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MASTER INDEX

This index includes Motorola’s entire MC14000 series CMOS products, although complete
data sheets are included for only the Special Functions. Data sheets for devices in other books,

are designated in the page number column as:

Logic — See DL131, CMOS Logic Data

Telecom — See DL136, Telecommunications Data

MCU — See DL132R1, Single-Chip Microcomputer Data
MPU — See DL133, 8-Bit Microprocessor and Peripheral Data

Device
Number Page
MC Description Number

6190 N-Channel, Silicon Gate, Frequency Synthesizer .................. 6-3

6195 N-Channel, Silicon Gate, Frequency Synthesizer .................. 6-4

6196 N-Channel, Silicon Gate, Frequency Synthesizer .................. 6-4

14000UB Dual 3-Input NOR Gate PlusInverter ............................ Logic
14001B Quad 2-InputNOR Gate . .. ... e Logic
14001UB  Quad2-lnput NORGate ... Logic
14002B Dual4-lnputNOR Gate. . ... e Logic
14002UB  Dual4-InputNORGate. ........cov e Logic
140068 18-Bit Static Shift Register.............. ... ... .. i, Logic
14007UB Dual Complementary Pair PlusInverter .......................... Logic
14008B  4-BitFull Adder ........... i e Logic
14011B  Quad 2-Input NAND Gate ...........c.ccoiiiiiiiiinennn, Logic
14011UB Quad 2-Input NAND Gate ......... ...t Logic
14012B Dual 4-Input NAND Gate . ...t Logic
14012UB Dual4-Input NAND Gate .. ..ot e Logic
140138 Dual D Flip-Flop. ..o Logic
14014B  8-Bit Static ShiftRegister......... ... o i Logic
14015B Dual 4-Bit Static Shift Register ............... .. ... ... . . Logic
14016B Quad Analog Switch/Multiplexer . .......... ... ... ... .. .... Logic
140178 Decade Counter/Divider ....... ... it Logic
14018B Presettable Divide-by-N Counter................ ... it Logic
14020B 14-BitBinary Counter .. ...t e Logic
14021B  8-Bit Static ShiftRegister............ ... i Logic
140228 Octal Counter/Divider ........... i i Logic
14023B Triple 3-Input NAND Gate . ... Logic
14023UB Triple3-InputNAND Gate .............ci it Logic
14024B 7-Stage Ripple Counter . ...ttt Logic
14025B Triple3-InputNOR Gate. . .........o it i Logic
140256UB Triple3-InputNOR Gate . ...t i Logic
140278 Dual J-K Flip-Flop . ..o Logic
14028B BCD-to-Decimal/Binary-to-Octal Decoder ....................... Logic
14029B Binary/Decade Up/Down Counter.............................. Logic
14032B Triple Serial Adder (Positive Logic) .. ....... ... ... ... ... .. Logic
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Device
Number
MC
14034B
14035B
14038B
14040B
14042B
14043B
14044B
14046B

14049UB
14050B
14051B
14052B
14053B
14060B
14066B
14067B
14068B
14069UB
140708
14071B
14072B
14073B
140758
14076B
140778
14078B
14081B
14082B
14093B
140948
14097B
140998
14160B
14161B
14162B
14163B
14174B
14175B
14194B
14400
14401
14402
14403
14405
14408

Page
Description Number
8-BitUniversalBus Register. . ........... .. .ol Logic
4-Bit Shift Register .. ... ... Logic
Triple Serial Adder (Negative Logic) .................. ... ... .... Logic
12-BitBinary Counter . ...t Logic
Quad TransparentLatch........... ... ... i i, Logic
QuadNORR-SLatch ..ot i e Logic
QuadNAND R-SLatch. ... e Logic
Phase-Locked LOOp . ... ..ot 6-13
HexInverter/Buffer......... ... ... . ... i Logic
Hex Buffer ... Logic
8-Channel Analog Multiplexer/Demultiplexer ..................... Logic
Dual 4-Channel Analog Multiplexer/Demultiplexer................. Logic
Triple 2-Channel Analog Multiplexer/Demultiplexer................ Logic
14-Bit Binary Counterand Oscillator. . . .......................... Logic
Quad Analog Switch/Multiplexer .. ........... .. ..., Logic
16-Channel Analog Multiplexer/Demultiplexer .................... Logic
S-INpUtNAND Gate. . ... oo o e Logic
Hex Inverter .. ... Logic
QuadExclusive ORGate. ...t Logic
Quad2-InputOR Gate .........viiiiiii i Logic
Duald-Input ORGate ...t e Logic
Triple3-Input AND Gate. ............ i Logic
Triple 3-Input OR Gate ...t e Logic
Quad D-Type Register . ... Logic
Quad Exclusive NORGate ...t Logic
8- INPUtNOR Gate ... ..ot e Logic
Quad2-Input AND Gate . ... ..o ot Logic
Dual4-Input AND Gate. . . ...t e e Logic
Quad 2-Input NAND Schmitt Trigger . ..., Logic
8-Bit Bus-Compatible Shift/StorelLatch ......................... Logic
Dual 8-Channel Analog Multiplexer/Demultiplexer................. Logic
8-Bit Addressable Latch ....... ... ... . . . Logic
Synchronous Programmable Decade Counter .................... Logic
Synchronous Programmable 4-Bit Binary Counter ................. Logic
Synchronous Programmable Decade Counter .................... Logic
Synchronous Programmable 4-Bit Binary Counter . ................ Logic
Hex D Flip-Flop . ..o e e Logic
QuUad D FIip-Flop . ..o oo Logic
4-Bit Universal ShiftRegister............ .. .. i i Logic
PCM MONO-CirCUIt. . . ..o e i Telecom
PCM MONO-CIrCUIt. .. ..o Telecom
PCM MORNO-CIrGUIt. . .ottt e Telecom
PCM MORNO-CIrCUIt. . . ... o e e Telecom
PCM MONO-CITCUIt. . . .o e e e Telecom
Binary-to-Phone Pulse Converter ...................coviiiun... Telecom
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Device
Number
MC

14409
14410
14411
14412
14413
14414
14415
14416
14417
14418
14419
14422
14433
14435
14442
14443
14444
14447
14457
14458
14460
14461
14462
14464
14465
14466
14467-1
14468
14469
14490
14495-1
14497
14499
145008
14501UB
145028
14503B
14504B
145068
14506UB
145088
14510B
14511B
14512B
14513B

Page

Description Number
Binary-to-Phone Pulse Converter ....... ... ... . ... ........... Telecom
2-of-8BToneEncoder ...........c i Telecom
Bit-Rate Frequency Generator. . ........... ..o i, Telecom
Universal Low-SpeedModem . .................. .. ... Telecom
PCM Sampled DataFilter. ...................... e Telecom
PCM Sampled DataFilter. . ...t Telecom
Quad Precision Timer/Driver ... ... Logic
PCM Time Slot Assigner Circuit .......... ... .. ... ... ... oo, Telecom
PCM Time Slot Assigner Circuit ............ccooiiiiiinnnnnn.. Telecom
PCM Time Slot Assigner Circuit ............ e Telecom
2-of-8 Keypad-to-BinaryEncoder ........... ... . ... ool Telecom
Remote Control Transmitter (Product Cancelled) .................. -
3% Digit A/D Converter. .. ...ttt 3-3
3% Digit A/D Logic Subsystem (Product Cancelled) ............... 3-15
Microprocessor-Compatible A/D Converter . ..................... 3-16
6-Channel A/D Converter Subsystem ........................... 3-25
Microprocessor-Compatible A/D Converter . ..................... 3-29
6-Channel A/D Converter Subsystem ....................... ... 339
Remote Control Transmitter .............c.o i, 7-3
Remote Control Receiver ...t 7-3
Automotive Speed Control Processor . ........... ... ..., 9-3
Smoke Detector Circuit (Product Cancelled) .. .................... -
Smoke Detector Circuit (Product Cancelled) . ..................... -
Smoke Detector Circuit (Product Cancelled) . ..................... —
Smoke Detector Circuit (Product Cancelled) . ..................... -
Low Cost SmokeDetector. ... 8-3
Low Cost Smoke Detector. .......oo ot 8-8
Interconnectable Smoke Detector ............. ... .. . 8-13
Addressable Asynchronous Receiver/ Transmitter ................. 7-13
Hex Contact Bounce Eliminator. . ........ ... in.. 9-9
Hexadecimal-to-7 Segment Latch/Decoder ROM/Driver ........... 4-3
PCM Remote Control Transmitter. ................ ... onn. 7-21
7-Segment LED Display Decoder/Driver with Serial Interface ....... 4-8
Industrial Control Unit. .. ... i i i e 9-16
TripleGate ... ..o Logic
Strobed Hex Inverter/Buffer .......... .. ... .. . L Logic
Hex3-State Buffer ....... ... ... Logic
Hex TTL- or CMOS-to-CMOS Level Shifter....................... Logic
Dual Expandable AO! Gate (Superceded by 14506UB) . ............. Logic
Dual Expandable ACI Gate. . ......... ..o Logic
Duald-BitLatCh. ... ..o e Logic
BCD Up/Down CoUNter. ...ttt Logic
BCD-to-7-Segment Latch/Decoder/Driver . ...................... 4-14
8-ChannelDataSelector. .........oooiiiiiin i, Logic
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking . . . .. 4-20
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Device
Number
MC

145148
145168
145168
14517B
145188
14519B
145208
14521B
14522B
145268
145278
14528B
145298
14530B
145631B
146328
146348
145368
14538B
145398
1456418
145438
145448
145478
14548B
145498
14551B
14553B
145548
145558
145568
145578
145688
145598
145608
145618
145628
145668
145688
145698
14572UB
14573
14574
14575
14580B

Page
Description Number

4-Bit Transparent Latch/4-to-16 Line Decoder (High) .............. Logic
4-Bit Transparent Latch/4-t0-16 Line Decoder (Low)............... Logic
Binary Up/Down Counter ........iiiiii it Logic
Dual 64-Bit Static Shift Register ............... ..., Logic
Dual BCDUp Counter. .. ..o Logic
4-Bit AND/OR Selector ......cooiiii i Logic
DualBinaryUp Counter . ...ttt Logic
24-Stage Frequency Divider. . ........... . .. Logic
Programmable BCD Divide-by-N Counter ........................ Logic
Programmable Binary Divide-by-N Counter....................... Logic
BCD Rate Multiplier ...... ... o Logic
Dual Monostable Multivibrator (Not Recommended for New Designs)  Logic
Dual 4-Channel AnalogData Selector .............. ... on. Logic
Dual 5-Input Majority LogicGate. . ....................oov.... »  Logic
12-BitParity Tree. . ..o Logic
8-Bit Priority Encoder ......... ... i Logic
B-Decade CoUNter . ..ottt e e e Logic
Programmable Timer ......... ... . i i Logic
Dual Precision Monostable Muitivibrator . ................... ... .. Logic
Dual 4-Channel Data Selector/Multiplexer ....................... Logic
Programmable Oscillator-Timer. . ........... . o oo, Logic
BCD-to-7-Segment Latch/Decoder/ Driver for Liquid Crystals . . ... .. 4-28
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking . . . .. 4-33
High-Current BCD-to-7-Segment Decoder/Driver . ................ 4-39
Dual Monostable Multivibrator (Retriggerable/Resettable} . ......... Logic
Successive Approximation Register ........... ... ... oo 3-40
Quad 2-Channel Analog Multiplexer/Demultiplexer .. .............. Logic
3-Digit BCD Counter. .. .. e Logic
2 x 2-Bit Paralle!l Binary Multiplier ......... ... ... . ... ... ... Logic
Dual Binaryto 1-of-4Decoder . ............ i Logic
Dual Binary to 1-of-4 Decoder (Inverting) . . .. ..., Logic
1-t0-64 Bit Variable Length Shift Register ........................ Logic
BCD-to-7-SegmentDecoder . ... 4-44
Successive Approximation Register .. ............ ... oL 3-40
NBCD Adder ... Logic
O'sComplementer . .. ... Logic
128-Bit Static Shift Register. ............. .. o it Logic
Industrial Time-Base Generator. .. ... .. Logic
Phase Comparator and Programmable Counters .................. 6-18
Dual Programmable BCD/Binary Counter . ....................... Logic
HexX Gate. . ..o Logic
Quad Programmable Op Amp . ... ... o 5-3
Quad Programmable Comparator . ...........ccoviiiiinernn... 5-3
Programmable Dual Op Amp/Dual Comparator ................... 5-3
Ax4Multiport Register. . ... e Logic



Device
Number
MC

14581B
145828
14583B
145848
146858
14597B
145988
146998
142100
143403
144110
144111

145000
145001

145026
145027
145028
145029
145040
145041

145100
145104
145106
145107
145109
145112
145143
145144

145145-1
145146-1
145151-1
145152-1
1451565-1
145156-1
145157-1
145158-1
145169-1
146402
145406
145409
145411
146414
1464156
145418

Description

4-Bit Arithmetic Logic Unit. . .......... ... i
Look-Ahead Carry Block ....... ... ... .. i
Dual Schmitt Trigger. . .« o oo e .
Hex Schmitt Trigger . ...
4-Bit Magnitude Comparator . . .. ... oout i
8-Bit Bus-Compatible CounterLatch ............................
8-Bit Bus-Compatible Addressable Latch. ............. ... ... ...
8-Bit Addressable Latch . ....... ... oo
4x4CrossPointSwitch. . ... ... .
QuadLine Driver . ...
Hex D/A Converter with Serial Interface . ........................
Quad D/A Converter with Serial Interface . . ... .......... .. ... ...
48-Segment Multiplexed LCD Driver (Master) .. ...................
44-Segment Multiplexed LCD Driver (Slave) . . ....................
Remote Control Encoder .......... .. i
Remote Control Decoder ........... ... it
Remote Control Decoder ......... ... .. i
Remote Control Decoder . ... ... ... .ot
Analog-to-Digital Converter with Serial Interface . .................
Analog-to-Digital Converter with Serial Interface . .................
4x4CrossPointSwitch. ........ .. ... .. .
PLL Frequency Synthesizer (Not Recommended for New Designs) . . .
PLL Frequency Synthesizer . ........... ...,
PLL Frequency Synthesizer (Not Recommended for New Designs) . . .
PLL Frequency Synthesizer (Not Recommended for New Designs) . . .
PLL Frequency Synthesizer (Not Recommended for New Designs) . . .
PLL Frequency Synthesizer (Not Recommended for New Designs) . . .
4-Bit Data Bus Input PLL Frequency Synthesizer

(Not Recommended for New Designs) . ........................
4-Bit Data Bus Input PLL Frequency Synthesizer ..................
4-Bit Data Bus Input PLL Frequency Synthesizer ..................
Parallel Input PLL Frequency Synthesizer ........................
Parallel Input PLL Frequency Synthesizer ........................
Serial Input PLL Frequency Synthesizer..........................
Serial Input PLL Frequency Synthesizer..........................
Serial Input PLL Frequency Synthesizer. .........................
Serial Input PLL Frequency Synthesizer..........................
Serial Input PLL Frequency Synthesizer with Analog Phase Detector .
13-BitLinear Codec. .. ...t
RS-232Interface .. ... e
Pulse Dialer ...... ... i e
Baud Rate Generator . .........c..ooirieiii i
Dual Tuneable Low-Pass Sampled DataFilters . . ..................
Dual Tuneable Linear Phase Low-Pass Sampled Data Filters . .......
Master Digital Loop Transceiver ........... .. ... ... ..
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Page
Number
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Telecom
Telecom
3-47
3-47
4-49
4-49
7-27
7-27
7-27
7-27
3-52
3-52
Telecom
6-28
6-29
6-28
6-28
6-28
6-35

6-36
6-37
6-50
6-63
6-73
6-84
6-95
6-108
6-108
6-120
Telecom
Telecom
Telecom
Telecom
Telecom
Telecom
Telecom




Device
Number
MC

146419
145422
145426
145428
145429
1456432
146433
145440
145441
145445
145450
1454563
146805
146818
146823
1468705

Page
Description Number
Slave Digital Loop Transceiver ... .. Telecom
MDPSK Universal Digital Loop Transceiver (2-Wire Master)......... Telecom
MDPSK Universal Digital Loop Transceiver (2-Wire Slave) .......... Telecom
DataSetinterface . ... ... .. . i Telecom
Telset Audio Interface Circuit .......... ... ..o ... Telecom
2600 Hz Tone Signalling Filter . ... .. i i Telecom
Tuneable Notch/Band-Pass Filter. . ............................. Telecom
Low-Speed Modem Filter. ... ... .. .. .. i Telecom
Low-Speed Modem Filter. ........... .. ... i Telecom
300Baud FSKModem ........ oo e Telecom
1200 Baud FSKModem . ... ... oo Telecom
33-Segment LCD Driver with Serial Interface ..................... 4-59
Family of 8-Bit CMOS MCUs/MPUs. . ..., MCU,MPU
Real-Time Clock/RAM . .. ... .. .. e MCU ,MPU
Parallel Interface ......... ... .. . . . MCU,MPU
8-Bit CMOS MCUsWIithEPROM .. ......... .. ... ... .. ..., MCU,MPU
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@ MOTOROLA

HANDLING AND DESIGN GUIDELINES

HANDLING PRECAUTIONS

All MOS devices have an insulated gate that is subject to
voltage breakdown. The gate oxide for Motorola’s devices is
about 800 A thick and breaks down at a gate-source poten-
tial of about 100V The high-timpedance gates on the devices
are protected by resistor-diode networks. However, these
on-chip networks do not make the IC immune to elec-
trostatic damage (ESD). Laboratory tests show that devices
may fail after one very high voltage discharge They may also
fail due to the cumulative effect of several discharges of
lower potential

Static-damaged devices behave In vanous ways, depend-
ing on the severity of the damage. The most severely
damaged are the easiest to detect because the input or out-
put has been completely destroyed and 1s either shorted to
VDD, shorted to Vgg, or open-circuited. The effect i1s that
the device 1s no longer functional. Less severe cases are
more difficult to detect because they appear as intermittent
fallures or degraded performance Another effect of static
damage ts, often, increased leakage currents

CMOS and NMOS devices are not immune to large static
voltage discharges that can be generated while handling For
example, static voltages generated by a person walking
across a waxed floor have been measured in the 4-15 kV
range (depending on humidity, surface conditions, etc.).
Therefore, the following precautions should be observed.

1. Do not exceed the Maximum Ratings specified by the
data sheet.

2. All unused device inputs should be connected to Vpp
or Vgs.

3. All low-impedance equipment (pulse generators, etc )
should be connected to CMOS or NMOS inputs only
after the device is powered up. Similarly, this type of
equipment should be disconnected before power s
turned off.

4. A circuit board containing CMOS or NMOS devices is
merely an extension of the device and the same
handling precautions apply Contacting edge connec-
tors wired directly to devices can cause damage.
Plastic wrapping should be avoided. When external
connections to a PC board address pins of CMOS or
NMOS integrated circuits, a resistor should be used in
series with the inputs or outputs. The imiting factor
for the senes resistor Is the added delay caused by the
time constant formed by the series resistor and input
capacitance. This resistor will help limit accidental
damage If the PC board 1s removed and brought into
contact with static generating materals. For con-
venience, equations for added propagation delay and
nse time effects due to series resistance size are given
In Figure 1.

5. All CMOS or NMOS devices should be stored or

FIGURE 1 — NETWORKS FOR MINIMIZING ESD AND REDUCING CMOS LATCH UP SUSCEPTIBILITY

R MOS
To Off-Board AAA Input
Connection Yy or
Output

Advantage Requires minimal board area

Disadvantage. R1> R2 for the same leve! of
protection, therefore nise and fall
times, propagation delays, and output
dnives are severely affected.

MOS
To Off-Board Input
Connection or
Output

Advantage R2<R1forthesame —=Vgg
level of protection
Impact on ac and dc
characteristics 1s minimized

Disadvantage More board area, higher initial cost

Note' These networks are useful for protecting the following
A digital :inputs and outputs
B. analog inputs and outputs
C. 3-state outputs
D. bidirectional (1/0) ports

EQUATION 1 — PROPAGATION DELAY
vs. SERIES RESISTANCE

t

A=

where

R =the maximum allowable series resistance in ohms

t=the maximum tolerable propagation delay in seconds

C=the board capacitance plus the dniven device's
Input capacitance in farads

k=0 33 for the MC145040/1

k=07 for other devices

EQUATION 2 — RISE TIME
vs. SERIES RESISTANCE

t

R=—
Cek

where

R =the maximum allowable series resistance in ohms

t=the maximum nse time per data sheet in seconds

C=the board capacitance plus the driven device’s

input capacitance in farads
k=07 for the MC145040/1
k=2 3 for other devices
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transported 1n matenals that are antistatic Devices
must not be inserted Into conventional plastic
“’snow’’, styrofoam or plastic trays, but should be left
in their onginal container unti! ready for use.

All CMOS or NMOS devices should be placed on a
grounded bench surface and operators should ground
themselves prior to handling devices, since a worker
can be statically charged with respect to the bench
surface. Wrist straps in contact with skin are strongly
recommended See Figure 2.

. Nylon or other static generating materials should not

come In contact with CMOS or NMOS circuits

If automatic handling is being used, high levels of
static electricity may be generated by the movement
of devices, belts, or boards. Reduce static build-up by
using 1onized air blowers or room humidifiers. All parts
of machines which come into contact with the top,
bottom, and sides of IC packages must be grounded
metal or other conductive maternal.

. Cold chambers using CO2 for cooling should be

equipped with baffles, and devices must be contained
on or in conductive material.

. When lead-straightening or hand-soldering 1s

necessary, provide ground straps for the apparatus

used and be sure that soldering ties are grounded

The following steps should be observed during wave

solder operations.

a. The solder pot and conductive conveyor system of
the wave soldering machine must be grounded to
an earth ground.

. The loading and unloading work benches should
have conductive tops which are grounded to an
earth ground.

. Operators must comply with precautions previously
explained.

Completed assemblies should be placed tn an-
tistatic containers prior to being moved to subse-
quent stations.

o

(2]
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. The following steps should be observed during board

cleaning operation.
a. Vapor degreasers and baskets must be grounded to

16

17

an earth ground Operators must likewise be
grounded.

. Brush or spray cleaning should not be used

c Assemblies should be placed nto the vapor
degreaser immediately upon removal from the anti-
static container.

d. Cleaned assemblies should be placed in antistatic
containers immediately after removal from the
cleaning basket.

e. High velocity ar movement or application of
solvents and coatings should be employed only
when module circuits are grounded and a static
eliminator s directed at the module

The use of static detection meters for line surveillance

1s highly recommended

Equipment specifications should alert users to the

presence of CMOS or NMOS devices and require

famiianization with this specification prior to perform-
ing any kind of maintenance or replacement of devices
or modules.

o

. Do not nsert or remove CMOS or NMOS devices

from test sockets with power applied. Check all power
supplies to be used for testing devices to be certain
there are no voltage transients present.

Double check test equipment setup for proper polarity
of voltage before conducting parametric or functional
testing.

Do not recycle shipping rails. Continuous use causes
deterioration of their antistatic coating. ‘

RECOMMENDED FOR READING
“Total Control of the Static in Your Business”

Available by writing to

3M Company

Static Control Systems

P O Box 2963

Austin, Texas 78769-2963

Or by Calling

1-800-328-1368

FIGURE 2 — TYPICAL MANUFACTURING WORK STATION

Resistor= ...
1 Megohm

NOTES" 1. 1/16 inch conductive sheet stock covering bench top

work area.
Ground strap.

bwN

Wrist strap 1n contact with skin
Static neutralizer (lonized air blower directed at work.)

Primarily for use in areas where direct grounding

1s impractical

o

Room humidifier. Primarly for use in areas where the

relative humidity 1s less than 45% Caution. bullding
heating and cooling systems usually dry the air causing
the relative humidity inside of buildings to be less than

outside humidity




CMOS LATCH UP

Latch up will not be a problem for most designs, but the
designer should be aware of it, what causes it, and how to
prevent it

Figure 3 shows the layout of a typical CMOS inverter and
Figure 4 shows the parasitic bipolar devices that are formed
The circuit formed by the parasitic transistors and resistors I1s
the basic configuration of a silicon controlled rectifier, or
SCR. In the latch-up condition, transistors Q1 and Q2 are
turned on, each providing the base current necessary for the
other to remain In saturation, thereby latching the devices
on. Unhke a conventional SCR, where the device Is turned
on by applying a voltage to the base of the NPN transistor,
the parasitic SCR is turned on by applying a voltage to the
emitter of either transistor. The two emitters that trigger the
SCR are the same point, the CMOS output. Therefore, to
latch up the CMOS device, the output voltage must be
greater than Vpp + 0.5 Vdc or less than — 0.5 Vdc and have
sufficient current to tngger the SCR. The latch-up
mechanism 1s similar for the inputs.

Once a CMOS device Is latched up, if the supply current is
not limited, the device will be destroyed Ways to prevent
such occurrences are listed below.

1. Insure that inputs and outputs are imited to the maxi-
mum rated values, as follows.

-0.5=<V|n=<Vpp+0.5 Vdc referenced to Vgg
—-05=Voyt=Vpp+0.5 Vdc referenced to Vgs

Ihinl =10 mA

|lout] = 10 mA when transients or dc levels exceed the
supply voltages.

. If voltage transients of sufficient energy to latch up the
device are expected on the outputs, external protec-
tion diodes can be used to clamp the voltage. Another
method of protection 1s to use a series resistor to imit
the expected worst case current to the Maximum
Ratings values. See Figure 1.

. If voitage transients are expected on the inputs, pro-
tection diodes may be used to clamp the voltage or a
series resistor may be used to Iimit the current to a
level less than the maximum rating of |j; =10 mA. See
Figure 1.

. Sequence power supplies so that the inputs or outputs
of CMOS devices are not powered up first le.g.,
recessed edge connectors may be used in plug-in
board applications and/or series resistors).

. Power supply hines should be free of excessive noise.
Care in board layout and filtering should be used.

. Limit the available power supply current to the devices
that are subject to latch-up conditions. This can be ac-
complished with the power supply filtering network or
with a current-imiting regulator.

o

[=2]

FIGURE 3 — CMOS WAFER CROSS SECTION

P-Channel N-Channel
——— Input pr——————
l
\
Vbp Vop P-Channel  Qutput N-Channel gs
Output 1 Output

Field Oxide
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FIGURE 4 — LATCH UP CIRCUIT SCHEMATIC
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CMOS ADCs/DACs

Device
Number Function
MC14433 | 3% Digit A/D Converter
MC14435 Product Cancelled — See Other A/D Converters
MC14442 Microprocessor-Compatible A/D Converter
MC14443 | 6-Channel A/D Converter Subsystem
MC14444 Microprocessor-Compatible A/D Converter
MC14447 | 6-Channel A/D Converter Subsystem
MC14549B | Successive Approximation Register
MC14559B | Successive Approximation Register
MC144110 | Digital-to-Analog Converter with Serial Interface
MC144111 | Digital-to-Analog Converter with Seral Interface
MC145040 | Analog-to-Digital Converter with Senal Interface
MC145041 | Analog-to-Digital Converter with Serial Interface
Number
of Analog On-Chip Device Number
Function 1/0 Format Resolution Channels | Oscillator Other Features Number of Pins
ADC Seral 8 Bits n Successive MC145040 20
[Compatible with Approximation
the Serial Perpheral 8 Bits 1 v Successive MC145041 20
Interface (SPI) on Approximation
CMOS/NMOS MCUs)
Parallel 3% Digit BCD 1 v Dual Slope MC14433 24
8 Bits 1 Successive MC14442 28
Approximation
8 Bits 15 Successive MC14444 40
Approximation
ADC Linear Parallel 8 to 10 Bits 6 Single Slope w/ | MC14443 16
Subsystem Auto Zeroing
8 to 10 Bits 6 Single Slope w/ | MC14447 16
Auto Zeroing
DAC Serial 6 Bits 6 Emitter-Follower | MC144110 18
[Compatible with Outputs
the Senal Penpheral 6 Bits 4 Emitter-Follower | MC144111 14
Interface (SPI) Outputs
on CMOS MCUs)
Successive Sernal or Parallel =<8 Bits Cascadable for | MC14549B 16
Approximatton >8 Bits
Register <8 Bits Cascadable for | MC145598 16
>8 Bits
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MC14433

3% DIGIT A/D CONVERTER

The MC14433 1s a high performance, low power, 3% digit A/D converter com-
bining both linear CMOS and digital CMOS circuits on a single monohithic IC. The
MC14433 1s designed to minimize use of external components With two external
resistors and two external capacitors, the system forms a dual slope A/D con-
verter with automatic zero correction and automatic polanty

The MC14433 1s ratiometnic and may be used over a full-scale range from 1 939
volts to 199.9 millivolts Systems using the MC14433 may operate over a wide
range of power supply voltages for ease of use with battertes, or with standard 5
volt supplies The output dnve conforms with standard B-Series CMOS
specifications and can drive a low-power Schottky TTL load

The high impedance MOS nputs allow applications in current and resistance
meters as well as voltmeters In addition to DVM/DPM applications, the
MC14433 finds use in digital thermometers, digital scales, remote A/D, A/D con-
trol systems, and in MPU systems
® Accuracy +005% of Reading + 1 Count
® Two Voltage Ranges 1999 V and 199 9 mV
® Up to 25 Conversions/s
® Z2,n>1000 M ohm
® Auto-Polanty and Auto-Zero
@ Single Positive Voltage Reference
® Standard B-Series CMOS Outputs— Drives One Low Power

Schottky Load
® Uses On-Chip System Clock, or External Clock
©® Wide Supply Range' eg, +45Vto +80V
® Overrange and Underrange Signals Available
® Operates in Auto Ranging Circuits
@ Operates with LED and LCD Displays

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

3% DIGIT A/D CONVERTER

L SUFFIX
CERAMIC PACKAGE
CASE 623

Y

24

P SUFFIX
PLASTIC PACKAGE
CASE 709

TN

24

ORDERING INFORMATION

® | ow External Component Count MC14XXX_._  Suffix Denotes
@ See also Application Notes AN-769 and AN-770 L Ceramic Package
® Chip Complexity 1326 FETs P Plastic Package
BLOCK DIAGRAM 20.23
Q0-Q3 PIN ASSIGNMENT
BCD Data
I Muttiplexer 16-19
DS1-Ds4
Digit Strobe
Rc
Polanty
> Latches -«
10 n Detect
Clk CkO
[[] HRERNEEE —
Clock : 1s > 10s | 100s 1000s Overfiow
4
1 4 A )
15
OR Overrange
) 2
ot :> oMOS |——oV/ef Reference Voltage
fn o Analog ———-oVAG Analog Ground
ogie le——] Subsystem
[—oVx Analog Input
4 5 6 7 8
RI§ R/CY ¢ coif coz xoo=:m 12;
=Pin
9 Display 145 End of — — VEES= Pin 12
DU ypdate EOC Conversion Integrator Offset
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MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect
OC Supply Voltage Vpp to VEg -051t0 +18 \ the mputs against damage due to high
Voltage, any pin, referenced to VEg v -0bto v static voltages or electnc fields, however,
Vpp +05 it1s adwised that normal precautions be
DC Input Current, per Pin In +10 mA taken to avoid application of any voltage
Operating Temperature Range TA —-40 to +85 °C higher than maximum rated voltages to
= this hugh impedance circuit  For proper
Storage Temperature Range Tstg ~65 10 +180 ¢ operation 1t1s recommended that V, and
RECOMMENDED OPERATING CONDITIONS (Vgs=0 or Vgg) Vout be constrained to the range
Parameter Symbol Value Unit VEE=Vin 07 Vout SVDD
DC Supply Voltage — Vpp to Analog Ground VbD +5601to +80 Vdc
VEE to Analog Ground VEE -28t0 ~-80
Clock Frequency fCik 32 to 400 kHz
Zero Offset Correction Capacitor Co 01+20% uF
ELECTRICAL CHARACTERISTICS (C=0 1 uF mylar, Rj=470 kQ@Vyef=2 000 V, R|=27 kQ@Vygf=200 0 mV, Co=014F,
R =300 k@, all voltages referenced to Analog Ground, pin 1, unless otherwise indicated)
Vpo | VEe —40°C 25°C 85°C
Charactenstic Symbol | Vdc | Vdc | Min | Max Min Typ Max Min | Max | Unit
Linearity-Output Reading {(Note 1) - %rdg
(Vygf=2 000 V) 50 |-50| - - —-005 [ +005 | +005 | — -
-1 Count +1 Count
(V(ef=2000 mV) 50 |-50f — - - +005 - - -
Stability — Output Reading
(Vx =199 0 mV, Vigf=2000 mV) - 50 |-50 3% LSD
Symmetry — Qutput Reading (Note 2)
(Vief=2000 V) - 50 |-50 4% LSD
Zero-Output Reading
(Vx=0V, Vigf=2000 V) - 50 |-50| — - - 0 0 - - LSD
Bias Current — Analog Input — 50 |-50| - - - +20 +100 - — pA
Reference {nput 50 |-50| - - - +20 +100 - -
Analog Ground 50 |{-60]| - - - +20 +500 - -
Common Mode Rejection {fe) =32 kHz,
Vx=14V, Vief=2000V) - 50 [-50| - - - 65 - - - dB
Input Voltage* Pins 9, 10 0" Level ViL
(Vo=450r05V) 50 | — - 15 - 225 15 - 15
(Vo=9Cor10V) 10 - - | 30 - 480 30 - 30
(Vo=1350r15V) 15 — - |40 - 675 40 - | 40
“1" Level | Vi \%
(Vp=050r45V) 50| — |35 - 35 275 - 35| -
(Vo=100r90V) 10 - |70 | - 70 550 - 70 | -
(Vo=15or135V) 15 - (ol - M0 825 - 10| -
Output Voltage — Pins 14 to 23 B v
(Vgs=0V) 0" Level VoL 50 |-50] — [005 - 0 005 — 005
“1"" Level VoH 50 |-50{495| — 495 -50 - 495 | —
(Vgg=—-50VI] "0" Level VoL 50 |-50[ — (495 - -50 -49%5 [ — |-495
"1 Level VoH 50 |-50[49%| - 495 50 - 495 | —
Qutput Current — Pins 14 10 23 mA
(Vgg=0V)
(VoH=46 V) Source IoH 50 [-50[-025 - -02 -036 - -014 —
{VoL=04V) Sink loL 50 |-50j064| — 051 088 - 036 | -
(Vgg=-50V)
(VOH=45V) Source IoH 50 [-50{-062] - -05 -09 - -035 —
(VoL=-45V) Sink toL 50 |-50] 16 | — 13 225 - 09 | -
Input Current — DU, Pin9 Ipu 50 [-50] — |+03 - +000001] +£03 - |x10 #A
Quiescent Current Iq 50 |-50] - 37 - 09 20 - 16 mA
(Vpp to Vgg, Iss=0) 80 [-80| — | 74 - 18 40 - |32
DC Supply Rejection
(Vpp to VEg, Is5=0, Vigf=2 000 V) - 50 |[-50] — — - 05 -~ - - mv/Vv

Notes 1 Accuracy — The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage Zero s recalculated duning
each conversion cycle The meaningful specification is ineanity In other words, the deviation from correct reading for all inputs other
than pesitive full scale and zero 1s defined as the lineanty specification

2 Symmetry — Defined as the difference between a negative and positive reading of the same voltage at or near full scale

* Tighter tolerances are available Consult Logic and Special Functions Product Marketing for details at (512) 928-6880

*Referenced to Vgg for Pin 8 Referenced to Vgg for Pin 10
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ROLLOVER ERROR (IN LSD} AT FULL SCALE

1D, SINK CURRENT (mA)

fcik. CLOCK FREQUENCY (Hz)

{PLUS COUNT LESS MINUS COUNT)
o

TYPICAL CHARACTERISTICS

FIGURE 1 —- TYPICAL ROLLOVER ERROR
versus POWER SUPPLY SKEW
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PIN DESCRIPTIONS

ANALOG GROUND {Vag, Pin 1)

Analog ground at this pin 1s the input reference level for
the unknown input voltage {Vx) and reference voltage
(Vyef). This pin 1s a high impedance input The allowable
operating range for VAGg 1s from VEE +28 V to Vpp
-45V

REFERENCE VOLTAGE (Vef, Pin 2)
UNKNOWN INPUT VOLTAGE (Vx, Pin 3)

This A/D system performs a ratiometrnic A/D conversion,
that 1s, the unknown input voltage, Vx, ts measured as a
ratio of the reference voltage, Vief The full scale voltage i1s
equal to that voltage applied to Vief Therefore, a full scale
voltage of 1.999 V requires a reference voltage of 2 000 V
while full scale voltage of 193 9 mV requires a reference
voltage of 200 mV Both Vx and Vef are high impedance in-
puts In addition to being a reference input, Pin 2 functions
as a reset for the A/D converter When Pin 21s switched low
(referenced to VEg) for at least 5 clock cycles, the system is
reset to the beginning of a conversion cycle

EXTERNAL COMPONENTS (R, R|/C|, C); Pins 4, 5, 6)

These pins are for external components for the integration
used In the dual ramp A/D conversion A typical value for
the capacitor 1s 0 1 uF (polystyrene or mylar) while the
resistor should be 470 kQ for 2 0 V full scale operation and
27 k@ tor 200 mV full scale operation These values are for a
66 kHz clock frequency which will produce a conversion time
of approximately 250 ms The equations governing the
calculation for the values for integrator components are as
follows.

_ Vximax) T
Ri=="5— *&v
AV=Vpp-Vximax)-05V

T=4000%
fcik

where
Ryis in kQ
VpD s the voltage at Pin 24 referenced to VoG
Vy 1s the voltage at Pin 3 referenced to VaG, in V
fcik 15 the clock frequency at Pin 10 in kHz
Cl1s in uF, AV s in Volts
T 1s the conversion time, In seconds

Example:
C|=0.1 ;‘F
Vpp=50 volts
fClk =66 kHz
For Vx(max)=2 0 volts
R =480 k@2 (use 470 kQ+5%)

For Vx{max) =200 mV
Ry=28 k2 (use 27 k2+5%)

Note that for worst case conditions, the mimimum
allowable value for Ry 1s a function of C{ muin, Vpp min, and
fcik max The worst-case condition does not allow AV + Vyx
to exceed Vpp The 0.5 V factor in the above equation for
AV s for safety margin

OFFSET CAPACITOR (CO01, C02; Pins 7, 8)

These pins are used for connecting the offset correction
capacitor The recommended value 1s 0 1 uF (polystyrene or
mylar}

DISPLAY UPDATE INPUT (DU, Pin 9)

If a positive edge Is received on this input prior to the
ramp-down cycle, new data will be strobed into the output
latches during that conversion cycle When this pin 1s wired
directly to the EOC output (Pin 14), every conversion will be
displayed When this pin 1s driven from an external source,
the voltage should be referenced to Vgg

CLOCK (Cik I, Clk O, Pins 10, 11)

The MC14433 device contains its own oscillator system
clock A single resistor connected between pins 10 and 11
sets the clock frequency If increased stability i1s desired,
these pins wilt support a crystal or LC circuit. The clock in-
put, Pin 10, may also be driven from an external clock source
which need have only standard CMOS output drive For ex-
ternal clock inputs this pin 1s referenced to VEg. A 300 k@
resistor results in clock frequency of about 66 kHz. (See the
typical characteristic curves } For alternate circuits see
Figure 7

NEGATIVE POWER SUPPLY (Vgg, Pin 12}

This 1s the connection for the most negative power supply
voltage The typical current 1s 0 8 mA Note the current for
the output drive circuit 1s not returned through this pin, but
through Pin 13 Vx-VEE should be greater than 0 8 V

NEGATIVE POWER SUPPLY FOR OQUTPUT
CIRCUITRY AND INPUT DU (Vgs, Pin 13)

This i1s the low voltage level for the output pins of the
MC14433 (BCD, Digit Selects, EOC, OR) and the DU input
When this pin 1s connected to analog ground, the output
voltage 1s from analog ground to Vpp When connected to
VEE, the output swing is from VEE to Vpp The aliowable
operating range for Vgg 1s between Vpp —3 0 volts and
VEE.

END OF CONVERSION (EOC, Pin 14)

The EOC output produces a positive pulse at the end of
each conversion cycle This pulse width Is equivalent to one
half the period of the system clock (Pin 11)
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OVERRANGE (OR, Pin 15)
The OR pin 1s low when VX exceeds Vief Normally it is
high.

DIGIT SELECT (DS4, DS3, DS2, DS1; Pins 16, 17, 18, 19)

The digit select output 1s high when the respective digit is
selected The most significant digit (%2 digit) turns on im-
mediately after an EOC pulse followed by the remaining
digits, sequencing from MSD to LSD. An interdigit blanking
time of two clock periods is included to ensure that the BCD
data has settled. The multiplex rate Is equal to the clock fre-
quency divided by 80 Thus with a system clock rate of 66
kHz, the multiplex rate would be 0.8 kHz Relative timing
among digital select outputs and the EOC signal is shown in
the Digit Select Timing Diagram, Figure 8.

BCD DATA OUTPUTS (Q0, Q1, @2, 03, Pins 20, 21, 22, 23)

Multiplexed BCD outputs contain 3 full digits of informa-
tion during DS2, 3, 4, while dunng DS1, the % digit, over-
range, underrange and polarity are available The adjacent
truth table shows the formats of the information during DS1.

POSITIVE POWER SUPPLY (Vpp, Pin 24}

The most positive supply voltage pin Vpp — Vx should be
greater than 2 5 V. Vpp — VEE should be greater than 7 8 V.
Vpp determines VQH for the digital outputs, and Vi for the
digital inputs

TRUTH TABLE (DS1=1)

Coded Condition BCD to 7 Segment
of MSD Q3 Q2 o1 ao Decoding
+0 1 1 1 0 | Blank
-0 1 0 1 0 | Blank
+0UR 1 1 1 1 Blank
-0UR 1 0 1 1 | Blank
+1 0 1 0 0 | 4—1| Hook up
-1 0 0 0 0 | 0—1{onlysegb
+10R 0 1 1 1 |7—1Yandcto
-10R 0 0 1 1 | 3—1) MSD

Notes for Truth Table
Q3 — % digtt, low for "1, high for 0"
Q2 ~ Polarity 1" = positive, "0 = negative
Q0 — Out of range condition exists If Q0=1 When used in con-
Junction with Q3 the type of out of range condition 1s in-
dicated, 1e, Q3=0—0R or Q3=1-+UR
When only segment b and ¢ of the decoder are connected to the
% digit of the display 4, 0, 7 and 3 appear as 1
The overrange indication (Q3=0 and Q0= 1) occurs when the
count Is greater than 1999, e g, 1 993 V for a reference of 2 000 V
The underrange indication, useful for autoranging circuits, occurs
when the count is less than 180, e g, 0 180 V for a reference of
2000V
Caution: If the most significant digit 1s connected to a display other
than a 1" only, such as a full digit display, segments other than b
and ¢ must be disconnected The BCD to seven segment decoder
must blank on BCD inputs 1010 to 1111

FIGURE 7 — ALTERNATE OSCILLATOR CIRCUITS

(a) Crystal Oscillator Circuit

MC14433

CkoO

10 pF<C1and C2<200 pF

(b) LC Oscillator Circurt

Cik 1

ForL=5mHand C=0 01 uF, =32 kHz

FIGURE 8 — DIGIT SELECT TIMING DIAGRAM
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FIGURE 9 — INTEGRATOR WAVEFORMS AT PIN 6

FIGURE 10 — EQUIVALENT CIRCUIT DIAGRAMS OF THE
ANALOG SECTION DURING SEGMENT 4

Start * * Eid OF THE TIMING CYCLE
Time 1 21 3 4 ,5 6 Buffer Inte(g:ralor Comparator
Segment |
Number Vx ‘I(
Ry
Typical Positive b AAA—d
I Input Voltage
Vx VX
Typical Negative = =
Input Voltage
—_—
CIRCUIT OPERATION

The MC14433 CMOS integrated circuit, together with a
mimimum number of external components, forms a modified
dual ramp A/D converter. The device contains the
customary CMOS digital logic providing counters, latches,
and multiplexing circuitry as well as the CMOS analog cir-
cuitry providing operational amphfiers and comparators re-
quired to implement a complete single chip A/D. Autozero,
high input impedances, and autopolanty are features of this
system Using CMOS technology, an A/D with a wide range
of power supply voltage and low power consumption is now
available with the MC14433.

During each conversion, the offset voltages of the internal
amplifiers and comparators are compensated for by the
system’s autozero operation. Also each conversion ‘ratio-
metnically’ measures the unknown input voltage. In other
words, the output reading s the ratio of the unknown
voltage to the reference voltage with a ratio of 1 equal to the
maximum count 1999 The entire conversion cycle requires
shightly more than 16000 clock periods and may be divided in-
to six different segments The waveforms showing the con-
version cycle with a positive Input and a negative input are
shown in Figure 9. The six segments of these waveforms are
described below.

Segment 1 — The offset capacitor (Cg), which compen-
sates for the input offset voltages of the buffer and inte-
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grator amphfiers, 1s charged during this period. Also, the
integrator capacitor is shorted This segment requires 4000
clock pernods.

Segment 2 — The integrator output decreases to the com-
parator threshold voltage At this time a number of counts
equivalent to the input offset voltage of the comparator 1s
stored in the offset latches for later use in the autozero pro-
cess The time for this segment 1s vaniable, and less than 800
clock perods

Segment 3 — This segment of the conversion cycle is the
same as Segment 1.

Segment 4 — Segment 4 1s an up-going ramp cycle with
the unknown nput voltage (Vx) as the input to the inte-
grator Figure 10 shows the equivalent configuration of the
analog section of the MC14433 The actual configuration of
the analog section 1s dependent upon the polanty of the in-
put voltage during the previous conversion cycle

Segment 5 — This segment Is a down-going ramp period
with the reference voltage as the input to the integrator.
Segment 5 of the conversion cycle has a time equal to the
number of counts stored in the offset storage latches during
Segment 2. As a result, the system zeros automatically

Segment 6 — This is an extension of Segment 5. The time
penod for this portion 1s 4000 clock periods The results of
the A/D conversion cycle are determined in this portion of
the conversion cycle.
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FIGURE 11 — 3% DIGIT VOLTMETER—COMMON ANODE DISPLAYS, FLASHING OVERRANGE
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APPLICATIONS INFORMATION

3% DIGIT VOLTMETER — COMMON ANODE
DISPLAYS, FLASHING OVERRANGE

An example of a 3% digit voltmeter using the MC14433 is
shown In the circuit diagram of Figure 11. The reference
voltage for the system uses an MC1403 2.6 V reference IC
The full scale potentiometer can cahbrate for a full scale of
199 9 mV or 1999 V. When switching from 2 V to 200 mV
operation, Ry is also changed, as shown on the diagram

When using R¢ equal to 300 k@, the clock frequency for
the system 1s about 66 kHz The resulting converston time 1s
approximately 250 ms.

When the input I1s overrange, the display flashes on and
off. The flashing rate 1s one-half the conversion rate. This 1s
done by dividing the EOC pulse rate by 2 with %2 MC14013B
flip-flop and blanking the display using the blanking input of
the MC145438B.

The display uses an LED display with common anode digit
lines driven with an MC14543B decoder and an MC1413 LED
driver. The MC1413 contains 7 Darlington transistor drivers
and resistors to drive the segments of the display The digit
drive I1s provided by four MPS-A12 Darlington transistors
operating in an emitter follower configuration. The
MC14543B, MC14013B and LED displays are referenced to
VEE via Pin 13 of the MC14433. This places the full power
supply voltage across the display. The current for the display
may be adjusted by the value of the segment resistors shown
as 150 ohms In the above figure.

The power supply for the system is shown as a dual +5V
supply. However, the MC14433 will operate over a wide
range of voltages, and balance between the +5 and —5 V
supplies 1s not required See the recommended operating
conditions and Figure 1.




MC14433

FIGURE 12 — 3% DIGIT VOLTMETER WITH LOW COMPONENT COUNT
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3% DIGIT VOLTMETER WITH LOW COMPONENT
COUNT USING COMMON CATHODE DISPLAYS

The 3% digit voltmeter of Figure 12 1s an example of the
use of the MC14433 in a system with a mimimum of compo-
nents This circuit uses only 11 components in addition to
the MC14433 to operate the MC14433 and drive the LED
displays.

In this circuit the MC14511B prowvides the segment drive
for the 3% digits The MC1413 prowvides sink for digit cur-
rent. (The MC1413 1s a device with 7 Darlingtons with com-
mon emtters ) The worst case digit current 1s 7 times the
segment current at % duty cycle. The peak segment current
1s imited by the value of R The current for the display flows
from Vpp (+5 V) to ground and does not flow through the
VEE (negative) supply. The minus sign 1s controlled by one
section of the MC1413 and 1s turned off by shunting the cur-
rent through R\ to ground, bypassing the minus sign LED
The minus sign 1s denved from the Q2 output The decimal
point brightness 1s controlled by resistor Rpp. Since the
brightness and the type and size of LED display are the
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choice of the designer, the values of resistors R, Rm. Rpp.
and RR that govern brightness are not given.

Dunng an overrange condition the 3% digit display 1s
blanked at the Bl pin on the MC14511B The decimal point
and minus sign will remain on durning a negative overrange
conditton In addition, an alternate overrange circuit with
separate LED i1s shown

3% DIGIT VOLTMETER WITH LCD DISPLAY

A carcuit for a 3% digit voltmeter with a hquid crystal
display 1s shown in Figure 13 Three MC14543B LCD latch/
decoder/display drivers are used to demultiplex, decode the
three digits, and dnive the LCD. The half digit and polarity are
demultiplexed with the MC14013B dual D flip-flop.

Since the LCD 1s best driven by an ac signal across the
LCD, the low-frequency square wave drive for the LCD s
denved from the MC14024B binary counter which divides the
digit select output from the A/D This low frequency square
wave I1s connected to the backplane of the LCD and to the in-
dividual segments through the combination of the output cir-
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FIGURE 13 — 3% DIGIT VOLTMETER WITH LCD DISPLAY

- R
IO_:“F 70k 014 VI mcia2s
9T
Co1 COZRT RI/CI CI FTTTTTI
o—Vx DS4
DS3
DS2
DS 1 ]

[YAG Mc14e33 Q0

o—{MC1403 Vi a
+ re!

L 20k aes Q3

= % Voo 2 5 @ puRc Rc

l 0
+V -V
l;/ MC14013B
% MC14070B
D Q % Digit
D s L
S R
+V T 1
% MC140708 l oV [ 11 1 [ v
% MC140138 Bl D CB APhLD| v BIDCB APhLD_°+V BIDCB PhLD_—°+V
Lo g \7— Plus Sign MC145438 _y| Mewsas | mcusads |-
~ a gfedcba gfedcba gfedcba
S R Y« MC140708B
v ob
D!
+V
&
al| + —
2
= o 'O O O
cuitry of the MC14543B and the exclusive OR gates at the FIGURE 14 — TWO CIRCUITS FOR GENERATION
outputs of the MC14013B  Alternatively the square wave can OF Vigf AND VAG FROM A SINGLE SUPPLY

be derived from a 50/60 Hz input signal when available

The minus sign and the decimal point to the right of the
half digit are connected to the inverted low frequency square
wave signal Unused decimal points are tied directly to the
low frequency square wave

The system shown operates from two power supplies
(plus and minus) Alternatively one supply can be used when
Vgsg 1s connected to VEE In this case a level must be set for
analog ground, VaG, which must be at least 28 V above
VEg This circuit may be implemented with a resistor net-
work, resistor/forward-biased diode network or resistor-
zener diode network For example, a 9 V supply can be used
with 3 V between VaAG and VEE, leaving 6 V for Vpp to
VaG This system leaves a comfortable margin for battery
degeneration (end of life} Two versions of this circuit for
single supply operation I1s shown in Figure 14

For panel meter operation from a single 5 V supply, a
negative supply can be generated as shown in Figure 18
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FIGURE 15 — 3% DIGIT AUTORANGING MULTIMETER
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3% DIGIT AUTORANGING MULTIMETER

An autoranging multimeter including ac and dc voltage
ranges from 200 mV to 200 V, ac and dc current from 2 mA
to 2 A fullscale and resistance ranges from 2 k@ to 2 M@ full-
scale i1s shown in Figure 15 In this multimeter only two input
jacks are required for all ranges and functions, eliminating
the need for changing leads on the instrument when chang-
Ing ranges or functions Although only four ranges are pro-
vided for each function, the technique used may be expand-
ed to more ranges If desired Range switching uses
mechanical relays However, the relays may be replaced with
solid state analog switches

The MC14433 provides the overrange and underrange
control signals for the automatic ranging circuits For addi-
tional information, see Motorola Application Note AN-769,
"“Autoranging Digital Multimeter Using the MC14433 CMOS
A/D Converter ”*

PARALLEL BCD DATA QUTPUT CIRCUIT

The output of the MC14433 may be demultiplexed to pro-
duce parallel BCD data as shown in Figure 16 Two levels of
latches are required for a complete demultiplexing of the
data since the outputs of the MC140428B latches change se-
quentially with the DS1 to DS4 strobe pulses To key output
validity to one leading edge, 1 e, that of the EOC signal of
the MC14433, information 1s transferred to the second set of
latches (MC14175B latches). A single set of latches can be
used when reading of output s restricted to within 12,000
clock pulses after EOC This requires synchronous system
operation with respect to the BCD data bus

In this system the output ground level i1s Vgg In most
cases, a two supply system with Vg connected to VAG 1S
recommended. This allows connecting analog ground and
digital ground together without destroying a power supply
This circuit works well with that of Figure 12

FIGURE 16 — DEMULTIPLEXING FOR MC14433 BCD DATA

Multiplexed
DS1 DS2 IBcD DS3 DS4
v

D0 D1 D2 D3 J D0 D1 D2 D3 TD DO D1 D2 D3 D0 D1 D2 D3
VDD~{Pol MC140428 € L{c mc140428 Pol Pol MC140428 cb— L—{c MC140428 Poll— VDD

Q0 01 02 Q3 Q0 Q102 a3 Q0 Q102 @3 Q0 Q102 03

D0 DT D2 D3 D0 DT D2 D3 D0 DT D2 D3 D6 DT D2 D3
v . vVob |- _ Vbp |-
DD—{R  MC141758 ¢ 2R MCI41758 C VDD—R MC141758 ¢ 2 R MC117sB ¢

Q0 Q1 Q2 03 Q0 Q1 02 3 Q0 Q1 Q2 O3 Q0 01 Q2 03

MSD LSD

EQC




MC14433

FIGURE 17 — CHANNEL DATA ACQUISITION HARDWARE
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8 CHANNEL DATA ACQUISITION NETWORK

Figure 17 shows an 8-channe! data acquisition network us-
ing the MC14433 and an MC6800 microprocessor system.
The interface between the microprocessor data bus and the
A/D system 1s done with an MC6821 PIA One half of the
PIA 1s used with the BCD and digrt select outputs of the
MC14433, while the second half of the PIA selects the chan-

nel to be measured via the MC14051B analog multiplexer
Control lines CB1 and CB2 are used for data flow control and
are connected to DU and EOC of the MC14433

A more detalled explanation of this system including the
actual software required for the M6800 microprocessor may
be found in Motorola Application Note AN-770, “Data Ac-
quisition Networks With NMOS and CMOS.”

FIGURE 18 — NEGATIVE SUPPLY GENERATED FROM POSITIVE SUPPLY

1/6 MC14049UB
Vpp=56V “>"_
Vss=0V 176

MC14049U8

1/6 MC14049UB  1/6 MC14049UB "‘1 1
| 1/6

l/ MC14049UB

510K 51KE  0024F% ’—{>4
1/6

MC14049UB

Y

50 uF T 1N4001

1N4001 !-! II 50
3§

uF

3-14

NEGATIVE SUPPLY GENERATED FROM POSITIVE
SUPPLY

When only +5 V 1s available, a negative supply voltage
can be generated with the circuit of Figure 18 using one
MC14049UB Two inverters from CMOS hex inverter are
used as an oscillator (=3 kHz) with the remaining inverters
used as buffers for higher current output. The square wave
output from the oscillator 1s level-translated to a negative go-
ing signal This signal 1s rectified and filtered A Vpp voltage
of +5V for the hex buffer will resultina —4 3V no load out-
put voltage while the output with a 2 mA load 1s =34 V

—Voutto VEE



@ MOTOROLA MC14435

3-1/2DIGIT A/D LOGIC SUBSYSTEM CMOS LS!

The MC14435 A/D Logic is designed specifically for use in {LOW-POWER COMPLEMENTARY MOS)

a dual-slope integration A/D converter system. .
The device consists of 3-1/2 digits of BCD counters, 13 memory 3-1/2DIGIT A/D LOGIC
latches, and output multiplextng circuitry. An internal clock oscil- SUBSYSTEM

lator 1s provided to generate system timing and to set the output
multiplexing rate. A single capacitor 1s required to set the osciltator
frequency.

® On-Chip Clock to Control Digit Select, Multiplexing, and BCD
Counters Simultaneously

® Multiplexed BCD Output

® Built-In 100-Count Delay for Accurate System Conversion of I
Low-Level Inputs 16
® System Over-Range Output !
® Linear Companion Device Avatlable From Motorola . L SUFFIX
(MC1405L/1505L} °"“‘2’A‘\':E"::°'“‘GE
e Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14435 EFL/FL/FP)
=3.0 Vdc to 6.0 Vde (MC14435EVL/VL/VP)
16
1
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.) oL :T?(‘:J:::’(KAGE
A
Rating Symbol Value Unit CASE 648
DC Supply Voltage Vop Vdc
— MC14435EFL/FL/FP +18t0 -05
— MC14435EVL/VL/VP +6.0t0-05
Input Voltage, All Inputs Vin Vpp +0.5 Vdc
to Vgg -0 5
DC Current Drain per Pin [} 10 mAdc
Operating Temperature Range MC14435EFL/EVL Ta -5510 +125 °c
MC14435F L/FP/VL/VP -40 to +85 PIN ASSIGNMENT
Storage Temperature Range Tsig -65to +150 °¢c
.
1 C]os3 Voo E 16
2 D51 D52 15
PRODUCT CANCELLED acc Qo == 14
a ] c2 Qi1 fF/313
5 (—] Comp Q2{—3 12
6 ] bV Q3 P~ 11
. 7 RC 1720 = 10
Refer to Other A/D Converters Listed — 20
. . . 8 T Vss R[] 9
in the Function Selector Guide of This
Book
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MOTOROLA

MC14442

ANALOG-TO-DIGITAL CONVERTER (ADC)

The MC14442 ADC 1s a 28-pin bus-compatible 8-bit A/D converter
with additional digital input capability. The device operates from a
single 5 V supply and provides direct interface to the MPU data bus
used with all Motorola M6800 family parts. It performs an 8-bit conver-
sion 1n 32 machine cycles and allows up to 11 analog inputs. In addition,
the part can accept up to 6 digital inputs These inputs are designed to
be either analog or digital inputs. All necessary logic for software con-
figuration, channel selection, conversion control and bus interface Is in-

cluded

® Direct Interface to M6800 Family MPUs

® Dynamic Successive Approximation A/D

® 32 us Conversion at fg=1.0 MHz

® Ratiometric Conversion

® Completely Programmable

@ Completely Software Compatible with the MC14444 ADC
® 5 Dedicated Analog Inputs

® 6 Inputs Usable for Either Analog or Digital Signals

)

Voltage of 5V +10%

Completely TTL Compatible Inputs at Full Speed with Supply

CMOS LSl

{LOW-POWER SILICON GATE
COMPLEMENTARY MOS)

MICROPROCESSOR-COMPATIBLE
ANALOG-TO-DIGITAL CONVERTER

L SUFFIX
CERAMIC PACKAGE
CASE 733

P SUFFIX
PLASTIC PACKAGE
CASE 710

ORDERING INFORMATION
MC14XXX

Suffix Denotes
L Ceramic Package
P

Plastic Package

BLOCK DIAGRAM AND PIN ASSIGNMENT

VAG

ilr——*

Vref

AN1
SaR Casi?:::lve : ! 11 anNo
Control e le—| MUX p—— AN2-ANS

Logic Comparator DAC PO-P§ Vac (1 Viet

A (Chopper Stabilized) y Vssll2 Voo

EOC -3 07 O3 ANO

: | PO-PS o5 gs ANZ

Y SAR 05 s AN3

L4 L o4 Qe AN4

sC 8 1 16 03 7 ANS
Analog D2 Qs PO(AN10)
»| Data b1 Q9 PIANTY
Register 0o [ P2(AN8)
: ontrol (Read Only) Y RATL PAANS)
Wri?alsct}?r', AG3 ,/4 Digrtal e Qu PAIANG)
Data RSt 1} PS(ANT)

8 Register o =

DO-D7 <> o (Read Only)
R/W—>1 48 T -
IS Bus L
—>] }
cs Control % /
RS1 Logc [7
Reset —>}
E—>
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MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains circuitry to protect the
Vpp | DC Supply Voltage (Referenced to Vgg) ~05t0 +65 \ Inputs against damage due to high static
Vin DC Input Voltage (Referenced to Vgs) -05toVcc+05 v voltages or electric fields, however, 1t 1s ad-
Vout | DC Output Voltage (Referenced to Vgg) -065toVcc+05 v vised that normal precautions be taken to
T B¢ nmut Camrent. por P 70 Y avoid applications of any voltage higher than

n P - P maximum rated voltages to this high im-
lout | DC Output Current, per Pin +10 mA pedance circuit  For proper operation it 1S
DD DC Supply Current, Vpp and Vgg Pins +20 mA recommended that V|n and Vgut be con-
Pp | Power Dissipation, per Package’ 500 mw straned to the range Vsg=(Vin or
Tstg Storage Temperature “610 +1%0 < VOL‘;rt\)uss;iDg uts must always be tied to an
TL Lead Temperature {10-Second Soldering) 300 °C appropniate IF:ngc voltage Iezel te.g., erther
*Maximum Ratings are those values beyond which damage to the device may occur Vss or Vpp)

tPower Dissipation Temperature Derating’
Plastic “P" Package - 12mW/°C from 65°C to 85°C
Ceramic ““L"* Package no derating

DC ELECTRICAL CHARACTERISTICS (Vpp=50V £10%, Vgg=0V, TA= —40°C t0 85°C unless otherwise noted)

[ Characteristic | Symbol | Conditions [ " Mn T Max | Unit |

Bus Control Inputs (R/W, Enable, Reset, RS1, C5)

Input High Voltage VIH 20 - \

Input Low Voltage ViL - 08 \

Input Leakage Current Iin Vir=0t0565V - +1 A

Data Bus (D0-D7)

Input High Voltage VIH 20 - \

Input Low Voltage ViL - 08 \

Three-State (Off State} Input Leakage Current ITsi Vpp=556V, - +10 A
Vss=Vin=VpD

Qutput High Voltage VOH IoH=-16 mA 24 - \

QOutput Low Voltage VoL loL=16 mA - 04 \

Peripheral Inputs {P0-P5)

Input High Voltage VIH 20 — v

Input Low Voltage ViL - 08 \

Input Leakage Current lin Vpp=55V, - +10 pA
Vss=VinsVDD

Current Requirements

Supply Current Ipp Vpp=55V - 10 mA

Input Current, Ve lref Vigf=45t055V - 800 A

ANALOG CHARACTERISTICS (Ta= —40°C to 85°C)
Characteristic | Description I Min I Max | Unit

Analog Multiplexer

Leakage Current Leakage current between all deselected analog inputs and any selected - +500 nA
analog input with all analog input voltages between Vgg and Vpp

A/D Converter (Vgg=0V, VAG=0V, 4.5 V=V g=<Vpp=5.5V)

Resolution Number of bits resolved by the A/D 8 - Bits

Nonlineanty Maximum dewviation from the best straight line through the A/D transfer - % LSB
charactenstic

Zero Error Difference between the output of an ideal and an actual A/D for zero - +% LSB
Input voltage

Full-Scale Error Difference between the output of an ideal and an actual A/D for full-scale - t% LSB
(input voltage

Total Unadjusted Error Maximum sum of Nonlineanity, Zero Error, and Fuli-Scale Error - +% LSB

Quantization Error Uncertainty due to converter resolution - +% LSB

Absolute Accuracy Difference between the actual input voltage and the full-scale weighted - +10 LSB
equivalent of the binary output code, all error sources included

Conversion Time Total ime to perform a single analog-to-digital conversion - 32 E cycles

Sample Acquisition Time Time rqulre;d to sample the analog input - 12 E cycles
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AC CHARACTERISTICS (Ta= —40° to 85°C) (See Figure 1)

Characteristic Signal Symbol Min Max Unit
Enable Clock Cycle Time (1/fg) E teyelE) 943 - ns
Enable Clock Pulse Width, High E PWH(E) 440 - ns
Enable Clock Pulse Width, Low E PW(g) 410 - ns
Clock Rise Time E t(E) - 25 ns
Clock Fall Time E t(E) — 30 ns
Address Setup Time RS1, R/W, CS| tas 145 - ns
Data Delay (Read) D0-D7 tDDR - 335 ns
Data Setup (Wnte) ) D0-D7 tDSW 185 — ns
Address Hold Time RS1, R/W, CS| 1an 10 - ns
Input Data Hold Time DO-D7 tDHW 10 — ns
Output Data Hold Time DO-D7 tDHR 10 = ns
Input Capacitance PO-P5, Cin - 65 pF

ANO-AN10,
R/W, E, RS1, - 15
CS, RESET i .
Three-State Output Capacitance DO-D7 Cout - 15 pF
FIGURE 1 — BUS TIMING
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< PWL(g) | | PWH(E)
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PIN FUNCTIONS MC14442 MPU INTERFACE SIGNALS

Pin No. | Pin Name Function Type
Bidirectional Data Bus (D0-D7) — The bidirectional data
1 VAG _ |A/D Converter Analog Ground Supply lines DO-D7 comprise the bus over which data is transferred
2 Vss Digrital Ground Supply in parallel to and from the MPU The data bus output drivers
3 D7 Data Bus Bit 7 (MSB) Input/Qutput | 2re three-state devices that remain in the high-impedence
state except during an MPU read of an ADC data register
4 D6 Data Bus Bit 6 Input/Output
5 05 Data Bus Bit 5 Input/Output Enable Clock (E) — The enable clock provides two func-
tions for the MC14442 Furst, it serves to synchronize data
6 D4 |Data Bus Bit4 Input/Qutput | yransfers into and out of the ADC The timing of all other ex-
7 D3 Data Bus Bit 3 Input/Output | ternal signals 1s referenced to the leading or trailing edge of
the enable clock Secondly, the enable clock 1s used internal-
8 D2  |Data Bus Bit2 Input/Output ly to dernve the necessary SAR A/D conversion clocks.
9 D1 Data Bus Bit 1 Input/Output | Because this conversion is a dynamic process, enable clock
10 00 Data Bus Bit O (LSB) Input/Output must be a continuous signal into the ADC during an A/D
— conversion
" R/W Read/Write Input
12 E Enable Clock (¢2) Input Read/Write (R/W) — The R/W signal 1s provided to the
MC14442 to control the direction of data transfers to and
13 RS1  [Register Select Input from the MPU. A low state on this fine is required to transfer
14 cs Chip Select Input data from the MPU to the ADC control register A high state
—— 1s required on R/W to transfer data out of either of the ADC
15 Reset  |Reset Input data registers
16 P5(AN7) [Digital Port or Analog Channel 7 Input
Reset (Reset) — The reset hne supplies the means of
v PAIANG) _|Digual Port or Analog Channel 6 Input externally forcing the MC14442 into a known state When a
18 P3(AN9) |Digital Port or Analog Channel 9 Input low 1s applied to the Reset pin, the start conversion bit of
19 P2(AN8) |Digital Port or Analog Channel 8 Input the control register 1s cleared Analog channel O 1s
automatically selected by the analog multiplexer. The A/D
20 P1AN11) |Digital Port or Analog Channel 11 Input status bit 1s also cleared Any A/D results present in the
7 PO{AN10) |Digital Port or Analog Channel 10 Input Analog Data register are not affected by a reset Reset forces
2 o Anaoa ch s ot the data bus output dnivers to the high-impedance state. The
nalog Channel npu internal byte pointer (discussed in the following pages) Is set
23 AN4  |Analog Channel 4 Input to point to the most significant byte of any subsequently
selected nternal register In order to attain an internally
% AN3 _ |Analog Channel 3 nput stable reset state, the Reset pin must be low for at least one
25 AN2  1Analog Channel 2 Input complete enable clock cycle.
26 ANO  |Analog Channe! 0 Input )
Chip Select (CS) — Chip select 1s an active-low input used
27 VDD  |Supply Voltage Supply by the MPU system to enable the ADC for data transfers No
28 Viet  |A/D Converter Positive Reference Input data may be passed to or from the ADC through the data bus
Voltage pins unless CS s in a low state A selection of MPU address

lines and the M6800 VMA signal or its equivalent should be
utihized to provide chip select to the MC14442,

MC14442 ANALOG INPUTS AND DIGITAL INPUTS
(Refer to the ADC Block Diagram)

Dedicated Analog Channels (ANQO, AN2-AN5) — These
Input pins serve as dedicated analog channels subject to A/D
conversions These channels are fed directly into the internal
12-to-1 analog multiplexer which feeds a single analog
voltage to the A/D converter.

Shared Analog Channels (AN6-AN11) — These input pins
are also connected to the analog multiplexer and may be
used as analog channels for A/D conversion However,
these pins may also serve as digital input pins as described
next.
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Shared Digital Inputs (PO-P5) — P0-P5 compnse a 6-bit
digital 1nput port whose bits may also serve as analog chan-
nels The state of these inputs may be read at any time from
the ADC digital data register The function of these pins is
not programmed, but instead i1s simply assigned by the
system designer on a pin-by-pin basts

CAUTION: Digital values read from the PO-P5 bit
locations do not guarantee the presence of true dig-
ital input levels on these pins PO-P5 pass through a
TTL-compatible input buffer and into the digital data
register These buffers are designed with enough
hysteresis to prevent internal oscillations if an analog
voltage between 0 8 and 2 V is present on one or
more of these six pins

MC14442 SUPPLY VOLTAGE PINS

Positive Supply Voltage (Vpp) — Vpp s used internally
to supply power to all digital logic and to the chopper
stabilized comparator Because the output buffers con-
nected to this supply must drive capacitive loads, ac noise on
this supply line 1s unavoidable internally Analog circuits us-
ing this supply within the MC14442 were designed with high
VDD supply rejection; however, it 1s recommended that a
filtening capacitance be used externally between Vpp and
Vss to filter noise caused by transtent current spikes

Ground Supply Voltage (Vgg) — Vsg should be tied to
system digital ground or the negative terminal of the Vpp
power source Again, the output buffers cause internal noise
on this supply, so analog circuits were designed with high
Vgg rejection

Positive A/D Reference Voltage (Vef)l — This is the
voltage used internally to provide references to the analog
comparator and the digital-to-analog converter used by the
SAR A/D. The analog-to-digital conversion result will be
ratiometric to Vief— VAG (full scale) Hence Vyef should be a
very noise-free supply. Ideally Vief should be single-point
connected to the voltage supply dnving the system's
transducers. Vref may be connected to Vpp, but degrada-
tion of absolute A/D accuracy may result due to switching
noise on Vpp

A/D Ground Reference Voltage (VAG) — This supply 1s
the ground reference for the internal DAC and several
reference voltages supplied to the comparator It should also
be noise-free to guarantee A/D accuracy. Absolute accuracy
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may be degraded if VAG 1s wired to Vgg at the ADC
package unless Vgg has been sufficiently filtered to remove
switching noise Ideally VoG should be single-point ground-
ed to the system analog ground supply

MC14442 INTERNAL REGISTERS

The MC14442 ADC has three 16-bit Internal registers Each
register is divided into two 8-bit bytes a most significant
(MS)} byte (bits 8-15) and a least significant (LS) byte (bits
0-7) Each of these bytes may not be addressed externally,
but instead are normally addressed by a single 16-bit instruc-
tion such as the M6800 LDX instruction An internal byte
pointer selects the appropriate register byte during the two E
cycles of a normal 16-bit access In keeping with the M6800
X register format, the pointer points first to the MS byte of
any selected register After the E cycle in which the MS byte
1s accessed, the pointer will switch to the LS byte and remain
there for as long as chip select 1s low The pointer moves
back to the MS byte on the falling edge of E after the first
complete E cycle in which the ADC 1s not selected (See
Figure 2a for more detail ) The MS byte of any register may
also be accessed by a simple 8-bit instruction as shown in
Figure 2b. However, the LS byte of all registers may be
accessed only by 16-bit instructions as described above By
connecting the ADC register select (RS1) to the MPU
address line A1, the three registers may be accessed sequen-
tially by 16-bit operations

CAUTION: RS1 should not be connected to
address line AO and the addressing of the ADC
should be such that RS1 does not change states
during a 16-bit access.

INTERNAL REGISTER ADDRESSING

Addressing Signals

eset | CS |R/W | RS1 ADC Response

0 X X X |Reset

1 0 0 0 |No Response

1 0 0 1 [MPU Wnte to Control Register

1 0 1 0 |MPU Read from Analog Data
Regrster

1 0 1 1 [MPU Read from Digital Data
Register

1 1 X X |Chip Deselected (No Response)
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FIGURE 2 — ADC ACCESS TIMING

a — Typical 16-Bit ADC Access

i KOO XXX XXX

MS Byte
Accessed

LS Byte Internal A
€ Accessed Byte Painter

Reset to MS Byte

b — Typical 8-Bit ADC Access

 RXO0NK AN EORANOIORIe

Internal
le——— Select
—_———
MS Byte Byte Pointer

Reset to MS Byte
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MC14442 CONTROL REGISTER
(Write Only)

15 8 7 0
X X X X X X X sC X X X X A3 | A2 | A1 | AO
(MSB) (LSB)(MSB) (LSB)

[€&————— Most Significant Byte —————»f
[€&———————8-Bit Wnite ———————]

t—————Least Significant Byte ——————3»

Analog Multiplexer Address (A0-A3}) — These four
address bits are decoded by the analog multiplexer and used

to select the appropriate analog channel as shown betow.

Hi imal Address (A3 =MSB) Select
0 ANO
1 Veef
25 AN2-AN5S
6-8 ANG-AN11
C-F Undefined

Start A/D Conversion (SC} — When the SC bitis set to a
logical 1, an A/D conversion on the specified analog channel

16-81t Write

will begin immediately after the completion of the control
register write.

Unused Bits {(X) — Bits 4-7 and 9-15 of the ADC Control
Register are not used internally.

NOTE: A 16-bit control register write 1s required to change
the analog multiplexer address However, 8-bit writes to the
MC14442 can be used to initiate an A/D conversion iIf the
analog MUX 1s already selecting the desired channel Thisis
useful when repeated conversions on a partcular analog
channel are necessary.

MC14442 ANALOG DATA REGISTER
(Read Only)

15 i 8 7 0
EOC| O 0 0 o' | o 0 0 R7 | R6 [ R5 | R4 | R3 | R2 | R1 | RO
(MSB) (LSB)|(MSB) (LSB)
[€—Most Significant Byte——————»1€————————Least Significant Byte————————

< 8-Bit Read
- 16-Bit Read >

A/D Result {R0-R7) — The LS byte of the analog data
register contains the result of the A/D conversion R7 s the
MSB, and the converter follows the standard convention of
assigning a code of $FF to a full-scale analog voltage. There
are no special overflow or underflow indications.

A/D Status (EQC) — The A/D status bit is set whenever a
conversion 1s successfully completed by the ADC The status

bit 1s cleared by either an 8-bit or a 16-bit MPU write to the
ADC control register. The remainder of the bits in the MS
byte of the analog data register are always set to a logical 0
to simplify MPU interrogation of the ADC status For exam-
ple, a single MB80O0 TST instruction can be used to determine
the status of the A/D conversion.

MC14442 DIGITAL DATA REGISTER

(Read Only)
15 8 7 0
ps | pa|Pa|pP2 PP |A3|a2]at]lac]lofofo]o] o] o

[€&———————~Most Significant Byte ——————»
- 8-Bit Read

€ Least Significant Byte ———————

16-Bit Read

Logical Zero (0} — These bits are always read as logical
zero.

Analog Multiplexer Address (AO-A3) — The number of the
analog channel presently addressed Is given by these bits
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Shared Digital Port (PO-P5) — The voltage present on
these pins Is Interpreted as a digital signal and the corres-
ponding states are read from these bits

WARNING: A digital value will be given for each pin even
if some or all of the pins are betng used as analog inputs
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'ANALOG SUBSYSTEM
{See Block Diagram)

General Description

The analog subsystem of the MC14442 1s composed of a
12-channel analog multiplexer, an 8-bit capacitive DAC
(digital-to-analog converter), a chopper-stabilized com-
parator, a successive approximation register, and the
necessary control logic to generate a successive approxima-
tion routine

The analog multiplexer selects one of twelve channels and
directs it to the input of the capaciive DAC A fully-
capacitive DAC 1s utihzed because of the excellent matching
charactenstics of thin-oxide capacitors in the silicon-gate
CMOS process The DAC actually serves several functions
During the sample phase, the analog input voltage i1s applied
to the DAC which acts as a sample-and-hold circuit During
the conversion phase, the capacitor array serves as a digital-
to-analog converter The comparator 1s the heart of the
ADC, 1t compares the unknown analog input to the output of
the DAC, which 1s driven by a conventional successive-
approximation register The chopper-stabilized comparator
was designed for low offset voltage charactenstics as well as
VpD and Vgs power supply rejection

Device Operation

An A/D conversion s intiated by wniting a logical 1 into
the SC bit of the ADC control register The MC14442 allows

2 enable clock cycles for the write into the control register
even If only one byte 1s written In this case, the second E
cycle does not affect any internal registers. During the next
12% enable cycles following a write command, the analog
multiplexer channel s selected and the analog input voltage
1s stored on the sample and hold DAC. It 1s recommended
that an input source impedance of 10 K or less be used to
allow complete charging of the capacitive DAC.

Dunng cycle 13 the A/D s disconnected from the
multiplexer output and the successive approximation A/D
routine begins Since the analog input voltage I1s being held
on an internal capacitor for the entire conversion peniod, 1t1s
required that the enable clock run continuously until the A/D
conversion is completed. The new 8-bit result 1s latched into
the analog data register on the rising edge of cycle 32. At this
point the end of conversion bit (EQC} 1s set in the analog
data register MS byte (See Figure 3, A/D Timing
Sequence )

NOTE: The digital data regsster or the analog data register
may be read even if an A/D conversion I1s in progress |f the
analog data register 1s read during an A/D conversion, valid
results from the previous conversion are obtained However,
the EOC bit will be clear (logic 0) if an A/D conversion is in
progress

FIGURE 3 — A/D TIMING SEQUENCE

_ SAR A/D Conversion

MPU Write
To ADC
Control
Register Sample Analog Input
(Input Should Be Stable) "‘

o e

1 2 3456 7 8 9101112131415 161718 19 20 21 22 23 24 25 26 27 28 29 30 31 32

e TUL
R/W —I__
& 74 LT T T T T T T T T T T T T T L X
. DRS’{/[A LT L LT LT T LI T LTI LT <ew
Hes;-rs‘;er: BHCO)»W Vald Data From Previous Conversion (EOC Cleared) ) E\(‘}ZE
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MC6802
MPU

]

11

FIGURE 4 — TYPICAL MC14442 APPLICATION IN A CLIMATE CONTROLLER

Address/Contro! Bus

Data Bus

U U

ROM
Latch/ Display
Decoder/
Drver | .
L
MC14442
ADC |
Multiple, Remote
Analog Temperature
Transducers

{}

Keyboard
Console

l

McCes21

Solid-State AC
Relay

Heat/AC
Control

Vref

VAG

—

Duct
Damper
Control
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&) mororoLa HC14447

ANALOG-TO-DIGITAL CONVERTER CMOS MSI
LINEAR SUBSYSTEM {LOWPOWER COMPLEMENTARY MOS)

The MC14443 and the MC14447 are 6-channel, single-slope, 8-10 bit

analog-to-digital converter inear subsystems for microprocessor-based MICROPROCESSOR-BASED
data and control systems Contained in both devices are a one-of-8 ANALOG-TO-DIGITAL
decoder, an 8-channel analog multiplexer, a buffer amplifier, a precision CONVERTER

voltage-to-current converter, a ramp start circuit, and a comparator
The output driver of the MC14443's comparator 1s an open-drain
N-channel which provides a sinking current The output driver of the
MC14447's comparator is a standard B-Senes P-Channel, N-Channel
pair

A processor system (such as the MC141000 or MC146805) provides
the addressing, timing, counting, and arithmetic operations required for
implementing a full analog-to-digital converter system A system made
up of a processor and the linear subsystem has features such as
automatic zeroing and vanable scaling (weighting) of six separate
analog channels L SUFFIX

P SUFFIX
® Quiescent Current 0 8 mA Typical at Vpp=5V CERAg;:::;::AGE PLASCTAZEP:::SKAGE
@ Single Supply Operation +4 5 to + 18 Volts
® Direct Interface to CMOS MPUs ORDERING INFORMATION
® Typical Resolution — 8 Bits
MC1aXXX__ Suffix Denotes

® Typical Conversion Cycle as Fast as 300 us
® Ratio Metric Conversion Minimizes Error —— L Ceramic Package
® Analog Input Voltage Range Vgs to Vpp — 2V P Plastic Package
® Chip Complexity: MC14443 — 150 FETs
MC14447 — 151 FETs

BLOCK DIAGRAM

| PIN ASSIGNMENT
=, 15
Chl —o Ramp Start
13 3 Ramp Capacitor ~
Ch2 — 4 1Al AOF™ 16
12 5 Buffer 2 A2 Ch1f=315
Ch3 —o X +
2 N h 7 3 ] Ramp Start Vpp 14
1 < —~
cha — £ Comparator 4 CJRamp Cap ch2 13
cns 20| 2 = output 5 vss cha 12
6 C{Ref Current Ch4 311
Cché 2 | 7 CJComp Out Ch5 310
6 Ref Current

8 g Set 8 C—]Ref Voltage Ch6 39
Ref
Voltage =
] +
a0 8 l Vpp =Pin 14
INEE Vgg=Pin5
2
A2 ——
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MC14443, MC14447

MAXIMUM RATINGS (Voltages referenced to Vgg)

This device contains circuitry to protect

Rating Symbol Value Unit the inputs against damage due to high

DC Supply Voltage Vbp -051t +18 \ static voltages or electric fields, however,

it 1s advised that normal precautions be

Input Voltage, Al Inputs Vin —065tVop+05 v taken to avoid application ':oi any voltage

DC Input Current, per Pin lin +10 mA higher than maximum rated voltages to

Operating Temperature Range TA -40to +85 °C this high impedance circuit. For proper

S operation 1t 1s recommended that V,n and

Storage Temperature Range Tstg —65 to + 150 C V‘;ut be constrained 1o the range \I/nSS pt

{Vinor Veut) € Vpp

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg!

: ', VpD —40°C 25°C 85°C
Characteristic Symbol | V | Min [ Max Min Typ Max Min | Max | Unit

Output Voltage — Comparator "0" Level | VoL 50| - |005 - 001 005 — 005 V

Vin @ Pn4=0V 10 — |005 - 0o 005 - 1005
15 — (005 — 001 0 05 — | 005

Vih@Pin4=10V “1" Level | VoH 50 |49 | - 4 95 499 — 495 | — \

(Rpullup= 10 k&2, MC14443 only) 10 199 | — 995 999 - 995 | —
15 {1495 — 14 95 14 99 — 149 | —

Input Voltage-Address, Ramp Start 0" Level ViL v
{(Vo=450rQ5V) ' 50 | — 1.5 - 225 156 - 15
(Vo=90o0r10V) , 10 - 30 - 450 30 - 30
(Vo=1350r15V) 15 — |40 — 6 75 40 — 40

1" Level VIH \

{(Vo=050r45V) 50 | 35 | — 35 275 - 36 | —

(Vp=100r90 Vi 0 170 | - 70 550 - 70 | —

(Vo=150r135V) 15 |10 -~ 10 8.25 - 10| —

Output Drive Current— Comparator loH mA
Vin @ Pin4=10V (MC14447 only)

(VoH=25V) 50 |-25| - -21 -42 - -17| -
(VoH=46V) 50 |-052] — -044 | -088 - -036 —
(VoH=95V) 10 [-13] - -11 -225 - -09| -
(VoH=135 V) 15 |-36] — -30 -88 — -24] -

Vin @ Pind4=0V loL mA
(VoL=04V) 50 |052| - 044 088 - 036 | —
(VoL=05V) 0 13| - 11 225 — 09 | —
VoL=15V) 1% (36| — 30 88 - 24 -

Input Current— Address, Ramp Start lin 15 — |+03 - - +03 - |£10f »A

Input Current— Analog Inputs hn 15 - - - +01 +50 - - nA

Input Capacitance — Address, Ramp Start Cin 15 - — - 50 75 - - pF
Vip=0V

Quiescent Current Ipp 5 - - - 8 15 - - mA

10 - - - 15 - - -
15 — — — 17 30 - —

Crosstalk Between Any Two Input Channels Ver - - — - 0 40 - - mV

Reference Current Range IR - - - 10 - 50 - - A

Channel Input Voltage Range Val 5 — - 0 - 30 - - Vv

. 10 - - 0 - 80 - -
15 — — 0 — 130 — —
Buffer Amplifier Output Offset VBO 5 - - - 0 285 - - - \%
10 - - - 0 400 - -~ -
15 — — — 0 420 — — —

Comparator Threshold VT1e 5 - - 0 0195 VRO - - '

10 - - 0 0275 VBo - -
15 - - 0 0290 VBO - -

Reference Voltage Range Vref 5 - - 20 - 30 - - \

10 - - 20 — 80 - -
15 - - 20 - 130 - -

Conversion Linearity Lc % Full
C>100 pF, VA|=01025V, Vigf=25V 5 - - -056 - +05 - — | Scale

VaI=01t070V, Viet=70V 10 - - -05 - +05 - -
VAI=01t0 120V, Vigf=120V 15 - - -05% - +05 - -
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MC14443, MC14447

SWITCHING CHARACTERISTICS (C =50 pF, T = 250C)

Characteristic Symbol VeD Min Typ Max Unit
Output Rise Time—Comparator {MC14447 only) tTLH 5.0 - 120 240 ns
10 - 75 150
15 - 65 130
Output Fall Time—Comparator tTHL 5.0 - 250 §00 ns
10 - 350 700
15 — 650 1300
Propagation Delay Time—Comparator MC14443 tPLH 5.0 - 550 1100 ns
(RL =10k to Vpp) 10 - 500 1000
15 - 550 1100
tPHL 5.0 - 350 700 ns
10 - 300 600
15 — 300 600
MC14447 tPLH 5.0 - 600 1200 ns
10 - 475 950
15 - 500 1000
tPHL 5.0 - 450 980 ns
10 - 540 1080
15 - 750 1500
Multiplexer Propagation Delay ™ 5.0 - 180 360 ns
10 - 125 250
15 - 110 220
Ramp Start Delay Time tTs 6.0 - 40 80 ns
10 - 25 50
15 — 20 40
Acquisition Time* tA 5.0 - 30 60 Hs
C =1000 pF 10 — 15 30
Rref=100 k@ 15 — 14 28

* Acquisition Time includes multiplexer propagation delay, ramp start propagation delay and the time required to charge ramp capacitor to

the selected input voltags.

PIN DESCRIPTIONS

A2, A1, A0, ANALOG MUX ADDRESS INPUTS (PINS 2,
1, 16) — These inputs determine the input voltage source to
be presented to the measurement system according to the
Truth Table shown in Figure 2

Ramp Start, RAMP START (PIN 3) — When Ramp Start
1s low, the ramp capacitor i1s charged to a voltage associated
with the selected input channel. When Ramp Start 1s
brought high, the connection to the input channel is broken
and the capacitor begins to ramp toward Vgs. See Figure 4.

Ramp Cap, RAMP CAPACITOR (PIN 4} — The ramp
capacitor is used to generate a time period when discharged
from a selected voltage via a precise reference current. A
polystyrene or mylar capacitor i1s recommended. The value
should be = 100 pF so that the board and stray capacitances
have neghgible effects. Large values of capacitance with the
associated large leakage currents are not recommended
because the leakage current must be insignificant in com-
parison to the minimum reference current (10 yA)

Vss, NEGATIVE POWER SUPPLY (PIN 5) — This is
system ground.
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Ref Current, REFERENCE CURRENT (PIN 6) — To
discharge the ramp capacitor, the reference current is fixed
via a resistor {Ref) to a positive supply from Pin 6 Typical
current is equal to (Vpp— Vyefl/Ryef.

Comp Out, COMPARATOR QUTPUT (PIN 7) — This out-
put 1s low when the capacitor has reached the discharged
voltage and I1s high otherwise. The MC14443 requires a pull-
up resistor on Pin 7 due to the open-drain configuration The
MC14447 does not require a pull-up resistor.

Ref Voltage, REFERENCE VOLTAGE (PIN 8) — This s the
known voltage to which the unknown 1s compared.

INPUT CHANNELS (PINS 9, 10, 11, 12, 13, 15} — Input
channels 1 through 6 are used to monitor up to six separate
unknown voltages Selection is via the address inputs.

Vpp. POSITIVE POWER SUPPLY (PIN 14) — This pin is
the package positive power supply pin.
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FIGURE 1 — VOLTAGE TO PULSE WIDTH CONVERSION

Voltage
(VBoleount = to
(Vx + VBoleount = tx
(VR + Vgolcount = tR
(VRlcount = tR = to
Vxdeount = tx - tg

Reference Voltage® (VR + Vgo!)

Unknown Voltage*® (Vx + Vgo) (Vxdeount tX ~ 0

(VR)count tR -t

Voltage at 0 V Input*® (Vgo!

. (Vxlc = (Vle X210
Comp Ref (vye) x!lc=1VR C‘R' o
*Voltages measured at pin 4 0 tme
with ramp start low o
FIGURE 2 — TRUTH TABLE
A2 Al AOD ' Input Selected
0 0 0 Vssg Channel 0 {ground)}
4] 0 1 Ch1 Channel 1
0 1 0 Ch2 Channel 2
0 1 1 Ch3 Channel 3
1 0 o Ch4 Channel 4
1 0 1 Chs Channel 5
1 1 0 Ché Channel 6
1 1 1 Vref Channel 7 (External Reference)
FIGURE 3 — TYPICAL APPLICATIONS CIRCUIT
Vpo
Address Lines ]
from the 1 16
Microprocessor 2 15
:&amp start l .  Ramp Capacitor 3 on 14 I Channet 1
rom the ] :r' g
Microprocessor < (_'_—_ 4 s 13 Channel 2 Unknown
R13 % 5 oo 12 Channel 3 | Analog
< = 23 Voltage
Comparator 6 11 Channel 4 ‘Inpuis
Output to - 7 10 Channel 5
Microprocessor 8 9 Channel 6
gl
FIGURE 4 — SOFTWARE FLOW
{CONVERSION SEQUENCE)
Step No. | A2 Al A0 | Ramp Start Comment
1. 1 1 1 1] Channel 7 Selected (Reference Voltage)
2 1 1 1 1 Record time until Pin 7 goes low
3 0 0 0 0 Channel 0 Selected {Ground)
4 0 0 0 1 Record time until Pin 7 goes low
5 0 0 1 0 Channel 1 Selected
[ 0 0 1 1 Record time until Pin 7 goes low

Calculate tch7 — tCho = tch7’ Step 2-Step 4

Calculate tch1 — tcho = tch1’ Step 6-Step 4

Calculate Vynknown = Vch7 {tch1'/teh?’) ™

7 0 1 0 0 Channel 2 Selected

0 1 0 1 Record time until Pin 7 goes low
Calculate tch2 = tcho = tCh2'

Calculate Vynknown = Vch7 {teh2'/tenz) T

etc.

*Weighting of the analog signal on Channel 1
tWeighting of the analog signal on Channel 2
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@ MOTOROLA MC14444

CMOS LSI

ANALOG-TO-DIGITAL CONVERTER (ADC) ‘%gjﬁ‘g&z@]k‘:\?’:ﬁgé\r
The MC14444 ADC 1s a 40-pin bus-compatible 8-bit A/D converter MICROPROCESSOR-COMPATIBLE
with additional digital I/0 capability The device operates from a single ANALOG-TO-DIGITAL CONVERTER

5 V supply and provides direct interface to the MPU data bus used with
all Motorola M6800 family parts It performs an 8-bit conversion in 32
machine cycles at 1 MHz and allows for up to 15 analog inputs In addi-
tion, the part has a 3-bit digital I/0 port and can accept up to 9 digital
inputs Six of these inputs are designed to be either analog or digital
inputs All necessary logic for software configuration, channel selec-

tion, conversion control, bus interface and maskable interrupt capability ) P SUFFIX
1S included. e PLASJESE';?:( AGE
@® Drrect Interface to M6800 Family MPUs
® Dynamic Successive Approximation A/D
® 32 us Conversion at fe=10 MHz
® Ratiometric Conversion
® Completely Programmable © L SUFFIX
® Polled or Interrupt Driven Operation CERA::A/I\C'SE;;KAGE
@ 3 Dedicated Digital Inputs ‘/{:“,
® 3-Bit Digital 1/0 Port o ‘*v“é‘goenmc INFORMATION
® 9 Dedicated Analog Inputs P
® 6 Inputs Usable fo?Eltﬁer Analog or Digital Signals . 5}% /”MCMXXX s
P uffix Denotes
® Completely TTL Compatible Inputs at Full Speed with Suppm\J,\M N ’ﬁ L Ceramic Package
Voltage of 5V +10% (;::.“ P Plastic Package
N7 ﬁw‘"
g T N ol
f{% \’ﬁLOCK DIAGRAM
‘\ VaG MO Vref

RS R l )
AV

@‘K j l ¥ AN1
@ k SAR 8Bt — 15 15

Cf;;.':‘ 4——-—4«—— Ci‘;:‘g;';"* Lmux p—~— ANC, 2-15

[¢ DAC
(Chopper d) y
EOC . 48
PO-5
( SAR
=i 6
sc s i 1
Analog
wa Data
3 Register
Control (Read Only) A
Register AO-3 4
y 3
(Write omLy) — % Dl;g'x':' /-3 DI00-2
3
8 l »1 Register
3 l¢—/~—DI3-5
DO-7 ] DID62 ) ,’ (Read Only}
R/W—— 18 T
TS—>f Bus | r 1°
Control M
RS1—™ Logc [
RESET =
E—»
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MC14444

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains circuitry to protect the

Vpp |DC Supply Voltage {Referenced to Vgg) -05t0 +65 \% nputs against damage due to high static

Vin DC Input Voltage (Referenced to Vgg) -05toVcc+05 \ voltages or electric fields, however, 1t 1s ad-

Vout | DC Output Voltage {Referenced to Vgg) -05t0Vcc+05 v vised that normal precautions be taken to

] DC Input Current, per Pm 10 A avoid applications of any voltage higher than

n i maximum rated voltages to this high m-

lout [DC Output Current, per Pin £10 mA pedance circut For proper operation 1t is

Ipp | DC Supply Current, Vpp and Vgg Pins +20 mA recommended that Vi and Vout be con-

Pp Power Dissipation, per Packagel 500 mwW straned to the range Vgs={(V|y or
Tstg | Storage Temperature —65 to + 150 sC Vout! =VbD

TL Lead Temperature (10-Second Soldering) 300 °C Unused nputs must always be tied to an

< appropriate logic voltage level {e g, erther
Maximum Ratings are those values beyond which damage to the device may occur Vgg or Vpp!

tPower Dissipation Temperature Derating
Plastic “P"* Package —12mW/°C from 65°C to 85°C
Ceramic “L'* Package. no derating

DC ELECTRICAL CHARACTERISTICS (Vpp=50V £10%, Vgg=0V, To= —40° to 85°C unless otherwise noted)

[ Characteristic ] Symbo | Conditions [ Min_ [ Max | Unit]
Bus Control Inputs (R/W, Enable, Reset, RS1, CS)
Input High Voltage ViH 20 - \
Input Low Voltage ViL — 08 \
Input Leakage Current lin Vin=01t0556V - +1 pA
Interrupt Output (11761}
Output Low Voltage VoL ILoad=16 mA - 04 \
Output Leakage Current (Off State) ILOH VoH=VpDp=55V - 10 A
Data Bus (D0-D7)
Input High Voltage VIH 20 - \
Input Low Voltage ViL - 08 \
Three-State {Off State) Input Leakage Current ITs) Vpp=55V, - +10 BA
VsssVin=Vop
Peripheral 1/0 (DIO0-D102, DI3-DIS, P0-P5)
Input High Voltage VIH 20 - \
Input Low Voltage ViL - 08 Vv
Input Leakage Current DI3-DI5, PO-PS Iin Vpp=55V, - +10 rA
Vss=Vin=VpD
Output High Voltage DICO-DIO2 | VoH loH=—-019 mA Vpp~-04 | - \4
Output Low Voltage DIOO-DIO2 | VoL loL=0975 mA - 04 v
Three-State (Off State) Input Leakage Current DICO-DIO2 | Iys) Vpp=565V. - +10 BA
Vss=VoutsVDD
Current Requirements
Supply Current Ibp Vpp=55V, fg=1MHz - 10 mA
Converter Input Current laADC Analog input current at - +500 nA
fe=1 MHz with multiplexer
inputs between Vgg and Vpp
Reference Input Current Vref Iref Vigf=45t0565V - 800 BA
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ANALOG CHARACTERISTICS (Ta=~-40°C to 85°C)

Characternistic Description [ Min Max [ Unit I
Analog Multiplexer
On Resistance Resistance between each analog input and multiplexer output - 5 kQ
Leakage Current Leakage current between all desglected analog inputs and any selected - +400 nA
analog input with all analog input voltages between Vsg and Vpp
A/D Converter (Vgs=0V, VAG=0V, 45 V=V f<Vpp)
Resolution Number of bits resolved by the A/D 8 — Bits
Nonlineanty Maximum dewviation from the best straight Iine through the A/D transfer — t% LS8
characteristic
Zero Error Difference between the output of an ideal and an actual A/D for zero - % LSB
input volitage
Full-Scale Error Difference between the output of an ideal and an actual A/D for full-scale — +% LSB
input voltage
Total Unadjusted Error Maximum sum of Nonlineanty, Zero Error, and Full-Scale Error - % LSB
Quantization Error Uncertainty due to converter resolution - +% LSB
Absolute Accuracy Difference between the actual input voltage and the full-scale weighted - +10 LSB
equivalent of the binary output code, all error sources included
Conversion Time Total time to perform a single analog-to-digital conversion - 32 E cycles
Sample Acquisition Time Time required to sample the analog input — 12 E cycles
AC CHARACTERISTICS (Tp= —40° to 85°C) (See Figure 1)
Characteristic Signal Symbol Min Max Unit
Enable Clock Cycle Time {1/fg) E toycE 943 - ns
Enable Clock Pulse Width, High E PWEH 440 —_ ns
Enable Clock Pulse Width, Low E PWEL 410 - ns
Clock Rise Time E [ — 25 ns
Clock Fall Time E teg — 30 ns
Address Setup Time RS1, R/W, CS | tas 145 - ns
Data Delay (READ) D0-D7 tDDR - 335 ns
Data Setup (WRITE) D0-D7 tDSW 185 — ns
Address Hold Time RS1, R/W, CS | tan 10 — ns
Input Data Hold Time D0-D7 IDHW 10 — ns
Qutput Data Hold Time DO-D7 1DHR 10 - ns
Input Capacitance ANO-AN15 Cin - 55 pF
DI0-DI5, - 15
R/W, E, RS1,
CS, RESET
Three-State Output Capacitance DI00-DIO2 Cout - 15 pF
D0-D7
High-Impedance Output Capacitance {RQ Cout - 15 pF
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FIGURE 1 — BUS TIMING

- teyeE »
— PWEgL »! | PWeH ————>]
—] — Ef
20 204
: Z \
084 08 08
— le—1Er
le——————— IAS ——————] -—-)-1 — 1AH
RIW, 20V 20V ﬁ
TS,
RS?t o8V o8v
I
—» le€— IDHR
|«—— 'DDR —>]
MPU \ 9 i
DO-D7 E——
Read , oﬂ- 04
l— 1DSW —{
—>»| l€— IDHW
\ 204 X0
Write 08y [ os
7
PIN ASSIGNMENT
AnalogGround  Vag [I1 N\ 40 [] VREF Analog Reference Voltage
Digital Ground Vss q 2 39[1 Vpp Supply Voltage
DIO0 O3 38[] TRQ  Interrupt Reguest
Digitial 1/0 Port DI01 Q4 37[1 MO Muluplexer Output
D102 5 361 ANO)
D13 6 350 AN2
Dedicated Digital Inputs pis 7 34[] AN3
S o5 8 33 {1 ANa Analog
07 c 9 %2 J ANS Inputs
o6 o 31f1 ang
D5 q 1" 30 [1 AN7
MPUDstaBusd D4 12 20 Ang
03 5 13 28] AN9 J
D2 14 271 POIAN10)
D1 ﬂm 26 [1 P1(ANTT) Analog
L Do Qe 25 p P2(AN12) OR
Read/Wnite RIW q'7 24 :] P3(AN13) Digital Inputs
Enable Clock E Q8 231 PA(AN14)
Register Select  RS1 {19 22[] PSIAN1S)
Chip Select TS Do 21} Reset System Reset
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PIN FUNCTIONS

Pin No. | Pin Name Function Type
1 VAG A/D Converter Analog Ground Supply
2 Vss Digital Ground Supply
3 DIO0 Digital Port Input/Qutput
4 DIO1 Digital Port Input/Qutput
5 DIO2 Digital Port Input/Qutput
6 DI3 Digital Port Input
7 Dl4 Digital Port Input
8 D5 Digital Port Input
9 D7 Data Bus Bit 7 (MSB) Input/Output
10 D6 Data Bus Bit 6 Input/Qutput
n D5 Data Bus Bit 5 Input/Output
12 D4 Data Bus Bit 4 Input/ Qutput
13 D3 Data Bus Bit 3 Input/Qutput
14 D2 Data Bus Bit 2 Input/ Output
15 D1 Data Bus Bit 1 Input/Output
16 DO Data Bus Bit 0 (LSB} Input/Output
17 R/W | Read/Wnite tnput
18 E Enable Clock (¢2} Input
19 RS1 Register Select Input
20 TS | Chip Select Input
21 Reset | Reset Input
22 P5(AN15) | Digital Port or Analog Channel 15 Input
23 P4({AN14) | Digital Port or Analog Channel 14 input
24 P3(AN13) | Digital Port or Analog Channe! 13 Input
25 P2(AN12) | Digital Port or Analog Channel 12 Input
26 P1(AN11) | Digital Port or Analog Channel 11 Input
27 PO(AN10) | Digital Port or Analog Channel 10 Input
28 AN9 Analog Channel 9 Input
29 AN8 | Analog Channel 8 Input
30 AN7 Analog Channel 7 Input
3 AN6 Analog Channel 6 Input
32 ANS Analog Channel 5 Input
33 AN4 Analog Channel 4 Input
34 AN3 Analog Channel 3 Input
35 AN2 Analog Channel 2 Input
36 ANO Analog Channel 0 input
37 MO Analog Multiplexer Output Test Only
38 TRQ  |Interrupt Request Open-Drain
Output
39 VpD Supply Voltage Supply
40 Vrief A/D Converter Positive Reference input
Voltage
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MC14444 MPU INTERFACE SIGNALS

Bidirectional Data Bus {D0-D7) — The bidirectional data
lines DO-D7 comprise the bus over which data is transferred
in parallel to and from the MPU The data bus output drnivers
are three-state devices that remain in the high-impedence
state except during an MPU read of an ADC data register

Enable Clock (E} — The enable clock provides two func-
tions for the MC14444 Furst, 1t serves to synchronize data
transfers into and out of the ADC The timing of all other ex-
ternal signals 1s referenced to the leading or trailing edge of
the enable clock Secondly, the enable clock is used internal-
ly to derive the necessary SAR A/D conversion clocks
Because this conversion 1s a dynamic process, enable clock
must be a continuous signal into the ADC during an A/D
conversion

Read/Write (R/W) — The R/W signal is provided to the
MC14444 to control the direction of data transfers to and
from the MPU A low state on this line 1s required to transfer
data from the MPU to the ADC controi register A high state
1s required on R/W to transfer data out of either of the ADC
data registers

Reset (RESET) — The reset line supplies the means of
externally forcing the MC14444 into a known state When a
low 1s applied to the RESET pin, the start conversion, inter-
rupt enable and I/0 port data direction bits of the control
register are cleared Analog channel 0 is automatically
selected by the analog multiplexer The A/D status bitis also
cleared Any A/D results present in the Analog Data register
are not affected by a reset Reset forces the data busand 1/0
port output drivers to the high-impedance state The internal
byte pointer (discussed in the following pages) is set to point
to the most significant byte of any subsequently selected in-
ternal register In order to attain an internally stable reset
state, the RESET pin must be low for at least one complete
enable clock cycle

Chip Select {CS) — Chip select 1s an active-low input used
by the MPU system to enable the ADC for data transfers No
data may be passed to or from the ADC through the data bus
pins unless CS 1s in a low state A selection of MPU address
hines and the M6800 VMA signal or 1ts equivalent should be
utiized to provide chip select to the MC14444

MC14444 ANALOG INPUTS AND DIGITAL I/0
{Refer to the ADC Block Diagram)

Dedicated Analog Channels (ANO, AN2-AN9) — These
input pins serve as dedicated analog channels subject to A/D
conversions These channels are fed directly into the internal
16-to-1 analog multiplexer which feeds a single analog
voltage to the A/D converter

Shared Analog Channels (AN10-AN15) — These input
pins are also connected to the analog multiplexer and may be
used as analog channels for A/D conversion However,
these pins may also serve as digital input pins as described
next.
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Shared Digital Inputs {PO-P5) — PO-P5 comprise a 6-bit
digital input port whose bits may also serve as analog chan-
nels. The state of these inputs may be read at any time from
the ADC digital data register The function of these pins i1s
not programmed, but instead 1s simply assigned by the
system designer on a pm-by-pin basis .

CAUTION: Digttal values read from the PO-P5 bit
locations do not guarantee the presence of true dig- -
1tal input levels on these pins PO-P5 pass through a
TTL-compatible input buffer and into the digital data
register These buffers are designed with enough
hysteresis to prevent internal oscilations if an analog
voltage between 08 and 2 V s present on one or
more of these six pins

Digital I/O Port (DIO0-DI02) — These pins serve as a 3-bit
digital 1/0 port At reset the port 1s configured as an input
and may be read from the ADC digital data register The port
may be programmed as an output by setting the DDIR bit in
the control register to a logical 1 See the control reg:ster
discussion for further detalls When configured as an output,
the DIO port will provide CMOS logic levels for imited dc
load currents (Refer to the Electrical Specifications for the
dc dnive capabihity of this port) New output states are
transferred to the external pins on the last falling edge of £
duning a 16-bit write to the control register When configured
as an input, the port will accept both TTL and CMOS logic
levels .

Dedicated Digital Inputs (DI3-DI5) — These three pins are
dedicated as digital inputs whose values may be read from
the ADC digital data register They are also TTL and CMOS
compatible

MC14444 SUPPLY VOLTAGE PINS AND TEST PIN

Positive Supply Voltage (Vpp) — Vpp s used internally
to supply power to all digital logic and to the chopper
stabilized comparator Because the output buffers con-
nected to this supply must drive capacitive loads, ac noise on
this supply line 1s unavoidable internally Analog circurts us-
ing this supply within the MC14444 were designed with high
VDD supply rejection, however, 1t 1s recommended that a
filtenng capacitance be used externally between Vpp and
Vsg to filter noise caused by transient current spikes

Ground Supply Voltage (Vgg) — Vggs should be tied to
system digital ground or the negative terminal of the Vpp
power source Again, the output buffers cause internal noise
on this supply, so analog circutts were designed with high
Vss rejection

Positive A/D Reference Voltage (Vigfl — This 1s the
voltage used internally to provide references to the analog
comparator and the digital-to-analog converter used by the
SAR A/D The analog-to-digital conversion result will be
ratiometric to Vief — VAG (full scale). Hence Vef should
be a very noise-free supply |deally Vigf should be single-
point'connected to the voltage supply driving the system's
transducers. Vief may be connected to Vpp, but degrada-
tion of absolute A/D accuracy may result due to switching
noise on Vpp
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A/D Ground Reference Voltage (VAG) — This supply ts
the ground reference for the internal DAC and several
reference voltages supplied to the comparator it should also
be noise-free to guarantee A/D accuracy Absolute accuracy
may be degraded if VAG 1s wired to Vgg at the ADC
package unless Vgg has been sufficiently filtered to remove
switching naise ldeally VAG should be single-point ground-
ed 1o the system analog ground supply

Multiplexer Output (MO} — The analog multiplexer selects
one of 16 analog input channels and connects 1t to the input
of the A/D converter The multiplexer output is internally
connected to the A/D input and requires no external
Jjumpers Since loading of the MO pin affects the charging
time of the DAC, it is recommended that no connection be
made to the MO pin.

MC14444 INTERNAL REGISTERS

The MC14444 ADC has three 16-bit internal registers Each
register 1s divided Into two 8-bit bytes a most significant
(MS) byte {bits 8-15) and a least significant (LS) byte (bits
0-7) Each of these bytes may not be addressed externally,
but instead are normally addressed by a single 16-bit instruc-
tion such as the M6800 LDX instruction An internal byte
pointer selects the appropriate register byte during the two E
cycles of a normal 16-bit access In keeping with the M6800
X register format, the pointer points first to the MS byte of
any selected register After the E cycle in which the MS byte
1s accessed, the pointer will switch to the LS byte and remain
there for as long as chip select i1s low The pointer moves
back to the MS byte on the falling edge of E after the first
complete E cycle in which the ADC s not selected (See
Figure 2a for more detail )} The MS byte of any register may
also be accessed by a simple 8-bit insttuction as shown in
Figure 2b However, the LS byte of all registers may be
accessed only by 16-bit instructions as descrnibed above By
connecting the ADC register select (RS1) to the MPU
address line A1, the three registers may be accessed sequen-
tially by 16-bit operations

CAUTION: RS1 should not be connected to
address line A0 and the addressing of the ADC
should be such that RS1 does not change states dur-
Ing a 16-bit access

INTERNAL REGISTER ADDRESSING

Addressing Signals
RESET | CS | R/W| RS1 ADC Response

0 X X X | Reset

1 0 0 0 | No Response

1 0 0 1 | MPU Wnite to Control Register

1 ] 1 0 | MPU Read from Analog Data
Register

1 0 1 1 ) MPU Read from Digital Data
Register

1 1 X X | Chip Deselected (No Response)
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FIGURE 2 — ADC ACCESS TIMING
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MC14444 CONTROL REGISTER

{Write Only)

15 8 7 0

0 IE X X X X X SC |DDIR |DIO | DIO | DIO | A3 | A2 | A1l A0
(MSB) o {LSB}}{MSB)| 2 1 0 {LSB)
le——Most Significant Bm‘-—— Least Significant Byte ———————3m]
[ €—————8-Bit Write
>3 16-Bit Wnite >

Analog Multiplexer Address (A0-A3) — These four will begin immediately after the completion of the control

address bits are decoded by the analog multiplexer and used
to select the appropriate analog channel as shown below

Hexadecimal Address (A3 =MSB) Select
0 ANO
! VREF
29 AN2-ANS
A-F AN10-AN15(P0-P5)

Digital 1/0 Output (DIO0-DIO2) — When the MPU con-
figures the 3-bit I/0 port as an output, these are the bit loca-
tions into which the output states are wnitten

1/0 Port Data Direction (DDIR) — This i1s the data direc-
tion bit for the 3-bit I/0 port A logical 1 configures the port
as output while a logical 0 configures the port as input

Start A/D Conversion (SC) — When the SC bitis setto a
logical 1, an A/D conversion on the specified analog channel

register write.

Unused Bits (X) — Bits 9-13 of the ADC Control Register
are not used internally

Interrupt Enable {IE) — The interrupt enable bit, when set
to a logical 1, allows the TRQ pin to be activated at the com-
pletion of the next analog to digital conversion

Control Register MSB — The MSB of the most significant
byte of the ADC control register must be written as a logrcal
0

NOTE: A 16-bit control register write 1s required to change
the analog multiplexer address or to update the DIO port
However, 8-brt writes to the MC14444 can be used to initiate
an A/D conversion if the analog MUX 1s already selecting the
desired channel This i1s useful when repeated conversions
on a particular analog channel are necessary

MC14444 ANALOG DATA REGISTER

(Read Only)

15 8 7 0
EOC | O 0 0 0 0 4] 0 R7 |R6 | R5 | R4 | R3 | R2 | Rl RO
(MSB) (LSB)}(MSB) (LS8}
f€&————— Most Significant Byte P Least Significant Byte ~—————3»

- 8-Bit Read >
< 16-Bit Read >

A/D Result {R0-R7) — The LS byte of the analog data
register contains the result of the A/D conversion R7s the
MSB, and the converter follows the standard convention of
assigning a code of $FF to a full-scale analog voltage There
are no special overflow or underflow indications

A/D Status (EOC) — The A/D status bit 1s set whenever a

converston 1s successfully completed by the ADC The status
bit 1s cleared by either an 8-bit or a 16-bit MPU write to the
ADC control register The remainder of the bits in the MS
byte of the analog data regster are always set to a logical 0
to simplify MPU interrogation of the ADC status For exam-
ple, a single 8-bit M6800 TST instruction can be used to
determine the status of the A/D conversion
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MC14444 DIGITAL DATA REGISTER

(Read Only)
15 8 7 0
ps | P4 [ P3| P2 |P1 | Po|A3 {A2] A1 |A0|Ds|D4|D3]|0I0|DIO] DO
2 1 ]

—

r————————Most Significant Byt

[ ————————8-Bit Read ———————

Least Significant Byte ————————3»

Digital I/O Port (DIO0-DIO2) — The states of the three
digital 1/O pins are read from these bits regardless of
whether the port is configured as input or output

Dedicated Digital Input {DI3-DIS) — The states of the
three dedicated digital inputs are read from these bits

Analog Multiplexer Address (A0-A3) — The number of the
analog channel presently addressed is given by these bits

16-81t Read

Shared Digital Port {(PO-P5) — The voitage present on
these pins 1s Interpreted as a digital signal and the corres-
ponding states are read from these bits.

WARNING: A digital value will be given for each pin even
if some or all of the pins are betng used as analog inputs

ANALOG SUBSYSTEM
(See Block Diagram)

General Description

The analog subsystem of the MC14444 1s composed of a
16-channel analog multiplexer, an 8-bit capacitive DAC
(digital-to-analog converter), a chopper-stabilized com-
parator, a successive approximation register, and the
necessary control logic to generate a successive approxima-
tion routine

The analog multiplexer selects one of sixteen channels and
directs 1t to the input of the capacitive DAC. A fully-
capacitive DAC 15 utihzed because of the excellent matching
characteristics of thin-oxide capacitors in the silicon-gate
CMOS process. The DAC actually serves several functions.
During the sample phase, the analog input voltage is applied
to the DAC which acts as a sample-and-hold circuit. During
the conversion phase, the capacitor array serves as a digital-
to“analog converter The comparator is the heart of the
ADC; 1t compares the unknown analog input to the output of
the DAC, which i1s driven by a conventional successive-
approximation register. The chopper-stabilized comparator
was designed for low offset voltage characteristics as well as
Vpp and Vgs power supply rejection.

Device Operation

An A/D conversion Is initrated by writing a logical 1 into
the SC bit of the ADC control register. The MC14444 allows
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2 enable clock cycles for the write into the control register
even if only 8 bits are wnitten. In this case, the second E cycle
does not affect any internal registers During the next 12%
enable cycles following a write command, the analog
multiplexer channel 1s selected and the analog input voltage
1s stored on the sample and hold DAC it 1s recommended
that an input source impedance of 10 KQ or less be used to
allow complete charging of the capacitive DAC.

During cycle 13 the A/D 1s disconnected from the
multiplexer output and the successive approximation A/D
routine begins. Since the analog input voltage 1s being held
on an internal capacitor for the entire conversion period, it 1s
required that the enable clock run continuously until the A/D
conversion 1s completed. The new 8-bit result 1s latched into
the analog data regsster on the rising edge of cycle 32. At this
point the end of conversion bit (EOC) 1s set in the analog
data register MS byte, and the interrupt request {IRQ) pin
goes low if interrupt has been enabled by the !E tit of the
control register. (See Figure 3, A/D Timing Sequence )

NOTE: The digital data register or the analog data register
may be read even if an A/D conversion s in progress If the
analog data register is read durning an A/D conversion, valid
results from the previous conversion are obtained However,
the EOC bit will be clear (logical 0) if an A/D conversion ts in
progress.
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FIGURE 3 — TYPICAL A/D TIMING SEQUENCE
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FIGURE 4 — TYPICAL MC14444 APPLICATION IN A CLIMATE CONTROLLER
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MC14447

FOR COMPLETE DATA
SEE MC14443

ANALOG-TO-DIGITAL CONVERTER
LINEAR SUBSYSTEM

The MC14443 and the MC14447 are 6-channel, single-siope, 8-10 bit
analog-to-digital converter linear subsystems for microprocessor-based
data and control systems Contained in both devices are a one-of-8
decoder, an 8-channel analog multiplexer, a buffer amplifier, a precision
voltage-to-current converter, a ramp start circuit, and a comparator
The output driver of the MC14443's comparator 1s an open-drain
N-channel which provides a sinking current The output driver of the
MC14447's comparator 1s a standard B-Series P-Channel, N-Channel
pair

A CMOS MPU or MCU provides the addressing, timing, coun-
ting, and anthmetic operations required for implementing a full
analog-to-digital converter system A system made up of a pro-
cessor and the linear subsystem has features such as
automatic zeroing and varnable scaling (weighting) of six
separate analog channels

Quiescent Current 08 mA Typical at Vpp=5V

Single Supply Operation +4 5 to + 18 Volts

Direct Interface to CMOS MPUs

Typical Resolution — 8 Bits

Typical Conversion Cycle as Fast as 300 us

Ratio Metric Conversion Minimizes Error

Analog Input Voltage Range Vsg to Vpp — 2V

Chip Complexity MC14443 — 150 FETs
MC14447 — 161 FETs

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)
MICROPROCESSOR-BASED

ANALOG-TO-DIGITAL
CONVERTER

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

ORDERING INFORMATION

MC14XXX__ Suffix Denotes

L Ceramic Package
P Plastic Package

BLOCK DIAGRAM

=, 15
Chl —o Ramp Start
13 3 Ramp Capacitor
Ch2 — 4
Buffer
12 H
chy — X b l
2 h 7
11 g - _
Ch4  ——o 3 Comparator
chs 10 2 = Output
9
€né . 6 Ref Current
Aet 8 Set
e
Voltage ~
] .
16 v =Pin 14
AQ _I [s]0] !
A1 1 Vgg =Pin5
2
2 zl

PIN ASSIGNMENT

—\
1 A1 AQ i:)‘ls
2 A2 Ch1f415
3 ] RampStart Vpp 314
4 CJRamp Cap Ch2 313
5 c{Vss ch3 12
6 |:‘J Ref Current Ch4 73311
7 C4Comp Out Chs 310
8 CRef Voltage Ch6 39
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MC14549B
MC14559B

eight cycles

® Totally Synchronous Operation
@ All Qutputs Buffered

® Single Supply Operation

@ Senal Output

©® Retrniggerable

[ ]

MC1408 8-Bit D/A Converter

Range

® All Control Inputs Positive-Edge Triggered
Supply Voltage Range=3 0 Vdc to 18 Vdc

® Capable of Drnving Two Low-Power TTL Loads, One Low-Power
Schottky TTL Load or Two HTL Loads Over the Rated Temperature

® Chip Complexity: 488 FETs or 122 Equivalent Gates

SUCCESSIVE APPROXIMATION REGISTERS

The MC14549B and MC14559B successive approximation registers
are 8-bit registers providing all the digital control and storage necessary
for successive approximation analog-to-digital conversion systems
These parts differ in only one control input. The Master Reset {MR) on
the MC145439B s required 1n the cascaded mode when more than 8 bits
are desired. The Feed Forward {FF) of the MC145598B is used for register
shortening where End-of-Conversion (EOC) is required after less than

Applications for the MC14549B and MC14559B include analog-to-
digital conversion, with serial and parallel outputs

Compatible with a Variety of Digital and Analog Systems such as the

CMOS MSI

{LOW POWER COMPLEMENTARY MQOS)

SUCCESSIVE APPROXIMATION
REGISTERS

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

ORDERING {INFORMATION

MC14XXXB Suffix Denotes
L. Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

MAXIMUM RATINGS (Voltages referenced to V

s)

PIN ASSIGNMENT

X = Don’t Care
t-1 = State at Previous Clock -

Rating Symbol Value Unit
DC Supply Voltage Vbp -05to +18 Vde
Input Voltage, Al Inputs Vin ~05toVpp +05 Vde
DC Input Current, per Pin hin +10 mAdc
Operating Temperature Range— AL Device TA ~55to +125 °C
CL/CP Device -4010 +85 ‘
Storage Temperature Range Tstg —65to + 150 °C
*For MC145498 Pin 10 1s MR input
MC145498 TRUTH TABLES MC145598 For MC145598 Pin 10 1s FF input
SC|SC(t-1) | MR |MR(¢_1)| Clock| Action SC{SC(¢-1){ EOC |Clock|  Action
X X X X —1_ |None X X X [T— [None
X x 1 X I |Reset 1 o 0 |.J [Start
Conversion This device contains circuitry to protect
1 o 0 0 I |start % 1 0 |- |continue the nputs against damage due to high static
Conversion Conversion voltages or electric fields, however, 1t is
1 X ° 1 I [start 0 o 0 | T | contnue advised that normal precautions be taken
Conversion Conversion to avaid application of any voltage higher
— = than maximum rated voltages to this high
! ! 0 o g:::‘;::,n o x ! 2:;3\::“‘0" 1mpedance circuit For proper operation it
Result 1s recommended that V,; and Vg be
) X ° X |_I— |Contnue ] X T |1 |starc constrained to the range Vgg < (V| or
Previous Conversion Vout) <Vpp
Operation Unused inputs must always be tied to an

appropriate logic voltage level (e g, either
Vgg or Vpp!
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ELECTRICAL CHARACTERISTICS (Voltages referenced to Vsg)

VoD | Tiow* 25°C Thigh*
Characteristic Symbol | Vdc [ Min | Max [ Min Typ Max | Min | Max | Unit
Output Voltage “0" Level | VoL 50| — [005 - 0 005 - |005| V
Vin=Vpp or 0 10 — |o005 - 0 005 ~1005
15 — | 005 — 0 - 005 — | 005
“1" Level | VoH 501495 - 49 50 - 49 [ — \%
Vin=0o0r Vpp 10 |99 — 995 10 - 99 | —
15 1495 — 14 95 15 - 1495 —

Input Voltage# 0" Level ViL \
(Vo=450r05V) 50 - | 15 - 22 15 - 15
(Vo=900r10V) 10 - |30 - 450 30 - |30
(Vo=1350r15V) 15 — | 40 - 675 40 - |40

1" Level VIH \
(Vo=050r45V} 50 [ 36| — 35 275 - 35 | —
(Vo=100r90V) 10170 - 70 550 - 70 | —
(Vo=150r135V) 1B 10| —- 10 825 - no| -

Output Drive Current (AL Device) loH mA
(VoH=25V) Source 50 |-12| - -10 -17 - -07( -
(Von=46V) 50 |-028 — -02 -036 - -014 -
(VoH=95V) 10 |-062} — -05 -09 - -035| —
(VOH=135V) 15 |-18} — -15 -35 - -11| -
(VoL=04V) Sink | oL 50 |128) — 102 176 - 0721 — [ mA
(VoL=05V) Q Outputs 10 | 32 - 26 45 - 18 -
(VoL=15V) 15 | 84 | — 68 176 - 48 | —
(VoL=04V) Sink 50 |064 ] — 051 088 - 036 —
(VoL=05V) Pin5, 11 only 0 |16 ] — 13 225 - 09 | —
(VoL=15V) 5 |42 | — 34 88 - 24 | -

Output Drive Current (CL/CP Device) 10H mA
{(VOH=25V) Source 50 |-10[ — -08 -17 - ~-06| —
(VoH=46V) 50 |-02| — -016 | -036 - -012| —
(VoH=95V) 10 |-05] — -04 -09 - -03] -
(Vou=135V) 15 |-14f — -12 -35 - -10] —
(VoL=04V) sink[ TloL | 50 [104] — 088 176 = 072 | — | mA
(VoL=05VI} Q Outputs 0126 - 22 45 - 18 -
(VoL=156V) B 172) - 60 176 - 48 | -
(VoL=04V) Sink 50 1052] — 044 088 - 036 | —
{(VoL=05V) Pin5, 11 only 0 113] — 11 225 - 09 | —
(VoL=15W) 15 |36 - 30 88 - 24 | -

input Current (AL Device) Iin 15 — [£01 - +000001] 01 — [£710] xA

Input Current (CL/CP Device} in 15 - |+03 - +0 00001 +03 — |£10] pA

Input Capacitance Cin - - . - 50 75 - - pF

Quiescent Current (AL Device) IpD 60| - [ 50 —~ 0 005 50 — | 180 | wA
(Per Package) 10 - 10 - 0010 10 — | 300
(Clock=0V, 15 - 20 - 0015 20 -

Other Inputs=Vpp or 0 V, 1g4t=0 pA)

Quiescent Current (CL/CP Device) IbD 50| - 20 — 0 005 20 — 180 | wA
(Per Package) 10 - 40 - 0010 40 - 300
(Clock=0V, 15 - 80 - 0015 80 — | 600
Other Inputs=Vpp or 0V, lgyt=0 uA)

Total Supply Current* * 1 It 50 IT=108 pA/kH2) t+Ipp uA
(Dynamic plus Quiescent, 10 IT=116 pA/kHz) f+Ipp
Per Package) 15 IT=(2 4 pA/kHz) f+Ipp
(CL=50 pF on all outputs, all
buffers switching)

* Tjow= —55°C for AL Device, —40°C for CL/CP Device
Thigh= +125°C for AL Device, +85°C for CL/CP Device
# Noise immunity specified for worst-case input combination
Noise Margin for both “1”" and ‘0" level=10 V min @ Vpp=50V
20Vmn@ Vpp=10V
256Vmin@ Vpp=15V
1 To calculate total supply current at loads other than 50 pF
IT(CL) = IT(80 pF)+2x 10~ 3(C| - 50) Vppf
where I 1s 1n A (per package), C( in pF, Vpp in V, and fin kHz 1s input frequency
** The formulas given are for the typical characteristics only at 256°C
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SWITCHING CHARACTERISTICS® (C__ =60 pF, TA = 26°C)

Characteristic Symbol Vobp Min Typ Max Unit
Output Rise Time ' tTLH ns
tTLH = (3.0 ns/pF) C +30 ns 50 - 180 360
trL = {(1.5ns/pF) C + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C + 10 ns 15 - 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) CL + 25 ns 5.0 - 100 200
tTHL = {0.75 ns/pF) C_+ 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_+9.5 ns 15 - 40 80
Propagation Oelay Time tPLH, ns
Clock to @ tPHL
tPLH, tPHL = (1.7 ns/pF) C +415 ns 5.0 - 500 1000
tpLH, tPHL = (0.66 ns/pF) C_ + 177 ns 10 - 210 420
tPLH, tPHL = (0.5 ns/pF) C_+ 130 ns 15 - 155 310
Clock to Sgyt
tPLH, tPHL = (1.7 ns/pF) Cg_ + 665 ns, 5.0 - 750 1500
tpLM, tPHL = (0.66 ns/pF) Cy_+277 ns 10 - 310 620
tpLH, tPHL = (0.5 ns/pF) C|_+ 195 ns 15 - 220 440
Clock to EOC
tpLH, tPHL = (1.7 ns/pF) C_ + 215 ns ' 6.0 - 300 600
tpLH, tPHL = (066 ns/ pF) C|_ +97 ns 10 - 130 260
tpLH, tPHL = (0.5 ns/pF) Cy + 75 ns 15 - 100 200
SC, D, FF or MR Setup Time tsy 5.0 250 125 - ns
10 100 50 -
15 80 40 =
Clock Pulse Width WHcl) 5.0 700 350 - ns
10 270 135 -
15 200 100 —
Pulse Width — D, SC, FF or MR twH 5.0 500 250 - ns
10 200 100 -
15 160 80 -
Clock Rise and Fall Time tTLH, 5.0 - - 15 us
tTHL 10 - - 5.0
15 - — 4.0
Clock Pulse Frequency fel 5.0 - 15 08 MHz
10 - 3.0 15
15 - 4.0 2.0

* The formulae given are for the typical charactenstics only.
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

¥Vno

Q7

Qs
Qs

—O—— C

Q4

Programmable —O— sc¢ a3
Pulse

Genserator

Q2
paeO—— FF(MR) Qi1

ao
—o— o EocC

Sout

Vss

1|f—0—1

N\
%‘wu(o)

-—50 PPLH

%

1o f| 00%
—-* tTLH

Note. Pin 10 = Vgg

TIMING DIAGRAM

coo J U LML UL UL LML L
se T L[]
° LJ B I 1 VR
ewZ4d L
sz [ [ LI |
esZzZZZa [ L __ |
as Z4
a3 ZA4
a2 ZZ4
a1 Z4_
a0 ZA
eoc Z4
Sout ZZ\nn a7 [as |1nh [a7] 28 [as] 94 @3] a2 [@1120 [aa*[inn_

W — Don’t care condition
inh — Indicates Serial Qutis inhibited low.
* — Q8 s ninth-bit of serial information available from 8-bit register.
Note: Pin 10 = Vgg
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OPERATING CHARACTERISTICS

Both the MC14549B and MC14559B can be operated
in either the “free run” or “strobed operation’’ mode for
conversion schemes with any number of bits. Reliable
cascading and/or recirculating operation can be achieved
if the End of Convert (EQC) output is used as the con-
trolling function, since with EOC = 0 (and with SC = 1
for MC14549B but either 1 or 0 for MC14559B) no stable
state exists under continual clocked operation. The
MC14559B will automatically recirculate after EOC = 1
during externally strobed operation, provided SC = 1.

All data and control inputs for these devices are trig-
gered into the circuit on the positive edge of the clock
pulse.

Operation of the various terminals is as follows:

C = Clock — A positive-going transition of the Clock is
required for data on any input to be strobed into the
circuit.

SC = Start Convert — A conversion sequence is initi-
ated on the positive-going transition of the SC input on
succeeding clock cycles.

D = Data In — Data on this input {(usually from a com-
parator in A/D applications) is also entered into the cir-
cuit on a positive-going transition of the clock. This input
is Schmitt triggered and synchronized to allow fast re-
sponse and guaranteed quality of serial and parallel data.

MR = Master Reset (MC14549B only) — Resets all out-
put to 0 on positive-going transitions of the clock. If re-
moved while SC = 0, the circuit will remain reset until
SC = 1. This allows easy cascading of circuits.

FF = Feed Forward {(MC14559B only) — Provides reg-
ister shortening by removing unwanted bits from a sys-
tem.

For operation with less than 8 bits, tie the output
following the least significant bit of the circuit to EOC.

E.g., for a 6-bit conversion, tie Q1 to FF; the part will
respond as shown in the timing diagram less two bit times.
Not that Q1 and QO will still operate and must be dis-
regarded.

For 8-bit operation, FF is tied to Vss.

For applications with more than 8 but less than 16
bits, use the basic connections shown in Figure 1. The FF
input of the MC14559B is used to shorten the setup.
Tying FF directly to the least significant bit used in the
MC14559B allows EOC to provide the cascading signal,
and results in smooth transition of serial information from
the MC14559B to the MC14549B. The Serial Out (Sgyt)
inhibit structure of the MC14559B remains inactive one
cycle after EOC goes high, while Sg¢ of the MC145498
remains inhibited until the second clock cycle of its
operation,

Q,, = Data Outputs — After a conversion is initiated the
Q’s on succeeding cycles go high and are then condition-
ally reset dependent upon the state of the D input. Once
conditionally reset they remain in the proper state until
the circuit is either reset or reinitiated.

EOC = End of Convert — This output goes high on the
negative-going transition of the clock following FF = 1
(for the MC14559B) or the conditional reset of Q0. This
allows settling of the digital circuitry prior to the End of
Conversion indication. Therefore either level or edge
triggering can indicate complete conversion,

Sout = Serial Out — Transmits conversion in serial
fashion, Serial data occurs during the clock period when
the corresponding parallel data bit is conditionally reset.
Serial Qut is inhibited on the initial period of a cycle,
when the circuit is reset, and on the second cycle after
EOC goes high, This provides efficient operation when
cascaded.

FIGURE 1 — 12-BIT CONVERSION SCHEME

From A/D External
Comparator Clock 1/4 MC14001
(]
—I [_l_D)—o Seriat Out
{Continual
__l 1 update every
c D Sout L c =] Sout 13 clock cycles)
sc  MC1456598 sc MC145498
. MR
Q7Q6Q5Q4Q0 EOC Q7 Q60504 Q302 Q1Q0EOC]

~————— NC
MS8 16 0/A and Paralie! Data

)

[0 | TTITTIT

-

LS8 tCompletion of conversion
d automatically re-initiates
cycle in free run mode.

To D/A an
Perallel Data

O
*FF allows EOC to activate
as if in 4-stage register
**C using EOC
no stable unfunctionat state.
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TYPICAL APPLICATIONS

Externally Controlled 6-Bit ADC (Figure 2)

Several features are shown in this application:

® Shortening of the register to six bits by feeding the
seventh output bit into the FF input.

® Continuous conversion, 1f a continuous signal is
applied to SC.

® Externally controlled updating (the start pulse must
be shorter than the conversion cycle).

® The EOC output indicating that the parallel data
are valid and that the serial output is complete.

Continuously Cycling 8-Bit ADC (Figure 3)

This ADC 1s running continuously because the EQC
signal is fed back to the SC input, immediately initiating
a new cycle on the next clock pulse.

Continuously Cycling 12-Bit ADC (Figure 4)

Because each successive approxiamtion register (SAR)
has a capability of handling only an eight-bit word, two
must be cascaded to make an ADC with more than
eight bits.

When 1t 1s necessary to cascade two SAR's, the second
SAR must have a stable resettable state to remain in while
awaiting a subsequent start signal. However, the first stage
must not have a stable resettable state while recycling,
because during switch-on or due to outside influences, the
first stage has entered a reset state, the entire ADC will
remain In a stable non-functional conditton.

This 12-bit ADC 1s continuously recycling. The serial
as well as the parallel outputs are updated every thirteenth
clock pulse. The EQC pulse indicates the completion of

FIGURE 2 — EXTERNALLY CONTROLLED 6-8IT ADC

O jt—

MC145598

Q7 Q6 @5 Q4 Q@3 Q2 Q1 Qo FF EQC

Sout [—

To DAC

HENER

I |

FIGURE 3 — CONTINUOQUSLY CYCLING 8-BIT ADC

O la—

sC MC145598B

Q7 Q@6 Q5 Q4 Q3 Q2 Q1 Q0 FF EOC

Sout —

IERERRERE"

Y
To DAC
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FIGURE 4 — CONTINUOUSLY CYCLING 12-BIT ADC

} I

c sou:
MC145508

Q7 06Q5 04Q3Q2Q1Q0 FF EOC]

sc

MR
Q7Q6Q504Q3Q02Q1Q0E0C

| Sout’
i _Fl)-—
sc ¢ Sout

MC145498

BERARN

To DAC

ERERRER!

Td DAC

the 12-bit conversion cycle, the end of the serial output
word, and the validity of the parallel data output.

Externally Controlled 12-Bit ADC (Figure 5)

In this circuit the external pulse starts the first SAR
and simultaneously resets the cascaded second SAR. When
Q4 of the first SAR goes high, the second SAR starts
conversion, and the first one stops conversion. EOC indi-
cates that the parallel data are valid and that the serial
output is complete. Updating the output data is started
with every external control pulse.

EOC’

Additional Motorola Parts for Successive
Approximation ADC

Monolithic digital-to-analog converters — The MC1408/
1508 converter has eight-bit resolution and is available
with 6, 7, and 8-bit accuracy. The amplifier-comparator
block — The MC1407/1507 contains a high speed oper-
ational amplifier and a high speed comparator with ad-
justable window.

With these two linear parts it is possible to construct
SA-ADCs with an accuracy of up to eight bits, using as the
register one MC14549B or one MC14559B. An additional
CMOS block will be necessary to generate the clock fre-
quency.

Additional information on successive approximation
ADC is found in Motorola Application Note AN-716.

FIGURE 5 — EXTERNALLY CONTROLLED 12-BIT ADC

{

|

c Sout
MC145898

Q7106 Q504 03Q2Q1Q0 FF EOC

— b1 Sout

[

MR MC1458498

Q7Q605040Q302Q100 EOC

T

To DAC EOC  Sgur
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MC144110
. MOTOROLA MC144111

| Advance Information l
CMOS LSI
(LOW POWER COMPLEMENTARY MOS)
DIGITAL-TO-ANALOG CONVERTERS WITH DIGITAL-TO-ANALOG
SERIAL INTERFACE CONVERTERS WITH

SERIAL INTERFACE

The MC144110 and MC144111 are low-cost six-bit D/A converters
with senal interface ports to provide communication with CMOS
microprocessors and microcomputers The MC144110 contains six
static D/A converters, the MC144111 contains four converters

Due to a unique feature of these DACs, the user 1s permitted easy
scaling of the analog outputs of a system Over a 5 to 15 volt supply

range, they may be directly interfaced to CMOS MPUs operating at ?,ﬂ?lj:;:)?

5 volts PLASTIC PACKAGE
CASE 707

@ Direct R-2R Network Outputs

© Buffered Emitter-Follower Outputs

© Serial Data Input
MC144111

© Digital Data Output Facilitates Cascading P SUFFIX

© Direct Interface to CMOS pP PLASTIC PACKAGE

0 Wide Operating Voltage Range 4.5 to 15 Volts CASE 646

© Wide Operating Temperature Range 0 to 856°C

BLOCK DIAGRAM PIN ASSIGNMENTS

(VTS Qn Rn
DD —l Q10ut R1Qut Out Out

L

MC144110

[IR6 Out
Q6 Out
IR5 Out
105 Out
R4 Out
104 Out
[ Clock

© ©® N ® 0O b0 o =

Hex Buffer {tnverting)

_—"

Dinf{
Q1 Outl
R1 Outl
Q2 Outl
R2 Outl}

I—Doul Enable []
Vss 1

Hex Latch

{}

6-Bit Shift Register

S o

=

D —DQ—D
" =

*Transparent Latch

[
.
L

This document contains information on a new product Specifications and information herein ©MOTOROLA INC , 1984
are subject to change without notice
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7
MAXIMUM RATINGS* (Voltages referenced to Vgg)
Rating Symbol Value Unit This device contains circurtry to protect
DC Supply Voltage Vpo -05t +18 \ the inputs against damage due to high
Tnput Voltage, All Inputs Vin ~05to Vpp+05 v static voltages or electric fields, however,
DC Input Current, per Pin | 10 mA 1t 1s advised that normal precautions be
taken to avoid applications of any voltage
Power D'Sf'Pam" (Per Output) PoH mw higher than maximum rated voltages to
Ta=70°C, mclﬁ:w 30 this high impedance circuit For proper
Tacg5oC Mc 441:(‘) ?g operation is 1s recommended that V, and
A=85°C, MC:M'IH » Vout be constrained to the range
c Vss=s(Vin or Vout) <Vpp
Power Dissipation (Per Package} Pp mw Unused inputs must always be tied to
TA=70°C, MC144110 100 an appropriate logic voltage level (e g,
MCc144111 150 erther Vgg or Vpp)
Ta=85°C, MC144110 25
MC144111 50
Storage Temperature Range Tstg —65 to +150 °C

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

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ta=0° to 85°C unless otherwise indicated)

Symbol Parameter Test Conditions Vpbp Min Max Unit
VIH | High-Level Input Voltage 5 30 - \
(Dyn, Enable, Clock) 10 35 -
15 40 -
ViL Low-Level Input Voltage 5 - 08 \
{Dpy. Enable, Clock) 10 - 08
15 = 08
loy | High-Level Output Current Vout=Vpp-05V 5 - 200 - A
{Dout) 10 -
15 =
oL Low-Level Output Current Vout=05V 5 200 - rA
(Dout) 10 -
15 -
Ipp | Quiescent Supply Current lout=0pA MC144110 15 - 12 mA
MC144111 15 — 8
hn Input Leakage Current Vin=Vpporo Vv 15 - +1 A
(D), Enable, Clock)
Vnonl | Nonlineanty Voltage See Figure 1 5 - 100 mv
(Rn Out) 10 - 200
15 - 300
Vstep | Step Size See Figure 2 5 19 137 mV
(Rn Out) 10 39 274
15 68 411
Votfset | Offset Voltage from Vgg Din=$00, See Figure 1 - - 1 LSB
Ig Emitter Leakage Current VRnOut=0V 15 - 10 A
hpe | DC Current Gain Ig=011t0 100 mA - 40 - -
TA=25°C
VBg | Base-to-Emutter Voltage Drop Ilg=10mA - 04 07 \

3-48




MC144110, MC144111

SWITCHING CHARACTERISTICS (Voltages Referenced to Vgg, TA=0 to 85°C, C =50 pF, Input ty=1(=20 ns

Unless Otherwise indicated)

Symbol Parameter Vob Min Max Unit
twH | Positive Pulse Width, Clock (Figures 3 and 4} 5 2 - kS
10 15 -
15 1 —
twlL | Negative Pulse Width, Clock (Figures 3 and 4} 5 5 - us
10 35 -
15 2 —
tsy Setup Time, Enable to Clock (Figures 3 and 4) 5 5 - s
10 356 -
15 2 -
tsy Setup Time, D| to Clock (Figures 3 and 4} 5 1000 - ns
10 750 -
15 500 —
th Hold Time, Clock to Enable (Figures 3 and 4) 5 5 - us
10 35 -
15 2 -
th Hold Time, Clock to Din (Figures 3 and 4) 5 5 - '
10 35 -
15 2 —
tpLH. | Propagation Delay, Clock to Doyt 5 - ns
tPHL 10 -
15 -
tr, tf | Input Rise and Fall Times 5-15 - 2 us
tTLH. | Output Transition Time, Doyt 5 - ns
tTHL 10 -
15 -
Cin Input Capacitance 5-15 - 75 pF
FIGURE 1 — D/A TRANSFER FUNCTION
100
4
% /
& 7,
=
1 75 7
>8 Vnoni //
F } s
é j’ Actual
Ve
= 50
) weald, 4]
g >
s
=3
3 25 L
Voffset
)
0
0 15 31 47 63
$00 $OF $1F $2F $3F
Program Step

LINEARITY ERROR (integral lineanty). A measure of how straight a
device’s transfer function s, 1t indicates the worst-case deviation of
linearity of the actual transfer function from the best-fit straight ine
It 1s normally specified in parts of an LSB
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FIGURE 2 — DEFINITION OF STEP SIZE

VRn Out v
Stepsize =22 +0 7500
Step (For any adjacent pair of digital numbers}
Size
Digital Number
FIGURE 3 — SERIAL INPUT, POSITIVE CLOCK
Enable © X 50%
tsu
Clock 50% Cq \ Ca Cn
twH -ty
Din D1 D2 x
tsu [ty
FIGURE 4 — SERIAL INPUT, NEGATIVE ICLOCK
Enable
tsu

Clock €1 \2-/_— CN

twil twH >

tsy ~»1—th
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PIN DESCRIPTIONS

INPUTS

Dijn. DATA INPUT — Six-bit words are entered senally,
MSB first, into digital data input, D| Six words are loaded
nto the MC144110 durning each D/A cycle, four words are
loaded into the MC144111

Enable, NEGATIVE LOGIC ENABLE — The Enable pin
must be low (active) duning the senial load On the low-to-
high transition of Enable, data contained in the shift register
1s loaded into the latch

Clock, SHIFT REGISTER CLOCK — Data 1s shifted into
the register on the high-to-low transition of Clock. Clock 1s
fed into the D-input of a transparent latch, which 1s used for
inhibiting the clocking of the shift register when Enable 1s
high

OUTPUTS

Dout. DATA OUTPUT — The digital data output s
primanly used for cascading the DACs and may be fed into
Din of the next stage

3-51

R1 Out through Rn Out, RESISTOR NETWORK OUT-
PUTS — These are the R-2R resistor network outputs
These outputs may be fed to high-impedance mnput FET op
amps to bypass the on-chip bipolar transistors The R value
of the resistor network ranges from 7 to 15 kQ

Q1 Out through Qn Out, NPN TRANSISTOR OUTPUTS
— Buffered DAC outputs utiize an ermiter-follower con-
figuration for current-gain, thereby allowing interface to low-
impedance circuits

SUPPLY PINS

Vss, NEGATIVE SUPPLY VOLTAGE ~ This pin s
usually ground

Vpp, POSITIVE SUPPLY VOLTAGE — The voltage ap-
plied to this pinis used to scale the analog output swing from
4 5 to 15 volts, peak-to-peak.
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Advance Information

8-Bit A/D Converters
With Serial Interface
Silicon-Gate CMOS

The MC145040 and MC145041 are low-cost 8-bit A/D Caonverters with serial inter-
face ports to provide communication with microprocessors and microcomputers
The converters operate from a single power supply with a maximum nonlinearity of
+ % LSB over the full temperature range No external tnmming 1s required

The MC145040 allows an external clock input (A/D CLK) to operate the dynamic
A/D conversion sequence The MC145041 has an internal clock and an end-of-
conversion signal {EOC) 1s provided.

® Operating Voltage Range Vpp=45to 55 Volts
® Successive Approximation Conversion Time*
MC145040 — 10 ps (with 2 MHz A/D CLK)
MC145041 — 20 xs Maximum (Internal Clock)
® 11 Analog Input Channels with Internal Sample and Hold
® 0- to 5-Volt Analog Input Range with Single 5-Volt Supply
® Ratiometric Conversion
® Separate Vief and VAG Pins for Noise Immunity
® Monotonic Over Voltage and Temperature
® No External Tnmming Required
® Direct Interface to Motorola SPI and National MICROWIRE Serial Data Ports
® TTL/NMOS-Compatible Inputs May Be Driven with CMQOS
® Outputs are CMOS, NMOS, or TTL Compatible
©® Very Low Reference Current Requirement
©® Low Power Consumption. 11 mW
@ Internal Test Mode for Self Test

BLOCK DIAGRAM
1

ANO — Viet Va6

AN1 ] I 14 l 13
ANZ—4 MUX 0UT
AN3 —

ANA —1 anaLoG T T
ANS 71 mux

Y

ANG —51 SUCCESSIVE APPROXIMATION
iy REGISTER

AN —=
ANS % MUX ADORESS
anio 2] LATCH

INTERNAL TEST Vret*VaG — Tan K
VOLTAGE OF 2

p. 17

n >

Dout 2 <1 8 BIT DATA REGISTER |

SCLK DIGITAL CONTROL

MC145040
MC145041

CERAMIC PLASTIC
CASE 732 CASE 738

el

PLASTIC LEADED
CHIP CARRIER (PLCC)
CASE 775
ORDERING INFORMATION

MC14XXXX

Suffix
1 25V = Vief = Vpp

2 Vief=VDD

P Plastic (-40 to +85°C)

L  Ceramic (-55to +125°C)
FN PLCC (40 to +85°C)

8 BIT CAPACITIVE DAC
WITH SAMPLE AND HOLD

AUTO ZEROED
COMPARATOR

Vpp=PIN 20

19 LOGIC

Vgg=PIN 10

AD CLK (MC145040 ONY 22— ]
EOC (MC145041 ONLY) ~—2 T

MICROWIRE s a trademark of National Semiconductor

This document contains information on a new product Specification and information herein are subject to change without notice
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MAXIMUM RATINGS* (For all product grades)

This device contains protection circuitry to
guard against damage due to high static voltages
or electric fields. However, precautions must be
taken to avoid applications of any voltage higher
than maximum rated voltages to this high-
impedance circuit For proper operation, V, and
Vout should be constrained to the range Vgg =<

Unused inputs must always be tied to an
appropriate logic voltage level {e.g., either Vgg
or Vpp.) Unused outputs must be left open

*Maximum Ratings are those values beyond which damage to the device may occur
Functional operation should be restricted to the Operation Ranges below

OPERATION RANGES (Applicable to Guaranteed Limits for all product grades)

Symbol| Parameter Value Unit
Vpp |DC Supply Voltage (Referenced to Vgg) -05t0 +70 \
Vief | DC Reference Voltage VAG to Vpp+01 \Y%
VAG |Analog Ground Vgs—01 10 Vief v
Vin |DC Input Voltage, Any Analog or Digital Vgs-15to v

Input Vpp+1.5
Vout |DC Output Voltage Vgs-0.5to \ (Vi or Vout) < Vpp
Vpp+0.5
lin DC Input Current, per Pin +20 mA
lout |DC Output Current, per Pin +25 mA

'DD.!ss|PC Supply Current, Vpp and Vsg Pins +50 mA

Tstg |Storage Temperature -65t0 +150 °C
TL |Lead Temperature {8-Second Soldering) 260 °C

Suffix
Symbol Parameter L1 L2 P1, FN1 P2, FN2 Unit

Vpp |DC Supply Voltage (Referenced to Vgg) 45t055 451055 45t055 45t05.5 \4

Vret | DC Reference Voltage (Note 1) VaGg+25toVpp Vpp Vag+2.51t0 Vpp VDD \

VAG |Analog Ground (Note 1) Vgg to Vief—25 Vss Vgg to Vief—25 Vss \4

VAl |Analog Input Voltage {(Note 2) VAG to Vief VAG 10 Vief VAG to Vief VAG t0 Vyef \

Vin. Vout| Digital Input Voltage, Output Voltage Vss to Vpp Vgs to Vpp Vgs to Vpp Vgs to Vpp \

TA Operating Temperature -55to +125 —-551t0 +125 —40 to +85 —-40to +85 °C
NOTES

1. Reference voltages down to 1 0 V (Vg ~ VoG = 1.0 V) are functional, but the A/D Converter Electrical Charactenstics are not guaranteed
2 Vgg=Va|=VaG produces an output of $00 and Vygf<Va|<Vpp produces an output of $FF. See VAG and Vief pin descriptions

DC ELECTRICAL CHARACTERISTICS

(Voltages Referenced to Vgg, Full Temperature and Voltage Ranges Per Operation Ranges Table)

Guaranteed
Symbol Parameter Test Conditions Limit Unit
VIH Minimum High-Level Input Voltage 20 )
(Djn, SCLK, CS, A/D CLK)
ViL Maximum Low-Level Input Voltage 08 \
(Din, SCLK, CS, A/D CLK)
VOH Minimum High-Level Output Voltage (Dgyt) lout= —200 pA 24 Vv
(EQC} lout= —100 A 24
(Dout, EOC) lout= —20 pA Vpp-01
VoL Maximum Low-Level Output Voltage (Dgyt) lout= +16mA 04 \
(EQC) lout= +1.0 mA 04
{Dout, EQC) loyt =20 xA 0.1
lin Maximum Input Leakage Current Vin=Vss or Vpp +25 HA
{Dn, SCLK, CS, A/D CLK}
loz Maximum Three-State Leakage Current (D) Vout = Vss or Vpp +10 A
Ipp Maximum Power Supply Current Vin=Vss or Vpp. All Outputs Open 2 mA
MC145040 A/D CLK=2 MHz
Iref Maximum Static Analog Reference Current (Vg4 Vref=VDD 10 nA
vVaG=Vss
1Al Maximum Analog Mux Input Leakage Current Val=Vss to Vpp, L1 and L2 Suffix +1000 nA
between all deselected inputs and any selected P1,P2, FN1, FN2 Suffix +400
nput (ANO-AN10}
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A/D CONVERTER ELECTRICAL CHARACTERISTICS
{MC145040. 1 MHz =A/D CLK =2 MHz, Full Temperature and Voltage Ranges Per Operation Ranges Table)

Guaranteed
Characteristic Definition and Test Conditions Limit Unit
Mimimum Resolution Number of bits resolved by the A/D 8 Bits
Maximum Nonlinearity Maximum deviation from the best straight line through the A/D t% LSB
transfer characteristic
Maximum Zero Error Difference between the output of an ideal and an actual A/D for zero % LSB
input voltage
Maximum Full-Scale Error Difference between the output of an ideal and an actual A/D for full- t% LSB
scale input voltage
Maximum Total Unadjusted Maximum sum of Nonlinearity, Zero Error, and Full-Scale Error t% LSB
Error
Maximum Quantization Error Uncertainty due to converter resolution +% LSB
Absolute Accuracy Difference between the actual input voltage and the full-scale +1 LS8
weighted equivalent of the binary output code, all error sources included
Maximum Conversion Time Total time to perform a single analog-to-digital conversion MC145040 20 A/D CLK
cycles
MC145041 20 us
Maximum Data Transfer Time | Total tme to transfer digital senal data into and out of the device 8 SCLK
cycles
Maximum Sample Acquisition Analog input acquisition time window It
Time MC145040: A/D CLK =2 MHz, SCLK=1 MHz , 10
MC140541: SCLK=1 MHz 16
Maximum Total Cycle Time Total time to transfer senal data, sample the analog input, and uns
perform the conversion
MC145040. A/D CLK=2 MHz, SCLK=1 MHz 24
MC145041: SCLK=1 MHz 40
Maximum Sample Rate Rate at Which Analog Inputs May be Sampled kHz
MC145040° A/D CLK=2 MHz, SCLK=1 MHz 41
MC145041: SCLK =1 MHz 25
AC ELECTRICAL CHARACTERISTICS (t,=t;=6 ns, Full Temperature and Voltage Ranges Per Operation Ranges Table)
Guaranteed
Figure Symbol Parameter Limit Unit
1 f Maximum Clock Frequency {50% Duty Cycle), SCLK 11 MHz
1 f Clock Frequency (50% Duty Cycle), A/D CLK (MC145040) Minimum 1.0 MHz
(same as Maximum 21
SCLK)
1,7 tpLH. tPHL | Maximum Propagation Delay, SCLK to Dgyt 400 ns
17 th Minimum Hold Time, SCLK to Doyt 10 ns
2,7 tpLz, tPHz | Maximum Propagation Delay, CS to Doyt 150 ns
27 tpzL, tPzH | Maximum Propagation Delay, CS to Doyt MC145040 3 A/D CLK cycles +400 ns
MC145041 3.4 us
3 tsy Minimum Setup Time, Dj to SCLK 400 ns
th Minimum Hold Time, SCLK to D 0 ns
47,8 td Maximum Delay Time, EOC to Dyt {MSB) MC145041 400 ns
sy Minimum Setup Time, CS to SCLK MC145040 3 A/D CLK cycles +800 ns
MC145041 3.8 us
5 th Minimum Hotd Time, 8th SCLK 10 CS 0 ns
6,8 tPHL Maximum Propagation Delay, 8th SCLK to EOC 500 ns
1 tr, tf Maximum Input Rise and Fall Times, Any Digital Input 100 ns
1,4,6,7,8 tTLH. tTHL | Maximum Output Transition Time, Any Output 300 ns
- Cin Maximum Input Capacitance ANO-AN10 55 pF
A/D CLK, SCLK, CS, D\n 15
— Cout Maximum Three-State Output Capacitance Dout 15 pF
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SWITCHING WAVEFORMS

‘ e———— 1if — [ tpzn. tpzL
—> [€— tpLH. tPHL

h—> | ; € tpyz, tp1z
24 24 L 24 30%
D, D,
out 04 X 04 out { 04 ‘ 1210%

UTHL TTLH—  |[—

b

Figure 1 Figure 2
l—— VALID —>>] lee— 1114
2.0 24
B >§ 08 x O o4
ety ety e 1§ —>
20 ' (24
SCLK D _______<
out 04
[ VALID MSB —»
Figure 3 ' Figure 4

w \ ‘ 20 8TH :
08 [\ Sk clock Y08

tPHL
24
EOC 04
THL [
Figure 5 Figure 6

DEVICE DEVICE
UNDER UNDER
TEST TEST

All diodes are silicon All diodes are silicon

Figure 7. Test Circuit Figure 8. Test Circuit
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PIN DESCRIPTIONS

DIGITAL INPUTS AND OUTPUTS
CS (Pin 15)

Active-low chip select input. cs provides three-state con-
trol of Doyt. CS at a high logic level forces Doyt to a high-
impedance state. In addition, the device recogmizes the falling
edge of CS as a serial interface reset to provide synchroniza-
tion between the MPU and the A/D converter’s serial data
stream. To prevent a spurious reset from occurring due to
noise on the CS input, a delay circuit has been included such
that a CS signal of duration =1 A/D CLK period (MC145040)
or <500 ns (MC145041) is ignored. A valid CS signal is
acknowledged when the duration is =3 A/D CLK periods
(MC145040) or =3 pus (MC145041).

CAUTION
A reset aborts a conversion sequence, therefore
high-to-low transitions on CS must be avoided
during the conversion sequence.

Dout (Pin 16)

Serial data output of the A/D conversion result. The 8-bit
serial data stream begins with the most significant bit and is
shifted out on the high-to-low transition of SCLK. Doyt is a
three-state output as controlied by CS. However, Doyt is
forced into a high-impedance state after the eighth SCLK, n-
dependent of the state of CS. See Figures 9, 10, 11, or 12.

Djn (Pin 17)

Serial data input. The 4-bit serial data stream begins with
the most significant address bit of the analog mux and is
shifted in on the low-to-high transition of SCLK.

SCLK (Pin 18}

Serial data clock. The serial data register is completely
static, allowing SCLK rates down to DC in a continuous or in-
termittent mode. SCLK need not be synchronous to the A/D
CLK {MC145040} or the internal clock (MC145041). Eight
SCLK cycles are required for each simultaneous data transfer,
the low-to-high transition shifting in the new address and the
high-to-low transition shifting out the previous conversion
result. The address is acquired during the first four SCLK
cycles, with the interval produced by the remaining four cycles
being used to begin charging the on-chip sample-and-hold
capacitors. After the eighth SCLK, the SCLK input is inhibited
{on-chip) until the conversion is complete.

A/D CLK (Pin 19, MC145040 only)

A/D clock input. This pin clocks the dynamic A/D conver-
sion sequence, and may be asynchronous and unrelated to
SCLK. This signal must be free running, and may be obtained
from the MPU system clock. Deviations from a 50% duty
cycle can be tolerated if each half period is > 238 ns.

EOC (Pin 19, MC145041 only)

End-of-conversion output. EOC goes low on the negative
edge of the eighth SCLK. The low-to-high transition of EOC
indicates the A/D conversion is complete and the data is ready
for transfer.

ANALOG INPUTS AND TEST MODE
ANO through AN10 (Pins 1-9, 11, 12)

Analog multiplexer inputs. The input ANO is addressed by
loading $0 into the serial data input, Dj,. AN1 is addressed by
$1, AN2 by $2 . . . AN10 via $A. The mux features a break-
before-make switching structure to minimize noise injection
into the analog inputs. The source impedance driving these in-
puts must be <10 kQ. NOTE: $B addresses an on-chip test
voltage of (Vief + VAG)/2, and produces an output of $80 if
the converter is functioning properly. However, a +1 LSB
deviation from $80 occurs in the presence of sufficient system
noise (external to the chip) on Vpp, Vs, Vref, or VAG.

POWER AND REFERENCE PINS
Vss and Vpp (Pins 10 and 20}

Device supply pins. Vgg is normally connected to digital
ground; VpD is connected to a positive digital supply voltage.
VpD — Vss variations over the range of 4.5 to 5.5 volts do
not affect the A/D accuracy. Excessive inductance in the Vpp
or Vgg lines, as on automatic test equipment, may cause A/D
offsets > % LSB.

VAG and Vyef (Pins 13 and 14)

Analog reference valtage pins which determine the lower
and upper boundary of the A/D conversion. Analog input
voltages =V gf produce an output of $FF and input voltages
=<VAG produce an output of $00. CAUTION: The analog in-
put voltage must be =Vgs and <Vpp. The A/D conversion
result is ratiometric to Veef — VAG as shown by the formula:

output code uantizing | linearit
Vin =[ DSFF * (Vref — VAG{I +9 error O+ errory

Vief and VAG should be as noise-free as possible to avoid
degradation of the A/D conversion. Noise on either of these
pins will couple 1:1 to the analog input signal, i.e. a 20 mV
change in Vief can cause a 20 mV error in the conversion
result. Ideally Vief and VAG should be single-point connected
to the voltage supply driving the system’s transducers.

PIN ASSIGNMENTS

S =z 2 a ANO [ 1 20 vpp
= = = (=]
S~ o= a1 02 19[ *
3
sk anz 13 180 scik
AN3 [ 4 D,
10 5 :;: um
AN4
0 Dout c;ul
hee ANs [ 6 153
- ane 7 141 Vs
]Vrel *
9 AN7 [} 8 130 Vas
2822 ¢ ANS O 9 120 an10
= vss [} 10 1 b AN9
* NOTE:

A/D CLK (MC145040)
EOC (MC145041)
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MC145040, MC145041

APPLICATIONS INFORMATION

DESCRIPTION

This example application of the MC145040/MC145041
ADCs interfaces three controllers to a microprocessor and
processes data in real-time for a video game. The standard
joystick X-axis (left/right) and Y-axis (up/down) controls as
well as engine thrust controls are accommodated.

Figure 13 illustrates how the MC145040/MC145041 1s used
as a cost-effective means to simplify this type of circuit design.
Utilizing one ADC, three controllers are interfaced to a CMOS
or NMOS microprocessor with a serial peripheral interface
(SPl} port. Processors with National Semiconductor's
MICROWIRE sernial port may also be used. Full duplex opera-
tion optimizes throughput for this system.

DIGITAL DESIGN CONSIDERATIONS

Motorola’s MC68HC05C4 CMOS MCU may be chosen to
reduce power supply size and cost. The NMOS MCUs may
be used if power consumption Is not cnitical. A Vpp to Vss
0.1 uF bypass capacitor should be closely mounted to the
ADC.

Both the MC145040 and MC145041 will accommodate all
the analog system inputs. The MC145040, when used with a 2
MHz MCU, takes 24 us to sample the analog input, perform
the conversion, and transfer the serial data at 1 MHz. Thirty-
two A/D Clock cycles (2 MHz at input pin 19) must be provid-
ed and counted by the MCU after the eighth SCLK before
reading the ADC results. The MC145041 has the end-of-
conversion {(EOC) signal (at output pin 19) to define when data
is ready, but has a slower 40 us cycle time. However, the 40 us
is constant for senal data rates of 1 MHz independent of the
MCU clock frequency. Therefore, the MC145041 may be used
with the CMOS MCU operating at reduced clock rates to
minimize power consumption without sacrificing ADC cycle
times, with EOC being used to generate an interrupt. (The
MC145041 may also be used with MCUs which do not provide
a system clock.)

ANALOG DESIGN CONSIDERATIONS

Controllers with output impedances of less than 10 kilohms
may be directly interfaced to these ADCs, eliminating the need

for buffer amplifiers. Separate lines connect the Vief and VAG
pins on the ADC with the controllers to provide isolation from
system noise.

Although not indicated in Figure 13, the Vyef and controller
output lines may need to be shielded, depending on their
length and electrical environment. This should be verified dur-
ing prototyping with an oscilloscope. If shielding is required, a
twisted pair or foil-shielded wire (not coax) is appropniate for
this low frequency application. One wire of the pair or the
shield must be VAG.

A reference circuit voltage of 5 volts 1s used for this applica-
tion. The reference circuitry may be as simple as tying VAG to
system ground and Vef to the system’s positive supply. {See
Figure 14.) However, the system power supply noise may re-
quire that a separate supply be used for the voltage reference.
This supply must provide source current for Vef as well as
current for the controller potentiometers.

A bypass capacitor across the Vyef and VAG pins is recom-
mended. These pins are adjacent on the ADC package which
facilitates mounting the capacitor very close to the ADC.

SOFTWARE CONSIDERATIONS

The software flow for acquisition is straightforward. The
nine analog inputs, ANO through AN8, are scanned by reading
the analog value of the previously addressed channel into the
MCU and sending the address of the next channel to be read
to the ADC, simultaneously. All nine inputs may be scanned in
a minimum of 216 us (MC145040) or 360 xs (MC145041).

If the design is realized using the MC145040, 32 A/D clock
cycles (at pin 19) must be counted by the MCU to allow time
for A/D conversion. The designer utilizing the MC145041 has
the end-of-conversion signal (at pin 19) to define the conver-
sion interval. EOC may be used to generate an interrupt,
which is serviced by reading the serial data from the ADC. The
software flow should then process and format the data, and
transfer the information to the video circuitry for updating the
display.
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5 VOLT
REFERENCE
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Figure 13. Joystick Interface
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Figure 14. Alternate Configuration Using the Digital
Supply for the Reference Voltage
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CMOS DECODERS/DISPLAY DRIVERS

Device
Number Function
MC14495-1 | Hexadecimal-to-7-Segment Latch/Decoder
ROM/Driver
MC14499 7-Segment LED Display Decoder/Driver with
Senal Interface
MC145118 | BCD-to-7-Segment Latch/Decoder/Driver
MC14513B | BCD-to-7-Segment Latch/Decoder/Driver with
Ripple Blanking
MC14543B | BCD-to-7-Segment Latch/Decoder/Driver for
Liguid Crystals
MC14544B | BCD-to-7-Segment Latch/Decoder/Driver with
Ripple Blanking
MC145478B | High-Current BCD-to-7-Segment Decoder/Driver
MC14558B | BCD-to-7-Segment Decoder
MC145000 | Senial Input Multiplexed LCD Driver (Master)
MC145001 | Senal Input Multiplexed LCD Drniver (Slave)
MC145453 | LCD Driver with Serial Interface

Drive Capability | On-Chip | Display Control Segment Drive Device Number
Display Type Input Format Per Package Latch [nputs Current Number of Pins
LCD Parallel BCD 7 Segments ~ Blank ~1 mA MC14543B 16
I Blank, Ripple Blank| ~1mA MC14544B 18
Senal Binary 33 Segments I 20 uA MC145453 40
[Compatible with or Dots
the Serial Peripheral
interface (SPI)
on CMOS MCUs]
Muxed LCD Senal Binary 48 Segments ~ ~200 pA MC145000 24
[Compatible with or Dots
the Seral Penpheral| 44 Segments v ~200 pA MC145001 18
Interface (SPI) or Dots
on CMOS MCUs]
LED, Parallel BCD 7 Segments v Blank, Lamp Test 25 mA MC14511B 16
Incandescent, v Blank, Ripple Blank| 25 mA MC14513B 18
Fluorescent* Lamp Test
Blank 65 mA MC145478 16
LED, Senal Binary 28 Segments + v Oscillator 50 mA MC14499 18
Incandescent [Compatible with | 4 Decimal Points (Scanner)
the Senal Perpheral
Interface (SPI)
on CMOS MCUs]
LED Parallel Hex 7 Segments + v 10 mAX* MC14495-1 16
A thru F Indicator
(Interfaces to Parallel BCD 7 Segments Ripple Blank, MC14558B 16
Display Drivers) Enable

* Absolute maximum working voltage= 18 V
* On-chip current-imiting resistor




@ MOTOROLA MC14495-1

L Advance Information 1 CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

HEXADECIMAL-TO-SEVEN SEGMENT LATCH/
DECODER ROM/DRIVER HEXADECIMAL-TO-SEVEN SEGMENT

The MC14495-1 s constructed with CMOS enhancement-mode LATCH/DECODER ROM/DRIVER

devices and NPN bipolar output drivers in @ monolithic structure The
aircuit provides the functions of a 4-bit storage latch. The decoder i1s im-
plemented utilizing a mask-programmable ROM. With a 5-volt power
supply, 1t can be used without resistor interface to drive seven segment
LEDs. The senes output resistors of, typically, 290 ohms are internal to
the device :

The MC14495-1 1s an improved version of the MC14495 with CMOS
input levels and decreased propagation delays.

Applications include MPU systems display driver, instrument display
dnver, computer/calculator display driver, cockpit display driver, and

1

various clock, watch, and timer uses. CERALM%’::E&AGE PLAZT?CU:,::ICXKAGE
. ® Low Logic-Circuit Power Dissipation CASE 620 CASE 648

High Current-Sourcing Outputs with Internal Limiting Reststors
Latch Storage of Code

Supply Voltage Range=451t0 18 V

CMOS Input Switching Levels ' L1 Ceramic Package
Standard ROM Provides Hex-to-Seven Segment Decoding P1 Plastic Package

Other ROM Options Available Upon Request (Contact your Motorola
Sales Office)
® Chip Complexity 187 FETs plus 9 NPNs or 49 Equivalent Gates

ORDERING INFORMATION
MC14XXX __Suffix Denotes

a
- .
l' o} 'b
-
e I
-
BLOCK DIAGRAM d
n_
A . || }:}_ ALPHANUMERIC DISPLAY

208 12 ol 1213H5lel TESAL el
0

123456 789101112131415

e

290 ¢ 13
6 . Decoder ——'{>0—‘VV\’— b TRUTH TABLE
o

B 2902 14

‘————Do—ovw——c INPUTS OUTPUTS
4-Bit 16x 9 200 15 DCGBAlabcdefg ht] | |DISPLAY
Latch ROM ———Do—-‘Nv—d 006001 1111100 [Open ]
2008 1 000 1[01 100000 [Open 1
|>°M,\_e 0010[1 1011010 [Open 2
c —* 200 2 001 1]1 1110010 |Open 3
——Do—'vw——f 0100[(01 100110 [Open 4
010 1{1 0110110 [Open 5
290939 011010111110 |Open 6
10 01 1 1{1 1100000 |Open 7
D 29094“_. T 00011111110 [Open B
[>: »' i 100111110110 |Open 9
10to0f1 1101111 |Open A
S B R FERSRERY. 1M
_ Open Cc
Vss=Pin 8 110101111011 |Open d
111010011111 {Open €
111 1)1 0001 1 11 0 F

This document contains information on a new product Specifications and information herein
are subject to change without notice
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MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit This device contains circuitry to protect the

DC Supply Voltage VoD 05t0+18 Vv inputs agaimnst damage due to high static

voltages or electric fields, however, 1t 1s ad-

Input Voltage, All Inputs Vin 05t Vpp+05 v vised that normal precautions be taken to

DC Current Drain per Input Pin | 10 mA avoid application of any voltage higher than

Operating Temperature Range TA -40 to+85 °C ma;lmum rated ;:/oltages to this high in-

edance circuit For proper operation i1t is

Storage Temperature Range Tstg -65 to+ 150 °C fecoamr:ended that an :nd Vpout be con-

Maximum Continuous Output Power | POHmax¥ mw strained to the range Vgg < (Vi 0r Vout)

(Source) per Output @ 25°C < Vpp

Pins1,2,3,12,13, 14,15 50
Pin 4 100

#POHmax=I0H (VpD-VOH)

ELECTRICAL CHARACTERISTICS (Voltages referenced to Vgs)

Vpp —40°C 25°C 85°C

Characteristic Symbol v Min Max Min Typ Max Min Max Unit

Input Voltage # 0" Level ViL \
(Vo=380r05V) 5 - 15 - 22 15 - 15
(Vo=88or10V) 10 - 30 - 450 30 - 30
(Vpo=138or15V) 15 - 40 — 600 40 - 40
(Vo=050r38V) "1 Level | Vin 5 35 - 35 275 - 35 - v
(Vo=100r88V) 10 70 - 70 550 - 70 -
(Vo=150r138V) 15 no - no 825 - 1no -

Output Voltage a—g, h+1 . VoL 6 - 01 - 0 005 - 005 \
Vin=VDpD 0r 0, lout=0 pA 10 - 01 - 0 005 - 005

15 — 01 — 0 005 - 005
Qutput Drive Voltage a—g, h+1 VOH 5 Y
(loH= 0 mA) 40 - 40 48 - 40 -
{loH= 5mA) 245 - 24 30 - 205 -
(IoH = 10 mA) 13 - 08 17 - - -
{loH= 0mA} 10 90 - 90 98 - 90 - \
(o= 5mAl 74 - 72 80 - 69 -
(loH=10 mA} 64 - 58 67 - 50 -
(loH= 15 mA} 53 - 44 53 - 305 —
(loH= 0 mA} 15 140 - 140 148 - 140 - A
(loH= 5 mA} 122 - 120 130 - n7 -
(loH=10 mA} 109 - 104 17 - 96 -
(loH =15 mA} 97 - 88 103 — 745 -
(loH =20 mA} 85 - 72 88 - 525 -
(loH =25 mA) 74 - 56 71 - 30 -

Output Sink Current | loL mA
(VoL=04V) 5 - - 03 100 - - -
(VoL=05V} 10 - - - - - - -
(VoL=15V) 15 - - 05 1.25 - . .

Input Current (L Device) hn 15 - +01 - +000001| +01 - +10 »A

Input Current {P Device} hn 15 - +03 - +000001| +03 - +10 A

Input Capacitance Cin - - - - 50 75 - - pF

Quiescent Current DD 5 - 03 - 008 025 - 02 mA
Vin=0o0r VpD, lout=0 pA 10 - 15 - 040 125 - 10
(Per Package) 15 — 30 — 085 250 - 20

Total Supply Current**t IT 5 IT=(19 uA/kH2)f+ DD nA
{Dynamic plus Quiescent, 10 IT=1(38 pA/kHz} +IpD
Per Package) 15 IT=1(567 pA/kH2)f + DD
(CL=50 pF on all outputs, alf :
butfers switching)

1To calculate 1otal supply current at loads other than 50 pF IT(CL) =1T(50 pF)+3 5x 10— 3(C - 50) Vppf
where* IT1s 1n pA (per package), C in pF, Vpp in V, and f in kHz 1s input frequency
**The formulas given are for the typical charactenstics only at 25°C
#Noise iImmunity specified for worst-case input combination. Noise margn for both “1” and ““0” levet =10V min @ Vpp=50V
20Vmin@ Vpp=10V
25V min @ Vpp=15V
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SWITCHING CHARACTERISTICS (¢ =50 pF, TA=25°C)

Voo
Characteristic Symbol \ Min Typ Max Unit
Output Rise Time, a—~g, h+1 Outputs (Figure 1) 1TLH ns
5 - 210 450
10 - 145 300
15 - 90 200
Output Fall Time, a—g, h+1 Outputs (Figure 1) tTHL »S
5 - 15 35
10 - 13 275
15 — 11 225
Output Fall Time, | Output tTHL ns
(Figures 3 and 4) 5 - 105 250
10 - 40 100
15 - 30 75
Propagation Delay Time, A, B, C,Dtoa-g, tPLH ns
h+, Outputs (Figure 2) 5 - 935 2400
10 - 340 00
15 - 230 500
tPHL 5 - 70 180 s
10 - 35 90
15 - 20 50
Propagation Delay Time, A, B, C, D to | Output tpLZ us
(Figures 3 and 4) 5 - 1o 250
10 - 80 200
15 - 40 100
tpzL 5 - 800 1500 ns
10 - 400 1000
. 15 - 200 500
Propagation Delay Time, LE to a—g, h+1 Outputs PLH ns
(Figure 5) 5 - 1300 3000
10 - 500 1500
15 — 350 1000
PHL 5 - 160 300 us
10 - 60 150
15 — 50 100
Propagation Delay Time, LE to | Output tpLZ us
(Figures 4 and 6} 5 - 140 30
10 - 80 20
15 = 60 15
tPZL 5 - 100 25 ps
10 - 50 15
15 - 40 10
Setup Time, A, B, C, D to LE (Figure 7) sy 5 100 35 - ns
10 65 25 -
15 65 25 -
Hold Time, LE to A, B, C, D (Figure 7} th 5 126 45 - ns
10 75 30 -
15 75 25 -
Latch Enable Pulse Width, LE {Figure 7) tw 5 525 210 - ns
10 200 80 -
15 140 55 —
OUTPUT CIRCUIT
{Except Pin 11)
VbD
ey
—4
b |
b AM——0
—
<+ Vgs
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INPUT/QUTPUT FUNCTIONS

SEGMENT DRIVER (a, b, c, d, e, f, g, h+i; PINS 12, 13, 14,
15, 1,2, 3, 4)

The segment drivers are emitter-follower NPN transistors
To limit the output current, a resistor, typically 290 ohms, is
integrated internally at each output. Therefore, external
resistors are not necessary when driving an LED at the
supply voltage of Vpp=5 0 volts.

OUTPUT {j; PIN 11)

This open-drain output I1s activated (goes low) whenever
inputs A, B, C, and D are all set to a logic one. Otherwise the
output i1s In the high-impedance state. See the truth table.

INPUT DATA (A, B, C, D; PINS 5, 6, 9, 10}

The inputs A, B, C, and D are fed to a 4-bit latch which s
controlled by the Latch Enable input.

LATCH ENABLE (LE; PIN 7)

The data on inputs A, B, C and D will pass through the
latch and will be decoded immed:ately when LE is low. In this
mode of operation the circuit i1s performing the function of a
conventional decoder/driver The data may be loaded into
the latch when LE=low and will be latched with the nising
edge of LE The data will remain stored as long as LE is high.

SWITCHING WAVEFORMS

Figure 1
tr t
Segment 90%
Outputs 10%
Figure 3
A,B,C.D 50%

) Output

Voo
20k
Output
Under
Test

Figure 2

Segment
Outputs

Figure 5

AB.CD

LE

Segment
Outputs




MC14495-1

SWITCHING WAVEFORMS

Figure 6 Figure 7
A,B,C.D / A.8.C.D -4/50% \f—
I tsu th |
LE w—
LE 50% z
90%
Output
150 10%
TYPICAL CIRCUIT @ Vpp=5.0V
Vpp=50V
16 1212
A_|s a
132 .
14}
t b
8—s d Common
15 9 Cathode
MC14496-1 R [ LED
1 Display
C—o
f
2 e c
3l
D—}vo [
4 h+1 d
7 8 11 A through F
I Indicator
LE . ) (Open Drain) 'iiD
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@ MOTOROLA

MC14499

7-SEGMENT LED DISPLAY DECODER/DRIVER

WITH SERIAL INTERFACE

The MC14499 1s a 7-segment alphanumeric LED decoder/driver with
a senal interface port to provide communication with CMOS micropro-
cessors and microcomputers This device features NPN output drivers
which allow nterfacing to common cathode LED displays through

external senes resistors

©® High-Current Segment Drivers on Chip

® CMOS MPU Compatible Input Levels

® Wde Operating Voltage Range 45t 65V
® Dnves Four Characters with Decimal Points

CMOS LSl

(LOW-POWER COMPLEMENTARY MOS!}

7-SEGMENT LED DISPLAY
DECODER/DRIVER
WITH SERIAL INTERFACE

1 P SUFFIX
PLASTIC PACKAGE
CASE 707
FIGURE 1 — BLOCK DIAGRAM
Decimal
5 Point
Data —-D—-——-‘Dzo I 1 I ag D4 Oy
16 Bit Shift Register 4Bits
Clock —13—‘>— D a1t 1 ! c
Latch 4 4 4 4
12 o Y y
Ensble -—{>_l—_._ T T N
Latch Latch
| -
] ] 21
1 Mux
4 4 4 4
YYVYY ]
| Multiplexer l::’ Mux I
‘ 4,
15
L | R o
Segment __W] e |Segment
Drivers F— d Outputs
Segment 7 L 2 c
A B Decoder ,_2 b
) a
11 h
Scanner |10 |l| LCharactev
Osc Osaillator Decoder 4 Butfers -—%- w Selectors

* Transparent Latch

Vpp=Pin 18
Vgg=Pin9




MC14499

MAXIMUM RATINGS (Voltages referenced to Vgg) This device contains circuitry to protect the
inputs against damage due to high static volt-

. . ages or electric fields; however, it 1s advised
Rating Symbol Value Unit that normal precautions be taken to avoid
application of any voltage higher than maxi-
DC Supply Voltage Vbop —0.5t0*7.0 Vdc mum rated voltages to this high impedance
v —0. Vpp+t 0. V circuit. For proper operation it 1s recom-
Input Voltage, all Inputs IN 510 VDD~ 05 de mended that V,n and V¢ be constrained
Operating Temperature Range TA Oto +70 oC to the range Vgs < (Vi or Vouy) < Vpp.
Storage Temperature Range TsTG —65 to+ 150 oc
ELECTRICAL CHARACTERISTICS (VDD =4.5t06.5V)
o
Characteristic Pin [Symb. a° 25 700 Unit,
Min. Max. Min. Typ. Max. Min. Max.
Input Voltage ‘0’ level 512, | Vi 0.3xVpp - 0.45xVpp ! 0.3xVpp 0.3xVpp| Vde
‘1 level 13 ViH [ 0.7xVpp 0.7xVpp { 0.55xVpp -~ 0.7xVpp Vde
Input Current (V| = 0 to Vpp) hN +0.1 +0.001 +0.1 +1.0 BA
Oscillator Input Voltage ‘0’ level 6 |ViLo 0.25xVpp - 0.3xVpp {0.25xVpp 0.2xVpp| Vde
‘1" level VIHOo [0.75xVpp 0.75xVpp | 0.7xVpp - 0.8xVpp Vde
Oscillator Input Current Vogc=0 how 100 30 50 80 10 HA
Vosc=Vpbp hoH —-100 -30 -50 -80 -10 BA
Segment Driver Voltage below Vpp | 14, | Vpp-
louT=50mA  [14,15VsoH 1.1 - 0.9 1.0 1.1 |Vde
louT=10mA 16,17 0.8 - 0.7 0.75 08 |Vdc
Segment Driver OFF Leakage I0FF
Voutr=0 100 - 1 50 100 RBA
Digit Drivers 7.8,
Source (On}  VouT =08V [10,11]IpgK 6 5.5 8 - 4 mA
Sink (Off) VouT=05V IpoL -0.2 -0.2 -2 - -0.1 mA
Quiescent Current 18
VIN=0,lpyT=0,Cosc = 15nF 1 - 0.5 1 1 mA
Maximum Power Dissipation 500 - —_ 500 500 mwW
SWITCHING CHARACTERISTICS (Vpp =5V * 10 0/0, TA = 0 to 70 9C) PIN ASSIGNMENT
Characteristic Fig. Symbol Min. Max. Unit U
Clock High time 3 tchH 2 us 1d Voo 118
Clock Low time 3 oL 2 us 28 ¢ e D17
Clock Rise time 3 tCR 2 us 3C b 116
Clock Fall time 3 tCF 2 us
4] — 15
Enable Lead time 3 tElead 200 ns @ 9
Enable Lag time 3 tElag 200 ns 5 ] Data h =314
Data Set-up time 3 tDSup 200 ns 6 Osc CL /13
Data Hold time 3 tDHold 1 us 70— v EN 112
Scanner Frequency*® 5 1/tScan 50 300 Hz s [ s IR B
Osc/Digit Lead time 5 toD 10 us
Osc/Segment Lead time 5 tos 10 us 9] vss 3310
Digit Overlap 5 tov 5 us

* Scanner Capacitance = 22nF.

49



MC14499

CIRCUIT OPERATION

The circuit accepts a 20-bit input, 16-bits for the four
digit display plus 4-bits for the decimal point — these
latter four-bits are optional.

The input sequence is the decimal point code followed by
the four digits, as shown in figure 2.

In order to enter data the enable input, EN, must be low,
= 0. The sample and shift are accomplished on the falling
clock edge, see figure 3. Data are loaded from the shift
register to the latches when EN goes high, = 1. While the
shift register 1s being loaded the previous data are stored
in the latches.

If the decimal point 1s used the system requires 20 clock
pulses to load data, otherwise only 16 are required.

CASCADING

The circuit may be cascaded in the following manner.

If a 1111 word is loaded into the decimal point latch, the
output of the shift register is switched to the decimal
point driver, see figure 4. Therefore, to cascade n four digit
display drivers a set-up is used which will firstly load
the 1111 cascading word :

1 EN=0

2 Load 20-bits, the first four bits being 1, with 20
ctock pulses.

3 EN =1, to load the latch
4 Repeat steps 1 to 3 (n-1) times

5 {nX20)-bits can be loaded into n circuits, with 1111
as decimal point word to continue the cascading.

SCANNER

The scanner frequency is determined by an on-chip oscill-
ator, which requires an external frequency determining
capacitor. The capacitor voltage varies between two trigger
levels at the oscillator frequency.

An external oscillator signal can be used, within the
recommended operating range of 200 to 800Hz — to
avoid flicker and digit overlap. For test purposes this
frequency can be increased up to 10kHz.

A divide by four counter provides four non-over lapping
scanner waveforms corresponding to the four digits —
see figure 5.

SEGMENT DECODER

The code used in this matrix decoders is shown in
figure 6.

OUTPUT DRIVERS

There are two different drivers :

The segment and decimal point drivers; these are NPN
emitter followers with no current limiting devices.

The digit output buffers; These are short circuit
protected CMOS devices.

A typical application circuit is shown in figure 7.

FIGURE 2 — INPUT SEQUENCE

<+ time
BitNo. [20]19[18]17]16[15[1a 13 [12]11]10] o] 8] 7] 6] s [ 4] 3] 2] 1]
shift — > = - _
B~~~
K 8 K 28 218838 8
Digit IV Digit 11 Digit 11 Digit | Decimal Point



MC14499

FIGURE 3a — SERIAL INPUT, POSITIVE CLOCK

tELEAD

cL 4 ‘}
/< c,
tcL ten

DIN x Dy D2

tpsup

FIGURE 3b — SERIAL INPUT, NEGATIVE CLOCK

teLaG

tELEAD
cL \ o N ¢z [/ - [
ter teH
T
OIN Dy ) 02 )( - ON x
tpsup ton
FIGURE 4 — CASCADING MC 14499s
(T OO [u [
ubDu 0403
14 7 ba 7
DIGIT SEGM DIGIT SEGM
DATA h DATA
CLOCK  mc 14499 CLOCK  mc 14490
EN m r EN (2)
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osc

DIGIT 1

DIGIT I

DIGIT I

DIGIT IX

SEGMENT
OUTPUTS

FIGURE 5 — SCANNER WAVEFORMS

litosc

tscan
tov
tos
FIGURE 6 — SEGMENT CODE
0000 " 1000 [}
o ]
0001 1 1001 (n}
! 1
0010 )} 1010 )
' (]
oo a 1011 !
A ]
0100 '_" 1100 ,','
0101 . '-, 1101 I' I'
[}
0110 D 1110 dash -
2
o 1 1 blank
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FIGURE 7 — APPLICATION EXAMPLE

Voo
SEGMENT
OUTPUTS
(1) 1
W a s
DATA b
cLock ¢
d
MC 14499

0osc e
el | '
I []

- ¥ N I v

'—F‘D R1i-8 I I
T ~
oureuTs YYVYYVVYY 1 ll:i L}
0 1
#1 —l'#z T #3 u‘#t
1p
-—-————i Q J
1S
S,
I Ly

R1-R8: 36-820
C: 22nF

Vpp Typ: 6-6V
Ig max.: 40-50 mA
Ipmax.: 8lg max.
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MC14511B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14511B BCD-to-seven seament latch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement mode de-
vicesand NPN bipolar output drivers in a single monolithic structure.
The circuit provides the functions of a 4-bit storage latch, an 8421
BCD-to-seven segment decoder, and an output drive capability. Lamp
test (LT), blanking (BI), and latch enable (LE) inputs are used to test
the display, to turn-off or pulse modulate the brightness of the
display, and to store a BCD code, respectively. It can be used with
seven-segment light emitting diodes (LED), incandescent, fluorescent,
gas discharge, or liquid crystal readouts either directly or indirectly.

Applications include instrument (e.g., counter, DVM, etc.) dis-
play driver, computer/calculator display driver, cockpit display driver,
and various clock, watch, and timer uses.

Quiescent Current =5.0 nA/package typical @ 5 V
Low Logic Circuit Power Dissipation

High-Current Sourcing Outputs (Up to 25 mA)
Latch Storage of Code

Blanking Input

Lamp Test Provision

Readout Blanking on all Illegal Input Combinations
Lamp Intensity Modulation Capability

Time Share (Multiplexing) Facihty

Supply Voltage Range=3.0 Vto 18 V

Schottky TTL Load or Two HTL Loads Over the Rated
Temperature Range.

® Chip Complexity: 216 FETs or 54 Equivalent Gates

Capable of Driving Two Low-power TTL Loads, One Low-power

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

1
L SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION
MC14XXXB Sutfix
L Ceramic Package
P Plastic Package
A Extended Operating
vt Temperature Range
C Limited Operating
Temperature Range

P SUFFIX

Denotes

MAXIMUM RATINGS (Voltages referenced to Vgg).

PIN ASSIGNMENT

Rating Symbot Value Unit
DC Supply Voltage Vpp -0.5 to +18 \"
Input Voltage, All Inputs Vin -05t0Vpp+05 A\ DISPLAY
DC Current Drain per input Pin | 10 mA [,-, ,‘ _-'l JI I_I] ‘:’ l L I _IJ I:'I ’:/l
Operating Temperature Range — AL Device Ta -55 to +125 °c o e Hono o
CL/CP Device -40 to +85 o 2 3 4 5 6 7 8 9
Storage Temperature Range Tstg -65 to +150 °c TRUTH TABLE
Maximum Output Drive Current l1OHmax 25 mA
INPUT QuTPUTS
(Source) per Output —
LE[ 8 |tT|DCB Ala bc de f g|DSPLAY
Maximum Continuous Qutput Power POHmax 50 mw x| x| o lxxxxl1 1111 11 s
(Source) per Output X | 0 | 7 |X X X x|0 060000 0] sanx
*P (V V ) o 1 1 00 O0ODOQ/1T Y1 v 110 o
=1 ! o 1 1 0001011t 0000 1
OHmax OH bD OH o 1 11001 0{v 101101 2
o 1 1 00 1 1{1 11100 1 3
0 1 1 1 00|01 10O 11 4
This device contains circuitry to protect the inputs against damage due to high static g : : g : “3 ; :) g " : ‘: : : :
voltages or electric fields, however, it I1s advised that normal precautions be taken to o 1 101 1 1l1 110000 7
avoid application of any voltage higher than maximum rated voltages to this high im- () 1 110001 vy 8
pedance circuit. A destructive high current mode may occur if V,, and V¢ are not con- O O B I - S B
o 1 1 (1001 1|0 00 0O0O0OO0 Blank
strained to the range Vgg < (V,, or Vou.0<VDD- o 17 ] 11 1 00[0 00000 0o s
Due to the sourcing capability of this circuit, damage can occur to the device if Vpp 1s 0 1 11110 1/0000 00 0f Blank
applied, and the outputs are shorted to Vgg and are at a logical 1 (See Maximum g : : : : ; ? g g g g 8 g g ;‘:2:
Ratings). 1 1 T X X X X g -

Unused inputs must always be tied to an appropriate logic voltage level {e.g, erther

Vgs or Vpp)

X = Don’t Care
*Depends upon the BCD code previously applied
when LE =0




MC14511B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

‘ VoD Tiow* 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level| VoL 50 - 005 - 0 005 - 005 \%
Vin=Vpporo 10 - 0.05 - 0 005 - 005
15 — 005 - 0 005 - 005
‘1" Levell VQH 50 4.1 - 41 4.57 - 4.1 - \%
Vin=0o0rVpp 10 9.1 - a1 9.58 — 9.1 —
15 141 - 14.1 14.59 - 141 -
Input Voltage# "0" Level[ vy Y
(Vo =380r05V) 50 - 15 - 225 15 - 15
(Vg =8.80r10V) 10 — 30 - 450 30 - 30
(Vo =1380r15V) 15 - 40 - 675 40 - 40
{Vo=050r38 V) M1 Level [ vy 50 35 - 35 275 - 35 - v
(Vo =100r88 V) 10 70 - 70 550 - 70 -
(Vo=150r13.8v) 15 10 - 110 825 - 110 -
Output Drive Volrage (AL Device) VoH \Y
{lgH = OmA) Source 50 4.10 - 410 457 - 41 -
{ioH = 5 0 mA) - - - 424 - - -
{loH = 10mA) 3.90 - 390 412 - 35 -
(IoH = 15mA) - - - 394 - - -
{IgH = 20 mA) 3.40 - 340 3.70 - 3.0 -
(IoH = 25 mA) - - - 354 - - ~
(loH = OmA) 10 910 | - 910 | 958 - 9.1 - v
{loH = 5 0mA) - - - 926 - - -
(104 = 10 mA) 900 | - 900 | 917 - 86 -
(IoH = 15 mA) - - - 904 - - -
(1loH = 20 mA) 8.60 — 860 890 - 82 -
{loH = 25 mA) — - - . 8.70 - - -
(IoH = 0mA) 15 14.1 - 141 14 59 - 14.1 ~ v
(IoH = 50 mA} _ - - 1427 - - -
(loH = 10 mA) 140 - 140 | 1418 - 136 -
(igH = 15 mA) - - - 14 07 - - -
(1oH = 20 MA) 136 - 136 1395 - 13.2 -
{lgH = 25 mA) - - - | 180 | - - -
Output Drive Voltage (CL/CP Device) VOH v
(Ion = 0mA) Source 50 4.10 - 410 457 - 4.1 -
1oy = 5 0 mA} - - - 424 - - -
(IoH = 10 mA! 360 - 360 | 412 - 33 -
{lon = 15 mA) - - - 394 - - -
(lonH = 20 mA} 2.80 - 280 378 - 25 -
(IgH = 25 mA} - - - 354 - - -
(Ign = OmA) 10 9.10 - 910 958 - 9.1 - Vv
(IoH = 50mA) - - - 926 - - -
(loH = 10 mA) 8.75 - 875 917 - 8.45 -
{lon = 15 mA) - - - 904 _ _ _
(IoH = 20 mA) 8.10 - 8 10 890 - 78 _
(IgH = 25 mA) - - - 8 75 - - -
(lgH = 0mA) 15 141 - 141 14 59 - 14.1 - v
(loH = 5 0mA) - - - 1427 - - -
{IlgH = 10 mA) 13.75 - 1375 1418 - 1345 -
(lon = 15 mA) - - - 1407 - _ -
(loH = 20mA) 1341 - 131 1395 - 12.8 —
(10H = 25 mA) _ - - 1380 - _ -
Output Drive Current (AL Device} loL mA
(VoL =04 V) Sink 50 064 - 051 088 - 0386 -
(VoL =05 V) 10 16 - 13 225 - 09 -
VoL=15V) 15 42 - 34 88 - 24 _
Output Drive Current (CL/CP Device) oL mA
(VoL =04 V) Sink 50 052 - 044 088 - 036 -
(VoL =05V) 10 13 - 11 225 - 09 _
lV0L=15V) 15 36 - 30 88 - 24 -
(Continued)




MC14511B

ELECTRICAL CHARACTERISTICS (Continued)

Voo Tiow" 25°C Thlg_h.
Charactenistic Symbol Vde Min Max Min Typ Max Min Max Unit

Input Current (AL Device) lin 15 - +01 - +0 00001 | 01 - +10 HA
Input Current (CL/CP Devicel ha 15 - +03 - +0 00001 | +03 - 10 uA
Input Capacitance Cin - - - 50 75 - - pF
Quiescent Current (AL Device) Ipp 50 - 50 - 0005 50 - 150 HA

(Per Package) Vij3=0 or VpD. 10 - 10 - 0.010 10 - 300

lout =0 A 15 - 20 - 0015 20 - 600
Quiescent Current (CL/CP Devicel DD 50 - 20 - 0.005 20 - 150 uA

(Per Package) V=0 or VpD. 10 - 40 — 0.010 40 - 300

lout = 0 LA 15 - 80 - 0.015 80 - 600
Total Supply Current* * t T 50 I7= (19 uA/kHz) £+ Ipp uA

(Dynamic plus Quiescent, 10 1T = (3.8 #A/kHz) f + Ipp

Per Package) 15 7= (57 rA/kHz) t + Ipp

(C_ 50 pF onall outputs, all

buffers switching)
*Tiow= -55°C for AL Device, -40°C for CL/CP Device tTo calculate total supply current at loads other than 50 pF
Thigh = +125°C for AL Device, +85°C for CL/CP Device IT(CL) - IT(80 pF) +3 5 x 103 (C_ -60) Vppt
#Noise immunity specified for worst-case input combination where |1 150 A (per package), Cin pF, Vpp in Vdc,
Noise Margin for both “1’* and "'0"' level = and fin kHz s input frequency

10Vdcmin®@ Vpp 50 Vde **The formulas given are for the typical
20 Vdcmin@ Vpp - 10 Vdc charactenistics only at 25°C

25Vdcmin @ Vpp - 15 Vdc

SWITCHING CHARACTERISTICS* (C|_ = 50 pF, T = 25°C)

Voo
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time TTLH e
tTLH = {0.40 ns/pF} C_+ 20 ns 50 - 40 80
tTLH = (025 ns/pF) C +17.65ns 10 - 30 60
tTLH = (020 ns/pF) C|_+ 15 ns 15 - 25 50
Output Fall Time tTHL _ ns
tTHL = (1.5 ns/pF) CL + 50 ns 50 125 250
tTHL = (0 75 ns/pF) CL+37.5ns 10 - 75 150
tTHL = (0.55 ns/pF) C_ + 37.5 ns 15 - 65 130
Data Propagation Delay Time tPLH ns
tpLH = (040 ns/pF) C_ +620 ns 50 -, 640 1280
tpLH = (025ns/pF) C|_ + 237 5ns 10 - 250 500
tpLH = (020 ns/pF) C|_ + 165 ns 15 - 175 350
tpHL = {13 ns/pF) C +655ns PHL 50 - 720 1440
tpHL = (060 ns/pF) CL + 260 ns 10 - 290 580
tpHL = {0 35ns/pF) C + 1825 ns 15 - 200 400
Blank Propagation Delay Time tPLH _ ns
tpLy = (0.30 ns/pF) C|_+ 585 ns 50 _ 600 750
tpLH = (0 25 ns/pF) C_+187.5ns 10 _ 200 300
tpLH = (015 ns/pF) C + 1425 ns 15 150 220
tpHL = (085 ns/pF) C +442 5 ns PPHL 50 - 485 970
tpyL = (045 ns/pF} CL + 1775 ns 10 - 200 400
tpHL = (035ns/pF} CL +1425ns 15 - 160 320
tamp Test Propagation Delay Time tpLH ns
tpLH = (045 ns/pF) C| +290.5 ns 5.0 - 313 625
tpLH = (025 ns/pF) C +112.5 ns 10 - 125 250
tpH = (020ns/pF) C +80ns 15 - 90 180
tpHL = (1.3 ns/pF) C_ +248 ns PHL 50 - 313 625
tpHL = (045 ns/pF) C_ + 1025 ns 10 - 125 250
tpHL = (035 ns/pF) C. +72.5 ns 15 - 90 180
Setup Time tsy 5.0 100 - - ns
10 40 - -
15 30 - -
Hold Time th 50 60 - - ns
10 40 - —
15 30 - -
Latch Enable Pulse Width twi 5.0 520 260 - ns
10 220 110 -
15 130 65 =

*The formulas given are for the typical characteristics only
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FIGURE 1 — DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE low, and Inputs D, Bl and LT high
fin respect 1o a system clock
All cutputs connected to respective C| loads

Vob
A,B,and C

Vss

50% Duty Cycle

VoH
Vot

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

(a) Inputs D and LE low, and Inputs A, B, Bl and Fhugh.

20 ns 20 ns

Vpo

lnput C

PLH

Qutput g

tTLH tTHL

(b) Input D low, Inputs A, B, Bl and LT high

20 ns

Voo
LE
1 v
ss
t

su

Vob

InputC 50% . k
Vss
Qutputg \

VoL

(c) Data DCBA strobed into latches.

LE
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CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT
Voo Voo

Common
Anode LED ]!" -

Common
Cathode LED

e a—

JLYNL) Lﬁ
Iar_1f U1
!

Ot
y---=17v =
<L e = Vgg
= Vss = s
FLUORESCENT READOUT
INCANDESCENT READOUT Voo
Voo Voo

Direct

<
* % < (Low Brightness)

g
T Iﬂ_}:ﬁ

1]

Filament
[ Supply

= Vss = Vgg or appropriate
= Vss 4.— voltage below Vgg.
(CAUTION Maximum working voltage = 18.0 V)

GAS DISCHARGE READOUT LIQUID CRYSTAL (LCD) READOUT
Excitation
Appropriate (Square Wave,
Vop Voltage Voo Vgs to Vpp)

{

If
)

1/4 Of MC140708B

¥ —
[ = -
— lan
= Vss = Vss
**A filament pre warm resistor 1s recommended to reduce filament Direct dc drive of LCD’s not recommended for life of LCD readouts
thermal shock and increase the effective cold resistance of the

filament
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LOGIC DIAGRAM

- %mm
A7 —D—@ I [ [ > J dD"—‘:Do—cD—mb
D ) >
’—_D" D—_:Do—<{>—I1c
81> —l—{>‘ QL D =D°—:Do—«|>—10d
’ _D > hD"‘”:Do—«D—ge
] >
e > ’ DY ’—’—D"_:Do—qb——wf
‘> ‘%"_M—Mg
{ T —{>—
IR

Vpp=Pin16
LES —i>o—4{>o— [s]s]
Vgs=Pin8
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MC145138B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14513B BCD-to-seven segment latch/decoder/driver is
constructed with complementary MOS (CMOS) enhancement mode
devices and NPN bipolar output drivers in a single monolithic struc-
ture. The circuit provides the functions of a 4-bit storage latch, an
8421 BCD-to-seven segment decoder, and has output drive capability.
Lamp test (LT), blanking (Bi), and latch enable (LE) inputs are used
to test the display, to turn-off or pulse modulate the brightness of the
display, and to store a BCD code, respectively. The Ripple Blanking
Input (RBI) and Ripple Blanking Output (RBO) can be used to
suppress either leading or trailing zeroes. It can be used with
seven-segment light emitting diodes (LED), incandescent, fluorescent,
gas discharge, or liquid crystal readouts either directly or indirectly.

CMOS Mmsi

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER
WITH RIPPLE BLANKING

2
Applications include instrument (e.g.,r counter, DVM, etc.) I 18
display driver, computer/calculator display driver, cockpit display 18 '
driver, and various clock, watch, and timer uses.
- _ y ol © L SUFFIX P SUFFIX
®  Quiescent Current = 5.0 nA/package typical @5 V CERAMIC PACKAGE  PLASTIC PACKAGE
® Low Logic Circuit Power Dissipation CASE 726 CASE 707
®  High-current Sourcing Outputs (Up to 25 mA) ORDERING INFORMATION
®  Latch Storage of Binary Input
. MC14XXXB Suffix Denotes
® Blanking Input
®  Lamp Test Provision L Ceramic Package
. . . P Plastic Package
® Readout Blanking on all lllegal Input Combinations A Extonon o:immg
® Lamp Intensity Modulation Capability Temperature Range
®  Time Share (Multiplexing) Capability e e oy
®  Adds Ripple Blanking In, Ripple Blanking Out to MC14511B
® Supply Voltage Range=3.0V to 18 V PN ASSIONMENT
o Capable of Driving Two Low-Power TTL Loads, One Low-power
Schottky TTL Load to Two HTL Loads Over the Rated ' 2
2 -'
t
Temperature Range. o ' o v
ac—] ol 'c
MAXIMUM RATINGS (Voltages referenced to Vgg) Zz d
Rating Symbol Value Unit 7=
DC Supply Voltage Vpp -05 10 +18 v =
Input Voltage, All Inputs Vin -0.5to Vpp + 0.5 v sy
DC Current Drain per Input Pin | 10 mA o
Operating Temperature Range — AL Device TA ~55 to +125 oc D / [ 7
CL/CP Device -40 to +85 [TL, I‘?I?I ,1?151 ,Iail,sl
Storage Temperature Range Tstg -65 to +150 o¢
M c O D C t I 25 A TRUTH TABLE
aximum Continuous Output Drive Curren OHmax m TS SoToTS
{Source) per Output RBl [ L€ [ 8 | LT | DCBA| RBO| s bcaef o |DSPLAY
Maximum Continuous Output Power POHmax 50 mw T B O R
{Source} per Outputi " |0 |1]1|0cooo0| 1| o600 0600 Blank
o 0 1 1 0000 4] 1111110 []
}Pormax = loH (VDD - Vou! o1t ]sotefalrietiar]| 2
X o 1 t 001 o 1111001 3
This device contains circuitry to protect the inputs against damage due to high static i z : : Z : : ? 3 ? ; : ? : : : :
voltages or electric fields; however, it is advised that normal precautions be taken to X|[o {1 |1 ]o110] 0of to1 1111 ®
avoid application of any voltage higher than maximum rated voltages to this high imped- bl PR IPE IR IR IS IS O
ance circuit. A destructive high current mode may occur iIf V|, and Vgt 1s not con- x o1 i1 tro001| 0ol 111101 9
strained to the range Vgg < (Vjp or Vout) <Vpp. o100 0, 0000008 | S
Due to the sourcing capability of this circuit, damage can occur to the device if Vpp I1s PRI IO I D B I O i
applied, and the outputs are shorted to Vgg and are at a logical 1 (see Maximum xJolr |1 |1110| 0| 0000000 [ Biank
Ratings). : 0 1 1 1.1 11 0 0000000 Blank
1 1 1 X X X X = . .
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg X - Don't Care

or Vpp).
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MC14513B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop Tiow* 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Ty Max Min Max Unit
Output Voltage — Segment Outputs VoL \%
0" Level 50 - 005 — 0 005 - 005
Vin=Vppor0 10 - 005 - 0 005 - 005
15 = 005 - 0 005 — 005
1" Level VOH 5.0 41 - 41 50 - 41 - v
Vin=0o0rVpp 10 91 - 91 10 - 91 -
15 141 - 141 15 — 141 -
Qutput Voltage — RBO Output VoL ) v
“0" Level 50 - 005 - (o] 005 - 005
Vin=Vppor0 10 - 005 — 0 005 - 005
15 - 005 — 0 005 — 005
“1" Level VOH 50 495 - 495 50 - 495 - \
Vin=0o0rVpp 10 995 - 995 10 - 995 -
15 14 95 — 14 95 15 — 14 95 -

Input Voltage™ “0" Level ViL \Y
(Vo=380r05V) 50 - 15 - 225 15 — 15
(Vo=880r10V) 10 - 30 - 450 30 - 30
(Vo=138o0r15V) 15 — 40 - 6.75 40 - 40
(Vo=050r38V) "1" Level VIH 50 35 - 35 275 — 35 - \Y
(Vo=100r88Vj 10 70 - 70 550 - 70 -

(Vo =150r138V) 15 110 - 110 825 - 10 -

Output Drive Voltage — Segments VoH A\

(AL Device)

(lon = 0 mA} Source 50 410 — 410 457 — 4.1 -

(log =50mA) - - - 424 - - -

(lon = 10 mA) 390 - 390 412 - 35 -

(loH = 15 mA) - - - 394 - - -

(loH = 20 mA) 340 - 340 375 - 30 -

{loH = 25 mA) — - - 354 — - -

(loH = 0 mA) 10 910 — 910 958 - 91 - v
(loH =5 0mA) - - - 926 - - -

(loH = 10 mA)} 900 - 9.00 917 - 86 -

(loH = 15 mA) - - - 904 - - -

(loH = 20 mA) 860 - 860 890 - 82 -
(lon = 26 mA) - - — 875 — — —

(toH = 0 mA)} 15 14.1 - 141 1459 - 141 - \
(loH = 5 0mA) - - - 1427 - - -

(lgy = 10 mA) 140 - 140 14 18 - 136 -

(lo=15 mA) - - — 1407 - — -

(IoH = 20 mA) 13.6 - 136 1395 - 132 -

(IoH = 25 mA) - - - 1380 - - -

Output Drive Voltage — Segments VOH A\

{CL/CP Device)

{igH = 0 mA) Source 50 410 - 410 457 - 41 -

(1o = 5 0 mA) - - - 424 - - -

{loH = 10mA) 360 - 360 412 - 33 -

(loH = 15 mA) - - - 394 -~ - -

(1oH = 20 mA) 280 - 2.80 375 - 25 -

(loy = 25 mA) - - — 354 - — -

(loH = 0 mA) 10 910 - 910 958 - 9.1 - \
(loy =5 0mA) - - - 926 - - -

(1o = 10 mA) 875 - 875 917 - 845 -

(Ilon = 15 mA) - - - 904 - - -

(loH = 20mA) 810 - 810 890 — 78 -
(lpH = 25 mA) - - - 875 - — -

(lon =0 mA) 15 141 — 141 1459 - 141 - 3
(loH =5 0mA) - - - 1427 - - -

(loy = 10 mA) 1375 - 1375 1418 - 1345 -

(loH = 15 mA) — _ _ 1407 _ _ _

(Ion = 20 mA) 131 — 131 1395 - 128 -

(IoH = 25 mA) - - - 1380 - - -
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MC14513B

ELECTRICAL CHARACTERISTICS (Continued)

Voo Tiow* 25°C Thigh®
Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Drive Current — RBO Output 1oH mA
(AL Device)
(VoH =2.5V) Source 5.0 -0.40 - -032 -064 - -022 -
(VoH =9.5V) 10 021 | - -0.17 | -0.34 - -0.12 -
(VoH =135V) 15 -0.81 - -066 | -1.3 - -0.46 -
(VoL =04V) Sink oL 5.0 018 - 0.15 0.29 - 0.10 - mA
(VoL =05V) 10 0.47 - 038 0.75 - 026 -
(VoL =15V) 15 18 - 15 29 - 1.0 ~
Qutput Drive Current — RBO Output IOH mA
(CL/CP Device)
(Vo =25Vi Source 5.0 -025 - -021 -0.64 - -0.17 ~
(VoH =9.5V) 10 -013 - -0.11 -034 - -0092 -
(VoH =135V 15 -0.52 - 044 | -1.3 — -0 36 -
(VoL =0.4V) Sink oL 50 0.12 - 0098 | 029 — 0080 - mA
(VoL =05V) 10 0.30 - 025 0.75 - 0.21 - .
(VoL =15W) 15 1.2 - 098 29 - 080 -
Output Drive Current — Segments loL mA
(AL Device)
(VoL =04V) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VoL =05V) 10 1.6 - 1.3 2.25 - 09 -
(VoL=15V) 15 4.2 - 34 8.8 - 24 -
Output Drive Current — Segments lot ' mA
(CL/CP Device)
(VoL =04V) Sink '5.0 052 - 044 088 — 036 -
(VoL=06V) 10 1.3 - 1.1 225 - 09 -
(VoL =15V) 15 36 - 30 88 - 24 -
Input Current (AL Device) hin 15 - +01 - +000001} £01 - 1.0 MA
Input Current {CL/CP Device) lin 15 - 103 - +000001( 03 - 1.0 HA
Input Capacitance Cin - - - - 50 75 - - pF
Quiescent Current (AL Device) pb 50 - 50 - 0.005 50 - 150 HA
(Per Package) Vi, =0or Vpp, 10 - 10 - 0010 10 - 300
lout = 0 A 15 - 20 - 0015 20 — 600
Quiescent Current (CL/CP Device} lpp 50 — 20 - 0.005 20 - 150 uA
(Per Package) V\n =Qor Vpp, 10 - 40 - 0o10 40 - 300
lout = 0 KA 15 — 80 - 0015 80 — 600
Total Supply Current**t It 50 IT = {19uA/kHz) f+ Ipp uA
{Dynamic plus Quiescent, 10 i1 ={3.8uA/kHz) f+ 1pp
Per Package) 15 bt = (6.7 uA/kHz) f + Ipp
(C =50 pF on all outputs, all
buffers switching)
*Tiow = -55°C for AL Device, -40°C for CL/CP Device. t To calculate total supply current at loads other than 50 pF
Thigh = +125°C for AL Device, +25°C for CL/CP Device. IT(CL) = IT(50 pF) + 35 x 1073 (C|_ - 50) Vppf

where. |1 15 1n uA (per package), Cp npF, Vpp nV,

# Noise immunity specified for worst-case input combination
and f in kHz 15 input frequency.

Noise Margin for both “1” and **Q"’ level =
1.0Vmin@Vpp=50V ** The formulas given are for the typical characteristics
) ()
20Vmin@Vpp =10V only at 25°C,

25Vmin@Vpp =15V
FIGURE 1 — DYNAMIC POWER DISSIPATION

SIGNAL WAVEFORMS

Input LE and RBI low, and Inputs D, BT and LT high
fn respect to a system clock
All outputs connected to respective C_ loads

20 ns

Voo
A,B,and C

Vss

50% Duty Cycle

Vou
Any Output 50%

VoL
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MC14513B

SWITCHING CHARACTERISTICS* (C_ - 50 pF, Ta = 26°C)

All Types
Voo
Characternistic Symbol Vde Min Typ Max Unit
Output Rise Time — Segment Outputs tTLH ns
50 - 40 80
10 - 30 60
15 — 25 50
Output Rise Time — RBO Output ITLH ns
50 - 480 960
10 - 240 480
15 - 190 380
Output Fall Time—Segment Outputs* tTHL ns
tTHL = (1.6 ns/pF) C_+ 50 ns 50 - 125 250
tTHL = (0.75 ns/pF) C + 37.5 ns 10 - 75 150
tTHL = (0.55 ns/pF} C+ 375 ns 15 - 65 130
Output Fall Time — RBO Outputs tTHL R ns
tTHL = (325 ns/pF) C +107.5ns 50 - 270 540
tTHL = (1.35 ns/pF) C_+ 67.5ns 10 - 135 270
tTHL = (0.95 ns/pF) C + 625 ns 15 - 110 220
Propagation Delay Time—A, B, C, D Inputs* tPLH ns
tpLH = (040 ns/pF) C_ + 620 ns 50 - 640 1280
tpi 4 = (025 ns/pF) C + 237 5 ns 10 - 250 500
tpLH = (020 ns/pF) C_ + 165 ns 15 - 175 350
tpHL = (1 3 ns/pF) C + 655 ns tPHL 50 - 720 1440 ns
tpHL = (060 ns/pF} C|_ + 260 ns 10 - 290 580
tpHL = (035 ns/pF) C_+ 1825 ns 15 - 200 400
Propagation Delay Time—RBI and Bl Inputs*® PLH ns
tpLH = {1.05ns/pF) C|_+547.5ns 50 - 600 750
tpLH = {045 ns/pF) CL +177.5ns 10 - 200 300
tpLH = (0.30 ns/pF) CL+ 135 ns 15 - 150 220
tpHL = (085 ns/pF) C + 4425 ns tPHL 50 - 485 970 ns
tpHL = (045 ns/pF) CL+ 177 5 ns 10 - 200 400
tpHL = (035 ns/pF) C+ 1425 ns 15 - 160 320
Propagation Delay Time—LT Input* Py 1 ns
tpLH = (045 ns/pF) C_ + 2905 ns 50 - 313 625
tpLH =~ (025 ns/pFIC + 11256 ns 10 - 125 250
tpLH = (020 ns/pFIC_ + 80 ns 15 - 90 180
tpHL = (13 ns/pF) C_ + 248 ns tPHL 50 — 313 625 ns
tpH = (045 ns/pF) C + 1025 ns 10 - 125 250
tpHL = {035 ns/pF) C + 72.5 ns 15 - 90 180
Setup Time tsu 50 100 - - ns
10 40 - -
15 30 - =
Hold Time th 50 60 - - ns
10 40 - -
15 30 — —
Latch Enable Pulse Width tWLLE) 50 520 260 - ns
10 220 110 -
15 130 65 —

*The formulas given are for the typical characteristics only.
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FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

a Data Propagation Delay Inputs RBI, D and LE low, and Inputs A, B, Bl and LT high

Outputg

TTLH

b Inputs A, B, D and LE low, and Inputs RBI, BT and LT high,

20 ns

Input C

PLH

Output RBO

tTLH TTHL

¢ Setup and Hold Times Input RB! and D low, Inputs A, B, BT and LT high.

20 ns
Vpo
LE

Vss

Vob
tnput C 50% *

Vss

VoH
Qutputg \

Vou

d Pulse Width Data DCBA strobed into latches

Voo

LE

Vss

tWL{LE)—’I |<—
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MC14513B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

Vob

t Common

Cathode LED

[SE—

EARAY
ivﬁ

INCANDESCENT READOUT

Voo

‘[ ; ; \ <
é =]
[+]
*
*
—AAA-

= Vss

GAS DISCHARGE READOUT

Appropriate
Vobp Voitage

LIGHT EMITTING DIODE (LED) READOUT

Common
Anode LED b
EARAY

L A1l

= Vss

FLUORESCENT READOUT
Voo

Direct
(Low Brightness)

Il

L
Filament
Supply

= Vss = Vgg or appropriate
voltage below Vgg

LIQUID CRYSTAL (LC) READOUT
Excitation
(Square Wave,
Vgg to Vpp)

LKl

= Vss

**A filament pre-warm resistor I1s recommended to reduce filament

thermal shock and increase the effective cold resistance of the
filament

1/4 Of MC14070B

T KL

Direct dc drive of LC's not recommended for life of LC readouts
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MC14513B

LOGIC DIAGR

L/

AM

81

T

J 00 O

RBI 8

TYPICAL APPLICATIONS FOR RIPPLE BLANKING

LEADING EDGE ZERO SUPPRESSION

Displays

[
]

[
[ ]

—

Pttt

------- a-------g a-------g¢ d-------g Temtees
Connect to L.
—»RBI RBO—*{RBI RBO}—=RBI RBO RBI RBO—»{RBI RBO—={RBI RBOp—#
VDD(”DCBA1DCBA‘1 pcBAaAlo|lpbcse alo[pceBAlo|Dc B Ao
bt bt ttid P b bt
MC145138 MC145138 MC145138 MC145138 MC145138 MC145138
Input 0 0 0 O 00 0 0 01 01 0 00 0 0 0 0 1 o0 1 1
Code 0 (0 (5) © (1 &)
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MC14513B

TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Cont)

TRAILING EDGE ZERO SUPPRESSION

Displays

[ ] I
T T

pritet  RRRRREL PhEdt preteet  HeREEHE (RILLEL;
a------- g FREEEEEE g a------- g PR 9 FEEEREEE g a------- 9
) Connect to
-—RBO RBI RBO RB|fe— RBO RBI RBO RB!I [«—RBO RBI RBO RBIje—
bcealo|lpcs ajlolocsalolpbesali|ocsali|loce alVoot®
bris R PHis Pitt Pt
MC14513B MC145138 MC145138 MC145138 MC145138 MC145138
o 1t 0 1 0o 0 0o 0 c 0 0 1 0o 0 1 1 0 0 0 O o o 0 O
(5) (0) (&3] (3) (0) () Input Code
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(M) moToroLa MC14543B

CMOS MsSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
for LIQUID CRYSTALS

The MC14543B BCD-to-seven segment latch/decoder/driver is or
designed for use with liquid crystal readouts, and is constructed with LIQUID CRYSTALS
complementary MOS {CMQOS) enhancement mode devices. The cir-

cuit provides the functions of a 4-bit storage latch and an 8421 BCD-
to-seven segment decoder and driver. The device has the capability

to invert the logic levels of the output combination. The phase (Ph),
blanking (Bl), and latch disable (LD) inputs are used to reverse the
truth table phase, blank the display, and store a BCD code, respec-
tively. For liquid crystal (LC) readouts, a square wave is applied to
the Ph input of the circuit and the electrically common backplane
of the display. The outputs of the circuit are connected directly to
the segments of the LC readout. For other types of readouts, such
as light-emitting diode (LED), incandescent, gas discharge, and
fluorescent readouts, connection diagrams are given on this data

sheet. L SUFFIX P SUFFIX
Applications include instrument (e.g., counter, DVM etc.) display CERAMIC PACKAGE  PLASTIC PACKAGE
driver, computer/calculator display driver, cockpit display driver, CASE 620 CASE 648

and various clock, watch, and timer uses.
ORDERING INFORMATION

P . . MC14XXXB Sutfix Denot
® Logic Circuit Quiescent Current = 5.0 nA/package Typical @ utine benotes
5V L Ceramic Package
® Latch Storage of Code P Plastic Package
. A Extended Operating
® Blanking Input Temperature Range
@ Readout Blanking on All Itlegal Input Combinations C Limited Operating
. .. o Temperature Range
® Direct LED {Common Anode or Cathode) Driving Capability
® Supply Voltage Range=3.0V to 18 V
® Capable of Driving Two Low-power TTL Loads, One Low-power TRUTH TABLE
Schottky TTL Load or Two HTL Loads Over the Rated Temper- TEUTS SUTPUTS
at.ure Range . i o |B| P |DcB Ala b c de f g|Display
® Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied to Vgg).
. ) . x 1] 0o |xxxx/o00 00 0 0fsan
® Chip Complexity: 207 FETs or 52 Equivalent Gates T 0] 0 |0O0OOOfjt 1T 1T 11 10] 0
1 o] [} 00010110000 1
1 V] 0 0010/t 101101 2
1 0 0 001 1)1 111001 3
1 0 0 010001100 1 1 4
1 0 0 0O101(1 011011 5
1 [} 0 011 01011111 6
MAXIMUM RATINGS (Voltages referenced to Vgg) 1 o] o lo111]v 110000l 7
1 0 0 1000 1T v 1 1 111 8
Rating Symbol Value Unit 1 0 [ 1001111101 1| 9
+ o] o |1 01 0[/000 000 o0feen
DC Supply Voitage Vbbp —051t0 +18 v 1 ol o |101 1]looo0oo0o0o00 atenk
1 0 0 710 0/0 000 0 0 0OfBtank
Input Voltage, All Inputs Vin —05toVpp +0.5 v X o o 1 101l0000 00 ofsm
DC Input Current per Pin Iin +10 mA 1 ol o 111 0[l000 000 OfBslank
n ) 1 [ 0 1 1 1 1/0 0 0 0 0 0 Q] Blank
Operating Temperature Range — AL Device TA —55 to +125 C 0] ) 0 X X X X - -~
CL/CP Device —40 to +85
i f O Dispt.
Storage Temperature Rance Tstg —65 to +150 °c g ! C";,:,r;f,,:"o,‘:mm ,,“:b:,t,
Maximum Continuous Output Drive Current 10HmMax 10 mA Above
(Source or Sink) per Output 10Lmax X = Don't care
n t = Above Combinations
Maximum Continuous Output Power* POHmax 70 mW * = For iquid crystal readouts, apply a square wave to Ph
(Source or Sink) per Output POLmax For common cathode LED readouts, select Ph = O
+ For common anode LED readouts, select Ph = 1
POHmax = 10H (VOH - VpD) and PoLmax = loL (VoL - Vss! «+ = Depends upon the BCD code previously applied when LD = 1

4-28




MC14543B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Vpp Tiow* 259 Thigh”
Characternistic Symbol Vdce Min Max Min Typ Max Min Max Unit
Output Voltage "0’ Level VoL 50 - 005 - 1] 005 - 005 A\
Vin Vppor0 10 - 005 - 0 005 - 005
15 - 005 - 0 005 - 005
1" Level VoH 50 495 - 495 50 - 495 - v
Vin OorVpp 10 995 - 995 10 - 995 -
15 14 95 - 14 95 15 — 1495 -
Input Voltage¥ “0" Level ViL v
(Vg -450r05V) 50 - 15 - 225 15 - 15
(Vo =900r1.0V) 10 - 30 - 450 30 - 3.0
(Vo =1350r15V} 15 - 40 — 675 40 -~ 40
1" Level ViH
(Vo=050rd45V) 50 35 - 35 2.75 d 35 - \
(Vg=100r90V) 10 70 - 70 550 - 7.0 -
(Vo =150r135V) 15 110 - 110 825 = 110 =
Qutput Drive Current (AL Dewvice) lIoH mA
(Vor=25V) Source 50 =30 - -24 —4.2 - —1.7 —
(VoH =46V) 50 -0.64 - —0.51 -0.88 - —036 -
(Vo =05V) 10 - - - -10.1 - - -
(Vo =95V) 10 -16 ~- -13 -2.25 - -0.9 -
(Von = 135 V) 15 —4.2 = -34 | -88 - —24 -
(VgL =04V) Sink loL 50 064 - 051 0.88 - 0.36 - mA
(VoL =05 V) 1c 16 13 | 225 - 09 -
(VoL =95V) 10 - - - 101 - - -
(VoL =15V) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Dewvice) 10H mA
(VoH=25V) Source 50 —-25 - =21 —4.2 - -1.7 —
(Vo =46V) 50 | -052 - —044 | —088 - 036 -
(Vo =05V) 10 - - - —10.1 - - -
(Vo =95V) 10 -13 - -1.1 —225 - —-09 -
(Voy =135V) 15 —3.6 —-3.0 —8.8 — —-24 —
(VoL =04 V) sink[  IoL 5.0 052 — 044 | o088 — 0.36 - mA
(Vo =05V) 10 1.3 - 1.1 2.25 - 09 -
(VoL =95V) 10 - - - 10.1 - - -
(VoL=15V) 15 36 - 3.0 8.8 - 24 -
input Current (AL Device} hin 15 — +01 — +0 00001 | +01 - +10 uA
Input Current (CL/CP Device) hin 15 - 103 - +0 00001 | +03 - +10 HA
Input Capacitance Cin - - - - 50 75 - - pF
Quiescent Current {AL Device) Ipp 50 - 50 - 0005 50 - 150 HA
(Per Package) Vn=0 or VDD, 10 - 10 - 0010 10 - 300
lout = 0 KA 15 - 20 - 0015 20 - 600
Quiescent Current (CL/CP Device) Ipp 50 - 20 - 0005 20 - 150 HA
{Per Package) V,n=0 or VppD. 10 - 40 - 0010 40 - 300
lout = 0 LA 15 - 80 - 0015 80 — 600
Total Supply Current®* I IT 50 IT=(1 6 uA/kHz) f + Ipp A
{Dynamic plus Quiescent, 10 I7=(3.1 pA/kHz) f + Ipp
Per Package) 15 17=(4.7 pA/kHz) f + IpD
(CL=50 pF on all outputs, all '
buffers switching)

*Tiow -55°C for AL Device, -40°C for CL/CP Device
Thigh = *125°C for AL Device, +85°C for CL/CP Device
~Noise immunity specified for worst-case input combination
Noise Margin for both 1" and 0" level =10V min @ Vpp =50V
20Vmn@Vpp=10V
25Vmin@Vpp=15V
tTo calculate total supply current at loads other than 50 pF
17{CL) - ITI50 pF) + 35 x 10-3 (C|_-50) Vppf
where 1715 1n uA {per package), Ci in pF, Vpp in V, and fin kHz 1s input frequency
**The formulas given are for the typical characteristics only at 25°C
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MC14543B

SWITCHING CHARACTERISTICS* (C|_=50pF, Tp =25°C)

Characteristic Symbol Vpbp Min Typ Max Unit
Output Rise Time: tTLH ns
tTLH = (3.0 ns/pF) C|_+ 30 ns 5.0 - 100 200
tTLH=1.5ns/pF) C + 15 ns 10 - 50 100
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 40 80
Qutput Fall Time tTHL ns
tTHL = (1.5 ns/pF) C|_+ 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_+ 125 ns 15 - 40 80
Turn-Off Delay Time tPLH ns
tpLH = (1.7 ns/pF} C|_+ 620 ns 5.0 - 605 1210
tpLH = (0.66 ns/pF) C +217 ns 10 - 250 500
tpLH = (0.5 ns/pF) C_+ 160 ns 15 - 185 370
Turn-On Delay Time tPHL ns
tpHL = {1.7 ns/pF) C +420 ns 5.0 - 505 1650
tpHy = (0.66 ns/pF) C_+ 172 ns 10 - 205 660
tpHL = (0.5 ns/pF} C|_+ 130 ns 15 - 155 495
Setup Time tsy 5.0 350 - - ns
10 450 - -
15 500 — ot
Hold Time th 5.0 40 - - ns
10 30 - -
15 20 - -
Latch Disable Pulse Width {Strobing Data} tWH 5.0 250 125 - ns
10 100 50 -
15 80 40 -

. *The formulas given are for the typical characteristics only.

LOGIC DIAGRAM

Bl 7
Vpp =Pin 16
Vgg=Pin8 ,

Aso—(>o— 4+

83

Dy
e nilii
o
>

oz >0

=
Lo 10—{>o— Phase 6 %—DO-DO—
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FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS

; ‘ !0 W[d Vpp =50 Vvde
OHmax = /U mWac
=~ /)

~| /’/

Vpp =10 Vde

\/

-18 -~

10H, SOURCE CURRENT (mAdc)
.
<

I B g \
Vpp =15 Vde \
Vgs =0 Vdc \
-24 ss| 1 1
-16 -12 -80 -40 0

{VgH -Vpp), SOURCE DEVICE VOLTAGE (Vde)

FIGURE 3 — DYNAMIC POWER DISIPATION
SIGNAL WAVEFORMS

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS

24
\ ]
v Vsl Vpp = 15 Vdc
. \
s 18
< \
£ [N
= / N
E N vpp=10vee
=1
z A 1N
=
a // ~ Y
560 \..\‘
Vop=50Vde | _Pg|max = 70 mWdc |
1 !
‘ Vsg =0 Vde
0 >

0 40 80 12 16
(VoL - Vss). SINK DEVICE VOLTAGE (Vdc)

FIGURE 4 — DYNAMIC SIGNAL WAVEFORMS

Inputs Bl and Ph low, and Inputs D and LD high
f in respect to a system clock.

All outputs connected to respective C|_loads.

Vbo

Vss

50% Duty Cycle

vV,
Any Output N OH

VoL

{a) Inputs D, Ph, and Bl low, and Inputs A, B, and LD high

20 ns 20 ns po—

90% = Vbp

¢ 50%
10% K Vg5

, tPHL PLH
V
90% 50% " oH
9 10% VoL
e—ttul trin—

{b) Inputs D, Ph, and Bl low, and inputs A and B high.

te—20 ns
—] Vop
50%
L Vss
th
Vop
50%
Vss
VoH
g N
VoL
(c) Data DCBA strabed into latches
G Vop
Lb 50%
Vss

TwH
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MC14543B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

MC145438
Output

LIQUID CRYSTAL (LC) READOUT

Ph

~ 1/

One of Seven Segments

Common
Backplane

mm=== .

Square Wave

{Vgg 10 Vpp)

INCANDESCENT READOUT

Appropriate
Voltage
L

"FT_"_”_

MC 145438
Output

Ph

MC145438

Ph

= Vss

Common

Cathode LED

Output  |—O—AAA—

Note Bipolar transistors may

id

A

— — ——

LIGHT EMITTING DIODE (LED) READOUT

Common ¢ Voo
Anode LED
— ——
v
MC145438
Output o AAA—]
Ph

{VDD

be added for gain (for Vpp <10V or 1o, 2> 10 mA)

MC145438

GAS DISCHARGE READOUT

Appropriate
Voltage

Output

PIN ASSIGNMENT

Vss

CONNECTIONS TO SEGMENTS

Vpp =Pin 16
Vgg =Pin8

DISPLAY

O] /|:_|_'\ ,\-:I::,l |C'| |
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MC145448

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
FOR LIQUID CRYSTALS

The MC14544B BCD-to-seven segment latch/decoder/driver 1s
designed for use with liquid crystal readouts, and is constructed with
complementary MOS (CMQOS) enhancement mode devices. The cir-

CMOS MmsSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER
WITH RIPPLE BLANKING

cuit provides the functions of a 4-bit storage latch and an 8421 BCD-
to-seven segment decoder and driver. The device has the capability
to invert the logic levels of the output combination. The phase (Ph},
blanking (Bl), and latch disable (LD) inputs are used to reverse the
truth table phase, blank the display, and store a BCD code, respec-
tively. For liquid crystal {LC) readouts, a square wave is applied to
the Ph input of the circuit and the electrically common backplane

’ mﬁ? W

of the display. The outputs of the circuit are connected directly to ERAI;\nslgf":():(KAGE PLAS“)HS(':J::(%AGE
N . cl
the segments of the LC readout. The Ripple Blanking Input (RBI) CASE 726 CASE 707

and the Ripple Blanking Output (RBO) can be used to suppress
either leading or trailing zeroes.

For other types of readouts, such as light-emitting diode (LED),
incandescent, gas discharge, and fluorescent readouts, connection
diagrams are given on this data sheet.

Applications include instrument (e.g., counter, DVM etc.) display
driver, computer/calculator display driver, cockpit display driver,
and various clock, watch, and timer uses.

ORDERING INFORMATION

MC14X XX8B u"lx Denotes
Ceramic Package
Plastic Package
Extended Operating
Temperature Range
Limited Operating
Temperature Range

® Logic Circuit Quiescent Current = 5.0 nA/package typical @
5V

Latch Storage of Code

Btanking Input

Readout Blanking on All Iltegal Input Combinations

Direct LED (Common Anode or Cathode) Driving Capability
Supply Voltage Range = 3.0 V to 18 V

Capability for Suppression-of Non-significant zero

Capable of Driving Two Low-power TTL Loads, One Low-power

Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

PIN ASSIGNMENT

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit This device contains circuitry to protect
the inputs against damage due to high
DC Supply Voltage Voo —0510 +18 Vde static voltages or electric fields, however,
Input Voltage, All Inputs Vin —~05t0 Vpp +05| Vdc it 15 advised that normal precautions be
taken to avord application of any voltage
OC Input Current per Pin hn 10 mAdc higher than maximum rated voltages to
Operating Temperature Range — AL Device TaA —55 to +125 °c this high impedance circuit. For proper
CL/CP Device —40 to +85 operation it is recommended that V,, and
Storage Temperature Range Tstg —65 to +150 °c Vout be constrained to the range Vsg <
(VinorVout! < Vpp
Maximum Continuous Output Drive Current lOoHmax 10 mAdc Unused nputs must always be tied to an
(Source or Sink) per Output '0Lmax appropriate logic voltage level (e g., either
Maximum Continuous Output Power * POHmax 70 mwW Vssor Vpp).
{Source or Sink} per Qutput POLmax

*POHmax = l0H (VOH - Vpp! and PoLmax = loL (VoL - Vss)
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vbp Tiow" 25°C Tm},'
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 50 - 005 - 0 0.05 - 005 Y
Vin=Vppor0 10 - 0.05 - 0 0.05 - 005
15 - 005 - 0 0 05 - 0.05
1" Level VOH 5.0 495 - 4.95 50 - 495 - v
Vin=0o0r Vpp 10 9.95 - 995 10 - 995 -
15 14.95 — 14.95 15 — 14.95 —
input Voltage# “0" Level ViL v
{(Vg=450r05V) 50 - 15 - 2.25 1.5 - 15
(Vg=90o0r1.0V) 10 - 3.0 - 450 3.0 - 30
(Vg=1350r15V) . 15 — 4.0 - 675 40 - 4.0
. “17 Level| ViH
(Vg=06ord5V) 50 35 - 35 2.75 - 35 - v
(Vo=100r90Vi 10 7.0 - 70 550 - 7.0 -
(Vo =150r13.5V) 15 11.0 = 110 | 825 - 11.0 -
Output Drive Current (AL Device) I0H mA
(Vo =25V) Source 50 -3.0 - —24 —4.2 - -1.7 -
(VOH =46 V) ) 50 | —064 - —051 | -0.88 - —-0.36 -
(VoH =05V) 10 - - - —10.1 - - -
(VoH=95V) 10 -1.6 - -1.3 —-2.25 - -09 -
(Voy = 135V) 15 —4.2 — =34 —8.8 - —24 —
{voL=04V) Sink oL 5.0 0.64 - 051 088 - 0.36 - mA
(VoL =05V) ' 10 16 - 1.3 2.25 - 09 -
(VoL =95V} 10 - - - 101 - - -
(VoL =15V} 15 4.2 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) loR mA
(VOH=25V) Source 5.0 -25 - -2.1 —4.2 - -1.7 -
(VoH =4.6V) 50 | —052 - -0.44 | —0.88 - -0.36 -
(VOH=05V) 10 - - - -10.1 - - -
(VoH=95V) 10 -1.3 - -1.1 —2.25 - -0.9 -
(VoH = 135 V) 15 —3.6 - -30 | -88 — —2.4 -
(VoL =04V) Sink oL 5.0 052 - 044 088 - 036 - mA
(VoL =05V) 10 1.3 - 1.4 2.25 - 09 -
(VoL =95V) 10 - - - 10.1 - - -
(VoL=15V) ' 15 36 - 3.0 8.8 — 24 —
Input Current (AL Device) lin 15 - +01 - +0 00001 ) +01 - 10 uA
Input Current (CL/CP Device) Iin 15 - +03 - +000001| +03 - 10 uA
Input Capacitance Cin - - - 50 7.5 - - pF
Quiescent Current (AL Device) ipD 50 - 50 - 0005 50 - 150 HA
(Per Package} V,,=0or Vpp, 10 - 10 - 0010 10 - 300
lout = 0 LA 15 - 20 - 0015 20 - 600
Quiescent Current {CL/CP Device) IpD 50 - 20 - 0005 20 - 150 uA
{Per Package) V,,=0 or Vpp, 10 - 40 — 0010 40 - 300
lout = OkA 15 - 80 — 0015 80 - 600
Totat Supply Current* 't IT 50 It = (16 uA/kHz) f + Ipp LA
(Dynamic plus Quiescent, 10 IT= (31 wA/kH2) f + Ipp
Per Package} 15 It =147 uA/KH2) t + IpD
(C = 50 pF on all outputs, all .
buffers switching)

*Tow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immumity specified for worst-case input combination
Noise Margin for both “1° and 0" level = 1.0V min @ Vpp =5.0 V
20Vmin@ Vpp =10V
) 25Vmn@Vpp=15V
1To calculate total supply current at loads other than 50 pF.
I5{C) = 17(50 pF) + 356 x 10-3 (C|_ -50) Vppf
where I s in uA (per package), C|_in pF, Vpp in Vdc, and f in kHz 15 input frequency
**The formulas given are for the typical characteristics only at 25°C
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SWITCHING CHARACTERISTICS* (C|_=50pF, T = 25°C)

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C + 30 ns 5.0 - 100 200
tTLH = (1.5 ns/pF) C_ + 15 ns 10 - 50 100
tTLH = (1.1 ns/pF) C + 10 ns 15 - 40 80
Output Fall Time tTHL ns
trHL = (1.5 ns/pF) C + 25 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_ + 125 ns 10 - 50 100
tTHL = (0.65 ns/pF) C|_ + 1256 ns 15 - 40 80
Turn-Off Delay Time tPLH ns
tpLH = (1.7 ns/pF) C_+ 520 ns 5.0 - 605 1210
tpyH = (0.66 ns/pF} C + 217 ns 10 - 250 500
tpLH = (0.5 ns/pF) C|_+ 160 ns 15 - 185 370
Turn-On Delay Time tPHL ns
tpHL = (1.7 ns/pF) C| + 420 ns 6.0 - 505 1650
tpHL = (0.66 ns/pF) C_+ 172 ns 10 - 205 660
tpHL = (0.5 ns/pF) C + 130 ns 15 - 185 495
Setup Time tsy 5.0 0 -40 - ns
10 0 -15 -
15 0 -10 —
Hold Time th 5.0 80 40 - ns
10 30 15 -
16 20 10 -
Latch Disable Pulse Width (Strobing Data) twH 5.0 250 125 - ns
10 100 50 -
15 80 40 -~

*The formulas given are for the typical characteristics only.

LOGIC DIAGRAM

Bl 7
Vpp = Pin 18 .
Vgg= Ping -—’_—D_‘-
A 5o—‘>o— _D—F M 1a
B ao—Dc ""ﬁ N 1 13 ¢
—4 1‘
) - 14d
c 2o—'>c {>rﬁ n 4 15e
1
— 17 f
L D
| EEps :
Phase
LD 1o—l>o——
RBI 10 »——-{>o—o 8 RBO
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CONNECTIONS TO VARIOUS DISPLAY READOUTS

INCANDESCENT READOUT

LIQUID CRYSTAL (LC) READOUT Appropriate

Voltage
MC14544B One of Seven Segments p
Qutput —O— ey ,
Common r—-
Ph
Backplane XD ——==
mm=== __
—=-- MC145448
Qutput
Square Wave Phe
{Vgg to Vpp)
Vss

GAS DISCHARGE READOUT

LIGHT EMITTING DIODE (LED) READOUT

Common Common ? Vopo . Appropriate
Cathode LED Anade LED Vol::ge
MC145448 ="
Output [ —O—AAA— y--- S
Ph
MC145448 00 —— —
Yy __ output | aaa—] ?
- Ph
— ) MC145448
= Vgs Output
=

Ph
Voo ]

Note Bipolar transistors may be added for gain (for Vpp <10V or lout = 10 mA) %
= Vss

TRUTH TABLE

Don’t Care

INPUTS QUTPUTS t Above Combinations
Rel | D[ Bt [Phne] D cBA|RBO] a b c 0e t g [DiSPLay L,
X X 7 N X X %X X < 2000000 Brank * For tiquid crystal readouts, apply a square wave to Ph. Far
3 7 o To 0 00 0 7 0 6 0 00 00 P common cathode LED readouts, select Ph = 0. For common
° ' M b 0000 o 1111110 ° anode LED readouts, select Ph = 1,

.o i -
x 17 Tolo ooo [ ol o1 10000 n Depends upon the BCD Code previously applied when LD = 1.
x 1 ollo 0010/ O 1101101 2 - N TaTo1
x 1 oo 00 11 0 1111001 3 # RBO=RE| ¢ (ABCD)
x 1 0 0 0 t1too0 o 0110011 4
x |1 |0lo]o1o0o1] 0] 1011011 5
X 1 0 0 0110 0 101111 6
x 1 0 0 01 11 o 1110000 7
X 1 o 0 1000 (] 11 v 1y 8
x {1 lo]lo| 1001 o] 1111011 9
x |1 lolo]l1010| 0] 0000000 Blank
x 1 {olo[1o11v] o[l oooo000o0 Blank
x [1|o]o]| 1100 0l 0000000 Blank
x|1|o]loj11701| 0] 0000000 Blank
x |1]oe]lol1110] o[ o0oo000000 Blank
X 1 |lo]o]1111]| ol]ooooo0o0o Blank
X 0 0 0 X X X X = . e
Toverte of Ootut uplav

HREEEEE ' I

4-36



MC14544B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS

TTTT]
Vpp =5.0 Vde
POoHmax =70 mWdc
~~

IgH. SOURCE CURRENT (mAdc)
S

<

o

o

n

=

=

a
pd

-] \
Vpp=15Vde

al L L

-16 -12 -80 -40 0
(VgH -Vpp), SOURCE DEVICE VOLTAGE (Vdc)

-

Vgg =0 Vde
) I

FIGURE 3 — DYNAMIC POWER DISIPATION
SIGNAL WAVEFORMS

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS
24
\ L
1 Vpp =15 Vdc
\

18 /‘
// \ Vpp = 10 Vdc
N\

P

1oL, SINK CURRENT (mAdc)
=

|
N
/ ~
60 >
el N
Vpp =5.0Vde | POLmax 70 mWde |
Vss I]Vdc
0
0 40 80 12 16

(VoL - Vss), SINK OEVICE VOLTAGE (Vdc)

FIGURE 4 — DYNAMIC SIGNAL WAVEFORMS

Inputs Bl and Ph low, and Inputs D and LD high
f in respect to a system clock.

All outputs connected to respective C_ loads

50% Duty Cycle

VoH
Any Output —/_\_—/__
——— VoL

{a) Inputs D, Ph, and Bl low, and Inputs A, B, and LD high

20 ns |
VoD
50%
" Vss
PHL PLH
90% 50% 10%
VoL
I"“THL tTLH —

{b) Inputs D, Ph, and Bl low, and Inputs A and B high.

te—20 ns
so;.' Vop
LD % 50%

1 Vss

tsu — I__ th
c Vop

50% 50%
Vss

{c) Data DCBA strobed into latches
S V)
LD 50% DD

Vss
twH
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TYPICAL APPLICATIONS FOR RIPPLE BLANKING

LEADING EDGE ZERQ SUPPRESSION

LT ]
T T

_______ ! AELELE AELEAL! Jajfﬂﬂg AIRELE 1113
connei‘:ﬂsl RBO—-’JFlﬁl ’

Vpp (1)

PP r
RBO ABI RBOM—»{ RBI RBOp—#»{RBI RBO|
D C B A 1 D C B A 1 D C B A o] D C B A o] D C. B A o D C B A E’
R R Pt R bttt bt
MC145448 MC145448 MC145448 MC145448 MC14544B MC145448
tnput 0 0 0 o0 0 0 0 0o o 1 0 1 0 00 O 0 0 0 1 o 0o 1 1
Code (0) (o) (s) (0 (1 (3

TRAILING EDGE ZERO SUPPRESSION

Displays

FETTTEET a1 (@

Connect to
le—{RBO RBl’—THBO RBI RBO RBI RBO amL— L—
D C B A 0 D C B A 0 D C A

RBO RBI
8 olocealiloceali|ocs ajvoR®
R it R it bttt I
MC145448 MC145448B MC145448 MC145448 MC145448 MC145448
0 1 0 1 0 oo 0 0 1 00 1 1 0 0 0 0 000 O
() (0) [RD] (3) (0) (0) Input Code
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MC14547B

HIGH CURRENT
BCD-TO-SEVEN SEGMENT DECODER/DRIVER

The MC14547 BCD-to-seven segment decoder/driver is constructed
with complementary MOS ({CMOS) enhancement mode devices and
NPN bipolar output drivers in a single monolithic structure The circuit
provides the functions of an 8421 BCD-to-seven segment decoder with
high output dnve capability. Blanking (B}, can be used to turn off or
pulse modulate the brightness of the display. The MC14547 can dnve
seven-segment light-emitting diodes (LED), incandescent, fluorescent
or gas discharge readouts either directly or indirectly.

Applications include instrument (e g , counter, DVM, etc ) display
driver, computer/calculator display driver, ‘cockpit display driver, and
various clock, watch, and timer uses.

High Current Sourcing Outputs (Up to 65 mA)
Low Logic Circuit Power Dissipation

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)
HIGH CURRENT

BCD-TO-SEVEN SEGMENT
DECODER/DRIVER

16
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

®
[ ]
MC14XXXB Suffix Denotes
® Supply Voltage Range = +3.0Vto +18V
L Ceramic Package
® Blanking Input P Plastic Package
@ Readout Blanking on All lllegal Combinations A Extended Operating
Temperature Range
® Lamp Intensity Modulation Capability C Limited Operating
© Multiplexing Capability Temperature Range
® Capable of Driving Two Low-Power TTL Loads,
One Low-Power Schottky TTL Load or s
Two HTL Loads over the Rated Temperature Range 18 Vopl= 16
® Use MC14511B for Applications Requiring Data Latches 2 ¢ tEais
3 ={NC F1=X1] -
2 8 a3 "_g,'b
s g Ne T TER I
6 .30 cfE1t d
7 c3gA d 310
MAXIMUM RATINGS * (Voltage referenced to Vg, Pin 8) 8 0 Vss * e
Rating Symbol Value Unit DISPLAY
DC Supply Voltage Vpp -05t0+18 A\ I} 1=l 3 ] ~T =l
Input Voltage, All Inputs Vian [-05toVpp +05] Vv A o e A e U A A L
Operating Temperature Range MC14547BAL TA -55t0 +125 o¢c o 2 3 4 5 6 7 8 9
MC14547BCL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
Maximum Continuous Output Drive Current lOHmax 65 mA TRUTH TABLE
(Source) per Output
£ d 5 INPUTS OUTPUTS
x
Maximum Continuous Power Dissipation OHmax 1200 mw Bi|DCB Ala bc de f g|DISPLAY
0 [ X x x x|]o 0 0 0 000 Blank
“* Maximum Ratings are those values beyond which damage to the device may occur 3 200 0]1 1 1 1 1 10 )
*See power derating curve (Figure 1), 1 000 1/011000GO0 1
1 oo 1ot 1011 01 2
1 J]oo 1 1l111 1001 3
This device contains circuitry to protect the inputs against damage due to high static 1 01 000110011 a4
voltages or electric fields; however, it 1s advised that normal precautions be taken to 1 01017011011 2
avoid application of any voltage higher than maximum rated voltages to this high 1m- : g : : “) ? "’ 1 ; ; ; 2) s
pedance circuit. A destructive high current mode may occur if V5 and Vgt 1s not 1 T 0001 11 1111 8
constrained to the range Vss < (V,, or Vgout) < Vpp 1+ l100 1|1 11001 1 9
th 1 /{101 0/0000000O0 Blank
B e e e S e s o in | |38 18085563808 3] aa
) 1 [1 1 0o0{0000000O0 Blank
Ratings). 11110 1|ocooo0o0 o0 o] sk
1 1110|000 0000O0 Blank
Unused inputs must always be tied to an appropriate logic voltage level (eg, either N 11110000000 Blank
Vsgs or Vpp)
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MC14547B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vsg)

Iy
Characteristic Symbol VDD Tiow” 25°C Thigh Unit
Vdc Min | Max | Min Typ Max | Min | Max
Output Voltage 0" Level| VoL 50 - |005| - 0 005 — (005 \
Vin = Vppor 0 10 - |005) - 0 005 — 1005
15 - |oos| — 0 005 — [005
“1" Level| VOH 50 41 - 44 46 - 43 - Vv
Vin = Oor Vpp 10 91 -1 94 96 - | 93| -
15 141 — | 144 146 — | 144 -
Input Voltage # “0” Level| ViL \Y
(Vo =380r05V) 50 - 15 - 225 15 - 15
(Vo =88or10V) 10 - |30 - 450 301 - | 30
(Vo = 1380r15V) 15 - 40 - 675 40 — 40
(Vo =050r38V) “1" Level| ViH 50 35 35 275 356 \
(Vo =100r88V) 10 70 — 70 550 - 70 -
Vo =150r138V) 15 1o — | N0 825 - {nno| -
Output Drive Voltage (AL Device) VOH 50 Vv
{loH = 50 mA) Source 40 - 42 43 - 43 -
(lgH = 10 mA) - - | ¢ 43 - - -
(loH = 20 mA) ag | — | 39 | 42 ~ | 40| -
(IoH = 40 mA)} - - 37 40 — - -
oH = 65 mA) 31 - 32 37 - 30 -
{loH = 50 mA) 10 91 . 92 93 - 93 -
{loH = 10 mA) - - 91 93 - - -
(loH = 20 mA} 88 - 90 92 - 92 -
(IoH = 40 mA) - - | 89 90 - - -
{loH = 65 mA} 84 — 85 88 - 81 -
(loH = 50 mA) 15 |140| - [ 142 ] 143 [ - | 144] -
{loH = 10 mA) - — 141 143 — - -
(loH = 20 mA) 138 — | 140 142 - 1421 -
(lgH = 40 mA) - - | 138 140 - ~ —
(loH = 65 mAj 136 — 135 137 - | 133 -
Output Dnive Voltage (CL/CP Devicel VOH 50 Vv
{loH = 50 mA) Source 39 - 41 43 - 42 -
(loH = 10 mA) ~ | = 40 | a3 - -] -
{loH = 20 mA) 36 | — | 38 42 - 1389| -
(loH = 40 mA) - - 35 40 - - -
(loH = 65 mA) 30 - 30 37 - 29 -
{loH = 50 mAl} 10 89 - 91 93 - 92 —
IoH = 10 mA) —~ -1 90 93 - - -
tlgH = 20 mA) 86 - 88 92 - 90 -
{loH = 40 mA) - - | 85 90 — — -
{loH = 65 mA} 80 — 81 88 - 80 —
{loH = 50 mA} 15 139 — | 141 143 - 1142 -
{lon = 10 mA) - - | 140 143 - - -
{loH = 20 mA) 136 — | 138 | 142 - | 40| -
ol = 40 mAl -~ -{wBs|uo| -| - -
{loH = 656 mA) 130 — | 1830 137 - 1130 -
Output Dnive Current (AL Device) oL mA
(VoL =04V) Sink 50 032| — |02 | 044 - 018 -
(VoL =05WV) 10 080| — | 065 113 - 045 —
(VoL = 15V} 15 |210) = | 17| 44 - |12 -
Output Dnive Current (CL/CP Device) loL mA
VoL =04V) Sink 50 026| - | 022 044 - 1018 -
(VoL = 056V) 10 065 — | 055 113 — 1045 -
(VoL = 15V) 15 181 - | 18 44 - 12| -

*Tiow = —56°C for AL Device, —40°C for CL/CP Device
Thigh = +125°C for AL Device, +85°C for CL/CP Device
#Noise immunity specified for worst-case input combination
Noise Margin for both ““1'" and ‘0" level =
10Vmn@ Vpp =50V
20Vmn@ Vpp = 10V
25V mn@ Vpp= 15V
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ELECTRICAL CHARACTERISTICS (Continued)

. o )
Charactenistic Symbol VoD Tiow 2°C Thigh Unit
Vdc Min | Max | Min Typ Max | Min | Max
Input Current (AL Device) hn 15 — | +01] - | £000001{+01| — [£10 pA
input Current {CL/CP Device) [ 15 — | £03] — }£000001]+03} — |+£10 BA
Input Capacitance Cin — — — — 50 75 — - pF
Quiescent Current (AL Device) (Per Package} DD 50 - 50 - 0005 |50 - 150 rA
Vin=0o0r Vpp. lout=0 pA 10 - 10 - 0010 10 — | 300
15 — 20 — 0015 20 — | 600
Quiescent Current (CL/CP Device) {Per Package) Do 50 - 20 - 0 005 20 — | 180 A
Vin=0o0r Vpp, lout=0 A 10 - 40 - 0010 40 — 1300
15 — 80 — 0015 80 — | 600
Total Supply Current**t IT 50 i1 = {19 uA/kH2) f + Ipp nA
(Dynamic plus Quiescent, 10 IT = (38 uA/kHZ) t + Ipp
Per Package) 15 IT = (67 pA/kHZ) { + IpD
(C = 50 pF on all outputs, all
buffers switching)
¢ Tiow = —55°C for AL Device, ~40°C for CL/CP Device
Thigh = +125°C for AL Device, +85°C for CL/CP Device
t To calculate total supply current at joads other than 50 pF
IT(CY) = IT (B0 pF) + 35 x 10-3(C —50) Vppf
where |y 1s in uA (per package), CLin pF, Vpp in V,
and fin kHz 1s input frequency
** The formulas given are for the typical
characteristics only at 25°C
SWITCHING CHARACTERISTICS (C| = 50 pF, Ta = 256°C)
Charactenstic Symbol \\/,32 Min Typ Max Unit
Output Rise Time , tTLH 50 - 40 80 ns
10 - 40 80
15 - 40 80
Output Fall Time ttH | 50 | - 125 250 ns
10 - 75 150
. 15 - 70 140
Data Propagation Delay Time tPLH 50 - 750 1500 ns
10 - 300 600
15 - 200 400
tPHL | 50 | - 750 1500
10 - 300 600
15 — 200 400
Blank Propagation Delay Time tPLH 50 - 750 1500 ns
10 - 300 600
15 - 200 400
tPHL 50 - 500 1000
10 - 250 500
15 - 170 340
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LOGIC DIAGRAM

8l 4

i
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FIGURE 1 — AMBIENT TEMPERATURE POWER DERATING

1200

1000

o
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Pp. MAXIMUM POWER DISSIPATION (mW)
PER PACKAGE

\\
~ ~ |_CLDEVICE
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>
CP DEVICE N ALDEVICE
X
25 50 75 85 100 125 150 175
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CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Voo

Common
Cathode LED

_———- =17V

LI [L‘

Vss =

INCANDESCENT READOUT

Voo Voo

* %

AAA

¥ lLl

ih— IF

= Vss '-.l‘

GAS DISCHARGE READOUT

Appropriate
Voltage

I_IH }{1
I.
|
]

= Vss

* Vzp should be set at Vpp — 13V —~ VL gp Wattage of zener
diode must be calculated for number of segments and worst-case
conditions

** A hlament pre-warm resistor 1s recommended to reduce filament

thermal shock and increase the effective cold resistance of the
filament

LI ﬂ_‘

Common
Anode LED y-—-—-

LIGHT-EMITTING DIODE (LED) READOUT
USING A ZENER DIODE TO REPLACE DROPPING RESISTORS

Voo
Common
Cathode LED
r g
[ -2
. R —————————
= vss T Vo'
= vss
FLUORESCENT READOUT
Vbbb
| Direct
{Low Brightness)
(et
e
(aa
— /\
Filament
= Vss Supply

4-43

= Vgg or appropriate
voltage below Vgg.

(Caution Absolute maximum
working voltage = 18.0 V)



@ MOTOROLA

MC145588B

decade first.

BCD-TO-SEVEN SEGMENT DECODER

The MC145588 decodes 4-bit binary coded decimal data depen-
dent on the state of auxiliary inputs, Enable and RBI, and provides an
active-high seven-segment output for a display driver.

An auxiliary mnput truth table i1s shown, in addition to the BCD
to seven-segment truth table, to indicate the functions available with
the two auxiliary inputs.

Leading Zero blanking is easily obtained with an external flip-flop
in time dwvision multiplexed systems displaying most significant

CMOS MmSI

{LOWPOWER COMPLEMENTARY MOS)

BCD-TO-SEVEN
SEGMENT DECODER

_ X =Don’tCare
RBI = Ripple Blanking Input
RBO = Ripple Blanking Output

o Quiescent Current = 5.0 nA/package typical @ 5 Vdc L SUFFIX P SUFFIX
® Supply Voltage Range = 3.0 Vdc to 18 Vdc CERAMIC PACKAGE  PLASTIC PACKAGE
® Segment Blanking for All lllegal Input Combinations CASE 620 CASE 648
® Lamp Test Function on
® Capability for Suppression of Non-Significant Zeros ORDERING INFORMAT!
® Lamp Intensity Function
. MC14XXX8 Suft
® Capable of Driving Two Low-power TTL Loads, One Low-power uffix Denotes
Schottky TTL Load or Two HTL Loads Over the Rated Temper- L Ceramic Package
ature Range P Plastic Package
A Extended Operating
Temperature Range
€ Limted Operating
Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg) PIN ASSIGNMENT
Rating Symbol Value Unit
DC Supply Voltage VbbD -0510 +18 Vdc
Input Voltage, All Inputs Vin 05t Vpp+05 Vdc
DC Input Current, per Pin lin +10 mAdc \/
Operating Temperature Range -- AL Device Ta -55 10 +125 oc Ll e -] Vpp 16
CL/CP Device -40 to +85 2c={c thE=as 2
Storage Temperature Range Tag -65 to +150 oc 3 =] Enable M =10 " 9 'b
)
a—{m8o a3 ’l I
5 ] RBI b2 d
6o cf3aNn
1
AUXILIARY INPUT TRUTH TABLE § z A d z 0
— BCO — 8 Vss L] 9
Enable RBI tnput RBO
Pin3 Pin 5 Code Pn4 Function Performed
[+ [\] X (] Lamp Test
'] 1 X 1 Blank Segments
1 1 0 1 Display Zero DISPLAY
1 [+] [¢] [ Blank Segments = ] = 1t . ] B q
1 3 19 1| 1-9 Displayed IU 1 |1C{3J -I S b !
o 1 2 3 4 5 6 7 8 9
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Tm’
Charactenstic Symbol Vde Min Max Min Typ Max Min Max Unnt
Output Voltage “0" Level VoL 50 - 005 - o 0.05 - 00S Vdc
Vin-Vppor0 10 - 0.05 - 0 005 - 005
15 - 005 - 0 005 - 005
"1" Level VOoH 50 495 - 495 50 - 495 - Vdc
Vin=0orVpp 10 995 - 995 10 - 9.95 -
15 14 95 ~ 14 95 15 — 14.95 -

Input Voltage® 0" Level Vi Vdc
(Vo s450r 05 Vdc) 50 - 15 - 225 15 - 15
(Vo = 90o0r 1.0 Vdc) 10 - 3.0 - 450 30 - 30
(Vo = 135 0r 15 Vdc) 15 — 40 - 675 40 ~ 4.0

17 Level ViK
(Vo=050r45Vdc) 50 35 - 35 275 - 35 - Vdec
(Vo= 100r90 Vdc) 10 7.0 - 70 550 - 7.0 -
(Vo= 150r 135 Vdc) 15 110 - 110 825 - 110 -

Output Drive Current (AL Device) 10H mAdc

(VoH = 25 Vdc} Source 50 -3.0 - —-2.4 ] —4.2 - -1.7 -
(Vo = 4 6 Vdc) 50 -0.64 - —0.51| —-0.88 - -0.36 -
(VoH = 95 Vdc) 10 —-1.6 - -13} —-2.25 - —0.9 -
(VoH = 135 Vdc) 15 —4.2 — —3.4 | —8.8 - —-2.4 -
VoL = 04 Vdc) Sink oL 50 064 - 051 088 - 036 - mAdc
(VoL = 05 Vdc) 10 16 - 13 225 - 0.9 -
(VoL = 15 Vde) 15 a2 - 34 88 - 24 -
Output Drive Current (CL/CP Device} 1oH mAdc
{(VOH = 25 Vdc) Source 50 —2.5 - -2.1 —4.2 - —-1.7 -
{(VOoH = 4 6 Vdc) 50 —-0.52 - —0.44| —0.88 - —0.36 -
{VoH = 95 Vdc) 10 -1.3 - —-1.1 | -2.25 - -0.9 -
{(VOH = 13.5 Vdc) 15 —-3.6 - —3.0 —8.8 - —-2.4 -
(VoL = 0.4 Vdc) Sink 1oL 50 052 - 044 088 - 036 - mAdc
(VoL = 0.5 Vdc) 10 13 - 1 225 - 09 -
(VoL =15 Vvdc) 15 36 - 30 88 - 24 -

Input Current (AL Device) lyn 15 - +01 - 40 00001) 201 - 110 uAdc

Input Current (CL/CP Device) Lin 15 - +03 - +000001{ +03 - +10 uAdc

Input Capacitance Cin - - - - 50 75 - - pF

Quiescent Current (AL Device) pp 50 - S0 - 0.005 $0 - 150 uAdc
(Per Package) Vin=00r Vpp 10 - 10 - 0010 10 - 300

lout=04A 15 - 20 - [ oms | 20 - 600

Quiescent Current (CL/CP Devicel IpD 50 - 20 - 0.005 20 - 150 uAdc

{Per Package! Vin=0or Vpp 10 - 40 - 0010 40 - 300
lout=0 pA 15 - 80 = 0.015 80 - 600

Total Supply Current**t IT 50 Iy = (1.2 uA/kHz} £ + Ipp HsAdc
{Dynamic plus Quiescent, 10 IT = (24 uA/kHz) £ + IpD
Per Package) 15 it = (3.6 uA/kHz) f + DD
(C_ = 50 pF on all outputs, all
buffers switching)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
-Noise mmunity specified for worst-case input combination
Noise Margin for both 1" and 0" tevel = 1 0 Vdc min @ Vpp = 50 Vdc
20Vdec min@ Vpp = 10 Vde
25Vdecmin @ Vpp = 15 Vdc
tTo calculate total supply current at loads other than 50 pF
IT(CL) = 1750 pF) +4 x 10-3 (C(_-50) Vppf
where 71510 wA (per package), C|_in pF, Vpp 1n Vdc, and f in kHz 15 input frequency
* *The tormuias given are for the typical characteristics only at 25°C

This device ‘contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi and Vg, be constrained to the range Vss < (V|4 or Vo)
< Vpp

Unused inputs must always be tied to an appropriate logic voltage level {e.g., either Vg or Vppl.
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SWITCHING CHARACTERISTICS®

{C = 50 pF, Tp = 25°C; see Figure 1)

Max

Characteristic Symbol Voo Min Typ Unit
Output Rise Time TLH ns
tTLH = (3.0 ns/pF) C +30 ns 5.0 - 100 200
tTLH* (1.5 ns/pF) C_ + 15 ns 10 - 50 100
tTLH = (1.1 ns/pF} C + 10 ns 15 - 40 80
Output Fall Time . TTHL ns
tTHL= (1.5 ns/pF) C_+ 25 ns 5.0 - 100 200
1THL = (0.75 ns/pF) C_ + 125 ns 10 - 50 100
tTHL = (0.56 ns/pF) Cy_ +9.5 ns 15 - 40 80
Propagation Delay Time PLH ns
tpLH ™ (1.7 ns/pF) C + 495 ns 50 - 580 1160
tpLH = (0.66 ns/pF) C_ + 187 ns 10 - 220 440
tpLH * (0.5 ns/pF) C_+ 120 ns 15 - 145 230
Propagation Delay Time 1PHL ns
tpHL = (1.7 ns/pF) C_ + 695 ns 50 - 780 1560
tpHL = (0.66 ns/pF) C_ + 242 ns 10 - 275 550
tpHL = (0.5 ns/pF) C| + 160 ns 16 - 185 370
* The formulae given are for the typical characternstics only.
TRUTH TABLE
INPUTS OUTPUTS*®
Enable | RBI o] [ B A a b < d e ¢ 9 ABO
Pin3 Pin5 Pin6 Pin 2 Pint Pin7 Pn13 | Pn12 | Pn11 | Pn10| Pin9 Pin15 | Pin14 ] Pin4 | DISPLAY
1 1 [ [} [ 0 1 1 1 1 1 1 [ 1 U
1 x o 0 ° 1 o 0 ° ° 1 1 ° ’ "
1 x ° 0 1 0 1 1 0 1 ' ° 1 1 c_'
1 x 0 [ 1 1 1 1 1 1 (] [ 1 1 3
1 x 0 1 [ 0 [} 1 1 [} [ 1 ] 1 H’
1 x 0 1 [ 1 1 o 1 1 [ 1 t 1 5
1 x ) ' 1 1) o ° 1 1 1 1 1 1 b
1 x [} 1 1 1 t 1 1 o o o [} 1 -"
1 x 1 0 [ 0 1 1 1 1 1 1 1 1 B
1 x 1 o o 1 1 1 1 [ [ 1 1 1 q .
1 [ [ 0 o [ 0 0 0 0 0 0 [} [ Blank
] [} x x X x 1 1 1 1 1 1 1 [ ) 8
0 ' x | x x x o o ° ° o o ° 1 Blank

*All non valid BCD input codes produce s blank display

X = Don’t Care

Any Input

Any Qutput

FIGURE 1 — SIGNAL WAVEFORMS
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TYPICAL APPLICATIONS

FIGURE 2 — LEADING AND TRAILING ZERO
SUPPRESSION WITH LAMP TEST

N4 N3 N2 N1 . N-1 N-2 N-3
Vsse——ABi HABO|—{ABI RBO|—{RBI RBO RAB! RBO RBI RBO ABI RBO RBI RBO
En En En En En €n En
Gomp Teut I 1 l 1 ,l 1 Vss
Lamp Test . . g .

FIGURE 3 — LEADING AND TRAILING ZERO SUPPRESSION
WITH PWM INTENSITY BLANKING AND NO LAMP TEST

N4 N3 N2 N1 S N-1 N-2 N-3
Voo
—{RBI RBO[—{RABI REBO[—{RBI RBO RBI RBO RBI ABO RBI RBO| ~{RBI RBO
Blanking En En En En

—
—7
— T
—7
—
— |

\

.

FIGURE 4 — ZERO SUPPRESSION WITH LAMP TEST
AND INTENSITY BLANKING

Na N3 N2 N1 . N-1 N-2 N3
~{R81 RABO|—(RBI RBO}|—{RBI RBO| —{RBI RBO| —{RBI RBO 8l RBO| ~{RBI RBO
En En En En En En En

Blanking @

Lamp Test @ —D_
O
Lo

[
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MC145000
MC145001

SERIAL INPUT
MULTIPLEXED LCD DRIVERS
(MASTER AND SLAVE)

The MC145000 (Master) LCD Driver and the MC145001 {Slave) LCD
Driver are CMOS devices designed to drive hiquid crystal displays in a
multiplexed-by-four configuration The Master unit generates both
frontplane and backplane waveforms, and is capable of independent
operation The Slave unit generates only frontplane waveforms, and is
synchronized with the backplanes from the Master umt Several Slave
units may be cascaded from the Master unit to increase the number of
LCD segments driven in the system The maximum number of front-
planes 1s dependent upon the capacitive loading on the backplane
drivers and the dnive frequency The devices use data from a
microprocessor or other senal data and clock source to drive one LCD
segment per bit

® Direct Interface to CMOS Microprocessors

® Senal Data Port, Externally Clocked

® Multiplexing-By-Four

® Net dc Drive Component Less Than 50 mV

® Master Drives 48 LCD Segments

@ Slave Provides Frontplane Drive for 44 LCD Segments
® Drives Large Segments —Up to one Square Centimeter
® Supply Voltage Range=3 V to 6 V

Latch Storage of Input Data

Low Power Dissipation

Logic Input Voltage Can Exceed Vpp

Accomodates External Temperature Compensation
See Application Note AN-823A, Section 4

Chip Complexities MC145000— 1723 FETs or 431 Equivalent Gates
MC145001 — 1495 FETs or 374 Equivalent Gates

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

SERIAL INPUT

MULTIPLEXED LCD DRIVERS
(MASTER AND SLAVE)

PIN ASSIGNMENTS

FPIg 1 @ VDD FPIC]1 ® VDD
FP202 0SCout FP20]2 0SCyp
FP30O3 0SCin FP3Q3 Frame-Sync In
FP4 Q4 Frame-Sync Qut FPAC]4 Data Out
FP5 5 Data Out FP5I]5 Data Clock
FP6 ]6 Data Clock FP6 )6 Data In
FP707 Data In FP707 FP11
FP8]8 BP1 Frp8O8 FP10

FPo O]9 BP2 vgsd9 FP9

FP10 10 BP3

FPIIh BP4 MC145001

vssd12 FP12 Stave

MC145000
Master

24
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 623 CASE 709
18
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 726 CASE 707
ORDERING INFORMATION

MC14XXXX

Suffix Denotes
L Ceramic Package

P Plastic Package

This device contains circuitry to protect the
Inputs against damage due to high static
voltages or electric fields, however, 1t 1s ad-
vised that normal precautions be taken to
avoid appfication of any voltage higher than
maximum rated voltages to this high im-
pedance circuit  For proper operation it is
recommended that Viq and Vgt be con-
strained to the ranges VgssVoui<VpD
and VgssVins15 Vv

Unused inputs must always be tied to an ap-
propnate logic voltage level
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MAXIMUM RATINGS (Voltages referenced to Vgs)

Characteristic Symbol Value Unit
DC Supply Voltage Vpp -051t0 +65 v
Input Voltage, Data In and Data Clock Vin -0510 15 Vv
Input Voltage, Pin 22 of Master Vinosc |-05t0 Vpp+05 \
DC Input Current, per Pin hin +10 mA
Operating Temperature Range TA ~4010 +85 °C
Storage Temperature Range Tstg ~65t0 +150 °C
ELECTRICAL CHARACTERISTICS (Voltages referenced to Vsg!
- 0 o o
Characteristic Symbol VSD Min‘w h:ax i lfy; Miax Mir?s (:ﬂax Unit
RMS Voltage Across a Segment “ON" VON 30 - - - 173 - - - v
{BPI-FPy) Segment 60 - - - 346 - - -
“OFF"” 30 | - - - 100 - - -
Segment VOFF 60 - - - 200 — - - v
Average DC Offset Voltage 30 | - 30 - 10 30 - 30
) i Vde | 50| - |80 | - 20 s0 | - | s0|™
Input Voltage "0 Level viL 30 - |09 | - 136 09| - |09 v
60 - 180 ] — 270 180 )| — | 180
1" Level Vin 30 {210 - 210 165 - |210f - v
60 |420| — |420 330 - |420] -
Output Drive Current — Backplanes
High-Current State®
Vp=285V - - 35 -
Vo185V N LN Pl B - N e
Vo=115V 160 - 80 200 - 40 -
Vo=015V 400 - 200 300 - 100 -
V=585V ' 500 | — | 250 300 — |25 | -
Vo=385V ‘ - - -
Vo-215V o | 00 1|  |a0| o |- |me| - |
Vpo=015V 500 . 250 300 - 125 -
Low-Current State®
Vo=285V 140 - 70 80 - 35 -
Vo=185V IBL 30 ) 24 - 12 28 - 06 - uA
Vp=115V 22 - 11 25 - 05 -
Vpo=015V 400 - 200 330 - 100 -
Vo=585V 190 - |9 105 — 4| -
Vo= - - -
Vo-215v LS L I I I S (i - I
Vo=015V 850 - 425 570 - 210 -
Qutput Dnive Current — Frontplanes
High-Current State®
Vo=285V 80 - 40 60 - 20 .
vg=1 85V B30 e - | 120 I N
Vo=115V ' 180 [ — | 60 100 - 13| -
Vo=015V 100 | — 50 95 — 25 —
Vpo=585V 140 - 70 90 . 35 -
Vo=385V - - || -
v8=2?§v IFH | 60 igg - g %45?) ~ o - | A
Vo=015V 100 | - | e0 120 - | s] -
Low-Current State” '
Vo=285V 60 - 30 40 - 15 -
Vo=185V leL 30 28 - 14 28 - 07 - »A
Vo=115V 22 - 1M 25 — 0% -
Vo=015V 100 - 50 100 - 25 -
Vo=58V 100 | - 5% 60 - 4256 -
¥8=3?§3 IFL | 60 :g - gs Is? — 32| - | #
Vo=015V 200 — 100 175 - 50 -
Input Current hin 60 - 01| - +000001 |£01] — | £10| pA
Input Capacitance Cin - - - - 50 75 - - pF
Quiescent Current (Per Package) 30| - 10 - 25 15 - 20
Vin=0 or Vpp, lout=0 #A o0 | 60| — |85 | - 50 175 | - || #A

*Foratime {t=2 56/0sc freq ) after the backplare or frontplane waveform changes to a new voltage level, the circuit 1s maintained in the high-
current state 10 allow the load capacitances to charge quickly Then the circuit s returned to the low-current state untl the next voltage level
change occurs

4-50



MC145000

SWITCHING CHARACTERISTICS (C|_ =50 pF, To=25°C)

Characteristic Symbol |Vpp | Min | Typ | Max| Unit
Data Clock Frequency 30 - |1286] 75
fo 60| - | 2a |125] M2
Rise and Fall Times — Data clock 30 - - 125
W' teo| - | - | 0| *
Setup Time . 30| 48 - - ns
Data In to Data Clock S 60| 16 | - -
Hold Time 301 -5 | - -
ns
Data In to Data Clock th 60 0 - -
Pulse Width 4 30| 65 - -
Data Clock w 60| 40 | - — ns

SWITCHING WAVEFORMS

tsu{eeth
Data In VD% - )l:- ,|X
v twein] e
Data Clock o8 Z M M
DEVICE OPERATION The Slave unit (Figure 2) consists of the same circuitry as

Figure 1 shows a block diagram of the Master unit The
unit 1s composed of two independent circuits. the data input
circuit with 1ts associated data clock, and the LCD dnive cir-
cuit with 1ts associated system clock

Forty-eight bits of data are senally clocked into the shift
register on the falling edges of the external data clock Data
in the shift register 1s latched into the 48-bit latch at the be-
ginning of each frame peniod (As shown in Figure 3, the
frame period, tframe, IS the time during which all the LCD
segments are set to the desired “ON" or “OFF" states.}

The binary data present in the latch determines the ap-
propriate waveform signal to be generated by the frontplane
drive circuits, whereas the backplane waveforms are in-
vanant The frontplane and backplane waveforms, FPn and
BPn, are generated using the system clock (which 1s the
oscillator divided by 256) and voltages from the V/3
generator circuit (which divides Vpp into one-thurd In-
crements) As shown in Figure 3, the frontplane and
backplane waveforms and the "ON" and “OFF" segment
waveforms have periods equal to tfragme and frequencies
equal to the system clock divided by four.

Twelve frontplane and four backplane drivers are available
from the Master unit. The latching of the data at the beginn-
ing of each frame penod and the carefully balanced voltage-
generation circuitry minimize the generation of a net dc com-
ponent across any LCD segment.
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the Master unit, with two exceptions: 1t has no backplane
drive circuitry, and its shift register and latch hold 44 bits.
Eleven frontplane and no backplane drivers are available
from the Slave unit.

LCD DRIVER SYSTEM CONFIGURATIONS

Figure 4 shows a basic LCD Driver system configuration,
with one Master and several Slave units The maximum
number of slave units in a system 1s dictated by the max-
imum backplane drive capability of the device and by the
system data update rate Data s senally shifted first into
the Master unit and then into the following Slave units on
the falling edge of the common data clock. The oscillator 1s
common to the Master unit and each of the Slave units. At
the beginning of each frame period, tframe, the Master unit
generates a frame-sync pulse (Figure 3) which i1s received by
the Slave units. The pulse Is to ensure that all Slave unit
frontplane dnive circuits are synchronized to the Master
unit's backplane drive circuits

A single multiplexed-by-four, 7-segment (plus decimal
point} LCD and possible frontplane and backplane connec-
tions are shown in Figure 5. When several such displays are
used In a system, the four backplanes generated by the
Master unit are common to all the LCD digits in the system.
The twelve frontplanes of the Master unit are capable of con-
troling forty-eight LCD segments (6 LCD digits), and the
eleven frontplanes of each Slave unit are capable of controll-
ing forty-four LCD segments (5% LCD digits).
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FIGURE 1 — BLOCK DIAGRAM OF THE MC146000 {MASTER) LCD DRIVER

Data Out

Bit 1

- — — 4

48-Bit Shift Register

Bit 48

!

18*
Data In

-

19*
Data

48-8it Latch

Bit 48

LIS
2 5 Fp2
—> FP3
4 > rpa
—> FP5
LN
—> Fp7
—> FP8
2 5 kpo
1 5 tp10
—> FP11
'3 o epr2

Frontplane Drive Circuits

A
Frame-Sync
Pulse

Clock

A A Voo/3
2Vpp/3

V/3 Generator
Circunt

System System Clock

Clock Circurt

*Pins 18 and 19 can
be dnven to voltages
greater than Vpp

i

2 2
0SCy 0SCout

21
Frame-Sync

Out

7 5 gp1
Back- |16
plane |—> BP2

Drve |19 o gpg

Circutt |14

—> BP4

FIGURE 2 — BLOCK DIAGRAM OF THE MC145001 (SLAVE) LCD DRIVER

Data Out
15

t

44-Bit Shift Register

14
Data
Clock

13
Data In

*Pins 13 and 14 can be
driven to voltages
greater than Vpp.

0SCp

—

E—

44-Bit Latch

Frontplane Drive Circuits

Frame-Sync
Pulse

System Clock
System
Clock Circuit

A

16
Frame-Sync
In
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System Clock
(Oscillator + 256)

Frame-Sync Pulse

BP1
BP2
Backplane
Waveforms
BP3
BP4

Example One segment ON
Frontplane wave-
form (FPI) for segment
f to be “ON" and
d, e, gtobe
“OFF" (Figure 5)

ON segment
voltage waveform
across segment f
(BP1-FP1}

Example All segments OFF
Frontplane wave-
form (FP2) for segments
a, b,candhto

be “OFF" 1

(Figure 5)

OFF segment
voltage waveform
across segment b
(BP2-FP2)

FIGURE 3 — VOLTAGE WAVEFORMS

Vob —
2/3 Vpp) —
1/3 (Vpp) —
0 —
VoD —
2/3 (Vpp) —
1/3 (Vpp) —
0_

o jr\_r\ﬂ_l_r\_ﬂ_r‘—]_’_

2/3{Vpp! —
k—‘frame—*'—-‘frame——-"

Vpp —

0—

Vpp —

0 -

Vpo —
2/3(Vpp) —
1/3{Vpp) —

0—

1/3 Vpp) —
0 -

Vpp -
2/3 Vpp) —

13 (VDD(; - _L_Ij—ﬂ_ﬂ_LﬁLLﬂ_rLL

Vpp —

2/3 (Vpp) —
1/3 Vpp) —
0 -
-1/3(vpp) —
-2/3(Vpp) —

-Vpp

Frame RMS Voltage= VpD/v3
Frame dc Offset Voltage <50 mV

Id—- trame —Dld— Iframe——b‘

VoD —
2/3{Vpp) —
1/3 (Vpp) —

0 -—

N T Y o I T 0

Vpp —
2/3(Vpp) —
1/3 Vpp) —

0—-
-1/3(Vpp) —
-2/3pp) —

-Vpp —

Frame RMS Voltage=Vpp/3
Frame dc Offset Voltage <50 mV

U uy UL

jt—trame —t— tirame—!
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FIGURE 4 — BASIC SYSTEM CONFIGURATION

Frame Sync.
(ORext ) f\‘
ptional
Oscillator o - AAA— - — System Clock ,\‘
Data Clock o ?\lf
OSC,n" \ A 0SCout 0SC l VOSC.n
Data Data
MC145000 Out MC145001 Out MC145001
Serial Data In o——ﬁ Master LCD »  Slave LCD Slave LCD
Dniver Data Driver Datal Driver
In In _
12 Frontplanes ! !11 Frontplanes ! !11 Frontplanes
4 Backplanes l\[
LCD Array

N

FIGURE 5 — FRONTPLANE AND BACKPLANE CONNECTIONS TO A MULTIPLEXED-BY-FOUR
7-SEGMENT (PLUS DECIMAL POINT) LCD

Pl

8P1 8P1

BP2

BP2

BP3 BP3 e

@ -
a «Q o
o o
=

BP4 8P4

Typical Backplane Configuration

FP2

SEGMENT TRUTH TABLE*
FP1 FP2
BP1 f a
BP2 g b
BP3 e 4
BP4 d d
*Because there 1s no standard for back-

plane and frontplane connections on
multiplexed displays, this truth table may
be used only for this example

Typical Frontplane Configuration

" PIN DESCRIPTIONS

FRONTPLANE DRIVE OUTPUTS
{Master: FP1-FP12; Pins 1-11 and 13)
{Slave: FP1-FP11; Pins 1-8 and 10-12)

The frontplane drive waveforms for the LCDs

BACKPLANE DRIVE OUTPUTS
{Master: BP1-BP4; Pins 14-17}

The backplane drive waveforms for the LCDs

DATA IN (Master: Pin 18)
(Slave: Pin 13}

The senal data input pin Data 1s clocked into the shift
register on the falling edge of the data clock A high logic
level will cause the corresponding LCD segment to be turn-
ed on, and a low logic level will cause the segment to be
turned off This pin can be dnven to 15 volts regardless of
the value of Vpp, thus permitting optimum display drive
voltage.
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DATA CLOCK (Master: Pin 19)
(Slave: Pin 14)
The input pin for the external data clock, which controls
the shift registers. This pin can be driven to 15 volts
regardless of the value of Vpp.

DATA OUT (Master: Pin 20)
(Slave: Pin 15)

The senal data output pin.

FRAME-SYNC OUT (Master: Pin 21)

The output pin for the frame-sync pulse, which is
generated by the Master unit at the beginning of each frame
period, tframe From Figure 1, the 48-bit latch 1s loaded dur-
ing the positive Frame-Sync Out pulse Therefore, if the Data
Clock 1s active dunng this load interval, the display will
fhicker

FRAME-SYNC IN (Slave: Pin 16)

The input pin for the frame-sync pulse from the Master
unit. The frame-sync pulse synchronizes the Slave front-
plane drive waveforms to the Master backplane drive
waveforms.
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0SCijp (Master: Pin 22)
(Slave: Pin 17)

The input pin to the system clock circuit. The oscillator
frequency 1s either obtained from an external oscillator or
generated in the Master unit by connecting an external
resistor between the OSCy, pin and the OSCqyt pin (Pin 23).
Figure 6 shows the relationship between resistor value and
frequency.

0SCoyt (Master: Pin 23)
The output pin of the system clock circuit. This pin is con-
nected to the OSCjp input {Pin 17) of each Slave unit

VpD (Master: Pin 24)
(Slave: Pin 18)

The positive supply voltage.

Vss (Master: Pin 12)
(Slave: Pin 9)

The negative supply {or ground) voltage

FIGURE 6 — TYPICAL OSCILLATOR FREQUENCY
vs EXTERNAL RESISTOR VALUE

10 M
2
5 Yop=6V
- A
o 1M N
2
Gl
s :
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APPLICATIONS

The following examples are presented to give the user fur-
ther insight into the operation and organization of the Master
and Slave LCD Drivers.

An LCD segment 1s turned either on or off depending
upon the RMS value of the voltage across it. This voltage is
equal to the backplane voltage waveform minus the front-
plane voltage waveform As previously stated, the backplane
waveforms are invanant (see Figure 3). Figure 10 shows one
period of every possible frontplane waveform

For a detailed explanation of the operation of liquid crystal
matenals and multiplexed displays, refer to a brochure entitl-
ed ""Multiplexed Liquid Crystal Displays,” by Gregory A
Zaker, General Electnc Company, Liquid XTAL Displays
Operation, 24500 Highpoint Road, Cleveland, Ohio 44122,

Example 1: Many applications (e.g., meters, gasoline
pumps, pinball machines, and automobile dashboard
displays) require that, for each display update, an entirely
new set of data must be shifted into the Master and cascad-
ed Slave units. The correspondence between the frontplane-
backplane intersections at the LCD segments and the data
bit locations in the 48-bit latch of the Master (or 44-bit latch
of the Slave) I1s necessary information to the system
designer. In Figure 1, 1tis shown that data 1s senally shifted
first into the 48th-bit location of the shift register of the
Master. Thus, after 48 data bits have been shifted in, the
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first bit to be entered has been shifted into bit-location one,
the second bit into bit-location two, and so on. Tabie 1
shows the bit location In the latch that controls the cor-
responding frontplane-backplane intersection. For example,
the information stored in the 26th-bit location of the
latch controls the LCD segment at the intersection of FP7
and BP3. The voltage waveform across that segment 1s equal
to (BP3 minus FP7). The same table, butwith the columnn for
FP12 deleted, describes the operation of the Slave unit.

In applications of this type, all the necessary data to com-
pletely update the display are senally shifted into the Master
and succeeding Slave units within a frame period. Typically,
a microprocessor Is used to accomplish this.

Example 2: Many keyboard-entry applications, such as
calculators, require that the most significant digit be entered
and displayed first Then as each succeeding digit is entered,
the previously entered digits must shift to the left. It 1s,
therefore, neither necessary nor desirable to enter a com-
pletely new set of data for each display change Figure 7
shows a representation of a system consisting of one Master
and three Slave units and displaying 20 LCD digits. If each
digit has the frontplane-backplane configuration shown in
Figure 5, the relationship between frontplanes, backplanes,
and LCD segments in the display i1s shown in Table 2




MC145000

Digits {or alphanumeric characters) are entered, most-
significant digit first, by using a keyboard and a decoder ex-
ternal to the MC145000 Data i1s entered into the Master
and cascaded Slave units according to the following format.

1) Initially, all registers and latches must be cleared by
entening 160 zero data bits  This turns off all 160 segments of
the display

2) Entening the most-significant digit from the keyboard
causes the appropriate eight bits to be senally shifted into
the Master unit These eight bits control LCD segments a
through h of digit 1, and cause the desired digit to be
displayed in the least-significant digit location

3} Entering the second-most-significant digit from the
keyboard causes eight more bits to be serially shifted into the
Master unit These eight bits now control LCD segments a

through h of digit 1, and the previously entered eight bits
now control segments a through h of digit 2 Thus the two
digits are displayed In the proper locations.

4) Entering the remaining 18 digits from the keyboard fills
the 20-digit display Entering an extra digit will cause the first
digit entered to be shifted off the display.

Example 3: In addition to controlling 7-segment {plus
decimal point) digital displays, the MC145000 and MC145001
may be used to control displays using 5x 7 dot matrices A
Master and three Slave units can drive 180 LCD segments,
and therefore are capable of controling five 5x7 dot
matrices (175 segments) Two control schemes are
presented in Figures 8 and 9, one using a single Master unit,
and one using two Master units

TABLE 1 — THE BIT LOCATIONS, IN THE LATCH, THAT CONTROL THE
LCD SEGMENTS LOCATED AT EACH FRONTPLANE-BACKPLANE INTERSECTION

FRONTPLANES
) FP1 FP2 FP3 FP4 FP5 FP6 FP7 FP8 FP9 FP10 FP11 FP12
§ BP1 4 8 12 16 20 24 28 32 36 40 4 48
g BP2 3 7 " 15 19 23 27 3 35 39 43 47
(&’ BP3 2 6 10 14 18 22 26 30 34 38 42 46
o© 8P4 1 5 9 13 17 21 25 29 3 37 4 45
FIGURE 7 — A 20-DIGIT DISPLAY
(EQUIVALENT TO A 4x 40 ARRAY}
3 digits controlled| 5% digits controlled by 5% digits controlled by 6 digits controlled by Master
by Slave #3 Slave #2 Slave #1
Note that only six
of the 11 front-
planes are used
/Dlgll 20 Digit 17 Digit 12 /‘Dlgn 6 '/»'—Dlgn 1
MSD I I : I [ LSD Data In
1
FP7 FP11 | FP2 FP10 | FP1 FP11 |FP2 FP10 |FP12
FPG FP10 | FP1 FP9 FP11 FP2 FP10 |FP1 FP9 FP1
|
TABLE 2 — THE RELATIONSHIP BETWEEN FRONTPLANE-BACKPLANE INTERSECTIONS
AND LCD SEGMENTS FOR THE SYSTEM CONFIGURATION OF FIGURE 7
-t Master Pt Slave #1—{ag——————Slave #2——— i ag———Slave #3———m]
FP12) FP11 | FP10 | FPQ e o | FP2 | FP1 | FP11| FP10 [o © o FP1 JFP11{FP10 | FPO |e ¢ o [FP2 | FP1 | FP11|FP10 e o o] FP7 | FPE
BP1 | al fl a2 2 a6 6 a7 7 a12 | 12 | a13 | f13 al7 | 117 alg | f18 a20 | f20
BP2 [ by | ol [ b2 [ @ o6 [ 96 | b7 | o7 b12 | g12 | b13 [g13 617 | 917 | b18 { g8 b20 | 920
BP3 | c1 el c2 e2 c6 | 6 c7 e7 c12 | e!2 | c13 [el3 cl? { e17 | c18 | e18 c20 { e20
BP4 ) hi dl h2 d2 h6 d6 h7 d7 hi2 | d12 | h13 | d13 h17 | d17 h18 | d18 h20 | d20
digit 3 digit 2 oo e dgth dignt 7 e ® o dgit12 digt 13 |e e o dignt 17 digit 18 |e e | dign 20
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FIGURE 8 — EXAMPLE OF A 5x 7 DOT MATRIX DISPLAY SYSTEM CONTROLLED

BY ONE MASTER AND THREE SLAVE UNITS

J
!

Slave #3

>

Slave #2

»

Slave #1

Master

FIGURE 9 — EXAMPLE OF A 5x7 DOT MATRIX DISPLAY SYSTEM
CONTROLLED BY TWO MASTER AND TWO SLAVE UNITS

Slave A

FP10 7 FPS
P11 rre reg A P64 Fpa
Al A Al AL A
I ] 1 ] 1 1
Lonod I
| | | I [
Lo R
1 ! [} [} 1 [}
Lol R
Loy R
I | I L
FP11| FPO PP | PG | FP4
B Fp10B B kb7 Bpps B
B B B

Slave B

Master A

FP1 FPY FP6 P4 £P1
FPi2/ FPi0 /) FP8 Fe7 ) Fes S ees  FR2f
A A A A A 1 A A
| [ 1 [ [
i ol I P Lo
| | | | i | [ | |
] P i Lol oo
BP1 A
BP2 A
BP3 A
A — b bbb b bbb —6b
BP2 B
BP3 B

Master A
Master B

Master B

AND, LXD, Hamlin, and other suppliers

LCDs can be obtained from

4-57



MC145000

FIGURE 10 — POSSIBLE FRONTPLANE WAVEFORMS
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MC145453

@ MOTOROLA

Advance Information

LCD Driver with Serial Interface ' PLASTIC
CASE 711
LSI CMOS

The MC145453 Liquid-Crystal Display Driver consists of a 36-stage serial-in/paral-
lel-out shift register with 33 latches and dnvers. Each package drives up to 33 non-
multiplexed LCD segments; e.g., a 4'2-digit, 7-segment-plus-decimal display. This
device may be paralleled to increase the number of segments driven.

The input format is a Start Bit (high), followed by 33 Display Bits, plus 2 Trailing
Bits (don’t cares). A high Start Bit, after propagating to the last shift register stage,

triggers generation of an internal load signal which transfers the 33 Display Bits into PLASTIC LEADED
latches. An internal reset clears only the shift register which readies the device for CHIP CARRIER (PLCC}
the next bit stream. CASE 777

® On-Chip Oscillator Provides 50 Percent Duty Cycle Backplane Drive ORDERING INFORMATION
® No External Load Signal Required MC145453P Plastic DIP

® Operating Voltage Range: 3 to 10 V MC145453FN PLCC

® Operating Temperature Range: —40° to 85°C

® TTL-Compatible Inputs May Be Driven With CMOS

® May Be Used With Segmented-Alphanumeric, Bar-Graph, or Dot-Matrix LCDs

[ ]

Advantages Over Multiplexed LCD Systems: Wider Viewing Angle
Optimum Contrast at Low Voltage
Better Legibility at Extreme Temperature

BLOCK DIAGRAM

BP OUT BP IN GUT 33 0UT2 OUT1

33 GATED DRIVERS
OSCILLATOR

0SC IN
33 LATCHES

NC NC
DATA ‘?;I; I?;J l;l; B;T B:T B[I]T LOAD
CONTROL LOGIC
—_— 36 STAGE SHIFT REGISTER >
CLocK RESET

| |

This document contains information on a new product Specifications and information herein are subject to change without notice
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vpp DC Supply Voltage -0.5t0 +11.0 A\
Vin DC Input Voltage -0.5to Vpp+0.5 A
Vout | DC Output Voltage -05t0 Vpp+0.5 \J
hn DC Input Current, per Pin +20 mA
lout DC Output Current, per Pin +25 mA
icc DC Supply Current, Vpp and Vgg Pins +50 mA
Pp Power Dissipation, per Packaget 500 mwW
Tstg Storage Temperature -65to +150 °C
TL Lead Temperature {10-Second Soldering) 260 °C

This device contains protection circuitry to
guard against damage due to high static voltages
or electric fields However, precautions must be
taken to avoid applications of any voltage higher
than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vi and Vot
should be constrained to the range Vss<(V|
or Vout! =VpD-

Unused inputs must always be tied to an ap-
propriate logic voltage level {e.g., either Vgg or
Vpp except Osc In which must be tied to Vgg).
Unused outputs must be left open.

*Maximum Ratings are those values beyond which damage to the device may occur.
tPower Dissipation Temperature Derating: — 12 mW/°C from 65°C to 85°C.

PIN ASSIGNMENTS

i wn w o~ w0 (=23 (=3 - o~

T L2 - S I A

= Bk B = o e = = ==

2 2 2 2 w92 2D 2D D D2

O O O 0O >» 2 O 0 o o o

. N .1

6 5 4 3 2 1 a4 43 42 41 4D
out 130 7 b 39 hour 23
ouT 120] 8 38 flouT 24
out 119 37 flout 25
out 10} 10 36 flouT 26
ouT sfi 1 35 flout 27

Nell 12 34 [INC

out 8 13 33 flour 28
ouT 70 14 32 fJout 29
ouT 6} 15 31 [Jout 30
ouT 5[ 16 30 flout 31
out 4[] 17 29 flouT 32

18 19 20 21 22 23 24 25 26 27 28

== R S G TR Gy te pup v R SmD guy mn g Gun gy ems e gy w— g

CpNC 28282523

555 g = S 5% g =

NC =NO CONNECTION

vssl 1@ 40 jourt 18
ouT 17[] 2 3g [Jout 19
ouT 18[] 3 38 [ out 20
ouT 15[ 4 37 [out 21
ouT 14 5 36 [ouT 22
ouT 13[] 6 35 [Jour 23
out 12} 7 34 [ ouT 24
ot 11l 8 33 [out 25
ouT 10[]} 9 3z [lout 26

out 9] 10 31 fout 27
ouT 8] 11 30§0UT28
out 7] 12 29 fjour 28
ouT 6] 13 28 [ 0uT 30
out s 14 27 [lout 3t
uT 4] 15 26 [ouT 32
ouT 3] 16 25 [lout 33
out 2] 17 ufeP N
out 1] 18 23 fjep Qut
osC IN| 19 22 [ DATA
vopf] 20 21 [ cLock

Data sheet continued following page 11-9
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CMOS OPERATIONAL AMPLIFIERS/COMPARATORS

Device
Number Function
MC14573 Quad Programmable Op Amp
MC14574 Quad Programmable Comparator
MC14575 Programmable Dual Op Amp/Dual Comparator
Quantity Single Supply Dual Supply Device Number
Function Per Package Voltage Range Voltage Range Frequency Range | Number of Pins
Operational Amplifiers 4 3to15V +15t0 +75V DCto ~1 MHz MC14573 16
Comparators 4 3to1bV +15t0 +75V DCto ~1 MHz MC14574 16
Operational Amplifiers 2and 2 3015V +15t0 £75V DCto ~1 MHz MC14575 16
and Comparators




MC14573

@ MOTOROLA MC14574
MC14575

CMOS MSI
QUAD PROGRAMMABLE OPERATIONAL AMPLIFIER

QUAD PROGRAMMABLE COMPARATOR QUAD PROGRAMMABLE

DUAL/DUAL PROGRAMMABLE
AMPLIFIER-COMPARATOR OPERMUFIER
QUAD PROGRAMMABLE
The MC14573, MC14574, and MC14575 are a family of quad opera- C_QBLARAIQ_R
tional low power amplifiers and comparators using the complementary DUAL/DUAL PROGRAMMABLE
P-channel and N-channel enhancement MOS devices In a single OPERATIONAL
monolithic structure The operating current is externally programmed AMPLIFIER-COMPARATOR

with a resistor to 'provide a choice in the tradeoff of power dissipation
and slew rates The operational amplifiers are internally compensated

These low cost units are excellent bullding blocks for consumer, In-
dustrial, automotive and instrument applications Active filters, voltage
reference, function generators, oscillators, mit set alarms, TTL-to-
CMOS or CMOS-to-CMOS up converters, A-to-D converters and zero
crossing detectors are some applications These units are useful in both
battery and line operated systems

® Low Cost Quads
® Power Supply — Single3010 15V

L SUFFIX P SUFFIX
Dual +151t0 £7.8V CERAMIC PACKAGE PLASTIC PACKAGE
® Wide Input Voltage Range CASE 620 CASE 648
® Common Mode Range 00 to Vpp — 20 V for Single Supply
@ Externally Programmable Power Consumption with One or Two ORDERING INFORMATION
Resistors MCTAXXX
@ Internally Compensated Operational Amplifiers
® High Input Impedance Suffix Denotes
® Comparators — JEDEC B-Series Compatible L Ceramic Package
® Chip Complexities MC14573—30 FETs P Plastic Package
C  Limited Operating

MC14574—38 FETs
MC14575—46 FETs

Temperature Range

PIN ASSIGNMENT

S
Output A E 6] Output D
MC14573
Quad Op Amplifier . g
Inputs A Inputs D
Ee *
|—<E

] 5]
a o
MC14674 : VoD E E Vss
Quad Comparator
Inputs B E * b E Inputs C
nputs nputs
G} ]
MC14575
Dual Op Amphfier (A & B) plus Output B E E Output C
Dual Comparator (C & D)
ISet A, B E E ISet C. D
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MC14573, MC14574, MC14575

MAXIMUM RATINGS (Voltages referenced to Vgg!

Rating Symbol Value Unit This device contains circuitry 10 protect the inputs

DC Supply Voltage Vop -05to +18 vV against damage due to high static voltages or elec-

tnic fields, however, it is advised that normal precau-

Input Voltage, All Inputs Vin —051t0Vpp +05 v tions be taken to avord application of any voltage

DC Input Current, per Pin hn +10 mA higher than maximum rated voltages to this high im-

Programming Current Range | 2 A pedance circuit For proper operation 1t I1s recom-

) 9 g Set m mended that V,n and Voyy be constrained to the

Operating Temperature Range TA -40to +85 °C range Vgs s (Vin of Vour! = Vpp

Storage Temperature Range Tstg ~65to +150 °C
Package Power Dissipation® PD 800 mw

*Derate above 25°C @ 4 6 mW/°C
tMaximum Ratings are those values beyond which damage to the device may occur

RECOMMENDED OPERATING RANGE

Rating Symbol Value Unit
DC Supply Voltage Vpp to Vsg +30t0 +15 \
Programming Current Vpp =3V ISet 21050 pA
5V < Vpp < 15V 2 1o 750

OPERATIONAL AMPLIFIER ELECTRICAL CHARACTERISTICS
(I5et=20 A, R =10 MQ, C_ =15 pF, TAo=25°C, unless otherwise Indicated)

Characteristic Symbol V\D,D Min { Typ | Max Unit
Input Common Mode Voltage Range VICR 3 0 - 15 \
e 5 0 - |35
10 0 - | 85
15 0 - |135
Qutput Voltage Range VOR 3 |005| — |29 \
RL = Y MR to Vsg 5 |005| — 149
10 |005] — |99
15 |005] - [1490
Input Offset Voltage Vio 3 - +6 | 130 mV
MC14573, MC14575 5 - +8 | £30
10 — | £10| £30
15 — | £10 | +30
Average Temperature Coefficient of V| AV|o/AT — — 15 — | wv/°C
Input Capacitance Cin — — 5 10 pF
Input Bias Current B - - 1 50 pA
input Bias Current Ta= —40°Cto +85°C 1B — - — 1 nA
Input Offset Current 10 - - - | 100 pA
Open Loop Voltage Gain Vo =1Vpp AvoL 3 2 8 - V/imV
Vo =3Vpp 5 8 10 -
Vo = 6Vp-p 10 8 12 -
Vo =9Vpp 15 8 12 =
Power Supply Rejection Ratio PSRR 3 45 57 - dB
MC14573, MC14575 5 54 | 67 -
10 54 67
15 | %4 67 -
Common Mode Rejection Ratio CMRR 3 45 70 - dB
MC14573, MC14575 5 80 | 73 -
10 54 75 -
15 | 54 75 —-
Qutput Source Current 10H 5 55 80 - pA
VOH = Vpp 06V
Output Sink Current VoL =04V loL 3 21| 42 - mA
Vin+ =Vpp/2405 VoL = 04V 5 (2550 | -
Vin—=Vpp/2-05 VoL =06V 10 |55 N0 -
VoL =15V 15 5 | 30 -
Slew Rate SR - |06| 08 | - V/ps
Unity Gain Bandwidth Ggw 5 |05 1 — MHz
Phase Margin oM - - 45 - Degrees
Channel Separation - - - 80 - daB
Supply Current, Per Pair R =, I5et=20pA, Vin + =10V, V|- =0V) IDD 5 - 260 | 340 rA
(R = o, Pins 8 and 9=Vpp) 15 - |005] 10
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MC14573, MC14574, MC14575

OPERATIONAL AMPLIFIER ELECTRICAL CHARACTERISTICS
(Iset=200 uA, R =10 MQ, C_=15 pF, Tpo=25°C, unless otherwise indicated)

' Characteristic Symbol VeD Min | Typ [ Max | Unit
Input Common Mode Voltage Range VICR 5 0 - 3 A
10 0 - 8
15 0 . 13
Output Voltage Range VOR 5 01 - | 48 \%
RL = 100 k to Vgg 10 |01 - 198
15 |01 - | 148
Input Offset Voltage Vio 5 - +8 ) +30 mV
MC14573, MC14575 10 - | £10] £30
15 - | £12] +30
Average Temperature Coefficient of V| AV|0/AT - - 20 - uVv/eC
Input Capacitance Cn - - 5 10 pF
Input Bias Current iB - - 1 50 pA
Input Bias Current Ta= —40°Cto +85°C 1) — — - 1 nA
Input Offset Current o — — 100 PA
Open Loop Voltage Gain Vo =3Vpp AvOL 5 1 2 - V/mV
Vo =6Vpp 10 1 3 -
Vo = 9V pp 15 1 4 -
Power Supply Rejection Ratio PSRR 5 45 54 - dB
MC14573, MC14575 10 | 54 67 -
15 54 | 67 -
Common Mode Rejection Ratio CMRR 5 40 65 - dB
MC14573, MC14575 10 | 50 | 67 -
15 | 50 70 -
Output Source Current VoH = Vpp ~15V IOH 15 [550 | 80O | - A
Output Sink Current VoH = 04V loL 5 22| 42 - mA
Von = 05V 10 50 | 100| -
VOH = 15V 1 |1 3| -
Slew Rate SR - 5 7 - V/us
Unity Gain Bandwidth Gaw 5 151 3 - MHz
Phase Margin oM - - 48 - Degrees
Channel Separation - - - 80 - dB
Supply Current, Per Pair (RL=00, Vs =10V, Vig_ =0V DD 15 — 26 [ 34 mA
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MC14573, MC14574, MC14575

COMPARATOR ELECTRICAL CHARACTERISTICS (Iget=20 pA, R| =10 MQ, C =50 pF, To=25°C, unless otherwise indicated)

V|
Characteristic Symbol BD Min Typ Max Unit
Input Common Mode Voltage Range VICR 3 [0} - 15 \2
5 0 - 35
10 o] - 86
15 0 - 135
Output Voltage Range VoL 3 - 0 005 \%
0" Level 5 - 0 005
10 - 0 005
15 — 0 005
Output Voltage Range VOH 3 295 3 - \
1" Level 5 495 5 -
10 995 10 -
15 14 95 15 -
Input Offset Voltage Vio 3 - +8 +30 mV
MC14574, MC14575 5 - +8 +30
10 - +10 | +30
15 - +10 | +30
Average Temperature Coetficient of Vig AVip/AT - - 15 - pV/eC
Input Capacitance Cin - - 5 10 pF
Input Bias Current . B = ~ 1 50 pA
Input Bias Current Ta=—-40°Cto +85°C B — — - 1 nA
Input Offset Current lio — — - 100 pA
Open Loop Voltage Gain VoL 3 1 20 - V/imv
5 1 10 -
10 1 [ -
15 1 6 -
Power Supply Rejection Ratio PSRR 3 45 57 - dB
MC14574, MC14575 5 54 67 -
10 54 67 -
15 54 67 -
Common Mode Rejection Ratio CMRR 3 45 56 - dB
MC14574, MC14575 5 50 65 -
10 54 67 -
15 54 67 —
Output Source Current VoH = 26V IoH 3 -035| -066 - mA
VOH = 25V 5 -25| -50 -
VOoH = 46V 5 -060| -11 -
VOoH = 95V 10 -13| -25 -
VoH = 135V 15 -50| -95 -
Output Sink Current VoL =04V oL 3 13 26 - mA
VoL = 04V 5 19 38 -
VoL =05V 10 35 65 -
VoL = 15V 15 14 25 -
Output Rise and Fall Time, 100 mV Overdnive tTLH, 3 - 140 250 ns
tTHL 5 - 100 180
10 - 120 200
15 - 140 250
Propagation Delay Time, 5 mV Overdrive 14 3 - 15 30 us
5 - 10 20
10 - 12 24
15 — 15 30
Propagation Delay Time, 100 mV Overdrive tq 3 - 4 8 us
5 - 2 4
10 - 3 6
15 - 4 8
Channel Separation - - - 80 - dB
Supply Current, Per Pair (R = o, 1get=20pA, Vin+ =10V, V|- =0V) IbD 5 - 180 250 A
(R =, Pins 8 and 9=Vpp) 15 - 005 10




MC14573, MC14574, MC14575

COMPARATOR ELECTRICAL CHARACTERISTICS (Iger=200 wA, R| =10 MQ2, C|_ =50 pF, To=25°C, unless otherwise indicated)

V| .
Charactenstic Symbol \0/0 Min Typ Max Unit
Input Common Mode Voltage Range VIcR 5 0 - 3 v
10 0 - 8
15 0 - 13
Output Voltage Range VoL 5 - 0 005 \
"0 Level ' 10 - 0 005
15 - 0 005
Output Voltage Range VOH 5 495 5 - v
1" Level 10 995 10 -
15 14 95 15 —
input Offset Voltage Vio 5 - +10 +30 mV
MC14574, MC14575 10 - +13 | £30
15 - +15 | £30
Average Temperature Coetticient of Vi Ta= —40°Cto +85°C AvVip/aT — - 20 - rV/°C
Input Capacitance Cin — — 5 10 pF
Input Bias Current 3] — — 1 50 pA
Input Bias Current Ta= —~40°C1to +856°C I8 - - - 1 nA
Input Offset Current lio - — — 100 pA
Open Loop Voltage Gain AvoL 5 2 7 - VimV
10 1 4 —
15 1 4 —
Power Supply Rejection Ratio PSRR 5 45 67 — dB
MC14574, MC14575 10 54 67 -
15 54 67 -
Comman Mode Rejection Ratio CMRR 5 40 €5 - dB
MC14574, MC14575 10 50 67 -
. 15 50 67 —
Output Source Current VOH = 25V loH 3 -25| -50 - mA
: VOH = 46V 5 -060 | -11 -
VoH = 95V 10 -13| -25 -
VoH = 135V 15 -50] -95 —
Output Sink Current VoL =04V oL 5 19 38 - mA
VoL =05V 10 35 65 -
VoL = 15V 15 14 25 -
QOutput Rise and Fall Time, 100 mV Overdrive tTLH, 5 - 75 150 ns
THL 10 - 50 100
15 - 45 90
Propagation Delay Time, 5 mV Overdrive td 5 - 25 50 S
10 - 35 7
15 - 5 10
Propagation Delay Time, 100 mV Overdrive t4 5 - 06 12 P
10 - 075
) 15 - 075
Channel Separation ~ - - 80 — dB
Supply Current, Per Pair (Rp=o00, Vi =10V, V. =0V) [5Y5) 15 - 18 25 mA
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MC14573, MC14574, MC14575

The programming current Iget 1s fixed by an external
resistor Rget connected between Vsg and either one or
both of the Iget pins (Band ) When two external program-
ming resistors are used, the set currents for each op amp pair
or comparator are given by:

Vpp-Vss—-15
Rset (MD)

Pins 8 and 9 may be tied together for use with a single pro-
gramming resistor. The set currents for each op amp pair or
comparator pair are then given by:

ISet (pA) =

Vpp-Vss—1.5
2 Rget (MO

The total device current 1s typically 13 imes Iggy per pair if
the outputs are in the low state, and 5 times Iget per pair if
the outputs are in the hugh state For op amps with an output
In the linear region the device current will be between the
values of 5 times and 13 times Iggt

ISet A, B = Iget C, D (1A) =

SET CURRENT versus Vpp
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Iget. PROGRAMMING CURRENT

If a pair of op amps Is not used, the ISet pin for that pair
may be tied to Vpp for mimmum power consumption To
minimize power consumption In an unused pair of com-
parators this is not effective. The comparators should use a
high value set resistor and the inputs should be set to a
voltage that will force the output to Vpp e, + in=Vpp,
—-in=Vgs).

It should be noted that increasing Iget for comparators will
decrease propagation delay for that comparator.

For operational amplifiers, the maximum obtainable out-
put voltage (VOH) for a given load resistor connected to
Vss is given by

VOH=4xISetx R —0.06V, RL 1N, ISet n A

Note. VOH Max=VpD

Typical op amp slew rates are given by.
SR = 004 Iget (V/ps), ISet In pA

SET CURRENT versus TEMPERATURE

1000
= Rget=Constant Valve
= 100
et
=
&
£
3
g 10 _‘
1
-85 -40 85 125
TEMPERATURE (°C)
GAIN-BANDWIDTH PRODUCT versus Iget
7 2 3 571 2 3571 2 3 5
s 18 Vi
= Psv
@
S 5
3
S 4
=
=]
g :
= HH
= #Zal
o 2 ///'
=
LA
i
10 xA 100 4A 1mA

ISet, PROGRAMMING CURRENT



MC14573, MC14574, MC14575

COMPARATOR PROPAGATION DELAY versus Iggt
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COMPARATOR PROPAGATION DELAY versus OVERDRIVE®
Vpp=10V, tpLH and tpHL

100

101
g *A 10 mV overdrive 1s a signal on one input
> ISer=20 xA of & comparator that ranges from 10 mV
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CMOS/NMOS PLLS/IFREQUENCY SYNTHESIZERS

Device
Number

Function

MC6195*
MC6196*
MC140468
MC145688
MC145106
MC145145-1#
MC145146-1
MC145151-1
MC145152-1
MC145155-1
MC145156-1
MC145157-1
MC145158-1
MC145159-1

Frequency Synthesizer TV Tuning System
Frequency Synthesizer TV Turuing System

Phase-Locked Loop

Phase Comparator and Programmable Counters

PLL Frequency Synthesizer

4-Bit Data Bus Input PLL Frequency Synthesizer
4-Bit Data Bus Input PLL Frequency Synthesizer

Parallel Input PLL Frequency Synthesizer
Parallel Input PLL Frequency Synthesizer

Serial Input PLL Frequency Synthesizer
Senal Input PLL Frequency Synthesizer
Senal tnput PLL Frequency Synthesizer
Senal Input PLL Frequency Synthesizer

Senal Input PLL Frequency Synthesizer with
Analog Phase Detector

*Closest equivalent for MC6190 through MC6184, which are

being phased out and are not recommended for new designs

tClosest equivalent for MC145104, MC145107, MC1456109,

MC145112, and MC145143, which are being phased out and are
not recommended for new designs

#Closest equivalent for MC145144, which s being phased out and
1s not recommended for new designs

Single-Ended
3-State Double-Ended Number of
Divider Programming Phase Detector Phase Detector Divider Stages Device Number
Format Prescale Modulus Output Output “=R|=+A|+N| Number of Pins
Serial Single I v 12% 14 |MC145155-1 18
{Compatible with the » v 14 14 IMC145157-1 16
Senal Peripheral Dual v v L12* ) 7 10 |MC145156-1 20
Interface (SPI) on v v 14 7 10 [MC145158-1 16
CMOS MCusl (Analog Detector 4 [ 7 | 10 |MC145159-1 20
Output}
Parallel Single v 11% 9 MC145106 18
v v 12* 14 |MC145151-1 28
Dual v 2% 6 10 |MC145152-1 28
v 8* 4 MC145688 16
4-Bit Bus Single v v 12 14 |MC145145-1 18
Dual v v 12 7 10 |MC145146-1 20
2 Control Lines Single v 12% 12* | MC6195 20
- 12% 12* [ MC6196 20
v MC140468 16

*Limited number of selectable values
* Mask-programmable to one fixed value
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MC6190 MC6192

@ MOTOROLA MC6191 MC6193
MC6194

MOS
FREQUENCY SYNTHESIZER TV TUNING SYSTEM
(N-CHANNEL, SILICON-GATE,
This series of phase locked loop subsystems is constructed In DEPLETION LOAD)
NMOS Silicon gate technology and are primarily intended for TV and
CATV tuning applications. These products make it possible to receve FREQUENCY SYNTHESIZER
all VHF and UHF TV frequencies TV TUNING SYSTEM

® Single 5 V Supply
® Low External Parts Count

® Keyboard Interface Uses Low Cost 4 x 4 Keyboard L SUFFIX

® Remote Control Capability CERAMIC PACKAGE
CASE 695

® Manual Channel Selection

® Scan Up/Scan Down

® Auto Programming of all Active Channels

® Automatic Switching to AFT Mode Option

® Channel Information Output Interfaces to Leds

® On Chip Reference Oscillator Uses External Crystal P SUFFIX

PLASTIC PACKAGE

CASE 710

NOT Rg%cé ‘MENDED FOR NEW DESIGNS
UCT BEING PHASED OUT

Closest equivalents are the MC6195 and MC6196

6-3



@ MOTOROLA

MC6195
MC6196

FREQUENCY SYNTHESIZER TV TUNING SYSTEM

These phase-locked loop devices are constructed in NMOS silicon
gate technology and are primarily intended for TV and CATV tuning ap-

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD}

FREQUENCY SYNTHESIZER
TV TUNING SYSTEM

plications
® Single 5 V Supply
® Low External Parts Count
® Remote Control Capabiiity
® Scan Up/Scan Down Channel Selection
® Automatic Switching to AFT Mode
® Channe! Information Output Interfaces to LEDs
1 P SUFFIX
® On-Chip Reference Oscillator Uses External Crystal PLASTIC PACKAGE
% CASE 738
ﬂ’ »%
V
BLOCK DIW
: Zero
s ss & : Cross AC
canning Det
(Test) 19 | % r “7
4
Scan  Ch Up/Do; a
Up/Down 16 @) BCD A
s Up/Down 4 %hanlf‘e' 13
b 1splay B
Counter Multiplexer ) Multiplexed
c BCD OQutput
for Display
n
»{ Clock D
Toggle  T-Rm 10
or Remote ‘ﬁ7
100x 15 5 Y™ VHF Hgh Band
On/Off Channel ROM 5 VL VHF Low Band
Latch I— VvC
7 Video Comncidence
Onor  On-Rm I \}
Remote 18
Prescaled fin 12-Bit Programmable
Input 20 Divider ‘—A_FT
Phase AFT 6
Detector Switch PO Pphase Detector
12-Bit Mask- 5 Output
Programmable Reference Divider
Pin 1=Vgg
Oson § o 2&95Cout Pin 4= Reset
PN 15=Vpp
External
4 MHz
Reference
Crystal
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MAXIMUM RATINGS PIN ASSIGNMENT
Rating Symbo) Value Unit
DC Supply Voltage VDo -03to +7 "
Input Voltage, All Inputs Vin -03t0 +7 \
Operating Temperature Range TA 0to 70 °C
Storage Temperature Range Tstg -65to +160 | °C

This device contains circuitry to protect the inputs against damage due to high static
voltages or electric fields, however, 1t I1s advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated voltages to this high im-
pedance circuit For proper operation it 1s recommended that V, and Vgt be constrain-
ed to the range Vo <tViy or Vou) =Vpp

Unused inputs must always be tied to an appropnate logic voltage level (e g , either

Vgg or Vpp!

ELECTRICAL CHARACTERISTICS (T =25°C, Voltages Referenced to Vgg)

Charactenistic Symbol |Vpp| Min Typ | Max |Units
Power Supply Voltage Vop — 475 50 525 v
Output Voltage \
A,B,C,D, OLevel VoL 5 - - 08
AFT 1level | Vou 5 24 - -
Input Voltage \
Reset, VC Otevel | V). 5 - - 08
On-Rm AFT (PLL Mode} 1 Level ViH 5 20 - -
Ch, T-Rm 0 Level VIL 5 - — 04
1 Level VIH 5 40 - -
Input Current lin nA
fin, Oscin ViL=0V, Vig=Vpp 5 - - | £20
Reset, VC ViL=0V, Vig=Vpp 5 - - +1
AC vVac=VpD 5 - - 300
AFT (PLL Mode) ViL=0v 5 30 60 200
Ch, T-Rm ViL=0V, V=4V 5 - - +200
A,B,C,D VIH=VpD I 5 10 -
ViL=0V L 5 — - -3 mA
Input Capacitance Cin 5 - 5 10 pF
Output Capacitance Cout 5 — 6 10 pF
Output Current lon A

PD VoH=12V 5 50 - -

A,B,C,D VoH=27V 5 20 - —

A,B,C,D, VL, VH VoL=04V | loL 5 400 - -

PD VoL=12V 5 50 — —

On-Rm, SS VoL=04V 5 16 — — mA
Output Leakage Current VL, VH, On-Rm, SS L 5 — - 10 uA
Output Leakage Current PD I 5 — — +1 A
Breakdown Voltage VL, VH, On-Rm, SS Vepso | 5 7 - \
Quiescent Current, All Outputs Open DD 5 — - 60 mA

SWITCHING CHARACTERISTICS (Tp=25°C, C| =50 pF, Vpp=5V)
Characteristic Symbol | Min | Typ | Max Units
Output Rise Time tTLH - - 10 us
Output Fall Time : tTHL — — 1 KS
Propagation Delay, AC to A, B, C, D (Outputs} tPLH. tPHL] — —- 100 us
Input Rise and Fall Times tTLH. TTHL| — — 100 us
Operating Frequency MHz
fin. Oscin Vin=500mV p-p - 8 41
AC Vin=5Vp-p — 60 - Hz
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MC6190 FAMILY DEVICE CHARACTERISTICS

The Phase-Locked Loop Frequency Synthesizers MC6190
through MC6196 are products designed for use in various
types of TV and CATV applications

The MC6190 through MC6194 offer keyboard interface,
BCD output data for channel display, band-switching infor-
mation, AFT control, On/Off control, and battery or
capacitor backup memory retention The differences be-
tween these parts pnmarly have to do with the frequency
divide numbers required for selected channels

The MC6195 and MC6196 differ from the MC6190 through
MC6194 in that they do not allow keyboard interface and do
not have backup memory retention

Some of the characteristics and intended applications are
shown in the following table

Devics | ot e TorE| B9 | Ghannel|channel
MC6190] 4 MHz | 256 | 256 | CATV | 00 %
MC6191| 4 MHz | 256 | 256 | USA | 02 83
MC6192| 4 MHz | 256 | 256 | Japan | 01 62
MC6193| 4 MHz | 64 | 256 | CATV | 02 59
MC6194| 3 MHz | 64 | 256 | CATV | 02 60
MC6195 4 MHz | 256 | 256 [ CATV | 00 59
MC6196| 4 MHz | 256 | 256 [ usA | 02. | &3

CIRCUIT OPERATION

The MC6195 and MC6196 are phase-locked loop frequen-
cy synthesizer devices that are the nucleus of digital tuning
systems for CATV and USA TV converters As shown In
Figure 4 and 5, the devices interface with a linear control
chip, an ECL prescaler, LED display interfacing devices, and
a minimum of external components The following sections
will explain the functions of the various blocks in the block
diagram

ON/OFF OPERATION

ON/OFF LATCH — The On/Off Latch stores the On/Off
informatron that Is erther directly received at T-Rm (Pin 17) or
received from a remote source at On-Rm (pin 18)

If On/Off information 1s to be directly received at T-Rm,
the latch operates as follows When T-Rm ts taken to Vgg
(the direct-control mode) for at least two clock cycles (at AC,
pin 14), the state of the On/Off Latch changes either from
ON to OFF or from OFF to ON In this mode of operation,
On-Rm 1s the three-state output of the On/Off latch, and
assumes the high-impedance state when the latch is toggled
ON or the low-voltage level {(Vgs) when the latch 1s toggled
OFF.

If On/Off information 1s to be received at On-Rm from a
remote source, the latch operates as follows' When T-Rm 1s
taken to Vpp {the remote-control mode), On-Rm becomes
the input from the remote-contro! unit When taken to Vpp,
On-Rm sets the On/Off Latch to the ON state When taken
to Vss. On-Rm sets the latch to the OFF state

The relationship between T-Rm, On-Rm, and the state of
the On/Off Latch are illustrated in the flowchart in Figure 1

CHANNEL-SCAN OPERATION

UP/DOWN LATCH — The Up/Down Latch stores the
channel-scan information that is received at Ch {pin 16), and
controls the drrection of count of the BCD Up/Down
Counter The operation of the channel-scan circuitry is
shown in the following table

Input Voltage Level (Ch) | Channel-Scan Direction
Low (<04 V) Down
High (=4 0 V) Up
High Impedance No Scan

The input voltage level must be held fora minimum of two
clock cycles to insure the desired up or down count At
reset, the latch is taken to the scan-up state

BCD UP/DOWN COUNTER — The BCD Up/Down
Counter counts in the range from 00 through 99 and supplies
BCD information to the channel-display multiplexing cir-
cuitry and the channel ROM The counter scans the channels
at a rate of either one every 30, 8, or 1 clock cycle (2, 7.5, or
60 channels per second for a 60 Hz signal at AC, pin 14)

1) Invalid channels are scanned at a rate of one per
clock cycle (60 channels per second for 60 Hz at AC).
Valid channels are scanned at a rate of one per 30
clock cycles (2 channels per second for 60 Hz at AC)
If the channel-scan key 1s depressed (1 e , Ch, pin 16,
1s taken either low or high) for more than 120 clock
cycles, the valid channels are scanned at a rate of
one per 8 clock cycles (7 5 channels per second for
60 Hz at AC).

The channel-scan function ts shown in the flowchart in
Figure 2 A list of the valid channels programmed into the
MC6195 1s given in Table 1, Table 2 1s a list of valid channels
programmed Into the MC6196

At reset, the counter 1s taken to zero. If, during scanning,
the On/Off Latch 1s changed to the OFF state, the counter
stops but maintains its present state

2

3

CLOCK — The Clock provides tming for the BCD
Up/Down Counter

PHASE-LOCKED LOOP OPERATION

CHANNEL ROM — The Channel ROM is a 100- by 15-bit
channel-conversion ROM, which converts the BCD channel
number from the BCD Up/Down Counter into the preset
code (for the 12-bit programmable divider) corresponding to
the selected valid channel

12-BIT PROGRAMMABLE DIVIDER — The 12-bit Pro-
grammable Divider divides the prescaled local oscillator fre-
quency at fip {(pin 20) by the programmed value supplied by
the Channel ROM The output of the divider goes to one in-
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FIGURE 1 — FLOWCHART SHOWING THE RELATIONSHIP OF TMO, ONRM, AND
THE STATE OF THE ON/OFF LATCH

N P - T -~ m
| N I |
| b |
[ i |
[ 5 i !
| Clock Cycles | |

P d
| as.)se | |
| | 1
l Ct:;cg‘hes Nﬁ‘ %ﬁ::‘ge I Latch= Indeterminate Latch= !

| 0
I State of Latch off State " I
| T ! |
| | y |
! State ! I
| of Latch | |
=?

| | |
! ] “Note !
| | H=Vpp !
| On-Rm On-Rm L=Vgg

Output = Output = | T =High-Impedance State |
| I L | [
| | |
| | |
b e e f L - _ N — e o -

—_\\
N/ N
Direct-Control Mode Remote-Control Mode
(On-Rm 1s the output exhibiting the state of the On/Off Latch) (On-Rm 1s the input controlling the state of the On/Off Latch)

TABLE 1 — FREQUENCY ASSIGNMENTS FOR THE MC6195

Channel Nos.| Osc Freq Osc Freq | Divide No. | Divide No. Band

Start | Stop | Start (MHz) | Delta (MHz) Start Delta VH | VL
00 | 01 722 6 361 3 1 1
02 | 04 668 6 334 3 1 1
05 | 06 690 6 345 3 ] 0
07 13 788 6 394 3 1 1
14 | 22 734 6 367 3 1 1
23 | 36 830 6 415 3 1 1
37 | 83 1914 6 457 3 0 1
54 | 59 686 6 343 3 0 1

TABLE 2 — FREQUENCY ASSIGNMENTS FOR THE MC6196

Channel Nos.| Osc. Freq. | Osc. Freq. | Divide No. | Divide No. Band
Start | Stop [Start (MHz) | Delta (MHz) Start Delta VL | VH
02 | 04 101 6 101 6 1 0
05 | 06 123 6 123 6 1 0
07 13 221 6 221 6 0 1
14 | 83 517 6 517 6 0 0
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FIGURE 2 — OPERATION OF THE CHANNEL-SCAN CIRCUITRY FOR AC (PIN 14)=60 Hz

Up/Down
Key Depressed

.y

Step One
Channel

e

Vahd
Channel
?

Key
Released?

Step One Channel
at60 Ch/s

L |

Step One Channel
at2 Ch/s

Key

Depressed
>2s

Step One Channel
At 60 Ch/s

1

Vahd
Channel
?

Key
Released?

Step One Channel
at8 Ch/s

|

jev

Depressed
?

6-8

Step One
at2 Ch/s

Vahd
Channel
?

Step One Channel
at 60 Ch/s

L1




MC6195, MC6196

put of the Phase Detector, to be compared to the reference
frequency

REFERENCE OSCILLATOR — The Reference Oscillator
circuit consists of an inverter and resistor internal to the
device, and requires an external crystal For cntical apphca-
tions, capacitors from Oscjpy and Oscoyt to ground can pro-
vide the crystal with the optimum capacitive load

Depending upon the mask option chosen, either a 4 MHz
or a 3 57954 MHz reference crystal may be used

12-BIT PROGRAMMABLE REFERENCE DIVIDER — The
12-Bit Programmable Reference Divider divides the
Reference Oscillator frequency by a number that has been
programmed at the mask level The output of the Reference
Divider goes to one input of the Phase Detector, to act as the
reference frequency

PHASE DETECTOR — The Phase Detector compares the
signal from the 12-bit Programmable Divider to the signal
from the 12-Bit Programmable Reference Divider and gives
an output that is the phase difference between the two
signals The output of the Phase Detector goes to the AFT
Switch

AFT SWITCH OPERATION

The AFT Switch is controlled by the AFT input pin (pin 6)

When AFT is open-circuit, the device 1s 1in the AFT mode
In this mode, PD (pin 5) becomes the output of the Phase
Detector and supplies the tuning voltage to the external
linear amphfier Thus, the internal phase-locked loop cir-
cuitry forces the change to the desired channel Then, when
video coincidence s detected at the VC input (pin 7),
receiver lock 1s indicated, and receiver control is switched to
the external receiver AFT circuits

in a typical apphication, the receiver AFT circuitis built into
the system with a nominal reference voltage of 1 3volts The
dynamic range should be + 1 0 volt from this nominal value
with a positive voltage (referenced to 1 3 volts) for positive
frequency error and a negative voltage for negative frequen-
cy error

The external AFT circuit retains control until loss of video
coincidence occurs or a channel change 1s begun [n the AFT
mode, the phase-locked loop regamns control by an internal
pull-down circuit Proper operation of this pull-down circuit
requires the VC input to be current-imited to 200 xA

When the AFT input pin Is taken to Vsg, the device I1s in
the non-AFT mode, and PD (pin 5) 1s switched to a high-
impedance state

DISPLAY SECTION

ZERO CROSSING DETECTOR — The Zero Crossing
Detector 1s a hysteresis gate with a threshold voltage of
about 1 volt, and 1s used to multiplex the display LEDs

DISPLAY MULTIPLEXER — The Display Multiplexer pro-
vides the BCD data to the A, B, C, and D output pins When
AC (pin 14) 1s high (Vpp), the data outputs display the most
significant digit of the channel number When AC s low
(Vss), the data outputs display the least significant digit
The display 1s blanked when the On/Off Latch is in the OFF
state

6-9

The Display Multiplexer has a sinking capability of 1 6 mA
at 0 4 volts, and can interface with TTL and LSTTL logic

START-UP AND POWER-ON RESET

When power is applied to the chip, reset is generated (See
Figure 3) The BCD Up/Down Counter I1s reset and begins
the channel-scan operation, stopping at the lowest valid
channel The display is blanked When the input at T-Rm
(pin 17) takes the On/Off Latch to erther the ON state or the
remote-control state, the display ts activated and the lowest
valid channel number 1s displayed

FIGURE 3 — POWER-ON RESET EXTERNAL CIRCUIT

Vpp=5V |Pin15] VDD

01ufF

Pin4 { Reset

TEST MODE
If SS (pin 19) s forced high during the channel-scan
operation, Test Mode is started

PIN DESCRIPTIONS

Vss (PIN 1)
Vs 1s the negative power supply pin, usually ground

Oscoyt (PIN 2)
Oscoyt Is the output of the oscillator circurt

QOscip (PIN 3)
Oscypy 1s the input of the oscillator circuit

Reset (PIN 4)
Reset I1s the input for power-on reset It 1s normally tied to
Vpp through a O 1 uf capacitor (See Figure 3)

PD (PIN 5)
PD 1s the output of the phase detector

AFT (PIN 6)
AFT is the AFT control input pir, which is either left open-
circuited or tied to ground
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VC (PIN7)

This 1s the wvideo coincidence input from the linear
amplifier A high logic level (Vpp) supplied to this pin in-
dicates receiver lock

VL (PIN 8)

VL 1s the VHF low-band output It is an open-drain
N-channel that can act only as a current sink  This output 1S
accessed by the channel ROM and 1s normally used for band
switching

VH (PIN 9)

VH 1s the VHF high-band output. It 1s an open-drain
N-channel that can act only as a current sink  This output 1s
accessed by the channel ROM and s normally used for band
switching

A, B, C, D {PINS 13, 12, 11, 10}

These inputs normally are multiplexed BCD data outputs
for channel display They may, however, be used as inputs
for presetting channel values

The AC and Reset inputs are used to strobe n the preset
channel data in the following manner

1) The logical AND of AC and Reset enables the preset of
the MSD of the channel number

2) The logical AND of AC and Reset enables the preset of
the LSD of the channel number

AC (PIN 14)

AC s the ac voltage input, which provides the internal
system clock for the multiplexed data output pins and the
channel scanning operation

Aninternal clamp imits the voltage swing at this input to a
value between —0 60 and 5 volts If the input goes below
ground, an internal diode clamps to, typically, —0 6 voits A
normal input to this pin1s a 12 VRMS (17 V p-p sine wavel,
current imited with a series resistor to 200 gA For the inter-
nal clamps to work properly, the input level must be current
limited

Vpp (PiN 15)
VDD s the positive power supply pin, typically +5 volts

Ch (PIN 16)
Ch 1s the three-state input pin that determines the direc-
tion of channel scan {scan up or scan down)

T-Rm (PIN 17)

Toggle or Remote Input — T-Rm 15 a three-state input pin
that may erther toggle the On/Off Latch or permit remote
operation {See Figure 1) Normally, the pin is left in the high-
impedance state and there is no On/Off operation

On-Rm (PIN 18)

On-Rm s either the three-state output from the On/Off
Latch or the input to the On/Off Latch from the remote-
control receiver (See Figure 1)

SS (PIN 19)

SS 1s an open drain output that goes low during channel
scanning It s also used as an input for the LSI Test Mode

fin (PIN 20}

fin 15 the nput pin that receives the prescaled local
oscillator frequency Internal circuitry provides dc bias to the
fin input so that the prescaled local oscillator frequency can
be ac coupled. If this input s to be dc coupled, standard TTL
tnput voltages are required for logic levels

APPLICATIONS

A system constructed with the MC6195 PLL frequency
synthesizer chip, a CATV up converter, and a minimum
number of external components, 1s shown in Figure 4, a
system using the MC6196 PLL, a linear control chip, and ex-
ternal components is shown in Figure 5

MC2801 LINEAR CONTROL CHIP — This linear control
chip integrates all the control circuits and regulators required
in the system on a single chip

The filter amphifier provides active filtering in the PLL net-
work. The output of this amplifier, PD, drives the tuner
vancap diodes The non-inverting input of this amphfier,
NI, 15 internally biased with the AFT reference voltage (1.3
volts) to simplify the external circuitry. This bias voltage,
however, can be externally changed with a single resistor, if
required

A high-voltage regulator provides up to 34 volts for the
filter amphfier

The coincidence output “CO", will go high when the
video sync/signal {(in video input, “VI") and the fly back
pulse (in fly back input, “FI"") are synchronized "'CO"”
detects channel lock

The band-switch circuit decodes band-select information
and provides constant-current output to an external tran-
sistor for band-switching operation The decoding format 1s
shown below

VH Input VL Input Selected Band
0 0 UHF Band
1 0 VHF, High Band
0 1 VHF Low Band

The low-voltage regulator section provides a regulated 5
volts to the MC8196 and the other circuits, with current
limiting capability The output current rating 1s determined
by the external series pass transistor.

MC12071 PRESCALER ~ The ECL prescaler may be used to
count down the local oscillator frequency by 256 for UHF
and VHF, to supply an incoming frequency of less than
4 1 MHz to the PLL programmable divider
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MC6195, MC6196

FIGURE 4 — CATV TUNING SYSTEM BLOCK DIAGRAM
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FIGURE 5 — USA TV TUNING SYSTEM BLOCK DIAGRAM
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@ MOTOROLA MC140468B

PHASE LOCKED LOOP

The MC14046B phase focked loop contains two phase compara- CMOS MSI

tors, a voltage-controlled oscillator {VCO), source follower, and (LOW-POWER COMPLEMENTARY MOS)
zener diode. The comparators have two common signal inputs, '
PCAjn and PCB)p. Input PCAj can be used directly coupled to large -
voltage signals, or indirectly coupled (with a series capacitor) to PHASE LOCKED
small voltage signals. The self-bias circuit adjusts small voltage signals LOOP

in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides a digital error signal PC1gy¢, and maintains
90° phase shift at the center frequency between PCAj, and PCBjp
signals (both at 50% duty cycle). Phase comparator 2 {with leading
edge sensing logic) provides digital error signals, PC2o,t and LD,
and maintains a 0° phase shift between PCAj, and PCBj, signals
(duty cycle 1s immaterial). The linear VCO produces an output signal
VCOput whose frequency is determined by the voltage of input
VCO,;y and the capacitor and resistors connected to pins C1a, C1g,
R1, and R2. The source-follower output SFgyt with an external re-
sistor is used where the VCOjp, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener

diode can be used to assist in power supply regulation. L SUFFIX P SUFFIX
Applications include FM and FSK modulation and demodulation, CERAMIC PACKAGE  PLASTIC PACKAGE
frequency synthesis and multiplication, frequency discrimination, CASE 620 CASE 648

tone decoding, data synchronization and conditioning, voltage-to-
frequency conversion and motor speed control.

® VCO Frequency = 1.4 MHz Typical @ Vpp =10V ORDERING INFORMATION
® VCO Frequency Drift with Temperature = 0.04%/°C Typical
@ VDD =10V MC14xXXB Suffix Denotes
® VCO Linearity = 1% Typical L Ceramic Package
® Quiescent Current = 5.0 nA/package typical @ 5 V P Plastic Package
. .. . _ A Extended Operating
® Low Dynamic Power Dissipation — 70 uW Typical @ fg = 10 kHz, Temperature Range
Vpp =5.0V,R1=1.0MQ, R2 =, RgF = C Limited Operating
® Buffered Outputs Compatible with MHTL and Low-Power TTL Temperature Range
® Diode Protection on All Inputs
® Supply Voltage Range = 3.0to 18 V
® Pin-for-Pin Replacement for CD4046B
® Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle
Limited
® Phase Comparator 2 switches on Rising Edges and is not Duty
Cycle Limited PIN ASSIGNMENT
BLOCK DIAGRAM Logie
i" ——————————————— | PClout
M—_j 3
PCAn 140—!"[ sce::ci::‘ Comph:vs:tor 1 H—o2 PClout PCBijn
ll P 13 PC20y¢ VCOout
PCB,, 3&: | Comparator 2 | | 1 LD Inh
vco,, ool Voltage J—°|o :1 :?om“ Cla
; Controlted | 012 R2 C’B
Oscillator
Vpp = Pin 16 | -L—o06 cip
Vea - Pin 8 | (veo) Jl-07 cig Vss
|
\nh 50 : — ! Source Follower |—|—0: 10 SFout
L _YS:_SE_ — | —~O15 Zener




MC14046B

MAXIMUM RATINGS (Voltages referenced 1o Vgg)

Rating Symbol Value Unit

DC Supply Voltage Vpbp -05to +18 Vdc

Input Voltage, All Inputs Vin 05t Vpp+ 05 Vde

DC Input Current, per Pin lin +10 mAdc

Operating Temperature Range ~ AL Device Ta -55 to +125 oc

CL/CP Device -40 to +85

Storage Temperature Range T,,Q -65 to +150 oc

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow® 25°C Thigh®
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0” Level| VoL 50 - 005 - 0 0.05 - 0.05 v
Vin=Vppor0 10 - 005 - 0 005 - 0.05
15 - 005 - 0 005 — 0.05
1" Level | Vop 50 4.95 - 4.95 50 - 4.95 - v
Vin-0orVpp 10 995 - 995 10 - 995 -
15 14 95 - 14.95 15 - 14.95 -

Input Voltage™ 0" Level ViL v
(Vo=450r05V) 50 - 15 © - 2.25 15 - 15
(Vo=900r10V) 10 - 30 - as0 | 30 - 30
(Vo=1350r15V) 15 - 4.0 - 675 40 - 4.0

“1" Level VIH A\
{(Vg=050rd45V) 50 35 - 35 275 - 35 -
(Vo=100r9.0V) 10 7.0 - 70 550 - 7.0 -
(Vo=150r13.5V) 15 110 - 110 . 8.25 - 11.0 -

Output Drive Current (AL Device) IoH . mA

(VoH =25V} Source 50 -12 - -1.0 -1.7 - -0.7 -
(VOH =46 VI 50 -025 - -0.2 -0.36 - -0.14 -
(Vo =95V) 10 -0.62 - -05 -09 - -0.35 -
(Vo =13.5V) 15 -18 — -1.5 -3.5 - -1.1 -
(VoL=04V) sink [ 1oL s0 | 064 - 051 0.88 - 036 = mA'
(VoL=05V) 10 16 = 13 2.25 - 09 -
(VoL =15V} 15 4.2 - 34 88 - 24 -
Output Drive Current (CL/CP Device) ioH mA
(Vo =25WVI Source 50 | -1.0 - -08 -1.7 - -06 -
(VOH =46V} 50 ~02 - -016 -036 - -0.12 -
(VoH =9.5V) 10 -05 - -04 -0.9 - -03 -
(Vo = 135 V) 15 -1.4 - -12 -3.5 - -1.0 -
(VoL =04 V) sink | 1oL 50 052 - 044 0.88 - 0.36 - mA
(VoL =0.5V) 10 13 - 11 225 - 09 -
(VoL=15V) 15 36 - 3.0 88 - 24 -

Input Current (AL Device) Iin 15 - +01 - +000001 | 01 - $10 HA

Input Current (CL/CP Device) lin 15 - +03 - 1000001 | £03 - $10 HA

Input Capacitance Cin - - ~ — 50 75 - - pF

Quiescent Current (AL Device) Ipp 50 - 50 - 0.005 50 - 150 HA
(Per Package} Inh = PCAj, = Vpp, 10 - 10 - 0.010 10 - 300
Zener = VCO,, =0 V, PCB,n = Vpp| 15 - 20 - 0.015 20 - 600
or0V, lgyy=0uA

Quiescent Current {CL/CP Device) Ipp 50 - 20 - 0.010 20 - 150 BA
(Per Package} Inh = PCA |, = Vpp, 10 - 40 - 0.020 40 - 300
Zener = VCO,, =0 V, PCB,, = Vpp 15 - 80 - 0040 80 - 600
orQV, |Qu; =0 uA

Total Supply Current t IT 50 It = (146 pA/kHz) t + Ipp uA

(Inh = 0", fo = 10 kHz, C_ = 50 pF, 10 17 =(2.91 uA/kH2) f + 15p
R1=1MQ,R2 = =, Rgf = =, and 15 Iy = (4.37uA/kHz) f + |Ipp
50% Duty Cycle)

*Tiow = -55°C for AL Device, -40°C for CL/CP Device
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination
Noise Margin for both 1" and ““0"* level = 1 0 Vdc min @ Vpp =50 Vdc
20Vdecmin@ Vpp =10 Vdc
25Vdemin@ Vpp = 15 Vdc

1To Caiculate Total Current in General:

IT~22xVpD (vcoi,. -1.65 Vpp -1 35)3/4

R1

R2

1x10-1vpp? (100 -% Duty Cydle of PCA,)
100

oo

1‘6)((

where: I in uA, C( in pF, VCOjq, Vpp in Vdc, f in KHz, and

VCO,, - 1.65
RsF

R1,R2, Rgp InMQ2,C on VCOqyt.

6-14

3/4
) +1x10-3{C_+9) Vpp f+




MC14046B

ELECTRICAL CHARACTERISTICS* (Cy =50 pF, Tp = 25°C)

Mintmum Maximum
Vpp AL CL/CP | Typical AL cL/cp
Characteristic Symbol Vdc Device | Device | All Types | Device | Device Units

Output Rise Time tTLH ns
tTLH = (30 ns/pF) C|_+30ns 50 - - 180 350 400
TTLH = (1.6 ns/pF) C_+ 15 ns 10 - - 90 150 200
tTLH = (1.1 ns/pF) C_ + 10 ns 15 - - 65 110 160

Output Fall Time TTHL ns
tTHL = (15ns/pF) C_+ 25 ns 50 - - 100 175 200
tTHL = (075 ns/pF) C_+ 125 ns 10 - - 50 75 100
tTHL = {055 ns/pF} C|_ +9.5ns 15 - - 37 55 80

PHASE COMPARATORS 1 and 2

input Resistance — PCA,p, Rin 50 10 1.0 20 - - M

10 0.2 0.2 0.4 - -
15 01 01 02 - —
—~ PCBp Rin 15 150 15 1500 - — ma

Minimum lnput Sensitvity Vin 50 — —- 200 300 400 mV p-p
AC Coupled ~ PCAjp 10 - - 400 600 800
C series = 1000 pF, f = 50 kHz 15 - — 700 1050 1400
DC Coupled — PCA,p, PCB, - 5to0 15 See Noise Immumity

VOLTAGE CONTROLLED OSCILLATOR (VCO)

Maximum Frequency frmax 50 0.50 035 070 - - MHz
(VCO,n = Vpp, C1 = 50 pF, 10 10 07 14 - -
R1=5kQ,and R2 ==} 15 1.4 1.0 19 — .

Temperature — Frequency Stability - 50 - — 012 - - %/°C
(R2 = o) 10 - - 0.04 - -

15 — 0 0015 — 10

Linearity (R2 = =) - %
(VCO,n =250V +030V,R1>10k) 50 - - 1 - -

(VCO,, =500V 250V, R1>400kQ) 10 - - 1 - -
(VCO,n =750V ¢ 500V, R1 > 1000 k2} 15 - - 1 - -

Qutput Duty Cycle - 5to 15 - - 50 - - %

Input Resistance — VCO,n Rin 15 150 50 1500 - - MQ

SOURCE-FOLLOWER

Qffset Voltage - 50 — — 165 22 25 \Y
(VCO,n, minus SFoyt, Rge = 500 k2 10 - - 165 22 25

15 - - 165 22 25

Linearity — %
(VCO,, =250V £ 030V, Rgg > 50 k2) 50 - - 01 - -

(VCO,; =500 V £ 2560 V, Rgf > 50 kQ2) 10 - - 06 - -
(VCO,, =750V +500V, Rgr > 50 k2) 15 - - 08 - -

ZENER DIODE

Zener Voltage (1, = 50 uA) Vz — 6.7 63 7.0 73 77 \

Dynamic Resistance {1; = 1 mA} Rz - - - 100 - - 1]

*The formula given is for the typical characteristics only
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MC14046B

FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1

Input State

X X

\PCBjp,

PCA;n

PCls,t

1] 1

PHASE COMPARATOR 2

Input State

PCA,, PCBn

—y—

——

PC24 ¢

3-State
Output Disconnected

LD

(Lock Detect)

o 1

Refer to Waveforms in Figure 3.

FIGURE 2 — DESIGN INFORMATION

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCA .

VCO in PLL system adjusts to center frequency
({fo).

VCO 1n PLL system adjusts to mnimum fre-
quency {fmn).

Phase angle between PCA |, and PCB,

90° at center frequency (fg), approaching o°
and 180° at ends of lock range {2f().

Always 0° in lock {positive rising edges).

Locks on harmonics of center frequency.|

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2f( ).

The frequency range of the input signal on which the loop will stay locked 1f 1t was
initially in tock, 2f( = full VCO frequency range = fmax - frmin-

Capture frequency range (2fc).

The frequency range of the input signal on which the loop will lock f it was initially

out of lack.

Depends on low-pass filter characteristics
{see Figure 3). fc < f_

fc=f

Center frequency (fg).

The frequency of VCOq,¢, when VCO,n = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended
to be 8 design guide. Since calculated
component values may be in error
by as much as a factor of 4, labor-
atory experimentation may be re-
quired for fixed designs. Part to part
frequency variation with identical
passive components is less than
$20%.

1

fmin = —
Ro(C1+ 32 pF)

1

— 4 fmin
Ry(Cy + 32 pF)

fmax =

Where: 10K <Ry < M
10K <R2< 1M
100pF <Cq < .01 uF

{Vco input = Vgs)

{(Vco input = Vpp)




MC14046B

FIGURE 3 ~ GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
9 Source 10 out
o Follower
vCo,, Rsr
PCA,p, 14 =
— Ext | =
@ Frequency f Phase 20m13 | e 9 veo a o VCOou:
L et .
3 Comparator PClgyt Fiter 1 12 6 7 @ Frequency Nf' = ¢
PCBH\ or ci cI
PC2out R12 A2 Ed N
Cct
[ Externai ) = =
-N -<
L Counter__§
Typical Low-Pass Filters
Typicatly*
(a) R3 (b) R3 6N N
tnput G—VWI—O Output Input Output R4 Co = _
f, 2nAf
¢z 1 [2m R4 max
i A . 100NAT
= 7V "3l (R3 +3,0000) C2 = T—=" — Ry €3
max

ICZ’

Note Sometimes R3 1s sphit into two series resistors each R3 — 2 A capacitor Cg is then placed from the midpoint to ground The value for
Cc should be such that the corner frequency of this network does not significantly affect wp. In Figure B, the ratio of R3 to R4 sets
the damping, R4 = (0.1)(R3) for optimum results.

Af=fmax — frin

LOW-PASS FILTER

Definitions N = Total division ratio in feedback loop Filter A Filter B
K¢ = Vpp/7 for Phase Comparator 1
K¢ = Vpp/4 T for Phase Comparator 2 wn = IKq)KVCO o= I KeKyco
274 fyco NR3C2 " INC2(R3+R4)
Kveo = Vgp-2v

w N
Tt = =05 wy(R3Cy + )
for a typical design wp = — ! {at phase detector input) § 2KzKvco | ¢ wnlR3C2 KoKvCo

¢ =0.707 1 R3CoS+1
Fls) = ——— = 137l
8= s | P9 sirgeoriacaT
Waveforms
Phase Comparator 1 Phase Comparator 2

PCA 4

Vbbb l—-—l
L—-Vss P J|—.| Vss
Vo E VoH
) I
]

PCBn

[°)
e L L
o
< ——VoH VoH
PClout LI
I | l l I I I I D ”
Vou — VoL

[
—VoH Y L VoH
vCco,, PC2yt¢ 11
— VoL ———— VoL
— Vou
veo,,
— Vor

Note. for further information, see
(1) F Gardner, “‘Phase-Lock Techniques’’, John Wiley and Son, New York, 1966.
(2) G. S. Moschytz, “‘Miniature RC Fiiters Using Phase-Locked Loop’’, BSTJ, May, 1965.

{3) Garth Nash, ““Phase-Lock Loop Design Fundamentals', AN-535, Motorola Inc.

6-17




@ MOTOROLA

MC14568B

PHASE COMPARATOR AND
PROGRAMMABLE COUNTERS

The MC14568B consists of a phase comparator, a divide-by-4, 16, 64
or 100 counter and a programmable divide-by-N 4-bit binary counter (all
positive-edge  triggered) constructed with MOS  P-channel and
N-channel enhancement mode devices (complementary MOS) in a
monolithic structure

The MC14568B has been designed for use in conjunction with a pro-
grammable divide-by-N counter for frequency synthesizers and phase-
locked loop applications requinng low power dissipation and/or high
noise immunity

This device can be used with both counters cascaded and the output
of the second counter connected to the phase comparator (CTL high),
or used independently of the programmable divide-by-N counter, for
example cascaded with a MC14569B, MC14522B or MC145268 (CTL
low)
® Quiescent Current=5 0 nA typ/pkg @ 5V
® Supply Voltage Range=3.0to 18 V
® Capable of Driving Two Low-Power TTL Loads, One Low-Power

Schottky TTL Load or Two HTL Loads Over the Rated Tempera-

ture Range.

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS}

PHASE COMPARATOR
AND PROGRAMMABLE
COUNTERS

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

ORDERING INFORMATION

® Chip Complexity: 549 FETs or 137 Equivalent Gates MC14XXXB E”""‘ Denotes
L Ceramic Package
MAXIMUM RATINGS (Voltages referenced to Vgg) P Plastic Package
Rating Symbol Value A 5::::;:0':?::::
DC Supply Voltage Vbp -051t0 +18 ¢ Limited Operating
Input Voltage, All Inputs Vin -05to Vpp+ 05 Temperature Range
DC Input Current, per Pin in +10 mA
Operating Temperature Range — AL Device Ta -55to +125 °c TRUTH TABLE
CL/CP Device -40 10 +85
Storage Temperature Range Tstg -65 to +150 oc F G Duvision Ratio
Pin 10 Pin 11 of Counter D1
0 o 4
BLOCK DIAGRAM 0 1 16
F———————— —— 1 0 64
| l 1 1 100
PCin 14 O—f——wia Phase —__1_—013 PCout
| (Ref) Comparator The divide-by-zero state on the progre.ammable
8 ————+—=0121D divide-by-N 4-bit binary counter, D2, is illegal
I i
| [
: TG |
| | CTL HIGH CTL LOW
p
J b ! —011 G
zv 90— |
| Counter D1 |
cTL 150-——+ ] Oror
b I
‘ |
0" 30~ | 4Bt |
[ Programmable | 1Qucz
PE 20—t _Counter D2 |

Dp2 Dp1
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MC14568B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo Tiow" 25°C Thigh”
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 50 - 005 - 0 005 - 005 Vdc
Via Vpporo0 10 - 005 - 0 005 - 005
15 - 005 - 0 005 — 005
1" Level VoH 50 495 - 495 50 - 435 - Vdc
Vi, OorVpp 10 9 95 - 995 10 - 995 -
15 14 95 — 14 95 15 - 14.95 -
Input Voltage # 0" Level ViL Vdc
(Vo 450r05Vdc) 50 - 15 - 225 15 - 15
(Vo 90or10Vdc) 10 - 30 - 4.50 30 - 3.0
(Vo 1350r15Vdc) 15 — 40 = 675 40 - 40
“1” Level VIH
{Vo - 050r45Vdc) 50 35 - 35 275 - 35 - Vdc
{Vg - 100r90Vdc) 10 70 - 70 550 - 7.0 -
(Vo = 150r 13 5 Vdcl 15 10 - Mo 8 25 - 110 -
Output Drive Current (AL Device} 1oH mAdc
(VOH = 25 Vdc} Source 50 -12 - -10 -1.7 - ~0.7 -
(VoH 46 Vdc) 50 -025 - -02 -036 - -014 -
{VOH =95 Vdc) 10 -0.62 - -05 -09 - -035 -
(VoH = 13.5 Vdc) 15 -18 — -15 -3.5 -~ -1.1 -
(VoL =04 Vdc) Sink loL 50 064 - 051 [oR:1:} - 036 - mAdc
(VgL =05 Vdc) 10 16 - 13 225 - 09 -
(VoL = 15 Vdc) 15 42 - 34 88 .| - 24 -
Output Drive Current (CL/CP Device) loH mAdc
(VoH = 25 Vdc) Source 50 -10 - -08 -1.7 - -06 -
(VoH =4 6 Vdc) 50 -02 - -016 | -036 - -012 -
(VQH = 95 Vdc) 10 -05 - -04 | -o09 - -03 -
{VoH = 135 Vdc} 15 -1.4 — -12 -35 - -10 -
(VoL =04 Vdc) Sink oL 50 052 - 044 088 - 036 - mAdc
(VoL =05 Vde) 10 13 - 11 2.25 - 09 -
(VoL = 15 Vdc) 15 36 - 30 88 -~ 24 -
Input Current (AL Device) hn 15 - +01 - +0 00001 | 01 - 10 prAdc
Input Current (CL/CP Device) hin 15 - +03 - +0 00001 | +03 - 10 rAdc
Input Capacitance Cin - - - 50 75 - - pF
Quiescent Current (AL Device) DD 50 - 50 - 0.005 50 - 150 KAdc
(Per Package) Vin=0or Vpp, 10 - 10 - 0.010 10 - 300
lout=0 A 15 20 - 0.015 20 - 600
Quiescent Current {CL/CP Dewvice) DD 50 - 20 - 0005 20 - 150 uAdc
(Per Package) Vi =0 or Vpp. 10 - 40 - 0.010 40 — 300
lout=0 #A 15 - 80 - 0.015 80 - 600
Total Supply Current** 1 IT 50 IT = (0.2 wA/kHz} f + Ipp HAdc
{Dynamic plus Quiescent, 10 IT = (0.4 uA/kHzZ) f + Ipp
Per Package) 15 IT = (09 uA/kHz) f + Ipp
{C|_ - 50 pF on all outputs, all
buffers switching)
Three-State Leakage Current,Pins 1,13 L 15 - 0.1 - £0.00001| 0.1 - 3.0 kAdc
(AL Device)
Three-State Leakage Current,Pins 1,13 ITL 15 - +1.0 - +0.00001] 1.0 - +75 HAdc
(CL/CP Devices)

*Tiow -55°C for AL Device, -40°C for CL/CP Device
Thigh = *125°C for AL Device, +85°C for CL/CP Device
=Noise immunity specified for worst-case input combination
Noise Margin for both 1" and "0 level - 1 0 Vde min @ Vpp = 50 Vdc
20Vdemin®@ Vpp - 10 Vde
25Vdemin@ Vpp - 15 Vde
1To calculate total supply current at loads other than 50 pF
I7(CL) - 17180 pF) + 1 x 10-3 (C_ -50) Vppf
where |75 1n uA (per package), C_in pF, Vpp in Vdc, and f in kHz 15 input frequency
° “The formulas given are for the typical characteristics only at 25°C

FPin 15 1s connected to Vgg or Vpp for input voltage test.
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SWITCHING CHARACTERISTICS (C|_ =50 pF, To=25°C)

Charactenstic Symbo! Veo Min Tvp Max Unit
Output Rise Time tTLH 50 - 180 360 ns
10 - 90 180
15 — 65 130
Output Fall Time tTHL 50 - 100 200 ns
10 - 50 100
15 — 40 80
Minimum Pulse Width, C1, Q1/C2, or PCp Input twWH 50 - 125 250 ns
10 - 60 120
15 - 45 920
Maximum Clock Rise and Fall Time, tTLH. 50 15 - - us
C1, Q1/C2, or PCy Input tTHL 10 15 - -
15 15 — =
PHASE COMPARATOR
Input Resistance Rn |50to 15 — L 108 l — rMﬂ
Input Sensitivity, d¢ Coupled — 501015 See Input Voltage
Turn-Off Delay Time, tPHL 50 - 550 1100 ns
PCout and LD Outputs 10 - 195 390
15 = 120 240
Turn-On Delay Time, tPHL 50 - 675 1350 ns
PCout and LD Outputs 10 - 300 600
15 — 190 380
DIVIDE-BY-4, 16, 64 OR 100 COUNTER (D1)
Maximum Clock Pulse Frequency tel MHz
Oivision Ratio=4, 64 or 100 50 30 60 -
10 80 16 -
15 10 22 -
Dwvision Ratio=16 50 10 25 .
10 30 63 -
15 50 97 =
Propagation Delay Time, Q1/C2 Output tPLH. ns
Division Ratio=4, 64 or 100 tPHL 50 - 450 900
10 - 190 380
15 — 130 260
Dwision Ratio=16 50 - 720 1440
10 - 300 600
15 — 200 400
PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (D2)
Maximum Clock Pulse Frequency fel 50 12 18 - MHz
(Figure 3a) 10 30 85 -
15 40 12 —
Turn-On Delay Time, ““0"* Output tPLH 50 - 450 900 ns
(Figure 3a) 10 - 190 380
15 — 130 260
Tum-Off Delay Time, "0 Output tPHL 50 - 225 450 ns
* (Figure 3a) 10 - 85 170
15 — 60 150
Minimum Preset Enable Pulse Width twH(PE)} 50 - 75 250 ns
10 - 40 100
15 — 30 75
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — PHASE COMPARATOR
Alags B, PCqyq I8 10W. A leads B, PCq,q 15 high.

Voo Voo
F “0" gyt REF
10k
CTL
Dpg
—o-gp, PCout vcon
I oloh2  w PG1
Dp3 ’cﬁ cL
|-—0-{PC;p, T T
F
D
L:g G Qi/c2ro L
Pulse e
Generator 2 g
J PE
PCout
Vss
FIGURE 2 - COUNTER D1
Voo
t
iy W(C1}
Dpg PCoutlo
Dp,y
Dpy; LD}oO
Dp3
PCin
O4F aQvc2 -O__L
oG ¢
Pulse 1 ! I L
Generator rE g b0 =
vss
FIGURE 3 — COUNTER D2
TVoo a. b. ?VDD
oJor o{bp
olory Feouro 04Dpy PCout
O-Dpy Soe
[eg (o134 Lo o . Slor 1.
Qi/c2 ulse i
Generator 1 oc
PCin . .
F in ole
G O
[~3} 0
cTL 0
PE o O g
CL
J?"ss 1
OVss
RCL
N Pulses® ——]
tw(Q1/C2) a/c2 PGt

W(PE)

I
N\
_—

S

*N is the value programmed on tha Dp Inputs.
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PCin 14

c1 9o

B{Ref )

LOGIC DIAGRAM

13 PCoyt

=

L > o

B Counter D1

——o 1 Q1/C2

15 CTL

Counter D2

‘<}
FE
J <2 PE
c [ 1
Q
D
Vpp * Pin 16
Vgg = Pin8
4
5 6 7
D
P3 Op,y Dp, Dpg
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Typical Maximum Frequency Divider D1
Division ratios: 4, 64 or 100 (CL = 50 pF)

Typical Maximum Frequency Divider D1
Division ratio: 16 (CL = 50 pF)

~.

26 \\
N

¥ \

. AN

20 \\
\VDD =15V

\ Vpp =10V

1, FREQUENCY (MH2)

] Vop =5V
N o

s I

2

0

Y E—TY 0 2+ +60 +80

T, TEMPERATURE (°C)

f, FREQUENCY {MHy)

f, FREQUENCY (MHz)

1]
T
\

;

6

\\ |
—] Vgp =10V

\~

4

2 [t Vop =5V |

0 .

-40 -20 0 +20 +40 +60 +80 +100

T, TEMPERATURE {°C)

Typical Maximum Frequency Divider D2
Division ratio: 2 {CL = 50 pF)

6
5
N S~
~

\l \\ Vop =15V

. L N\
'\ I
[— Vpp=10V

Z \W \‘\

— Vpp=5V
! ————
0
-4 -0 0 +20 +40 +60 +80 +100

T, TEMPERATURE (°C)
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OPERATING CHARACTERISTICS

The MC14568B contains a phase comparator, a fixed
divider (+ 4, + 16, ~ 64, = 100) and a programmable
divide-by-N 4-bit counter.

PHASE COMPARATOR

The phase comparator is a positive edge controlled
logic circuit, 1t essentially consists of four flip-flops and
an output pair of MOS transistors Only one of i1ts inputs
(PCin, pin 14) is accessible externally. The second 1s
connected to the output of one of the two counters D1
or D2 {see block diagram).

Duty cycles of both input signals (at A and B} need not
be taken into consideration since the comparator responds
to leading edges only.

1f both input signals have identical frequencies but
different phases, with signal A (pin 14) leading signa!l B
(Ref.), the comparator output will be high for the time
equal to the phase difference.

1f signal A lags signal B, the output will be low for the
same time. In between, the output will be in a three-state
condition and the voltage on the capacitor of an RC filter
normally connected at this point wili have some inter-
mediate value (see Figure 4). When used in a phase locked
loop, this value will adjust the Voltage Controlled Oscil-
lator frequency by reducing the phase difference between
the reference signal and the divided VCO frequency to
zero.

FIGURE 4 — PHASE COMPARATOR WAVEFORMS

If the input signals have different frequencies, the out-
put signal will be highwhen signal B has a lower frequency
than signal A, and low otherwise.

Under the same conditions of frequency difference, the
output will vary between VgH (or Vi) and some inter-
mediate value until the frequencies of both signals are
equal and their phase difference equal to zero, i.e. until
locked condition is obtained.

Capture and lock range will be determined by the VCO
frequency range. The comparator is provided ‘with a lock
indicator output, which will stay at logic 1 in locked
conditions.

The state diagram (Figure 5) depicts the internal state
transitions It assumes that only one transition on either
signal occurs at any time. It shows that a change of the
output state is always associated with a positive transition
of either signal. For a negative transition, the output does
not change state. A positive transition may not cause the
output to change, this happens when the signals have
different frequencies.

DIVIDE BY 4, 16, 64 OR 100 COUNTER (D1)

This counter is able to work at an input frequency of
5 MHz for a Vpp value of 10 volts over the standard
temperature range when dividing by 4, 64 and 100. Pro-
gramming is accomplished by use of inputs F and G (pins
10 and 11) according to the truth table shown. Connect-
ing the Control input (CTL, pin 15) to Vpp allows cas-
cading this caunter with the programmable divide-by-N
counter provided in the same package. Independent
operation is obtained when the Control input is con-
nected to Vgs.

The different division ratios have been chosen to gen-
erate the reference frequences corresponding to the chan-
nel spacings normally required in frequency synthesizer
applications. For example, with the division ratio 100
and a 5 MHz crystal stabilized source a reference fre-
quency of 50 kHz is supplied to the comparator. The
lower division ratios permit operation with low frequency
crystals.

A (PC ) ] — Vss
| 1/t —| 1
| : VoH
1
8 (Ret.) ; ! Vou
| | VoH
|
o ¢ Vot
PCout _J'.-l_____ﬁ:— VoH
—— Vou
fnput State
X %
FIGURE 5 — PHASE COMPARATOR
STATE DIAGRAM A B

©

oo

Pcout

3 State
Output Disconnected

LD
(Lock Detect)

o 1 [}




MC14568B

If used in cascade with the programmable divide-by-N
counter, practically all usual reference frequencies, or
channel spacings of 25, 20, 12.5, 10, 6.25 kHz, etc. are
easily achievable.

PROGRAMMABLE DIVIDE-BY-N
4-BIT COUNTER (D2)

This counter is programmable by using inputs Dpg . . .

Dp3 (pins 7 ... 4). The Preset Enable input enables the
paralle! preset inputs Dpg ... Dp3 The 0" output must
be externally connected to the PE input for single stage
applications. Since there is not a cascade feedback input,
this counter, when cascaded, must be used as the most
significant digit. Because of this, it can be cascaded with
binary counters as well as with BCD counters (MC145698B,
MC14522B, MC145268).

TYPICAL APPLICATIONS

FIGURE 6 — CASCADING MC14568B AND MC 145228 OR MC145268 WITH MC145698B

, CF TF CF
no—|c a c aa c Qa awecz
MC 145698 Mc145228 Merssas MC 145688
R MC145268 MC 145268
Eout PE g PE oo ld e o
Opg— — — -DpP3 Dpo— — — .Dp3 Dpg— — — DpP3
2 o
tout
LsD MSD

FIGURE 7 ~ FREQUENCY SYNTHESIZER WITH MC 145688 and MC14569B USING A MIXER
(Channe! Spacing 10 kHz)

[
out
(40 kHz) PCin PCout % vco O
o C1 mcisssss SfF—OVss | M7 (144-146 MH2)
o- cTi F ov.
Vss 0" Q1/Cc2 ss
PE
Voo
Dpo -~ —Dra MC14011 T
F
MC145698 Cf Mixer
PEout
F ies shown in is are given as an example.
Crystal
Oscillator
(143.56 MHz)
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FIGURE 8 — FREQUENCY SYNTHESIZER USING MC145688, MC145698 AND MC145228
{Without Mixer) !

— Y fout
PC 1 —0
{5 MH2z) " o % vee
o c1 Sp~———0vpp
MC 145688
o- cTL F] Voo
(Vpp! |,_..°~ PE
] l
ss Voo c a CF ¢
OpPo~ — — -Dp3 MC145228 pg, MC145698
" out
0 PE (BCD) Binary
et q

N1 N2 N3
(0-5) {0-9) (0, 4, 8, 12)
{625 kHz steps) (62.5 kHz steps) (6.25 kHz steps)

Duvide ratio = 160N + 16N2 + N3

Example:

fout = N1 (MHz) + N2 (x100 kHz) + N3 (x25 kHz)
Frequency range = § MHz
Channel spacing = 25 kHz
Reference frequency = 6.25 kHz
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FIGURE 9 - TYPICAL 23 CHANNEL CB FREQUENCY SYNTHESIZER FOR DOUBLE CONVERSION TRANSCEIVERS

Receiver
Second Mixer

Receiver
First Mixer

e

26.966—27.255
(28.605) MHz

To Transmitter

(28.605) MHz

10.695 MHz
To 455 kHz
IF AMP
16.270-16.560 (17.910) MHz
Look Detector
MC145688
T
Reference . I ¢ Loop Low
+2 > = - - - v
Oscillator > 8 > 64 Tp Pass Fllter co
. - l
ID' N [owm:
10.24 MHz
x3 91-1.20 (2.55) MHz
N = 91-120 (255) MHz /
NOTE: -
1. 10 kHz Chsnnel Spacing +N Down L
2. e to 165 ( MC145268 Mixer
(Expanded frequency range ]
shown in parentheses)
15.36 MHz
/
e Oscill
scillator
———— 26.965—
e ¢ (Transmit Only) Mixer 26.966-27.255
Voo
]
ACvV D

10.695 MH2
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PLL FREQUENCY SYNTHESIZERS

The MC145104, MC145107, MC145109, and MC145112 are phase
locked loop (PLL) frequency synthesizer parts constructed with CMOS
devices on a single monohthic structure. These synthesizers find ap-
plications in such areas as CB and FM transceivers. The device contains
an oscillator/amplifier, a 210 or 211 divider chain for the oscillator
signal, a programmable divider chain for the input signal and a phase
detector The MC145104/5112 have circuitry for a 10.24 MHz oscillator
or may operate with an external signal The MC145107/5109 require the
external reference signal Several of the circuits provide a 5.12 MHz out-
put signal, which can be used for frequency tripling. A 29
(MC145109/5112) or 28 (MC145104/5107) programmable divider divides
the input signal frequency for channel selection. The inputs to the pro-
grammable divider are standard ground-to-supply binary signals Pull-
down resistors on these inputs normally set these inputs to ground
enabling these programmable inputs to be controlled from a mechanical
switch or electronic circuitry

The phase detector may control a VCO and yields a high level signal
when input frequency 1s low, and a low level signal when input frequen-
cy 15 high. An out of lock signal provided from the on-chip lock detector
with a 0" level for the out of lock condition

Wk
Single Power Supply "

Wide Supply Range: 4.5 to 12 V @‘\‘\3&
16 or 18 Pin Plastic Packages ¢ ‘
10.24 MHz Oscillator on CP@)

512 MHz Output @%

Programmable Dﬁ@n ‘ nary Input Selects up to 29
On-Chip Pull Down*Resistors on Programmable Divider Inputs

Selectable Reference Divider, 210 or 211

2
LN

MC145104
MC145107
MC145109
MC145112

CMOS MSI
(LOW-POWER COMPLEMENTARY MOS)
PLL
FREQUENCY SYNTHESIZERS

A\

P

5

o>

ﬁ@

1

P SUFFIX
PLASTIC PACKAGE
CASE 648
1B$
P SUFFIX
PLASTIC PACKAGE
CASE 707

NOT RECOMMENDED FOR NEW DESIGNS
PRODUCT BEING PHASED OUT

Closest equivalent is the MC145106

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields, however, it 1s
advised that normal precautions be taken
to avoid applhication of any voltage higher
than maximum rated voltages to this high
impedance circuit For proper operation it
1s recommended that V= and V. be
constrained to the range VSS < (V,,or
\

out < Voo
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MC145106

PLL FREQUENCY SYNTHESIZER

The MC145106 1s a phase locked loop (PLL) frequency synthesizer
constructed in CMOS on a single monolithic structure This synthesizer
finds applications in such areas as CB and FM transcewvers The device
contains an oscillator/amplifier, a 210 or 211 dwvider chain for the
oscillator signal, a programmable divider chain for the input signal and a
phase detector The MC145106 has circuitry for a 10 24 MHz oscillator
or may operate with an external signal The circuit provides a5 12 MHz
output signal, which can be used for frequency tripling A 29 program-
mable divider divides the input signal frequency for channel selection.
The inputs to the programmable divider are standard ground-to-supply
binary signals Pull-down resistors on these inputs normally set these in-
puts to ground enabling these programmable inputs to be controlled
from a mechanical switch or electronic circuitry

The phase detector may control a VCO and yields a hugh leve! signal
when input frequency 1s low, and a low level signal when input frequen-
cy1shigh Anout of lock signal 1s provided from the on-chip lock detec-
tor with a "0 level for the out of lock condition
® Single Power Supply
Wide Supply Range 45to 12V
Provision for 10 24 MHz Crystal Oscillator
5 12 MHz Output
Programmable Division Binary Input Selects up to 29
On-Chip Pull Down Resistors on Programmable Divider Inputs
Selectable Reference Divider, 210 or 211 (including—2)
Three-State Phase Detector
Pin-for-Pin Replacement for MM55106, MM55116
Chip Complexity 880 FETs or 220 Equivalent Gates

CMOS MSI

{LOW-POWER COMPLEMENTARY MOS)

PLL
FREQUENCY SYNTHESIZER

P SUFFIX
PLASTIC PACKAGE
CASE 707

BLOCK DIAGRAM

Osc,p Reference _("_D“OU(
Divide 29 or 210 7
Phase
Detector
n LD
Divide by N Counter 29 _ 1 _8
17{ 16|18 14I:3 12} 1) 10] 9
PO P1 P2 P3 P4 PS5 PG P7 P8
Vpp Pint
Vgs - Pin 18

PIN ASSIGNMENT

Oscin
Oscout
~2out
FS

¢ Detout
LD

P8
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MAXIMUM RATINGS (Voltages referenced to Vgg) This device contains circurtry to protect the
Rating Symbol Value Unit inputs against damage due to high static
DC Supply Voltage VoD “06t0 +12 v voltages or electric fields, however, 1t 1s
Tnput Voltage, All Inputs Vi ~05t Vpp +056 Y] adwvised that normal precautions be taken to
DC Input Current, per Pin ) 110 mA avoid apphication of any voltage higher than
Operating Temperature Range TA “20to +65 SC maximum rated voltages to this high impe-
Storage Temperature Range Tstg ~65 to + 150 5C dance circuit  For proper operation it 1s
recommended that Vi, and Vg be con-
ELECTRICAL CHARACTERISTICS strained to the range Vs < [Vin or Vout)
0 <
(TA=25°C Unless Otherwise Stated, Voltages Referenced to Vgg) = Voo
Vop All Types
Characteristic Symbol Vde Min Typ Max Unit
Power Supply Voltage Range VoD - 45 - 12 \
Supply Current {[o]5) 50 - 6 10 mA
10 - 20 35
12 — 28 50
Input Voltage 0" Level Vi 50 - - 15 \
10 - - 30
12 — — 36
“1" Level VIH 50 36 - -
10 70 - -
12 84 — —
Input Current "0 Level hin 50 -50| -20 -50 A
(FS, Pull-up Resistor Source Current} 10 -15 -60 | — 150
12 -20 | -80 | —200
(PO to P8) 50 - - -03
10 - - -03
12 - — -03
(FS} 1" Level 50 - - 03
10 - - 03
12 - - 03
(PO to P8, Pull-down Resistor Sink Current) 50 75 30 75

10 225 90 225
12 30 120 300

{0sc,n. fin) "0" Level 50 | -20 [ -60 -15
10 | -60| -25 ] -62
12 | -90| -37 | -®
{0scn.fin) “1" Level 50 | 20 | 60 | 15

10 60 25 62
12 90 37 92

Output Drive Current 10K mA
Vpo=45V] Source 650 | ~07 | -14 -
Vo=95V) 10 -11| -22 -
Vo=115V) 12 -15{ -30 -
(Vo=05V) Sink oL 50 09 18 -
Vo=05V) 10 14 28 -
Vo=05V) 12 20 40 —

Input Amplitude - Vp-p
tfh @ 40 MH2) - 10 02 - Sine
(Oscin @10 24 MKz} - 15 03

Input Resistance Pin MQ
(0scin. i)’ 50 - 10 -

10 - 05 -
12 — - —

Input Capacitance Cin pF
(Oscin. fin! - - 60

Three State Leakage Current loz A
(¢ Detgyp! 50 - - 10

10 - - 10
12 — — 10

Input Frequency fin 45 0 - 40 MHz
{—40°C to +85°C) 12 0 — 40

Oscillator Frequency Oscp 45 01 - 1024 | MHz
(—40°C to +85°C) 12 01 — 10 24
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TYPICAL CHARACTERISTICS

FIGURE 1 — MAXIMUM DIVIDER INPUT

FREQUENCY versus SUPPLY VOLTAGE

25
3
=2
o
é +250C
o« 15
E [
= +85°C -40°C
> 10
Z // /.
o
250 LA
5 P
0
0 10 20 30 40 50
fin, MAXIMUM FREQUENCY (MHz}
TRUTH TABLE
Selection
P8 |P7 | P6 | P5|P4a| P3| P2]P1| PO | DivideBy N
o|jlo|ofOo]JOojOfO]O}oO 2 {Note 1}
0ojo0ojJofojJOoOjo]JO}] O] 3 (Note 1}
ofofojlojlofojoOo|1]0O 2
ofofo|JOojOjO0|O0]| 1] 3
o|jojo|jo|joOofO0|]1}]0]0 4
Lo 2 U T A A N T I T O O | 255
111 LI L I T I O 1 511

1: Voltage level = Vpp
0 Voltage fevel = 0 or open circuit input

Note 1

The binary setting of 00000000 and 00000001 on

P8 to PO results 1n a 2 and 3 division which 1s not
in the 2N-1 sequence, When pin is not connected

the logic signal on that pin can be treated as a *’0"".

VDD, SUPPLY VOLTAGE (Vdc)
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FIGURE 2 — MAXIMUM OSCILLATOR INPUT
FREQUENCY versus SUPPLY VOLTAGE

b3
0
+259¢
15
+850¢C -40°C
10 ]
50 ,/ %
e
0
0 10 20 30 a0 5

0styn, MAXIMUM FREQUENCY (MHz)

PIN DESCRIPTIONS

PO — P8 — Programmable divider inputs (binary}

fin — Frequency input to programmable divider (derived
from VCO)

Oscjy — Oscillator/amplifier input terminal

Oscoyt — Oscillator/amplifier output terminal

LD — Lock detector, high when loop s locked,
pulses low when out of lock

@ Detgyy — Signal for control of external VCO, output high
when f,,/N 15 less than the reference frequency, output
low when f,5/N 1s greater than the reference frequency.
Reference frequency is the divided down oscillator -
input frequency typically 5.0 or 10 kHz.

FS — Reference Oscillator Frequency Division Select. When
using 10.24 MHz Osc frequency, this control selects
10 kHz, a "'0* selects 5.0 kHz.

=20yt — Reference Osc frequency divided by 2 output, when
using 10.24 MHz Osc frequency, this output s 5.12
MHz for frequency tripling applications.

Vpp — Positive power supply

Vgs — Ground
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PLL SYNTHESIZER APPLICATIONS

The MC145106 1s well suited for applications in CB radios
because of the channelized frequency requirements A
typical 40 channel CB transceiver synthesizer, using a single
crystal reference, 1s shown in Figure 3 for receiver IF values
of 10.695 MHz and 455 kHz

In addition to applications in CB radios, the MC145106 can
be used as a synthesizer for several other systems. Various
frequency spectrums can be achieved through the use of
proper offset, prescaling and loop programming techniques
In general, 300-400 channels can be synthesized using a
single loop, with many additional channels available when
multiple loop approaches are employed Figures 4 and 5 are
examples of some possibilities.

In the awrcraft synthesizer of Figure 5, the VHF loop (top)
will provide a 50 kHz, 360 channel system with 10 7 MHz
R/T offset when only the 110500 MHz (transmit) and
12.1200 MHz (receive) frequencies are provided to mixer #1.

FIGURE 3 — SINGLE CRYSTAL CB SYNTHESIZER FEATU

When these signals are provided with crystal oscillators, the
result Is a three crystal, 360 channel, 50 kHz step synthesizer.
When using the offset loop (bottom) in Figure 5 to provide
the indicated injection frequencies for mixer #1 (two for
transmit and two for receive) 360 additional channels are
possible This results in a 720 channel, 25 kHz step syn-
thesizer which requires only two crystals and provides R/T
offset capabiity The receive offset value i1s determined by
the 11 31 MHz crystal frequency and 1s 10 7 MHz for the
example.

The VHF marine synthesizer in Figure 4 depicts a single
loop approach for FM transeivers. The VCO operates on fre-
quency during transmit and 1s offset downward during
receive The offset corresponds to the recewver IF (10 7 MHz)
for channels having identical receive/transmit frequencies
(simplex), and 1s (10 7—4.6=6 1) MHz for duplex channels
Carrier modulation is introduced in the loop during transmit

RING ON-FREQUENCY VCO DURING TRANSMIT
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26 510- 26 950
MHz (receive)
Vpp Gnd
Switch
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Buffer 4 Mixer
16 270- 16 710
1365 1805 MHz ltransmit! 10240z | 162 o
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256 MHz
X5 Mixer



MC145106

FIGURE 4 — VHF MARINE TRANSCEIVER SYNTHESIZER

Gnd VoD X Lock Detect
| 1 A
} 29, 210 Transmit Range
4 f
HD' Divider 156 025 — 157 425 MHz
— > S
z g ég kHz Loop VCO and - 157 4
E 3 MC145106 6 9 kHa) Filter Buffer Recewer L O Range
o =} > S+ N29-1 Phase 145 575 — 152 575 MHz
- Detector *1513
Transmit
Programmable Inputs ~ Modulation ———»| Modulation
N=97 10 163 Circurt
*152
2425 — 3825
(4850 — 7650)
* 3800
| Buffer L . - .
Fiter [ Mixer [ = 10( + 5)
> Trpler 15 36 (30 72) ° Receive Offset |
Transmit Receive Oscillator
Slmplexi Duplex
14 29 14 75¢
(28 58} ]- lj—-‘] (29 50)
NOTES

* Recewver IF=107 MHz
Low Side Injection
Duplex Offset=4 6 MHz
Step Size=25 kHz
Frequencies in MHz unless
noted
Values in Parentheses are
for a 50 kHz Reference
Frequency
Example Frequencies for
Channel 28 Shown by *
#Can be eiminated by adding
184 to — N for Duplex
Channels

. e o s »
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FIGURE 5 — VHF AIRCRAFT 720 CHANNEL TWO CRYSTAL FREQUENCY SYNTHESIZER

A Lock Detect
L A
b =
29, 210 TRANSMIT
1024 Divider 118 000 — 135 975 MHz
MHz 50 Kz o Loop > VCO and - (25 kHz Steps)
MC145106 Filter Buffer
N K J_ Phase RECEIVE
+N29-1 128 700 - 146 675 MHz
Detector
I T
Vpp Gnd
VHF Loop
Programming
750 kHz — 2545 kHz Mixer < “10 c
N=150-509 1
Lock Detect Y TRANSMIT
1 A 11 0500 MHz
512 = 11.0525 MHz
MHz Ref 9 210 ﬁ/ RECEIVE
> Osc "’Dl;ze[ _L 12 1200 MHz
and +2 Loop VCO and 12 1225 MHz
Mcusios 28 K2 Fiter > Butfer
- 9_ _l_ Phase
N29-1 Detector
] 1 TRANSMIT
10100010 Vpp  Gnd Mixer | Amp < 1024 MHz
Offset Loop 9 « Osc
Programming l RECEIVE
11.31 MHz
810 kHz—-812 5 kHz

? (Select Frequency to Give
= Desired R/T Offset)
N=324-325
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MC145143

PLL FREQUENCY SYNTHESIZER

The MC1451431s a phase locked loop bullding block vanation of the
MC145106/MC145112 family. The device contains the oscillator
crcuitry required to operate with fundamental mode crystals to
10.24 MHz The oscillator circuitry 1s connected to the phase detector
through a divide-by-16 and a 29-1 divide-by-N counter. The reference
oscillator can be divided In steps of 16 between 32 and 8176 before
interfacing with the phase detector. The external input to the phase
detector requires a Vgg to Vpp signal and forces the phase-detector
output high if higher in frequency than the output of the divide-by-N
counter An out-of-lock signal 1s provided from the on-chip lock
detector with a Q" level for an out-of-lock condition
® Operation to 256 MHz
® 4510 12 V Operation
® Programmable Reference Diwvisions from 32 to 8176 {16x2 to

16 % 511)

® Three-State Phase Detection
® On-Chip Lock Detection

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

PLL
FREQUENCY SYNTHESIZER

a2

1

O

P SUFFIX
PLASTIC PACKAGE
CASE 648

N

Closest equivalent is the MC145106

NP
PIN ASSIGNMENT
“/
'—voo Vssf16
231, POE'S
3 tOsc,, P14
4 THOscqg,, ¢ P2[413
5 C4oDetgy, P12
6 CHLD PaF11
7 r8 [ ==RI:]
8 pr7 L] ==L}

This device contains circuitry to protect the
nputs against damage due to high static
voltages or electric fields, however, it 1s
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit For proper operationitis
recommended that Vin and Vgyut be
constraimned to the range Vssg (Vin or
Voutl © VDD
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@ MOTOROLA MC145144

4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER

The MC145144 1s one of a family of LS| PLL frequency synthesizer cmos Ls'
parts from Motorola CMOS. The family includes devices having serial, (LOW-POWER COMPLEMENTARY MOS)
parallel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase 4-BIT DATA BUS INPUT PLL
detector types and choice of reference divider integer values. * FREQUENCY SYNTHESIZER

The MC145144 1s programmed by a 4-bit input, with strobe and ad-
dress lines The device features consist of a reference oscillator, pro-
grammable reference divider, digital-phase detector, programmable

divide-by-N counter and the necessary latch circuitry for accepting the

4-bit input data. When combined with a loop filter and VCO, the

MC145144 can provide all the remaining functions for a PLL frequency

synthesizer operating up to the device's frequency limit For higher VCO

frequency operation, a down mixer or a fixed divide prescaler can be us-

ed between the VCO and MC145144, ﬁ
16

® Tallored for TV Tuning Applications

® Low Power Drain LS m P SUFFIX
CERAMIG pAC PLASTIC PACKAGE

® 30 to 90 Vdc Supply Range % af CASE 648

® >30 MHz Typical Input Capabiity @5 Vdc JK@%

® Programmable Reference Divider for Values Between 3584 and 38% QJ‘ PIN ASSIGNMENT

® On- or Off-Chip Reference Oscillator Operation @&W

® Single Modulus 4-Bit Data Bus Programming @ Voo [jre ' 18[] Vss
i 'ﬂ% 0SCnge  wfifn
® -+ N Range =4 to 4092 in Steps of Eight ‘ 0SCout s Wil Do
® “Linearzed" Digital Phase Detector | ansfer Function A0 [« 1 D1
Linearity _ N Al Qs 2] 2
® Pin-for-Pin Compatible k@ A2[le 1] D3
et sTQ7 0[] Test
W +5out[]s o[l PDout

NOT RECOMMENDED FOR NEW DESIGNS
PRODUCT BEING PHASED OUT

Closest equivalent is the MC145145-1
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@ MOTOROLA

MC145145-1

Advance Information

4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER

The MC145145-1 1s programmed by a 4-bit input, with strobe and ad-
dress lines The device features consist of a reference oscillator, 12-bit
programmable reference divider, digital-phase detector, 14-bit program-
mable divide-by-N counter and the necessary latch circurtry for accept-
ing the 4-bit input data. When combined with a loop filter and VCO, the
MC145145-1 can provide all the remaining functions for a PLL frequen-
cy synthesizer operating up to the device’s frequency imit For higher
VCO frequency operation, a down mixer or a fixed divide prescaler can
be used between the VCO and MC145145-1

The MC145145-1 offers improved performance over the MC145145,
The ac charactenstics have been improved and the input current re-
quirements have been modified

® General Purpose Applications.
CATV TV Tuning
AM/FM Radios Scanning Receivers
Two Way Radios Amateur Radio
Low Power Consumption
30to 90V Supply Range
On- or Off-Chip Reference Oscillator Operation
Single Modulus 4-Bit Data Bus Programming
-+ R Range=3 to 4095
-+ N Range=3 to 16383
“Lineanzed” Digital Phase Detector Enhances Transfer Function
Linearity

® Two Error Signal Options
Single Ended (Three State)
Double Ended

HIGH-PERFORMANCE
CMOs

LOW-POWER COMPLEMENTARY MOS
SILICON-GATE

4-BIT DATA BUS INPUT PLL
FREQUENCY SYNTHESIZER

MC145145L1 MC145145P1
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 726 CASE 707

PIN ASSIGNMENT

D2
D3
REFgout
1501 ¢R
1411 ¢y
138 LD
12§1 PDgyy
1My sT
0p A2

REFout 16_,4__ BLOCK DIAGRAM
0SCin G—K"l 12-B1t +R Counter
e AL A R EE R XN XX lock | 13 ,p
[ Latch4 T Latch5 T tlatch6 | Detect
oo 2
p1 L
18
D2
frled Phase
D3 z Detector 12 PDoyt
L f A
10 v
Az 9 Latch r
A1 =— Control }— Latches Vpp=Pin 6
A0 8 Circuitry Vgs=Pin 4
st 7
[ tetcho 1 Latch1 1 latch2 1 L3 Phase |4 gy
Delgctor | 15 oR

w

HER
YV Y Y YV YV YVYYVY
fin w 14-Bit + N Counter 1———

This document contains information on a new product Specifications and information herein
are subject to change without notice
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MAXIMUM RATINGS* (Voltages Referenced to Vgs)

Symbol Parameter Value Unit This device contains circuitry to protect
VbD DC Supply Voltage -05to +10 v the mpu'(s against dama?e due to high
X static voltages or electric fields, however,
V',n, l\lom :nput or'Output Voltage (DC or Transient) -05toVpp+05] V s advlsegd that normal precautions be
in lout nput or Output Current (DC or Transient), per Pin +10 mA taken to avoid applications of any voltage
IpD. Iss | Supply Current, Vpp or Vss Pins $30 mA higher than maximum rated voltages to
Po Power Dissipation, per Packaget 500 mw this high-impedance circuit  For proper
Tstg Storage Temperature ~65 to + 150 °C operation it 1s recommended that V| and
TL Lead Temperature (8-Second Soldering) 260 °C zoutslbve g?"\‘/s"a;”:s to the range
*Maximum Ratings are those values beyond which damage to the device may occur SUsnuse(;nmputgk::\ust aDlv?/ays be tied to
1F'ov«'/:‘T;SItJ'ncss’t;;ju'tr'c;ramcz(;‘zg::)er_a;uzri1 l\)/:/[itén{grom 65°C 10 85°C Zn appropriate logic voltage level (e g,
ither Vg or Vpp)
Ceramic 'L Package No derating
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
—40°C 25°C 85°C
Characteristic Symbol Vpp Min Max Min Typ Max Min Max Units
Power Supply Voltage Range Vpp - 3 9 3 - 9 3 9 \
Output Voltage OLlevel| VoL 3 - 005 - 0 001 005 - 005 \%
Vin=0V or Vpp 5 - 005 - 0001 005 - 005
lout=~0 A 9 - 005 - 0 001 005 - 005
1 Level | VoH 3 295 - 295 2999 - 295 -
5 495 - 495 4999 - 495 -
9 895 - 895 8999 - 895 —
Input Voltage 0 Level ViL 3 - 09 - 135 09 - 09 \
Vout=05VorVpp-05V 5 - 15 - 225 15 - 15
(All Outputs Except OSCqyy) 9 — 27 — 405 27 ~ 27
1level| ViH 3 21 - 21 165 - 21 -
5 35 - 35 275 - 35 -
9 63 — 63 495 - 63 —
Output Current IoH mA
Vout=27V Source 3 -044 - -035 -10 - -022 -
Vout=46V 5 -064 - -061 -12 - -036 -
Vout=856V 9 -130 — -100 | -20 - -070 -
Vout=03V Sink oL 3 044 - 035 10 - 022 -
Vout=04V 5 064 - 051 12 - 036 -
Vout=05V 9 130 - 100 20 - 070 —
Input Current — Other Inputs hin g9 — +03 — +000001] 01 - +10 uA
Input Current — f,n, 0SCpy hin 9 = +50 = + 10 +25 = +22 A
Input Capacitance Cin — - 10 - 6 10 - 10 pF
3-State Output Capacitance — Cout - - 10 - 6 10 .- 10 pF
PDout
Quiescent Current Ibo 3 - 800 - 200 800 - 1600 A
Vin=0VorVpp 5 - 1200 - 300 1200 - 2400
lout=0 pA 9 - 1600 - 400 1600 - 3200
3-State Leakage Current — PDgt loz 9 - +03 - +00001| 01 - +30 pA
Vout=0Vor9v
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SWITCHING CHARACTERISTICS (T =25°C, C| =50 pF)

Characteristic Symbol | Vpp Min Typ Max Units
Output Rise and Fall Time (Figures 1 and 6} tTLH. 3 — 60 140 ns
tTHL 5 - 40 8
9 - 30 60
Setup Times tsy 3 10 0 - ns
Data to ST (Figure 2) 5 10 0 -
9 10 0 -
Address to ST (Figure 2) 3 80 60 -
5 50 30 -
9 30 18 -
Hold Times th 3 25 10 - ns
Data to Strobe (Figure 2) 5 20 10 -
9 15 10 —
Address to Strobe (Figure 2) 3 35 15 -
5 25 10 -
9 20 10 -
Output Pulse Width twe 3 25 100 175 ns
¢R. oy with fg in 5 20 60 100
Phase with fy (Figures 3 and 6) 9 10 40 70
Input Rise and Fall Times t tf 3 - 20 5 s
0SCyp. fin (Figure 4) 5 - 5 2
9 — 2 05
Input Pulse Width tw 3 40 30 - ns
ST (Figure 5) 5 35 20 -
9 25 15 —
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GRAPH 1 — 0OSC, AND f,, MAXIMUM FREQUENCY VERSUS TOTAL DIVIDE VALUE

GRAPH1A — Vpp=3V

GRAPH 1B — Vpp=5V

T T 1 T
s [ [al 11 _ gpl Ta-25°C
z | Ta-25°C 1 = = Square Wave, Vpp VSS
: ul_— Square Wave, Vpp VSS 7 = 26— —Sine Wave, 500 mVp p L —
g — — Sine Wave, 500 mipp T 177 Z .7
] 4 H L~ 1
s 77 ] el s I
g 12 g 22 i
) 1/ S 20 z .
£ 0% £ Typical® W
g s 18 +
g ypical® ) g ~|
H 1 L -/l T I
€ 7 [—
g 8 g 14 1
£ E g N
£ PP i Lt e :
x 6 Guaranteed = 3 10 Guaranteed 37
£ p et Operating Regon | 1 1 £ 6 A L += 1 Recommended Operating Region
| 1 I }
4 5 6 Max 3 4 5 6 Max
Total Divide Value Total Divide Value
GRAPH1C — Vpp=9V
= 28 I I
] [
z 26 —Tvp:cal/‘ T= —=
g % =
=92 =
£ Ta=25°C
§ 20 —— Square Wave, Vpp VSS
S 18 — —Sine Wave, 500 mVp
5
5 16—
= e ——
Eq bor ot = T n dad fegio
S N N |
4 5 6 Max
Total Divide Value
GRAPH 2 — OSCjn AND f,n MAXIMUM FREQUENCY VERSUS TEMPERATURE FOR
SINE AND SQUARE WAVE INPUTS
GRAPH 2A — TOTAL DIVIDE VALUE=3, 4, OR5 GRAPH 2B — TOTAL DIVIDE VALUE=6
112
i 1063 IV
g 108 NI Ly > 1056 0
g bt s 4
£T 106 g — 1 35 1049 3
<2103 P VT - £33 1042 1
£5 100 S IR i
£ 5o AN
&e 097 27 1028 )
D S = N
g F 094 o gg 100 S
= E 00 NS £E 101 1S
=2 088 T 22 1w S v
5 y == .
2 o8 N i E 1000 o
082 t 0993
079 9V ¢
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80

Temperature (°C}

Temperature (°C)

* Data labelled “Typical”" i1s not to be used for design purposes, but 1s intended as an indication of the IC’s potental performance
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PIN DESCRIPTIONS

DATA INPUTS (Pins 2, 1, 18, 17) — Information at these
inputs Is transferred to the internal latches when the ST in-
put 1s in the high state Pin 17 (D3) 1s most significant

fin (Pin 3) — Input to — N portion of synthesizer fin 1s
typically derived from loop VCO and 1s AC coupled into Pin
3 For larger amphtude signals (standard CMOS-logic levels)
DC coupling may be used

Vgs (Pin 4) — Circuit Ground
Vpp (Pin 5) — Positive power supply

0OSCp, 0SCpyt (Pins 6 and 7) — These pins form an on-
chip reference oscillator when connected to terminals of an
external parallel resonant crystal Frequency setting
capacitors of appropriate value must be connected from
0SCyy to ground and 0SCqyt to ground OSCiny may also
serve as input for an externally-generated reference signal
This signal will typically be AC coupled to OSCp, but for
larger amplitude signals (standard CMOS-logic levels) DC
coupling may also be used In the external reference mode,
no connection is required to OSCqyt

ADDRESS INPUTS (Pins 8, 9, 10) — A0, Al and A2 are
used to define which fatch receves the information on the
data input ines The addresses refer to the following latches

A2 A1 AD Selected Function D0 D1 D2 D3
0 0 0 LatchO —N Bits o 1 2 3
0 0 1 Latchi — N Bits 4 5 6 7
0 1 0 Latch2 —N Bits 8 9 10 1N
0 1 1 Latch3 —N Bits 12 13 —
1 0 0 Latch4 ReferenceBits 0 1 2 3
1 0 1 Latchb ReferenceBits 4 5 6 7
1 1 0 \Latch6 ReferenceBits 8 9 10 11
1 - - - - - -

6-41

ST (Pin 1) — When high, this input will enter the data
that appears at the DO, D1, D2 and D3 inputs, and when low,
will latch that :nformation When high, any changes in the
data information will be transferred into the latches

PDgyt (Pin 12) — Three-state output of phase detector for
use as loop error signal
Frequency fy>fR or fy Leading Negative Pulses
Frequency fy < fR or fy Lagging Positive Pulses
Frequency fy =fR and Phase Coincidence High-
Impedance State

LD (Pin 13) — Lock detector signal High level when loop
1s locked (fR, fy of same phase and frequency) Pulses low
when loop 1s out of lock

¢V, ¢R (Pins 14 and 15) — These phase detector outputs
can be combined externally for a loop error signal A single-
ended output 1s also avallable for this purpose (see PDgyt)

If frequency fy 1s greater than fR or If the phase of fy 1s
leading, then error information 1s provided by ¢y pulsing
low ¢R remains essentially high

If the frquency fy is less than fR or if the phase of fy/ is lag-
ging. then error information 1s provided by ¢R pulsing low
¢y remains essentially high

If the frequency of fy=fr and both are in phase, then
both ¢y and ¢R remain high except for a small minimum
time period when both pulse low in phase

REFgyt (Pin 16) — Buffered output of on-chip reference
oscillator or externally provided reference-input signal




MC145145-1

SWITCHING WAVEFORMS

FIGURE 1 FIGURE 2
~ VoD
t t Dat.
gl lilae Rooss Ao
Any 90% Vgs
Qutput 10%
su th
-~ Vbp
ST 50%
vss
FIGURE 4

FIGURE3 ‘
' ’(_ ! _)i -~ VDD

e
@R, dpV* 50% 0SCyq, fin 90%
10%
Vvss

*frin phase with fy

FIGURE 6 — TEST CIRCUIT

FIGURES
Output

tw
-~ VoD
ST 50%
Device I
vss Under L
Test I
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PHASE LOCKED LOOP — LOW PASS FILTER DESIGN

Al PDoyro A AA -oVCOo XaKveo
Rq l wn = Z¢-veo
SRO— C NR1C

I r= Nwn

$vo - B 2KgKyco
1
Fisl = qes 73
B) PDg, O~ ‘\Q/\, —O VCO KeKvCO
1 wn = I/__.__
éRO Ry n NCI(R7 + Rp)
svo— £ =05, (ch+ N
cI KgKvco
: RoCS +1
= Fls) =2
S(R1C + RoCl + 1
R2
PDgyt O——
© out on = |/Kekvco
Ry ¢ n = NCRq
¢R O AAA !
:\1 > LA vCo
wpR2C
R1 I Pt Ly
2
R2
¢ Assuming gain A is very large, then

R2CS + 1
:_E Fis) = 2

R1CS

NOTE Sometimes R is split into two series resistors each R1—2 A capacitor C¢ Is then placed from the midpoint to ground to further filter
¢y and ¢ The value of C¢ should be such that the corner frequency of this network does not significantly affect wp

DEFINITIONS N = Total Division Ratio in feeaback loop
Kg = Vpp/4r for PDoyt
K¢ = VpD/2x for ¢y and R
2xAfyco
Kveo = ———==
AVvco
for a typical design wp = Z{OL' (at phase detector input},

¢ =1

RECOMMENDED FOR READING:

Gardner, Floyd M , Phaselock Techmques (second edition) New York, Wiley-Interscience, 1979

Manassewitsch, Vadim, Frequency Synthesizers Theory and Design (second edition) New York, Wiley-Interscience, 1980
Blanchard, Alain, Phase-Locked Loops Application to Coherent Receiver Design New York, Wiley-Interscience, 1976
Egan, William F , Frequency Synthesis by Phase Lock New York, Wiley-Interscience, 1981

Rohde, Ulnch L, Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983

Berlin, Howard M , Design of Phase-Locked Loop Circuits, with Experiments Indianapolis, Howard W Sams and Co , 1978
Kinley, Harold, The PLL Synthesizer Cookbook Blue Ridge Summit, PA, Tab Books, 1980
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FIGURE 7 — PHASE DETECTOR OUTPUT WAVEFORMS

" [ ] [ ] [ ]

Reference
(Osc + R)

fy
Feedback
thn + N)

Pp Out

R

LY

LD

i

NOTE' The Pp output state 1s equal to either Vpp or Vgg when active  When not active, the output s high impedance and the voltage at that
pin is determined by the low pass filter capacitor
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APPLICATIONS

The features of the MC145145-1 permit bus operation with
a dedicated wire needed only for the strobe input In a
microprocessor-controlled system this strobe input 1s ac-
cessed when the phase lock loop I1s addressed The remain-
ing data and address inputs will directly interface to the
microprocessor’s data and address buses

The — R programmability 1s used to advantage in Figure
8 Here, the nominal — R value 1s 3667, but by programming

small changes In this value, fine tuning 1s accomplished Bet-
ter tuning resolution 1s achievable with this method than by
changing the + N, due to the use of the large fixed prescal-
ing value of + 256 provided by the MC12071

The two loop synthesizer, in Figure 9, takes advantage of
these features to control the phase locked loop with a
minimum cof dedicated lines while preserving optimal loop
performance Both 25 Hz and 100 Hz steps are provided
while the relatively large reference frequencies of 10 kHz or
10 1 kHz are maintained

FIGURE 8 — TV/CATV TUNING SYSTEM

358105 MHz
0
Tuner I
Or =
CATV »| MC12071 A
Front Prescaler MC145145-1 V‘ * "% MC1458
End ref
A
: ] 1 1 ] l
Address Data MC14511 MC14511
Keyboard < MC146805
Microcomputer
LED Displays [J
| I ]
| I—
r——-—--"-"""-"—---—-—-— - - - -—_—_——_-—-—_-—-—-—-"-—_—— e = = — = i
|
| L
| v MC14046
| * FSK |
! MC14457 Decoder :
—VW—Y¢
| q [
| |__ |
MC3310
: : B |
| ” A e |
| = 1/6 14069 |
I Key = % I
| Board 1
! +V Remote Control Section |
b e e e e e e o  — e o ——— —————— . —— — 2
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919

FIGURE 9 = TWO-LOOP SYNTHESIZER PROVIDES 25 AND 100 Hz FREQUENCY STEPS WHILE MAINTAINING HIGH DETECTOR
COMPARISON FREQUENCIES OF 10 AND 10.1 kHz _

7 9996 1o 32 0184 MH2

{100 Hz Steps)

19999 to 8 0046 MHz
(25 Hz Steps)

> vCo, |

-4

AN

4
Address & Data

Chip Select

N

To Controlier

A

10 1000
mH O3 X
7 = 16 13
0SCout REFout LD
6 12
2 OSCin PDout ~
—————o—{ D0 -
= ! - ~ Loop 1
= ———oD1
18 L /: Filter
52 MC145145-1 on 2ol 7
ro— D3 Loop 1 14 A
8 ¢v I — o
A0
9
T 1 39996 10 4 9995 MHz
3 and
A2 fn1 <—
1 st Voo Vs ° 16 0085 to 17 0084 MHz \)(
] 5 2 (10 1 kHz Steps)
Choice of
Detector
Error
Signals
7T Tm T13
6] OSCout REFout LD 12
03losc,n PDout ~
Do \> »| Loop2 VCO
! D1 ~ Filter ] 2
o2 oR2 s
l—o
17 MC145145-1 14 7
M 3 D3 Loop 2 ¢v—o
AQ
9
0— Al
10 3
A2 tin 2 p——o=
ST VpD Vss
1 L 5 l 4
\ VL !L Yy Y }

4 000 to 15 0100 MHz
{10 kHz Steps}

NOTES 1 Table 1 provides program sequence for the + N1 (Loop 1) and ~N2 (Loop 2) Counters

2. +R1=1000, f{g1=10 1 kHz, + R2=1010, fR2=10 kHz

3 fyco1=NUIR1) + N2(fg2) = N1{fR2 + Af) + N2(fg2) where Af=100 Hz
4 Other fRy and fR2 values may be used with appropriate +N1 and + N2 changes
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TABLE 1 — PROGRAMMING SEQUENCE FOR TWO-LOOP SYNTHESIZER OF FIGURE 9

~N1 fin1 (MH2) ~N2 fvco2 (MHz) fvco1 (MHz)
3% T 399% 200 40000 7.999%
AT 3&;7 "B 4 oim 3?9 39900 7 9997
1 495 L4 9995 301 30100 8 0035
T f 401 40100 800%
oA g 4(';0 4.0000 8 0097
J 302 30200 80195
? 402 40200 8019
g g e 4(;1 g 40100 80197
303 30300 8 0295

Increasing
In 100 Hz Steps
1500 15 0000 19 99%
1600 16 0000 19 99%
e s 1599 15 9900 19 9997
A B *
l } 1501 15 0100 20 0095
1 1585 1 16 0085 20 0085
g 1588 g 160186 20 0086
} 1684 1 17 0084 20 0184
j ? 20 0185
g apr 20.0186
‘ “C D" 20 0284
Increasing

In 100 Hz Steps

32.0084

32.0085

g ag 32 0086
J l 32.0184
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a
reference frequency to Motorola’s CMOS frequency syn-
thesizers The most desirable 1s discussed first

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially available temperature-compensated crystal
oscillators (TXCOs) or crystal-controlled data clock
oscillators provide very stable reference frequencies. An
oscillator capable of sinking and sourcing 50 pA at CMOS
logic levels may be direct or dc coupled to OSC . In general,
the highest frequency capability 1s obtained utilizing a direct-
coupled square wave having a rail-to-rail {Vpp to Vgs)
voltage swing. If the oscillator does not have CMOS logic
levels on the outputs, capacitive or ac coupling to OSCin
may be used OSCqyt, an unbuffered output, should be left
floating.

For additional information about TXCOs and data clock
oscillators, please contact” Motorola Inc , Component Pro-
ducts, 2653 N Edgington St , Franklin Park, IL 60131, phone
(312) 451-1000.

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscillator applications, such
as the MC12060, MC12061, MC12560, or MC12561 MECL
devices. The reference signal from the MECL device 1s ac
‘coupled to OSCin For large amplitude signals (standard
CMOS logic levels), dc coupling 1s used. OSCqyt, an unbuf-
fered output, should be left floating In general, the highest
frequency capability 1s obtained with a direct-coupled square
wave having rail-to-rail voltage swing

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (a digital inverter) along with an ap-
propriate crystal may be used to provide a reference source
frequency A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure A

For Vpp=5 V, the crystal should be specified for a
loading capacitance, C|, which does not exceed 32 pF for
frequencies to approximately 8 MHz, 20 pF for frequencies in

the area of 8 to 15 MHz, and 10 pF for higher frequencies.
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping varia-
tions in stray and IC input/output capacitance, and realistic
C values. The shunt load capacitance, C|, presented across
the crystal can be estimated to be.

_ CinCout C1.C2
L=t Cout” 2T CO* T2
where Cip = b pF (see Figure C)
Cout = 6 pF (see Figure C)
Cay = b pF (see Figure C)
Co = The crystal's holder capacitance
{see Figure B}
Cland C2 = External capacitors {see Figure A)

The osciltator can be “tnmmed” on-frequency by making
a portion or all of C1 variable. The crystal and associated
components must be located as close as possible to the
0SCip and OSCoyt pins to minimize distortion, stray
capacitance, stray inductance, and startup stabilization time.
In some cases, stray capacitance should be added to the
values for Cin and Coyt

Power 1s dissipated in the effective sernies resistance of the
crystal, Rg, 1n Figure B. The drive level specified bv the
crystal manufacturer 1s the maximum stress that a crystal can
withstand without damage or excessive shift in frequency
R11n Figure A limits the drive fevel The use of R1 may not be
necessary 1n some cases, ( e R1=0 ohms

To venfy that the maximum dc supply voltage does not
overdrnive the crystal, monitor the output frequency as a
function of voltage at OSCqyt {Care should be taken to
mintmize loading ) The frequency should increase very
shightly as the dc supply voltage Is increased An overdriven
crystal will decrease in frequency or become unstable with
an increase In supply voltage The operating supply voltage
must be reduced or R1 must be increased in value if the over-
driven condition exists The user should note that the
oscillator start-up time s proportional to the value of R1.

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have
developed expertise iIn CMOS oscillator design with crystals
Discussions with such manufacturers can prove very helpful.
See Table A

TABLE A — PARTIAL LIST OF CRYSTAL MANUFACTURERS

NAME

ADDRESS PHONE

United States Crystal Corp
Crystek Crystal
Statek Corp

3605 McCart St, Ft Worth, TX 76110
1000 Crystal Dr, Ft Myers, FL 33906
512 N Main St, Orange, CA 92668

(817} 921-3013
(813) 936-2109
(714) 639-7810

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp
Technical Note TN-7, Statek Corp
E Hafner, “The Piezoelectric Crystal Unit - Definitions and

Method of Measurement”, Proc IEEE, Vol 57, No 2, Feb ,
1969

D. Kemper, L Rosine, “Quartz Crystals for Frequency

Control”, Electro-Technology, June, 1969

P J Ottowtz, "’A Guide to Crystal Selection”, Electronic

Design, May, 1966
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FIGURE A — PIERCE CRYSTAL OSCILLATOR CIRCUIT

r——————— ————
l Rt Frequency 1
I ANN Synthesizer ‘
, |
| K |
I |
- - ] _—
0SCin 0SCout
R1*

*May be deleted 1n certain cases See text

FIGURE B — EQUIVALENT CRYSTAL NETWORKS

Rs Ls Cs

E

o—i[Jo

] —

Co

Values are supplied by crystal manufacturer (parallel resonant crystal

FIGURE C — PARASITIC CAPACITANCES
OF THE AMPLIFIER

|
=77 Cn 27 Cout
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MC145146-1

Advance Information

4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER

The MC145146-1 1s programmed by a 4-bit input, with strobe and ad-
dress ines The device features consist of a reference oscillator, 12-bit
programmable reference divider, digital phase detector, 10-bit program-
mable divide-by-N counter, 7-bit divide-by-A counter and the necessary
latch circuitry for accepting the 4-bit input data When combined with a
loop filter and VCO, the MC145146-1 can provide all the remaining func-
tions for a PLL frequency synthesizer operating up to the device's fre-
quency mit For higher VCO frequency operation, a down mixer or a
dual modulus prescaler can be used between the VCO and the
MC145146-1

The MC145146-1 offers improved performance over the MC145146
Modulus Control output drnive has been increased and the ac
characteristics have been improved. The input current reguirements
have also been modified
® General Purpose Applications

CATV

AM/FM Radios

Two Way Radios
Low Power Consumption
301090V Supply Range
Programmable Reference Divider for Values Between 3 and 4095
On- or Off-Chip Reference Oscillator Operation
Dual Modulus 4-Bit Data Bus Programming
-+ N Range=3 to 1023, -+ A Range=0 to 127
"Lineanized” Digital Phase Detector Enhances Transfer Function
Linearity
Two Error Signal Options

Single Ended (Three State)

Double Ended
® Chip Complexity 5692 FETs or 1423 Equivalent Gates

TV Tuning
Scanning Receivers
Amateur Radio

HIGH-PERFORMANCE
CMOS

LOW-POWER COMPLEMENTARY MOS
SILICON-GATE

4-BIT DATA BUS INPUT PLL
FREQUENCY SYNTHESIZER

20
MC145146L1 MC145146P1
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 732 CASE 738

PIN ASSIGNMENT

Ner
0oy
0 fy
IModulus Control
oD
AsT
NA2

8
0SCout EEEEEEEERENX
[ v 7 w6 ) L7 ]
2 Lock 13
D1
%
Lyl Phase
03 Detector -5 PDout
a2l A
10 Latch
Al Control  [— Latches
A0 9 Circurtry
st 12—
Ce T o _Twe] ] 15 4y
‘ ‘ ‘ ‘ Li *JJ ‘ Phase |16 oV
Det
fin 3 10-Bit +~N Counter + A Counter © gc(or L7 q
Vpp=Pin6
_ Control 14 Modul
Vss=Pin4 Logic ng‘f‘rgls

This document contains information on a new product Specifications and information herein
are subject to change without notice
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MC145146-1

MAXIMUM RATINGS#* (Voltages Referenced to Vgs)

Symbol : . Parameter , Value Unit This device contains circuitry to protect
Vb DC Supply Voltage -051t0 +10 v the nputs against damage due to high
Vin, Vout] !nput or Output Voltage (DC or Transient) -05t0Vpp+05] V static voltages or efectnic fields, however,
1 I ) C OCorT m P 10 A it ts advised that normal precautions be
in. lout | Input or Output Current (DC or Transient), per Pin t m taken to avoid applications of any voltage
IDD. Iss | Supply Current, Vpp or Vsg Pins +30 mA higher than maximum rated voltages to
Pp Power Dissipation, per Packaget 500 mwW this high-impedance circuit For proper
Tstg | Storage Temperature —65to + 150 °C operation it 1s recommended that V,, and
T Lead Temperature (8-Second Soldering) 260 °C xouts R;f gor\!/stra;r;es to the range
r

*Maximum Ratings are those values beyond which damage to the device may occur SUSnuseénmpu,gur:ms, ;)Iv?ays be tied to
tPower DISS‘!D?’(IOH Temperature Deri;llng . i an appropriate logic voltage level (e g ,

Plastic “P"* Package ~12 mW/°C from 65°C 10 85°C etther Vgg or Vpp!

Ceramic 'L Package No derating

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

—40°C 25°C 85°C
Characteristic Symbol | Vpp Min Max Min Typ Max Min Max Units

Power Supply Voltage Range Vbp — 3 9 3 — 9 3 9 \

Output Voltage Olevel | VoL 3 - 005 - 0001 005 - 005 v
Vin=0VorVpp 5 - 005 - 0001 005 - 005
tout=0 pA 9 — 005 — 0 001 005 — 005

1 Level | VoH 3 2% - 295 2999 - 295 -
5 495 - 495 4999 - 495 -
9 8 95 — 8 95 8999 — 895 —

Input Voltage Olevel | VL 3 =~ 09 - 135 09 - 09 \
Vout=05VorVpp-05V 5 - 15 - 225 15 - 15
(All Outputs Except OSCqyt) 9 ~ 27 - 405 27 — 27

1levell Viy 3 21 - 21 165 - 21 -
5 35 - 35 275 - 35 -
9 63 - 63 495 — 63 —

Output Current — Modulus Control| Ion mA
Vout=27V Source 3 -060 - -050 -15 - -030 -
Vout=46V 5 -0%0 - -075 | -20 - -050 -
Vout=85V 9 -150 — -1256 | -32 — -080 —
Vout=03V Sink | oL 3 130 - 110 50 - 066 -
Vout=04V 5 190 - 170 60 - 108 -
Vout=05V 9 380 — 330 100 — 210 —

Output Current — Other Outputs loH mA
Vout=27V Source 3 -044 - -035 -10 - -022 -
Vout=46V 5 -064 - -051 -12 - -036 -
Vout=85V 9 -130 - -100 f -20 - -070 —
Vout=03V Sink | oL 3 044 - 035 10 - 022 -
Vout=04V 5 064 - 051 12 - 036 -
Vout=05V 9 130 — 100 20 = 070 —

Input Current — Other Inputs lin 9 ~ +03 — +000001 +01 — +10 pA

Input Current — f,n, OSCjn In 9 ~ +50 — +10 +25 - +22 A

Input Capacitance Cin - ~ 10 - 6 10 - 10 pF

3-State Output Capacitance — Cout - ~ 10 - [ 10 - 10 pF
PDout

Quiescent Current Ipp 3 -~ 800 - 200 800 - 1600 A
Vip=0V or Vpp 5 - 1200 - 300 1200 - 2400
lout=0 A 9 ~ 1600 - 400 1600 - 3200

3-State Leakage Current — PDgyt loz 9 - +03 - +00001| +01 - +30 #A
Vout=0Vor9Vv
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SWITCHING CHARACTERISTICS (T =25°C, C| =50 pF)

Characteristic Symbol DD Min Typ Max Units
Output Rise Time, Modulus Contro! (Figures 1 and 7) tTLH 3 - 50 15 ns
5 - 30 60
9 — 20 40
Qutput Fall Time, Modulus Control (Figures 1 and 7) ATHL 3 - 25 60 ns
5 - 17 34
9 - 15 30
Output Rise and Fall Time, Other Outputs (Figure 1) tTLH. 3 -~ 60 140 ns
TTHL 5 -~ 40 80
9 - 30 60
Propagation Delay Time tPLH. 3 - 55 125 ns
fin to Modulus Control (Figures 2 and 7) tPHL 5 - 40 - 80
9 - 25 50
Setup Times tsu 3 10 0 - ns
Data to ST (Figure 3) 5 10 0 -
9 10 0 —
Address 1o ST (Figure 3} 3 80 60 -
5 50 30 -
9 30 18 —
Hold Times ) th 3 35 15 - ns
Address to ST {Figure 3) 5 25 10 -
9 20 10 —
Data to Strobe (Figure 3) 3 25 10 -
5 20 10 -
9 15 10 -
Output Pulse Width, ¢R, ¢y with frin wo 3 25 100 175 ns
Phase with fy (Figures 4 and 7) 5 20 60 100
9 10 40 70
Input Rise and Fall Times tr, tf 3 - 20 5 us
0SCip. fin, ST (Figure 5} 5 - 5 2
' 9 — 2 05
Input Pulse Width ST, {Figure 6} tw 3 40 30 - ns
5 35 20 -
9 25 15 -
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GRAPH 1 — 0OSC,; AND fi MAXIMUM FREQUENCY VERSUS TOTAL DIVIDE VALUE

GRAPH1A — Vpp=3V GRAPH1B — Vpp=5V
Y O I
= TA=25°C _A = [ Square Wave, Vpp VSS
= [~ ——Square Wave, Vpp VSS 4 g 26—~ —S:\e Wave, S(JIJDmVs
> W— V4 > ' e e
z — — Sine Wave, 500 mVpp ~ 177" T — ]
g 8§
) A g 2 - L
= 1/ = 4 /]
_E " | A E‘ Typical® A 4
4 Typcal® [~ 1 g e v P
E 2 M g =T
8 E o
g 3 14 .
] £ |~ ~T
2 =4 El —
= 6 " - 3 Guaranteed -
= ] 210 o — = ~
£ 4 [ Jot= [ Dperating Region N I = e T Recumnm’ ded Operating Region .
P Ll L b i : AR -
3 4 5 6 Max 4 5 6 Max
Total Divide Value Total Divide Value
GRAPH1C — Vpp=9V
g 28
< 26}— Typical” =
= &
S 24
s -
< 22 =
g Ta-25°C
g 20 —— Square Wave, V0D VsS
2 18 — = Sine Wave, 500 mVp p
£ -
= B I p 5
= b o o =
E 12 e o R Gperating Region:
T T O &
4 5 6 Max
Total Dvide Value
GRAPH 2 — OSCj, AND fj MAXIMUM FREQUENCY VERSUS TEMPERATURE FOR
SINE AND SQUARE WAVE INPUTS
GRAPH 2A — TOTAL DIVIDE VALUE=3, 4, OR5 GRAPH 2B — TOTAL DIVIDE VALUE=6
112 1063
> 109 3k 1oss v
g 9 =3 > 56 v
2 ~h S :
53108 5y I g 106 )
<= 10319V -y £33 1042 S
£ 10 = Eg 1oy
&% 09 g% 102 X
- D o 2 \‘
§F 09 g E% 1.021 S
= w ‘L % \\
,g g 091 N ~%\5 5E 1.014 <
=2 088 —Fev— =5 100 < 3v
E o085 1 E om0 o
082 1 0993
079 8y
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
Temperature {°C) Temperature {°Cl

* Data labelled “Typical” 1s not to be used for design purposes, but ts intended as an indication of the IC’s potential performance
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PHASE LOCKED LOOP — LOW-PASS FILTER DESIGN

Al PDoyt AN _L oVCo veo
. Rl )
®RO—— CI wN ———ch‘
OV Omme = § = 0.5wN (N/KgKyco!
Fle) = —
RICS + 1
8 PDout & MV © VCO
1
SRO— RZ%
- KgKvco
* “N = Vm:(m T R2)
T
= $ = 0.5wN (R2C + N/KgKyco!
Flsh =——2CS + 1 ___
S(RIC + R20) + 1
R2
V) PDgyy O— o
A1 ¢ “N = NCR1
$R O AN, o
oV WA vCo
_ wNR2C
A1 =
2
R2
C Assuming gain A s very large, then
L _ R2CS 4+ 1
= Fis) = = 5ics

NOTE' Sometimes R1s split into two senes resistors each R1+2 A capacitor C¢ 1s then placed from the midpeint to ground to further filter ¢y and
®R The value for C¢ should be such that the corner frequency of this network does not significantiy affect wN X

DEFINITIONS. N = Total Dwvision Ratio in feedback loop
K¢ = Vpp/4x for PDoyt
K¢ = Vpp/2x for ¢y and ¢R
2xalyco
Kveo = ——==
avvco

for a typical design wN & {2x/10) f; (at phase detector input)
F = . ,
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FIGURES
PHASE DETECTOR OUTPUT WAVEFORMS

fR
Reference
{Osc + R)

fy
Feedback
fn + N)

Pp Out

@R

(Y

LD

NOTE The Pp output state Is equal to either Vpp or Vg when active  When not active, the output is high impedance and the voltage at that
pin is determined by the low pass filter capacitor
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PIN DESCRIPTIONS

DATA INPUTS (Pins 2, 1, 20, 18) — Information at these
inputs Is transferred to the tnternal latches when the ST in-
put is In the high state Pin 19 (D3) 1s most significant

fin (Pin 3) — Input to +N portion of synthesizer fin 1s
typically denved from loop VCO and 1s AC coupled into Pin
3 For larger amplitude signals (standard CMOS-logic levels),
DC coupling may be used

Vss (Pin 4) — Circuit Ground

PDgyt (Pin 6) — Three-state output of phase detector for
use as loop error signal

Frequency fy > {R or fy Leading Negative Pulses

Frequency fy <fR or fv Lagging Positive Pulses

Frequency fy =fR and Phase Coincidence High-
Impedance State

VDD (Pin 6) — Positive power supply

0SCip, 0SCout (Pins 7 and 8) — These pins form an on-
chip reference oscillator when connected to terminals of an
external parallel resonant crystal Frequency setting
capacitors of appropriate value must be connected from
0SCjy to ground and OSCqyt to ground OSCyp, may also
serve as input for an externally-generated reference signal
This signal will typically be AC coupled to OSCip, but for
larger amplitude signals {standard CMOS-logic levels) DC
coupling may also be used In the external reference mode,
no connection is required to OSCqyt.

ADDRESS INPUTS (Pins 9, 10, 11) — A0, A1 and A2 are
used to define which latch receives the information on the
data input lines The addresses refer to the following latches

A2 A1 A0 Selected Function DO D1 D2 D3
0 0 0 LlatchO +~A Bits 0o 1 2 3
0 0 1 \Llatch! +A Bits 4 5 6 -
0 1 0 Llatch2 +N Bits o 1 2 3
0 1 1 latch3 +N Bits 4 5 6 7
1 0 0 Latch4 +N Bits 8 9 - -
1 0 1 Latch5 ReferenceBts 0 1 2 3
1 1 0 Latch6 ReferenceBits 4 5 6 7
1 1 1 Latch7 ReferenceBits 8 9 10 11

ST (Pin 12) — When high, this input will enter the data
that appears at the DO, D1, D2 and D3 inputs, and when low,
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will latch that information When high, any changes in the
data information will be transferred into the latches

LD (Pin 13) — Lock detector signal High level when loop
1s locked (fR, fy of same phase and frequency) Pulses low
when loop is out of lock

MODULUS CONTROL {Pin 14} — Signal generated by the
on-chip control logic circuitry for controlting an external dual
modulus prescaler The modulus control level will be low at
the beginning of a count cycle and will remain fow until the
— A counter has counted down from its programmed value
At this time, modulus control goes high and remains high
until the — N counter has counted the rest of the way down
from 1ts programmed value (N-A additional counts since
both — N and ~ A are counting down during the first portion
of the cycle) Modulus control I1s then set back low, the
counters preset to their respective programmed values, and
the above sequence repeated This provides for a total pro-
grammable divide value (NT)=NeP+ A where P and P+1
represent the dual modulus prescaler divide values respec-
uvely forhigh and low modulus contro! levels, N the number
programmed nto the =N counter and A the number pro-
grammed into the — A counter

fv (Pin 18) — This is the output of the ~ N counter that is
internally connected to the phase detector input With this
output available, the — N counter can be used independent-
ly

oV, ¢R (Pins 16 and 17) — These phase detector outputs
can be combined externally for a loop error signal A single-
ended output I1s also available for this purpose (see PDgyy)

If frequency fy 1s greater than fR or If the phase of fv I1s
leading, then error information 1s provided by ¢y pulsing
low ¢R remains essentially high

If the trquency fy 1s less than fR or if the phase of fy 1s lag-
ging, then error information 1s provided by ¢R pulsing low
@y remains essentially high

If the frequency of fy=fR and both are in phase, then
both ¢y and ¢R remain high except for a small mimimum
time penod when both puise low in phase.

fR (Pin 18) — This 1s the output of the ~ R counter that s
internally connected to the phase detector input With this
output available, the —~ R counter can be used independent-
ly
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SWITCHING WAVEFORMS

FIGURE 1
tTLH |<—— THL -»i
Any 90%
QOutput 10%
FIGURE3
Data or — VDD
Address  50%
Vss
tsy th
—VpD
ST 50%
Vss
FIGURE5
i fe— 1 —>|
ST 90% — VoD
0SCn. fin
10%
Vss

FIGURE 2
VoD
fin  50%
—Vss
tPLH tPHL
Modulus
Control 50%
FIGURE 4
twe
PR, SV* 50%
*fr1n phase with fy,
FIGURE 6
le tw |
—VpD
ST 50%
Vss

FIGURE 7 — TEST CIRCUIT

Device
Under
Test

n

Output

CL
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APPLICATIONS

The features of the MC145146-1 permit bus operation with
a dedicated wire needed only for the strobe input In a
microprocessor controlled system this strobe input I1s access-
ed when the phase lock loop Is addressed. The remaining
data and address inputs will directly Interface to the
microprocessor's data and address buses

The device architecture allows the user to establish any In-
teger reference divide value between 3 and 4095 The wide

selection of + R values permits a high degree of flexibility in
choosing the reference oscillator frequency As a result the
reterence oscillator can frequently be chosen to serve multi-
ple system functions such as a second local oscillator in a
receiver design or a microprocessor system clock Typical
applications that take advantage of these MC145146-1
features including the dual modulus capability are shown in
Figures 9, 10, and 11.

FIGURE9 — FM/AM BROADCAST RADIO SYNTHESIZER

Lock Detect Signal
&1
T
CJ40MHz 8 - 18 15 13 o \
ptiona
7 05Cout R fv Lo 5 o Loop Error
08Cn PDout Signal
— R
MC145146-1 16
v Control Voltage
6 Mod |14 To FM and AM
0 Osciliators
<o—Vo0 Control
Alv 3
SS f o I
D3 D2 DI DO A2 A1 A0 ST " }— -
Clock ™ 19120112 11]10(9 12
L L From
MC3393P FM OSC
MC146805
Keyboard Microcomputer To 0—“— +15/16 Dual |
Controller Display Modulus Prescaler
-«
From
AM 0SC

NOTES 1) For FM Channel spacing = fg =25 kHz, + R=160
For AM Channel spacing=fg =1 kHz, + R=4000

.5

2) Varnous channel spacings and reference oscillator frequencies can be chosen since any = R value from 3 to 4095 can be established
3) Data and address lines are inactive and high impedance when pin 12 1s low Therr interface with the controller may therefore be

shared with other system functions if desired
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FIGURE 10 — SYNTHESIZER FOR UHF MOBILE RADIO TELEPHONE CHANNELS DEMONSTRATES USE OF THE MC145146-1 IN

MICROPROCESSOR/MICROCOMPUTER CONTROLLED SYSTEMS OPERATING TO SEVERAL HUNDRED MHz

For Use with External

r ______ > Phase Detector (Optional)
[ B
t 1
Choice of ) 1
Ref Osc | : Lock Detect
———
Frequency Signal Receiwver
{On-Chip Osc LO
Opt 1) 443 325— 443 950
puere 8l 18| 15 13 s
OSCout fR fv LD (25 kHz Steps)
R Poouft— < !
" " 17 N N L Transmutter
@R N3] 00op vCO Modulation
6 6 : Fiter [~ 1 and 157 MHz
<«—1Voo MC145146-1 ovf— Chorce o7 Otfset
Mod |14 Detector Error Signals I—
4 Control
—L=—Vss f 3
= ] Y
D3 D2 D1 DO A2 Al AQ ST g MC12011 (5)
19f20[1 ]2 npwop9 12 MC10754 [ -8/9 Prescaler
\ /
—
\ / Cnip Select -~ 64/65 or —128/129
To Shared to Controller Dual Modulus Prescaler

Controller Bus

NOTES 1} Recewver | F =10 7 MHz, iow side injection
2) Duplex operation with 5 MHz recewve/transmit separation

3) fr =25 kHz, + R chosen to correspond with desired reference oscillator frequency

4) Nyoral= 17733 10 17758=NeP + A, N=277, A=5 10 30 for P=64

5) For faster response, use the MC10154 down counter

Transmutter Signal

r>459 025+ 459 650 MHz

(25 kHz Steps)

-9V LSVION



09-9

FIGURE 11 — 666 CHANNEL, COMPUTER CONTROLLED, MOBILE RADIO TELEPHONE SYNTHESIZER FOR
800 MHz CELLULAR RADIO SYSTEMS

» Receiver
2nd LO
For Use With 33 300 MHz
Ref Osc o External
1 ————
11.100 MHz 1 | Phase Detector
{On-Chip Osc X3 (Optional)
Optional) ] b . Recewver First L O
r . Lock Detect Signal 825 030 844 980 MHz
8 18I 15' 13 (30 kHz Steps)
0SCout fR fv LD +
PDout L
L oul S Loop
I 0SCin o > e P oveo x4
Rf—— ,’\
6 MC146146-1 16 Choice of Detector —
<—1VoD v Error Signals
Mod |14
4 Control :
_1_—— VssS 3 Transmitter 3
= fin > Modulation x4
D3 D2 D1 DO A2 Al A0 ST ;
l } Y /

Transmitter Signal

1-9rLSYION

19120 {1 (2 1110 |9 12 -L

To Shared
Controller Bus

To Controller

Chip Select

MC10131
Dual F/F

MC12011

€ +8/ +9 Prescaler

/

V
- 32/ + 33 Dual Modulus Prescaler
NOTES 1) Recewver 1st | F =45 MHz, low side injection, Receiver 2nd | F =11 7 MHz, low side injection
2) Duplex operation with 456 MHz receive/transmit separation
3) fp=7 5 kHz, - R=1480
4) Nioral= Ne32+ A= 27501 to 28166, N =859 to 880, A=0 to 31
6) Only one implementation i1s shown Various other configurations and dual modulus prescaling values to + 128/ « 129 are p055|ble

825 030— 844 980 MHz

(30 kHz Steps}
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a
reference frequency to Motorola’'s CMOS frequency syn-
thesizers The most desirable i1s discussed first

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially availlable temperature-compensated crystal
oscillators (TXCOs) or crystal-controlled data clock
oscillators provide very stable reference frequencies An
oscillator capable of sinking and sourcing 50 uA at CMOS
logic levels may be direct or dc coupled to OSCjy In general,
the highest frequency capability 1s obtained utilizing a direct-
coupled square wave having a rail-to-rall (Vpp to Vsg)
voltage swing If the oscillator does not have CMOS logic
levels on the outputs, capacitive or ac coupling to OSCp,
may be used OSCgqyt, an unbuffered output, should be left
floating

For additional information about TXCOs and data clock
oscillators, please contact Motorola Inc , Component Pro-
ducts, 2663 N Edgington St , Franklin Park, IL 60131, phone
(312) 451-1000

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscillater applications, such
as the MC12060, MC12061, MC12560, or MC12561 MECL
devices The reference signal from the MECL device 1s ac
coupled to OSCj, For large amplitude signals {(standard
CMOS logic levels), dc coupling i1s used OSCgqyt, an unbuf-
fered output, should be left floating In general, the highest
frequency capability 1s obtained with a direct-coupled square
wave having rail-to-rail voltage swing

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier {a digital inverter) along with an ap-
propriate crystal may be used to provide a reference source
frequency A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure A

For Vpp=5 V, the crystal should be specified for a
loading capacitance, C|, which does not exceed 32 pF for
frequencies to approximately 8 MHz, 20 pF for frequencies in

the area of 8 to 15 MHz, and 10 pF for higher frequencies.
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping varia-
tions In stray and IC input/output capacitance, and realistic
Ct values The shunt load capacitance, Cy, presented across
the crystal can be estimated to be

_ CinCout C1.C2
=Gt Cour” 27 00" TTT e
where  Cjpn = b pF (see Figure C)
Cout = 6 pF (see Figure C)
Ca = b pF {see Figure C)
Co = The crystal's holder capacitance
(see Figure B)
Cland C2 = External capacitors {see Figure A)

The osciltator can be “tnmmed" on-frequency by making
a portion or all of C1 vanable The crystal and associated
components must be located as close as possible to the
OSC; and OSCqyt pins to minimize distortion, stray
capacitance, stray inductance, and startup stabilization time
In some cases, stray capacitance should be added to the
values for Cin and Cout

Power 1s dissipated in the effective series resistance of the
crystal, Re, 1in Figure B The drive level specified by the
crystal manufacturer 1s the maximum stress that a crystal can
withstand without damage or excessive shift in frequency
R1n Figure A imits the drive level The use of R1 may not be
necessary 1n some cases, | € R1=0 ohms

To venfy that the maximum dc supply voitage does not
overdrive the crystal, monitor the output frequency as a
function of voltage at OSCqyt. (Care should be taken to
minimize loading ) The frequency should increase very
slightly as the dc supply voltage is increased An overdriven
crystal will decrease in frequency or become unstable with
an increase In supply voltage. The operating supply voltage
must be reduced or R1 must be increased in value If the over-
driven condition exists The user should note that the
oscillator start-up time 1s proportional to the value of R1

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have
developed expertise iIn CMOS oscillator design with crystals
Discussions with such manufacturers can prove very helpful
See Table A

TABLE A — PARTIAL LIST OF CRYSTAL MANUFACTURERS

NAME

ADDRESS PHONE

United States Crystal Corp
Crystek Crystal
Statek Corp

3605 McCart St , Ft Worth, TX 76110
1000 Crystal Dr, Ft Myers, FL 33906
512 N Main St, Orange, CA 92668

(817) 921-3013
(813) 936-2109
(714) 639-7810

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp
Technical Note TN-7, Statek Corp
E Hafner, " The Piezoelectnc Crystal Unit - Definitions and

Method of Measurement”, Proc /IEEE, Vol 57, No 2, Feb ,
1969

D Kemper, L Rosine, “Quartz Crystals for Frequency
Control”, Electro-Technology, June, 1969

P J Ottowitz, A Guide to Crystal Selection’’, Electronic
Design, May, 1966
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FIGURE A — PIERCE CRYSTAL OSCILLATOR CIRCUIT

r——_——————————— —
| Ry Frequency —l
l AAAN- Synthesizer I
| (
| ’ |
IS SO N |
0SCiy 0SCout
R1*
HO—
“T T°
*May be deleted 1n certain cases See text
FIGURE B — EQUIVALENT CRYSTAL NETWORKS
Rs Ls  Cs
1 2 1 2 1 Re Xe 2
0—4D*—° = = o—wWA—{3—o
Il
H
Co

Values are supplied by crystal manufacturer (parallet resonant crystal).

FIGURE C — PARASITIC CAPACITANCES
OF THE AMPLIFIER
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@ MOTOROLA MC145151-1

L Advance Information | HIGH-%*;:OOF;VIANCE

LOW-POWER COMPLEMENTARY MOS

PARALLEL INPUT PLL FREQUENCY SYNTHESIZER SILICON-GATE
PARALLEL INPUT PLL
The MC145151-1 1s programmed by 14 parallel input-data lines. The FREQUENCY SYNTHESIZER

device features consist of a reference oscillator, selectable-reference
divider, digital-phase detector and 14-bit programmable divide-by-N
counter When combined with a loop filter and VCO, the MC145151-1
can provide all the remaining functions for a PLL frequency synthestzer
operating up to the device’s frequency mit For higher VCO frequency
operation, a down mixer or a fixed divide prescaler can be used between
the VCO and MC145151-1
The MC145151-1 offers improved performance over the MC145151

The ac characternistics have been improved and the input current re-
quirements have been modified.

MC145151L1 MC145151P1
® General Purpose Applications CERAMIC PACKAGE PLASTIC PACKAGE
CATV TV Tuning CASE 733 CASE 710

AM/FM Radios  Scanning Recewvers

Two-Way Radios  Amateur Radio
PIN ASSIGNMENT

® Low Power Consumption
© 3.0to 90V Supply Range 1 fn o= 28
© On- or Off-Chip Reference Oscillator Operation 2 cqvssg 0SCin o 27
® Lock Detect Signal 33 Vpp 0SCout 26
© - N Counter Output Avallable 4 3 PDgyt N11f—25
® Single Modulus/Parallel Programming S T4 RAO N0 D24
® 8 User-Selectable — R Values — 8, 128, 256, 512, 1024, 2048, 2410, 6 4 RA1 N13 D23
8192 7 ] RA2 N12 22
® — N Range=3 to 16383 8 C{¢R T/RF 21
® "Linearized”” Digital Phase Detector Enhances Transfer Function 9 eV N9 3 20
Lineanty 10 fv N8[=119
® Two Error Signal Options 11 NO N7fE=18
Single Ended (Three-State) 12 N1 N6 17
Double Ended 130 N2 N5 16
® Chip Complexity: 8000 FETs or 2000 Equrvalent Gates 14 N3 N4 E 15
RA2 5
0SCout 26 222) a 12 x 8 ROM Reference Decoder
oscn Z 12:Bit - R Counter gock 128 p
Phase 4
Detector |—— PDqyt
A
{ 9
1 Phase — ¢V
fin — 14-Bit + N Counter Detector | 8 4o
VDD Vpp=Pin3
%‘PHHHHHHL 0,  Veschn2
1
Téaerézrlr\\lg 2 Transmit Offset Adder

f f f T T f f f T r? T T Note NO through N13 inputs and inputs
23]22| 25( 24| 20| 19{ 18] 17] 16| 15[ 14[ 13} 12] 11 RAO, RA1 and RA2 have pullup resistors
N4

N13 N11 N9 N7N6 not shown

This document contains information on a new product Specifications and information herein
are subject to change without notice
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MC145151-1

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit This device contains circuitry to protect
VbD DC Supply Voltage —-05to +10 Vv the inputs against damage due to high
Vin. Vout| Input or Output Voltage (DC or Transient) -05t0 Vpp+05[ Vv static voltages or electric fields, however,
z e or T ) P 0 N 1t 1s advised that normal precautions be
lin. lout | Input or Output Current (DC or Transient), per Pin + m. taken to avord applications of any voltage
IDD. Iss | Supply Current, Vpp or Vsg Pins +30 mA higher than maximum rated voltages to
Pp Power Dissipation, per Packaget 500 mwW this high-impedance circuit  For proper
Tstg Storage Temperature —65 to + 150 oC operation it 1s recommended that V|, and
i Lead Temperature (8-Second Soldering) 260 °C \\;oms R/e 2?\]/5"3;[:3 to the range
*Maximum Ratings are those values beyond which damage to the device may occur sUsnuse(Ijnmputgl:vt-nust gl)veays be tied to
tPower Dissipation Temperature Derating an appropriate logic voltage level (e g,
Plastic “P" Package —12 mW/°C from 65°C to 85°C etther Vgs or Vpp)
Ceramic "'L" Package No derating
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
—40°C 25°C 85°C
Characteristic Symbol | Vpp Min Max Min Typ Max Min Max Units
Power Supply Voltage Range Vbb - 3 9 3 - 9 3 9 \
Output Voltage Olevel | VoL 3 - 005 - 0001 005 - 005 \
Vin=0VorVpp 5 - 005 - 0001 005 - 005
lout=0 pA 9 — 005 — 0001 | 005 - 005
1 Level | VOH 3 295 - 295 2999 - 295 -
5 495 - 495 4999 - 495 -
9 895 -~ 895 8999 — 895 -
Input Voltage 0 Level VIL 3 - 09 - 135 09 - 09 Vv
Vout=05VorVpp-05V 5 - 15 - 225 15 - 15
(All Outputs Except OSCqyt) 9 - 27 — 405 27 — 27
1level | Vi 3 21 — 21 165 — 21 -
5 35 - 35 275 - 35 -
a 9 63 ~ 63 495 - 63 -
Output Current IoH mA
Vout=27V Source 3 -044 - -036 | -10 - -022 -
Vout=46V 5 -064 - -051 -12 - -036 -
Vout=85V 9 -130 — -100 | -20 — -070 —
Vout=03V Sink | loL 3 044 - 035 10 - 022 -
Vout=04V 5 064 - 051 12 - 036 -
Vout=05V 9 130 - 100 20 — 070 -
Input Current — f,,, OSCn lin 9 = +50 — +10 +25 — +22 A
Input Current — Other Inputs IIH 9 — 03 — 0 00001 01 — 10 pA
{with Pullups} m 9 — 400 — -90 —200 - -170
Input Capacitance Cin - — 10 — 6 10 — 10 pF
3-State Output Capacitance — Cout - - 10 - 6 10 - 10 pF
PDout
Quiescent Current Ipp 3 - 800 - 200 800 - 1600 A
Vin=0Vor Vpp 5 -~ 1200 - 300 1200 - 2400
lout=0 pA 9 - 1600 - 400 1600 - 3200
3-State Leakage Current — PDgt 10z 9 - +03 - +00001| +01 - +30 A
Vout=0V or 9 Vv
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MC145151-1

SWITCHING CHARACTERISTICS (Tp=25°C, C| =50 pF)

Characteristic Symbol Vbp Min Typ Max Units

Output Rise and Fall Time (Figures 1 and 4) tTLH. 3 - 60 140 ns
tTHL 5 - 40 80
9 - 30 60

Output Pulse Width, twig) 3 25 100 175 ns
@R, ¢V with fg in Phase with fy (Figures 2 and 4} 5 20 60 100
9 10 40 70

Input Rise and Fall Times tr, U 3 - 20 5 us
0SCip, fin (Figure 3) 5 - 5 2
9 — 2 05

PIN DESCRIPTIONS

fin (Pin 1) — Input to <+ N portion of synthesizer fn 1s
typically denved from loop VCO and is ac coupled into Pin 9
For larger amplitude signals {standard CMOS Logic levels)
dc coupling may be used

Vggs (Pin 2) — Circuit ground
Vpp (Pin 3) — Positive power supply.

PDgyt (Pin 4) — Three-state output of phase detector for
use as loop error signal Double-ended outputs are also
available for this purpose (see ¢y and ¢R).

Frequency fy>fR or fy Leading Negative Pulses

Frequency fy < fR or fy Lagging: Positive Pulses

Frequency fy=fgR and Phase Coincidence

Impedance State

RAO, RA1, RA2 (Pins 5, 6, and 7) — These three inputs
establish a code defining one of eight possible divide values
for the total reference divider, as defined by the table below

Pullup resistors ensure that inputs left open remain at a
logic one and require only a SPST switch to alter data to the
zero state

High-

Reference Address Total
Code Divide
RA2 RA1 RAO | Value
0 0 0 8
0 0 1 128
Q 1 [} 256
0 1 1 512
1 0 0 1024
1 0 1 2048
1 1 0 2410
1 1 1 8192

R, ¢V (Pins 8 and 9) — These phase detector outputs
can be combined externally for a loop-error signal. A single-
ended output s also available for this purpose (see PDgy4)

If frequency fy 1s greater than fR or if the phase of fy I1s
leading, then error information 1s provided by ¢y pulsing
low ¢R remains essentially high

If the frequency fy Is less than fR or if the phase of fy is
lagging, then error information 1s provided by ¢R pulsing
low. ¢V remains essentially high
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If the frequency of fy=fR and both are in phase, then
both ¢y and ¢R remain high except for a small minimum
tme period when both pulse low in phase

fy (Pin 10) — This is the output of the +~ N counter that s
internally connected to the phase detector input With this
output available, the + N counter can be used independent-
ly

N Inputs (Pins 11 to 20 and 22 to 25) — These inputs pro-
vide the data that i1s preset into the = N counter when i1t
reaches the count of zero NO is least significant and N13 1s
most significant Pullup resistors ensure that inputs left open
remain at a logic one and requtre only a SPST switch to alter
data to the zero state

Transmit/Receive (Pin 21) — This input controls the offset
added to the data provided at the N inputs. This 1s normally
used for offsetting the VCO frequency by an amount equal
to the IF frequency of the transceiver This offset I1s fixed at
856 when T/R (s low and gives no offset when T/R s high. A
pullup resistor ensures that no connection will appear as a
logic one causing no offset addition.

0SCout, OSCip (Pins 26 and 27) — These pins form an
on-chip reference oscillator when connected to terminals of
an external parallel resonant crystal Frequency setting
capacitors of appropriate value must be connected from
0OSCjp to ground and OSCqyt to ground OSCin may also
serve as the input for an externally-generated reference
signal This signal will typtcally be ac coupled to OSCyp, but
for larger amplitude signals {standard CMOS-logic levels) dc
coupling may also be used In the external reference mode,
no connection 1s required to OSCqyt

LD (Pin 28) — Lock detector signal High level when loop
1s locked {fR, fv of same phase and frequency). Pulses low
when loop 1s out of lock




MC145151-1

GRAPH 1 — OSCj, AND f,, MAXIMUM FREQUENCY VERSUS TOTAL DIVIDE VALUE

GRAPH1A — Vpp=3V GRAPH 1B — Vpp=5V
P o o T e T
§N |- Ta-25°C 7 F Square Wave, VDD VS
< 14— Square Wave, VD VSs 7 Z 26— —Sine Wave, 500 mVp
3 — = Sine Wave, 500 mVpp |7 g =
: 3 s
& n - /// gz -] A
g T A g2 Typical® 17
En 10 Typeal® - - s 18 P
& g
: 2 S 16—t
E g 14 7
3 pe EIRY 1 <
=
3 6 Guaranteed _|=2 = 1o | Bearanteed A 1”
£ 4 _=t= R g Region E 8 A7 L-F"1h ded 0 Region
l I N I PP T T
4 5 6 Max 3 4 5 b Max
Total Divide Value Total Divide Value
GRAPH 1C — Vpp=9V
=~ 28
£
;t' 26 ’-—valca/ ==
S u -
g -
< =
g TA-25°C
§ 20 ——— Square Wave, Vpp VsS
:E' 18 ~— — Sine Wave, 500 mVp p
€ oL
= =
= 14 i g
E 12 e A e =1 Region
I I
4 5 6 Max
Total Divide Value
GRAPH 2 — OSC, AND f;, MAXIMUM FREQUENCY VERSUS TEMPERATURE FOR
SINE AND SQUARE WAVE INPUTS
GRAPH2A — TOTAL DIVIDE VALUE=3, 4, OR5 GRAPH 2B — TOTAL DIVIDE VALUE=6
112 1083
> IV 3V 3
r o109 - & 1056 —h
@ ~a = .
§3 10875y § g 1088
<2 1039y ~“~ IE 1082 "
go - = 5V.|
g & 100 Y g g 1035 9V
25 097 g 1028 A
> Se
EE 0% ™ gg 1021 L
2 R g N
5 g 09 NS - RS
=2 pss 5 25 1007 L. 3V
% g il/ == == 5V
£ o \- E 10w o
082 T 0993
079 v
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
Temperature (°C) Temperature (°C)

*Data labelled “Typical”” 1s not to be used for design purposes, but is intended as an indication of the IC's potential performance
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MC145151-1 o

PHASE LOCKED LOOP — LOW PASS FILTER DESIGN

A) PDout© AAN -OVCO KeKvCO
Rq c l wp = —_—
$RO— NR1C
I Nwn

YOo— - ¢ = ———2K¢KVC0
Fis) = mics +1
B8) PDoyu1© A2 —o V(o
ou Ry wn = K¢cho
$RO— Ry NC(R1 + Ra}
N
$vo— £ =050, (Rc+——)
c:I: " U2 Kekveo
RoCS +1
= Fls) =22
SIRIC + RpC) + 1
R2
o PDoyt &—
. _ KgKvco
Ry ¢ “n = NCR,
#R O AAA— A v
ov + co wnR2C
R1 ¢ 7

Assuming gain A is very large, then.

RCS + 1
:J; Fls) = —2—or

R1CS

NOTE Sometimes R1 1s split into two series resistors each Rq+2. A capacitor C¢ s then placed from the midpoint to ground to further filter
¢y and ¢g The value of Cc should be such that the corner frequency of this network does not significantly affect wp

DEFINITIONS. N = Totat Division Ratio in feedback loop
K¢ = Vpp/4x for PDoyt
K¢ = Vpp/2x for ¢y and éR
2xAfyco
Kyco = /=2
aVvco
for a typical design wpy, = 21#0" (at phase detecter input),

I

RECOMMENDED FOR READING:

Gardner, Floyd M , Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980.
Blanchard, Alain, Phase-Locked Loops Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976
Egan, Willam F., Frequency Synthesis by Phase Lock New York, Wiley-Interscience, 1981

Rohde, Ulnch L., Digital PLL Frequency Synthesizers Theory and Design Englewood Chffs, NJ, Prentice-Hall, 1983

Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W Sams and Co , 1978
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980.
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MC145151-1

SWITCHING WAVEFORMS

FIGURE1 FIGURE2
tTLH |<— ITHL —»] [ weé
Oﬁ:xn 10902% ¢R, ¢V* 50%
*f,1n phase with f,,
FIGURE3 FIGURE4 -- TEST CIRCUIT

1, t;

' i‘_ f —4 -Vbp

0SCip, fin 90% Device | Qutput
10% v Under
SS Test c

L
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MC145151-1

FIGURES
PHASE DETECTOR OUTPUT WAVEFORMS

fR
Reference
{Osc + R)

fy
Feedback
{fin + N)

Pp Out

R

(2%

NOTE The Pp output state 1s equal to either Vpp or Vss when active  When not active, the outputis high impedance and the voltage at that
pin 1s determined by the low pass filter capacitor
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MC145151-1

FIGURE 6 — 5 MHz TO 5.5 MHz LOCAL OSCILLATOR CHANNEL SPACING =1 kHz

2048 MH2
g“'—lﬂl—-—_l_
0SCpn 0SCout fin RA2 RA1 RAD
Voltage
. AN Controlled
Oscitlator
I N12 }l N}O }9 N{ }7 }6 "}5 N{ }3 }2 }l };0 555 MHz
01110001000=5MHz
10101111100=55MHz

FIGURE 7 — SYNTHESIZER FOR LAND MOBILE RADIO UHF BANDS

Lock Detect Signal Transmit 440 0—470 O MHz

o e g Receive 418 6448 6 MHz
125 kHz Steps)
: izs T7 Ts 15 ‘|28 10 Choics of
tv

o[05Con RAZ  RAT  RAD 6 o Dector h
>oHosc,, PDou 2\ Signals
o h o ol veo
«+o0—~Vpp R }_, Filter ve X6
— _={vss oo
= L 1
Ret Osc = fin T 73333378 3333 MHz
100417 MHz TR R 69 766774 7667 MHz
(On-Chip Osc 23 lzz 25 T24 (lzo ha fig 17 lws 15 141:3 llz ln
Optionalt T 13 083313 0833 MHz
O ————————

R 9516714 5167 MHz
Receive Channel Programming
°
+N=2334 10 3484
Teansmit
{Adds 856 to
— ~ N Value}

X6

60 2500 MHz

NOTES

1) fr =4 1687 kHz, + R=2410, 21 4 MHz low side injection dunng receive
2 MC145151-1 current dran @ 5 mA for Vpp=5 Vdc

3) Frequency values shown are for the 440470 MHz band Similar implementation applies to the 406 — 441 MHz band For 470—512 MHz, consider refer —
enca oscillator frequency X9 for mixer injection signal (30 3750 MHz)
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MC145151-1

CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a
reference frequency to Motorola’'s CMOS frequency syn-
thesizers The most desirable i1s discussed first

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially available temperature-compensated crystat
oscillators (TXCOs) or crystal-controlled data clock
oscillators provide very stable reference frequencies An
oscillator capable of sinking and sourcing 50 A at CMOS
logic levels may be direct or dc coupled to OSCyp, In general,
the highest frequency capability is obtained utitizing a direct-
coupled square wave having a rail-to-rail (Vpp to Vgg)
voltage swing If the oscillator does not have CMOS logic
levels on the outputs, capacitive or ac coupling to OSCp
may be used OSCgyt, an unbuffered output, should be left
floating

For additional information about TXCOs and data clock
oscillators, please contact Motorola Inc, Component Pro-
ducts, 2553 N Edgington St , Franklin Park, IL 60131, phone
{312) 451-1000

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscillator apphcations, such
as the MC12060, MC12061, MC12560, or MC12561 MECL
devices The reference signal from the MECL device 1s ac
coupled to OSCy For large amphtude signals (standard
CMOS logic levels), dc coupling 1s used OSCgqyt, an unbuf-
fered output, should be left floating In general, the highest
frequency capability 1s obtained with a direct-coupled square
wave having rail-to-rail voltage swing

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (a digital inverter) along with an ap-
propnate crystal may be used to provide a reference source
frequency A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure A

For Vpp=5 V, the crystal should be specified for a
loading capacitance, C|, which does not exceed 32 pF for
frequencies to approximately 8 MHz, 20 pF for frequencies in

the area of 8 to 15 MHz, and 10 pF for higher frequencies
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping varia-
trons in stray and IC input/output capacitance, and realstic
C| values The shuntload capacitance, C|, presented across
the crystal can be estimated to be

_ CinCout C1.C2
CL_C,n+ Cont™ CatCot 577
where Cin = 5 pF (see Figure C)
Cout = 6 pF (see Figure C)
Ca = b pF (see Figure C)
Co = The crystal’s holder capacitance
(see Figure B)
C1and C2 = External capacitors (see Figure A)

The oscillator can be “tnmmed” on-frequency by making
a portion or all of C1 vaniable The crystal and associated
components must be located as close as possible to the
0SCin and OSCput pins to minimize distortion, stray
capacitance, stray inductance, and startup stabilization time
In some cases, stray capacitance should be added to the
values for Cin and Cout

Power 1s dissipated in the effective series resistance of the
crystal, Rg, i Figure B The drive level specified by the
crystal manufacturer s the maximum stress that a crystal can
withstand without damage or excessive shift in frequency
R1n Figure A imits the drive level The use of R1 may not be
necessary 1n some cases, t ¢ R1=0 ohms

To venfy that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a
function of voltage at OSCqyt (Care should be taken to
minimize loading ) The frequency should increase very
shghtly as the dc supply voltage (s increased An overdriven
crystal will decrease In frequency or become unstable with
an increase In supply voltage The operating supply voltage
must be reduced or R1 must be increased in value if the over-
dnven condition exists The user should note that the
oscillator start-up time 1s proportional to the value of R1

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have
developed expertise iIn CMOS oscillator design with crystals
Discussions with such manufacturers can prove very helpful
See Table A

TABLE A — PARTIAL LIST OF CRYSTAL MANUFACTURERS

NAME ADDRESS PHONE
United States Crystal Corp 3605 McCart St, Ft Worth, TX 76110 (817) 921-3013
Crystek Crystal 1000 Crystal Dr, Ft Myers, FL 33906 {813) 936-2109
Statek Corp 512 N Main St, Orange, CA 92668 (714) 639-7810

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp
Technical Note TN-7, Statek Corp
E Hafner, ' The Piezoelectnic Crystal Unit - Defimtions and

Method of Measurement'’, Proc IEEE, Vol 57, No 2, Feb ,
1969

D Kemper, L Rosine, “Quartz Crystals for Frequency
Control"”, Electro-Technology, June, 1969

P J Ottowitz, “A Guide to Crystal Selection”, Electronic

Design, May, 1966
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MC145151-1

FIGURE A — PIERCE CRYSTAL OSCILLATOR CIRCUIT

r——————— — ———— —
l Ry Frequency
' ANN— Synthesizer |
| .
| ’ |
I |
S ) P —
0SCn 0SCout
R1*
»—IDI—:L—'\N\'—

*May be deleted in certain cases See text

FIGURE B — EQUIVALENT CRYSTAL NETWORKS

Rs Ls Cs

o—i[J+o )

Co

Values are supplied by crystal manufacturer (parallel resonant crystal)

FIGURE C — PARASITIC CAPACITANCES
OF THE AMPLIFIER
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@ MOTOROLA MC145152-1

| Advance Information | HIGH-PERFORMANCE
CMOS

LOW-POWER COMPLEMENTARY MOS

PARALLEL INPUT PLL FREQUENCY SYNTHESIZER SILICON-GATE
The MC145162-1 1s programmed by sixteen parallel inputs The PARALLEL INPUT PLL
device features consist of a reference oscillator, selectable-reference FREQUENCY SYNTHESIZER

divider, two output phase dectector, 10-bit programmable divide-by-N
counter and 6-bit programmable = A counter When combined with a
loop filter and VCO, the MC145152-1 can provide all the remaining func-
tions for a PLL frequency synthesizer operating up to the device's fre-
quency limit For higher VCO frequency operation, a down mixer or a
dual modulus prescaler can be used between the VCO and

MC145152-1 N
The MC145152-1 offers improved performance over the MC145152 ; 28
Modulus Control output drive has been increased and the ac
characteristics have been improved Input current requirements have csrx\%gsggtlcs PLX’,ISE.}:?,;%:;GE
also been changed CASE 733 CASE 710
® General Purpose Applications PIN ASSIGNMENT
CATV TV Tuning -
AM/FM Radios  Scanning Receivers ' ={fin LD 28
Two-Way Radios Amateur Radio 2 ; Vss 0SCf= 27
® Low Power Consumption 3 Vpp OSCoutf= 26
® 30t0 90V Supply Range 4 ] RAO AdF—2s
©® On- or Off-Chip Reference Oscillator Operation 5 CJ RA1 A3 324
® Lock Detect Signal 6 3 RA2 A0 D23
® Dual Modulus/Parallel Programming 7t ¢R A2t 22
® 8 User-Selectable — R Values — 8, 64, 128, 256, 512, 1024, 1160, 8 ¢y Al 2
2048 9 T Mod Control N9 F 20
® — N Range=3to 1023, — A Range=0t0 63 105 A5 - N80
® Chip Complexity 8000 FETs or 2000 Equivalent Gates 110 NO N7fFD18
123 N1 N6 17
13 N2 N5 D16
14t N3 N4 15

BLOCK DIAGRAM

RA 8 12 x 8 ROM Reference
0SCout 2% Eﬁi E Decoder
% 4 YYYVYVVVYVVY
oscn Z1>» ,]l 12-Bit +R Counter 8 1p
9 Modulus
A 1 Control
Control Phase L8 4y
‘——Nw—i Logic Detector |7 4g
fin Ne.
< \ Y Vpp=Pin3
Vgg=Pin2
6-Bit + A Counter 10-Bit +N Counter
10 25[23[22‘ 21’23' 11]72113Il4|l§l16[17l18l19|20| Note NO through N9, AOthrough A5 and
RAOQ through RA2 have pullup resistors
A5 A3A2 A0 NO N2 N4NS N7 N9 norshown

This document contains information on a new product Specifications and information herein
are subject to change without natice
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MC145152-1

MAXIMUM RATINGS#* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit This device contains circuitry to protect
Vpp DC Supply Voltage -05t0 +10 v the inputs against damage due to high
Vin. Vout] Input or Output Voltage (DC or Transient) -05to Vpp+056| Vv static voltages or electric fields; however,

1t 1s advised that normal precautions be

in. lout | Input or Output Current (DC or Transient), per Pin +10 mA taken 10 avoid applications of any voltage
IpD. !ss | Supply Current, Vpp or Vsg Pins +30 mA higher than maximum rated voltages to
PD Power Dissipation, per Packaget 500 mwW this high-impedance circuit. For proper
Tstg Storage Temperature —65to + 150 °C operation it I1s recorpmended that V| and
TL Lead Temperature (8-Second Soldering) 260 °C Vout be constrained to the range

Vsss(Viy or Voutt <sVpp.

Unused inputs must always be tied to
an appropriate logic voltage level (e g,
either Vgg or Vpp).

*Maximum Ratings are those values beyond which damage to the device may occur
tPower Dissipation Temperature Derating
Plastic “'P** Package —12 mW/°C from 65°C to 85°C

Ceramic 'L’ Package No derating

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

-40°C 25°C 85°C
Characteristic Symbol | Vpp Min Max Min Typ Max Min Max Units

Power Supply Voltage Range Vpop - 3 9 3 — 9 3 9 \

Output Valtage OLevel | VoL 3 - 005 - 0.001 005 - 0.05 \
Vin=0V or Vpp 5 -~ 005 - 0001 005 - 005
lout=0 A 9 -~ 005 - 0001 0.05 - 0.05

1 Level | VoH 3 295 - 295 2999 - 295 -
5 495 - | 49 4.999 - 495 -
9 8 95 — 8 95 8 999 - 895 -

Input Voltage 0 Level ViL 3 - 09 - 1.35 0g - 0.9 \
Vout=05VorvVpp-05V 5 -~ 15 - 225 15 - 15
(All Qutputs Except OSCqt) 9 -~ 27 - 4.05 27 - 2.7

1level| VIH 3 21 - 21 165 - 21 -
5 35 - 35 2.75 - 36 -
9 63 - 63 4 95 - 63 -

Output Current — Modulus Control| IgH mA
Vout=27V Source 3 -060 - -0850 | -15 - -030 -
Vout=46V 5 -090 - -075 { -20 - -08%0 -
Vout=85V 9 -1.50 — -1.26 | -32 — -080 —
Vout=03V Sink | oL 3 130 - 1.10 50 - 066 -
Vout=04V 5 190 - 170 60 - 1.08 -
Vout=05V 9 380 - 330 100 - 210 -

Output Current — Other Outputs 10H mA
Vout=27V Source 3 ~044 - -03 | -10 - -022 -
Vout=46V 5 -064 - -061 -12 - -036 -
Vout=85V 9 -130 - -100 | -2.0 — -0.70 —
Vout=03V Sink [ oL 3 044 - 035 10 - 0.22 -
Vout=04V 5 064 - 051 12 - 036 -
Vout=05V 9 130 - 1.00 20 — 070 -

Input Current — f5, OSCiy hin 9 ~ 150 — +10 +25 — +22 #A

Input Current — Other Inputs WH 9 ~ 03 — 0 00001 01 — 10 »A
{with Pullups) M 9 - — 400 - -90 - 200 — -170

Input Capacitance Cin — ~ 10 — 6 10 — 10 pF

Quiescent Current | IbD 3 - 800 - 200 800 - 1600 A
Vin=0VorVpp 5 - 1200 - 300 1200 - 2400
lout=0 A 9 - 1600 - 400 1600 - 3200
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MC145152-1

SWITCHING CHARACTERISTICS (Tp=25°C, C|_=50 pF)

Characteristic Symbot DD Min Typ Max Units

Output Rise Time, Modulus Control {Figures 1 and 5) tTLH 3 - 50 115 ns
5 - 30 60
9 - 20 40

Output Fall Time, Modulus Control (Figures 1 and 5) tTHL 3 - 25 60 ns
5 - 17 34
9 - 15 30

Output Rise and Fall Time, LD, ¢y, ¢R (Figures 1 and 5) tTLH. 3 - 60 140 ns
THL 5 - 40 80
9 - 30 60

Propagation Delay Time tPLH. 3 - 55 125 ns
fin to Modulus Control (Figures 2 and 5) tPHL 5 - 40 80
9 - 25 50

Output Pulse Width Wig) 3 25 100 175 ns
¢R. ¢V with fg in Phase With fy (Figures 3 and 5} 5 20 60 100
9 10 40 70

Input Rise and Fall Times tr, tf 3 - 20 5 HS
0SCin. fin (Figure 4) 5 - 5 2
9 = 2 05
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GRAPH 1 — 0SC, AND f,; MAXIMUM FREQUENCY VERSUS TOTAL DIVIDE VALUE

GRAPH1A — Vpp=3V GRAPH 1B — Vpp=5V

Temperature (°C)

Temperature {°C)

* Data labelled **Typical” 1s not to be used for design purposes, but is intended as an indication of the IC's potential performance
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PIN DESCRIPTIONS

fin (Pin 1) — Input to the positive edge triggered + N and
+ A counters. fin is typically derived from a dual modulus
prescaler and 1s AC coupled into Pin 1. For larger amplitude
signals {standard CMOS logic levels) DC coupling may be
used.

Vss (Pin 2) — Curcuit Ground.

Vpp (Pin 3) — Positive power supply.

RAO, RA1, RA2 (Pins 4, 5, and 6) — These three inputs
establish a code defining one of eight possible divide values

for the total reference divider. The total reference divide
values are as follows:

Hcfuenc?d :ddreas Total
Divide Value
RA2 RA1 RAO
0 0 0 8
0 0 1 64
0 1 0 128
0 1 1 256
1 0 0 512
1 0 1 1024
1 1 0 1160
1 1 1 2048

$R, ¢v (Pins 7 and 8) — These phase detector outputs
can be combined externally for a loop error signal.

If frequency fy 1s greater than fR or if the phase of fy is
leading, then error information 1s provided by ¢y puising
low. ¢R remains essentially high.

If the frequency of fy is less than fR or if the phase of fy 1s
lagging, then error information 1s provided by éR pulsing
low. ¢y remains essentially high.

If the frequency of fy={R and both are in phase, then
both ¢y and ¢R remain high except for a small minimum
time period when both puise low in phase.

MODULUS CONTROL {Pin 8} — Signal generated by the
on-chip control logic circuitry for controlling an external dual
modulus prescaler. The modulus control level will be low at

the beginning of a count cycle and will remain low until the
+ A counter has counted down from its programmed value.
At this time, modulus control goes high and remains high
until the + N counter has counted the rest of the way down
from ns programmed value (N— A additional counts since
both + N and + A are counting down during the first portion
of the cycle). Modulus control is then set back low, the
counters preset to their respective programmed values, and
the above sequence repeated. This provides for a total pro-
grammable divide value (NT)=NeP+ A where P and P+1
represent the dual modulus prescaler divide values respec-
tively for highcand+low modulus control levels; N the number
programmed into the + N counter and A the number pro-
grammed into the + A counter.

N INPUTS (Pins 11 through 20} — The N inputs provide
the data that is preset into the + N counter when it reaches
the count of zero. NO is the least significant digit and N9 is
the most significant. Pullup resistors ensure that inputs left
open remain at a logic one and require only a SPST switch to
alter data to the zero state.

A INPUTS (Pins 23, 21, 22, 24, 25, 10) — The A inputs
define the number of clock cycles of fin that require a logic
zero on the modulus control output. See page 8 for explana-
tion of dual modulus prescaling. The A inputs all have inter-
nal pullup resistors that ensure that inputs left open will re-
main at a logic one.

0SCouyt, OSCin (Pins 26 and 27) — These pins form an
on-chip reference osciilator when connected to terminals of
an external parallel resonant crystal. Frequency setting
capacitors of appropnate value must be connected from
0SCi, to ground and OSCgyt to ground. OSCin may also
serve as input for an externally-generated reference signal.
This signal will typically be AC coupled to OSCjp, but for
larger amplitude signals (standard CMOS-logic levels) DC
coupling may also be used. In the external reference mode,
no connection is required to OSCqyt.

LD (Pin 28) — Lock detector signal. High level when loop
1s locked (R, fy of same phase and frequency). Pulses low
when loop is out of lock.

PHASE LOCKED LOOP — LOW PASS FILTER DESIGN

R2
c
R1
¢R © N\
A
v +
R1

_ KgKvco
“N = NCR1
_ wNR2C
¥ 2

Assurming gain A s very large, then

R2CS + 1

Fis) = RICS

NOTE. Sometimes R1 is split into two series resistors each R1 + 2 A capacitor CC is then placed from the midpoint to ground to further
filter 6V and oR. The value for CC should be such that the corner frequency of this network does not significantly affect wN.

DEFINITIONS: N = Total Division Ratio in feedback loop

K¢ = VDD/2n
Kvco = 2zxAfvco
Aavvco

for a typical design wN & (21/10) fr (at phase detector input)
=1

6-77




MC145152-1

FIGURE1

TLH |<——

THL —>{

Any 90%
Output 10%

FIGURE3

twe 4 I-(— 1y —>f v
D VDD
@R, oV* 50% 0SCin. fin 0%
10%

*{rin phase with fy,

SWITCHING WAVEFORMS

FIGURE 2
VpD
fin  50%
—— Vss
tPLH tPHL
Modulus 50%
Control
FIGURE 4

FIGURES — TEST CIRCUIT

Device Output
Under
Test

“
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FIGURE 6
PHASE DETECTOR OUTPUT WAVEFORMS

fR ﬂ |—]
Reference H |—|
{Osc + R}

fv
Feedback l I | I | | l |
(fin + N)

« 1 U ! |
v I U |
o U U |

NOTE The Pp output state is approximately equal to either Vpp or Vgg when active When not active, the output 1s high impedance and the
voltage at that pin 1s determined by the low pass filter capacitor

RECOMMENDED FOR READING:

Gardner, Floyd M , Phaselock Techmques (second edition) New York, Wiley-Interscience, 1979

Manassewitsch, Vadim, Frequency Synthesizers Theory and Design {second edition) New York, Wiley-Interscience, 1980
Blanchard, Atain, Phase-Locked Loops Applcation to Coherent Receiver Design New York, Wiley-Interscience, 1976
Egan, Wiliam F , Frequency Synthesis by Phase Lock New York, Wiley-Interscience, 1981

Rohde, Uinich L, Digrtal PLL Frequency Synthesizers Theory and Design Englewood Chiffs, NJ, Prentice Hall, 1983

Berlin, Howard M , Design of Phase-Locked Loop Circuits, with Experiments |ndianapolis, Howard W Sams and Co , 1978
Kinley, Harold, The PLL Synthesizer Cookbook Blue Ridge Summit, PA, Tab Books, 1980
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DUAL MODULUS PRESCALING

The technique of dual modulus prescaling Is well estab-
lished as a method of achieving high performance frequency
synthesizer operation at high frequencies Basically, the ap-
proach allows relatively low-frequency programmable
counters to be used as high-frequency programmable
counters with speed capability of several hundred MHz This
18 possible without the sacrifice in system resolution and per-
formance that would otherwise result If a fixed (single
modulus) divider was used for the prescaler

In dual modulus prescaling, the lower speed counters
must be umgquely configured Special control logic 1s
necessary to select the divide value P or P+ 11n the prescaler
for the required amount of time (see modulus contro! defini-
tion} The MC145152-1 contains this feature and can be used
with a vanety of dual modulus prescalers to allow speed,
complexity and cost to be talored to the system re-
quirements Prescalers having P, P+ 1 divide values in the
range of +3/+4 to +64/+65 can be controlled by the
MC1451562-1

Several dual modulus prescaler approaches suitable for
use with the MC145152-1 are given in Figure 7 The ap-
proaches range from the low cost +15/+16, MC3393P
device capable of system speeds in excess of 100 MHz to the
MC12000 series having capabilities extending to greater than
500 MHz Synthesizers featuring the MC145152-1 and dual
modulus prescaling are shown in Figures 8 and 9 for two
typical applications.

DESIGN GUIDELINES APPLICABLE
TO THE MC145152-1

The system total divide value (Nyotaj} will be dictated by
the application. 1 e

frequency into_the prescaler
frequency into the phase detector

Ntotal = = NeP+A

N 1s the number programmed nto the + N counter, A 1s
the number programmed into the + A counter. P and P+1
are the two selectable divide ratios avarlable in the two
modulus prescalers To have a range of Nyptg| values in se-
quence, the + A counter 1s programmed from zero through
P—1 for a particular value N in the divide N counter N Is
then incremented to N+ 1 and the +A s sequenced from
zero through P -1 again.

There are minimum and maximum values that can be
achieved for Nygtal These values are a function of P and the
size of the —N and ~ A counters  The constraint N=A
always applies If Amax=P—1 then Nmin=P—1 Then
Ntotal—min = (P=1 P+ A or (P—1) P since A is free to
assume the value of zero

Ntotal - max = Nmax ¢ P+ Amax

To maximize system frequency capability, the dual modulus
prescaler’s output must go from low to high after each group
of P or P+ 1 input cycles. The prescaler should divide by P
when (ts modulus control line 1s high and by P+ 1 when its
modulus control is low

For the maximum frequency into the prescaler {fyco max),
the value used for P must be large enough such that

A fyco max divided by P may not exceed the frequency

capability of Pin 1 of the MC145152-1

B The period of fyco divided by P must be greater than
the sum of the times:
a Propagation delay through the dual modulus
prescaler.
b. Prescaler setup or release time relative to its
modulus control signal.
c. Propagation time from fin to the modulus control
output for the MC145152-1
A sometimes useful simplification in the MC145152-1 pro-
gramming code can be achieved by choosing the values for
P of 8, 16, 32 or 64, For these cases, the desired value for
Ntotal Wil result when Nigtal In binary 1s used as the pro-
gram code to the + N and + A counters treated in the follow-
ing manner:
A. Assume the = A counter contains “b" bits where 22
= P.
B Always program all higher order + A counter bits
above “b" to zero
C Assume the + N counter and the + A counter (with all
the higher order bits above ’b’" ignored) combined in-
1o a single binary counter of 10+ b bits in length. The
MSB of this "“hypothetical” counter is to correspond
to the MSB of +N and the LSB is to correspond to
the LSB of -~ A. The system divide value, Ntgtal, now
results when the value of Nigta) 1n binary is used to
program the “‘“New’ 10+ b bit counter

FIGURE 7 — HIGH FREQUENCY DUAL MODULUS
PRESCALERS FOR USE WITH THE MC145152-1

MC12009 +5/+6 | 440 MHz Min
MC12011 +8/+9 | 500 MHz Min
MC12013 10/ =+ 11 | 500 MHz Min
MC12015 +32/+33 | 225 MHz Min
MC12016 40/ + 41 | 225 MHz Min
MC12017 64/ +65 | 225 MHz Min
*MC12018 | + 128/ -+ 129| 620 MHz Min
MC3393 +15/+16 | 140 MHz Typ

*Proposed introduction

By using two devices, several dual modulus values are achievable

Modulus
Control

3 ¢

Device B [—

~— Device A

Device
Device B
A MC12009 MC12011 MC12013
MC10131 =20/ +21 -+32/ +33 =40/ + 41
MC10138 -~ 50/ + 51 --80/ <81 | <100/ + 101
MC10154 =40/ + 41 -~ 64/ 65
or or -+ 80/ + 81
-~ 80/ %81 | + 128/ + 129

NOTE MC12009, MC12011 and MC12013 are pin equivalent
MC12015, MC12016, and MC12017 are pin equivalent
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FIGURE 8 — AIRCRAFT NAV RECEIVER SYNTHESIZER DEMONSTRATES
A LOW COST DUAL MODULUS SYSTEM EMPLOYING THE MC145162-1

Voo
F Lock Detect Signal R2 c 86000 ~= 95 950 MHz
6] = 6 5 4 28 T
0SCout RA2 RA1 RAO LD R1
Doscn L 2
vCco
LY |+
—- MC145152-1 Mod
° Voo Catrl
Vss fin
NO < NO AS5= A0
= 18] 20] 19| 17] 16 14 :51 151121 nl 10{ 25| 241221 211 23l
- =y +15/16 Prescaler
\Y
DD N’ MC3393P
Channel Programming
+N=114 ~ 127, +A=0 — 14
NOTES:
1. fR=50 kHz, +R=64; 22 0 MHz low side injection, NTOTAL= 1720 — 1919.
2. Using 22 0 MHz for the receiver | F demonstrates how the choice of | F value can sc reduce the ber of + N bits that must be

programmed Using the more common 21.4 MHz | F. would require six rather than four +N programming inputs.

FIGURE 9 — SYNTHESIZER FOR LAND MOBILE RADIO UHF BAND
COVERAGE DEMONSTRATES USE OF THE MC145152-1
IN SYSTEMS OPERATING TO SEVERAL HUNDRED MHz

e

261 GT j

g

Lock Detect Signal
J o
RAD LD 7

406 — 470 MHz
(12 6 kHz Steps)

0sC RA2 RA1
27 out
—>—osc, R Loop
vCo
8 Filter
v
Ref Osc MC145152-1 9
12 8 MHz 3 Mod
{On-Chip Osc “«—o0—vpp Cntrl
Optionall Aves ik
No- NO A5 <& AQ
- 20! 194 1s| 17l 16lT51 141 1:1 IZl nl tol zsl 24! zz! 211 2‘3{
Channel Programming .
8/9 Prescaler
MCI10178  je— MC17011
S ——— N ———
+ 64/ + 65 Dual Modulus Prescaler
NOTES

1 NTOTAL=Ne64 + A=32480 to 37600, N="507 to 587, A=0 to 63

2. fR=125 kHz, + R=1024 {code 101}

3. The prescaling approach can be chosen for the application to enhance economy e g , single chip MC3393P 1o approximately 100 MHz
MC12011 or MC12013 with dual flip flop to approximately 250 MHz
MC12011 or MC12013 with MC10178 to over 500 MHz
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a
reference frequency to Motorola’'s CMOS frequency syn-
thesizers The most destrable 1s discussed first

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially available temperature-~ompensated crystal
oscillators (TXCOs} or crystal-controlled data clock
oscillators provide very stable reference frequencies An
oscillator capable of sinking and sourcing 50 pA at CMOS
logic levels may be direct or dc coupled to OSC, In general,
the highest frequency capability 1s obtained utihzing a direct-
coupled square wave having a rai-to-rail {Vpp to Vgg)
voltage swing If the oscillator does not have CMOS logic
levels on the outputs, capacitive or ac coupling to OSC
may be used OSCqyt, an unbuffered output, should be left
floating

For additional information about TXCOs and data clock
oscillators, please contact: Motorola Inc, Component Pro-
ducts, 2653 N. Edgington St , Franklin Park, IL 60131, phone
(312) 451-1000

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscillator applications, such
as the MC12060, MC12061, MC12560, or MC12561 MECL
devices The reference signal from the MECL device is ac
coupled to OSC. For large amplitude signals (standard
CMOS logic levels), dc coupling i1s used OSCgqyt, an unbuf-
fered output, should be left floating In general, the highest
frequency capability 1s obtained with a direct-coupled square
wave having rail-to-rail voltage swing

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (a digital inverter) along with an ap-
proprnate crystal may be used to provide a reference source
frequency. A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown in Figure A

For Vpp=5 V, the crystal should be specified for a
loading capacitance, C|, which does not exceed 32 pF for
frequencies to approximately 8 MHz, 20 pF for frequencies in

the area of 8 to 15 MHz, and 10 pF for higher frequencies
These are guidelines that provide a reasonable compromise
between |C capacitance, drive capability, swamping varia-
tions 1n stray and IC input/output capacitance, and realistic
C| values The shuntload capacitance, Cy, presented across
the crystal can be estimated to be

_ CinCout C1.C2
CL=gn7 Cou’ C2*C0* Tz
where  Cin = 5 pF (see Figure C)
Cout = 6 pF {see Figure C)
Ca = 5 pF (see Figure C)
Co = The crystal's holder capacitance
(see Figure B)
C1and C2 = External capacttors (see Figure A}

The oscillator can be “trimmed"’ on-frequency by making
a portion or all of C1 varniable The crystal and associated
components must be located as close as possible to the
0SCiy and OSCqyt pins to mimimize distortion, stray
capacttance, stray inductance, and startup stabilization time
In some cases, stray capacitance should be added to the
values for Cin and Coyt

Power 1s dissipated in the effective series resistance of the
crystal, Rg, in Figure B. The drive level specified bv the
crystal manufacturer is the maximum stress that a crystal can
withstand without damage or excessive shift in frequency
R11in Figure A limits the drive level The use of R1 may not be
necessary In some cases, 1 € R1=0 ohms

To venfy that the maximum dc supply voltage does not
overdnve the crystal, monitor the output frequency as a
function of voltage at 0SCqy¢ (Care should be taken to
minimize loading ) The frequency should increase very
shghtly as the dc supply voltage is increased An overdriven
crystal will decrease In frequency or become unstable with
an increase in supply voltage The operating supply voltage
must be reduced or R1 must be increased in value if the over-
dniven condition exists The user should note that the
oscillator start-up time 1s proportional to the value of R1

Through the process of supplying crystals for use with
CMOS nverters, many crystal manufacturers have
developed expertise In CMOS oscillator design with crystals
Discussions with such manufacturers can prove very helpful.
See Table A

TABLE A — PARTIAL LIST OF CRYSTAL MANUFACTURERS

NAME : ADDRESS PHONE
United States Crystal Corp 3605 McCart St, Ft Worth, TX 76110 {8171 921-3013
t Crystek Crystal 1000 Crystal Dr, Ft Myers, FL 33906 {813) 936-2109
Statek Corp 512 N Main St , Orange, CA 92668 (714) 639-7810

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp
Technical Note TN-7, Statek Corp
E Hafner, " The Piezoelectrnic Crystal Unit - Definitions and

Method of Measurement”, Proc. IEEE, Vol 57, No 2, Feb ,
1969

D Kemper, L Rosine, ""Quartz Crystals for Frequency
Control”, Electro-Technology, June, 1969

P J Ottowitz, “A Guide to Crystal Selection”, Electronic

Design, May, 1966
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FIGURE A — PIERCE CRYSTAL OSCILLATOR CIRCUIT

LR e 1

} A Somence |
l
| o
| l
L 4 _______ -
0SCipy OSCout
R1*
HDIT'\/W——

*May be deleted in certain cases See text

FIGURE B — EQUIVALENT CRYSTAL NETWORKS

Rs Ls C

S
1 2 1 2 1 Re Xe 2
o—i[J—o = o—"WA—{J}—0

Values are supplied by crystal manufacturer {parallel resonant crystal}

FIGURE C — PARASITIC CAPACITANCES
OF THE AMPLIFIER
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MC145155-1

Advance Information

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

The MC145155-1 1s programmed by a clocked, senal input, 16-bit
data stream. The device features consist of a reference oscillator,
selectable-reference divider, digital-phase detector, 14-bit program-
mable divide-by-N counter and the necessary shift register and latch cir-
cuitry for accepting the senal input data When combined with a loop
filter and VCO, the MC145155-1 can provide all the remaining functions
for a PLL frequency synthesizer operating up to the device’s frequency
limit For higher VCO frequency operation, a down mixer or a fixed
divide prescaler can be used between the VCO and MC145155-1.

The MC145155-1 offers improved performance over the MC145155.
The ac charactenstics have been improved and the input current re-
quirements have been modified
® General Purpose Applications

CATV Two Way Radios  Scanning Receivers

AM/FM Radios TV Tuning Amateur Radio
® Low Power Consumption
30t0 90V Supply Range
® On- or Off-Chip Reference Oscillator Operation with Buffered

Output
© Compatible with the Senal Penpheral Interface (SP)) on CMOS

MCUs
@® Lock Detect Signal
® Two Open-Drain Switch Outputs
® 8 User-Selectable -+ R Values — 16, 512, 1024, 2048, 3668, 4096,

6144, 8192
©® Single Modulus/Sertal Programming
® - N Range=3 to 16383
® “Lineanized” Digital Phase Detector Enhances Transfer Function

HIGH-PERFORMANCE
CMOSs

LOW-POWER COMPLEMENTARY MOS
SILICON-GATE

SERIAL {INPUT PLL
FREQUENCY SYNTHESIZER

MC145155L1 MC145155P1

CERAMIC PACKAGE PLASTIC PACKAGE
CASE 726 CASE 707

PIN ASSIGNMENT

S
1 cRA1 RAOF— 18
2 c—RA2 OSCipf= 17
3¢V 0SCoutf= 16
4cJ¢R REFoutf= 18
5c3Vpp SW2— 14

6 cj PDout Swif/ 13

Lineanty ? Vss Enablef= 12
® Two Error Signal Options — Single Ended (Three-State) or Double 8 C3LD Datal=2 11
Ended s cf, “Clock=3 10
® Chip Complexity 6504 FETs or 1626 Equivalent Gates
BLOCK DIAGRAM RA2 2 Vpp=Pin5
1 1
. gﬁo Is 12 x 8 ROM Reference Decoder Vgg=Pin7
08Cout ———— YV VY Y VYV VYV VY
oscn .—.[>o————-> 12-Bit +R Counter pock - w
— )
15 f Phase
REFout _"q— R Detector [—2 PDout
fv A
‘ 4
9 Phase ¢R
fin 14-Bit +N Counter Detgcmr 3 4y
14
s [ EEEENEEEEEEX) —— Sw2
Enable > Latch J-——»[’_Leﬁh_j— swi
y EEEEXEEEEEREX)
Dat » 2
ata 12-81t Shift Register AR
Clock 19

This document contains information on a new product Specifications and information herein
are subject to change without notice
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbo! Parameter Value Unit This device contains circuitry to protect
Vbp DC Supply Voltage -051t0 +10 v the inputs against damage due to high
Vin. Vout| Input or Output Voltage {DC or Transient) -05t0Vpp+05| V static voitages or efectric fields, however,
1 " ) C DCorT ) A 0 ~ 1t 1s advised that normai precautions be
i lout | Input or Output Current (DC or Transient], per Pin £ m taken to avoid applications of any voltage
DD, !ss | Supply Current, Vpp or Vsg Pins +30 mA higher than maximum rated voltages to
Pp Power Dissipation, per Packaget 500 mwW this high-impedance circuit For proper
Tstg Storage Temperature —65 to +150 °C operation it 1s recommended that V) and
T Lead Temperature (8-Second Soldering) 260 °C \\;oms(b\/e g‘r"\‘/s"a‘)”seg to the range
*Maximum Ratings are those values beyond which damage to the device may occur SUsnuse(;nmputgL:rtwust aEI)\P/ays be tied to
tPower Dissipation Temperature Derating an appropriate logic voltage level (e g,
Plastic ""P** Package ~ 12 mW/°C from 65°C to 85°C etther Vgs or Vpp!

Ceramic “’L" Package No derating

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

—40°C 25°C 85°C
Characteristic Symbol | Vpp Min Max Min Typ Max Min Max Units

Power Supply Voltage Range VDD — 3 9 3 - 9 3 9 4

Output Voltage OLevel | Voo 3 - 005 - 0001 005 — 005 \
Vir=0Vor Vpp 5 - 005 - 000 005 - 005
lout=0 pA 9 — 005 - 0001 005 - 005

1level | VoH 3 295 - 295 2999 - 295 -
5 495 - 495 4999 — 495 -
9 8 95 - 8 95 8 999 — 8 95 -

Input Voltage 0 Level ViL 3 - 09 - 135 09 - 09 \
Vout=06Vor Vpp-05V 5 - 15 - 225 15 - 15
{All Outputs Except OSCqyt) 9 — 27 - 405 27 — 27

1level| ViH 3 21 - 21 165 - 21 -
5 35 - 35 275 - 35 -
9 63 — 63 495 -~ 63 -

Output Current — SW1, SW2 loL mA
Vout=03V Sink 3 080 - 048 30 - 024 -
Vout=04 Vv 5 150 - 090 36 - 045 -
Vout=05V 9 350 — 210 60 - 105 —

Output Current — Other Outputs 1oH mA
Vout=27V Source 3 -044 - -035 | -10 - -022 -
Vout=46V 5 -064 - -051 -12 - -036 -
Vout=85V 9 -130 — -100{ -20 — -070 -
Vout=03V Sink | oL 3 044 - 035 10 - 022 -
Vout=04V 5 064 - 051 12 - 036 -
Vout=05V 9 130 — 100 20 — 070 —

Input Current — Data, Clock lin 9 — +03 - +000001f +01 — +10 A

Input Current — f,,, 0SC, hn 9 - +50 — +10 +25 - +22 A

Input Current — Other Inputs ljH 9 — 03 — 0 00001 01 — 10 »A
{with Pullups) e 9 —_ — 400 — -9 ~200 — -170

Input Capacitance Cin — — 10 — 6 10 — 10 pF

3-State Output Capacitance — Cout - - 10 - 6 10 - 10 pF
PDout

Quiescent Current lop 3 - 800 - 200 800 - 1600 pA
Vin=0VorVpp 5 - 1200 - 300 1200 - 2400
lout=0 gA 9 - 1600 - 400 1600 - 3200

3-State Leakage Current — PDgt loz 9 - +03 - +00001] +01 - +30 A
Vout=0Vor9Vv

Off-State Leakage Current — loz 9 - 03 - 00001 01 - 30 A
SW1, SW2 — Vo ;t=9V
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SWITCHING CHARACTERISTICS (Ta =25°C, C|=50 pF)

Characteristic Symbol DD Min Typ Max Units
QOutput Rise and Fall Time (Figures 1 and 7) tTLH. 3 - 60 140 ns
THL 5 - 40 80
9 — 30 60
Propagation Delay Time tPHL 3 - 40 100 ns
Enable to SW1, SW2 (Figures 2 and 7) 5 - 25 40
9 - 15 25
Setup Times tsy 3 30 12 - ns
Data to Clock (Figure 3) 5 20 10 -
9 18 9 -
Clock to Enable (Figure 3) 3 70 30 -
5 32 16 -
9 25 12 -
Hold Time th 3 12 -8 - ns
Clock to Data (Figure 3} 5 12 -6 -
9 15 -5 -
Recovery Time trec 3 5 -15 - ns
Enable to Clock (Figure 3) 5 10 -8 -
9 20 0 -
Output Pulse Width twe 3 25 100 175 ns
#R, ¢V with fg in Phase With ty (Figures 4 and 7) 5 20 60 100
9 10 40 70
Input Rise and Fall Times tr, tf 3 - 20 5 s
Any Input {Figure 5) 5 - 5 2
9 - 2 05
Input Pulse Width, Clock, Enable (Figure 6) w 3 40 30 - ns
5 35 20 -
9 25 15 -
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GRAPH 1 — OSC;, AND f,, MAXIMUM FREQUENCY VERSUS TOTAL DIVIDE VALUE

GRAPH 1A — Vpp =3V GRAPH1B — Vpp=5V

| Ta-25°C o
Ta=25°C
16 o 5 28—_A
= | Ta-25°C 7 z ——— Square Wave, Vpp VSS
2yl Sware Wave, vonVss ]2 2 26[—— —Sine Wave, 500 mVp —
g — = Sine Wave, 500 mVpp — J77 Z g -
g 74 ] s
g 12 / g 22 7
E) V4 S - e
H 10 P % 18 Typical A
s Typeal® L~ ' 4 |7
Qo
E 8 = L] v
£ g 1 =
=3 = -
s p> s 1
= 6 y A = 2 Guaranteed L
] =, 510 = =7 —yTy R
£ 4 - +=3 ded D g Region £ P i B g egion
[ ] [ I D A I A
3 4 : 5 6 Max 3 4 5 6 Max
Total Divide Value Total Divide Value
GRAPH1C — Vpp=9V
0T
= .
= 26——Tyn|ca|/‘ —
g 2 L u
g Lt
w22 =
g Ta=25°C
§ 20 —— Square Wave, Vpp VSS
oE 18 — — Sine Wave, 500 mVp
5 1B
e V') SRV e Sl NN DY SR
2 A
Enp—FEaoT R ded Operating Region
: oLogd
3 4 5 6 Max

Total Dvide Value

GRAPH 2 — OSC,; AND f;, MAXIMUM FREQUENCY VERSUS TEMPERATURE FOR
SINE AND SQUARE WAVE INPUTS

GRAPH 2A — TOTAL DIVIDE VALUE=3, 4, OR5 GRAPH 2B — TOTAL DIVIDE VALUE=6
112
i 1063 5
z o108 B 5 1056 —
@ ~<L e y
£3 1085y N Sy MY
=103 rvET— -y Es 1042 -
£2 90 ma go 10350 WL
g§s S NI
&5 097 g 1028 AN
> ge
§§ 094 Ry gg 10 0
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=208 Ry 23 1007 S 3V
M 3V 22 TR 5V
E 085 N i 2 1000 v

082 N 0993

079 9V

-40 -20 0 20 40 60 80 -40  -20 0 20 40 80 80
Temperature (°C) Temperature (°C)

*Data labelled ““Typical” 1s not to be used for design purposes, but is intended as an indication of the IC's potential performance
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PIN DESCRIPTIONS

RAO, RA1, RA2 (Pins 18, 1, and 2} — These three inputs
establish a code defining one of eight possible divide values
for the total reference divider, as defined by the table below:

Reference Address Total
Code Divide
RA2 RA1 RAO | Value
0 0 0 16
0 0 1 512
0 i 0 1024
0 1 1 2048
1 0 0 3668
1 o] 1 4096
1 1 0 6144
1 1 1 8192

¢V, ¢R {Pins 3 and 4) — These phase detector outputs
can be combined externally for a loop error signal A single-
ended output I1s also available for this purpose (see PDgyt)

If frequency fy 1s greater than fR or if the phase of fy is
leading, then error information 1s provided by ¢y pulsing
low. ¢R remains essentially high

If the frequency fy 1s less than fR or if the phase of fy 1s
lagging, then error information 1s provided by ¢R pulsing
low. ¢y remains essentially high.

If the frequency of fy = fR and both are in phase, then
both ¢y and ¢R remain high except for a small minimum
time period when both pulse low in phase

Vpp (Pin 5) — Positive power supply.

PDgut (Pin 6) — Three state output of phase detector for
use as loop error signal Double-ended outputs are also
available for this purpose (see ¢y and ¢R)

Frequency fy > fR or fy Leading Negative Pulses

Frequency fy < fgr or fy Lagging Positive Pulses

Frequency fy = fg and Phase Coincidence High--

Impedance State.

Vss (Pin 7) — Circuit Ground

LD (Pin 8) — Lock detector signal High level when loop 1s
locked (fR, fy of same phase and frequency) Pulses low
when loop 1s out of lock

fin (Pin 9) — Input to ~ N portion of synthesizer fin 1s
typically derived from loop VCO and 1s AC coupled into Pin
9 For larger amplitude signals (standard CMOS Logic levels)
DC coupling may be used

6-88

CLOCK, DATA (Pins 10 and 11) — Shift register clock and
data input. Each low-to-high transition clocks one bit into
the on-chip 16-bit shift register The data is presented on the
DATA input at the time of the positive clock transition. The
DATA input provides programming information for the
14-bit = N counter and the two switch signals SW1 and
SW2 The entry format is as follows:

l4———— - N Counter Bits —————pp

SW2

2
w

—N MSB

I-DAN LSB

Last Data Bit in {Bit No 16) J
First Data Bit in (Bit No 1)

ENABLE (Pin 12) — When high {""1") transfers contents of
the shift register into the latches, and to the programmable
counter inputs, and the switch outputs SW1 and SW2
When low (“0”) inhibits the above action and thus allows
changes to be made in the shift register data without affect-
ing the counter programming and switch outputs An on-
chip pull-up establishes a continuously high level for
ENABLE when no external signal 1s applied to Pin 12

SW1, SW2 (Pins 13 and 14) — SW1 and SW2 provide
latched open drain outputs corresponding to data bits
numbers one and two. These will typically be used for band
switch functions. A logic one will cause the output to
assume a high-impedance state, while a logic zero will cause
an output logic zero.

REFgut (Piﬁ 15) — Buffered output of on-chip reference
oscillator or externally provided reference-input signal

0SCout. OSCin (Pins 16 and 17) — These pins form an
on-chip reference oscillator when connected to terminals of
an external parallel resonant crystal Frequency setting
capacitors of appropriate value must be connected from
0OSCyp to ground and OSCgqyt to ground OSCjn may also
serve as input for an externally-generated reference signal
This signal will typically be AC coupled to OSCipn, but for
larger amplitude signals (standard CMOS-logic levels) DC
coupling may also be used. In the external reference mode,
no connection 1s required to OSCqyt
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SWITCHING WAVEFORMS

FIGURE1
TLH tTHL —>1
Any 90%
Output 10%
FIGURE3
— VDD
Data 50%
Vss
tsu th
— VpD
Clock 50%

Vss

—V
Enable 50% ob
Vss

Previous
Data
Latched
FIGURES
i }1— tf —>|
0% ~Vpp
Any Input
10% Vss

FIGURE2
VoD
Enable 50%
——Vss
PHL
SW1, SW2 50%
FIGURE4
twe
@R, pV* 50%
*frin phase with fy,
FIGURE6
tw
Clock, ~Vop
Enable 50%
Vss

FIGURE 7 — TEST CIRCUIT

Device
Under
Test

Qutput

lCL
i
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PHASE LOCKED LOOP — LOW PASS FILTER DESIGN

Al PDout vCO
I KK
Ry on = |/ —22¥E0

$RO—— c ~ ) NRiC
[ Nwn
#vo— = 2KgKvCo
1
Fis) = Rcs 7

PyO—o

B} PDoytO— IVRY\' -0 VCO KoKVCO
wp = I/_._.__
$RO Ry NC(Ry + Rp)

N
t =050 (R c+-———)
"\ Kokveo

C
I RoCS +1
[ Fls) = ————orr
S(R1C + RoC) + 1
Ry
<) PDgyt &—
out - = KsKvco
R ¢ n = NCRq
%R -
oy A . A vCo ‘o wnRaC
3 = N~
2
R2
c Assuming gain A Is very large, then
T RoCS + 1
— Fis) = RS

NOTE Sometimes R 1s spht into two series resistors each R1~2 A capacitor C¢ 1s then placed from the midpoint to ground to further filter
6y and ¢ The value of C¢ should be such that the corner frequency of this network does not significantly affect wp

DEFINITIONS N = Total Dwision Ratio in feedback loop
K¢ = Vpp/4x for PDoyt

K¢ = VDD/2x for ¢y and ¢R
2xAfyco
Kveo = ——==
AVyco

fora typical designwp = 21L0" {at phase detector input),
g1

RECOMMENDED FOR READING:

Gardner, Floyd M, Phaselock Techmiques (second edition) New York, Wiley-Interscience, 1979

Manassewitsch, Vadim, Frequency Synthesizers Theory and Design (second edition). New York, Wiley-Interscience, 1980
Blanchard, Alain, Phase-Locked Loops Application to Coherent Receiver Design New York, Wiley-Interscience, 1976
Egan, William F , Frequency Synthesis by Phase Lock New York, Wiley-Interscience, 1981

Rohde, Ulnch L, Digntal PLL Frequency Synthesizers Theory and Design Englewood Chffs, NJ, Prentice-Hall, 1983

Berlin, Howard M, Design of Phase-Locked Loop Circurts, with Expenments Indianapolis, Howard W Sams and Co , 1978
Kinley, Harold, The PLL Synthesizer Cookbook Blue Ridge Summit, PA, Tab Books, 1980
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FIGURE 8
PHASE DETECTOR QUTPUT WAVEFORMS

fR
Reference
(Osc + R}

fv
Feedback
fin = N)

PD Out F'_____ﬂ__ I

R

bV

NOTE The Pp output state 1s equal to either Vpp or Vgs when active  When not active, the output is high impedance and the voltage at that
pin 1s determined by the low pass filter capacitor.
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FIGURE 9 — TV/CATV TUNING SYSTEM

4 0 MHz

UHF/ i —[ 1
VHE -
Tuner l
Or = =
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Prescaler
End
D& CA Etd
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a 8 tl)
Kl e | |
Key- CMOS MC145118 MC145118
Board MPU/MCU B =
| | ! 9
| C
LED Displays
FIGURE 10 — FM/AM RADIO SYNTHESIZER
256 MHz To AM/FM
1 D L Oscillators
L Tt =
T T
MC3393 -
FM’ + 16 Prescaler > MC146165-1 + 1/2 MC1458
0scC
D] c] E
— a g
> p— a| ¢ b
AM Ko}
0sC
CMOS
MPU/MCU : > To Display
Key-
Board
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CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a
reference frequency to Motorola's CMOS frequency syn-
thesizers The most desirable 1s discussed first

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially available temperature-~ompensated crystal
oscillators {TXCOs) or crystal-controlled data clock
osclillators provide very stable reference frequencies An
oscillator capable of sinking and sourcing 50 A at CMOS
logic levels may be direct or dc coupled to OSC,, In general,
the highest frequency capability is obtained utilizing a direct-
coupled square wave having a rail-to-rail (Vpp to Vgg)
voltage swing If the oscillator does not have CMOS logic
levels on the outputs, capacitive or ac coupling to OSC
may be used OSCgyt, an unbuffered output, should be left
floating

For additional information about TXCOs and data clock
oscillators, please contact Motorola Inc, Component Pro-
ducts, 20663 N Edgington St , Franklin Park, IL 60131, phane
(312) 451-1000

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscillator applications, such
as the MC12060, MC12081, MC12560, or MC12561 MECL
devices The reference signal from the MECL device 1s ac
‘coupled to OSC\ For large amplitude signals (standard
CMOS logic levels), dc coupling 1s used OSCgpyt, an unbuf-
fered output, should be left floating In general, the highest
freguency capability 1s obtained with a direct-coupled square
wave having rail-to-rail voltage swing

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (a digital inverter) along with an ap-
propriate crystal may be used to provide a reference source
frequency A fundamental mode crystal, parallel resonant at
the desired operating frequency, should be connected as
shown In Figure A

For Vpp="5 V, the crystal should be specified for a
loading capacitance, Ci, which does not exceed 32 pF for
frequencies to approximately 8 MMz, 20 pF for frequencies in

the area of 8 to 15 MHz, and 10 pf for higher frequencies
These are guidelines that provide a reasonable compromise
between IC capacitance, drive capability, swamping vana-
tions In stray and |C input/output capacitance, and realistic
C| values The shunt load capacitance, C{, presented across
the crystal can be estimated to be

_ CinCout C1.C2
CL=EnT Cout 2 0t TT e
where  Cin = b pF (see Figure C)
Cout = 6 pF {see Figure C)
Ca = 5 pF (see Figure C)
Co = The crystal's holder capacitance
(see Figure B)
Cland C2 = External capacitors (see Figure A)

The oscillator can be *'tnmmed’ on-frequency by making
a portion or all of C1 vanable The crystal and associated
components must be located as close as possible to the
OSCjy and OSCqut pins to minimize distortion, stray
capacitance, stray inductance, and startup stabiization time
In some cases, stray capacitance should be added to the
values for C,y and Cout

Power is dissipated in the effective series resistance of the
crystal, Re, 1n Figure B The dnve level specified bv the
crystal manufacturer 1s the maximum stress that a crystal can
withstand without damage or excessive shift in frequency
R1n Figure A limits the drive level The use of R1 may not be
necessary In some cases, 1 € R1=0 ohms

To venfy that the maximum dc supply voltage does not
overdnive the crystal, monitor the output frequency as a
function of voltage at OSCqt (Care should be taken to
minimize loading ) The frequency should increase very
shghtly as the dc supply voltage 1s increased An overdriven
crystal will decrease Iin frequency or become unstable with
an increase In supply voltage The operating supply voltage
must be reduced or R1 must be increased in value if the over-
driven condition exists The user should note that the
oscillator start-up time is proportional to the value of R1

Through the process of supplying crystals for use with
CMOS nverters, many crystal manufacturers have
developed expertise In CMOS oscillator design with crystals
Discussions with such manufacturers can prove very helpful
See Tabfe A

TABLE A — PARTIAL LIST OF CRYSTAL MANUFACTURERS

NAME ADDRESS PHONE
United States Crystal Corp 3605 McCart St , Ft Worth, TX 76110 (817) 921-3013
Crystek Crystal 1000 Crystal Dr , Ft Myers, FL 33306 (8131 936-2109
Statek Corp 512 N Main St , Orange, CA 92668 (714) 639-7810

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp
Technical Note TN-7, Statek Corp
E Hafner, ""The Piezoelectric Crystal Unit - Definitions and

Method of Measurement”, Proc IEEE, Vol 57, No 2, Feb ,
1969

6-93

D Kemper, L Rosine, “Quartz Crystals for Frequency
Control”, Electro-Technology, June, 1963

P J Ottowitz, A Guide to Crystal Selection”, Electronic
Design, May, 1966
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o—i[J+o

FIGURE A — PIERCE CRYSTAL OSCILLATOR CIRCUIT

r—-——————— — — —
| Ry Frequency
| M Synthesizer
| {

|

L e — | ——

0SCin 0SCout
D R1*

*May be deleted in certain cases See text

FIGURE B — EQUIVALENT CRYSTAL NETWORKS

Rs Ls Cs

%

Il
I
Co

Values are supplied by crystal manufacturer (parallel resonant crystal)

FIGURE C — PARASITIC CAPACITANCES
OF THE AMPLIFIER
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r Advance Information
HIGH-PERFORMANCE
SERIAL INPUT PLL FREQUENCY SYNTHESIZER CMOS
LOW-POWER COMPLEMENTARY MOS
The MC145156-1 1s programmed by a clocked, senial input, 19-bit data SILICON-GATE
stream. The device features consist of a reference oscillator, selectable-
reference divider, digital-phase detector, 10-bit programmable divide-by-N SERIAL INPUT PLL
counter, 7-bit programmable divide-by-A counter and the necessary shift FREQUENCY SYNTHESIZER
register and latch circuitry for accepting the sernial input data. When com-
bined with a loop filter and VCO, the MC145156-1 can provide ali the re-
maining functions for a PLL frequency synthesizer operating up to the
device’s frequency limit. For higher VCO frequency operatron, a down
mixer or a dual modulus prescaler can be used between the VCO and
MC145156-1
The MC145156-1 offers improved performance over the MC145156
Modulus Control output dnve has been increased and the a