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ABSTRACT

This thesis presents of digital transmission system on transmission line
(coaxial cable) at data speed 9600 kbps and the digital modulation Technique scheme is M-ary
Quadrature Arhplitude Modulation ( 16-QAM) . This modulation scﬁeme can provide both of
high spectrum efficiency and high serial data rate on narrow RF bandwidth . Generally signal
generated in I-Q modulator (direct form) which it has two disadventage that is an accuracy of
signal and other is using mode complexity circuit . Therefore in this thesis we will choose new
16-QAM signal generating with Direct Digital Signal (D.D.S.) which this method can solved that

problems and reduce transmitter circuit size
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N, NIINTONMNDMFIUNUUIAABSIITS(Low Pass Butterworth Filter)
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¥, NI5NTNNNOAHIUUULIETIIH ( Low pass Chebyshev Filter )
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2.42 195NIBINMNAYIHIU(High Pass Filter )
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2.44 NIINTDWTAURWIZUOUANND ( Band-Reject Filter)
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Filters)
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Vy(s)

HeO=y 9

(2.49)
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intel- - PRELIMINARY
' S 27256 5 :
256K _(32K x 8) UV ERASABLE PROM

m Software Carrier Capaﬁiiity m [ndustry Standard Pinout ... JEDEC

u 250 ns Maximum Access Time Approved
: u Low Power .
[ ] -
Ton Line Control : —100 mA max. Active
® intaligent Identifier™ Mode : — 40 mA max. Standby
—Automated (-?rogrammmg Operations " inteligent Programming™ Algorithm
u TTL Compatible —Fastest EPROM Programming

~

The-intel 27256 is a 5V only, 262,144-bit uitraviolet Erasable and Electrically Programmable Read Onily
Memory (EPROM). Organized as 32K words by 8 bits, individual bytes are accessed in under 250ns. Thisis
compatible with high performance microprocessors, such as the Intel 8MHz iAPX 186, aflowing full speed
operation without the addition of performance-degrading WAIT states. The 27256 is also directly compati-
ble with Intel's 8051 family of microcontrollers.

The 27256 enables implementation of new, advanced systems with firmware intensive architectures. The
combination of the 27256's high density, cost effective EPROM storage, and new advanced microproces-
sors having megabit addressing capability provides designers with opportunities to engineer user-
friendly, high reliability, high-performance systems.

The 27256’ large storage capability of 32K bytes enables it to function as a high density software carrier. Entire
operating systems, diagnostics, high-levet language programs and specialized application software can reside in
a 27256 EPROM directly on a system's memory bus. This permits immediate microprocessor access and
execution of software and eliminates the need for time consuming disk accesses ard downloads.

Several advanced features have been designed into the 27256 that allow for fast and reliable programming -
—the intgligent identifier™ mode and the intgligent Programming™ Algorithm. Programming equipment
that takes advantage of these innovations will electronically identify the 27256 and then rapidly program it.

using an efficient programming method.

Two-line control and JEDEC-approved, 28-pin packaging are standard features of all Intel'high-d.ensity'.
EPROMSs. This assures easy microprocessor interfacing and minimum design efforts when upgrading,

adding, or choosing between nonvolatile memory alternatives. -

The 27256 is manufactured using Intel’s advanced HMOS *lI-E technology.

-HMOS is a patented process of Intel Corporation.

DATA OUTPUTS 27256
Ve o—— - 00, — :
GND o—a- . —_— Vee 04 282 Vee :
Vop o—a* HH“ Az 2 27 A ;
5e —— A: (s 2603 Ay :
AND?’%:(?RAM A Ge 2P A ;
— A N +
P I OUTPUT BUFFERS s s 2¢D Ay ;
: a. s 230 A :
Y =1 A7 22{) O€ i
] B Y-GATING !
Ag-Aw l ] oEcooeR e Az (Js 21 4w PIN HAWMES
ADDRESS { —2] : A (s 2007 CE | Ag-Ai4| ADDRESSES .
INPUTSl = x i 262.144 BIT Ao e 19{J 0 CE |CHiP ENABLE
~+] OECODER : CELL MATRIX 0 Q11 1] 0 OE |OUTPUT ENABLE
g |2 0: 2 o, 0g-07 | OUTPUTS
N B O: 1€ o, X R . L
Figure 1. Block Diagram ano e 150, Figure 2. Pin Configuration.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ....... —10°C to +80°C
Storage Temperature ......... —65°C to +125°C
All Input or Output Voltages with

Respect to Ground ......... +6.25V to ~0.6V
Voltage on Pin 24 with

Respect to Ground ........... +13.5V to 0.6V
Vep Supply Voltage with Respect

toGround .................. +14.0 V to —0.6V

*NOTICE: Stresses abové those listed-drnider
"Absolute Maximum Ratings”-may cause per-
manent damage to the device. This is a stress rat-
ing only and functional operation of the device at
these or any other conditions above those indi-
sated in the operational sections of this specifica-
ion is notimplied: Exposure to absolute maximum
ating conditions for extended periods may affect .
device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ

27256 27256-3

27256-4 27256-25 | 27256-30 | 27256-45

Operating Temperature

'S

0°C-70°C | 0°C-70°C | 0°C-70°C {0°C-70°C

Range 0°C-70°C | 0°C-70°C
Ve Power Supply'+2 5V 5% | 5Vx5% | 5V=5% |5V x10% | 5V = 10% |5V = 10%
READ OPERATION
D.C. CHARACTERISTICS
Limits T:est
Symbol Parameter : " Min. 'Typ.a Max. Units Conditions
Wt Input Load Current 10 HA ViN = 5.5V
Lo . Output Leakage Current 10 pA Vour = 5.5V
tpp1? | Vep Cumrent Read/Standby 5 mA | Vpp = 5.5V
icci® | Ve Current Standby 20 40 mA | CE =Viy
lcc2® | Ve Current Active " 45 100 mA | CE =OE =V
’ Vee =Vcc
ViL Input Low Voltage -1 +.8 \'
Vir ' Input High Voltage 20 Vee+1 \
VoL | Output Low Voltage 45 Y loL = 2.1 mA
Vou Output High Voltage - ;24 v lon = —400 pA
Vep? | Vpp Read Voltage 38 Vee V | Vee=50V =0.25V
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intel 27256 PRELIMINARY
READ OPERATION
A.C. CHARACTERISTICS
27256-25 & 27256-30 & 2725645 &
27256 Uimits | 27256-3 Limits | 27256-4 Limits
Test
Symbol Parameter Min. | Max. | Min. | Max. | Min.| Max. | Units| Conditions
tacc | Address to Output Defay 250 300 450 | ns | CE=OE=vi_
tce CE to Output Delay 250 300 450 | ns 5_é,= ViL
toe OE to Output Delay 100 120 150 | ns | CE=wviL
tor |OEHightoOutputFioat| o | 60 | o | 105 | o | 130 | as | CE=vi
o |OutputHold from 0 0 0 ns | CE=OE=Vi
Addresses, CE or OE
Whichever .
Occurred First I
NOTES:

1. Vee must be applied simultaneously or before Vpp and removed simuitaneously or after Vpp.
2. Vee may be connected directly to Ve except during programming. The supply current would then be the sum of

lcc and lppy.
3. Typical values are for {4 =25°C and nominal supply voitages.
4. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer

driven—see timing diagram on the following page.
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27256 PRELIMINARY
CAPACITANCE (T4 = 25°C, f = 1 MHz) -
Symbol Parameter Typ.'| Max. | Unit | Conditions
C,? Input Capacitance 4 6 pF Vin=0V
Cour - |Output Capacitance 8 12 pF Vour =0V
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
13Y
L“ 1NR14
: 20 2.0 :
> TEST POINTS < ' 3k
08 0“ DEVICE
048 . UNDER out
C, = 100 pf
AC TESTNG INPUTS ARE DRIVEN AT 2 4VFORALOGIC 1 ANDO a5V FOR I
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV £OR A LOGIC 1 .
AN 08V FOR A LOGIC © =
C, = 100 pF
€, INCLUDES NG CAPACITANCE
A.C. WAVEFORMS
Vin esee __X
ADDARESSES Aatess
va N ceee—A
Vi
4
. Ny
a crea—d
I fce !
Vin
4
5% | Z
Vi ——c'ol-——; el
R g™
o™ o
Vi — e =
; HIGH Z /; ;;;; \ HIGH Z
OUTPUT. YAUD OUTPUT
O e 2

NOTES:

1. Typicat values are for T = 25°C and nominal supply voltages.

2 This parameter is only sampled and is not 100% tested.

3. OE may be delayed up o tacc—tog after the falling edge of CE without impact on tacc-

4. tor is specified from OE or CE, whichever occurs first,
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DEVICE OPERATION

The eight modes of operation of the 27256 are listed in
Table 1. A single 5V power supply is required in the
read mode. All inputs are TTL levels except for Vpp
and 12V on A9 for intgligent identifier mode.

Table 1. Operating Modes

PINS|CE | OE| A, |Vep|Vec|OUTPUTS
(20)|(22)|(24)] (1) |(28)| (11-13,

MODE ™ | 1519)
Read Vi [ Viu| X [VeclVee] Dour
QOutput .

Disable VIL Vir| X VCC Vcc High VA

Standby Vik}] X | X {Vec|Vee| HighZ

intgligent
Programming| VL { Vik]| X |Vep|Vce Din
Verify V| Vie| X |Vee|Vee| Dour
Optional
Verity Vic] Vie| X [Vep|Vee| Dour
Program
Inhibit Viil Vi X Vpp Vcc nghz
inteligent

Identifier Vil Vit Vi [Vee|Veel Code

NOTES:
1. X canbe Vg or Vy
2. Vy =120V £ 0.5V

READ MODE

The 27256 has two control functions, both of which
must be logically active in order to obtain data at
the outputs. Chip Enable (CE) is the power control
and should be used for device selection. OQutput
Enable (OE) is the output control and should be
used to gate data from the output pins, indepen-
dent of device selection. Assuming that addresses

.are stable, the address access time (tacc) is equal

to the delay from CE to output (tce). Data is avail-

able at the outputs after a delay y of toefrom the
falling edge of OE, assuming that CE has been low
and addresses have been stable for at least

tacc~toe-

STANDBY MODE

The 27256 has a standby mode which reduces the
maximum active current from 100 mA to 40 mA.
The 27256 is placed in the standby mode by apply-
ing a TTL-high signal to the CE input. When in
standby mode, the outputs are in a high impedance
state, independent of the OE input.

Two Line Output Control

Because EPROMs are usually used in larger
memory arrays, Intel has provided 2 control lines
which accommodate this multiple memory con-
nection. The two control lines allow for:

a) the lowest possible memory power dissipation,
and

b) complete assurance that outputbus contention
will not occur.

To use these two controf lines most efficiently, CE
(pin 20) should be decoded and used as the pri-
mary device selecting function, while OE (pin 22)
should be made a common connection to_ail
devices in the array and connected to the READ
line from the system control bus. This assures that
all deselected memory devices are in their’ low
power standby mode and that the output pins are
active only when data is desired from a particular
memory device.

System Considerations

The power switching characteristics of HMOS I-£
EPROMs require careful decoupling of the
devices. The supply current, Icc, has three seg-
ments that are of interest to the system designer
—the standby current level, the active current
level, and the transient current peaks that are pro-
duced by the falling and rising edges of Chip
Enable. The magnitude of these transient current
peaks is dependent on the output capacitive and
inductive loading of the device. The associated
transient voltage peaks can be suppressed by
complying with Intel's Two-Line Control and by
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properly selected 'déi:oupling capacitors. It is rec-
ommended that a 0.1 xF ceramic capacitor be

used on evéry device between Ve and GND. This

should be a high frequency capacitor of low in-
herent inductance and should be placed as close
to the dévice as possible. In addition, 2 4.7 uF bulk
electrolytic capacitor should be used between Vc¢
and GND for every eight devices. The bulk
capacitor should be located near where the power
supply is connected to the array. The purpose of
the bulk capacitor is to overcome the voltage
droop.caused by the mductlve effects of PC board
traces.

PROGRAMMING

Caution: Exceeding 14V on pin 1 (Vpp)will g 2arma-
nently damage the 27256.

initially, and after each erasure, all bits of the 27256

are in the “1" state. Data is introduced by selec-

tively programming “0s" into the desired bit loca-

tions: Although only “0s” will be programmed,

- both"1s" and “0s" can be presentlnthe dataword.
' The only way to change a “0" to a “1" is by uitra-
1 violet light erasure.

The 27256 is in the programming mode when the
Vpp inputis at 12.5Vand CEisat TTL-low. The data
to be programmed isapplied 8 bitsinparallel to the

- data output pins. The levels required for the ad-
dress and data inputs are TTL.

mtellgent Programming™ Algorithm

The 27256 intgligent Programming Algorithm
rapidly programs Intel 27256 EPROMS using an

1 efficient and reliable method particularly suited to
the production programming environment. Typical
programming times for individual devices are on
the order of five minutes. Programming reliability
isalsoensured as the incremental program margin
of each byte is continually monitored to determine.
when it has been successfully.programmed. A
flowchart of the 27256 intgligent Prog rammmg Al-
gorithm is shown in Figure 3.

The intgligent Programming Algorithm utilizes
two different pulse types: initia! and overprogram.
The duration of the initial CE pulse(s) is one mil-
lisecond, which will then be followed by a longer
overprogram pulse of length 3X msec: X is an itera-
tion counter and is equal to the number of the
initial one millisecond pulses applied to a particu-
lar 27256 tocation, before a correct verify occurs.
Up to 25 one-millisecond pulses per byte are pro-

vided for before the overprogram pulse is applied.

The entire sequence of program phlses and byte
verificationsis performed atVcc =6.0VandVpp =
12.5V. When the intgligent Programming cycle has
been completed, all bytes should be compared to

-the orlgmal data with Vge = Vpp = 5.0V.

Program Inhibit

Programming of muitiple 27256s in paralle! with
different data is easily accomplished by using the
Program {nhibit mode. A high-level CE input in-
hibits the other 27256s from being programmed.

Except for CE and OE, all like inputs of the paraliel
27256s may be common. A TTL low-level pulse
applied to the CE input with Vep at 12.5V will pro-
gram the selected 27256.

Verify

A verify shou!d be performed on the programmed
bits to determine that they have been correctly
programmed. The verify is performed with OE at

Vi, CE at Viyy and Vep at 12.5V.

Optional Verify

The optionat venfy may be performed in place of the
verify mode. It is performed with OE at V,_, CE at V;,_
(as opposed to the standard veri'y which has CE at
Vin), and Vpp at 12.5V. The outputs will tri-state
according to the signal presented to OE. Therefore, all
devices with Vpp=12.5V and OE=V); will present
data on the-bus independent of the CE state. When
parallel programming several devices which share, a
common bus, Vep should be lowered to Ve (=6.0V)
and the normal read mode used to execute a program
verify.

intgligent Identifier™ Mode

The inteligent Identifier Mode aflows the reading
out.of a binary code from an EPROM that will
identify its manufacturer and type. This mode is
intended for use by programming equipment for
the purpose of automatically mate hing the device
to be programmed with its corresponding pro-
gramming algorithm. This mode is functional in
the 25°C = 5°C ambient temperature range that is

_ required when programming the 27256.

To activate this mode, the programming equip-
ment must force 11.5V to 12.5V on address line A9
(pin 24) of the 27256. Two identifier bytes may then
be sequenced from the device outputs by toggling
address line AO (pin 10) from V;_ to V 4. All other
address lines must be heid at V,_ during intgligent

_ identifier Mode.
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STARTY

i
1
ADOR = FIRST LOCATION

Vee = 6.0V
Vpp = 125V

PROGRAMONE 1msec PULSE
"INCREMENT X

YES

VERIFY FAIL
BYTE

VERIFY ONE
BYTE

PASS

PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADOR?

INCREMENT ADDR

COMPARE
ALL BYTES
TO ORIGINAL
DATA

DEVICE
FAILED

DEVICE PASSED

DEVICE
FAILED

Figure 3. 27256 intaligent Programming™ Flowchart
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Vi) represents the manufacturer

Byte 0 (A0 =
code and byte 1 (A0 = Viy) the device identifier
code. For the Intel 27256, these two identifier bytes
are given in Table 2. All identitiers for manufac-
turer and device codes will possess odd parity,’
with the MSB (0;) defined as the parity bit.-

ERASURE CHARACTERISTICS

The erasure characteristics of the 27256 are such
that erasure beglns to occur upon exposure to
light with wavelengths_shorter than approxi-
mately 4000 Angstroms (A) it should be noted that
sunfight and certain types of fluorescent lamps
have wavelengths in the 3000- 4000 A range. Data
show that constant exposure to room level fluores-
cent lighting could erase the typical 27256 in ap-
proximately 3 years, while it would take
approximately 1 week to cause erasure when ex-
posed to direct sunlight. If the 27256 is to be ex-

posed to these types of llghtmg condmons for

.extended periods of time, opaque labels should be

placed over the 27256 window to prevent uninten-
tiona! erasure.

The recommended erasure procedure for the
27256 is exposure to shortwave ultraviolet light
which has a-wavelength of 2537 Angstroms (A).
The integrated dose (i.e., UV intensity X exposure
time) for erasure should be a minimum of 15

Wséc/cm?..The erasure txme with-this dosage is. .

approximately 15 fo 20 mlnutes usmg an ultra-
violet lamp with a 12000 #W/cm power rating. The
27256 should be placed within 1 inch of the famp
tubes.during erasure. The maximum integrated
dose a 27256 can be exposed to without damage is
7258 Wsec/cm {1 week @ 12000 uW/cm?). Expo-
sure of the 27256 to high intensity UV light for long
periods may cause permanent damage.

Table 2. 27256 inteligent Identifier™ Bytes

Pi‘ns * Ag 07 O¢ 05 (o8 0, 02 0, O Hex
Identifier (10) [ (19) ; (18) | (17)- (16) | (¥5) | (13) | (12) | (11) | Data
Manufacturer Code Vie 1 0 o' 0 1 -0 0 1 89

Device Code’ VIH 0 0 0 0 -0 1 0 0 04
' NOTES:
1. Ag =12.0V = 0.5V 3. A =Vigor Vv

2. A=A, Aig-As3, CE. O =V

intaligent Programming™ Algorithm
D.C. PROGRAMMING CHARACTERISTICS:

Ta = 25 = 5°C, Vgc = 6.0V = 0.25V, Vpp = 12,5V = 0.5V
Limits Test Conditions

Symbol Parameter Min. -Max. ' Unit‘ (see Note 1)
Iy Input Current (Ali lnputs) . 10 wA Vin = Vj_ or Viy
Vie Input Low Level (All Inputs) -0.1 0.8
Vin || tnput High Level 2.0 Vee v©
Voo Output Low Voltage During Verity 0.45 lor="2.1 mA
Vou Output High Voltage During Verify 2.4 lon=.-400 A
lecz Vee Supply Current (Program & Verify) 100 mA
lep2 Vep Supply Current (Program) 50 MmA CE = Vi,
Vio Ag intgligent Identifier Voltage 11.5 12.5 V.

NOTES:

1. Vec must be applied simultaneously or before Vpp and removed simultaneously or after Veep.
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A.C. PROGRAMMING CHARACTERISTICS:
Ta =25 £ 5°C, Vec = 6.0V £ 0.25V, Vpp = 12,5V = 0.3V

Limits Test Conditions®
Symbol Parameter Min. | Typ. | Max. | Unit | - (see Note1)
tas Address Setup Time 2 ©s -
toes . | OE Setup Time ‘ .2 us
tos Data Setup Time S 2 ©s
taw - | Address Hold Time 0 . us
ton Data Hold Time 2 us
tore® OE High to Output Float Delay . 0 130 | ns
tves Vep Setup Time ' 2 ©s
tves Vee Setup Time 2 S
tew CE Initial Program Pulse Width 0.95 10 1.05 ms (see Note 3)
torw CE Overprogram Pulse Width 285 7875 | ms (see Note 2)
toe Data Valid from OE 150 | ns
*A.C. CONDITIONS OF TEST " NOTES:
Input Rise and Fall Times (10% t0 90%) ...20 ns - Vcc must be applied simultaneously or before Vep
input Pulse Levels 0.45V to 2.4V and removed simultaneously or after Vep.
Input Timi Ref A L o 'I """ p . 2. The length of the overprogram pulse may vary from
pu m'}m.g etefence Level..... 0.8Vand 2.0V 2.85 msec to 78.75 msec as a function of the ileration
Output Timing Reference Level ... 0.8V and 2.0V counter vaiue X.

. Initial Program Putse width tolerance is 1 msec =5%.

. This parameter is only sampled and is not 100%
tested. Output Float is defined as the point where
data is no longer driven—see timing diagram on

the following page.
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NOTES:
1.

2
3.
4

ALLTIMES SHOWN IN [ } ARE MINIMUM AND IN SEC UNLESS OTHERWISE SPECIFIED.

. THE INPUT TIMING REFERENCE LEVEL IS .8V FOR A vy AND 2V FOR A V(.
toe AND tppp ARE CHARACTERISTICS OF THE DEVICE 8UT MUST B8E ACCOMODATED BY THE PROGRAMMER.

:ntei” K 27256
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MOTOROLA
i SEMICONDUCTGOR
TECHNICAL DATA

MIC54/74HC4040

12-Stage Binary Ripple Counter

High-Performance Silicon-Gate CWViOS

J SUFFIX
The MC54/74HC4040 1s 1denucal n pinout to the standard CMOS MC1404( The CERAMIC
device inputs are compatible with standard CMOS outputs; with pullup resisicrs, CASE 620-03
they are compatible with LSTTL ouiputs.
This device consists of 12 master-slave flip-flops. The outpui of each flip-fice
teeds the next and the {requency at each output ts half that of the preceding one
The state of the counter advances on the negative-going edge of the Clock v zut N SUFFIX
Reset is asynchronous and active-high. PLASTIC
CASE 648-08

State changes of the O oulpuis do not occur smultaneously because of iniz:nal
npple delays. Therefore, decoded output signals are subject to decoding spives and
may have 10 be gated with 1he Ciock of the HC4040 for some designs.

Output Qirve Capability: 10 LSTIL Loads

Outputs Drrectly intesface 10 CMOS, NMOS, ang TTL

Operating Voliage Range' 210 6 V

Low fnput Current; 1 gA

High Noise mmuniy Characienstic of CMOS Devices

In Comphance with the Requiements Delined by JEDEC Standard No 75
Chip Coinplexity' 338 FETs or 93 5 Equivalent Gates

ORDERING INFORMATION

- MC74HCXXXXN Plastic
MCS4HCXXXXJ Ceramic

Ta = -55"10 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
LOGIC DIAGRAM W
oizdre  shyce
4 o502 whon
LT oo a5q3 12h o
kI 0704 130 o
5 o ) o1gs 2 o
Clock i-o> a5 346 18 Ruset
o6 Qg7 ;pp Ciock
o GND (8 of 01
13
——c8
12
ol:} ]
¥ o0 FUNCTION TABLE
——0on Clock Reset Cuisut State
) ‘—'" Q12 A t Na Chan
T\ L Advance io nexi state
X H All Quipuis aie low

11 l
Reset

Pin 16= Ve
Pin 8=GND



-

MC54/74HC4040

MAXIMUM RATINGS*

Symbol Pacameter Value Unit This device contains protection
Vce | DC Supply Vottage (Referenced to GND) -0510 +7.0 v chcuitey 1o guard against damage
due 10 high static voltages or electric
Vin OC input Voftage (Referenced 1o GND) -15twVee+1s v fields, However, precautions must
Vout | DC Output Votiage (Referenced 10 GNO} -051t0 Vcc+0.5 v be taken to avoid applications of any
tin DC Input Current, per Pin +20 mA voltage higher :\an :\aximum rated
- ¢ to this high-itnpodance
fout OC Qutput Current, per Pin 125 mA circuit. For proper operation, Vin and
Icc DC Supply Current, Ve and GND Pins 150 mA Vout should be constrained to the
o Power Dissipation in Still Air, Plastic or Ceramic DIP1 750 mw range GND 5 {V;, or Vo1l sVee.
< Unused inputs must always be ticd
Tsiq | Storage Temperature -6510 + 150 C 10 an appropriate logic voitage level
T Lead Temperature, 1 mm from Case for 10 Seconds °C {e.g., either GND or V¢ ). Unused
{Plastic DIP} 260 outputs must be left open.
(Ceramic DIP) 300 -
*Maximum Ratings are those values beyond which damage 10 the device may occur.
Functional opesation should be restricted 1o the Recommended Operating Conditions.
tDerating — Plastic DtP: — 10 mW/°C from 65° 10 125°C
Ceramic DIP: - 10 mW/°C from 100° 10 125°C
For high frequency or heavy load considerations, see Chapier 4
RECOMMENDED OPERATING CONDITIONS :
Symbot Parsmeter Min Max Unit
vee DC Supply Voltage {Referenced 1o GND} 2.0 6.0 v
Vin.Vout | DC Input Voltage, Output Voliage (Referenced to GNDI 0 vee v
Ta Operating Temperature, Alt Package Types - 55 +125 °C
. Yy Input Rise and Fall Time Vee=20V 4] 1000 ns
{Figure 1) Vee=45V 0 500
Vee =60V 0 400
DC ELECTRICAL CHARACTERISTICS (votiages Reterenced 1o GND)
% Guasranteed Limit ! |
H L Vee e Lo
Symbol Parameter ! Test Conditions 25°C to i 1 Unin
i v =85°C ' - ;
: . ~55°C .
ViH Minimum High-Leve! loput Vour=0YVorvec-01v 2.0 1.5 1.5 ) v
Vohage Houl €20 pi 45 3.15 3
6.0 4.2 4.2 !
viL | Maximum Low-Levet input Vour=0.1Ver Vee - 0.3 v 2.0 0.3 03 | v
Voltage Houtl 520 A 4.5 0.9 0.9
6.0 1.2 1.2
VoH | Minimum High-Leve! Qutput Vin=ViH o V|t 2.0 1.9 18 v
Voliage lout! 20 A 4.5 4.4 4.4 4.4
6.0 5.9 53 5.9
Vin= Vi or Vi Houls4.0mA| 4.5 3.98 3.84 3.20
ol €5.2mA| 6.0 5.48 5.34 8,20
VoL | Maximum Low-Level Qutput Vin =V of Vi 2.0 0.1 v
Voltage oyl 20 A 4.5 0.1
6.0 0.1
Vin=ViH o Vi oyl 4.0 mA| 45 0.26
Houtl 552 mA| 6.0 0.26
lin Maximum Input Leakage Cutrent | Vin = Ve or GND 6.0 10.1 nh
Icc Maximum Quiescent Supply Vin = Vg of GND 6.0 8 : )
Current (per Package) lout =0 xA i

NOTE: Information on typical parametric values can be found in Chapter 4
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fiC54/74HC4040

AC ELECTRICAL CHARACTERISTICS (C{ =50 pF, Input t,=t;=6 ns)

Gusranteed Limit
Symbol Parameter VSC 25°C to Unit
o .
_sgeC £85°C | <125°C
fmax | Maximum Clock Frequency (50% Outy Cycle) 20 5.0 4.0 34 MHz
(Figures 1 and 4) 45 25 20 17
€.0 22 24 20
tpLH. | Maximum Propagation Delay, Clock to Q1* 20 210 265 315 ns
tPHL {Figures 1 and 4} 45 42 53 63
6.0 36 45 54
tpH | Maximum Propagation Delay, Reset to Any Q 20 243 300 360 ns
{Figures 2 and 4) 4.5 <8 60 72
6.0 41 51 61
tpLH. |Maximum Propagation Delay, ON to QN+ 1 2.0 125 . 155 190 ns
PHL (Figures 3 and 4) 45 25 n 38
. 6.0 sl 26 32
ITLH. | Maximum Quiput Transition Time, Any Output 2.0 75 85 110 ns
ITHL {Figures 1 and 4) 4.5 15 19 2
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF

NOTES:
1. For propagation delays with loads other than S0 pF, see Chapier 4
2. Information on typical parametric values can be found in Chapter 4.

*For Tg =225°C and Cy =50 pF, typical propagation delay from Clock 10 other O outputs may be calculated with the fotlowing equations.

Vee=2.0 Vi tp={205+ 107.5(N - 1) ns
Vee =45V 1p=141+21.5(N - 1)} ns
Vee=6.0 Vi tp=[35+183(N- 1) ns

Cep Power Dissipation Capacitance (Per Package} Typical @ 25°C, Voe=5.0V
Used 10 determine the no-l0ad dynamic power consumption:
Pp=Cpp Vcczi +1ce Vee 35 pF
For load considerations, sec Chapter 4.
TIMING REQUIREMENTS (input 1, =1 =6 ns)
Guaranteed Limit }
Vce .
Symbol Parsmeter o Unit ¢
Y v | Bl cpsec | smsec
-55°C . i
tac Minimum Recovery Time, Reset Inactive to Cloch 2.0 100 125 150 ns
{Figure 2) 45 20 25 30
6.0 17 1 26
Tew Minimum Pulse Width, Clock 2.0 80 100 120 ns
{Figure 1} 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 20 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
4 Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: information on typical parametric values can be found in Chapter 4.

PIN DESCRIPTIONS

INPUTS

CLOCK (PIN 10} - Negative-cdge tnggering clock input, A
tugh-to-low tiansiiion on this input advances the siaie of ihe
couner

RESET (PIN 11} ~ Acuve-high reset. A high level apphiea
10 this inpul asynchronously resets the counter 16 1§ 2610 state,
thus forcing alt Q outputs low

QUTPUTS

Q1 THRU Q12 (PINS 8,7, 6, 5, 3, 2, 4, 13, 12, 14, 15, 1}
— Active-high outpuis £ach ON ouiput dnades tne Ciock
input frequency by 2V



MIC54/74HCA4040

SWITCHING WAVEFORMS
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Figure 1.
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Figure 3.

EXPANDED LOGIC DIAGRAM
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MCb4/74HC4040

TIMING DIAGRAM
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APPLICATIONS INFORMATION

TIME-BASE GENERATOR

4 B0 Hz sinewave obtained through a 1.0 Megohm resisior Selectng outputs C5, 010, Q11, and G12 causes 3 1eset very
connected directly 10 a standard 120 Vac power ine 1s apphaa 3600 clocks The HC20 dncodes INe Counte DUIPLLS, NOGUCHS
10 e aput of the HCI4, Schnutt tngger inverter, The HC14 a single harrow) ouipt culse, and 1eseis the binary counter
sgeares up the mput waveforn and feeds the HCA0AG The resuting outis frequency s 1 0 pulse/minute

vee Y
1/6 of HC14 !
HCa040
Sloet
Clow o I 1 Pulse Mt
O 13, ' harpus
. 10 12 2
120 Vac o _‘_10 /2 D wr BRVE) 6
60 Hz HC20 HC20
onp— gl 5

Reset 12 -—-—J—

o
Z
©

|[]-—
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MOTOROLA
1 SEMICONDUCTOR
: TECHNICAL DATA

ViIC54/74HC175

Quad D Flip-Flop with

¥ J SUFFIX
Common Clock and Reset CERAMIC
. | ag= CASE 620-03
High-Performance Silicon-Gate CMOS
The MC54/74HC175 is identical in pinout 10 the LS175, The device mputs are N SUFFIX
compatible with standard CMQS outputs; with pullup resistors. ihey are compatibte PLASTIC
with LSTTL outputs. CASE 648-06

This device consists ol four D thp flops with common Rese: and Clock inputs,
and separate D inputs. Reset {active-fowl 1s asynchronous and occurs when a low
. . ]
ievel 1s apphed to the Reset input. Information at & D input s transferred 1o the O SUFFIX

corresoonding Q output on the next posttive-going edge of the Clock input SOIC
) PR CASE 7518-03

..

i e Quitput Drnive Capability: 10 LSTTL Loads
i e OQutputs Directly Interface to CMOS, NMOS, and TTL
e Operating Voltage Range: 2to 6 V
E o Low Input Current; 1 A ORDERING INFORMATION
e High Noise Immunity Charactensuc of CMOS Devices
o In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCXXXN  Plastic
e Chip Complexity: 166 FETs or 41.5 Equivalent Gates xg’::g;’;ié ‘S:glac""':

Ta = -55°t0 125°C for all packages.
. Dimensions in Chapter 6.

PIN ASSIGNMENT

Resgl ge 80 Vee
00 g/ Bl 03
g3 up a3
LOGIC DIAGRAM . oog4 130 03
D1 q 5 2§ D2
9 2
. Clock —— Q0 [e18: npaz
3 0 .
7o orgy g 02
4 — 1
Do 5 ar| Moy GND {8 9f1 Clock
5 .
D1 02 Noninverting
Data 52 Outputs
; inputs D2_1_2____ 15 03
p3-3 14 .03 FUNCTION TYABLE
Resel-’———?
Inputs Outputs
Pin 16= Ve ResetClock D | Q@ @
Pin 8= GND
Lt . x x|t H
H _/ H H L
H /L L H
H L X no change

N

VT .
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MC54/74HC175

MAXIMUM RATINGS*

Symbol Parameter Value Unit, This device contains protec
Vee | DC Supply Voltage (Referenced to GND) -051t0 +7.0 \Y creuitry 1o guard against dam
due to high static voltages or elec
Vin DC Input Voltage {Referenced to GNDI} -15toVee+ 1.5 v fields. However, precautions n
Vout__ | DC Output Voltage {Referenced 1o GND} -0510Vvee+ 0.5 v be taken to avoid applications of
lin DC Input Lurrent, per Pin 420 mA voltage higher than maximum rz
" voltages to this high-impeda
fout OC Output Current. per Pin 25 mA | circuit. For proper operation, Vi .
Icc DC Supply Current, Ve and GND Pins +50 mA, ! Vout should be constrained 1o
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP1 750 mw range GND = {Viq of Vo,0) < V¢
SOIC Packaget 500 Unused inputs must always be 1
T 10 an appropriate logic voltage It
T - [}
stq | Storage Temperature 6510 +150 C (e.g.. either GND or V). Unur
T Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be¥eft open.
{Plastic DIP or SOIC Package) 260
{Ceramic DIP) 300
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C
Ceramic DIP: ~ 10 mW/°C from 100° 1o 125°C
SOIC Package: -7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Meax Unit
Vce | DC Supply Voltage (Referenced 10 GND} 2.0 6.0 \
Vin.Vout | DC Input Voltage, Output Voltage (Referenced 1o GND) 0 vee \
TA Operating Temp . All Package Types -55 + 125 °C
t, tf  {Input Rise and Fall iime Vee=20V 0 1000 ns
{Figure 1) Vee=45V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS fvoitages Referenced to GND)
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Uni
v BCw | e | <izsec
-55°C
ViH Minimum_ High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 1.5 1.5 v
Voltage ilouti 520 4A 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
viL Maximum Low-Level input Vout=0.1VorVee-01V 20 0.3 03 0.3 v
Voltage llgutl =20 4A 4.5 0.9 0.9 09
6.0 1.2 1.2 1.2
Vou | Minimum High-Level Output Vin=ViH or V| 2.0 1.9 1.9 1.9 A
Voltage Hout! 520 pA 45 4.4 44 4.4
6.0 5.9 5.9 5.9
Vin=Viy or Vi oyl S4.0mA| 45 3.98 3.84 3.70
Houtl=5.2 mA| 6.0 5.48 534 5.20
VoL |Maximum Low-Level Output Vin=Viy or Vi 2.0 0.1 0.3 0.1 v
Voltage {lout] <20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Viy or Vj_ llouti 4.0 mA} 4.5 0.26 0.33 0.40
Houtls5.2mA| 6.0 0.26 0.33 0.40
fin__| Maximum Input Leakage Current | Vin = Vog or GND 60 | 201 10 | $10 | A |
lcc | Maxi Qui Supply Vin=V¢c or GND 6.0 8 80 160 A
Cutrent (per Package} lout =0 A
NOTE: Inf| ion on typical p ic values can be found in Chapter 4. .
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MCb54/74HC175

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input 3, =1y =6 nsl

e 5w

-

Guaranteed Limit
Symbol Parameter vee 25°C to Unit
v <85°C | =125°C
-65°C
fmax | Maximum Clock Frequency {50% Duty Cycle} 2.0 60 | 438 4.0 MHz
{Figures 1 and 4) 45 30 24 20
6.0 35 28 24
tPLH. | Maximum Propagation Defay, Clock 1o Q or § 2.0 150 190 225 ns
tPHL (Figures 1 and 4) 45 30 38 .45
6.0 26 33 38
tpHL | Maximum Propagation Delay, Reset t0 Q or G 2.0 125 1565 190 as
(Figures 2 and 4) 4.5 25 N 38
6.0 21 Y 26 32
fLH. |Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL {Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 oF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. information on typical parametric values can be found in Chapter 4.
CpD Power Dissipation Capacitance {Per Flip-Flop} Typical @ 25°C, Ve =50V
Used to determine the no-load dynamic power consumption:
Pp = Cpp Ve +lce Vee 3 oF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS (input ;=14 =6 ns)
v Guaranteed Limit
Symbol Parameter cc 25°C to Unit
v emec | <85°C | =125°C
tsu Minimum Setup Time, Data to Clock 2.0 100 125 150 ns
{Figure 3) 4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Clock to Data 2.0 3 3 3 ns
(Figure 3) 4.5 3 3 3
6.0 3 3 3
trec Minimum Recovery Time, Reset Inactive to Clock 2.0 100 125 150 ns
{Figure 2) 4.5 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
t.. tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 45 500 S00 S00
6.0 400 400 400

NOTE: information on typical parametric values can be found in Chapter 4.
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MC54/74HC175

SWITCHING WAVEFORMS
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EXPANDED LOGIC DIAGRAM
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MOTOROLA

B SEMICONDUCTOR
TECHNICAL DATA

8-Bit Serial or Parallel-Input/

Serial-Output Shift Register
High-Performance Silicon-Gate CMOS

The MC54/74HC165 1s identical in pinout to. the LS165. The device touts are
compatible with standard CMOS outputs; with pullup resistors, they are compatible
with LSTTL outputs.

This device is an 8-bit shift register with complementary outputs from the last
stage. Data may be loaded into the register either in parallel or in serial {orfn. When
the Serial Shift/Parallel Load input is low, the data is loaded asynchronously in par-
allel. When the Serial Shift/Parallel Load input is high, the data is lcaded serially on
the rising edge of either Clock or Clock Inhibit {see the Function Table).

The 2-input NOR clock may be used either by combining iwo independent clock
sources or by designating one of the clock inputs 10 act as a clock nhibi.

Output Dnive Capabiity: 10 LSTTL Loads

Outputs Directly interface 1o CMOS, NMOS, and TTL

Operating Voltage Range: 2106 V

Low Input Current: 1 A

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 286 FETs or 71.5 Equivalent Gates

LOGIC DIAGRAM

J SuUI
CERA
CASE €

ORDERING INFORMATIO!

MC74HCX
MCSAHCX

XXN lastic
XXJ Ceramic

TA = —55°to 125°C for all packz
Dimensions in Chapter 6.

’ A 1
B—12 PIN ASSIGNMENT
13 9
¢ -On | senal Serial Shift/
S A\
Parallel | p—= ; Data pomshdie  6hvee
Do ¢4 .3 b————Qy | Outputs Clock (] 2 150 Clock Ir
Inp_uls F'_4‘ eds whp
1
G—3.] Fl4 3pc
A T . Gls 12f18
Serial \ 10 " nha
Data {SA - Pin 16=Vce _ Qe g
input Pin 8=GND oug7 10 SA
Serial Shify/ Paraliel Load Load-‘————-' -GNDH 8 shoy
Clock =2
Clock tnhibit 15 FUNCTION TABLE
Inputs Internal
Serial Shift/ Clock Stages | Output
Pacaliol Load [ Clock | Inhibit | SA AH |0a Q| Qn Operation
—L X X X a...h a b h Asynchronous Parallel i
H® e L t 3 Lt Qan| QGn . e .
H N a L H X H Qan Ogn Serial Shift via Cloc!
H L a L X L Qan| QGn . s i Int j_
H L e H X H Oan Ogn Serial Shift via Clock inf
H X H 3 X .
Clock
H H X X X no change {nhibited
) H L L X X no change No Clock
X=don’t care

QAn-QGn= Data shifted from the preceding stage
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MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
™ Vce | DC Supply Voltage (Referenced 1o GND) ~-0.5t0 «7.0 v crcuitry to guard against damage
o due 1o high static voltages or electric

Vin DC tnput Voltage (Referenced 1o GND} -151t0 Vee+1.5 v fields. However. precautions must
Vout i OC Outrut Voltage {Referenced to GND} -051tw0 Vee~-0.5 v be 1aken to avoid applications of any
lin DC tnput Current, per Pin +20 mA voliage higher than maximum rated
" voltages to this high-impedance
lou DC OQutput Current, per Pin 225 mA circuit. For proper operation, Vi and
Icc | DC Supply Current, Vg and GND Pins +50 mA Vout should be constrained 10 the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mwW range GND = (Vi or Voui) SVCC-
T P T o5 10 oC Unused inputs mus! always be tied
stg - torage Temperature “65t0 + 10 an appropriate logic voltage level
T ‘Lead Temperature, 1 mm from Case for 10 Seconds °C. te.g.. either GND or V¢c). Unused
(Plastic DIP) 260 { outputs mus? be left open. ¥
{Ceramic DIP) 300 h

#Maximum Ratings are those values beyond which damage 10 the device may occur.
Functiona! operation should be restricted 1o the Recommended Operating Conditions.
1Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C

Ceramic DIP: ~10 mW/°C from 100° to 125°C

For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Referenced 1o GND) 2.0 6.0 v
Vin.Vout | DC Input Voltage. Output Voltage (Referenced to GND} 0 vee v
Ta Operating Temperature, All Package Types -55 +125 °C
t. t |input Rise and Fall Time Vee=20V 0 1000 ns
(Figure 1) Vee=45V 0 500
Veg=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Vofages Referenced 10 GNDI
v Guaranteed Limit
Symbol Parameter Test Conditions cc ° Unit
Y VOB | gsec | susec
- -55°C |
ViH | Minimum High-Leve! Input Vour=0.1Vorvgg-0.1V 2.0 15 1 15 1.5 v
Voltage Hoyt! $20 pA 4.5 315 315 3.15
6.0 4.2 4.2 4.2
viL Maximum Low-Level Input Voyt=0.1VorVec-01V 2.0 0.3 0.3 0.3 v
Voltage Nout! 520 pA 4.5 0.9 0.9 0.3
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=VIH or Vi 20 1.9 1.9 1.9 v
Voltage Hout! £20 pA a5 a4 4.4 4.4
60 59 5.9 5.9
! Vin=ViH or V| gyl 4.0 mA] 45 3.98 3.84 3.70
ligut! 5.2 mA| 6.0 5.43 5.34 5.20
Vot |Maximum Low-Level Output Via=Viy or Vi 2.0 0.1 0.1 0.1 v
Voltage Nout! 220 gA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or Vi lloytl 4.0 mA | 45 0.26 0.33 0.40
oyt 55.2mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =Vce or GND 6.0 +0.1 +1.0 1.0 #A
lcc Maximum Quiestent Supply Vin=Vce or GND 6.0 8 80 160 A
Current {per Package} loyt =0 pA

NOTE: Information on typical parametric values can be found in Chapter 4. |
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MC54/74HC165

AC ELECTRICAL CHARACTERISTICS (C =50 pf, Input 1, =14 =6 ns}

i
1
Vce .
Symbol Parameter ° Unit
Y v | 2°Ct0 | egec | sasec
i ~55°C
fmax | Maximum Clock Frequeazv 150% Duty Cycle! 20 | 60 4.8 4.0 MH.
(Figures 1 and 8) a5 ;30 24 20
6.0 l 35 28 24
tpLH. |Maximum Propagation Delay, Clock {or Clock tnhibit} to Qi or Oy 2.0 , 150 190 225 ns
tPHL {Figures 1 and 8) 4.5 30 38 45
. 6.0 26 3 38
tpLH. |Maximum Propagatior Celay. Serial Shift/Paraliel Load to Qy or OH 20 ; 175 T 220 265 ns
tPHL {Figures 2 and 8) - a5 1 35 44 53
6.0 30 ki v 45
tpLH. |Maximum Propagation Delay, Input H 10 Oy of [eM] 20. 150 190 225 ns
1PHL {Figures 3 and 8! 45 30 38 45
6.0 26 33 38
tTLH. | Maximum Qutput Trans:<ion Time, Any Qutput 20 79 a5 110 ns
ITHL {Figures 1 and 8) 4.5 15 15 22
6.0 13 16 19
Cin Maximum Input Capac:iznce - T 10 10 10 pF
NOTES:
1. For propagation delays with Icazs other than 50 pF, see Chapter 4. .
2. Information on typical parame:~-z values can be found in Chapter 4.
Cpp | Power Dissipation Capac-tance (Per Package) ] Typical @ 25°C. Vg =50V
Used to determine the ma-load dynamic power consumption: i
85 pfF

Pp=Cpp VecH+lcc \ cC
For load considerations, see Chapter 4.




MC54/74HC165

TIMING REQUIREMENTS (input t;=1;=6 ns}

Guaranteed Limit
Symbol Parameter VSC 25°C to . . Unit
_ss°C s85°C | <126°C
sy Minimum Setup Time, Parallel Data lnputs to Serial Shift/Paralie! Load 2.0 100 125 150 ns
(Figure 4) 45 20 25 30
6.0 17 21 26
sy Minimum Setup Time, Input S4 10 Clock {or Clock Inhibit} 2.0 100 125 150 ns
(Figure S) 45 20 25 30
6.0 17 21 26
tsu Minimum Setup Time, Serial Shift/Parallel Load to Clock {or Ciock Inhibit} | 2.0 100 125 180 ns
(Figure 6) 45 20 25 30
“~ ] 6.0 17 21 26
tsy Minimum Setup Time, Clock (o Clock {nhibit 2.0 100 125 150 ns
{Figure 7) 4.5 20 25 30
L 6.0 17 21 26
th Minimum Hold Time, Serial Shift/Paraliel Load to Parallel Data Inputs 2.0 5 S 5 ns
(Figure 4} 4.5 5 S 5
6.0 S 5 5
th Minimum Hold Time, Clock {or Clock Inhibit) to Input Sp 2.0 5 5 5 ns
(Figure 5) 4.5 5 5 S
6.0 5 5 5
th Minimum Hold Time, Clock {or Clock Inhibit} to Serial Shift/Parallel Load | 2.0 ) S 5 ns
{Figure 6} 4.5 5 S 5
6.0 5 5 5
trec | Minimum Recovery Time, Clock to Clock Inhibit 20 100 126 150 ns
(Figure 7) 45 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock {or Clock Inhibit} 2.0 80 100 120 ns
(Figure 1} 45 16 20 24
6.0 14 17 20
tw | Minimum Pulse Width, Serial Shift/Parallel Load 2.0 80 100 120 ns
(Figure 2) 45 16 20 24
6.0 14 17 20
t, tf | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 45 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 4.

PIN DESCRIPTIONS

INPUTS

A,B,C,DEF, G HIPINS 11,12, 13, 14, 3,4, 5, 6) —
Paralle! Data inputs. Data on these inputs are asynchronously
entered in paralle! into the internal flip-flops when the Serial
Shih/Parallel Load input is fow.

(PIN 10) — Serial Data input. When the Senal Shift/
Parallel Load input is high, data on this pin is senany entered
into the first stage of the shift register with the nsmg edge of
the Clock. Ve Yo/

CONTROL INPUTS

SERIAL SHIFT/PARALLEL LOAD (PIN 1) — Data-entry
control input. When a high level is applied to this pin, data at
the Serial Data input {Sa) are shifted into the register with
the rising edge of the Clock. When a low level is applied to

this pin, data at the Parallel Data inputs are asynchronoush
loaded into each of the eight internal stages.

CLOCK, CLOCK INHIBIT (PINS -2, 18), — Clock inputs
These two clock inputs function ndenntally Enher may be usec
as an active-high clock inhibit. However, to avoid double
clocking, the inhibit input should go high only while the clock
input 1s high.

The shift register is completely static, allowing Clock rates
down to DC in a continuous or intermittent mode.

QUTPUTS

Qy, Qy (PINS 9, 7} — Complementary Shift Register
outputs. These pins are the noninverted and inverted outputs
of the eighth stage of the shift register.
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SWITCHING WAVEFORMS

Clock vee

or Clock Inhibit
-—— GND

Qn or Oy

1TLH THL
Figure 1. Serial-Shift Mode

Figure 3. Parallel-Load Mode

Valid:
vee
Input Sa 50%
| GND
sy th
Clock Vee
or Clock inhibit S0°%
— GND
Figure 5. Serial-Shift Mode
Clock 2 Inhibited
— Vce
Clock Inhibit 50%
GND
lsu Lrec
— Vce
Clock 50%
GND
Figure 7. Serial-Shift,

Clock-fnhibit Mode

Senal Shift/
Paraltel Load

O ot TH

Figure 2. Parallel-Load Mode

Y

tnputs A-H 50%

—’1 Vee
fe—

Vee
Serial Shdt/
Parallel Load — GNC

Asvrchronous

Paratie!
Figure 4. Loac
Parallel-Load Mode v sensiine!
Serial Shift/ — Ve
Paralle! Load 50%
GNL
vV,
Ciock cc
or Clock Inhibit
— GND

Figure 6. Serial-Shift Mode

Test Point

Output
Dewvice
Under
Test I G

* Includes all probe and jig capacuance.

a0¥
E‘ﬂ_i

=

Figure 8. Test Circuit



MC54/74HC165

EXPANDED LOGIC DIAGRAM

A 8 [ F G -
n 12 13 4 5 6
. % % % % % % S on
by )

Serial Shift/ 1
Paraliel Load_%
. 7 Cn

Serial Data g
Input . SA D oa—10 Qg D Qc; D Of—0 Qg D Qn
cC CC CC cC cC ~fcc
1 1
q

Clock 2
Clock 15)

inhidnt

TIMING DIAGRAM

Clock Inhibit |
[}
'

sa’l H
gl Shif
éamllel [oaéT
;
H
(A___[iH]
L]
81 L
el C lm
Paralle! D] L
Data
mnputs | E TH |
1
£1 4L
1
G ].IHI
1 ~
]
L1 5
1
Qy | IS IEEES GRS
Sy tL LfELLIFLLINLL

Clock
nhibi(->‘<————5erial-5hiﬂ Mode ———>
Mode

Parallel Load ‘(——



MOTOROLA

1 SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC160

Presettable Counters MC54/74HC161

High-Performance Silicon-Gate CMOS MC54/74HC162
The MC54/74HC160 through HC163 are identical in pinout to the LS160 through
LS163, respectively. The device inputs are compatible with standard CMOS outputs;

with pullup resistors, they are compatible with LSTTL outputs.

The HC160 and HC162 are programmable BCD counters with asynchronous and J SUFFIX
synchronous Reset inputs, respectively. The HC161 and HC163 are programmable CERAMIC
4-bit binary counters with asynchronous and synchronous reset, respectively. CASE 620-09
e Output Drive Capability+-10 { STTL Loads .
@ Outputs Directly interface 1o CMOS, NMOS, and TTL
e Operating Voltage Range: 2 10 6 V ’;&%Tg
e Low Input Current: 1 pA ' CASE 648.06
o High Noise Immunity Characteristic of CMOS Devices
e In Compliance with the Requirements Defined by JEDEC Standard No. 7A
8 Chip Complexity: 234 FETs or 58.5 Equivalent Gates D SUFFIX

SOoIC
CASE 751B8-03

LOGIC DIAGRAM ORDERING INFORMATION

MC74HCXXXN Plastic
MCSAHCXXOX Ceramic

MC74HCXXXD SOIC
3 14
Qo0
Po 1 TA = -55°10 125°C for all packages.
Preset P1 4 L~ o1 BCD or Dimensions in Chapter 6.
Data [3 12 Binary
Inputs | P2 —— 02 | Outputs
6 n
P3 ——— Q3
PIN ASSIGNMENT
2 15 Ripole : Reset1e  16h v,
Clock ———4> L —— Carry R.CCI ¢
’ . Out Clock 2 15 el Larry
POQ3 1411 Q0
P1l]4 1Bpo
Reset ———11 P205 12 02
-9
Load : P3f]6 npgas
7 Enable P O 7 10{1 Enabte T
Enable P e
Count o Pin 16= Ve GND 8 8{l Load
Enebles | enable T ———— | Pin 8=GND
. FUNCTION TABLE
[ Count - - inputs Output
Device | Mode Feset Mode Clock | Reset* | Load |[Enable P]Enable T Q
HC160 BCD {. Asynchronous. e L X X X Reset
_HC161 | Binary, | Asynchronous = e H L X X Load Preset Data
HCi62 { . BCD Synchronous v H H H. - H. Count
HC163 | Binary Synchronous - i a H H i L. X No Count
- N - e H " H X L " No Courit™”
*HC162 and HC163 only. HC160 and HC161 are Asynchronous- Reset
Devices
H=high level
L= low levet

X=dont care
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MC54/74HC160¢MC54/74HC161¢MC54/74HC162eMC54/74HC163

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protectic
Vce | OC Supply Voltage (Referenced to GND) -051t0 +7.0 v circuitry to guard against damag
due tc high siatic voltages or electri
Via DC tnput Voltage (Referenced to GND) -1.510 Vee+ 15 v fields. However, precautions mu:
Vout | OC Qutput Voltage (Referenced 10 GND) -0.510 Vcc+0.5 \4 be taken to avoid applications of an’
lin DC input Current, per Pin +20 mA voltage higher than maximum rate
- " voltages to this high-impedanc
lout DC Output Current, per Pin £25 mA circuit. For proper operation, Vi &n-
Icc | OC Supply Current, Ve and GNO Pins 150 mA . Vout should be constrained to th
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW range GND = (V or Voytl=Vee-
SOIC Packaget 500 Unused inputs must always be tie.
o an appropriate logic voltage levt
{ - 1 °
Tsig | Storage Temperature 6510 +1%0 < (e.q., either GND or V). Unuse.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be lek open.
{Plastic DIP or SOIC Package) 260 -
(Ceramic DIP) 300
#*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vee | DC Supply Voltage (Referenced to GND) 2.0 6.0 A4
Vin.Vout ] DC Input Voltage, Output Voltage {Referenced to GND) 0 vee v
Ta Operating Temperature, All Package Types -55 + 125 °C
t;, tf | Input Rise and Fall Time vee=2.0V 0 1000 ns
(Figure 1) Veg=4.5V 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
' X v Gueranteed Limit
! tot cc g "
Symbol Parameter Test Conditions . Unit
Y v | BCt | cesec | s125°C
~55°C
ViH Minimum High-Level Input Vour=0.1Vorvec-0.1V 2.0 1.5 1.5 1.5 v
Voltage llout] 20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level input Vour=0.1VorVec-0.1V 2.0 03 0.3 0.3 v
Voltage lout| €20 pA 45 0.9 0.9 0.9
6.0 12 1.2 12
Voi | Minimum High-Level Output Vin=Vig or Vi 2.0 1.9 1.9 1.9 v
Voltage llout! <20 A 45 4.4 4.4 4.4
6.0 59 5.9 5.9
Vin=V)y or Vi lloutls4.0mA| 45 398 | 384 3.70
llout] 5.2 mA| 6.0 5.48 5.34 §.20
VoL | Maximum Low-Level Output Vin=Vjq or Vi 2.0 0.1 0.1 0.1 v
Voltage : {lout] =20 pA 45 0.1 0.1 0.1
. 6.0 0.1 -, 0.1 0.1
' Vin=Viy or Vi llout] 4.0 mA| 45 0.26 0.3 0.40
o llgyt] 5.2 mA{ 6.0 0.26 0.33 0.40
lin -~ | Maximum input Leakage Current | Vi, = Vce or GND 6.0 40.1 +1.0 +1.0 A
rlgc | Maximum Quiescent Supply Vin=Vcc or GND ] 60 8 80 160 pA
i+ 7 ]| Cument (pet,Package) lout=0pA  *--

NOTE: Information on typical parametric values can be fou

-

nd i Chapter 4.
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' MC54/74HC 160 MC54/74HC161eMC54/74HC162¢MC54/74HC163
¥ AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t;,=1;=6 ns}
f Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
d v A s85°C | s125°C
-55°C
fmax | Maximum Clock Frequency (50% Duty Cycle)® "20 6.0 4.8 40 MHz
! (Figures 1 end 7} 4.5 30 24 20
6.0 35 | 28 24
! tpLH | Maximum Propagation Delay, Clock to Q 2.0 170 215 255 ns
{Figures 1 and 7) 4.5 34 « 43 1
1 6.0 29 37 43
tPHL 20 205 255 “310
4.5 41 s1 62
6.0 " 35 43 53 N
J tpHL | Maximum Propagation Delay, Reset to Q (HC160 and HC161 Only) 2.0 210 265 315 ns
(Figures 2 and 7) 45 42 63 63
6.0 36 45 54
tpLH | Maximum Propagation Delay, Enable T to Ripple Carry Out 2.0 160 200 240 ns
' {Figures 3 and 7) 4.5 2 40 43
§ 6.0 27 34 41
' tPHL 20 195 245 25 ]
4.5 39 49 59
6.0 k<] 42 50
N tpLH | Maximum Propagation Delay, Clock to Ripple Carry Out 2.0 175 220 265 ‘ns
¥ {Figures 1 and 7) 45 35 4“4 83
6.0 30 37 45
; PHL 2.0 215 270 325
45 43 64 65
4 6.0 37 45 55
tpHL | Meximum Propagation Delay, Reset to Ripple Carry Out (HL160and HC161| 2.0 220 275 330 ns
i : Only) 45 4 §5 66
i {Figures 2 and 7) 6.0 3 @ %
tTLH. | Maximum Output Transition Time, Any Output 2.0 7. 95 110 ns
THL (Figures 1 and 7) 45 15 19 2
. 6.0 13 16 19
' Cin [ Maximum Input Capach ' - 10 10 10 of
‘ ; * Applies to noncascaded/nonsynchronously clocked configurations onty. With synchronously cascaded counters, (1) Clock to R.ipple Carry Out

propagation delays, (2} Enable T or Enable P to Clock setup times, and (3} Clock to Enable T or Enabld P hold times determine frax. However,
H Ripple Carry Qut of each stage is tied to the Clock of the next stage (nonsynchronously clocked), the fmay in the table above is applicable.
See Applications Information in this data sheet.

NOTES:
1. For propagatoon delays with {oads other than 50 pF, see Chapter 4.
2 ion on typical p. ic values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vo =5.0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vec2f+Icc Vee 60 pF

For load considerations, see Chapter 4.

L st
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MC54/74HC160°MC54/74HC161¢MC54/74HC162¢MC54/74HC163

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

Guaranteed Limit
Vece ]
Symbol Parameter 25°C to v
v _sgec | SB5°C | =1meC
tsy Minimum Setup Time, Preset Data Inputs to Clock 2.0 150 10 225 i
(Figure 5) 4.5 30 33 45
6.0 26 33 38
tu Minimum Setup Time, Load to Clock 2.0 135 170 205
{Figure 5} 45" 27 34 4
6.0 23 29 35
tgy Minimum Setup Time, Reset to Clock (HC162 and HC163 only) 2.0 160 200 240 1
(Figure 4) 45 32 40 48
- ) 6.0 27 34 L 4
teu Minimum Setup Time, Enable T or Enable P to Clock 2.0 200 250 - 300 '
(Figure 6) 4.5 40 50 60
6.0 34 3 51
th Minimum Hold Time, Clock to Preset Data Inputs 2.0 50 65 75 '
{Figure 5) 45 10 13 15
6.0 9 n 13
th Minimum Hold Time, Clock to Load 2.0 3 3 3 1
(Figure 5) 4.5 3 3 3
6.0 3 3 3
ty | Minimum Hold Time, Clock to Reset {HC162 and HC163 only) 2.0 3 3 3"’ '
(Figure 4) 45 3 3 3
6.0 3 3 3
th Minimum Hold Time, Clock to Enabla T or Enable P 2.0 3 3 3 '
{Figure 6) 4.5 3 3 3
6.0 3 3 3
trec | Minimum Recovery Time, Reset Inactive to Clock (HC160 and HC161 only)| 2.0 125 1685 190 r
(Figure 2) 4.5 25 3 38
6.0 21 26 2
trec Minimum Recovery Time, Load inactive to Clock 2.0 125 155 190 r
{Figure 5) 4.5 25 31 38
6.0 21 2% 2
tw Minimum Pulse Width, Clock 20 80 100 120 r
(Figure 1) 45 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset (HC160 and HC161 only) 2.0 80 100 120 r
(Figure 2) 45 16 20 24
6.0 14 17 20
tr, tf | Maximum Input Rise and Fall Times 20 1000 1000 1000 3
{Figure 1) 45 500 500 500
6.0 400 400 400

NQTE: Information on typical parametric values can be found in Chapter 4.
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MC54/74HC160*MC54/74HC161¢MC54/74HC162¢MC54/74HC163

FUNCTION DESCRIPTION

The HC160/161/162/163 are programmable 4-bit syn-
chronous counters that feature parailel Load, synchronous
or asynchronous Reset, a Carry Output for cascading, and
count-enable controis.

The HC160 and HC162 are BCD counters with asyn-
chronous Reset, and synchronous Reset, respectively. The
HC161 and HC163 are binary counters with asynchronous
Reset and synchronous Reset, respectively.

INPUTS

Clock (Pin 2} — The internal flip-flops toggle and the out-
put count advances with the rising edge of the Clock input.
In addition, control functions, such as resetting (HC162 and
HC163) and loading occur with the rising edge of the Clock
input. .

Preset Data Inputs PO, P1, P2, P3(Pins 3, 4, 5, 6} — These
are the data inputs for programmable counting. Data on
these pins may be synchronously loaded into the interna!
flip-flops and appear at the counter outputs. PO (pin 3] is the
least-significant bit and P3 (pin 6) is the most-significant bit.

OUTPUTS |

Qo, Q1, Q2, Q3 {Pins 14, 13, 12, 11} — These are the
counter outputs {BCD or binary). Q0 (pin 14) is the least-
significant bit and Q3 (pin 11) is the most-significant bit.

Ripple Carry Out (Pin 15} — When the counter is in its
maximum state {1001 for the BCD counters or 1111 for the
binary counters), this output goes high, providing an exter-
nal look-ahead carry pulse that may be used 10 enable suc-
cessive cascaded counters. Ripple Carry Out remains high
only during the maximum count state. The logic equations
for this output are:

Ripple Carry Out= Enable TeQ0=01+07Q3

for BCD counters HC160 and HC162
Ripple Carry Out= Enable TeQ0*Q1Q2¢Q3

for binary counters HC161 and HC163

CONTROL FUNCTIONS

Resetting — A low level on the Reset pin {pin 1} resets th
internal flip-flops and sets the outputs (Q0 through Q3) 10
low level. The HC160 and HC161 reset asynchronously, an:
the HC162 and HC163 reset with the rising edge of the Cloc
input (synchronous reset).

Loading — With the rising edge of the Clock, a low lew
on Load {pin 9) loads the data from the Preset Data input pin
(PO, P1, P2, P3} into the internal flip-flops and onto the outpu
pins, QO through Q3. The count function is disabled as lon:
as Load is low. i

Although the HC160 and HC162 are BCD counters, the
may be.programmed 1o any state. If they are loaded with .
state disallowed in BCD code, they will return*o their normz
count sequence within two clock pulses {see the Output Stat-
Diagram).

Count Enable/Disable — These devices have two coun:
enable control pins: Enable P {pin 7) and Enable T {pin 10;
The devices count when these two pins and the Load pin ar.
high. The logic equation is:

Count Enable = Enable PeEnable TeLoad

The count is either enabled or disabled by the contro! in-
puts according to Table 1. In general, Enable P is a count-
enable control; Enable T is both 8 count-enable and a Ripple-
Carry Output control.

TABLE 1. COUNT ENABLE/DISABLE

Control Inputs Result at Outputs
Load |Enable P |Enable T| Q0-Q3 Ripple Canry Out
H H H Count High when Q0-Q3
L H H No Count are maximum®*
X L H  |No Cour| MiGhwhen00-03
are maximum®
X X L No Count L

*Q0 through Q3 are maximum for the HC160 and HC162 when
Q3 Q2 o1 Q0= 1001,

QO through Q3 are maximum for the HC161 and HC163 when
Q3 Q2 a1 Q=111

OUTPUT STATE DIAGRAMS

HC160 and HC162
BCD Counters

HC161 and HC163
Binary Counters

0 1 > 2 3 > 4 1 2 3 4
|
15 5 15 5
{ | !
14 6 14 6
l !
13 7 13 7
i ) |
12 1M1 e 10 9 8 12 je—{ 11 e 10 j«—f 9 8
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MC54/74HC160¢MC54/74HC161¢MC54/74HC162eMC54/74HC163

HC160, HC162 TIMING DIAGRAM

Sequence iflustrated in waveforms:

1. Reset outputs 10 zero.

2. Preset 10 8CD seven,

3. Count 1o eight, nine, zero, one, wo, and three

4. Inhibit.
Reset (HC160) 1I_] {Asynchronous)
Reset (HC162) 1 (Synchronous

Load IU *

|

. |

(v T
|

Preset | P1_ | ]

Data

tnputs | p2 __’_:—l
i
P3 !
|
oom T LU LALLM L UL
] | |

Enable P [ : : 1. T
Count
Enables | i l |
Enable T t { 1 [ |
. | ! | |
C N S I N I S B :
| i 1 ’
oL [ I
Outputs | | |
1

Ripple |
Carry | l I
Out 7 8 9 0 1 2 3

Y

<

Intutnt
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HC161, HC163 TIMING DIAGRAM

Sequence iltustrated in waveforms.
1. Reset outputs 10 2ero.

2. Preset 10 binary wwelve.
3. Count 1o thirteen, fourteen, fifteen, zero, one, and two.

MC54/74HC1600MC54/74HC 161+ C54/74HC162¢MC54/74HC163

Data

4. Inhibit.
Reset (HC161) l I(Asynchronous)
|
Reset (HC163) Lt ] (Synchronous)
I
Load | | I
|
P0 |
|
Preset P1 ]
|
|

Inputs | p2 l l
* P3 I I

i 1

Clock (HC161) |||||||||||I||ll|||]|ll|l
{ 1

Clock (HC163) |||||||||l||||t|l|||!|||||

Count

{
Enables Enable T I

|

|

Outputs ] ]
@___ 1 I 1

i l i
03______[__] i 1

Ripple | | |
Carry l l | I I

Out | 2 13 1s s 0 12

inhiont

| I
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TYPICAL APPLICATIONS
CASCADING

N-Bit Synchronous Counters

Load -
Fouls inputs Inputs
—— e ——— D tm—
b 1] b L] S]]
tosc PO P P2 P3 toad PO P1 P2 P3 N tosd PO P1 P2 P3
H=Count \
L= Disable Enable P E‘n?DIe [ 4 Enable P ) :

H = Count Rippie Ripple Ripple’ .,f:_
= i - " IOl
L=Disable | Enable T Cglvjrxv Enabte' T Cglrlrlv Enabte T Cg:lv —— Signiticant

Stages
—1> Clock —1> Clock ~—{> Clock
R Q0 01 Q2 Q3 R Q0 010203 R Q0 Q01 0203
Reset T j j — .
r—p—— | — rny——
Ouiputs Ouiputs ~  Quiputs
Clock

NQTE: When used in these cascaded configurations the clock {3, guaranteed hmits may not apply. Actual performance will depend on number
of stages. This brnitation s due 10 set up times between Enable {Por} and Clock.

Nibble Ripple Counter

Load
Enable P
Enable T

Clock

Inputs

PR

inputs

S r———

inputs
e —

Load PO P1 P2 P3

Load PO P1 P2 P3

Reset Q0 Q1 Q2 Q3

]

L—1 Enable P L4 Enable P
Ripple Ripple
Enable T Carry Enable T Catry
Out | Qut
[> Clock > Clock

Reset Q0 Q1 02 03

I

L]

(o]
Load PO P1 P2 P3
\—{ Enable P
) To
. f?:npple More
Enable S"‘V ™ Signtticant
ul Stages

F Clock

Reset Q0 Q1 Q2 Q3

I

Reset

e gp———
Qutputs

N————
QOutputs

[ ——
Qutputs
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TYPICAL APPLICATIONS
VARYING TRE MODULUS

=Cics
=C163
HOIES i3
Other -~ d> Citer -
; ) N
C-:> ac Quiinal Butle nputs 0 Zaiunal Sutiet

Inpuis
150 NOise Repechion - B “20 Noise Rewchor
i o)} N

Q3 D— Qurput Qz
' o3 l
Reset J

Modulo-5 Counter Modulo-11 Counter

The HC162 ang HC163 facimate dessigning counters of any madulus with minimal externa "0gic The cutput 1s ghich-

10 the synchronous Reset
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MOTOROLA
a SEMICONDUCTOR
TECHNICAL DATA

BALANCED MODULATOR! DEMODULATOR

. designed tor use where the output voltage 1s a product of an
nput voltage (signat) atat o switching function (carrer)  Typical
applications include suppressed catrrer and amphitude modutation,
synchronuus detection, Bt detection, phuse detection, and choppes
apphicetions  Sce Moturuta Applicstion Nute AN 531 1or sddbitiongt
desgn intormstion
® .Excellent Carrer Suppression - 65d8 1yp @ 0 5 MH,z

50 d8 1yp @ 10 MH/
e Adjustabte Guin and Signal Handling
® Bulanced Inputs and Outjusts
* High Comimon Mode Rejectiun 85 dB 1yp

MC1496
MC1596

BALANCED
MODULATOR/DEMODULATOR

FIGURE 1
SUPPRESSED CARRIER
OUTPUT WAVEFDRM

FIGURE 2 -
SUPPRESSED CARRIER
SPECTRUM

FIGURE 3

OUTPUT WAVEFORM

1, Y00aMy
1y 1080,

G SUFFIX vee

METAL PACKAGE v Signet (5 Output
CASE 6503 Input D’ka'('l‘ Cattear
5 () tnput

% Gen Adjust ’\ 3 + Castet
‘ 2 Gan Agun \Y N nput
4%%: Signal Input + Output
4 8
04

{(Top View}

L SUFFIX
CERAMIC PACKAGE
CASE 632

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(§0-14}

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN ASSIGNMENTS

Signat tnput
Gain Adjust (]
Gain Adjust (] kg Output

NC
9 input Carrise

ORDERING INFORMATION

[ Temperatwe Roage Pochage

G 14w60 F U RY)

MC14960 Matat Can
oCw + C

MClavat Coe sitoat OO

MCTe96P Prarts O°

MC1394G Metet Con
B Cw «INC

MACIMN Cont s DI

FIGURE 4 AMPLITUDE-MODULATION SPECTRUM

AMPLITUDE MODULATION

"Dﬂlll; *
L ¥Gens

aanr  S00BMs SBIANS

MOTOROLA LINEAR-INTERFACE DEVICES )



MC1496, MIC1596

MAXIMUM RATINGS® (T + 25 C unless otherwise noted)

Rating Symbol Value .Unit
Apphed Voltage AV 30 vdc
Vg V2.Vg Vi.Vg Vi3 Vg Vg Vy Va. V7 Vi
Vg Va.Vg VgV Vs V3 Vyl
Dilfeeential Input Swnal Vy Vg 50 Vide
I Va Vi < (5 ¢+ igfg)
Masximum I5 10 mA
Thermal Rasistance, Junction to A Raya ‘CW
Ceramic Duat In Line Package 100
Plastic Duat In-Line Package 100
Mecial Package 160
Operating Temperature Range Ta C
MC1496 Oto 4170
MC1596 - S5 t0 4125
Storage Temperature Range Tsig - 65t0 ¢ 150 c
ELECTRICAL CHARACTERISTICS® (Ve ¢ 12 Ve, VEE 80Vde,ls 10 mAdc. Ry 39WLR, 10KLTA 2 25C
all input and output charactensics are single-ended, unless otharwise noted.)
MC1596 MC1496
Characteristic Fig. Note Symbol | Min | Typ | Max | Min | Typ Max | Usk
Carrier Feedthrough S 1 VCFY »Vind
V¢ = 60 mVirms) sine wave and fc = LOKHz — 40 — — 40 - ‘
ofiset adjusted to zero fc = 10 MHz - 140 - - 140 | —
Ve = 300 mVp-p square wave: Vg
offset adjusted to rero fc - 1.0 kHz - 0.04 | 0.2 — ] 004 | 04
offset not adjusted fc = 1.0 kHz -— 20 100 — 20 200 .
Carrier Suppression 5 2 ves X
fg = 10 kHz, 300 mV(rms) W
fc = 500 kHz, 60 mV{rms)} sine wave 50 65 - 40 65 - .
{c = 10 MHz, 60 mV{rms} sine wave - 50 - - 50 — L ]
Transadmittance Bandwidth {Magnitude} (R = 50 ohms) 8 8 BWigg
Carrier fnput Port, VC = 60 mV(rms) sine wave —_— 300 -— e 300 - s
fg = 1.0 kHz, 300 mV(rms) sine wave ‘
Signal Input Port, Vg = 300 mV{rms] sine wave - 80 —_ -— 80 - 3
fvel = 0.5 Vdc
Signal Gain 10 3 avs | 25 135 | — | 28 | 35| — u{
Vg = 100 mV(rms). { = 1.0 kHz; Vel = 0.5 Vde .
Single-Ended Input tmpedance, Signat Pot, { = 5.0 MHz 6 —_ ’
Paralte! Input Resistance fip — |~200 -— _— 200 -~ |. 10 %
Parallel Input Capacitance Cip -— 20 —_ -— 20 - [ 4
Single-Ended Output impedance, 1 r 10 MH? 6 -
Parallel Qutput Resistance Top - 40 — - 40 - n.‘
Paraliet Qutput Capacitance €oo — 5.0 - — 50 | ~ [P
tnput Bias Current 7 -
Iy + 14 2 +lg bs — 12 25 - 12 X
! ) E
bS = T3 T 1be — a2l —-]ul»
input Offset Current 7 —_ tph
lios = 11-14: lioC = 17-18 Mios! —_ 0.7 50 - 07110 by
oc! — 07 5.0 — 07 } 70
Aversge Temperature Cocfficient of Input Offset Current 7 —_ TCiol - 220 — — 20 -

(TA = -55C1o +125°C) R “
Output Offset Current 7 - Mool — 4]0} —fulw Q
(g-tg) i
Average Temperature Coefficient of Output Offset Current 7 - TCiool — 90 — - 20 — | &€,

(TA = -55Clo +125°C}
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 oMy - 5.0 —_ — 5.0 bl
Common-Mode Gain, Signal Port, fg = 1.0 kHz, — ACM - -85 — - -85§ — #

fvgl = 0.5 Vde .\
Common-Mode Ouiescent Output Voltage (Pin 6 or Pin 9) 10 —_ Vout —_ 8.0 —_ —_ 80 | — N
Differentiat Output Voltage Swing Capability 10 — Vout — 8.0 —_ —_ 80 -— H
Power Supply Current 7 6 ! ]

I+ . icc - 20 3.0 —_ 20 | 40 R

o 1’33 -— 3.0 4.0 -— 30 | sof..,

DC Power Dissipation 7 5 Po — 33 —_ — L

« Pin number references pertain to this device when peckaged in a metal can.

To ascertain the corr
devices refer to the first page of this specification sheet,

g pin bers for plastic ot ceramic packeged

. MOTOROLA LINEAR/INTERFACE DEVICES
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MC1436, MC1536

GENERAL OPERATING INFORMATION *

Catrier Feedthrough

Cartier feedthrough s defined as the output voltaye
at carrier frequency with only the carrier applied (signal
v age O}

Carrier null is achieved by balancing the currents in

the differential amphitier Dy means of a bias trimy poten-

wometer (Ry of Figure 5).

Carrier Suppression

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

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier
dues not fully switch the upper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
tesults in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression tig-
ure. The MC1596 has been characterized with a 60
mV(rms} sinewave carrier input signal. This level pro-
wdes optimuim carrier suppression at carrier frequen-
ves in the vicinity of 500 kHz, and is generally recom-
mended for batanced modulator applications.

Canrier {eedibhrough is mdependent of signal level, Vs.
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 spu-
nous sideband generation.

At higher frequencies circuit layout is very important
n order 1o 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 (s:ngle -ended) at low frequenctes is
defined as the voltage gain,

v R 26mv ./
Aye = ~Q - L n L2 MV
Vs Vs Ret2rg where fe I (mA)

A constant dc 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 in
effect forms a cascode differential amplifier.

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

Vg - 5 Rg (Volts peak}

Note that in the test circuit of Figure 10, Vg corresponds
0 a maximum vatue of 1 volt peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied to both bases of the signal differential ampli-
ber, without saturating the current sources or without
saturaling the differential amplifier itself by swinging it
ato the upper switching devices. This swing is variable
depending on the particular circuit and biasing condi-
lions chosen.

Power Dissipation
Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage-curnient products at each port, 1.e. assuming Vg
Ve.ls lg Igand ignoring base current, Pp - 2
5 (Vg Viygl + iy (Vg Vo) 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 hias cufrents are set by the conditions at
pin 5. Assume:
Is = 1g = Ig
ig-: --I¢ for all transistors
then:

b 500 11 where: Rg is the resistor between
pun 5 and ground
=075VatTy = +25C

The MC1596 has been characterized for the condition
I 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
= Vg =Vt - Ig R
Biasing
The MC1586 requires three dc bias voltage levels

which must be set externally. Guidelines for setting up
these three levels include maintaining at least 2 volts
collector-base bias on all transistors while not exceed-
ing the voltages given in the absolute maximum rating
table;

30 vdc - [(Vg, Vg} - (V7. Vgl = 2 Vde

30 Vde - HVy, Vgt (Vq, Vg)l = 2.7 Vdc

30 Vdc = [(Vq, V4) - (Vg)| = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

Vg = Vg, V7 = Vg, Vi = Vg

Bias currents flowing into pins 1, 4, 7, and 8 are tran-
sistor 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 dB

bandwidth of the device forward transadmittance as

defined by: .

ig {each sideband)

vg (signal} 0o=0

r21c =

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

ig (signal)

S iGen

Ve - 05Vde, Vg - 0
vg (signal)

*Pin number references pertain to this device when
packaged in a metal can. To ascertain the correspond-
ing pin numbers for plastic or ceramic packaged
devices refer to the first page of this specification
sheet.

MOTOROLA LINEAR/INTERFACE DEVICES
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MC14396, MC1596

Coupling and Bypass Capacitors Cy and C3

Capacitors Cy and C3 (Fiqure 5) shauld he seircted for are
artance of tecs than 5 0 ohms at the carcier frequency

Output Signal, V4

The output signal s takea from gnns G and 9, aither halancerf
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting fram variations «n both the car-
rrer and modulating signal inputs with a single-ended output
coonection.

Negative Supply, VEE
Vgg shoutd be dc only The ingsertion of an RF choke 1n series
with VEE €an enhance the stabirty of the internal current sources.,

Signal Port Stability

Urnider certain vatuns of dowving source smpedance, oscillanon
may occur  In this gvent, an RC suppeession network should te
connected directly 10 each input using short teads. This will reduce
the O of the source-tuned crrcuits that cause the oscillation,

INP
SIGNAL INPUT o

(PINS 1 & 4) 510 I

10 of

An alternate methad {or low-frequency applications is to vt
a | kOhm resistor in series with the inputs, pios 1 and 4. inte
case inpul current drift may cause serious degradation of corer
suppression,

TEST CIRCUITS®

*Pin number references pertain to this device when packaged in a metal ¢an. To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this spectfication sheet.
-

FIGURE S — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 ~ INPUT-OUTPUT IMPEDANCE

vee
1 " 12 Ve
L - T Re* 1%
T —«\\.—J Cll R, "
5 01uF = { 1k } Ry } }
c, I 1t 19t osv, I !
CARRIER 01 uf 3 ‘-8 l oo Vs
INPUT V( o3} -0—  MC14966 oV L. 1] MC1486G 6 — ot
vs '] mCI596G —— " o1 MCISHG | o o
[] .-V Tin —= [] ¥y
MODULATING et 9 ~———o— 9
SIGNAL . " 0 H]
INPUT 10K 1043 5Y St 10 H .
504 .' Ehk 68t
= tyg's
mt v 1
CARRIER NULL = -8 Vde

-8 Vide
VEE
NOTE: Shielding of input and output leads may be nceded

to properly perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH

.,vf\?, vee
3 1 i Ve
+ R, n
Rex 1k o \
r“"”—g 51 01wk 2{, T* %; :
3 =
g 32t CARRIER oy ¢ ] . 0 g%
INPUT . s
Mewsss [0 1 Vet 3 Mciesec "
worssss |0 L3 vs MCIS966 o,
9 MOQULATING : ’
SIGNAL
0 $5 wpyr  10kg  10kT 51 2SI 1 5
{ho iu. stk 1 At
v *
= CARRIER NULL -
-8 Vde -8 Vde
Vee Vee
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FIGURE 9 -- COMMON MODE GAIN

MC1496, MC1596

TEST CIRCUITS (continued)

y Ve
12 Ve
Re- 1k
i
v 74 ;3”. EET
1
oy
“_{ T MC14956 y £l
= MC1S966
vy 3| P Vu vs
10 5
i 68
Voo
= ACw = 2oy -2
-8 vdc ¥ Acus Qg oo
VEL

FIGURE 10 ~ SIGNAL GAIN AND QUTPUT SWING

vee
*12 vd¢
1 Re: 1t
i | sy, 74 %33-“ 19k
:
V.
8
i L—o-1 wcuse g *Vo
MC15966 v
4 3 (]
" 1 1 s
5 [$pan .
! u.m1 /
-8 vdc i
VEE

TYPICAL CHARACTERISTICS
Typical characterintics werd oLtaned with Circuil shown 1 Figure 5. tc = 500 kH2 {31ns wavel,
Ve = 60 mVinmg), g - 1 kM2 Vg~ 00 mvirms), T o~ +259C uniess otherwise noted,
FIGURE 12 - SIGNALPORY PARALLEL-EQUIVALENT

FIGURE 11 ~ SIDEBAND OUTPUT versus CARRIER LEVELS

INPUT RESISTANCE versus FREQUENCY

%20 JUPUR ST 1oM —
2 £ so0 .
o X
z Q s — - B e
2 - z
pad SIGNAL INPUT = 600 nV . = 100
G2 4 o
3 A g % 3T
s 7 400 mv :
g0z Ve B e 2
2 300 @V z
z / L A S -
3 200 mY = N
x - —
< g4 ’/’ . a 50 =1 ~
2 - 100 mv ] 3
5 I— &
e 9 10

g 0 50 100 150 200 10 50 10 50 100

Ve, CARRIER LEVEL {mV(ems]) 1, FREQUENCY {MH2)
FIGURE 13 — SIGNAL-PORT FARALLEL-EOUIVALENT FIGURE 14 — SINGLE-ENOED OUTPUT
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY
50 5 W0 7

c H z
2 2 20 2s
O40 - ] e =]
x 3 5
2 Z wol—- o 2
< ) V 5 2
b (]

g % 2w ‘o 80s
[ - -
2 o Y 2
s )1 a — en®
E 20 £ 60 op uﬂ»é
w o anse

2 o SE=as s
: 2 \\ E
<10 < : =
s g T K] 203
d o }— - - P LR = Ry a

0 8 0 » [
10 70 50 10 0 50 100 0 10 10 100
1, FREQUENCY {MH/) 1, FREGUENCY (MH2)
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued}

FIGURE 15

Ve

60 VL), tg

Y kM2 Vg

SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

200 inVilrms) 1 o

e

600 k117 (snn wave),

1725°C untass otherwise noted,

FIGURE 16 - CARRIER SUPPRESSION
versus TEMPERATURE
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE R

1c. CARRILR FREQUENCY (MHZ)
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY
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FIGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION
v versus INPUT SIGNAL LEVEL

' o " 1
80 | i
oas- 0 0y 10 50 W0 50 [} 200 400 600 L]
1. CARRIER FREQUENCY {"Hr) Vg, INPUT SIGNAL AMPLITUDE (mVirml}
.
\

'n.

MOTOROLA LINEAR/|NTERFACE DEVICES



MC1496, MC1596

TYPICAL CHARACTERISTICS {continued} c~

FIGURE 21 ~ SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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FIGURE 22 — CARRIER SUPPRESSICN
versus CARRIER INPUT LEVEL

0 NR——
—_ -
o 10 -
=
5
3 - —f— -
E I S oo - -
] e i R -4 Ig = 10 MK
3
-4
FARL — e
% — N
S ~ - 1C = S00kHy
4 . \ y
7 ol N L :
70
0 100 200 300 400 500

V(. CARRIER INPUT LEVEL (mVirms]}

OPERATIONS INFORMATION

The MC1596/MC149G, a monolithie batancgd modulatos cir-
cuit, 1s shown 1n Figure 23.

Thus cucurt consists of an upper guad differential amplitier
driven by a standsrd differentiat amplifier with dual current
sources. The output collectors are cross-coupled 50 that full wave
batanced mulliplication of the nwo input voitages occurs. That is,
the output signal 15 8 constant times the product of the two input
signals. .

Mathematical analysis of linear ac signal multiplication indi-
cates thal the outpul spectrum will consist of only the sum and
difference of the two input frequencies. Thus, the device may be
used as a balanced mwodulator, doubly balanced mixer, product
detector, {requency doubier, and other apphcations requiting
these particular output signal characteristics.

The lower diffcrential amplifies has its emitters connected 10
the package pins so that an external emitter resistance may bLe
used. Also, external toad resistors are employed au the device
output.

Signal Levels

The upper quad dilferential amplifier may be operated either
in @ lineas or a saturated mode. The lower differential amplifier
s operated in 8 linear mode for most applications.

for Tow-level operation at both input ports, the output signal
will contain sum and difference frequency components and have
a0 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 modu-
lating signal frequency and the fundamental and odd harmonics of
the carrier frequency. The output amplitude will be a constant
wmes the modulating signal ampfitude. Any amplitude variations
in the carrier signat will not appear in the output.

FIGURE 23 — CIRCUIT SCHEMATIC®
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FIGURE 24 - TYPICAL MODULATOR CIRCUIT*®
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*Pin number references pertain to this device when packaged ina
metal can. To ascertain the corresponding pin numbers for plas.
trc or cesamic packaged devices refer to the first page of this
specilication sheet,
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OPERATIONS INFORMATION (continued)

The hnear signal handting capabehities of a tiftocental ampiiies
ate well defined, With no emutter degenaration, the maximnn
wnpat vollage for lincar operation g approximatetly 2% mV peak
Smce the upper didferentsal amplifier has its emitters internally
connected, this voltage applies to the carnier input port for att
conditions

Since the lower differential amphfier has provisions for an
external emitier resesiance, its hnear signal handling range may be
adjusted by the user The maximum input voltage for linear op-
eration may bhe appronmated from the following expression

v {15) {Re)votts peak

This expressron may bLe used to compute the minimum value of
Rg for a given input voliage amplitude

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier [nput *x  Approximate Output Signal
Swgnal {vc} Volrage Gan Frequencyls}
Ry V,
Low-level dc —E——c-—K? m
2R + 2rd{—=—
e+ 2 {77)
High-teve! LT 1
gh-level dc Ag + 2re M
R Velrms) - ot
Low-level ac =T S ctim
2255 R + 2r)
0.637R [}
High-tevel ac =22 L cfm. 3c2im.
Rg + 2r¢ Sic i,

The grn froim the modutating signal input port (o the output i
the MC 159G/MC 1496 gain parameter which s imost oftea of interest
10 the designer.  This gain has significance only when the lower
JiHfereatial ampfitier 1 opeeated 1n a fincar maorde, but this includes
most apphcations of the device.

As previously mentioned, the upper quad differential amplilier
may be operated either 1n 3 hinear or a saturated mode. Appron
mate gan expressions have becn developed for the MC1596/
MC1496 for a low-level modulating signal input and the following
carrier nput conditions.

11 Low-level dc

2} High-leve! dc

3 Low-level ac

~4} Righ-levet ac

These gamns are summarized i Table 1. along with the fre-
quency components contained in the outpul signal.

NOTES:

1. Low-levet Modulating Signatl, V4. assumed in all cases
V¢ is Carrier Input Voltage. .

2. When the output signal contains multiple frequencies,
the gain expression given is for the output amplitude of
s3ch of the two desired outputs, fc + Iy and fc ~ Im.

3. All gain expressions are for a single-ended output. For
a ditferential output connection, multiply each expres-
sion by two.

4, Ry = Load resistance.

Rg = Emitter resistance between pins 2 and 3,

= Transistor dynamic emitter resistance, at +25°C:

oo

fe

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

=2 26 mV at room temperature

2|3

APPLICATIONS INFORMATION )

Double sideband suppressed carrier modulation s the hasic
application of the MC1596/MC1496. The suagested circust 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 2 single dc supply voltage instead of dual
sunplies. Figure 26 shows a balariced modulator designed for
operation with a single +12 Vdc supply. Pertormance of this cir-
cuit 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.,

Alt 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 signgal,

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient sdjustment 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 MC1596/MC 1496 makes an excellent SSB product detec-
tor {see Figure 29].

/

-A’his product detector has @ sensitivity of 3.0 microvolts ynd 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 50
kHz the 0.1 uF capacitors on pins 7 and B should be increated o
1.0 UF. Also, the output filter at pin 9 can be tailored 10 2
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 or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by introducing
carrier signatl at the carrier input and an AM signal at the SS8
input. N
The carrier signal may be derived from the intermediate {re-
quency signal or generated locally. The carrier signal may be in-
troduced with or without modufation, provided its level it
sufficiently high to saturate the upper quad differential amplifiet
t{ the carrier signal is modulatedd, a 300 mVirms) input level
recommended. .

. MOTOROLA LINEAR/INTERFACE DEVICES
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Doubiy Balanced Mixer

The MC15386/MC1496 may be used as a doubly
mover with enher L1ocadbiand or tuned narrow bond
oulpul netwurks,

batanced
nput and

The local usciliator nignal is introduced at the carrier Input

pon with a tecomnwended amplitude ol 100 mVirms),

Fagure 30 shows a muxer with a broadband input and a tuned

Oulpnit.

Frequency Doubler

The MC159G/MC1496 will operate as a frequency doubler by

mroducing the sanw trequency at both mput ports,

Figures 31 and 32 shuw a broadband frequency doubler and a
tuned output very tugh fiequency (VHF} doubler, respectively

APPLICATIONS INFORMATION (contunued)

Phase Detection and FM Detection

The MC1596/MC 1496 wiil funcuon as a phase detector. Hugh-
level nput signais are introduced a1 Loth inputs. Whea both npults
are at the same frequency the MC1596/MC 1496 wiil deliver an
outpul which 15 2 funcuion of the phase difference between the
two {nput signats,

An FM detector may be constructed by using the phase delgc-
tor prunciple. A tuned circuit 15 added at one of the nputs 1o
cause the two nput signals 10 vary 1n phase as a lunction of {re-
quency. The MC1596/MC 1496 will than prpwde an output which
1$ @ function of the input signal frequency

¥ TYPICAL APPLICATIONS b

-

Pin aumber relerences pertain 10 this Yevice when packaged in a telat can

Tu ascertatn the corresponding pin

numbers 1or plastic or ceranne packygett devices refer 10 the firsl page of this specthication sheet

FIGURE 26 - BALANCED MODULATOR
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TYPICAL APPLICATIONS {continued)
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