65° to 125°C

For high fraquency or heavy load considerations, see Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit ,
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin: Vout | DC Input Voltage, Output Voltage (Referencad to GND) 0 Vce \"
TA Operating Temperature, All Package Types -55 [+125 | °C
tr, tf Input Rise and Fall Time Vecc=20V] 0 1000 | ns
(Figure 1) Vec=45V| 0 500
Vec=60V| 0 | 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee ~55to
Symbol Parameter Test Conditions v 25°C <85°C | <125°C | Unit
VIH Minimum High—Level Input Vout=0.1VorVgc—-0.1V 20 1.5 15 1.5 \)
Voltage oyt < 20 pA 45 3.15 3.15 3.15
6.0 4.2 42 4.2
ViL Maximum Low-Leval Input Vout=0.1VorVgc-0.1V 20 0.3 0.3 0.3 v
Voitage lloutt = 20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH Minimum High—Level Output Vin = VIH of VIL 20 1.9 1.9 1.9 N
Voltage Hloyd = 20 pA 45 4.4 4.4 4.4
6.0 6.9 59 5.9
Vin=VHorVjL llgytl s40mA | 45 3.98 3.84 3.70
llout! s 52mA | 6.0 5.48 5.34 5.20
YoL Maximum Low--Level Output Vin=Vijqor Vi 20 0.1 0.1 0.1 v
Voltage lloyt! = 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorVj_ llgyl <4.0mA| 45 0.26 0.33 0.40
lloyt! = 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vo or GND 6.0 0.1 +1.0 +1.0 HA
Icc Maximum Quiescent Supply Vin=Vce or GND 6.0 8 80 160 pA
Current (per Package) lout=0pA

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High—Speed CMOS Data Book (DL129/D).

Y
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AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = t; = 6 ns)

MC74HC4017

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C <85°C | <125°C | Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 20 4.0 3.2 2.6 MHz
(Figures 1 and 9) : 45 20 16 13
6.0 24 19 15
tPLH Maximum Propagation Dalay, Clock to Q 2.0 230 290 345 ns
tPHL (Figures 1 and 9) 45 46 58 69
6.0 39 49 59
tPLH, | Maximum Propagation Delay, Clock to Cany Out 2.0 230 290 345 ns
tPHL (Figures 2 and 9) 45 46 58 69
6.0 39 49 59
tPLH, | Maximum Propagation Delay, Resat to Q 2.0 230 290 345 ns
tPHL (Figures 3 and 9) 4.5 46 58 69
6.0 39 49 59
PLH Maximum Propagation Delay, Reset to Canry Out 20 230 290 345 ns
(Figures 3 and 9) 45 46 58 69
6.0 39 49 59
tPLH: Maximum Propagation Delay, Clock Enable to Q 2.0 250 315 375 ns
tPHL (Figures 4 and 9) 45 50 63 75
] 6.0 43 54 64
tPLH, Maximum Propagation Delay, Clock Enable to Car?y Out 20 250 315 375 ns
tPHL (Figures 5 and 9) 4.5 50 63 75
6.0 43 54 64
l”lr'LH. Maxirmum Qutput Transition Time, Any Output 2.0 75 95 110 ns
THL (Figures 8 and 9) 4.5 15 19 22
6.0 13 16 19
Gin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2 of the Motorola High-Speed CMQS Data Book (DL129/D).
2. Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
Typical @ 25°C,Voc =5.0V
Cerp Power Dissipation Capacitance (Per Packags)* 35 pF

* Used to determine the no~oad dynamic power consumption: Pp = Cpp Ve 2f + Icc Voe. For load considerations, see Chapter 2 of the
Motorola High—Speed CMOS Data Book (DL129/D).

s
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MC74HC4017

TIMING REQUIREMENTS (Input t, = t; = 6 ns)t

Guaranteed Limit
Vee ~55t0
Symbol Parameter v 25°C < 85°C | < 125°C | Unit

tsy Minimum Setup Time, Clock Enable to Clock 20 50 65 75 ns
(Figure 6) 4.5 10 13 15
6.0 9 11 13

tsy Minimum Setup Time, Clock Enable to Clock (Inhibit Count) 2.0 50 65 75 ns
(Figure 6) 45 10 13 15
6.0 9 11 13

th Minimum Hold Time, Clock to Clock Enable 20 50 65 75 ns
(Figure 6) 45 10 13 16
6.0 9 | n 13

trec Minimum Recovery Time, Reset to Clock 20 100 125 150 ns
(Figurs 7) 4.5 20 25 30
6.0 17 21 26

tw Minimum Pulse Width, Clock Input 20 80 100 120 ns
(Figure 2) 45 16 20 24
6.0 14 17 20

tw Minimum Pulse Width, Reset Input 20 80 100 120 ns
(Figure 3) 45 18 20 24
6.0 14 17 20

tw Minimum Pulse Width, Clock Enable Input 2.0 80 100 120 ns
(Figure 4) 45 16 20 24
6.0 14 17 20

t!. 14 Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 45 500 500 500
8.0 400 400 400

NOTE: information on typical parametric values can be found in Chaptar 2 of the Motorola High—Speed CMOS Data Book (DL129/D).

FUNCTION TABLE
Clock
Clock | Enable | Reset Output State*
L X L no change
X H L no change
X X H reset counter, Q0 =H, Q1-Q9=L,CO=H
} Ve L L advance to next state
. X L no change
X e L no change
H N L advance to next state
= Don't care

Cany Out = H for Q0, Q1, Q2, Q3, or Q4 = H; Cany Out = L otherwise.
PIN DESCRIPTIONS

INPUTS
Clock (Pin 14)

Counter clock input. While Clock Enable is low, a low—to—
high transition on this input advances the counter to its next
state.

Reset (Pin 15)

Asynchronous counter reset input. A high level at this input
initializes the counter and forces QO and Carry Out to a high,
Q1-Q9 are forced to a low level.

Clock Enable (Pin 13)

Active—low clock enable input. A low level on this input al-
lows the device to count. A high level on this input inhibits the
counting operation. This input may also be used as a

negative—edge clock input. using Clock (Pin 14) as an
active—high enable pin.

OUTPUTS
Q0-Q9 (Pins 3,2, 4,7, 10, 1, 5,6, 9, 1)

Decoded decade counter outputs. Each of these outputs is
high for one clock period only.

Carry Out (Pin 12)

Cascading output pin. This output is used either as a cas-
cading output or a symmetrical divide—by-ten output. This
output goes low when a count of five is reached and high
when the counter advances to zero or when reset. When the
counters are cascaded this output provides a rising—edge
signal for the clock input of the next counter stage.

MOTOROLA
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¥ TIMIING DIAGRAM
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EXPANDED LOGIC DIAGRAM
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Product Preview
Quad Analog Switch/

Multiplexer/Demuitiplexer
High—Performance Silicon—-Gate CMOS

The MC54/74HC4066A utilizes silicon-gate CMOS technology to
achieye fast propagation delays, low ON resistances, and low OFF-
channel leakage current. This bilateral switch/muttiplexer/demultiplexer
controls analog and digital voltages that may vary across the full
power-supply range (from Vcc to GND).

The HC4066A is identical in pinout to the metal-gate CMOS MC14016
and MC14066. Each device has four independent switches. The device
has been designed so that the ON resistances (RON) are much more
linear over input voltage than RoN of metal—gate CMOS analog switches.

This device is identical in both function and pinout to the HC4016A.
The ON/OFF control inputs are compatible with standard CMOS outputs;
with pullup resistors, they are compatible with LSTTL outputs. For analog
switches with voltage—level translators, see the HC4316A.

Fast Switching and Propagation Speeds

High ON/OFF Output Voltage Ratio

Low Crosstalk Between Switches

Diode Protection on All Inputs/Outputs

Wide Power—Supply Voltage Range (Vog - GND) = 2.0 to 12.0 Volts
Analog Input Voltage Range (VoG — GND) = 2.0 to 12.0 Volts

Improved Linearity and Lower ON Resistance over input Voltage than
the MC14016 or MC14066 or HC4016A

Low Noise
» Chip Complexity: 44 FETs or 11 Equivalent Gates

LOGIC DIAGRAM
1 2
Xp —ao— - Yp
A ONJOFF CONTROL —> |
Xg 4 —1-——1 {:]
. 5 ANALOG
8 ONOFF CoNTROL 2| OUTPUTS/INPUTS
] 9
Xg —a» —a-»— Yo
conorFcontroL -8 |
1 10
Xp ——ao— —a-—- YD J
12
D ONOFF coNTROL 2] ANALOG INPUTS/OUTPUTS = Xp, Xg, X¢, Xp
PIN 14=Vcg
PIN 7 = GND

MCS54/74HC4066A

J SUFFIX
CERAMIC PACKAGE
CASE 63208

N SUFFIX
PLASTIC PACKAGE
CASE 646-06

D SUFFIX
SOIC PACKAGE
1 CASE 751A-03

DT SUFFIX
TSSOP PACKAGE
CASE 948G-01

ORDERING INFORMATION

MCB4HCXXXXAJ Ceramic
MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC
MC74HCXXXXADT TSSOP

PIN ASSIGNMENT
Xall 10 14 [1Vee e
AONO
Yale 13 [ CONTROL
D ON/OFF
809 2 I CoNTROL
Xg [ ¢ 1 X
B ONJOFF
conTroL [ & 10 f1vp
CONOFF ] 6 oY
CONTROLC 1Y
a7 8l X
FUNCTION TABLE
On/Off Control State of
Input Analog Switch
L off
H ’ On

This document contains Information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MC54/74HC4066A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vce | Positive DC Supply Voitage (Refsrenced to GND) -051to +14.0 v circuitry to guard against damage
duse to high static voltages or electric
V|$ Analog Input Voltage (Referenced to GND) -05toVpog+05]) V fields. However, precautions must
Vin | Digital Input Voltage (Referencad to GND) -05toVoc+05] V be taken to avoid applications of any
— voltage higher than maximum rated
I DC Current Into or Out of Any Pin +25 mA voltages to this high-impedance cir-
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPY 750 mwW cuit. For proper operation, Vip and
SOIC Packaget 500 Vout should be constrained to the
TSSOP Packaget 450 range GND = (Vip or Vout) < Voo
. Unused inputs must always be
Tsig | Storage Temperature — 6510 + 150 °C tied to an appropriate logic voltage
TL Lead Temperature, 1 mm from Case for 10 Seconds °C IJvel (g'g" eultﬁ'xer GtNt? ?rﬂVcc).
(Plastic DIP, SOIC or TSSOP Package) 260 nused outputs must be left open.
; /O pins must be connected to a
(Ceramic DIP) 300 - .
properly terminated line or bus.

* Maximum Ratings are those values beyond which damags to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: -~ 10 mW/°C from 85° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
S0IC Package: ~ 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

For high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter ] Min | Max | Unit
Vee Positive DC Supply Voltage (Referencaed to GND) 20 | 12,0 v
Vis Analog Input Voltage (Referenced to GND) GND | Voo \
Vin Digital Input Voitage (Refersnced to GND) GND | Ve | V
Vio" Static or Dynamic Voltage Across Switch — 1.2 A
TA Operating Temperature, All Package Types =565 | +125 | °C
t 4 Input Rise and Fall Time, ON/OFF Control ns
Inputs (Figura 10) Vee=20V] 0 1000
Vcc=30V] o | 600
Veg=45V| o | 500
Vec=90V| o | 400
Vec=120V ]| o 250

* For voltage drops across the switch greaterthan 1.2V (switch on), excessive Vo current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Refersnced to GND)

Guaranteed Limit
Vec | -55¢t0 )
Symbol Parameter Test Conditions v 25°C < 85°C | < 125°C | Unit
ViH Minimum High-Level Voltage Ron = Per Spec 20 1.5 1.5 1.5 v
ON/OFF Control Inputs 3.0 2.1 241 241
4.5 3.15 3.15 3.15
9.0 6.3 6.3 6.3
12.0 8.4 8.4 8.4
VL Maximum Low-Level Voltage Ron = Per Spec 20 0.5 0.5 0.5 v
ON/OFF Control Inputs 3.0 0.9 0.9 0.9
45 1.35 1.35 1.35
9.0 2.7 27 27
12.0 3.6 3.6 3.6
lin' Maximum Input Leakage Current | Vin = Ve or GND 12.0 +0.1 1.0 +1.0 RA
ON/OFF Control Inputs
lec Maximum Quiescent Supply Vin = Vg or GND 6.0 2 20 40 BA
Current (per Package) Vio=0V 12.0 4 40 160.

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D}.
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DC E!.ECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND)

MC54/74HCA4066A

Guaranteed Limit
1
Vee ~55t0
Symbol Parameter Test Conditions v 25°C < 85°C | < 125°C | Unit
Ron Maximum “ON" Resistance Vin=VIH 2.0t — - — Q
Vis = Vg to GND 3.0t —_— — —
Ig = 2.0 mA (Figures 1, 2) 45 120 160 200
9.0 70 85 100
12,0 70 85 100
, Vin = VI4 20 —_ — —_
Vis = V¢ or GND (Endpoints) 3.0 — — -
Ig < 2.0 mA (Figures 1, 2) 45 70 85 100
9.0 50 60 80
. 12.0 30 60 80
ARon | Maximum Difference in "ON" Vin=VIH 20 — - — Q
Resistance Between Any Two Vis = 1/2 (Voo — GND) 45 20 25 30
Channels in the Same Package |Ig = 2.0mA 9.0 15 20 25
12.0 15 20 25
loff Maximum Off~Channel Leakage { Vin = V|L 12.0 0.1 05 1.0 pA
Current, Any One Channel Vio =Vce or GND
Switch Off (Figure 3)
loh Maximum On-Channel Leakage | Vip = V|4 12.0 0.1 0.5 1.0 HA
’ Current, Any One Channal Vig = Voc or GND
(Figure 4)

TAt supply voltage (Voc) approaching 3 V the analog switch-on resistance becomes extremely non-linear. Thersfore, for low~voltage
operation, it is recommended that these devicas only be used to control digital signals.
NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High—Speed CMOS Data Book (DL129/D).

AC ELECTRICAL CHARACTERISTICS (C|_= 50 pF, ON/OFF Control Inputs: t; = t; = 6 ns)

Guaranteed Limit
Vee ~55to
Symbol Parameter \) 25°C =< 85°C | < 125°C | Unit
tpLH, | Maximum Propagation Delay, Analog input to Analog Output 20 40 50 60 ns
tPHL (Figures 8 and 9) 3.0 30 40 50
4.5 5 7 8
9.0 5 7 8
12.0 5 7 8
tPLZ, Maximum Propagation Delay, ON/OFF Control to Analog Qutput 2.0 80 90 110 ns
tPHZ (Figures 10 and 11) 3.0 60 70 80
4.5 20 25 35
9.0 20 25 35
12.0 20 25 35
tpzL, Maximum Propagation Delay, ON/OFF Controt to Analog Output 20 80 90 100 ns
tpZH (Figures 10 and 1 1) 3.0 45 50 60
4.5 20 25 30
9.0 20 25 30
12.0 20 25 30
c Maximum Capacitance ON/OFF Control Input | — 10 10 10 pF
Control Input = GND
Analog /O —_ 35 35 35
Feedthrough — 1.0 1.0 1.0
NOTES;
1. For propagation delays with loads other than 50 pF, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
2. Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
i
R Typical @ 25°C, Voo =50V
CpD Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF

" Used to determine the no—load dynamic power consumption: Pp = Cpp Vo c2f + Icc Vee. For load considerations, see Chapter 2 of the
Motorola High-Speed CMOS Data Book (DL129/D).
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MC54/74HC4066A

+5V +5V
' ]
ANALOG [ —] 14 ) anawog ANALOG [ —] 14 ] ANALOG
‘ SIGNALS | — — J SIGNALS SIGNALS | — — J siaNALS
r—o"
R*LR'LR LR HC4016 HCT HC4018
LSTTU % % % LSTIU : BUFFER }
wos | T T T NMOS i Ny S
6 { | conTrOL e >.l_6_ CONTROL
14 | { INPUTS AN e [ ¢ ineuts '
15 , 1L > I 15 ,
|
1 R'=270 10k 1 1 Lt d T
a. Using Pull-Up Resistors b. Using HCT Buffer
' Figure 18. LSTTL/NMOS to HCMOS Interface
VDD:5V VCC=5TO12V
13] 1 16 ANALOG [ —] 14 ) ANALOG -
3 SIGNALS o \] (o SIGNALS
_5] HC4016
_7] MC4s04 |2
9 4 6 CONTROL
' 1 6 14 INPUTS
14 3 10 15 7
p =
Figure 19. TTL/NMOS—-to~CMOS Level Converter
Analog Signal Peak-to—Peak Greater than 5V
(Also see HC4316A)
E
10F4
CHANNEL 4 SWITCHES
i I
10F 4
CHANNEL 3 SWITCHES
L ¢—— COMMON /O
10F4
CHANNEL 2 SWITCHES
—
10F 4 —— OUTPUT
CHANNEL 1 10F4
SWITCHES INPUT — irores | LFas6 OR
EQUIVALENT
H 0.01 pF
1 2 3 4 I

Figure 20. 4-Input Multiplexer

CONTROL INPUTS

Figure 21. Sample/Hold Amplifier

¢ MOTOROLA



Order this document by MC1496/D

@ MOTOROLA
MC1496, B

Balanced Modulators/

BALANCED
Demodulators
MODULATORS/DEMODULATORS
These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function {carrier). Typical SEMICONDUCTOR
applications include suppressed carrier and amplitude modulation, TECHNICAL DATA

synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design
information.

® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz I_JI_SUFFD( GE
PLASTIC PACKA
. . ' —SO.dBtyp@wMHz CASE 751
¢ Adjustable Gain and Signal Handling (SO-14)
® Balanced Inputs and Qutputs 1
® High Common Mode Rejection -85 dB typical
P SUFFIX
This device contains 8 active transistors. PLASTIC PACKAGE 14 @
CASE 646 .
PIN CONNECTIONS
\J
- Signal Input [ 1 | © 14] Vg
Figure 1.. Suppressed Gain Adjust E E N/C
Carrier Output = |
Waveform Gain Adjust E E Output
Signal input [ 4] 1] NC
Bias [ 6] | 10] Carrier Input
Output [ 6] B
nve[7] 8 ] Input Carrier

ORDERING INFORMATION

Operating
Figure 2. Suppressed Device | Temperature Range | Package
Carrier Spectrum MC1496D SO-14
Ta =0°C to +70°C

MC1496P Plastic DIP
MC1496BP | Tp =—40°C to +125°C| Plastic DIP

Figure 4. Amplitude-Modulation Spectrum

Figure 3. Amplitude
Modulation Output
Waveform
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MC1496, B

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

Rating Symbol Value Unit

Applied Voltage AV 30 Vde

{V6 ~Vs8, V10~ V1, V12~ V8, Vi2-V10, V8 - V4,

, V8 -V1,V10-V4, V6 - V10, V2 - V5, V3 - V5)
Differential Input Signal & |vs-Vvio +5.0 Vde

' V4-V1 | H5+I5Rg)
Maximum Bias Current Is 10 mA
Themmal Resistancs, Junction—to—Air RgJA 100 °CW

Plastic Dual In-Line Package ]
Opserating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg |65t +150 | °C

NOTE: ESD data avaitable upon request.

ELECTRICAL CHARACTERISTICS (Vog = 12 Vdc, VEE = ~8.0 Vdc, 15 = 1.0 mAdc, R = 3.9 kQ, Rg = 1.0 k@, Tp = Tjow 0 Thighs
all input and output characteristics are single—ended, uniess otherwise noted.)

Characteristic Fig. | Note Symbol Min | Typ | Max Unit
Cartier Feedthrough 5 1 VCFT pVrms
V¢ =60 mVrms sine wave and fc=1.0kHz - 40 -
offset adjusted to zero fc=10MHz - 140 -
V¢ = 300 mVpp square wave: mVims
offset adjusted to zero fc=10kHz - 004 | 04
offset not adjusted fc=1.0kHz - 20 200
Carrier Suppression 5 2 Ves dB8
fg = 10 kHz, 300 mVims
fc = 500 kHz, 60 mVims sine wave 40 65 -
fc = 10 MHz, 60 mVims sine wave - 50 - k
Transadmittance Bandwidth (Magnituds) (R, = 50 Q) 8 8 BWagg MHzZ
Carrier Input Port, Vi3 = 60 mVims sine wave - 300 -
fg = 1.0 kHz, 300 mVms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
Vgl = 0.5 Vde
Signal Gain (Vg = 100 mVmns, f = 1.0 kHz; IVgl= 0.5 Vdc) 10 3 Ays 25 35 - VN
Single—Endad Input Impedance, Signal Port, f = 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ
Paralie! Input Capacitance Cip - 2.0 - pF
Single—Ended Output Impedance, f = 10 MHz 6 -
Parallel Output Resistance Top - 40 - kQ
Parallel Output Capacitance Coo - 5.0 - pF
Input Bias Current 7 - HA
I - 12 30
11+ 14, _Is8 + 110 bS
bs =2 bc="3 Ibc - 12 30
Input Offeet Current 7 - BA
liog = 11-14; lioc = 18110 s | - 0.7 | 7.0
lioc | - 07 | 7.0
Average Temperature Coefficient of [nput Offset Current 7 - ITCyio | - 2.0 - nAPC
(TA = ~55°C to +125°C)
Output Offset Current (16—19) 7 - lloo | - 14 80 pA
Average Temperature Coefficient of Output Offsst Current 7 - {TCl00 - 90 - nAFC
(TA = ~55°C to +125°C)
Common—Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 cMV - 5.0 - Vpp
Common-Mode Gain, Signal Port, fg = 1.0 kHz, IV¢l= 0.5 Vdc 9 - ACM - -85 - dB
Common—Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Powsr Supply Current 16 +112 7 6 lce - 2.0 4.0 mAdc
. 114 IEE - 3.0 5.0
DC Power Dissipation 7 5 Pp - 33 - mwW

MOTOROLA ANALOG IC DEVICE DATA
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value 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 carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, Vg,
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit on
input-signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level
Signal gain (single—ended) at low frequencies is defined
as the voltage gain,

Vo F‘L 26 mV
Ays = Vs " Ret2rg where re = {5imay

A constant de potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This ineffect forms a cascode
differential amplifier.

Linear operation requires that the signal input be below a
critical value determined by Rg and the bias current I5.

Vs < 15 RE (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

Common Mode Swing

The common—mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the curmrent sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp), within the integrated circuit package
should be calculated as the summation of the voltage-current
products at each port, i.e. assuming V12 = V6, I56 = I6 = 112
and ignoring base current, Pp = 2 15 (V6 — V14) + I5)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current
The internal bias currents are set by the conditions at Pin 5.
Assume:
5=16=112,
I < < Ic for all transistors
then:
V--¢ where: R5 is the resistor between
R5=———--500 R Pin 5 and ground
$=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6=V12=V+-I5R_
Biasing
The MC1496 requires three dc bias voltage levels which

must be set externally. Guidslines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;

30 Vdc = [(V6, V12) - (V8, V10)] = 2 Vdc

30 Vdc = [(V8, V10) — (V1,V4)] = 2.7 Vdc

30 Vdc = [(V1, V4)— (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

V6=V12,V8=V10, V1 =V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
ig (each sideband)
¥21C = 7y (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
ig (signal)
Y218 = v Tsignal)

[vo =0

|vc =05 Vdc, Vo =0

MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors

Capacitors C1 and C2 (Figure 5) should be selected for a
reactance of less than 5.0 Q at the carrier frequency.
Output Signal .

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEE can enhance the stability of the intemnal
current sources.

Signal Port Stability

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

Signal Input
(Pins1and4) © N

10 pF

I

An altemate method for low—frequency applications is to
insert a 1.0 k2 resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

' 1!%
C
1.0k 1.0k ®

% b b L)
l el o)
S| 1F T o 10k b a9k
Camier . ©2 THE = 2 8,3
Input 0'1\!":
Ve ol
Vg @

I»_iodulaﬁng
SignalInput 40 ¢
1

RL
39k

=+V°

MCi496 |6
L o——4e-V,

0k3613 351 LM ’ 5
50k i ). 15368k

RTE ‘V'lo 1

Carrier Null
i -8.0 Vde
3 VEE

Figure 7. Bias and Offset Currents

Vee
12 Vde
[ 3

$20k

Figure 6. Input-Output Impedance

Rg=1.0k
05V 8 2 3
I Y 210 o————9 +V,
= 1] mcia96 |6 - Zout
Zng— 12 -Vo
14 5
68k
-80Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

Vee
1;9A 4 1. q‘k p 12 Vde
-J__- > J_ R ‘ =:2.0k
04 uE m J oot
e T ] 3, 350350 T W
Input 0.1 uF A 7
vc 0 >= Jo o ] +v°
. 1] MC1496 |6
VS . o: l-0———e—9 —Vo
Modulating 7 2
. [ e < <
Signal Input 10k 10k3 351 351 14 S
%Q,Ak _l_ 6.8k
v— -
for Null ¢
Carrier Nu -8.0Vde
VEE
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency

Figure 22, Carrier Suppression versus
Carrier Input Level
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced muitiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitter resistance
may be used. Also, external load resistors are employed at
the device output.

Signal Levels
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low-level operation at both input ports, the output
signal will contain sum and difference frequency components

Figure 23. Circuit Schematic

[ — 0 Vo,

?
f ® g Output
Carrier ch i
Input g’( ) >
) -] R N :l |
Signal X 2 ..
Input  °1 (#) +—2 gg_mt
jus
|~ 3
Bias 5 ©- L
(Pin numbers
500 500 500 per G package)
Vgg 140—3 :

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear 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 to the
carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (15) (RE) volts peak.

This expression may be used to compute the minimum

value of RE for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit

1.0k 1.0k ¢ 12Vde
g 201K 20 R, 10kQs P RL
51 T e - 39k 339k
v 0.1 pF] —'—of—o Lo 4V,
Carrior’ Co—)4—————— o9 6
Input , 0—9 014- MC1496
Modulating [ —0—*12 LO Vo
Sllgnut:l 10k 10k S 251 51 " s
w S0k
A L 15 368k
Carier Null ®-80Vde =
VEE
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Figure 25. Voltage Gain and Output Frequencies

Carrier Input Signal (V¢) Approximate Voltage Gain Output Signal Frequency(s)
RLVe
Low-devel dc —  IxT\ ™
KT
2(Rg + 2rg) (—q-)
High-level dc AL f
ghieve AE + 21 M
R Vg(ms)
Low—evel ac fctfm
2/2 (qu_) (Rg +2rg)
0.637 R
High—level ac — L fc £ M, 3fc £\, Sfc M, - .
Rg +2rg

NOTES: 1. Low-tevel Modulating Signal, V)4, assumed In all cases. Vg Is Carrler input Voitage.

2. When the output signal contains multipie frequencies, the gain expression given Is for the output ampltude of
each of the two desired outputs, g + fyg and tc — fiy.

3. All gain expressions are for a single-ended output. For a differential output connection, multiply each
expression by two.

4.Ry = Load resistance.

5. Rg = Emitter resistance between Pins 2 and 3.

6. rg = Transistor dynamic emitter resistance, at 25°C;

26 mV

" 15 mA)

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

KT
q

The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but this includes most applications of the device.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low—level modulating signal input and
the following carrier input conditions:

1) Low—level dc
2) High-level dc
3) Low—level ac
4) High—evel ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the 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
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply. Performance of this
circuit is similar to that of the dual supply modulator.

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

=L s 26 MV at room temperature ‘

All that is required to shift from suppressed carrier to AM
operation is to 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 null circuit as shown in
Figure 28.

Product Detector

The MC1496 makes an excellent SSB product detector
(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 frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 pF capacitors on Pins 8 and 10
should be increased to 1.0 uF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496, the emitter resistance -
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM signall
at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer .

The MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input
port with a recommended amplitude of 100 mVirms.

Flgure 30 shows a mixer with a broadband input and a
tuned output.

Frequency Doubler

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

Figures 31 and 32 show a broadband frequency doubler
and a tuned output very hlgh trequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1486 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 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
detector principle. A tuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then pravide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
(12 Vde Single Supply)
v 1.0k
L L
25 pF‘EI‘:
. 15V=
Carrior Input
60 mVrm
Modulating
H}
Smnal Input 10 pF
300 mVims 15V
Carrier v
10k
Null 5o
1 4
Figure 28. AM Modulator Circuit
Vee
ANy l lv;‘vAv ! 12Vde
rwv? R g—\:
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l—0——so
Modulating h 3 12 -V,
Signal 7503 7503 351 S51 14 5 °
Input 50k 1
) = 1556.8k
Carmier Adjust ¢ Yg% Vde —

Figure 27. Balanced Modulator-Demodulator

Vee
-2 12Vde
o iR
' 339k
d +Vo
—O"—"—‘L’ -Vo
Figure 29. Product Detector
(12 Vdc Single Supply)
V
@ sk g
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1.0k ordté 18 L T R = 10k
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1: = 10k -.-uF —.:u.F
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Figure 30. Doubly Balanced Mixer

(Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low—Frequency Doubler
Vee
10k Vec _ ® 12Vde
’ +8.0 Vdc r +.l 100 uF
< p
= 0.001 RFC $ 10k ":_E 25 Vde 1.0k
Local ) 100 uH - 2 3¢ 39k
Oecilator = $51 " 10KS s ¢ 8 39k
Input G-: o vy 2 100 10 8 )
*— AV ot —e
100 mVrms 0.001pF 1| MC1496 0.001 pF 1 ;;o uF G2, Output
RF Input 4 osuf  _ooMiz IPR =4y ey (——F v MC1496
L ok 2 G0 o togims SI0NF VA1 Lo
51 14 5 R =50Q 4 12
10k3 $51 5.0-80
90-480 pF
=80k = L S S 14 5
B Null Adjust 68 - 10k 10k 100 3100
VEES, 50k ]
; -8.0Vde -— 1
_T_ 6.8k
L1 =44 Tums AWG No. 28 Enameled Wire, Wound T = v 15
on Micrometals Type 44-6 Torold Core. EE =
Baence & 5o
' Figure 32. 150 to 300 MHz Doubler
Vee
v+ @+8.0 Vdo
L1
18nH
1.0-10pF  300MHz
Output
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T N
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a o "
b % N
» »
¥ 2 3 2
2| |= vitihdetd e ¥
slele $ §3| & 3 | 2 | g
Frequency ———————— Balanced Modulator Spectrum
DEFINITIONS
fc  Carrier Fundamental fc +nfg Fundamental Carrier Sideband Hammonics
fs  Modulating Signal ntc  Carrer Harmonics
fc tis Fundamental Camier Sidebands nic +nig Carrler Harmonic Sidebands
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